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Abstract
Purpose of the review  This review highlights the role immune cells and markers such as natural killer (NK) cells, cytokines 
and human leukocyte antigen (HLA-G) play in predisposing HIV-infected women who are on HAART to develop PE, thus 
contributing to a better understanding and early diagnosis of PE with a subsequent reduction in maternal foetal and neonatal 
deaths.
Recent findings  Pregnant women infected with the Human Immunodeficiency Virus (HIV) have a 25% risk of mother to 
child transmission. This risk, however, decreases to 2% if the women is on treatment. Highly active antiretroviral therapy 
(HAART) is the recommended treatment for both pregnant and non-pregnant women infected with HIV. Treatment with 
HAART is reported to potentiate predisposition to the development of hypertensive disorders of pregnancy such as pre-
eclampsia (PE). Pre-eclampsia accounts for 7–10% of abnormal pregnancies worldwide. Studies demonstrate that pregnant 
women with HIV have PE at lower frequencies than uninfected women, however, the converse is observed upon HAART 
initiation. HIV-infected women on HAART exhibit a greater tendency to develop PE, emanating from immune reconstitu-
tion induced by HAART.
Summary  There is paucity of information as to the pathogenesis of PE upon HAART initiation and there are, therefore, 
controversial data as to whether HAART predisposes women to a lower, equal or higher risk of PE development compared 
to the general population, further investigations on the impact of HIV infection and HAART on the immune response and 
rate of PE development in HIV infected pregnant women are urgently needed.

Keywords  Highly active antiretroviral therapy · Human immunodeficiency virus · Immune markers · Pre-eclampsia · 
Pregnancy

Introduction

Pre-eclampsia is a pregnancy specific disorder that effects 
3–17% of pregnancies world-wide [1]. It is the leading 
cause of both maternal and neonatal morbidity and mor-
tality in low and middle income countries (LIMCs) [1–3]. 
Pre-eclampsia presents with elevated blood pressure, i.e., 
systolic blood pressure (SBP) ≥ 140 mmHg and/or dias-
tolic blood pressure (DBP) ≥ 90 mmHg, and proteinuria 
(> 300 mg/24 h) at or after 20 weeks of gestation in a pre-
viously normotensive woman [4–6]. Pre-eclampsia may be 
classified by gestational age into early (< 33weeks + 6 days) 
or late (> 34 weeks + 0 days) onset PE [7]. Early onset pre-
eclampsia (EOPE) has a prevalence rate of 0.3–12% and 
has a higher risk of maternal and fetal complications than 
late onset pre-eclampsia (LOPE). It is associated with exten-
sive overall endothelial and villous/vascular lesions of the 
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placenta [8]. Late onset pre-eclampsia has a prevalence of 
2.7%, with minimal placental pathological changes which 
induces maternal inflammatory response leading to the 
development of PE, eclampsia and maternal death [9, 10].

The exact cause of PE remains unknown. Risk factors 
for PE include nulliparity, multi-fetal gestations, previous 
history of hypertensive disorders of pregnancy, [(gestational 
hypertension, PE, severe PE, eclampsia, chronic hyper-
tension and the HELLP syndrome (haemolysis, elevated 
enzymes and low platelets)], obesity, diabetes mellitus, 
connective tissue disorders like systemic lupus erythema-
tosus and anti-phospholipid antibodies, African American 
ethnicity [11, 12] and immune maladaptation [13]. The fre-
quency of PE may also be affected by immunosuppressive 
conditions, such as HIV infection and acquired immunode-
ficiency syndrome (AIDS) [14]. In addition highly active 
antiretroviral therapy (HAART) has been reported to alter 
the maternal immune response and leads to the development 
of pre-eclampsia in HIV infected pregnancies [15–17].

Highly active antiretroviral therapy 
on the risk of pre‑eclampsia development: 
HIV infected pregnancies

HIV/AIDS, are major global causes of disease and death 
[18]. Approximately 17.4 million women worldwide are 
HIV infected [19], many of whom are of childbearing age 
[20].The current recommended treatment for HIV infection 
in pregnant and non-pregnant women is HAART [14]. The 
use of HAART in pregnancy is important for the reduction 
of perinatal transmission by several mechanisms, including 
lowering maternal antepartum viral load and pre-exposure 
and post-exposure prophylaxis of the infant [21]. However, 
it has been reported that HAART may predispose HIV-
infected pregnant women to PE development [22]. The rate 
of PE is reported to be lower in HIV-infected pregnancies 
[16]. HIV-infected women have been reported to have a sig-
nificantly higher risk of PE development compared to HIV-
uninfected women [23]. However, the risk of PE increases 
with HAART administration which induces immune recon-
stitution induced by HAART and results in PE development 
[23]. In the pre-HAART era, PE was an uncommon disor-
der of pregnancy in HIV-infected women and its occurrence 
was less frequent (none of 61 who presented before 1994; 
p = 0.0087) compared to the general population (12 pre-
eclamptics in 214 HIV-uninfected women) [24, 25]. How-
ever, with the routine use of HAART, the reported incidence 
of PE in HIV-infected women is reported to have escalated 
to a level similar to that of HIV-uninfected women. A cohort 
study conducted by Wimalasundera et al. has shown that 
there was no significant difference between the rate of PE in 
HIV-1-infected women on treatment and uninfected controls 

(12 of 214; p = 0·2) [25]. In agreement, three independent 
cohort studies conducted in the United States and Europe 
also showed no difference in the risk of PE development 
in HIV-infected HAART treated vs HIV-uninfected preg-
nant women [26–28]. In contrast, a cohort study from Brazil 
demonstrated a significantly lower risk of PE development 
in HAART treated women compared to HIV-uninfected 
women [29]. These findings are further corroborated in 
another study that demonstrated that HIV-infected women 
on HAART are not predisposed to PE development [30]. 
Interestingly, a survey of 36 hospitals from 11 European 
countries has identified PE as the most common pregnancy 
complication in women receiving HAART [31]. Similar 
findings were observed in a retrospective secondary analysis 
study done in South Africa by Sebitloane et al. who reported 
that treatment with HAART reduced the protective effect 
against the development of PE [17]. In addition, Suy et al. 
demonstrated a low rate of PE among HIV-infected women 
not receiving HAART, suggesting that HIV-infected treat-
ment naïve women are at a lower risk of PE development 
than HIV-uninfected women [32].There are, therefore, con-
troversial data as to whether HAART predisposes women to 
a lower, equal or higher risk of PE development compared to 
the general population, further investigations on the impact 
of HIV infection and HAART on the immune response and 
rate of PE development in HIV-infected pregnant women 
are urgently needed.

Currently, there are very few studies done on the inci-
dence of PE in HIV-associated pregnancies; most of the 
current studies indicating low rate of PE in HIV-positive 
HAART treated women are representative of studies done 
in different racial groups, e.g. (Whites, Black, Asian), and 
from these groups; the number of studies in the white ethnic 
women were found to be greater than in studies in other 
racial groups [29, 30, 32]. Pre-eclampsia is reported to be 
more prevalent in Black, Indian, and Pakistani women [33]. 
Therefore, more studies investigating the incidence of PE in 
HIV-associated pregnancies needs to be conducted in these 
ethnic groups to reduce bias.

In the province of KwaZulu-Natal in South Africa, the 
prevalence of HIV infection amongst pregnant women is 
40% [34]. Pre-eclampsia is also a common disorder in this 
province (12%) [35]. Although controversial reports have 
been published on what causes an increase in the risk of PE 
in HIV-infected women on HAART, recent evidence points 
towards the immune restoration induced by HAART which 
predisposes HIV-infected women to PE development [15]. 
Other reports suggest that this predisposition is believed to 
emanate from a direct toxic effect on the liver rather than 
immune restoration [36].

This review will focus on the role of HAART on the 
risk of PE development by highlighting immune markers 
involved in HIV associated pre-eclampsia and normotensive 
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pregnancies. Understanding the role of immune markers that 
predispose HIV-infected women to PE when initiated on 
HAART treatment is necessary for early diagnosis of PE 
and its management to reduce maternal and foetal deaths. 
Table 1 lists studies that have reported on the prevalence of 
PE in HIV-infected pregnancies.

Pathogenesis of pre‑eclampsia

There is general agreement that the pathogenesis of PE 
originates from the presence of placenta [37]. Various envi-
ronmental and genetic factors are also implicated. None-
theless, an imbalance in immunological factors initiates the 
cascade of events that cause impaired placentation [29, 38]. 
Immune maladaptation during implantation may result in 
poor trophoblast invasion which then leads to poor spiral 
artery remodeling within the myometrium which leads to 
insufficient placental perfusion with resultant placental 
ischemia or hypoxia [5]. The hypoxic placenta releases path-
ogenic factors such as (Th1 cytokines, proteolytic enzymes, 
and free radical species) into the maternal circulation that 
contributes to vascular endothelial dysfunction that leads to 
the second stage of the disorder or the maternal syndrome 
[13]. This pathognomonic endothelial vascular dysfunction 
contributes to the development of maternal hypertension, 
proteinuria and other clinical manifestations of the disorder 
such as maternal renal insufficiency, liver involvement, neu-
rological or haematological complications, utero-placental 
dysfunction and/or foetal growth restriction [39, 40].

Immune maladaptation

Role of major histocompatibility complex (MHC) 
in placentation

During placentation, the major histocompatibility complex 
(MHC) antigens on trophoblast cells play a crucial role in 
maintaining the maternal–foetal tolerance. The MHC anti-
gens are divided into classical class I antigens: (HLA-A, -B 
and -C) and non-classical class I antigens (HLA-E, -F and 
-G) [41]. Invasive extravillous cytotrophoblast cells express 
HLA-C, -E, -F and -G antigens [41, 42]. These antigens 
interact with maternal immune cells in the decidua, espe-
cially the uterine natural killer (uNK) cells enabling success-
ful placental development. Moreover, the interaction with 
uNK cells is mediated through the binding of cytotropho-
blast antigens (HLA-C, -E, -F and -G) to their appropriate 
receptors on the NK cells [41].

The HLA-C, -E, -F and -G antigens on EVTs interact with 
the maternal immune cell receptors (CD94/NKG2A and 
KIR2DL4) enabling successful maternal–foetal tolerance 

during pregnancy [43]. Importantly, the binding of HLA-G 
with the uterine cell receptors stimulates the production 
of pro-inflammatory and immune-regulatory cytokines, 
together with factors involved in the control of angiogenesis, 
which are believed to be important in spiral artery remod-
elling [44]. Moreover the interaction of trophoblast cells 
lacking HLA-G with the uterine natural killer cells leads 
to their lysis [45] with consequential reduced trophoblast 
cell invasion [46, 47]. Additionally, this may also result in 
chronic immune activation which then causes the develop-
ment of PE [43, 48].

The role of human leukocyte antigen (HLA‑G) 
in pregnancy and HIV infection

Human leukocyte antigen (HLA-G) is an important non-
classical immuno-regulatory molecule which has seven 
isoforms including HLA-G1, HLA-G2, HLA-G3, HLA-G4, 
HLA-G5, HLA-G-6 and HLA-G7; with HLA-G1, HLA-G2, 
HLA-G3, and HLA-G4 isoforms been soluble [49]. This 
molecule plays a pivotal role in maternal–foetal tolerance 
during pregnancy and is also expressed in malignant trans-
formation, autoimmune and inflammatory diseases, trans-
plantation and infectious diseases. During pregnancy the 
HLA-G molecules react with NK cells and T-cell inhibitory 
receptors such as KIR, KIR2DL4, LILRB1, LILRB2, ILT-2 
and ILT-4, thus protecting the foetal trophoblast cells from 
maternal uterine natural killer cell invasion [50, 51]. The 
inhibition of NK and T cells creates an anti-inflammatory 
environment, due to a release of cytokines such as interleu-
kin 10 (IL-10), that upregulates HLA-G [52] and mediates 
successful trophoblast invasion.

HLA-G expression in cells is known to be upregulated 
following human cytomegalovirus (CMV) and HIV infec-
tion [53–55]. The expression of the HLA-G molecule in 
the early stage of HIV infection and its progression is well 
documented. During HIV-1 infection, the HLA-G1 isoform 
is downregulated via a Vpu-dependent mechanism, which 
recognizes a double lysine residue in positions 4 and 5 of 
the C terminus [56]. Also the HLA-G1 isoform has the abil-
ity to present viral peptides to CD8 + T lymphocytes [57]; 
therefore, the recognition of HIV-1 infected cells by CD8 + T 
lymphocytes could depend on the expression of HLA-G1 
[56].

In contrast, Lozano et al., report a high surface expres-
sion of HLA-G on monocytes and on some T lymphocytes 
in HIV positive patients with or without antiretroviral treat-
ment. These authors hypothesize that this upregulation of 
HLA-G was induced by HIV-1, [54]. Alternatively this 
increase may be caused indirectly as a consequence of high 
levels of IL-10 expression [52].

Donaghy et al. observed high circulating levels of solu-
ble HLA-G (sHLA-G) in HIV-1-infected individuals and 
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speculated that this elevation of HLA-G was dependent on 
the release of the membrane-bound isoform thereby induc-
ing immune tolerance [58]. In keeping with the findings of 
Donaghy and colleagues, Murdaca et al. also reported ele-
vated serum levels of sHLA-G in HIV-infected individuals 
[59]. These results correlate with parameters of immunologi-
cal and virological response to antiretroviral treatment, and 
the authors report decreased levels of sHLA-G in patients 
in whom the replication of HIV-1 was suppressed during 
HAART treatment. Levels of sHLA-G remain elevated in 
women with high levels of HIV-RNA after 36 months of 
receiving antiretroviral therapy. The elevated serum sHLA-G 
may depend on the increased production of cytokines dur-
ing HIV-1 infection, contribute to the immunosuppressive 
state of the HIV-1-positive individuals and facilitate their 
progression to AIDS [59].

Additionally, Lajoie et al. performed a longitudinal study 
evaluating sHLA-G plasma levels in HIV-1-infected patients 
with different rates of clinical progression to determine 
whether sHLA-G expression was associated with HIV-1 
expansion. The findings of this study indicated elevated 
levels of sHLA-G in the early stages of HIV-1 infection, 
whereas in the chronic stage, in untreated normal progres-
sor, and in long-term progressor the sHLA-G levels were 
restored to normality, as a result of the immune system’s 
ability to control the HIV-1 infection. Furthermore, they 
concluded that sHLA-G elevation in HIV infection was 
associated with disease progression. Although HLAG has 
been shown to play a role in the immune system during HIV 
infection, there is a paucity of data interrogating the role 
of HLA-G in HIV associated pregnant women receiving 
HAART.

Natural killer cells

During normal pregnancy the maternal decidua consists of 
a unique subset of immune cell populations such as mac-
rophages, NK cells, and regulatory T cells which express 
human leukocyte antigens that actively contribute to the 
tolerance and function of the placenta [60–63]. It has been 
reported that 70% of decidual leukocytes are NK cells, 
20–25% are macrophages and 1.7% are dendritic cells 
[64–66]. Hence this maternal immune tolerance involves 
crucial interaction between maternal immune cells (helper 
and cytotoxic T lymphocytes, regulatory T cells, mac-
rophages, dendritic cells and uNK cells) in recognizing 
and accepting the foetal antigens and facilitating placental 
growth.

Natural killer cells are crucial components of the innate 
immune system. NK cells can be classified into two sub-
sets, depending on their immunophenotype and function: 

CD56dim and CD56bright. CD56dim constitutes 90% of the 
total NK cell population in peripheral blood [67].

Uterine natural killer cells

The majority of uNK cells are similar to tissue-resident NK 
and a small subset of peripheral NK cells express CD56 but 
not CD16 and CD3− [68]. Uterine natural killer cells are less 
cytotoxic and produce large amounts of cytokines compared 
to peripheral NK cells. Uterine natural killer cells located 
within the non-pregnant endometrium are called endome-
trial NK cells whilst in the decidua are called decidual NK 
(dNK) cells. Decidual NK cells constitute the major lympho-
cyte population in the uterus during early gestation with a 
decrease after 20 weeks of gestation when trophoblast inva-
sion is complete [69]. They produce transforming growth 
factor-beta (TGF-β) and other angiogenic factors such as 
angiopoietin (Ang) 1, Ang 2, vascular endothelial growth 
factor (VEGF), and placental growth factor (PlGF) [70, 71]. 
These factors induce and support the invasion of the extravil-
lous trophoblasts into the maternal spiral arteries to achieve 
the remodelling of the spiral arteries required for adequate 
placental perfusion [45, 72].

Natural killer cell receptors

The function of NK cells is controlled by a wide range of 
receptors that are expressed on the cell surface. These recep-
tors are either inhibitory or activating in nature. The fam-
ily of inhibitory receptors consists consist of: (1) the killer 
immunoglobulin-like receptors (KIRs) or Ig-like receptors 
(CD158), which recognize mainly HLA-A, HLA-B, and 
HLA-C expressed in any host cell; (2) the C type lectin 
receptors (CD94/NKG2), which recognizes the non-classical 
MHC molecule, HLA-E and (3) leukocyte inhibitory recep-
tors (LIR1, LAIR-1) [73]. On the other hand, the activating 
receptors are; the natural cytotoxicity receptors (NKp30, 
NKp44, NKp46), C type lectin receptors (NKG2D, CD94-
NKG2C), and Ig-like receptors (2B4) [72, 74, 75].

Natural killer cells receptors in normal and pre‑eclamptic 
pregnancy

During normal pregnancy, the interaction between the 
maternal natural killer cells and fetal cells occur via 
cytotrophoblast MHC antigen recognising and accept-
ing maternal NK cells inhibitory receptors, thus prevent-
ing the killing of trophoblast cells. However, in PE NK 
cell expression is altered leading to abnormal trophoblast 
cells invasion. Bachmayer et al. reported that levels of 
inhibitory NKG2A and activating NKG2C are higher in 
PE compared to normotensive healthy pregnant women. 
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They concluded that the peripheral NK cell pool is altered 
in women with PE with enhanced NKG2A and NKG2C 
levels on NK cells [76].

The role of NK cells in HIV infection and the risk 
of pre‑eclampsia

NK cells are CD3− multifunctional effector lymphocytes 
based on levels of CD56 and CD16 expression [77]. About 
90% of peripheral blood NK cells are CD56dim and express 
high levels of the FcγRIIIA receptor (CD16); the other 
(10%) of peripheral blood NK cells are CD56bright and 
express low levels or an absence of CD16 [78].

CD56dim are mostly cytotoxic upon activation, thereby 
releasing pro-apoptotic cytoplasmic granules composed 
of granzymes and perforins. CD56dim NK cells can also 
induce cytolysis via induction of Fas/FasL-dependent or 
TRAIL-dependent apoptotic signals. In addition, a minor-
ity of NK cells (CD16) binds to the constant (Fc) domain 
of IgG antibodies that can bind to viral antigens expressed 
on the surface of infected cells. This antibody conjugation 
of NK-cell and antibody-coated target cell, strongly medi-
ates NK-cell activation, referred to as antibody-dependent 
cell-mediated cytotoxicity (ADCC) [74]. Interestingly, the 
CD56 bright NK cells have a limited cytotoxic capacity and 
is more abundantly found within lymph nodes [79]. These 
NK cells act by producing pro-inflammatory cytokines such 
as IFN-γ, TNF-α, IL-10, certain chemokines. They play a 
role in modulating other subsets of lymphocytes, thereby 
regulating dendritic cell maturation, differentiation of helper 
T cells, and B- and T-cell-specific immune responses [80, 
81]. However, during HIV infection NK cells are generally 
downregulated or inhibited and are unable to target infected 
or transformed cells thereby leading to uncontrolled viral 
replication. Mela and Goodier report a decreased expres-
sion of NKG2A on peripheral NK cells of HIV-1 infected 
individuals [82]. Although the role of NK cells in HIV infec-
tion is well described, its function in HIV associated PE has 
produced debatable results [83].

Role of HAART on NK cells and risk of pre‑eclampsia 
development

The use of highly active antiretroviral therapy (HAART) 
suppresses HIV-1 viremia by restoring the ability of NK 
cells to secrete CC-chemokines which suppress endogenous 
HIV-1 replication by non-cytolytic mechanisms [84]. How-
ever, this has a negative impact during pregnancy as NK cell 
activation may lead to dysregulation of trophoblast invasion 
and may result in chronic immune activation which is associ-
ated with PE development.

Cytokines

Cytokine production in normal and pre‑eclamptic 
pregnancies

In normal pregnancy, the placenta causes a shift from 
the pro-inflammatory (Th1) to anti-inflammatory (Th2) 
immune response [85]. It has been proposed that the pla-
centa is a Th2 organ that stimulates the production of Th2 
cytokines [86]. In pathological pregnancies such as PE, 
spontaneous abortions and intrauterine growth restriction 
(IUGR), the regulation of the maternal immune system is 
further altered and the shift to the Th2 immune response 
does not occur leading to elevated Th1 immune response 
[87]. This is usually due to an ischemic placenta which 
is unable to cause a shift from a Th1 to Th2 immune 
response.

Data on the shift from Th2 to Th1 immune state 
observed in PE is conflicting [88, 89]. Several authors 
have reported increased levels of IL-6 in PE [90–92]. 
Greer et al., has reported increased plasma levels of IL-6, 
but normal concentrations of IL-8 in PE [90] while Olusi 
et al., reported significantly lower IL-6 and IL-8 levels 
in PE compared to normal pregnancy [88]. Similarly, 
Hentschke et  al., also reported increased soluble IL-6 
receptors in PE [91]. In addition, Udenze et al., reported 
increased levels of IL-6 and TNF- α in PE [92]. In con-
trast, Ozier et al., found no difference in the levels of IL-6 
and TNF- α in PE [93]. Interestingly, previous studies have 
shown increased IFN-γ and decreased levels of IL-4 in PE 
[94–97]. The severe pre-eclamptic state is associated with 
high levels of pro-inflammatory cytokines IL-8, IL-6, and 
IFN-γ, whereas normotensive pregnancy evolves with high 
levels of the regulatory cytokine IL-10. Similarly, previ-
ous studies report high levels of IL-10 in healthy pregnant 
women [98–102], suggesting that successful pregnancy 
reflects a predominance of regulatory cytokines. Studies 
in mice revealed that IL-10 deficiency in early pregnancy 
affects trophoblast growth and differentiation, causing pla-
cental failure and abortion [103]. IL-10 also increases the 
resistance of trophoblasts to Fas-mediated apoptosis [104]. 
Inhibition of IL-10 by passive immunization (with mono-
clonal antibody to IL-10) during early gestation increases 
blood pressure in pregnant baboons [105]. Therefore, it 
may be hypothesized that decreased IL-10 production 
is associated with a predisposition to PE development 
[106–108].

The pathophysiology of PE may be induced by the pres-
ence of Th17 cells. These are relatively novel CD4 + lym-
phocyte subpopulations, which are characterized by their 
secretion of IL-17. This cytokine interacts with inflamma-
tory factors to amplify the small vascular inflammatory 
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reactions of the placenta, damage vascular endothelial 
cells, increase the permeability of blood vessels, and 
release large numbers of oxygen free radicals. Together, 
these constitute the pathological basis of the clinical mani-
festations of PE, including hypertension, vascular spasms, 
oedema, and proteinuria [109].

Gergely et al. previously demonstrated that Th17 cells 
were elevated in PE compared with healthy pregnant women 
[110]. These findings were confirmed by Cornelius et al., 
who found that an infusion of IL-17 inhibitor given to a PE 
rat model significantly decreases blood pressure and placen-
tal oxidative stress [111]. Similarly, Wallace et al. also found 
that both Th17 cells and IL-17 were significantly elevated 
in the reduced uterine perfusion pressure (RUPP) rat model 
of PE [112]. The authors further concluded that blockage 
of IL-17 significantly decreased placental ROS emanating 
from the placental ischemia in RUPP rats, indicating that 
increased levels IL-17 is associated with PE-related condi-
tions [112].

Cytokine production in HIV associated 
pre‑eclampsia

A similar shift from Th1 to Th2 cytokines has been reported 
during the progression of HIV disease, which is counter-
acted with the usage of HAART [113]. A study by Maharaj 
et al. demonstrated that both normotensive and pre-eclamp-
tic HIV infected pregnant women on HAART display lower 
Th1 cytokine levels (IL-2, TNF-α, and IL-6, and IFN-γ) than 
both PE and normotensive uninfected pregnant women [15]. 
Their study also showed lower Th1 levels in HIV-infected 
pre-eclamptics on HAART when compared to HIV-unin-
fected pre-eclamptic and no differences in Th1 (IL-2, TNF-
α, IFN-γ or IL-6) in PE when compared to normotensive 
pregnant women. In addition, they found that there was no 
differences in the Th1 immune response in pre-eclamptic 

HIV-infected and non-infected women when compared 
to HIV-infected and non-infected normotensive pregnant 
women [15]. This might suggest that PE development in 
HIV-infected women who are on HAART might not be due 
to immune reconstitution, but might be due to another path-
way; since it has been mentioned that HAART medication 
results in the synthesis and secretion of retinol-binding pro-
teins that lead to reduction in serum retinol concentrations, 
which is associated with PE development [36].

Despite conflicting results with regards the risk of PE 
development in HIV infected pregnant women; another 
study found that the high levels of Th1 cytokines in HIV-
infected HAART treated pregnant women when compared 
to HIV-uninfected pregnant or non-pregnant women [114]. 
From Alonso et al. findings it was shown that Th1 immune 
response is induced in HIV-infected treated pregnancies and 
reduced in HIV-uninfected pregnant and non-pregnant indi-
viduals. This suggested that HAART treatment might pre-
dispose HIV-infected women to PE development by upregu-
lating the Th1 immune response in HIV-infected pregnant 
women [114] (Fig. 1).

Conclusion

It is evident that PE is less common in HIV-infected treat-
ment naïve pregnancies; however, most studies have shown 
that the risk of PE development in HIV-infected women is 
greater in those receiving HAART. Therefore, more stud-
ies are required to confirm immune reconstitution follow-
ing HAART usage and whether it is a risk indicator for PE 
development.

This review highlighted immune markers that play a role 
in predisposing HIV infected pregnant women on HAART 
treatment to PE development. Both HIV and PE have a high 
prevalence within South Africa and both are identified as 

Fig. 1   Schematic diagram 
representing pro-inflammatory 
(Th1) and anti-inflammatory 
(Th2) cytokine balance in 
a non-pregnant or HIV-
uninfected, b normotensive or 
HIV-infected untreated and c 
pre-eclamptic or HIV-infected 
on HAART. a Shows a balance 
in the distribution of Th1 and 
Th2. In b there is an imbalance 
of cytokines with more Th2 
release than Th1. This imbal-
ance increases of HIV infection 
in untreated women. In c Th1 
levels are higher than Th2, 
therefore, this predisposes HIV-
infected HAART treated women 
to pre-eclampsia development
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immune related. Amongst the selected and highlighted 
immune markers in this review; NK cells, cytokines, and 
HLA-G are shown to play a crucial role in both HIV and PE 
pathogenesis. However, there are significant gaps in knowl-
edge and a fair amount of research still needs to be done to 
determine the involvement of these immune markers in the 
development of PE in HIV associated pregnancies.

Future research

More research much concentrate on the immune reconstitu-
tion induced by HAART to identify immune markers associ-
ated with the risk of involved in PE development in pregnant 
women on HAART. This will assist with early diagnosis of 
PE in HIV-infected women who are on HAART treatment.
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