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ABSTRACT 

 

The human immunodeficiency virus (HIV) epidemic affects an estimated 30% of pregnant 

women living in South Africa. Increasing evidence suggests that women living with HIV are at 

a heightened risk for venous thrombo-embolism (VTE), which is a significant contributor to 

maternal mortality. In addition to a higher prevalence of obstetric and venous risk factors, this 

increased risk of VTE has been attributed to the effects of HIV and/or its treatment. HIV is 

characterized by immune activation and inflammation, which promote endothelial dysfunction 

and activation of coagulation. This is more pronounced with untreated HIV, yet this pro-

inflammatory and pro-thrombotic balance may persist with long-term suppressive antiretroviral 

therapy (ART). However, the extent to which ongoing inflammation disrupts maternal 

haemostasis and predisposes pregnant women living with HIV to its prothrombotic 

consequences, is currently unknown.  

 

The aims of the work presented in this thesis in women living with HIV with access to ART 

were firstly to identify antepartum and postpartum risk factors for VTE; secondly to assess 

procoagulant changes in maternal haemostasis; and thirdly to determine risks of thrombosis 

and bleeding associated with thromboprophylaxis for VTE prevention. 

 

An epidemiological case-control study was performed in 128 cases with pregnancy related 

VTE and 640 matched controls. This study found at least a two-fold increased risk for VTE 

among pregnant and postpartum women living with HIV. In addition, antepartum risk factors, 

that may explain the disproportion of VTE risk in HIV, included medical co-morbidities and 

chronic hypertension, while postpartum risk factors included a personal history of VTE, 

medical co-morbidities, systemic infection, prolonged hospital admission and postpartum 

haemorrhage. Opportunistic infections, ART and the degree of immunosuppression were not 

associated with VTE risk.  

 

A sub-study followed and investigated antiphospholipid antibodies (aPL) in 215 women with 

thrombosis and/or obstetric complications. In this study, 15 (13.2%) of the women with HIV 

were positive at baseline for one of the five criteria aPL. The prevalence of aPL was not 

significantly increased among women with HIV, as compared to HIV negative women. 
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Furthermore, the aPL profiles were not significantly different between the two groups. Lupus 

anticoagulant (LAC) positivity, on a single occasion, was associated with thrombosis (p < 

0.003). 

 

Subsequently two prospective cross-sectional studies were conducted which assessed 

endothelial activation as well as fibrinolysis, coagulation and platelet activation in pregnant 

women with HIV, in each trimester. The studies included three groups: HIV negative, HIV with 

virological suppression (< 50 copies/mL) and HIV with viral load (VL) of >50 copies/mL. 

Endothelial activation was evaluated by measuring von Willebrand factor (VWF) antigen, 

VWF propeptide, multimer patterns and ADAMTS-13 antigen, activity, and antibody levels. 

The results showed an increase in the ratio of VWF propeptide to VWF antigen in the first, 

second and third trimester, in the HIV virologically suppressed group (1.7 ± 0.7, 1.7 ± 0.4, 1.6 

± 0.5) and the HIV group with VL > 50 copies/mL (1.9 ± 0.9, 1.7 ± 0.9, 1.6 ± 1.1) compared to 

the HIV negative group (1.4 ± 0.6, 1.3 ± 0.4, 1.2 ± 0.3, p < 0.05). Virological suppression was 

not associated with a significant reduction in this ratio, in each trimester.  In addition, increased 

high molecular weight multimers were observed in the HIV groups, despite only a mild 

reduction in ADAMTS-13 activity compared to the HIV negative group (p < 0.001). 

 

Thereafter, fibrinolytic activity was evaluated by measuring d-dimer and plasminogen activator 

inhibitor-1 (PAI-1). Coagulation activity was determined by measuring thrombin-antithrombin 

(TAT) complex concentrations, and platelet factor-4 and platelet indices, namely mean platelet 

volume (MPV) and platelet distribution width as a measure of platelet activation. The results 

showed increased log d-dimer levels in the first, second and third trimester, in the HIV 

virologically suppressed group (-1.2 ± 0.5, -0.9 ± 0.4, -0.5 ± 0.3) and the HIV group with VL 

> 50 copies/mL (- 1.1 ± 0.4, -0.7 ± 0.4, -0.5 ± 0.5) compared to the HIV negative group (-1.4 ± 

0.2, -1.1 ± 0.3, -0.8 ± 0.3, p < 0.05). Additionally, log PAI-1 levels were increased in the first, 

second, and third trimester, in the HIV virologically suppressed group (1.0 ± 0.4, 1.3 ± 0.4, 1.5 

± 0.4) and the HIV with VL > 50 copies/mL (0.8 ± 0.5, 1.2 ± 0.4, 1.5 ± 0.3) compared to the 

HIV negative group (0.4 ± 0.5, 0.8 ± 0.3, 1.3 ± 0.3, p < 0.05). Virological suppression was not 

associated with a significant reduction in first and third trimester d-dimer and PAI-1 levels. 

Thrombin-antithrombin complex levels were not increased, in the HIV virologically suppressed 

group as compared to the HIV negative group, beyond the first trimester. With regard to platelet 

parameters, only log MPV measured in the third trimester was decreased in in the HIV 
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virologically suppressed group (2.3 ± 0.1) and the HIV group with VL > 50 copies/mL (2.3 ± 

0.1) compared to the HIV negative group (2.5 ± 0.2) (p < 0.001).   

 

The last study was a longitudinal study of 129 pregnant women at intermediate or high risk of 

VTE, who received thromboprophylaxis. Venous thrombo-embolism occurred antepartum in 

1.4%, 95% confidence interval (CI) 0.04-7.7 of intermediate and 3.4%, 95% CI 0.4-11.7 of 

high risk pregnancies. Major, clinically relevant non-major and minor bleeding events 

occurred in 7.1%, 95% CI 2.4-15.9 of intermediate and 8.5%, 95% CI 2.8-18.7 of high risk 

pregnancies. Owing to the small number of events, this study could not assess for HIV as a 

predictor of thrombosis and bleeding. 

 

Thus, in conclusion, the findings described in the studies in this thesis contribute to our 

knowledge in pregnant women living with HIV in the following ways. Firstly, HIV emerged 

as a significant antepartum and postpartum risk factor for VTE. Traditional obstetric and 

venous risk factors were also linked to the risk of thrombosis and could be useful for 

identifying women with HIV, who may benefit from postpartum and/or antepartum 

thromboprophylaxis. Secondly, this thesis identified heightened markers of endothelial 

activation and impaired fibrinolysis. Markers such as the ratio of VWF propeptide to VWF 

antigen, d-dimer and PAI-1 may provide a biological mechanism for the increased risk of 

pregnancy-related VTE in in HIV. Finally, this thesis provided rates of thrombosis and 

bleeding in women who received thromboprophylaxis in pregnancy and the postpartum 

period which can be used to advise women with HIV of the associated risks. 
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CHAPTER 1: Introduction and background to thesis 

 

1.1 Introduction to the thesis 

Globally, the World Health Organization (WHO) estimates that 1.3 million pregnant women 

are living with human immunodeficiency virus (HIV) infection (1). The prevalence of HIV 

varies markedly by geographic distribution, with the largest burden of disease in Eastern and 

Southern Africa. South Africa (SA) is at the epicentre of the HIV epidemic with the largest 

number of infections in the world. Among pregnant women attending antenatal clinics in SA, 

the estimated prevalence is 30%, 95% confidence interval (CI) 29.4–30.6 (2) Access to 

antiretroviral therapy (ART) for pregnant women in SA has significantly improved, with greater 

than 95% ART coverage in 2019, following the implementation in 2015 of revised eligibility 

criteria (2). 

 

Despite widespread access to ART, pregnancy in women living with HIV is associated with an 

increased morbidity as compared with the general population. Recent epidemiologic studies 

have described venous thrombo-embolism (VTE) as well as placental vascular complications 

and preterm delivery with HIV and/or its treatment (3-6). Venous thrombo-embolism, which 

comprises deep vein thrombosis (DVT) and its complication pulmonary embolism (PE), 

remains a significant contributor to morbidity in pregnant and postpartum women (7, 8).  

 

Early in the HIV epidemic, the risks of VTE in pregnant and postpartum women with HIV were 

attributed to an increased prevalence of classical venous and/or obstetric risk factors for VTE 

(9, 10). Subsequently, research has focused on the role of HIV associated inflammation and 

immune activation (11-13). In non-pregnant populations, HIV proteins and pro-inflammatory 

cytokines have been shown to promote endothelial dysfunction and systemic activation of 

coagulation (12, 14). In these populations, a mechanistic link has been demonstrated between 

endothelial activation, coagulation and VTE (15, 16). Moreover, increasing evidence suggests 

that this pro-thrombotic and pro-inflammatory state does not steadily improve with suppressive, 
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long-term ART (17-20). Little research, however, has been conducted in pregnant women, in 

the era of suppressive ART, that addresses the degree to which persistent inflammation 

predisposes pregnant women with HIV to its prothrombotic consequences. 
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1.2 Background to pregnancy related venous thrombo-embolism 

1.2.1 Epidemiology of venous thrombo-embolism in pregnancy and the puerperium 

The prevalence of pregnancy related VTE is estimated to be 0.5-2 per 1000 deliveries (21 , 22-

25). Pregnancy increases the risk of VTE by four to five-fold (21). Pregnancy is characterised 

by hypercoagulability which continues for several weeks after delivery and the risk for VTE is 

greatest in the first six weeks postpartum (26). The risk of VTE peaks at three weeks post-

partum with estimates of up to 84-fold increase in the risk of VTE in this period, have been 

reported (27, 28). Of the VTE cases, DVT accounts for approximately 70 to 80% and 20 to 30% 

present as PE (22, 29). Deep vein thrombosis is more prevalent during the antepartum period, 

while PE is more frequent during the postpartum period (21). Deep vein thrombosis in 

pregnancy frequently presents in the left leg and is more proximal often involving the 

iliofemoral veins, as compared to non-pregnant women (29, 30). Symptomatic pelvic vein 

thrombosis is a rare complication associated with caesarean deliveries and peripartum 

infections (31). 

 

Venous thrombo-embolism is an important cause of maternal mortality and long-term 

morbidity. In high-income countries, PE has been identified as a major cause of direct maternal 

mortality which accounts for approximately 20% of pregnancy-related deaths (8, 24). In SA, a 

resource limited country, the major cause of death continues to be infection related. 

Nonetheless, maternal mortality reports (1999 to 2019) have not shown a significant reduction 

in the mortality rate from PE (Fig 1.1) (32, 33). Rates of 3 to 4.5 per 100 000 live births for 

maternal mortality secondary to PE have been reported during this period. A maternal death is 

a devastating event with far-reaching effects for the woman’s family and community. 

Importantly, VTE can also have significant morbidities, including post-thrombotic syndrome, 

recurrent thrombosis, functional impairments, and reduced quality of life.  
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Key: iMMR, institutional maternal mortality ratio; M&S, pre-existing medical and surgical conditions; NPRI, non-

pregnancy related infection; Ec, ectopic pregnancy; Miscar, miscarriage; PRS, pregnancy related sepsis; OH, 

obstetric haemorrhage; HDP, hypertensive disorders of pregnancy; AR, anaesthetic-related deaths; Emb, 

pulmonary embolism; AC, acute collapse, cause unknown 

Figure 1.1 Trends in South African institutional maternal mortality rate per underlying 

cause, 2008-2019 

Reproduced with permission from S N Cebekhulu (32, 33) 

1.2.2 Haemostatic changes of pregnancy 

Many factors such as physiological changes in coagulation and fibrinolysis contribute to this 

prothrombotic state of pregnancy and the puerperium. Pregnant women may also experience 

damage to the vascular endothelium during delivery. Further progesterone-induced 

vasodilatation and inferior vena cava and pelvic vein compression by the uterus cause stasis of 

the lower extremities. Changes in haemostasis begin early in pregnancy with the migration and 

invasion of the trophoblast cells. The trophoblast cells, which express procoagulant and 

anticoagulant surface receptors, maintain the local haemostatic balance. As pregnancy 

progresses, increasing concentrations of coagulation factors, maternal platelet and endothelial 

cell microparticles, platelet activation, reduced levels of specific anticoagulants and decreased 

fibrinolysis are responsible for the acquired hypercoagulability of pregnancy (Fig 1.2) (34). 

These changes in the haemostatic system are designed to ensure the integrity of the expanding 

maternal and fetal circulations at the placental interface and to control bleeding at the time of 
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placental separation. 

 

Coagulation is initiated by tissue factor (TF) which is constitutively expressed at low levels by 

the trophoblast cell layer of the intervillous space (35). Tissue factor bearing microparticles, 

which are shed upon activation or apoptosis during trophoblast differentiation, also contribute 

to activation of coagulation (36, 37). Normal pregnancy is characterised by an increase in the 

concentrations of coagulation factors VII, VIII, IX, X, XII, prothrombin fragments 1 and 2 and 

thrombin-antithrombin (TAT) complexes as well as a rise in von Willebrand factor (VWF) and 

fibrinogen (38). Platelet counts decline during pregnancy, in particular in the third trimester. In 

addition to haemodilution, sequestration and consumption of platelets in the placental 

circulation are responsible for lower platelet counts in pregnancy. Platelets which release 

vasoactive substances, in particular from the alpha granules, are active mediators of primary 

haemostasis. However, the mechanisms and degree of platelet activation in normal pregnancy 

have not been properly characterised (39-41).  

 

Physiological anticoagulants decrease with advancing gestational age, with a significant 

reduction in protein S activity as well as resistance to activated protein C (42, 43). There is a 

reduction in free as well as total protein S activity. This can be attributed in part to the increased 

circulating complement 4B-binding protein during pregnancy, which complexes with 60% of 

circulating protein S. Moreover, the transcription of protein S in pregnancy is upregulated by 

oestrogen response elements in the PROS1 gene promoter (44).  

 

Fibrinolytic activity is impaired from the second trimester and returns to normal after delivery. 

This is largely as a result of the decreased activity of tissue plasminogen activator as well as 

increased physiological synthesis of plasminogen activator inhibitor type 1 (PAI-1) and 

placental derived plasminogen activator inhibitor type 2 (34). Fibrinolysis is also inhibited by 

a progressive increase in maternal thrombin-activatable fibrinolysis inhibitor levels (45). Levels 

of fibrin degradation products increase with advancing gestational age which reflect an overall 

increase in fibrin production during pregnancy.  
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The hypercoagulability of pregnancy is balanced by upregulation of a variety of physiological 

anticoagulants on the trophoblast cells from the tenth week of gestation (46, 47). Tissue factor 

pathway inhibitor-1 in addition to placental tissue factor pathway inhibitor-2 (TFPI-2) 

progressively increase during pregnancy and prevent excessive thrombin formation (48). 

Another anticoagulant is annexin A5, which is abundant on the apical surfaces of the 

trophoblast cells (49). Annexin A5 binds phosphatidylserine and thereby modulates the fluidity 

of the maternal circulation (50). In addition, thrombomodulin, which is expressed on 

endothelial and trophoblast cells, ameliorates the procoagulant activity of thrombin and 

inactivates essential co-factors, V and VIII (47).  

 

 

 

 

 

 

 

 

 

 

Figure 1.2 Haemostatic changes during pregnancy 

Key: TF, tissue factor; CF, coagulation factors; TAT, thrombin antithrombin; APCR, acquired 

resistance to activated protein C; TPA, tissue plasminogen activator; PAI, plasminogen 

activator inhibitor; TAFI, thrombin-activatable fibrinolysis inhibitor; TFPI, tissue factor 

pathway inhibitor  
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1.2.3 Risk factors for venous thrombo-embolism in pregnancy and the puerperium 

Whilst pregnancy and the puerperium are associated with a background risk for VTE, multiple 

risk factors which further increase this risk have been identified (51-53). Risk factors for VTE 

are prevalent among pregnant and postpartum populations. In a recent study of 21,000 Irish 

women, at least one postpartum risk factor for VTE was present in 75% of women, while at 

least two risk factors were present in approximately 40% of women (54). These individual risk 

factors have been shown to differ according to the antepartum and postpartum periods. In 

particular, a personal history of thrombosis and inherited thrombophilia have been shown to be 

strong risk factors for VTE (22, 55-57).  

 

Personal history of thrombosis. In women with a personal history of thrombosis, the conditions 

of the first thrombotic event influence the recurrence risk in pregnancy and the puerperium. In 

particular, a prior unprovoked or pregnancy or oestrogen related VTE are associated with a 

higher risk of recurrence as compared to a previous provoked VTE, associated with transient 

risk factors (56-59). In a study of 1,104 women, among women with a personal history of 

unprovoked and pregnancy or oestrogen related VTE, the rate of VTE recurrence was 7.5%, 

95% CI 4.0–13.7 in pregnancy. During the puerperium, the reported risks of recurrent VTE 

were greatest for women with a prior pregnancy related VTE (15.5%, 95% CI 7.7–28.7) (57). 

 

Thrombophilia. An estimated 20 to 50% of women with a personal history of thrombosis have 

an associated thrombophilia, according to studies from high income countries (60). The extent 

of the increase in risk varies according to the thrombophilia and the presence of a first degree 

relative with a VTE history (61, 62) (Table 1.1). A positive family history is associated with a 

two to four-fold risk for VTE (63). Factor V Leiden and prothrombin gene G20120A mutations, 

which are prevalent among Caucasian populations (61, 62), have not been associated with 

thrombosis among populations of African ethnicity (64).    
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Table 1.1 The risk of pregnancy related venous thrombo-embolism in women with 

thrombophilia mutations and a family history (55) 

Thrombophilia Estimated 
relative risk of 
VTE OR (95% CI) 

 

Estimated absolute risk of VTE 
% of pregnancies (95% CI)                         

Studies with a positive family 
history 

Estimated absolute risk of 
VTE % of pregnancies (95% CI)                                       

Non-family studies 

Antithrombin deficiency 9.5 (1.6-31.9) 16.6 (0.0-45.1) * 

Protein C deficiency 9.3 (2.1-43.1) 7.8 (0.0-33.8) * 

Protein S deficiency 7.0 (1.3-21.9) 4.8 (0.0-20.0) * 

Factor V Leiden, 
homozygous 

35.8 (0.4-137.8) 8.3 (0.0-29.6) 5.6 (0.0-34.3) 

Factor V Leiden, 
heterozygous 

6.4 (4.0-9.7) 2.4 (0.9-4.4) 0.4 (0.0-0.9) 

Prothrombin G20210A 
mutation, homozygous 

21.1 (0.0 -727.4) * * 

Prothrombin G20210A 
mutation, heterozygous 

5.1 (2.6- 9.8) 1.0 (0.0-2.5) 0.8 (0.1-2.0) 

Compound heterozygous 
factor V Leiden and 
prothrombin G20210A 
mutation 

21.2 (1.6- 89.0) 2.5 (0.0-9.5) * 

Key: OR, odds ratio; CI, confidence interval; VTE, venous thrombo-embolism 

*Insufficient data 

 

Antiphospholipid syndrome. Antiphospholipid syndrome (APS) is another important risk factor 

for thrombosis (65). The estimated prevalence of APS is 51 (95% CI 31.0- 72.0) per 100,000 

women (66). Antiphospholipid syndrome is characterised by persistent antiphospholipid 

antibodies (aPL) in conjunction with clinical criteria (67, 68). The clinical criteria include 

small-vessel, arterial or venous thrombosis and/or pregnancy-related morbidity1. The most 

                                                 

1 ≥ three unexplained consecutive pregnancy losses < 10 weeks, foetal death ≥ 10 weeks, placental insufficiency 

or severe preeclampsia-eclampsia necessitating delivery < 34 weeks 
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frequently affected arterial and venous sites are the cerebral arteries and deep veins of the legs 

respectively. Thrombosis also occurs at unusual sites such as the hepatic, visceral or cerebral 

veins. The aPL profile as well as concomitant clinical risk factors influence the thrombotic risk. 

The risks of thrombosis are associated with the type of aPL, the combination of more than one 

positive aPL, medium to high antibody titres, and the persistence of aPL. The presence of 

combined positivity for lupus anticoagulant (LAC), anticardiolipin (aCL) and anti-beta2-

glycoprotein 1 (aβ2GP1) antibodies is particularly associated with an increased risk of 

thrombosis as well as thrombosis recurrence (69). The cumulative incidence of thrombosis is 

12%, 95% CI 10.0–15.0 at one year, 26%, 95% CI 22.0–30.0 at five years, and 44%, 95% CI 

39.0–50.0 at ten years (70). Lupus anticoagulant specifically, is a recognised risk factor for 

thrombosis. Nonetheless, the predictive value of a single positive LAC is unclear and 

inconsistent results have been reported (71-73). Further studies are indicated to identify target 

epitopes for autoantibodies responsible for isolated LAC.  In recent years, clinical studies have 

also illustrated the role of “non-criteria aPL” in thrombotic events as well as pregnancy 

morbidity (74). In particular, antibodies against the domain I of beta2-glycoprotein and 

antiphosphatidylserine-prothrombin antibodies (aPS/PT) may be useful to confirm or exclude 

high risk aPL profiles in patients with incomplete profiles (75, 76).  

 

The risk of thrombosis in women with APS is also influenced by other clinical factors for 

venous and arterial thrombosis. Studies have identified chronic hypertension, 

hypercholesterolemia and smoking, which are known risks for arterial thrombosis (77, 78). In 

addition, underlying systemic lupus erythematosus (SLE) is associated with a 20-fold increased 

risk of VTE as compared to primary APS (79). The adjusted Global APS Score, which 

incorporates cardiovascular risk factors and aPL profile, is predictive of thrombotic recurrence 

risk (80, 81). Additional parameters continue to be evaluated for their value in APS diagnosis 

and thrombosis prediction. 

 

Clinical risk factors for VTE. In addition, there are several clinical antepartum and postpartum 

risk factors which are associated with a modest effect on VTE (Tables 1.2 and 1.3). These 

include advanced age and parity, medical co-morbidities, significant pregnancy complications 
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and caesarean delivery (22, 53, 82). According to a United Kingdom (UK) population study, 

maternal obesity and multiparity were associated with an approximately three-fold and four-

fold increased risk of PE respectively (82). Maternal obesity is an increasingly relevant risk 

factor worldwide. Obesity (83) and other risk factors, in combination, have also been shown to 

interact and further increase the risk of VTE, namely immobilisation and body mass index 

(BMI) ≥ 25 kg/m2; as well as postpartum infection following normal vaginal delivery (52).  

 

Ethnicity also influences clinical VTE risk factors. Only a few studies have examined the 

associations in African pregnant women, despite the higher prevalence of thrombosis (21 , 22-

25). The increased risk of thrombosis among African-American populations has been attributed 

to factors such as chronic hypertension, diabetes mellitus, chronic renal disease, obesity, sickle 

cell disease and HIV infection (64, 84). A recent review has been dedicated to understanding 

the prothrombotic mechanisms of VTE in women with HIV in pregnancy and the postpartum 

period (see Chapter one, Publication one).  

 

Several risk stratification tools which consider clinical VTE risk factors have been 

recommended in order to guide VTE prevention (85-89). For example, the Maternity Clot Risk 

prediction model is a risk score for postpartum VTE, which was developed using clinical 

databases in the UK and validated with Swedish and UK data (88, 90). The model included 15 

statistically significant risk factors, of which, emergency caesarean delivery, stillbirth, varicose 

veins, preeclampsia, systemic infection, and medical co-morbidities emerged as the most 

relevant predictors of postpartum VTE. This model has not been prospectively validated. More 

recently, the performance of a risk-stratification protocol was evaluated retrospectively in 

24 229 women (91). Thromboprophylaxis was associated with an increased risk of wound 

hematomas (adjusted odds ratio [OR] 2.3, 95% CI 1.5–3.6), unplanned surgical procedures 

(adjusted OR 1.3, 95% CI 1.1–1.6), and blood transfusions (adjusted OR 1.3, 95% CI 1.2–1.6). 

Randomized studies are necessary to determine the optimal threshold for thromboprophylaxis 

for clinical VTE risk factors. (90, 92, 93). One such trial, the international PARTUM 

(Postpartum Aspirin to Reduce Thromboembolism Undue Morbidity) randomized trial, 
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comparing postpartum low-dose acetylsalicylic acid with placebo in women with intermediate 

VTE risk factors, is currently underway (94).   
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Table 1.2 Antepartum risk factors for venous thrombo-embolism 

Risk factors for VTE  aOR/IRR (95% CI) 

Maternal Characteristics  

Age > 35 years 1.4 (1.0–2.0)  

Parity ≥ 3 0.9 (0.5–1.8)  

Obesity (BMI ≥30 kg/m2) 1.4 (0.9–2.2) (53) 

Smoking (10-30 cigarettes/day) 1.2 (0.8–1.6)  

Gross varicose veins 2.2 (1.6–4.8)  

Medical co-morbidities 

Heart disease * 

Sickle cell disease* 

Systemic lupus erythematosus* 

Pre-existing diabetes mellitus  

Cancer 

Inflammatory bowel disease  

 

7.1 (6.2–8.3) (22) 

6.7 (4.4–10.1) (22) 

8.7 (5.8–13.0) (22) 

3.5 (1.1–11.0) (53) 

2.0 (0.9-4.4) (53) 

3.5 (1.1-10.9) (53) 

Pregnancy characteristics  

Multiple pregnancy 0.8 (0.3–2.6) (53) 

ART (singleton) 4.3 (2.0-9.4) (52) 

Dehydration/hyperemesis 2.5 (1.4–4.5) (95) 

Pre-eclampsia with intra-uterine growth restriction 1.0 (0.3–4.0) (52) 

Antepartum immobilization with BMI < 25 kg/m2 

Antepartum immobilization with BMI ≥25 kg/m2 

7.7 (3.2–19.0) (52) 

62.3 (11.5–337.6) (52) 

Acute respiratory tract infection 1.7 (0.9-2.9) (53) 

Urinary tract infection 1.8 (1.2-2.7) (53) 

Key: aOR, adjusted odds ratio; IRR, incidence rate ratio; CI, confidence interval; BMI, body mass index; ART, 
assisted reproductive technology  

*as a predictor of antepartum and postpartum VTE 
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Table 1.3 Postpartum risk factors for venous thrombo-embolism 

Risk factors for VTE  aOR/IRR (95% CI) 

Maternal Characteristics  

Age > 35 years 1.4 (1.2–3.0) (53) 

Parity ≥ 3 1.9 (1.2–3.0) (53) 

Obesity (BMI ≥30 kg/m2) 3.5 (2.5–4.7) (53) 

Smoking (10-30 cigarettes/day) 1.3 (1.0–6.9) (53) 

Gross varicose veins 3.9 (2.6–5.9) (53) 

Medical co-morbidities 

Heart disease  

Sickle cell disease* 

Systemic lupus erythematosus 

Pre-existing diabetes mellitus  

Cancer 

Inflammatory bowel disease  

 

5.3 (1.3–21.5) (53) 

6.7 (4.4–10.1) (22) 

5.4 (0.8-38.3) (53) 

0.7 (0.3–1.9) (53) 

1.1 (0.5-2.8) (53) 

4.1 (1.7-9.6) (53) 

Delivery characteristics  

Multiple pregnancy 0.9 (0.4-2.1) (53) 

Stillbirth  4.1 (1.7–9.6) (53) 

Preterm delivery (< 37 weeks) 2.3 (1.7–3.1) (53) 

Pre-eclampsia with intra-uterine growth restriction 5.8 (2.1-16.0) (52) 

Mid-cavity or rotational operative delivery 1.2 (0.7-2.1) (53) 

Elective caesarean delivery 1.3 (0.7-2.2) (52) 

Emergency caesarean delivery  2.7 (1.8–4.1) (52) 

Vaginal delivery and postpartum infection 20.2 (6.4-63.5) (52) 

Caesarean delivery and postpartum infection 6.2 (2.4-16.2) (52) 

Postpartum infection 4.1 (2.9–5.7) (22) 

Postpartum haemorrhage (> 1000 mL and surgery) 12.0 (3.9–36.9) (52) 

Key: aOR, adjusted odds ratio; IRR, incidence rate ratio; CI, confidence interval; BMI, body mass index 
*as a predictor of antepartum and postpartum VTE 
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1.2.4 Risk assessment for venous thrombo-embolism in pregnancy and the puerperium 

The presence of risk factors as well as their level of risk provides guidance on the indications 

for antepartum and postpartum thromboprophylaxis. The decision to use thromboprophylaxis 

should also take into account patient preferences (96). Current guidelines vary considerably in 

their recommendations for risk stratification and the use of thromboprophylaxis (97). For 

example, the Royal College of Obstetrics and Gynaecology (RCOG) guideline considers a 

number of antepartum and postpartum risk factors and employs a weighted risk score that 

categorises women into low, intermediate and high risk groups for VTE (97, 98, 100). In 

contrast, the American College of Chest Physicians considers postpartum thromboprophylaxis 

for risk factors with an OR >10 after a normal vaginal delivery and an OR >6 after emergency 

caesarean delivery (98). More recently, the American Society of Haematology (ASH) guideline 

advises thromboprophylaxis in women who are considered at high risk for VTE. This guideline 

employed the Grading of Recommendations Assessment, Development and Evaluation 

approach to evaluate evidence from systematic reviews (99). Owing to the low level of 

evidence, the ASH guideline suggests against thromboprophylaxis in women with only one 

clinical risk factor (excluding high risk factors namely thrombophilia or a prior VTE). (85, 

87).The optimal approach to VTE prevention in pregnancy and the puerperium is an important 

research need (99).  

 

1.2.5 Thromboprophylaxis in pregnancy and the puerperium  

Low molecular weight heparin (LMWH) is the preferred anticoagulant in pregnancy based on 

available safety and efficacy data. A systematic review of LMWH thromboprophylaxis 

published in 2005 reported data from 30 studies and 1348 pregnancies (100). The rates of VTE 

and postpartum haemorrhage (PPH) were 0.84%, 95% CI 0.5-1.3 and 2%, 95% CI 1.5–2.6 

respectively. Of the total pregnancies, wound hematomas accounted for 0.65%, 95% CI 0.4-1.0 

of PPH. Subsequently, Sirico et al. reviewed data from eight studies and 22,162 pregnant 

women, of whom 1320 (6%) received LMWH thromboprophylaxis (101). Low molecular 

weight heparin was associated with a higher risk of PPH (relative risk 1.45, 95% CI 1.0–2.1) as 

compared to controls. In this study, in contrast to the former study, rates of blood transfusion 
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were assessed. However, there was no significant increase in blood transfusion at delivery as 

compared to controls.  

 

Previously unfractionated heparin (UFH) was the standard anticoagulant in pregnancy. A 

concern with the use of UFH in pregnancy was the associated risk of reduced bone density and 

osteoporotic fracture (102). In contrast, LMWH is associated with lower risks of maternal 

complications. Further advantages of LMWH include; predictable pharmacokinetics with an 

increased half-life, subcutaneous administration and substantially reduced risk of heparin-

induced thrombocytopenia (100).  

 

There is currently limited data on fetal safety with the direct oral anticoagulants (DOACs) and 

as such the International Society of Thrombosis and Haemostasis advise against the use of 

DOACs in pregnant and breastfeeding women (103). Nevertheless, exposure to DOACs in early 

pregnancy has not been associated with a significant risk for embryopathy according to a recent 

review of registries, case reports and pharmacovigilance data (104). Accordingly, major birth 

defects were documented in 12 of 336 (4%, 95% CI 2.0-6.0) pregnancies with available 

outcomes. The observed major birth defects were highly variable and not typical of harmful 

drug exposures in pregnancy. The rate of miscarriage, however, was 22%, which is double that 

which is expected in the overall population.  

 

Vitamin K antagonists (VKA) such as warfarin are also not recommended during pregnancy 

for thromboprophylaxis (99). These drugs are not recommended in the first trimester owing to 

the highly variable rates of warfarin embryopathy (105-108). Lower doses e.g. < 5mg/day have 

been associated with a reduced rate of complications. However, a dose dependent relationship 

has not been consistently found (109, 110). Furthermore, VKA exposure in any trimester has 

been associated with central nervous system (CNS) complications, miscarriages and stillbirths 

(105, 109, 111-113). Central nervous system abnormalities have been rarely described, (114, 

115). However, most studies do not include histological assessments, which may lead to 
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underestimation of foetal CNS abnormalities. Significantly increased rates of miscarriage 

ranging from 14 to 40% have been reported as compared to the overall population. 

 

There is limited evidence for graduated compression stockings or use of mechanical 

prophylaxis such as intermittent pneumatic compression, postpartum (116).  

 

Antepartum prophylaxis is recommended early in pregnancy (59). With regards to postpartum 

prophylaxis, the risk of VTE is greatest within the first three weeks postpartum. In women 

considered as high risk, thromboprophylaxis should be extended for up to six weeks’ 

postpartum (26).  The optimal LMWH dose in high risk pregnancies is inconclusive with 

current guidelines recommending a fixed low or an intermediate dose of LMWH (98, 117, 118). 

Recent guidance has stemmed from the multi-centre, multi-national Highlow randomized 

controlled trial which found no stastically significant difference in efficacy and safety outcomes 

between fixed low dose and intermediate dose LMWH in women with prior VTE (119). In high 

risk pregnancies, monitoring of thromboprophylaxis with anti-Xa activity has not been 

recommended. During pregnancy, the pharmacodynamics of LMWH are altered as a result of 

the increased volume of distribution and enhanced renal clearance. However, studies to date 

have not demonstrated an improvement in efficacy and safety outcomes with regular monitoring 

(120-123).   

 

Delivery requires a multidisciplinary approach to reduce the associated risks of maternal PPH, 

and VTE. In women at high risk, a scheduled delivery is preferable to minimize the period 

without anticoagulation (99). However, there are increasing safety reports of unscheduled 

deliveries, whereby women are instructed to discontinue LMWH upon the signs of labour (124). 

An unscheduled delivery may be associated with an increased risk of bleeding and limited 

accessibility to neuraxial analgesia and anaesthesia (125). A time interval of 12-24 hours is 

indicated between the last prophylactic LMWH dose and a scheduled induction of labour or 

elective caesarean section, provided haemostasis is adequate. These time intervals are also 
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applicable to neuraxial analgesia and anaesthesia in view of the risk of spinal or epidural 

hematomas. After delivery, it is recommended that LMWH be reintroduced at least six hours 

after removal of the catheter (126, 127). Neurological monitoring is mandatory for at least 12 

hours and ideally for 72 hours following neuraxial analgesia and anaesthesia. In the postpartum 

period, LMWH, fondaparinux and VKA are safe. However, the DOACs should be avoided in 

women who plan to breastfeed (128).  

 

1.2.6 Summary 

Thrombosis is a significant cause of maternal morbidity and mortality and its prevention 

should be a priority for health care services. Implementation of safe and effective risk-

reduction measures in pregnancy and the puerperium requires accurate identification of 

women at increased risk for thrombosis. For women receiving thromboprophylaxis, 

multidisciplinary collaboration is important in order to plan the management of pregnancy, 

delivery and postpartum. 
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1.3 Research aims and objectives 

The aims and objectives of the work presented in this thesis women living with HIV with 

access to ART in South Africa were: 

 

1. To identify risk factors for pregnancy related VTE  

a. To identify antepartum and postpartum risk factors for VTE  

b. To determine the prevalence, profile and significance of criteria aPL in women 

with a history of thrombosis and/or obstetric complications 

 

2. To assess procoagulant changes in maternal haemostasis and its relationship with 

HIV viral load (VL), in each trimester 

a. To assess endothelial activation by measuring VWF antigen, VWF propeptide, 

multimer patterns and ADAMTS-13 antigen, activity, and antibody levels in HIV 

negative pregnant women, HIV pregnant women with virological suppression and 

HIV pregnant women with VL >50 copies/mL, in each trimester 

b. To assess fibrinolytic activity by measuring d-dimer and PAI-1, coagulation by 

measuring TAT complex concentration and platelet activation by measuring 

platelet factor-4 (PF4) and platelet indices in HIV negative pregnant women, HIV 

pregnant women with virological suppression and HIV pregnant women with VL 

>50 copies/mL, in each trimester 

 

3. To assess thrombosis and bleeding outcomes associated with thromboprophylaxis 

for the prevention of pregnancy related VTE  

a. To assess thrombosis and bleeding outcomes associated with antepartum and 

postpartum thromboprophylaxis in women classified as intermediate or high risk 

of VTE 

 

1.4 Thesis outline  

This is a thesis by publication that consists of nine chapters. Each publication addresses a 

specific aim, however, there is overlap and progression of the arguments (Fig 1.3). 
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Key: VTE, venous thrombo-embolism; HIV, human immunodeficiency virus; VL, viral load 

Figure 1.3 Thesis outline 

Chapter 
one

•Introduction, background to pregnancy related VTE, research aims and objectives and thesis outline

Chapter 
two

•Review article that described the epidemiology, mechanisms and management of VTE in HIV 
infected women in pregnancy and the postpartum (Publication one)

Chapter 
three

•Epidemiological case control study that assesed the clinical spectrum and associated antepartum 
and postpartum risk factors of VTE in women living with HIV (Publication two)

Chapter 
four

•Sub-study of the case control study that investigated criteria antiphospholipid antibodies in women 
living with HIV with a history of thrombosis and/or obstetric complications (Publication three)

Chapter 
five

•Prospective cross-sectional study that assessed endothelial activation in each trimester in HIV 
negative pregnant women, HIV pregnant women with virological suppression and HIV pregnant 
women with VL >50 copies/mL (Publication four)

Chapter six

•Prospective cross-sectional study that assessed fibrinolysis, coagulation and platelet activation in 
each trimester in HIV negative pregnant women, HIV pregnant women with virological suppression 
and HIV pregnant women with VL >50 copies/mL (Publication five and Congress abstract)

Chapter 
seven

•Longitudinal study that assessesed thrombosis and bleeding outcomes associated with HIV in 
pregnant women, who received thromboproprophylaxis according to VTE risk (Publication six)

Chapter 
eight

•An integrated conclusion that binds the publications together

Chapter 
nine and 

ten

•Appendices and references
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CHAPTER 2: Pregnancy related venous thromboembolism associated with 

HIV infection and antiretroviral therapy  

 

Summary: This invited peer-reviewed review article described the epidemiology, 

mechanisms and management of VTE in HIV infected women in pregnancy and the 

postpartum period. This review highlighted the interactions between HIV, ART, inflammation 

and coagulation as well as the relevance for pregnancy associated thrombosis.  

 

Statement of originality document: Please see Appendix 8.2  
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CHAPTER 3: Pregnancy related venous thromboembolism and HIV 

infection 

 

Summary: This case control study was designed to assess risk factors of pregnancy related 

VTE in order to guide local thromboprophylaxis recommendations. The study identified HIV 

as an antepartum and postpartum risk factor of VTE. This risk of thrombosis was independent 

of opportunistic infections, virological suppression and ART. In addition, a higher prevalence 

of traditional obstetric and venous risk factors was found in pregnant women with HIV. 

 

Statement of originality document: Please see Appendix 8.2 

 

  



 

 

31 

 



 

 

32 

 



 

 

33 

 



 

 

34 

 



 

 

35 

 



 

 

36 

 



 

 

37 

 



 

 

38 

 



 

 

39 

 

 

  



 

 

40 

 

CHAPTER 4: Profile of antiphospholipid antibodies in HIV infected and 

HIV uninfected women with a history of thrombosis 

 

Summary: This study, expanded on Chapter two on risk factors of pregnancy related VTE by 

assessing the role of aPL in the pathogenesis of thrombosis. In this study population, the 

prevalence of aPL was not significantly increased among women living with HIV in the modern 

era of ART, as compared to HIV negative women. The study identified baseline positivity for 

LAC as a risk factor for thrombosis and/or obstetric complications.  

 

Statement of originality document: Please see Appendix 8.2 
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Supplementary Tables 

Table 4.1 The profile of the baseline aPL positive study participants  

 

N Thrombotic 
complication 

HIV LAC 
aPTT 

 

LAC 
dRVVT 

 

LAC 
concl 

aCL IgM 
(U/ml) 

aCL IgG 
(U/ml) 

aβ2GP1 
IgM (U/ml) 

aβ2GP1 
IgG (U/ml) 

Repeat 
LAC 

aPTT 
 

Repeat 
LAC 

dRVVT 
 

Repeat 
LAC 

concl 

Repeat 
aCL IgM 
(U/ml) 

Repeat 
aCL IgG 
(U/ml) 

 

Repeat 
aβ2GP1 

IgM (U/ml) 

Repeat 
aβ2GP1 

IgG (U/ml) 

1 DVT + - - - <29.9 28.0 <5.7 <17.7        

2 DVT + + + + <29.9 <23.8 <5.7 <17.7 - - -     

3 DVT + + + + <29.9 <23.8 <5.7 <17.7 - - -     

4 DVT + + - + <29.9 <23.8 <5.7 <17.7 -  -     

5 PE + - + + <29.9 <23.8 <5.7 <17.7  - -     

6 PE + + - + <29.9 <23.8 <5.7 <17.7 +  +     

7 PE + + - + <29.9 <23.8 <5.7 <17.7 -  -     

8 DVT + - - - <29.9 <23.8 <5.7 19       18 

9 PE + + - + <29.9 43.0 <5.7 <17.7        

10 PE + + - + <29.9 <23.8 <5.7 <17.7 *       

11 DVT and PE + - + + <29.9 <23.8 <5.7 <17.7  *      

12 - + - - - <29.9 <23.8 12 <17.7      <5.7  

13 - + - - - <29.9 <23.8 11 <17.7      <5.7  

14 - + - - - 30 <23.8 <5.7 <17.7        

15 - + - - - <29.9 <23.8 12 <17.7      <5.7  

16 DVT - - - - <29.9 28 <5.7 108        

17 DVT - + + + <29.9 <23.8 <5.7 <17.7 - - -     

18 DVT - + - + <29.9 <23.8 <5.7 <17.7 *       

19 DVT - + - + <29.9 <23.8 <5.7 <17.7  *      

20 DVT - - + + <29.9 <23.8 <5.7 <17.7  *      

21 PE - - - - <29.9 60 <5.7 <17.7     49   

22 DVT - + - + <29.9 <23.8 <5.7 <17.7 *       

23 PE - - + + <29.9 <23.8 <5.7 <17.7  *      

24 PE - - - - <29.9 26 <5.7 <17.7     <23.8   

25 PE - * *  30 24 <5.7 <17.7    <29.9 <23.8   



 

 

50 

 

26 DVT and PE - - - - <29.9 <23.8 34 <17.7      22  

27 DVT - + - + <29.9 <23.8 <5.7 <17.7 -  -     

28 DVT and PE - + - + <29.9 <23.8 <5.7 22 -  -     

29 DVT and PE - + + + <29.9 114 <5.7 149 * *   97   

30 DVT - - - - 33 <23.8 <5.7 <17.7    <29.9    

31 PE - - - - 71 <23.8 27 <17.7        

32 DVT - + - + <29.9 <23.8 <5.7 <17.7 -  -     

33 PE - + - + <29.9 <23.8 <5.7 <17.7 - -      

34 PE - - - - 50 <23.8 16 <17.7        

35 DVT - - - - <29.9 <23.8 10 <17.7        

36 DVT - * *  <29.9 61 <5.7 100        

37 PE - - - - <29.9 44 <5.7 <17.7        

38 PE - + - + <29.9 <23.8 <5.7 <17.7 **       

39 DVT and PE + - + + 47 <23.8 <5.7 <17.7  - - 30    

40 
Retinal vein 

thrombosis and 
TIA 

- - -  <29.9 40 <5.7 <17.7        

41 DVT - + + + <29.9 64 <5.7 <17.7 + + +  49   

42 DVT - * *  <29.9 128 <5.7 <17.7     83   

43 DVT + + - - <29.9 <23.8 <5.7 <17.7 -       

44 - - - + + <29.9 <23.8 <5.7 <17.7        

45 - - - -  31 <23.8 15 <17.7    <29.9    

46 - - - -  30 <23.8 <5.7 <17.7    <29.9    

47 - - - -  59 <23.8 <5.7 <17.7    39    

Key: DVT, deep vein thrombosis; PE, pulmonary embolus; TIA, transient ischaemic attack; HIV, human immunodeficiency virus; aCL, anticardiolipin; aβ2GP1, anti-beta2-glycoprotein 1; dRVVT, 
dilute Russell viper venom time; aPTT, activated partial thromboplastin time; LAC, lupus anticoagulant 
Bold: All positive results are written in bold 
 
*Anticoagulant interference 
** Insufficient sample 
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Table 4.2 The lupus anticoagulant profile of the baseline aPL positive study participants 

 

N 
Thrombotic 

complication 
HIV 

aPTT 
(screen N 

ratio) 

aPTT 
(screenmix 

N ratio) 

dRVVT 
(screen N 

ratio) 

dRVVT 
(screen/ 

confirm N 
ratio) 

LAC 
concl 

Repeat 
aPTT 

(screen N 
ratio) 

Repeat 
aPTT 

(screen mix 
N ratio) 

Repeat  
dRVVT 

(screen N 
ratio) 

Repeat 
dRVVT 

(screen/ 
confirm N 

ratio) 

Repeat 
LAC 

concl 

1 DVT + 0.98  0.96  -      

2 DVT + 1.49 1.24 1.33 1.22 + 1.05  0.96  - 

3 DVT + 1.47 1.22 1.42 1.37 + 1.31 1.10 1.18  - 

4 DVT + 1.20 1.21 1.16  + 1.11  0.98  - 

5 PE + 1.24 1.14 1.33 1.22 + 1.17  1.19  - 

6 PE + 1.76 1.37 0.95  + 2.36 1.45   + 

7 PE + 1.56 1.30 1.14  + 1.31 1.12   - 

8 DVT + 0.95  1.06  -      

9 PE + 1.80 1.28 1.22 0.85 +      

10 PE + 1.59 1.29 1.20 1.09 +  *    

11 DVT and PE + 1.29 1.17 1.34 1.24 +    *  

12 - + 1.00  0.83  -      

13 - + 0.84  0.91  -      

14 - + 1.00  0.82  -      

15 - + 1.11  0.84  -      

16 DVT - 1.25 1.15 0.91  -      

17 DVT - 2.06 1.39 1.26 1.28 + 1.08  0.94  - 

18 DVT - 1.46 1.23 1.04  +  *    

19 DVT - 1.97 1.38 1.17  +    *  

20 DVT - 1.22 1.13 1.22 1.20 +    *  

21 PE - 1.17  0.82  -      

22 DVT - 1.30 1.20 1.05  +  *    

23 PE - 0.99  1.56 1.46 +    *  

24 PE - 0.94  0.88  -      

25 PE -  *  *       

26 DVT and PE - 0.99  1.11  -      
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27 DVT - 2.30 1.40 1.03  + 1.23 1.16   - 

28 DVT and PE - 1.24 1.21 1.10  + 0.86    - 

29 DVT and PE - 1.88 1.60 2.64 1.63 +  *  *  

30 DVT - 1.06  1.18  -      

31 PE - 1.08  0.79  -      

32 DVT - 1.55 1.28 1.50 1.16 + 0.89    - 

33 PE - 1.25 1.20 1.21 1.12 + 1.12  1.02   

34 PE - 1.07  1.08  -      

35 DVT - 0.90  0.83  -      

36 DVT -  *  *       

37 PE - 1.18  1.06  -      

38 PE - 1.70 1.20 1.40 1.04 + 1.3 **    

39 DVT and PE - 1.51 1.13 1.39 1.25 +   1.04  - 

40 
Retinal vein 
thrombosis 

and TIA 
- 0.98  1.03        

41 DVT - 1.75 1.53 1.75 1.75 + 1.60 1.50 1.62 1.62 + 

42 DVT -  *  *       

43 DVT - 1.51 1.21 0.82  + 0.98    - 

44 - - 1.18  1.29 1.28 +      

45 - - 0.97  1.10        

46 - - 0.94  0.95        

47 - - 0.94  0.88        

Key: DVT, deep vein thrombosis; PE, pulmonary embolus; TIA, transient ischaemic attack; HIV, human immunodeficiency virus; dRVVT, dilute Russell viper venom time; aPTT, activated partial 
thromboplastin time; LAC, lupus anticoagulant 
Bold: All positive results are written in bold 
*Anticoagulant interference 
** Insufficient sample 
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CHAPTER 5: von Willebrand factor propeptide to antigen ratio in HIV 

infected pregnancy: Evidence of endothelial activation 

 

Summary: This prospective cross-sectional study was designed to assess endothelial activation 

in pregnant women living with HIV in each trimester.  The study found an increase in the VWF 

propeptide to VWF antigen ratio, as an index of acute endothelial activation, in HIV women 

with VL > 50 copies/mL as well as HIV women with virological suppression, as compared to 

matched HIV negative women. Virological suppression was not associated with a significant 

reduction in the VWF propeptide to VWF antigen ratio, which is suggestive of persistent 

endothelial activation on suppressive ART.  

 

Statement of originality document: Please see Appendix 8.2 
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CHAPTER 6: Evaluation of markers of fibrinolysis and coagulation in 

pregnant women with HIV 

 

Summary: This prospective cross-sectional study expanded on Chapter five on endothelial 

activation by further assessing activation of coagulation and fibrinolysis in pregnant women 

living with HIV in each trimester.  The study found an increase in d-dimer and PAI-1 levels, as 

a measure of fibrinolytic activity, in HIV women with VL > 50 copies/mL as well as HIV 

women with virological suppression, as compared to matched HIV negative women. 

Virological suppression was not associated with a significant reduction in first and third 

trimester d-dimer and PAI-1 levels, which is suggestive of persistently impaired fibrinolytic 

activity on suppressive ART. The results of a sub-study, presented at the International Society 

of Laboratory Haematology Congress, further assessed platelet activation in pregnant women 

living with HIV, in each trimester.  No significant differences were found in PF4 in women 

with virological suppression and VL > 50 copies/ml, as compared to HIV negative women. 

With regard to platelet parameters, mean platelet volume (MPV) measured in the third trimester 

was significantly decreased in women with virological suppression as compared to HIV 

negative women. Mean platelet volume, measured in the third trimester, may be a valuable 

marker of platelet activation in pregnant women with HIV on suppressive ART. 

 

Statement of originality document: Please see Appendix 8.2 
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Supplementary Tables 

 

Table 6.1 Comparison of parameters of fibrinolysis and coagulation between the first, second and third trimesters of pregnancy 

 

Parameter Gestational age First trimester Second trimester Third trimester p value 

D-dimer (mg/L), median [IQR]  

Log d-dimer, mean ± SD 

 

HIV negative  0.2 [0.1] 

-1.4 ± 0.2 

0.3 [0.2] 

-1.1 ± 0.3*** 

0.4 [0.2] 

-0.8 ± 0.3*** 

<0.001 

<0.001 

HIV and VL <50 copies/mL  0.2 [0.1] 

-1.2 ± 0.5 

0.4 [0.2] 

-0.9 ± 0.4* 

0.5 [0.3] 

-0.7 ± 0.4*** 

<0.001 

<0.001 

HIV and VL >50 copies/mL  0.3 [0.1] 

-1.1 ± 0.4 

0.5 [0.3] 

-0.7 ± 0.4** 

0.6 [0.4] 

-0.5 ± 0.5** 

0.019 

<0.001 

PAI-1 (ng/mL), median [IQR] 

Log PAI-1, mean ± SD  

 

HIV negative  1.5 [1.1] 

0.4 ± 0.5 

2.0 [2.3] 

0.8 ± 0.3*** 

3.7 [1.5] 

1.3 ± 0.3*** 

<0.001 

<0.001 

HIV and VL <50 copies/mL  2.4 [1.9] 

1.0 ± 0.4 

3.5 [2.5] 

1.3 ± 0.4** 

4.1 [2.8] 

1.5 ± 0.4*** 

0.010 

<0.001 

HIV and VL >50 copies/mL  2.0 [1.7] 3.3 [0.9] 4.1 [2.4] <0.001 
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0.8 ± 0.5 1.2 ± 0.4*** 1.5 ± 0.3*** <0.001 

TAT complex (ng/mL), median 
[IQR] 

Log TAT, mean ± SD 

 

HIV negative  4.7 [4.0] 

1.6 ± 0.4 

5.1 [3.6] 

1.7 ± 0.4 

5.8 [2.2] 

1.8 ± 0.4* 

0.043 

0.028 

HIV and VL <50 copies/mL  6.2 [5.4] 

2.0 ± 0.5 

6.0 [ 5.0] 

1.9 ± 0.5 

6.5 [2.6] 

1.9 ± 0.3 

0.961 

0.986 

HIV and VL >50 copies/mL  4.7 [4.9] 

1.6 ± 0.7 

5.3 [4.3] 

1.8 ± 0.5 

6.6 [2.8] 

1.8 ± 0.3 

0.408 

0.229 

Platelet count (x 109/L), median 
[IQR] Log Platelet count, mean ± 
SD 

 

 

HIV negative  256.5 [67.0] 

5.6 ± 0.3 

235.0 [71.0] 

5.5 ± 0.2 

212.0 [45.0] 

5.3 ± 0.2 

0.007 

0.002 

HIV and VL <50 copies/mL  272.0 [86.0] 

5.8 ± 0.4 

244.0 [87.0] 

5.5 ± 0.4 

238.0 [82.0] 

5.4 ± 0.3 

0.455 

0.048 

HIV and VL >50 copies/mL  315.0 [255.0] 

5.6 ± 0.2 

259.0 [109.0] 

5.5 ± 0.3 

245.0 [103.0] 

5.5 ± 0.3 

0.033 

0.460 

Mean platelet volume (fL), 
median [IQR] Log MPV, mean ± 
SD 

 

 

HIV negative  10.1 [1.5] 

2.3 ± 0.1 

10.1 [1.2] 

2.5 ± 0.2 

11.8 [2.5] 

2.3 ± 0.1*** 

<0.001 

<0.001 

HIV and VL <50 copies/mL  9.3 [1.3] 

2.3 ± 0.1 

10.1 [1.7] 

2.3 ± 0.1 

10.2 [1.1] 

2.3 ± 0.1 

0.084 

0.196 
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HIV and VL >50 copies/mL  9.3 [1.4] 

2.3 ± 0.1 

10.0 [1.4] 

2.3 ± 0.1 

10.6 [1.0] 

2.3 ± 0.1 

0.149 

0.061 

Platelet distribution width (fL), 
median [IQR] Log PDW, mean ± 
SD 

 

 

HIV negative  10.9 [2.4] 

2.4 ± 0.2 

11.0 [2.9] 

2.4 ± 0.2 

11.7 [1.5] 

2.5 ± 0.1 

0.374 

0.383 

HIV and VL <50 copies/mL  9.5 [2.5] 

2.3 ± 0.1 

10.7 [3.3] 

2.4 ± 0.1 

10.4 [2.6] 

2.4 ± 0.2 

0.188 

0.589 

HIV and VL >50 copies/mL  10.3 [2.1] 

2.3 ± 0.2 

11.0 [1.6] 

2.4 ± 0.2 

10.7 [3.7] 

2.4 ± 0.2 

0.671 

0.192 

Key: HIV, human immunodeficiency virus; VL, viral load; PAI-1, plasminogen activator inhibitor-1; TAT, thrombin antithrombin; SD, standard deviation; IQR, interquartile range 

D-dimers were performed in 90 first trimester, 99 second trimester and 103 third trimester participants 

TAT was performed in 93 first trimester, 97 second trimester and 83 third trimester participants  

* p<0.05 versus first trimester; 

** p <0.01 versus first trimester;  

*** p <0.001 versus first trimester 
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Table 6.2 Analysis of parameters of fibrinolysis and coagulation according to adverse pregnancy complications in the study population 

 

Parameter Gestational age Study participants with adverse pregnancy 
outcomes 

 

Study participants without adverse pregnancy 
outcomes 

 

D-dimer (mg/L), median [IQR]  

Log d-dimer, mean ± SD 

 

First trimester  0.2 [0.1] 

-1.3 ± 0.4 

0.2 [0.1] 

-1.2 ± 0.4 

Second 
trimester  

0.4 [0.2] 

-0.9 ± 0.4 

0.4 [0.2] 

-0.9 ± 0.4 

Third trimester  0.5 [0.4] 

-0.7 ± 0.4 

0.6 [0.3] 

-0.6 ± 0.4 

PAI-1 (ng/mL), median [IQR] 

Log PAI-1, mean ± SD  

 

First trimester  1.7 [0.8] 

0.5 ± 0,4 

2.0 [1.5] 

0.7 ± 0,5 

Second 
trimester  

2.7 [2.7] 

1.1 ± 0.5 

2.8 [1.7] 

1.1 ± 0.5 

Third trimester  4.0 [1.5] 

1.3 ± 0.4 

4.1 [2.2] 

1.4 ± 0.3 
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TAT complex (ng/mL), median [IQR] 

Log TAT, mean ± SD 

 

First trimester  3.9 [1.2] 

1.4 ± 0.3 

5.6 [4.0] 

1.7 ± 0.5 

Second 
trimester  

5.3 [1.7] 

1.7± 0.3 

5.3 [4.4] 

1.8 ± 0.5 

Third trimester  6.3 [2.4] 

1.8 ± 0.2 

6.3 [2.6] 

1.9 ± 0.3 

Platelet count (x 109/L), median [IQR] Log Platelet count, 
mean ± SD 

 

 

First trimester  265.0 [110.0] 

5.5 ± 0.3 

253.0 [68.0] 

5.6 ± 0.4 

Second 
trimester  

219.0 [53.0] 

5.4 ± 0.2 

225.0 [75.0] 

5.4 ± 0.2 

Third trimester  173.0 [57.0] 

5.52 ± 0.2 

209.0 [87.0] 

5.4 ± 0.3 

Mean platelet volume (fL), median [IQR] Log MPV, mean 
± SD 

 

 

First trimester  9.4 [1.4] 

2.3 ± 0.1 

10.1 [1.6] 

2.3 ± 0.1 

Second 
trimester  

10.0 [1.2] 

2.3 ± 0.1 

10.3 [1.3] 

2.3 ± 0.1 

Third trimester  11.0 [1.9] 10.7 [1.6] 
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2.4 ± 0.1 2.4 ± 0.2 

Platelet distribution width (fL), median [IQR] Log PDW, 
mean ± SD 

 

 

First trimester  9.3 [0.6] 

2.3 ± 0.2 

11.1 [2.8] 

2.4 ± 0.2 

Second 
trimester  

10.5 [2.6] 

2.4 ± 0,1 

11.3 [3.0] 

2.4 ± 0,2 

Third trimester  10.5 [0.5] 

2.3 ± 0.1 

11.5 [3.2] 

2.4 ± 0.2 

Key: PAI-1, plasminogen activator inhibitor-1; TAT, thrombin antithrombin; SD, standard deviation; IQR, interquartile range 

Adverse pregnancy outcomes included preterm delivery (n=41) and placental vascular complications namely; intra-uterine fetal death (n=11), fetal growth restriction (n=5) and 
pre-eclampsia (n=8)  

Participants with adverse pregnancy outcomes: first trimester, n=15, second trimester, n=21, third trimester, n=13 

Comparisons between the two groups were not statistically significant. 
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Abstract Title:  

Evaluation of Platelet Function in Pregnant Women with Human Immunodeficiency Virus 

Congress:          

International Society of Laboratory Hematology Congress (ISLH) 8-10 September 2022, 

Bologna, Italy 

Presenter:          

E. Schapkaitz 

 

Background 

Platelets are an important link between inflammation and thrombosis in HIV. Activated 

platelets mediate inflammation through the release of α-granules and neutrophil-platelet 

interactions. A number of proteins released upon fusion of the α-granules with the platelet 

membrane as well as platelet indices have been studied as markers of platelet activation in 

HIV. Maternal platelet activation, however, has not been studied extensively and merits 

further evaluation in the era of ART. 

  

Methods 

A cross-sectional analysis was performed between July 2019 and October 2021 at the Charlotte 

Maxeke Johannesburg Academic Hospital Antenatal Clinic, South Africa. The study included 

the following groups: 97 women living with HIV with virological suppression on ART for 4 

[7] years, 54 women living with HIV with VL >50 copies/mL and 103 matched HIV negative 

women. Platelet factor 4 (Quantikine, R&D Systems, Inc., Minneapolis, USA) and platelet 

indices, as surrogate markers of platelet activation, were measured in the first (6-12 weeks), 

second (13-26 weeks) and third trimesters (27-39 weeks) and expressed as median [interquartile 

range]. Platelet indices were calculated using impedance technology on the Sysmex XN9000 

(Sysmex Corporation, Kobe, Japan). These consisted of MPV, which is a measure of platelet 

size and subsequently the rate of platelet production and platelet distribution width (PDW), 

which reflects variability in platelet size.  Clinical and laboratory data were analysed using 

Statistica 13.2 software (California, USA). The study was approved by the Ethics committee of 

the University of the Witwatersrand (M-181018).  
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Results 

In this population, pregnancy outcomes were recorded for 241 (94.9%) participants with live 

births (Table 6.1). There were no VTE events. Baseline HIV characteristics differed 

significantly between the HIV groups with virological suppression and VL>50 copies/mL 

(Table 6.2). Platelets and PF4, measured in each trimester, showed a significant increase with 

pregnancy progression, while MPV decreased in the HIV negative group (Table 6.3). Between 

each study group, MPV was significantly decreased in the third trimester in the women living 

with HIV with virological suppression, as compared to the HIV negative women (Table 6.4).  

 

Conclusion 

The study findings suggest that MPV, measured in the third trimester, may be a valuable marker 

of platelet activation in pregnant women living with HIV with virological suppression. The 

proposed mechanism for the decrease in MPV levels is as a result of the migration and 

consumption of large platelets from the circulation to extracellular sites of inflammation. The 

prognostic value of MPV in the setting of HIV related cardiovascular events has not been 

established. The significance of this simple and cost-effective surrogate marker in the setting 

of HIV infected pregnancy is an important future objective.  
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Enlargement of Poster Tables 

Table 6.3 Demographics and clinical, laboratory and delivery characteristics of the three 

study groups 

Characteristic HIV negative  
(n=103) 

 

HIV and VL <50 
copies/mL 

(n=97) 

HIV and VL >50 
copies/mL 

(n=54) 

p value 

Demographics  

Age at study entry (years),  
mean ± SD 

32.0 ± 6.0 35.0 ± 6.0 ** 33.0 ± 6.0 0.007 

Parity,  
median [IQR] 

2.0 [1.0] 2.0 [2.0] ** 2.0 [2.0] 0.029 

BMI (kg/m2),  
mean ± SD 

28.5 ± 6.7 27.4 ± 6.7 27.7 ± 6.8 0.410 

Smoking history >10/day  
(n, %) 

0 (0) 0 (0) 0 (0) - 

Laboratory characteristics  

White cell count (x 109/L),  
mean ± SD 
(ref: 3.9-12.6) 

8.0 ± 2.2 7.6 ± 2.4 7.0 ± 2.0** 0.015 

Hemoglobin (g/L),  
mean ± SD 
(ref: 116-164) 

125.6 ± 13.4 116.9 ± 14.5*** 114.2 ± 16.9 *** <0.001 

Platelet count (x 109/L),  
median [IQR]  
(ref: 186-454) 

238 [64] 248 [86] 259 [110] 0.440 

Mean platelet volume (fL),  
median [IQR] 
(ref: 7.3-11.3) 

10.1 [1.5] 10.1 [1.5] 10.1 [1.4] 0.408 

Platelet distribution width 
(fL), median [IQR] 

11.0 [1.9] 10.3 [3.0] 11 [2.4] 0.415 

Obstetric characteristics  

Gestational hypertension  
(n, %) 

2 (1.9) 2 (2.1) 1 (1.9) 0.996 

Pre-eclampsia and FGR  
(n, %)  

4 (3.9) 3 (3.1) 1 (1.9) 0.786 

Delivery characteristics of 
live births 

 

Live births  
(n, %) 

99 (96.1) 91 (93.8) 51 (94.4) 0.751 

Gestational age delivery 
(weeks), mean ± SD 

39.0 ± 2.0 38 ± 3.0  38.0 ± 2.0* 0.025 

Birthweight (g), 
mean ± SD 

3255.5 ± 709.3  2894.7 ± 668.8 ** 2929.0 ± 529.1* 0.005 

Outcome  

VTE  
(n, %) 

0 (0) 0 (0) 0 (0) - 

Key: BMI, body mass index; HIV, human immunodeficiency virus; VL, viral load; VTE, venous thromboembolism; SD, 
standard deviation, IQR, interquartile range 
BMI was calculated from first antenatal booking appointment.  
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Hypertension was defined as systolic blood pressure > 140 mm Hg and/or diastolic blood pressure > 90 mm Hg. 
Pre-eclampsia was defined as hypertension > 20 weeks’ gestation and new onset proteinuria (+1 on dipstick) or multi-
systemic signs (platelet count < 100 x 109/L, elevated liver transaminases x 2 baseline, serum creatinine >1.1 mg/dL 
doubling of the serum creatinine concentration, pulmonary oedema, cerebral or visual disturbances). 
 
* p <0.05 versus HIV negative; ** p <0.01 versus HIV negative; *** p <0.001 versus HIV negative 
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Table 6.4 HIV characteristics 

 

Characteristic HIV and VL <50 copies/mL 
  

HIV and VL >50 copies/mL 
 

p value 

HIV characteristics    

Years from Diagnosis, median [IQR]  4.0 [7.0] 0.2 [3.0] <0.001 

CD4 cell count (x 106/L), median [IQR] 533 [275] 365 [259] <0.001 

HIV viral load (copies/mL), median [IQR] <50 254 [13608] <0.001 

ART, (n, %) 
No therapy 

97(100) 
0 (0) 

34 (63.0) 
20 (37.0) 
 

<0.001 
 

Key: VL, viral load; ART, antiretroviral therapy; HIV, human immunodeficiency syndrome; IQR, interquartile 
range 
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Table 6.5 Comparison of parameters of platelet activation between the first, second and 

third trimesters of pregnancy 

Parameter Gestational age First trimester Second 
trimester 

Third trimester p value 

PF4 (ng/mL), 
median [IQR]  
(ref: 3166-13.275) 

HIV negative  6920.0 [1720.0] 6320.0 [2340] 5480.0 
[1600.0]*** 

<0.001 

HIV and VL <50 
copies/mL  

6590.0 [2650.0] 6040.0 [1680.0] 6010.0 [1800.0] 0.559 

HIV and VL >50 
copies/mL  

4850.0 [2300.0] 5720.0 [2192.0] 5980.0 [1420.0] 0.785 

Platelet count (x 
109/L), median 
[IQR] (ref: 186-
454) 

HIV negative  256.5 [67.0] 235.0 [71.0] 212.0 [45.0] 0.007 

HIV and VL <50 
copies/mL  

272.0 [86.0] 244.0 [87.0] 238.0 [82.0] 0.455 

HIV and VL >50 
copies/mL  

315.0 [255.0] 259.0 [109.0] 245.0 [103.0] 0.033 

Mean platelet 
volume (fL), 
median [IQR] 
(ref: 7.3-11.3) 
 

HIV negative  10.1 [1.5] 10.1 [1.2] 11.8 [2.5]*** <0.001 

HIV and VL <50 
copies/mL  

9.3 [1.3] 10.1 [1.7] 10.2 [1.1] 0.084 

HIV and VL >50 
copies/mL  

9.3 [1.4] 10.0 [1.4] 10.6 [1.0] 0.149 

Platelet 
distribution width 
(fL), median [IQR] 
 

HIV negative  10.9 [2.4] 11.0 [2.9] 11.7 [1.5] 0.294 

HIV and VL <50 
copies/mL  

9.5 [2.5] 10.7 [3.3] 10.4 [2.6] 0.188 

HIV and VL >50 
copies/mL  

10.3 [2.1] 11.0 [1.6] 10.7 [3.7] 0.671 

Key: HIV, human immunodeficiency virus; VL, viral load; IQR, interquartile range 
*** p <0.001 versus first trimester 
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Table 6.6 Comparison of parameters of platelet activation between HIV negative, HIV 

infected with virological suppression and HIV infected with VL >50 copies/mL study 

groups 

Parameter Gestational 
age 

HIV negative HIV and VL <50 
copies/mL 

HIV and VL >50 
copies/mL 
 

p 
value 

PF4 (ng/mL), median 
[IQR]  
 (ref: 3166-13.275) 

First 
trimester  

6920.0 
[1720.0] 

6590.0 [2650.0] 4850.00 
[2300.0] 

0.075 

Second 
trimester  

6320.0 
[2340.0] 

6040.0 [1680.0] 5720.0 [2192.0] 0.074 

Third 
trimester  

5480.0 
[1600.0] 

6010.0 [1800.0] 5980.0 [1420.0] 0.090 

Platelet count (x 109/L), 
median [IQR]  
(ref: 186-454) 

First 
trimester  

256.5 [67.0] 272.0 [86.0] 315.0 [255.0] 0.150 

Second 
trimester  

235.0 [71.0] 244.0 [87.0] 259.0 [109.0] 0.300 

Third 
trimester  

212.0 [45.0] 238.0 [82.0] 245.0 [103.0] 0.172 

Mean platelet volume 
(fL), median [IQR] 
 (ref: 7.3-11.3) 
 

First 
trimester  

10.1 [1.5] 9.3 [1.3] 9.3 [1.4] 0.189 

Second 
trimester  

10.1 [1.2] 10.1 [1.7] 10.0 [1.4] 0.979 

Third 
trimester  

11.8 [2.5] 10.2 [1.1]** 10.6 [1.0] 0.006 

Platelet distribution 
width (%), median [IQR] 
 

First 
trimester  

10.9 [2.4] 9.5 [2.5] 10.3 [2.1] 0.403 

Second 
trimester  

11.0 [2.9] 10.7 [3.3] 11.0 [1.6] 0.911 

Third 
trimester  

11.7 [1.5] 10.4 [2.6] 10.7 [3.7] 0.425 

Key: HIV, human immunodeficiency virus; VL, viral load; SD, standard deviation; IQR, interquartile range 
** p <0.01 versus HIV negative 
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CHAPTER 7: A Longitudinal Study of Thrombosis and Bleeding Outcomes 

with Thromboprophylaxis in Pregnant Women at Intermediate and High 

risk of VTE 

 

Summary: This longitudinal study in pregnant women at intermediate to high risk of VTE 

was designed to assess the risks of thrombosis and bleeding with thromboprophylaxis and its 

association with HIV. In this population, HIV was not an independent predictor of bleeding. 

Human immunodeficiency virus, however, could not be identified as a predictor of VTE as a 

result of the small number of recurrent events during the study period. The rates of thrombosis 

and bleeding in pregnancy and the postpartum period provided by this study can be used to 

inform women living with HIV of the associated risks. 

 

Statement of originality document: Please see Appendix 8.2 
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CHAPTER 7: Conclusions 

 

The findings described in this body of work in SA pregnant women with HIV firstly 

illustrated that the phenomenon of pregnancy related VTE can be attributed to HIV. This 

research, which is one of the first hospital-based studies to examine the significance of HIV as 

an antepartum and postpartum risk factor, found at least a two-fold increased risk for VTE 

among pregnant and postpartum women with HIV. In this present era, this risk of VTE was 

independent of opportunistic infections, ART and the degree of viral suppression. Traditional 

obstetric and venous risk factors were, however, linked to the risk of thrombosis. Risk factors 

including positivity for LAC, medical co-morbidities, chronic hypertension, a personal history 

of VTE, systemic infection, prolonged hospital admission and postpartum haemorrhage could 

be useful for identifying women with HIV, who may benefit from postpartum and/or 

antepartum thromboprophylaxis.  

 

Secondly, this thesis advances the view that HIV infection per se may predispose to VTE in 

pregnant women on suppressive ART through an imbalance of maternal haemostasis. The 

studies in this research identified changes in coagulation and fibrinolysis which may 

contribute to the already prothrombotic state of pregnancy. This was confirmed by heightened 

markers of endothelial activation, namely the ratio of VWF propeptide to VWF antigen and 

impaired fibrinolysis, namely d-dimer and PAI-1. Similar to studies in non-pregnant HIV 

populations, the levels of these markers were not associated with a significant reduction with 

virological suppression as compared to the group with VL > 50 copies/mL. Moreover, an 

acquired increase in HMWM was observed in a subgroup of pregnant women with HIV. This 

more prothrombotic multimer pattern occurred in the presence of modestly reduced 

ADAMTS-13 activity levels, which suggests that ongoing endothelial activation is a 

predominant mechanism for the haemostatic imbalance in pregnant women on suppressive 

ART. 
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Thirdly, this thesis presented rates of thrombosis and bleeding with enoxaparin 

thromboprophylaxis which can be used to advise pregnant women with HIV of the benefits of 

anticoagulation and the risks of bleeding. In SA, PPH is the second most common direct 

cause of maternal mortality (129). As such, it is important to understand the risks of bleeding 

associated with thromboprophylaxis in order to inform maternal care as well as to anticipate 

the health care needs of pregnant women with HIV. Owing to the small number of events, 

HIV could not be assessed as a predictor of thrombosis and bleeding. 

 

The studies in this thesis have shown that the risks facing pregnant women in the current HIV 

treatment era are complex, involving HIV related risk factors and traditional risk factors. 

Several important areas for future research have emerged from this thesis: This research showed 

a decline in the frequency of circulating aPL. However, whether APS contributes to the 

thrombotic complications in women with HIV on suppressive ART, requires further study. 

Moreover, it is possible that ongoing endothelial activation and impaired fibrinolysis contribute 

to thrombosis in pregnant women on suppressive ART. Research conducted in non-pregnant 

HIV populations has focused on the interactions between inflammation, endothelial activation 

and coagulation in the pathogenesis of thrombosis (11-13). A clear relationship between 

markers such as VWF and d-dimers and VTE has been established in non-pregnant HIV 

populations (15, 16). Markers of maternal haemostasis namely, the ratio of VWF propeptide to 

VWF antigen, d-dimer and PAI-1 warrant further study. A statistically powered longitudinal 

study is indicated to determine if markers of endothelial activation and impaired fibrinolysis 

are also associated with clinical VTE endpoints in pregnant women with HIV on suppressive 

ART. Lastly, the risks of thrombosis in pregnancies classified as intermediate risk are varied. 

A randomized controlled trial is thus indicated in intermediate risk HIV pregnancies in order to 

refine thromboprophylaxis indications and decrease the bleeding complications. This is central 

to advancing maternal care in pregnant women with HIV.  
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CHAPTER 8: Appendices 

APPENDIX 8.1 Human Research Ethics Committee clearance documents 
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