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1 | INTRODUCTION

Expanded antiretroviral therapy (ART) coverage has reduced the
risks associated with human immunodeficiency virus (HIV) infec-
tion in pregnant women. However, non-infectious complications
have emerged as an important cause of morbidity and mortality.
Epidemiologic studies performed over the last decade have de-
scribed an increased incidence of placental vascular complications,
preterm delivery, and venous thromboembolism (VTE) in association
with HIV and/or its treatment.}® Recently, we have shown that this
increased VTE risk can be attributed to a higher prevalence of ob-
stetric and venous risk factors.® However, evidence from observa-
tional studies of VTE in non-pregnant populations suggests that HIV
and its treatment play an important role, independent of traditional
VTE risk factors.”® Accordingly, HIV encoded proteins (gp120, Tat,
and Nef) cause activation of pathways of inflammation and coagula-
tion, resulting in endothelial activation.”® Long-term ART results in
a modest improvement in endothelial activation. However, normali-
zation has not been consistently achieved.!! It has been proposed
that persistent endothelial activation may predispose virologically
suppressed HIV-infected women to adverse pregnancy events such
as VTE.?

The significance of endothelial activation has been increas-
ingly shown in the pathogenesis of cardiovascular disease and VTE
in non-pregnant HIV-infected populations.®*3%¢ Several soluble
markers of endothelial activation have been investigated. These
include: D-dimer, von Willebrand factor (VWF), soluble thrombo-
modulin, E-selectin, vascular cell adhesion molecule-1, and inter-
cellular adhesion molecule-1. In HIV-infected pregnant women,
endothelial activation has also been described. Increased D-dimer
levels were found in ART-naive HIV-infected pregnant women, al-
beit a small number (n = 11), compared to HIV-negative pregnant
controls.'’

The VWF propeptide-to-antigen ratio represents another im-
portant indicator of endothelial activation that has been associ-
ated with vascular disorders of pregnancy.18 VWF propeptide
(97 kDa containing 741 amino acids) and VWF antigen (270 kDa
containing 2050 amino acids) are secreted following endothelial
activation in equimolar amounts.'? Different rates of clearance
produce a molar ratio between VWF propeptide and VWF anti-
gen of 1.3 in healthy subjects.m Normal pregnancy progression
is associated with an increase in the half-life of VWF antigen (12-
24 h), which is evidenced by a physiological decline in the plasma
ratio.?"?2 In contrast, acute endothelial activation is characterized
by an increase of the VWF propeptide-to-antigen ratio.'® Studies
to date, however, have not investigated the VWF propeptide-to-
antigen ratio in HIV-infected pregnant women in the era of wide-
spread access to ART.

To assess the state of endothelial activation in HIV-infected
pregnancy, the present study aimed to determine the VWF
propeptide-to-antigen ratio, as an index of acute endothelial
activation, in each trimester and its relationship with HIV viral
load (VL). Results were correlated with multimer patterns and
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Essentials

e von Willebrand factor (VWF) propeptide-to-antigen
ratio is a useful marker of endothelial activation.

o VWF propeptide-to-antigen ratio was measured in
human immunodeficiency virus (HIV)-infected pregnant
participants in each trimester.

o VWF propeptide-to-antigen ratio was increased in HIV-
infected compared to HIV-negative participants.

e HIV participants showed evidence of persistent en-
dothelial activation, despite virological suppression.

ADAMTS-13 (a disintegrin and metalloproteinase with a thrombo-
spondin type 1 motif, member 13) antigen, activity, and antibody

levels.

2 | MATERIALS AND METHODS

2.1 | Study design and population
Initially a pilot study was conducted between 1 April and 31 October
2019 to estimate an adequate sample size. This was followed by a
prospective cross-sectional study over a 1-year period from 1 May
2020 to 30 April 2021. This is part of a research protocol, study-
ing pregnancy-related thrombosis in HIV infection at the Charlotte
Maxeke Johannesburg Academic Hospital Antenatal Clinic,
Johannesburg, South Africa. This hospital is one of the specialist
referral centers for HIV infected patients in Johannesburg with a
reported antenatal HIV seroprevalence of ~18%. Written informed
consent was obtained from all study participants, and the study pro-
tocol was approved by the Institutional Review Board (M-181018).
The study included three groups: HIV negative, HIV infected
with virological suppression (<50 copies/ml), and HIV infected
with VL > 50 copies/ml. Participants >18 years of age, with a
singleton pregnancy, representative of the population attending
the Antenatal Clinic, were recruited at the first antenatal care
visit. Consecutive HIV-infected participants with virological sup-
pression were enrolled in each trimester. For each HIV-infected
participant with virological suppression, the first presenting HIV-
negative participant and HIV-infected participant with VL > 50
copies/ml were selected as comparators. The three study groups
were matched according to gestation and ethnicity. The gesta-
tional age, based on early ultrasound, was continuously monitored
to ensure an even distribution of first trimester (6-12 weeks), sec-
ond trimester (13-26 weeks), and third trimester (27-36 weeks)
patients. Women with conditions known to be associated with an
increased risk for VTE were excluded, namely: active infection/
inflammation, active cancer, inherited thrombophilia, or a personal
history of VTE. In addition, participants who developed throm-
botic micro-angiopathies, pre-eclampsia, and macerated stillbirth
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(intra-uterine fetal death >28 weeks) during the study period were

excluded.
2.2 | Study protocol
2.21 | Data collection

Antenatal visits were scheduled at 2- to 4-week intervals from
enrolment until delivery, including a visit at 6 weeks’' postpartum.
Data collected on predesigned data collection sheets included de-
mographics, obstetric history, delivery characteristics, and sympto-
matic VTE during pregnancy and up to 6 weeks’ postpartum. VTE
was evaluated by compression ultrasound or ventilation/perfu-
sion lung scan or computed tomography pulmonary angiogram. All
study participants were screened for HIV infection prior to enrol-
ment. Retesting was performed in the HIV-negative participants at
follow-up antenatal visits. In the HIV-infected participants, data on
ART (regimen, date of commencement, and adherence) and VL and
CD4 cell counts measured on presentation were collected. First-line
treatment consisted of a fixed-dose combination tablet containing
tenofovir (TDF), emtricitabine and efavirenz or TDF, lamivudine
(3TC), and dolutegravir. Second-line treatment consisted of zidovu-
dine, 3TC, and aluvia (lopinavir/ritonavir). Apart from ART, the HIV-
negative and HIV-infected participants received the same level of

antenatal care.

2.2.2 | Blood sampling and laboratory methods

Blood sampling was performed at enrolment in each participant.
Blood was collected in 3.2% sodium citrate (ratio of one volume
trisodium citrate to nine volumes of blood; Becton-Dickinson) and
dipotassium (K,) ethylenediaminetetraacetic acid (EDTA). Platelet-
poor plasma was obtained by centrifugation at 3500 x g for 15 min.
Aliquots were stored at -80°C for analysis at the National Health
Laboratory Service, South Africa. Daily quality control was per-

formed prior to analysis.

2.2.3 | Hematological testing

Full blood count parameters were analyzed on the Sysmex XN
9000 hematology analyzers (Sysmex Corporation). ABO blood
groups were not determined as a prior study indicated that ABO
blood type does not significantly influence VWF level changes in
pregnancy.?!

2.2.4 | Endothelial cell activation testing

VWEF antigen was measured with the STA-Liatest immuno-
turbidimetric assay (Diagnostica Stago) on the STA-R Max®

automated coagulation analyzer (Diagnostica Stago). VWF pro-
peptide was assayed with an in-house ELISA kit by the University
of the Free State using antibodies from Cell Sciences as previously
described.?®

VWEF multimer analysis was performed using gel electropho-
resis on sodium dodecyl sulfate (SDS) 0.65% agarose gel with
diluted plasma samples (1:40 for VWF Ag levels of 51%-143%
and 1:80 for VWF Ag levels of >143%) as previously described.?*
Multimer patterns were further evaluated quantitatively by den-
sitometry scanning using gene tools analysis software (Syngene).
Assessment of multimer patterns were performed by two inde-
pendent observers. Normal pooled plasma (NPP) was included in
each run as a reference.

ADAMTS-13 antigen, activity, and antibody testing were per-
formed using respective Technozym ADAMTS-13 fluorescence
ELISA kits (Technoclone) according to the manufacturer’s recom-
mendations. The increase in fluorescence due to cleavage of the
enzyme-linked peptide substrate, FRETS-VWF73 by ADAMTS-13
was measured at 37°C using spectrofluorometry (Synergy HT
Reader, Biotek).

2.3 | Statistical methods

A target sample size of at least 25 participants per study group
from each trimester of pregnancy was calculated from the ini-
tial pilot study based on an analysis of variance (ANOVA) over-
all fixed effect size of 0.30 with no interactions with a power of
90% and an a = .05. Clinical and laboratory data were analyzed
using Statistica 13.2 software and SAS 9.1 software. Normally
distributed, continuous data were presented as mean + standard
deviation (SD) and variables with non-Gaussian distribution as
median (interquartile range [IQR]). Variables with a non-Gaussian
distribution were log transformed and presented as mean + SD.
Comparisons for continuous measurements were performed using
a parametric one-way ANOVA test with Scheffe’'s post hoc test
or non-parametric Kruskal-Wallis test between the study partici-
pants subdivided according to the trimester of pregnancy and the
study group. Comparisons for categorical measurements were
performed using Chi-square test or Fisher’s exact test when nec-
essary. Pearson’s correlation coefficients were used to measure
the linear associations between normally distributed, continuous

variables. Significance level was set at <0.05.

3 | RESULTS

3.1 | Patient characteristics

During the 22-month study period, 260 pregnant participants, of
African ethnicity, were eligible for enrolment in the study. Twenty-
three were excluded and therefore the final analysis consisted of
237 participants (Figure 1). The mean + SD gestational age was
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FIGURE 1 Flow diagram of study
patients
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Pregnant patients enrolled
(n=260)

Pregnant patients eligible

(n=237)

HIV negative pregnant patients
(n=85)
First trimester (n=31)
Second trimester (n=27)
Third trimester (n=27)

HIV infected with virological
suppression
(n=89)
First trimester (n=35)
Second trimester (n=27)
Third trimester (n=27)

HIV infected with viral load >50
copies/ml
(n=63)
First trimester (n=22)
Second trimester (n=19)
Third trimester (n=22)

Pregnant patients excluded
(n=23)
Loss to follow-up= 17
Stillborn=3

Pre-eclampsia with foetal growth
restriction=3

9 + 3 weeks for the first trimester participants, 23 + 4 weeks for
the second trimester participants, and 34 + 2 weeks for the third
trimester participants.

Table 1 shows the demographics and clinical and laboratory
characteristics of the three study groups. The mean age of the study
participants was 33 + 6 years. The HIV-infected group with virolog-
ical suppression was associated with an increased maternal age and
subsequently parity compared to the HIV-negative group (P < .001
and P < .020, respectively). White blood cell count and hemoglobin
levels were significantly lower in the HIV-infected groups compared
to the HIV-negative group (P < .012 and P < .001, respectively).
There were 218 (91.98%) live births. There was a statistically sig-
nificant difference in the gestational age at delivery and the birth
weights between the HIV-infected group with virological suppres-
sion and the HIV-negative group (P < .040 and P < .001, respec-
tively). There were no cases of VTE.

Baseline HIV characteristics differed significantly between the
HIV groups with virological suppression and VL > 50 copies/ml
(Table 2). The HIV-infected study group with virological suppression
consisted of 89 participants with a median [IQR] CD4 count of 551
[259] x 10%/L on ART for a median of 5.0 [7.0] years. The majority
(n = 86, 96.62%) were on first-line treatment. In the HIV-infected

study group with VL > 50 copies/ml, there were 63 HIV- infected
pregnant participants with a median VL of 527 [7377] copies/ml
and median CD4 count of 306 [280] x 10°/L. Of these, 39 (61.90%)
were newly diagnosed with HIV infection. A further 24 (38.10%)
presented with VL > 50 copies/ml on ART for a median of 5% years.

3.2 | Laboratory characteristics
3.2.1 | VWEF antigen and VWF propeptide

Log VWF antigen and propeptide levels, measured in each tri-
mester, showed a significant increase with pregnancy progression
(Table S1 in supporting information). Among the three study groups,
a significant difference in the overall plasma concentrations of log
VWEF antigen and propeptide, within each trimester, was observed
(Table 3). This resulted in a significant difference in the overall VWF
propeptide-to-antigen ratio among the three study groups within
each trimester. Subgroup analysis with multiple pairwise compari-
sons showed no statistically significant decreases between the HIV-
infected group with virological suppression and the HIV-infected
group VL > 50 copies/ml.
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TABLE 1 Demographics and clinical, laboratory, and delivery characteristics of the three study groups

HIV negative
Characteristic (n = 85)
Demographics
Age at study entry (years), mean + SD 31.0+6.0
Parity, median [IQR] 1.0[1.0]
BMI (kg/mz), mean + SD 28.3+5.6
Smoking history >10/day (n, %) 0(0)
Laboratory characteristics
White cell count (x10%/L), mean + SD (ref: 79 +2.0
3.9-12.6)
Hemoglobin (g/L), mean + SD (ref: 116-164) 124.5 + 12.8
Platelet count (x 107/L), mean + SD (ref: 254.7 + 74.0
186-454)
Delivery characteristics of live births
Termination of pregnancy (n, %) 0(0)
Live births (n, %) 78 (91.8)
Intra-uterine fetal death (n, %) 7(8.2)
Gestational age delivery (weeks), mean + SD  39.0 + 2.0

Birthweight (g), mean + SD
Outcome

VTE (n, %)

3284.3 + 535.3"

0(0)

HIV and VL <50 copies/ml

HIV and VL >50 copies/ml

(n=89) (n=63) P value
34.0 + 6.0*** 32.0+ 6.0 <.001
2.0[2.0]* 2.0[2.0] .008
27.6 +5.8 274+ 6.0 .545
0(0) 0(0) -

77 + 2.4 6.7 +2.1* .012
119.3 + 14.7 114.5 + 16.6™* <.001
249.2 + 66.0 261.3 +99.3 719
5(5.6) 0(0) .058
79 (88.8) 61 (96.8)

5(5.6) 2(3.2)

37.0 + 4.0* 38.0+2.0 .040
2942.2 + 585.6™** 3027.9 + 494.8 <.001
0(0) 0(0) -

Note: Intra-uterine fetal death was defined as the death of fetus at >10 week and <28 weeks of gestation. *P < .05 versus HIV negative; **P < .01
versus HIV negative; mp <.001 versus HIV negative.

Abbreviations: BMI, body mass index; HIV, human immunodeficiency virus; IQR, interquartile range; SD, standard deviation; VL, viral load; VTE,

venous thromboembolism.

TABLE 2 HIV characteristics of the HIV-infected study groups

HIV and VL < 50 copies/ml

Characteristic (n=89)
HIV characteristics
Years from diagnosis, median [IQR] 5.0[7.0]
CD4 cell count (x106/L), median [IQR] 551 [259]
HIV viral load (copies/ml), median [IQR] <50
ART, (n, %)
First-line therapy?® 86 (96.6)
Second-line therapy® 3(3.4)
No therapy 0(0)

HIV and VL > 50 copies/ml

(n=63) P value
0.3[3.0] <0.001
306 [280] <0.001
527 [7377] <0.001
9 (14.3) <0.001
15 (23.8)

39 (61.9)

Abbreviations: ART, antiretroviral therapy; HIV, human immunodeficiency virus; IQR, interquartile range.

2First-line consisted of tenofovir, emtricitabine and efavirenz or tenofovir, lamivudine and dolutegravir.

bSecond-line consisted of zidovudine, lamivudine, and aluvia.

3.2.2 | VWEF multimer analysis

VWEF multimer analysis was performed in a subgroup of HIV-infected
participants with virological suppression (n = 63) and HIV-infected
pregnant participants with VL > 50 copies/ml (n = 36). A pattern
of increased high molecular weight multimers (HMWM) and loss of
the low molecular weight multimers (LMWM) was observed in 30
(47.6%) HIV-infected pregnant participants with virological suppres-
sion and 17 (47.2%) HIV-infected pregnant participants with VL > 50

copies/ml. This was not statistically significantly different between
the HIV-infected study groups (p = 1.00; Figures S1 and S2 in sup-
porting information).

3.2.3 | ADAMTS-13 activity and antibodies

There were no differences in ADAMTS-13 antigen, activity, and an-
tibody levels measured in each trimester (Table S1). ADAMTS-13
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TABLE 3 Comparison of von Willebrand factor-associated parameters between HIV negative, HIV infected with virological suppression,

and HIV infected with viral load (VL) > 50 copies/ml study groups

Reference
Parameter Ranges Gestational age
VWEF antigen (U/dl) 92.8-150.6 First trimester
Log VWEF antigen
98.7-174.4 Second trimester
134.0-245.6  Third trimester
VWEF propeptide (U/dl) 116.9-169.4  First trimester
Log VWEF propeptide
116.0-154.9  Second trimester
120.8- Third trimester
188.0
VWEF pp to Ag ratio 1.04-1.43 First trimester
0.88-1.27 Second trimester
0.69-1.00 Third trimester
ADAMTS-13 antigen (%) 50-150 First trimester
50-150 Second trimester
50-150 Third trimester
ADAMTS-13 activity (%) 50-150 First trimester
50-150 Second trimester
50-150 Third trimester
ADAMTS-13 autoantibodies n, (%) ¢  0-15 First trimester
0-15 Second trimester
0-15 Third trimester

HIV and VL < 50

HIV and VL > 50

HIV negative  copies/ml copies/ml P value
123.0 [64.9] 141.9 [86.6] 147.7 [77.2] 131
47 +04 50+0.4" 50+04 .021
167.9 [47.8] 186.8 [62.2] 175.9 [97.1] 764
51+0.3 52+03" 52+03 .042
208.0 [65.1] 225.3[98.4] 228.7 [82.8] .283
53+03 54+04 54+04 .038
162.0 [60.7] 219.0 [100.6] 218.9 [101.3] <.001
51+04 5.4 + 0.4 5.4 + 0.4 <.001
209.8 [103.6] 301.9 [129,3] 269.3[204.7] .009
53+04 5.8 + 0.4*** 5.6+ 0.4 <.001
230.7[135.5] 289.0[219.3] 262.3[277.4] .019
54+0.6 57+0.7* 5.6 +0.8" .001
1.4+0.6 1.7+0.7 1.9 +0.9" .030
1.3+£04 1.7+04 1.7+09 .033
1.2+0.3 1.6+0.5 1.6+1.1 .035
67.0 + 23.7 61.0 + 23.0 63.6 +24.1 .591
65.6 +19.0 67.0 +24.2 67.8 +21.8 .940
67.3 +14.4 69.4 +24.1 67.3 +£20.8 .908
84.5+ 314 55.1 +25.2*** 53.6 +23.3"** <.001
92.9 +27.3 62.7 + 30.1*** 64.6 +29.2** <.001
96.1+24.4 71.5+£29.9* 63.4 +26.5"** <.001
4(12.9) 3(8.6) 5(22.7) .296
4(14.8) 4(14.8) 5(26.3) .551
5(18.5) 3(11.1) 5(22.7) .534

Note: *P < .05 versus HIV negative; **P < .01 versus HIV negative; ***P < .001 versus HIV negative.

Abbreviations: ADAMTS-13, a disintegrin and metalloproteinase with a thrombospondin type 1 motif, member 13; HIV, human immunodeficiency
virus; VL, viral load; VWF Ag, von Willebrand factor antigen; VWF pp, von Willebrand factor propeptide.

activity levels were statistically significantly decreased, when meas-
ured in each trimester, between the HIV-infected virologically sup-
pressed group and the HIV-infected group with VL > 50 copies/ml,
compared to the HIV-negative group (Table 3). There was no dif-
ference, however, in ADAMTS-13 antigen levels or the presence of

circulating antibodies among the three study groups.

3.2.4 | Correlations

ADAMTS-13 antigen levels correlated positively with log VWF anti-
gen (r=.20,P<.002)andlog VWF propeptide levels (r=.20,P <.012),
respectively. No correlation was observed with ADAMTS-13 activity
and log VWF antigen or propeptide levels.

4 | DISCUSSION

The endothelium is the critical regulator of the hemostatic bal-
ance in pregnancy. Endothelial activation or dysfunction, directly

by HIV infection and/or pro-inflammatory cytokines, has been
proposed as a potential mechanism for the increased risk of VTE
among HIV-infected pregnant women.”®2% In the present study,
we demonstrated an increase in the overall VWF propeptide, VWF
antigen, and VWF propeptide-to-antigen ratio in HIV-infected
participants with VL > 50 copies/ml as well as HIV-infected par-
ticipants with virological suppression compared to matched HIV-
negative participants. The increased VWF propeptide-to-antigen
ratio corresponds to the acute release of VWF antigen and VWF
propeptide predominantly from activated endothelial cells as
demonstrated by in vivo studies with I-deamino-8-D-arginine vas-
opressin (DDAVP) and endotoxin.?° This finding of an increased
VWEF propeptide-to-antigen ratio represents a potentially use-
ful measure of acute endothelial activation associated with HIV
infection.®

Earlier studies have proposed VWF propeptide, which regulates
the secretion of VWF, as a more reliable index of endothelial acti-
vation compared to VWF antigen alone.?® There is also increasing
evidence to suggest that VWF propeptide plays an important role
in inflammatory and cell adhesion processes.?”?® The current study
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adds to the limited data on the effect of maternal HIV infection on
the expression of VWF propeptide. Increased VWF propeptide has
also been reported in pregnancies complicated by pre-eclampsia and
hemolysis, elevated liver enzymes, and low platelets (HELLP) syn-
drome. Notably, an increase of VWF propeptide of up to 3-fold has
been described in HELLP syndrome, consistent with the underlying
mechanisms of acute endothelial dysfunction and increased mater-
nal inflammation.'® In the current study, a modest increase in VWF
propeptide was found in the HIV-infected participants, compared to
the HIV-negative group. This can be attributed to the study design,
which excluded participants with factors associated with the in-
creased release of VWF propeptide, such as vascular complications
in the index pregnancy. Future studies are needed to determine
whether the significantly increased VWF propeptide-to-antigen
ratio, suggestive of acute endothelial activation, contributes to the
excess risk of pregnancy-related VTE and placental vascular compli-
cations in HIV.

This study confirmed a previous report of endothelial cell ac-
tivation in HIV-infected pregnant women with VL > 50 copies/
ml.Y Importantly, this study also demonstrated a significantly in-
creased VWF propeptide-to-antigen ratio in HIV-infected partic-
ipants on long-term suppressive ART, compared to HIV-negative
participants. Nonetheless, no significant decline in the VWF
propeptide-to-antigen ratio was observed in this group, compared
to HIV-infected participants with VL > 50 copies/ml. Similarly, per-
sistent endothelial activation has been reported in non-pregnant
HIV-infected populations on long-term ART.2%30 |n particular,
large observational studies have illustrated a decline in D-dimer
levels with virological suppression.®3* However, D-dimer levels
remained significantly elevated compared to HIV-negative con-

1335 and pre-HIV levels.3%% Several mechanisms for ongoing

trols
endothelial activation on suppressive long-term ART have been
proposed. These include: loss of the gastro-intestinal mucosal in-
tegrity and microbial translocation of bacterial lipopolysaccharide
and bacterial DNAs.%84% These microbial products aid in the re-
cruitment of tissue factor-bearing monocytes to the persistently
activated endothelium.”

Moreover, the multimer pattern is critical for the function
of VWEF. This is illustrated by a relative loss of HMWM from the
third trimester of pregnancy21 in an attempt to balance the hy-
percoagulability of pregnancy. A modest elevation in factor VIII
levels has also been described in physiological pregnancy.41 In
contrast, in the present study, increased HMWM were detected
in approximately half of a subgroup of HIV-infected participants.
Moreover, there was no significant difference in the pattern of
increased HMWM between participants with virological sup-
pression and VL > 50 copies/ml. Under physiological conditions,
these larger circulating multimers, which bind and aggregate
platelets, are rapidly proteolyzed by the VWF cleaving metallo-
protease, ADAMTS-13, into smaller, less prothrombotic multim-
ers.*? In this study, the acquired increase in HMWM, however,

was observed in the presence of a mild reduction in ADAMTS-13

activity, which did not achieve clinical significance. Likewise, an-
tibodies directed against ADAMTS-13 were not significantly in-
creased in HIV-infected participants compared to HIV-negative
participants. Therefore, the increased HMWM cannot be ex-
plained by a deficiency in ADAMTS-13 activity alone. Studies
in patients with sepsis have proposed that ultra-large multimers
accumulate because of the inhibition of ADAMTS-13 by inflam-
matory cytokines, in particular interleukin-6. Nonetheless, a
deficiency and/or antibodies directed against ADAMTS-13 have
not been consistently demonstrated in HIV infection.*>** Earlier
studies of HIV-related thrombotic thrombocytopenic purpura re-
ported ADAMTS-13 levels that were not significantly reduced to
cause overt pathology.*>**¢ More recently, elevated VWF levels
in HIV-infected men at various stages of infection were also not
associated with lower ADAMTS-13 levels.*’ Rather, endothelial
activation appears to be the predominant mechanism for in-
creased circulating large multimers in HIV infection in pregnant
and non-pregnant populations.!?

Our results must be interpreted in the light of certain limitations.
First, the study was not statistically powered to draw conclusions
regarding the direct relationship between the VWF propeptide-to-
antigen ratio and the risk of pregnancy-related VTE. The study en-
rolled participants at low risk for VTE and accordingly there were no
cases of VTE recorded during the study period. Second, multimer
analysis was not performed in the HIV-negative participants. Rather
NPP was included in each run of HIV-infected participants as a con-
trol. Third, the presence of ultra-large multimers could not be visual-
ized using 0.65% agarose gels. A final study limitation is that assays
of VWF activity and FVIII activity were not performed due to sam-
ple volume constraints. Nonetheless, to the best of our knowledge,
this is one of the first studies to investigate the VWF propeptide-
to-antigen ratio as a measure of endothelial cell activation in HIV-
infected pregnant participants.

In conclusion, virological suppression was not associated with a
significant reduction in the VWF propeptide-to-antigen ratio, which
is suggestive of persistent endothelial activation on long-term ART.
Additionally, increased HMWM among the HIV-infected groups was
observed in the presence of a modest reduction of ADAMTS-13 ac-
tivity. This, too, suggests the importance of endothelial activation in
the pathogenesis of thrombosis in HIV-infected pregnant women.
Future longitudinal studies should focus on whether persistent en-
dothelial activation contributes to the increased risk of thrombosis

in pregnancy and the postpartum period.
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