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ABSTRACT

UNIVERSA MEDICINA

Highly active antiretroviral therapy increases fibrinolytic
and protein activity in pregnant women

Evarista Odaburhine Osime * and Catherine Obar *

BACKGROUND
Various studies have examined optimal methods for Prevention of Mother
to Child Transmission (PMTCT) of human immunodeficiency virus (HIV)
and subsequent outcome of response to highly active antiretroviral therapy
(HAART) as well as the impact of pregnancy on outcomes of HIV in the
Pre-HAART era. Little is known of the impact of pregnancy in response to
HAART in Africa. This study is aimed to evaluate euglobulin lysis time
(ELT), protein C and protein S in HIV-positive pregnant women on HAART.

METHODS
This was a cross-sectional study comprised of 150 participants attending
Ante-Natal Clinic (ANC) in Central Hospital, Benin City. Pregnant women
on HAART (Test subjects) (n=50, mean age 34 years), 50 pregnant newly
diagnosed HIV-positive women that had not yet commenced HAART (n=50,
mean age 31 years) and 50 pregnant HIV-negative women (n=50, mean age
30 years) which served as controls. The ELT was determined by methods
described by Bain, protein C and protein S were determined using Enzyme
Linked Immunosorbent Assay (ELISA).

RESULTS
There was a significant increase in ELT in both pregnant women on HAART
and not on HAART) when compared to HIV-negative pregnant women
(p<0.05). There was a significant decrease in protein C in test subjects
when compared with controls (p<0.05) and protein S increased significantly
in HIV-positive pregnant women on HAART when compared to those not
on HAART and HIV-negative pregnant women (p<0.05).

CONCLUSION
There are changes in ELT, protein C and protein S parameters with the
introduction of HAART in pregnancy.
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INTRODUCTION

It has been ascertained that a significant
proportion of human immunodeficiency virus
(HIV)-positive adults who require antiretroviral
therapy (ART) are women of childbearing
age.(1) More often, HIV infection in women is
diagnosed for the first time during a pregnancy,
and an estimated 1.38 million pregnant women
in low- and middle-income countries of sub-
Saharan Africa are living with HIV.(2) Human
immunodeficiency virus can be transmitted from
an HIV-positive mother to her child during
pregnancy, childbirth and breast feeding.
Mother-to-child transmission (MTCT) accounts
for over 90% of new HIV infections among
children and an estimated 1.6 million new HIV
infections among children have been prevented
due to the availability of antiretroviral
medicines.(3) Human immunodeficiency virus
infection is a global burden and rapidly
spreading. It is responsible for significant
morbidity and mortality by various mechanisms
and one among them is coagulation abnormalities.
There are uncertainties in pathologies of
coagulation abnormalities in HIV patients.(4)

Amongst these are hepatic damage which
may be caused by the virus itself or by the
administration of anti-retroviral (ARV) drugs such
as nevirapine which may also contribute to
coagulation defects in these patients. Platelets
play an important role in the hemostatic process,
however platelets have been shown to decrease
in HIV infection due to autoimmune destruction,
direct infection of megakaryocytes by the virus
and consumption coagulopathy occurring in
acquired immune deficiency syndrome (AIDS).(6)

Pregnancy is a state of hypercoagulation, which
is an adaptive mechanism to reduce the risk of
haemorrhage during and after the delivery.
Although a lot of studies have been carried out
on the prevention of MTCT of HIV and
subsequent response to HAART, there is paucity
of information on the impact of HAART on
pregnancy in Africa. Specifically no work has
been done on ELT, protein S and protein C in

Africa. The World Health Organization released
new guidelines recommending lifelong ART for
all pregnant and breastfeeding women living with
HIV.(7) The guidelines recommended option B,
where lifelong ART is provided to all pregnant
and breastfeeding women living with HIV
regardless of CD4 count or WHO clinical stage.
The American National Institute of Health and
other organizations encourage offering
antiretroviral treatment to all patients with AIDS.
United States of America and European
guidelines strongly recommend antiretroviral
drug initation if the CD4 count is less than 500
cells/mm3, with the urgency of ART increasing
as the CD4 count declines.(8,9)

Antiretroviral therapy has been found to
improve haematocrit values (10-12) and presents
a marked increase in tissue plasminogen
activator antigen (t-PA) and plasminogen
activator inhibitor type I (PAI) levels,
demonstrating that antiretroviral drugs lead to
fibrinolytic changes contributing significantly to
haemorrhage.(13) Pregnancy is associated with
widespread changes in haemostasis such that
the procoagulant effect becomes dominant.
These changes include increase in concentration
of most clotting factors, decreasing
concentrations of some of the natural
anticoagulants and diminishing fibrinolytic
activity.(14) Although a lot of studies have been
carried out on the prevention of MTCT of HIV
and subsequent response to HAART, there is
paucity of information on the impact of HAART
on pregnancy in Africa. Specifically no work has
been done on euglobulin lysis time (ELT), protein
S and protein C in Africa. This study revealed
the possible effect of the use of lifelong ART by
pregnant women on some haemostatic
parameters.

METHODS

Research Design
This cross-sectional study was conducted

in the Central Hospital in Benin city, Edo state
and the Central Hospital in Delta state which are
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both situated in the South-South geopolitical zones.
This study was carried out in Central Hospital
Pathology units and University of Benin Teaching
Hospital (UBTH) pathology units between May
and November 2016.

Research subjects
This study comprised 150 participants

consisting of 50 pregnant women on HAART, 50
pregnant women newly diagnosed to be positive
to HIV antibodies but have not commenced
HAART and 50 HIV-negative pregnant women
who served as controls. The sample size required
per group to compare means of ELT at α = 0.05,
power = 0.80 and effect size 0.50 was 50 per
group.(15) The selection process using informed
consent was initiated at the HIV Prevention,
Treatment and Care (PMTCT) clinic where HIV
seropositive pregnant women were enrolled after
counselling for the test group and the ANC for
the control group over a period of seven months.
The test and control participants were matched
for age. lnclusion criteria were pregnant women
confirmed to be HIV-positive and to have no
previous history of coagulopathy, and have
commenced HAART. Exclusion criteria were
pregnant women with diabetes mellitus or
hypertension.

Sample collection
Eight milliliters of venous blood was obtained

from the cubital fossa of each participant using
vacutainers. Four milliliters each was dispensed
into EDTA and sodium citrate vacutainers and
well mixed. All samples were analysed within 4
hours post collection.

Laboratory analysis
Euglobulin lysis time (ELT) was determined

using the method described by Bain et al. (14).To
9.5mL of 1% acetic acid in a test tube, 0.5mL of
plasma was added and the tube kept at 4oC for
30 minutes to precipitate the euglobulin fraction.
The tube was then centrifuged at 2000 rpm for
10 min. The supernatant was discarded and the
tube was inverted to remove the acetic acid

completely. The deposit was re-constituted with
0.5ml borate buffer (Sodium borate 1g, Sodium
chloride 9g, and distilled water 100mL). The tube
was pre-warmed at 37oC alongside calcium
chloride (0.025M) for 2min, and 0.5ml of the
calcium chloride was added to the tube containing
the deposit and borate buffer. A stop watch was
started after a clot was observed and the time
for the euglobulin fraction to lyse completely was
recorded in minutes.

Protein S and C were measured using
ELISA techniques, where anti-protein C
fragments were adsorbed to polystyrene plates.
The binding of serial dilutions of control and test
plasma containing protein C was detected by
incubation with peroxidase-labeled anti-protein C-
IgG followed by the addition of hydrogen peroxide
and O-phenylenediamine.

A polyclonal antibody specific for human
protein S was pre-coated onto a 96-well
microplate with removable strips. Protein S
standard and samples were competed by a
biotinylated protein S sandwiched by the
immobilized antibody and streptavidin peroxidase
conjugate. All unbound material was washed
away and a peroxidase enzyme substrate was
added. The colour development was stopped and
the intensity of the colour was measured using
an ELISA reader.

Packed cell volume (PCV) was determined
using the micro-haematocrit method. Mixed blood
sample from the EDTA container was introduced
into a non-heparinized capillary tube filled to two-
third capacity. It was flame-sealed at one end,
placed in a microhaematocrit centrifuge, and spun
at 10,000 RPM for 5 minutes. The volume of
packed red blood cells was then read from a
haematocrit reader.

Haemoglobin (Hb) concentration was
measured using the cyanmethaemoglobin method.
Five milliliters of Drabkin’s solution (potassium
cyanide and potassium ferricyanide) was mixed
carefully with 0.5 mL of venous blood in a test
tube, and the absorbance read at 540nm using a
colourimeter. The Hb concentration was then
extrapolated from a standard calibration chart.
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Statistical analysis
Data were analysed using the Statistical

Package for Social Sciences (SPSS Version 20)
and expressed as mean ± standard deviation.
Student’s t test and analysis of variance
(ANOVA) were used in comparing mean values
between and among groups, respectively. A
post-hoc multiple comparison Tukey test was
used to determine which means differ. A p-value
less than 0.05 at 95% confidence limit was
considered as significant.

Ethical clearance
Verbal informed consent was obtained from

all participants as well as ethical approval from
the Ethics and Research Committee of the Edo
State Hospital Management Board, under
Reference Number A732/T/33 and Delta State
Hospital Management Board under Reference
Number CHW/ECC Vol1/091.

RESULTS

Demographic indices of HIV-positive
pregnant women on HAART, pregnant HIV-
positive women not on HAART and pregnant
HIV-negative women are indicated in Table 1.

All the participants were females within the age
range of 27-36 years, of different ethnic groups
and had no history of clotting disorders. The
HIV-positive pregnant women on HAART had
a significantly higher age difference when
compared to HIV-positive women not on
HAART and pregnant HIV-negative women.
The mean systolic and diastolic blood pressure
of HIV-positive pregnant women on HAART
and HIV-positive women not on HAART was
significantly higher than pregnant HIV-negative
women (p=0.000; p=0.032).

There was a significant reduction in
PCV and Hb in HIV-positive women on
HAART and those not on HAART when
compared to HIV-negative pregnant women
(p<0.05). The ELT increased significantly
(p<0.05), coagulation protein C reduced
significantly p<0.05 (Table 2).

In HIV-positive women on HAART and
HIV-positive women who had not yet
commenced HAART there were significant
differences in PCV, haemoglobin concentration
(Hb) and protein C (p<0.05), while protein S was
significantly reduced in pregnant women not on
HAART when compared to those on HAART
(p<0.05). There was no significant difference

Parameters 
HIV (+) women on 

HAART (n=50) 
HIV (+) women not 
on HAART (n=50) 

HIV (-) pregnant 
women (n=50) 

p value 

PCV (%) 26.6 ± 0.24 27.27 ± 0.07 34.34± 1.56 0.002  
Hb (g/dL) 8.87 ± 1.83 9.01 ± 0.62 11.48 ± 0.71 0.037  
ELT (mins) 354 ± 8.12 356 ± 11.6 296 ± 10.13 0.000 
Protein C(µg/mL) 1.34 ± 0.87 1.12 ± 0.75  2.02 ± 0.88 0.000  
Protein S (µg/mL) 13.82 ± 6.25 10.02 ±4.67 13.09 ± 5.36 0.010  

 

Table 2. Distribution of studied parameters in test and control subjects

Variables 
HIV (+) pregnant 

women on 
HAART (n=50) 

HIV (+) pregnant 
women not on 

HAART (n=50) 

HIV-negative 
pregnant women 

(n=50) 
p value 

Age (years) 
History of clotting disorder 
Blood pressure (mmHg) 

 Systolic 
 Diastolic 

Gestational age (weeks) 

34.50 ± 0.70 
0 
 

 134.70 ± 2.78 
86.80 ± 1.46 
22.12 ± 1.98 

32.60 ± 0.41 
0 
 

128.68 ±1.71 
81.24 ± 1.55 
19.80 ± 1.46 

31.40± 0.41 
0 
 

121.04 ± 2.14 
79.12 ± 1.98 
18.22 ± 1.04 

0.000 
 
 

0.000 
0.032 
0.672 

 

Table 1. Distribution of feature variables by test and control group

Data presented as Mean ± SD; PCV: packed cell volume, Hb: hemoglobin; ELT: euglobulin lysis time; HIV: human
immunodeficiency virus; HAART: highly active antiretroviral therapy
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Parameters Mean differences p value 
PCV 
   HIV(+) on HAART            HIV (+) not on HAART 
                                               HIV (-)  
   HIV (+) not on HAART     HIV (-) 
Hb 
   HIV(+) on HAART            HIV (+) not on HAART 
                                               HIV (-)  
   HIV (+) not on HAART     HIV (-) 
ELT 
   HIV(+) on HAART            HIV (+) not no HAART 
                                               HIV (-)  
   HIV (+) not on HAART     HIV (-) 
Protein  C 
   HIV(+) on HAART            HIV (+) not on HAART 
                                               HIV (-)  
   HIV (+) not on HAART     HIV (-) 
Protein S 
   HIV(+) on HAART            HIV (+) not on HAART 
                                               HIV (-)  
   HIV (+) not on HAART     HIV (-) 

 
-1.600 
-7.800 
-6.200 

 
-1.600 
-2.833 
-2.233 

 
-3.133 
72.300 
75.433 

 
0.667 
-0.600 
-1.267 
0.800 
0.167 
-0.633 

 
0.004 
0.000 
0.000 

 
0.003 
0.000 
0.000 

 
0.952 
0.000 
0.000 

 
0.017 
0.035 
0.000 
0.000 
0.597 
0.001 

 

Table 3. Tukey multiple comparison test

Note : PCV: packed cell volume, Hb: hemoglobin; ELT: euglobulin lysis time; HIV: human immunodeficiency virus; HAART:

highly active antiretroviral therapy

in ELT in HIV(+) on HAART when compared
to HIV (+) not on HAART (p=0.952) (Table 3).

DISCUSSION

Human immunodeficiency virus infection
is a global burden and rapidly spreading. It
causes significant morbidity and mortality by
various mechanisms and one among them is
coagulation abnormalities. This is quite a serious
complication especially in the late stage of HIV
infection and there are uncertainties in
pathogenesis of coagulation abnormalities in
HIV subjects.(16) In this study, there was a
significant increase in the ages of HIV pregnant
women on HAART and those newly diagnosed
who had not yet commenced HAART prior to
sample collection when compared to the HIV-
negative women. This suggests that these groups
of women are getting pregnant later than their
seronegative counterpart. This may be attributed
to the transient depression encountered by these
women when their HIV status is first
discovered. But as they receive counselling and
monitoring, they get encouraged to want to have
babies and live healthy normal lives. Blood

pressure was observed to increase significantly
in HIV-positives on HAART and those not on
HAART when compared to HIV seronegative
women. This may be physiological and
stigmatization may be a contributing factor
especially in this part of the world. The
transformation of the HIV epidemic over the
last 20 years has been remarkable; with access
to appropriate therapies, clinicians can now offer
infected women a much improved prognosis as
well as a very high likelihood of birthing children
who will be HIV-uninfected.

In this study, it was observed that HIV-
infected pregnant women on HAART and those
not on HAART had significantly lower Hb and
PCV values compared with the controls
(p<0.05). Although HAART has been observed
to increase PCV,(17) the reduced PCV observed
in this study may be attributed to the HIV virus
and non-compliance to the antiretroviral drugs
regularly as observed from interaction with the
participating women during sample collection.
Protein C levels were observed to reduce more
in HIV-positive pregnant women not on HAART
therapy than those on therapy, but were
significantly reduced when both were compared

Univ Med                                                                                                                                                              Vol. 37 No.3
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to HIV seronegative pregnant women (p<0.05).
This may be attributed to the large amounts of
antiphospholipid antibodies produced during HIV
infection which inactivates protein C.(18) Protein
C and its cofactor protein S exert their
coagulation activity primarily through inactivation
of coagulation factor Va and VIIIa which are
required for factor X activation and thrombin
generation.(19) The catalytic activity of protein
C is enhanced by the vitamin-K-dependent
cofactor, deficiency of which distorts the delicate
balance between procoagulant and anticoagulant
proteins, thus introducing a prothrombotic
state.(20)

Also in this study, protein S was
significantly increased in HIV-positive women
on HAART, when compared to those not on
HAART and HIV seronegative women. This
may be attributed to the direct effect of
antiretroviral therapy.

There was a significant increase in ELT in
HIV-positive pregnant women on HAART and
those not on HAART when compared with HIV
seronegative women. This could be attributed
to the side effects of HAART on those
individuals, some of which may be directly
connected to HIV protease inhibitors. Several
studies have linked HIV protease inhibitors with
the activation of endoplasmic reticulum stress
and oxidative stress as well as increase in
inflammatory cytokine production from several
cell types including macrophages and intestinal
epithelial cells. (21,22)

A limitation of this study was the difficulty
in having these women to participate in this
study. Their willingness to be enrolled for the
study was very low. Regular monitoring of ELT,
protein C and protein S levels is therefore
recommended when HIV pregnant women are
being treated with antiretroviral drugs.

CONCLUSION

Increased ELT and decreased protein C
levels were observed in HIV-positive pregnant
women on HAART and those not on HAART,

while protein S level is improved with the
administration of HAART.
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