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Abstract

Introduction:

HIV in pregnancy is often coincidental, with many women discovering their seropositive status once
pregnant. It is a leading, however, an indirect cause of maternal morbidity and mortality in Sub
Saharan Africa. The introduction of highly active antiretroviral treatment (HAART) in a setting with
limited resources, is aimed at reversing the adverse outcomes from the disease, however, there
continues to be a significant proportion of women who die from the disease being on HAART.
Because of the impaired immune system, the HIV infection directly impacts on the maternal
condition, increasing the risk of possibly all infectious complications. However, the impact of HIV
and therefore its treatment on other obstetric conditions remains unknown. Local data suggests that
the maternal mortality rate for non-infectious conditions is also increased in women infected with
HIV and some possibly already receiving HAART. The purpose of this thesis was to describe this
morbidity, mortality and contributing factors.

Aim:

The overall aim of this thesis was to determine maternal and obstetric outcomes of women receiving
highly active antiretroviral treatment during pregnancy in a resource constraint setting. The objectives
were to describe the maternal and obstetric complications in women on highly active antiretroviral
treatment (HAART) initiated either before or during pregnancy, and establish the clinical outcomes as
well as describe the immunological and cytokine changes according to the duration of HAART.

This was done through several approaches including an extensive literature overview, a retrospective
audit, secondary analyses of data already existing, as well as a prospective cross sectional cohort.
(Summarized in Table 1 under Chapter 1 — thesis framework). A brief outline of the different studies

will be presented separately

(1) The retrospective andit
Methods: With the same overarching aim to establish morbidity and mortality related to HIV in the

era of HAART, a retrospective audit of 1461 maternity files of women who had delivered over a 3
year period from 1 January 2011 to 31% December 2014 was conducted. The files were selected in a
stratified but random manner, where the first 50 files for every month in the 3 year period were
selected, made up of 40 HIV infected and 10 uninfected (ratio 4:1) women. The relevant basic
demographic data, medical, obstetric information was extracted according to a standardized data

extraction form.

Results: One thousand four hundred and sixty one (1461) hospital files of women who delivered in
that period were reviewed, of which 302 (20.6%, as was predetermined by the ratio) were HIV

X



uninfected, and 1159 were HIV infected. Of the latter, 424 (29%) were women who received less than
3 antiretroviral drugs (for purposes of prevention of mother to child transmission), 312 (21%) from
those who initiated HAART pre-pregnancy (pre-pregnancy HAART group, [PPH]), and lastly,

423 (29%) were women who initiated during pregnancy (in-pregnancy HAART group, IPH).

The study found that despite HAART (received by 63% of the HIV infected), HIV infected women
were at increased risk of both respiratory and sexually transmitted infections, (P=0.009 and 0.001
respectively), as well as postpartum complications (p=0.007) compared to HIV uninfected women.
The women receiving pre-pregnancy HAART (PPH) had an increased risk of preterm births before 37
weeks (p=0.004), and though HIV infected women on the whole were less likely to have hypertensive
disorders of pregnancy (HDP) there was a trend towards an increased risk of HDP (the majority of
which was preeclampsia), in those who received HAART, (p=0.064) when compared to HIV
uninfected women, When compared to HIV infected but not HAART treated women, PPH women
remained at increased risk of chest infections (p<0.0001), and preterm births before 34 weeks
(p=0.004), as well as increased perinatal mortality rate (p=0.002).

In summary: women accessing HAART remained at increased risk of infectious morbidity, some of
which was still evident despite the prolonged use of HAART initiated pre-pregnancy.

(2) Two separate secondary analyses of the commonest direct causes of maternal deaths were
conducted, using the data from the Saving Mothers Report. These were obstetric haemorrhage
and hypertensive disorders of pregnancy. The aim was to explore the impact of HIV or its
treatment on these conditions.

A. Impact of HIV and HAART on obstetric haemorrhage
Methods: Using data from the Saving Mothers report of 2011 — 2013, a secondary
analysis of the deaths from obstetric haemorrhage was performed, to determine the HIV
infection rates amongst the deaths due to obstetric haemorrhage (OH) compared to the
whole cohort of maternal deaths. Additionally, amongst the deaths who were HIV
infected, we determined whether proportions of those who were receiving HAART
compared to those who were not were statistically significant.
Results: The re-analysis showed that though there was a statistically significantly lower
rate of HIV sero-positivity amongst the deaths from OH compared to the whole cohort
(45% vs 65%; p=0.001), there were more women who had AIDS and received HAART
compared to those who had AIDS not treated with HAART (relative risk [RR] =1.61,
95% confidence interval [CI] =1.15-2.25).
Conclusion: There is an apparent association between HIV treatment (HAART) with

obstetric haemorrhage.
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B. Impact of HIV and HAART on hypertensive disorders of pregnancy
Methods: To explore potential relationships between HIV and its treatment (HAART),
and hypertensive disorders of pregnancy (HDP), a retrospective secondary analysis of the
2011-2013 Saving Mothers report was conducted. The incidence of individuals who died
owing to HDP was compared among different groups of women and the relative risks of
death being due to HDP were calculated.
Results: Among 4452 maternal deaths recorded in the Saving Mothers report, a lower
risk of a maternal death being due to HDP was observed among women who had HIV
infection compared with women who did not have HIV (RR= 0.57, 95%CI= 0.51-0.64).
Further, reduced odds of death being due to HDP were recorded among women with
AIDS not undergoing HAART compared with women with HIV who did not require
treatment (RR = 0.42, 95% CI 0.3-0.58). Notably, among all women with AIDS, a
greater risk of death due to HDP was demonstrated among those who received HAART
compared with those who did not (RR 1.15, 95% CI 1.02-1.29).
Conclusion: HIV and AIDS were associated with a decreased risk of HDP being the
primary cause of death; the use of HAART increased this risk.

(3) Lastly, a prospective cross sectional study of HIV infected pregnant women, treated with
HAART, either before pregnancy (i.e. pre-pregnancy HAART group [PPH]), or started in the
index pregnancy (i.e. in-pregnancy HAART group [IPH]), were compared with HIV negative
controls, (HN group). The aim was to determine the cyto-inflammatory profile of women
receiving HAART, and determine possible differences accordingly, amongst the groups or by
gestational age groups.

Methods: women were enrolled in the antenatal period according to their HIV status (i.e. HN,
n=83, PPH, n=77 and IPH, n=70). Additionally, the groups were sub-stratified according to
gestational age as either early (before 20 weeks), mid-pregnancy (21-28 weeks), or late
pregnancy (29 — 37 weeks), and finally, those who were in spontaneous labour at term (>37
weeks). Blood was taken during routine antenatal care, and prepared for storage of serum and
later analysis of the whole batch using the Bio-Plex pro Human Cytokine Treg Panels. The
following cytokines were determined, to represent Th 1 cytokines (je interleukins [IL] 2, 6,
12, 17, and tumour necrosis factor alpha [TNFa], as well as interferon gamma [IFNy] as well
as the Th 2 cytokines, IL 4 and IL 10.

Results: The overall cytokine profile of the whole cohort was more pro-inflammatory, whilst
there were significant differences in expressions of different cytokines amongst the groups,
HN, IPH and PPH. There were also inter-group differences regarding the concentrations and
proportions of cytokines expressed across the gestational subgroups, (¢.g. comparing

cytokines expressed during early, mid or late pregnancy, as well as during labour amongst the
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HN, IPH and PPH groups). However, the gestational subgroup differences were not consistent
across the various cytokines. In general, though the PPH group had a mixed pattern of pro-
and anti-inflammatory profile which was comparable to the HN control group, the PPH group
was more pro-inflammatory in that there was almost a complete lack of expression of the Th
2 cytokines, IL 4 (1.3% expression and 2.6% expression for IL 10). The latter demonstrated a
Th 2 to Th 1 cytokine profile shift, The IPH group was also predominantly pro-inflammatory,
with IL 6 being expressed by 100% of its participants, and 96% expressing within the range
of normal concentrations. For most of the comparisons, the PPH group was comparable to the
HN control group.

Conclusion: The study demonstrated a predominantly pro-inflammatory profile amongst
pregnant women in our setting. However, this pro-inflammatory profile was different in PPH
group, being mainly due to Th 2 to Th 1 shift, whereas it was due to excessive expression of
Th 1 cytokines (especially IL 6) in the IPH group.

Summary of overall findings:
Women accessing HAART remain at risk of increased infectious morbidity. HAART was

associated with an increased risk of hypertensive disorders of pregnancy, and there was an
apparent association between HAART and increased risk of obstetric haemorrhage. The
cytokine expression of women on prolonged HAART (as in before compared to during
pregnancy) indicates a Th2 to Th1 cytokine profile shift, which may be related to adverse
pregnancy outcomes (such as preterm delivery demonstrated in the audit or increased risk of
HDP seen in both the audit and the secondary analysis). The predominantly pro-inflammatory
cytokine profile of the IPH group may reflect the background or residual increased risk of
infectious complications in HAART recipients (also demonstrated in the audit).

Conclusion: This thesis shows residual increased risk of medical and obstetric complications in
pregnant women receiving HAART. This is in the background of a predominantly pro-inflammatory
cytokine profile, which can be dampened with the use of HAART. The latter however also suppresses
the preferable Th2 cytokines, identified in most normal pregnancies.

Keywords: morbidity / mortality / HAART before or during pregnancy / cytokines
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CHAPTER 1:

INTRODUCTION, AIMS, OBJECTIVES, AND THESIS FRAMEWORK



1. Introduction:
HIV infection is a cause of significant morbidity and mortality in women of the reproductive age

group. Women bear the brunt of the infection, accounting for more than 51% of infections worldwide,
and even higher in resource constrained countries particularly Sub Saharan Africa'. HIV has been
noted as the leading (overall though indirect) cause of maternal deaths. Many women get to discover
their HIV sero-positivity only during a pregnancy, however, this trend is improving, as many women
are now living with HIV in between the pregnancies. This therefore means that many will also have
accessed antiretroviral treatment prior to the index pregnancy, either for their own health, or for
purposes of prevention of mother to child transmission. A local study showed that a third (31%) of
HIV infected pregnant women were already on highly active antiretroviral treatment when pregnancy
was diagnosed?. According to the latest Saving Mothers report of 2014, compiled by the national
confidential committee on enquiries into maternal deaths (NCCEMD) in South Africa, HIV is the
leading cause of maternal deaths, far eclipsing direct causes such as obstetric hemorrhage and
pregnancy related hypertension®, This trend has not improved much even after the widespread use of
highly active antiretroviral treatment (HAART) during pregnancy since 2010. This prompted this
analysis to determine the pattern of morbidity and mortality amongst HIV infected women in the era

of HAART.

This dissertation describes medical and obstetric morbidity of women during pregnancy, who received
HAART before or during pregnancy, with HIV negative as controls. It further looks at direct obstetric
causes of maternal death, and aims to describe the possible influence of HIV and its treatment.
Additionally, the thesis describes the immunological and cytokine profile of a cohort of HIV infected
women according to the initiation of HAART, either before or during pregnancy.

2. Aim and Objectives
2.1 Aim: The overall aim of this analysis was to determine maternal and obstetric outcomes
of women receiving highly active antiretroviral treatment during pregnancy in a resource

constraint setting (RCS).

2.2 Research Questions and /or objectives
2.2.1 To establish the morbidity amongst HIV infected women receiving HAART
compared to HIV uninfected — (Q= are the maternal and obstetric conditions

2



amongst HIV infected women receiving HAART similar to HIV uninfected
women?

2.2.2 To explore a possible difference in pregnancy outcomes of women who
accessed HAART before pregnancy (pre-pregnancy HAART) compared to
those who initiated during pregnancy (intra-pregnancy HAART)

223 To examine the effect of HAART on obstetric conditions leading to direct
maternal deaths

224 To determine the possible differences in inflammatory markers amongst
women who had pre-pregnancy HAART and those with intra-pregnancy
HAART at different gestations

3. Thesis framework
Chapter One: This chapter gives a brief introduction and the rationale for the overall thesis, defining

the aim and objectives. The framework of the thesis is described, summarizing the objectives of each

publication included in the thests.

Chapter Two: This chapter contains the literature review that informs the background to the

approach of this thesis. This is an expansion of the published review manuscript.

Chapter Three: This chapter is a retrospective audit describing the medical and obstetric morbidity
amongst women treated with HAART, in order to determine outcomes in those who initiated HAART
before pregnancy compared to those who initiated during pregnancy (manuscript under publication

review).

Chapter Four: This is a presentation of the published manuscript which sub -analyzes the data from
Saving Mothers report on obstetric hemorrhage as an increasing direct cause of maternal deaths in the

setting of high HIV sero-prevalence and the era of HAART use.

Chapter Five: This chapter presents the published manuscript which sub -analyzes the data from
Saving Mothers report on hypertensive disorders of pregnancy (particularly preeclampsia). We
describe the protective effect of HIV infection and the possible reversal of this effect by the use of

HAART

Chapter Six: This chapter describes the baseline cytokine profile of women accessing HAART either
before or during pregnancy, as a means to explain the possible differences between outcomes amongst

women accessing HAART pre-pregnancy, compared to those who initiated HAART in pregnancy.



Chapter Seven: This is the synthesis chapter, where we piece together the different findings from the
various angles with which we examined this topic, and place the study in the broader context.
Chapter Eight: Highlights of the important findings are made, with a summary of research questions

and main findings, noting the limitations, and recommendations for further research are presented.
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MATERNAL COMPLICATIONS IN HIV INFECTED WOMEN RECEIVING
COMBINATION ANTIRETROVIRAL TREATMENT IN A RESOURCE CONSTRAINED

SETTING
Introduction — (HIV — magnitude of the problem and manifestations)

Human Immunodeficiency Virus (HIV} infection has changed the landscape of medical
conditions since the 1990s. The subsequent decades have witnessed increased efforts in
understanding the disease, its mode of spread, and efforts to contain the latter. Because HIV
primarily spreads through sexual contact, affected populations are predominantly in the
reproductive age group, with women bearing the burden of the epidemic. Pregnant women have
been most affected with many discovering the infection during an index pregnancy. Because of
the high risk of vertical transmission to the fetus and neonate, as high as 33% without any
intervention, efforts during pregnancy were initially focused on prevention of mother-to-child
transmission [PMTCT] (1). It soon became apparent that the successes made with PMTCT were
anchored on maternal survival, and therefore improving maternal health in HIV infected women
achieved both desirable endpoints, Whereas PMTCT rates can be reduced to levels below 5%,
through the use of single antiretroviral agents such as zidovudine, and almost nearing elimination
through the use of highly active antiretroviral treatment [HAART] (2), the improvement of
maternal health can only been achieved by the use of the latter (ie HAART). The use of HAART
during pregnancy has not had a smooth introduction in resource constrained settings, because of
infrastructural, financial and health professional staffing limitations (3). Additionally, with the
initial focus having been primarily for PMTCT, many health authorities in resource constrained
settings (RCS) did not see the urgent need to rollout HAART for maternal health. Consequently,
there have been few reports from RCSs documenting effects on maternal outcomes and other

direct obstetric conditions.

2.1 Literature review: - (The problem of HIV amongst women):

Sub-Saharan Africa (SSA), continues to bear the greatest burden of the HIV/AIDS epidemic. Of the
36.7 million people who were living with HIV in 2015 worldwide, 51% were in SSA, with 66% new
infections occurring in this region per annum. Women remain disproportionally more affected,
representing 51% of the infected population; the rest being made up of men and children (4).
Additionally, more than 40% of new infections in SSA are amongst young women in the 15-24 year
age group (5). In South Africa, the rates of new infections among young people aged 15-24 years



accounted for 25% of new infections, with infections amongst young women being more than four
times greater than that of men in the same age range, (6). This is in contrast to the neighbouring
country of Swaziland, where the number of women aged 15 — 49 years acquiring HIV has declined by

13% between 2009 and 2015(4).

2.1.1 The impact of HIV infection during pregnancy

The prevalence of HIV amongst pregnant women in sub-Saharan Africa (SSA) has been reported to
be one in 3 women, with the highest incidence recorded in Swaziland, where 39% of pregnant
women are HIV infected (7). However, though a recent anonymous antenatal survey indicated a static
sero-prevalence of 29.7% in South Africa (SA) for the last 5-6 years, some provinces such as Kwa
Zulu- Natal, with almost 40% of antenatal attendees being HIV positive, are the highest in the Sub-
Saharan region (8)

With the high rates of HIV in pregnancy and the increasing numbers of pregnancies in young women
in RCS, researchers have raised the question whether pregnancy accelerates the deterioration of the
HIV disease process, or on the other hand, does HIV infection adversely affect the course of
pregnancy. The latter explores the impact of HIV infection on maternal and perinatal outcomes.
Pregnancy is thought to have an adverse effect on HIV disease progression due to its systemic
suppression of cell-mediated immunity and may increase the susceptibility to or severity of infections
).

In answering the initial question, a systematic review in 1998 did not find evidence that pregnancy
enhances progression to an HIV-related iliness or a low CD4 cell count in the era of HAART, but
found a weak evidence that the odds of acquiring an AIDS-defining illness or death were higher
amongst HIV-infected pregnant than HIV infected non-pregnant women (10). After reviewing 7
prospective studies, the authors concluded that HIV seems to be associated with adverse maternal
outcomes, however, the association was weak, None of the end points examined reached the level of
statistical significance, namely, the odds ratios (OR) were 1.8 (with 95% confidence intervals [CI] =
0.99-3.3); 1.41 (95% CI =0.85-2.33); and 1.63 (95% CI =1.00-2.67) for the risk of death, HIV disease
progression, and progression to an AIDS-defining condition, respectively.

Recently, a local study showed that pregnancy does not accelerate the HIV disease process. In an
observational study of HIV-positive women initiating HAART in South Africa (SA), the authors
found that pregnancy was not associated with an increased hazard ratio of combined outcome of
AIDS or death over a substantial period of follow-up (11). This was despite the same authors showing
earlier, from the same database with 541 incident pregnancies over a 5 year period that “the incident
pregnancy after HAART initiation was associated with modest increases in both relative and absolute

risks of virological failure”. From their data, pregnancy was associated with a 1.34 hazard ratio (HR)
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for virological failure, with the total effect of incident pregnancy on a 5 year risk being 6% increase
for virological failure (12). This apparent conflict in results led them to further argue that rather than
pregnancy having a protective effect against death, most studies point towards the null effect of
pregnancy on the clinical response to HAART, simply implying that pregnancy does not increase
overall risk of death in their study population within a South African setting.

The latest systematic review of the literature on the association between pregnancy and HIV infection,
found no evidence that pregnancy is associated with accelerated progression to HIV related illness,
AIDS-defining illness or all-cause mortality, although there was some evidence for acceleration to a
fall in CD4 cell count and HIV-related death (13). These findings were reiterated when limiting the
review to studies from settings where HAART was available, however, in settings where ART was
not available, the authors reported that the studies “were too few to draw meaningful conclusions”,
but were consistent with the notion that pregnancy increases the risk of progression to HIV/AIDS-
defining illnesses and HIV-related or all-cause mortality.

With regards to the impact of HIV on pregnancy outcomes, earlier studies showed an association
between advanced HIV disease and increased risk of miscarriages (14), and low birth weight (LBW)
and small for gestational age (15), however, the evidence with regards to association to preterm
deliveries (PTD) was conflicting (16). Another study demonstrated a significant increase in the
incidence of intra-uterine growth restriction, pre-term birth and delivery by caesarean section among
HIV- untreated women who had only received intrapartum prophylaxis with a single dose of
nevirapine during labour compared to women who had HAART from early pregnancy (17), similar to
what other authors also found, (18). Another systematic review of 31 studies concluded that it seems
maternal HIV infection is associated with an increase in the risk of infant death in developing
countries. The risk of all (but one) of the end points examined were significantly elevated, including
spontaneous abortion, stillbirths, intra-uterine growth restriction, low birth weight and preterm
delivery (19).

2.1.2 Direct effects of HIV - Infectious morbidity:

HIV infection is a leading cause of maternal morbidity, and a leading but indirect cause of maternal
mortality. Around 25% of pregnancy-related deaths in sub-Saharan Aftica are attributable to HIV (20,
21)). Several studies from RCS before the widespread use of HAART, indicated significant maternal
morbidity associated with the HIV disease (22, 23). The morbidity arises mainly from opportunistic
co-infections which are co-incidental to pregnancy and have been termed non-pregnancy related
infections (NPRI). Pregnancy related infections include chorio-amnionitis, puerperal infections or any
infection along the genital tract following childbirth. There have been few reports on the risk of

intrauterine infections, or chorio-amnionitis, in untreated HIV infected women, and therefore it would



be difficult to judge the impact of HAART. In a study of 227 women not treated with HAART, Chi et
al. used membrane histology and cord blood interleukin-6 (IL-6) for diagnosis, and found rates of
acute and chronic chorio-amnionitis found to be as high as 53.7% and 28.3% respectively (24).
Chronic chorio-amnionitis was related to a high viral load (which may reflect the state of maternal
immune status), whilst acute chorio-amnionitis was related to the duration of labour as well as
ruptured membranes. Puerperal infections are amongst the leading causes of maternal deaths
according to reports from RCS (25). Earlier in the HIV epidemic, studies showed an increase in
postpartum endo-myometritis, as associated with risk of HIV seropositivity (26). In our local setting,
before the widespread use of HAART, a prospective study conducted amongst women followed
during labour and on 3 occasions in the puerperium, found no increased risk of postpartum infectious
morbidity in HIV infected women (n=241) who delivered vaginally, compared to non-infected
women (n=427), p=0.977 (27). The diagnosis was made on clinical grounds of presence of offensive
lochia or infected episiotomy in the presence of possible pyrexia or lower abdominal tenderness.
Amongst HIV infected women, there was a significant increased risk of postpartum endometritis in
women with CD 4 <200cells /mm’, as well as those with episiotomies. Another retrospective study,
with no use of HAART amongst their patients and a 15% cesarean delivery rate, found no definite
association between puerperal infection and HIV sero-positivity (t=96), compared to HIV uninfected
women (n=1856), crude OR=1.02 (95% CI1=0.13-7.68), (28). Several studies indicated increased risk
of postpartum infectious morbidity in the background of cesarean deliveries (22, 23). Even in the era
of HAART, recent evidence from high income countries such as the United States indicate that
infectious complications, as well as other surgically related problems remain higher among HIV-
infected women compared to HIV-uninfected women (26). In the latest Saving Mothers Report
(SMR) from South Africa, puerperal infections and infections following abortions are amongst the top
5 leading causes of maternal deaths, and accounted for 8% of maternal deaths. The latest report
indicated a decrease in the institutional maternal mortality rate (iMMR) due to pregnancy related
sepsis from 12.1 in 2002-2004 to 8.0 per 100,000 live births in 2011-2013 (25). Figure 1.

Non-pregnancy related infections (NPRI) associated with HIV are mainly chest related (particularly
tuberculosis and various forms of pneumonia) as well as meningitis. Tuberculosis (TB) is the leading
cause of deaths due to infection in women aged 15-44 years globally (30, 31). It remains the single
most common cause of maternal deaths from NPRI. In the latest South African report on maternal
deaths, 35% of which were due to NPRI, TB accounted for 26% of deaths in this category (25). TB is
said to be ten times more common in association with HIV, and a HIV infected individual has a 10%
risk of TB per year, compared to HIV uninfected person who has 10% risk in lifetime (32). It also
occurs more commonly amongst women than men, and particularly more in pregnant women than
non-pregnant. Unlike other opportunistic infections related to HIV, it can occur at any level of CD
cell counts (33). In a retrospective review of maternal deaths over a 2 year period, the authors found
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that non-obstetric causes, mostly infectious diseases, accounted for 58% (145/251) of the deaths. In
this cohort, HIV was a co-infection in 92% of TB related deaths, compared to 37% in those with
malaria (34). Another review of facility-based maternal deaths over a 5 year period occurring in a
tertiary hospital before the era of HAART, showed that 78% had HIV infection, (of the 76 /106 who
had recorded HIV status). Seventy percent of the deaths were HIV-related (41/59), mainly from TB
{n=21) and various forms of pneumonia (n=12).

Pneumocystis jiroveci pneumonia [(PJP), also formerly labelled pnuemocystis carinii (PCP)]
commonly complicates immunocompromised persons, however, it is said to increasingly cause
infection among immunocompetent persons, especially during pregnancy, where there may be
asymptomatic carriage of the organism. It is also important during pregnancy as it can be perinatally
transmitted (36). In the Saving Mothers report, PJP, together with other forms of pneumonia,
accounted for 29% of all causes in the NPRI category, occurring almost exclusively amongst HIV

infected women (25).

2.1.3 Associations of HIV infection with pregnancy related disorders:

The impact of HIV infection on non-infectious conditions in pregnancy remains controversial. In the
latest SMR (2011 —2013) from SA, women who were HIV infected had higher institutional maternal
mortality ratios (iMMR) for conditions such as obstetric haemorrhage, hypertensive disorders of
pregnancy, as well as non-infectious medical conditions, e.g. cardiac disease. Whereas it is
understandably high (273 compared to 6.6/100 thousand births in HIV infected versus uninfected), for
pregnancy related sepsis, which is dependent on maternal immune status, it was disproportionately
higher for non- infectious conditions (25) — Table 1.
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Table 1: institutional Maternal Mortality Ratio amongst HIV infected and uninfected - adapted
from the Saving Mothers Report [2011 - 2013] (22)

HIV infected HIV uninfected | P value /OR (95% CI)
Non Pregnancy 27.3 6.6 <0.0001 /
Related Infections 23.35(10.65 — 54.01)
Pregnancy related 242 4.1 0.0001/
sepsis 6.00 (2.09-17.23)
Medical and surgical | 24.2 11.5 0.044
disorders 2(1.01-3.98)
Obstetric haemorrhage | 38.4 17.2 0.004 /

2.28(1.24-424)

Hypertensive disorders | 27.4 18.8 0.232/
of pregnancy 1.43 (0.76 - 2.7)
Anaesthetic 4.8 4.1 0.548 /
complications 0.67 (0.16 — 2.96)

iIMMR = XX/100,000 Live Births

2.1.3.1. H1V and Obstetric haemorrhage:
There is emerging evidence linking the increased risk of haemorrhage in HIV infected pregnant
women {37). A large multicentre study in SA showed an increased risk of transfusions with blood
products amongst HIV infected pregnant women compared to those who are uninfected, (3.7%
compared to 2.4%) patients; adjusted OR: 1.52; 95% CI, 1.14-2.03), (38). The possible association
between HIV and obstetric haemorrhage is difficult to comprehend. In the adult population, HIV is
known to be pro-thrombotic and may be associated with cerebrovascular accidents (39). Similarly,
pregnancy is also a pro-thrombotic state, with pregnant and postpartum women known to be at risk of
deep vein thrombosis compared to the non-pregnancy state. However, HIV has also been shown to
affect the haemostatic factors by causing hyperfibrinogenaemia, low prothrombin time and prolonged
activated partial thromboplastin time (40). Additionally, HIV is also associated with both anaemia and
thrombocytopenia (41). Whilst there is a direct effect on haemostasis with the latter, anaemia has also
been cited as a risk factor for obstetric haemorrhage (42). However, a local study did not demonstrate
an increased risk of HIV related thrombocytopenia (TCP) amongst HIV infected pregnant women,
compared to those who are not pregnant. In that study, the pathogenesis of TCP was thought to be
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gestational, with isolated cases which could be attributed to HIV infection (43). Without any
significant changes in infrastructure or the clinical skills, the recent SMR recorded an increasing
number of maternal deaths nationally due to postpartum haemorrhage, occurring mainly at or after a
caesarean section. Therefore inherent patient factors have to be explored. Further studies are needed
to examine this possible association between HIV infection and also the effects of HAART, on
haemostatic mechanisms in pregnancy. With this background, a local study determined to explore this
association, and found an increased risk of postpartum (p=0.007) but not antepartum haemorrhage
(p=0.596), (44).

2.1.3.2 HIV and Preeclampsia
Preeclampsia is thought to be a multifactorial disease and is believed to result from loss of immune
tolerance to the fetal antigens, which results in impaired placentation and subsequently an enhanced
maternal systemic inflammatory response (45) Therefore a situation in which there is prevailing
immune deficiency such as HIV and especially AIDS, would render a pregnant woman less likely to
mount the required exaggerated immune response seen in preeclampsia. Data regarding a possible
relationship between HIV and hypertensive disorders of pregnancy (especially preeclampsia) has been
conflicting. Wimalasundera et al. (46) were the first to report a lower incidence of preeclampsia
amongst untreated HIV infected women, and since then a number of other studies with similar
findings followed (47,48). A prospective study of 126 HIV infected and 140 HIV uninfected women
matched for age and parity, found a lower incidence of preeclampsia (2.38% versus 10%, p=0.011).
Similarly, in a retrospective study, Mattar et al., found a lower incidence of preeclampsia amongst 123
HIV infected (0.8%) compared to 10.6% amongst the 1708 HIV uninfected women, (p=0.012).
Despite these studies confirming this possible reduction in preeclampsia among women with HIV,
and this effect being reversed in women receiving antiretroviral therapy (ART), other researchers
have found no difference. A study from Brazil investigated a group of HIV infected women (n=1513)
and found rates of hypertension and preeclampsia to be comparable to that of a historical normal
population (49). However, they found that the use of HAART at the time of conception was a risk
factor for the development of preeclampsia/eclampsia syndrome. In another retrospective matched
cohort of 91 HIV infected women on HAART, after adjusting for confounding factors, the rate of
preeclampsia was comparable to women who were HIV uninfected, (3.3% versus 5.1%, with adjusted
OR=0.59 (95% CI=0.11 - 3.08) (50). A large local prospective study (n=2600) looking at both low
risk general obstetric population and referred high risk patients, with a background HIV
seroprevalence of 27.1% found that the incidence of preeclampsia-eclampsia syndrome was not
different according to HIV status (5.7% amongst the HIV infected compared to 5.2% in the
uninfected, p=0.61). (51).

A recent systematic review of the literature and a meta-analysis of studies found no real association
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between HIV with pregnancy induced hypertension, (relative risk [(RR] =1.26, 95% CI=0.87-1.83),
pre-eclampsia (RR=1.01; 95% CI=0.87- 1.18) or eclampsia (RR=1.62, 95% CI=0.14-18.68), (52). The
authors found that there was a high risk of bias within studies, with some studies compared women on
HAART with those not on HAART, whilst others the control group was HIV uninfected women.
However, an earlier meta- analysis did find an association between HIV and PIH, but not pre-
eclampsia /eclampsia (20).

2.1.4. HAART as a solution (- evolving patterns of introduction and implementation in pregnancy)
The guidelines for the treatment of HIV infection during pregnancy have changed rapidly in recent
years due to the increasing knowledge of HIV pathogenesis, the availability of new drugs and better
understanding of drug safety during pregnancy. This has influenced the choice.of the first-line
combination therapies and the best timing for HAART initiation.

The use of HAART during pregnancy is 2 pronged, firstly to prevent vertical transmission, and
secondly, to improve maternal health. Access to HAART for pregnant women living in SSA has
increased substantially over the past decade, from 6% in 2008 to over 50% in 2015 (53). The earlier
studies focused more on PMTCT, with viral load as a greatest risk to vertical transmission (54). It
made sense therefore to aim for viral suppression, through the use of antiretroviral drugs. This could
be achieved through the use of a single agent administered during labour, demonstrating a reduction
from the perceived risk of 35% to below 14% (55). The use of zidovudine (ZDV) during the better
part of pregnancy was shown to reduce the risk of mother to child transmission (MTCT) to <5% (56),
with a simplified regimen, However, these regimens were not sufficient to improve maternal
outcomes. As already mentioned, the greatest determinant of MTCT was high viral load and poor
maternal clinical condition (54). The latter could only be improved by HAART.

Whilst in many high income countries it was easy to avail HAART for all pregnant women, not only
to minimize rates of PMTCT, but also to improve maternal health, this was not so in many RCS.
Consequently, the World Health Organization, (WHO) developed different guidelines based mainly
on country resources and willingness to address the problem (57) - Table 2.

With this rapidly evolving evidence and practice changes with the use of HAART, it has been difficult
to track the effects or impact of different drug combinations, and the duration of exposure on maternal
outcomes, as well as obstetric conditions, which were expected to be improved. Despite the rapid
changes made to guidelines, the different set of cut-offs also posed a challenge to health workers and
infrastructure. Consequently, there has been a lag in implementation of current guidelines, with many
women who could have qualified for HAART often receiving only prophylaxis treatment for PMTCT.
A local study found that 48% of the antenatal population (with a background HIV sero-prevalence of
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39%) were eligible to receive HAART using the CD4 cut-off of <200 cells/mm? (based on local
guidelines at the time of the study, and would have been 71% if using <350 cells/mm® cell count as a
cut off), however, only 29% were initiated (58). Another study also had similar findings, of missed
opportunities, which translated into poor maternal outcomes (59). Indeed, of the maternal deaths due
to NRPI, the SMR indicates that 48% the HIV related deaths were avoidable because health care
providers did not initiate ARV according to the gnidelines. (25). In that report, the majority of the
women who died of NPRI were HIV infected (90%), and a significant proportion of those with AIDS
did not receive HAART (30.1%)), essential for their own health, Amongst missed opportunities
impeding smooth implementation and of HAART were the “patient factors”, where pregnant to
women themselves presented late for care, or defaulted prescribed schedules, and consequently

interrupted their treatment, with dire implications for their health.

2.1.4.1 The impact of HAART on maternal outcomes:

Whilst it has been easy to track the impact of HAART on vertical transmission, its impact on other
pregnancy outcomes (apart from perinatal outcomes) has not been matched with a similar enthusiasm.
Despite numerous reports on effects of untreated HIV on maternal morbidity and mortality, very few
reports have tracked improvements in maternal health outcomes in the era of HAART. The majority
of reports have focussed on the effects of HAART on perinatal outcomes, a few on direct obstetric

conditions or other conditions occurring during pregnancy.

There has been inconsistencies with regards to the beneficial effects of HAART, as studies have
indicated HIV as the leading cause of maternal deaths, both before the administration of HAART, as
well as during the HAART era. The recent systematic review addressing the contribution of HIV to
pregnancy related deaths, found no difference in the pooled relative risk of mortality amongst HIV-
infected pregnant or postpartum women in studies done during a time when ART was available
compared with studies done in an era in which ART was not available (21). However, recent reports
now show significantly improved clinical outcomes for HIV infected pregnant women, primarily
because of reductions in deaths attributable to AIDS-related conditions. The latest SMR indicated that
the most significant reduction in deaths was amongst the category of non-pregnancy related infections
(NRPYI). The significant reduction was evident in the 2011-2013 triennial report, following on
HAART being accessed by a larger proportion of HIV infected women (with CD 4 counts of <350
cells /mm’ compared to <200 cells /mm’ previously) (25). Figure 1.

A closer look at the deaths in this category of NRPI show that 90% were of women who were HIV
positive, and a large proportion of these (55%) were on HAART. Chest infections, including TB, PCP

and other forms of pneumonia, accounted for 61% of these deaths. Amongst women who were AIDS
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and accessing HAART, the prevalence of TB as a direct cause of death (p=0.526), was comparable to
those who were AIDS but not yet on HAART. This was in contrast to HAART having a protective
effect on development of all other pneumonia: P=0.004 (OR = 0.59 — 95% CI=0.41 — 0.87).
However, in women with pregnancy related sepsis, a significant proportion were on HAART, much
more than those with untreated AIDS (30% compared to 13%). As mentioned, in many instances,
there is a significant patient factor contributing to the morbidity and mortality, due to delay in
accessing health. Despite this, using data from the same report, an overall 25 % reduction in maternal
deaths in SA during the HAART era was demonstrated, (2). An observational study conducted in
both Mozambique and Malawi found a 13-fold overall reduction in the maternal mortality ratio
(MMR) amongst HIV-infected women receiving antiretroviral treatment for PMTCT (60).
Furthermore, the MMR showed a dose— response effect, with the lowest MMR among those women
who received ART for more than 90 days. However, the study did not compare the MMR for HIV-

infected women with those who were uninfected and therefore it is not known if the risk was reduced

at the general population level.

Figure 1: Impact of HAART on institutional maternal mortality (iMMR): (Adapted from

Saving Mothers Report, 2011-2013)
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2.1.4.2 HAART and perinatal outcomes

The effects of HAART on the fetus and pregnancy outcomes remain uncertain. There has been
increasing documentation of adverse outcomes particularly preterm deliveries and low birth weight
infants associated with the use of HAART. However, this needs to be interpreted in the background of
HIV as a possible risk factor, without the administration of HAART (as discussed previously). Many
European studies have reported an association between protease inhibitor-based HAART and preterm
birth (61,62), while the majority of North American studies have shown no such association (62,63).
A local study found that in utero exposure to HAART was not associated with preterm birth (PTB).
However, they found an association with nevirapine (NVP) and efavirenz (EFV) with increased risk
of PTB, but not a protease-inhibitor (PI) based regimen (65). In yet another local study (66),
comparing 76 mothers (31%) who started ART pre-conception with 169 mothers (69%) who started
ART after the first trimester, there were no significant differences in the rates of preterm delivery and
low birth weight (LBW) between the pre- and post-conception groups (21% v. 24% and 21% v. 25%,
respectively).

The most recent, large observational study in a resource constrained region {Tanzania), observed that
HAART initiated during or before pregnancy was associated with adverse pregnancy outcomes
compared to ZDV monotherapy (67). The results remained the same even after they controlled for the
level of CD 4 counts and excluded a small proportion of women who had used protease inhibitor-
based (PI-based) regimen. They also found an increased risk of PTB with EFV as previously shown
by others (65).

An earlier meta- analysis did not find an association between HAART and risk of PTB, however, the
use of combination regimens before or early in pregnancy were found to slightly increase the risk of
prematurity (68). However, the latest systematic review reiterated that the type of HAART (especially
PI-based therapy) and timing of initiation are responsible for the adverse perinatal outcomes observed
in the meta-analysis (69). The use of HAART before pregnancy has consistently being found to be
associated with preterm delivery.

This the recent evidence points towards increased risk of PTD with the use of HAART, especially
when used before pregnancy, and this may be related to the choice of drugs, eg protease inhibitors.
Despite this, another recent and local study found that the use of HAART during pregnancy may have
a protective effect on the rates of low birth weight (LBW) and preterm birth (70).

Several mechanisms have been put forward to explain these possible adverse perinatal outcomes
associated with HAART in pregnancy. It maybe that HAART induces immune restitution which
results in heightened fetal recognition by the maternal system. Alternatively, HAART especially PI-
based or that initiated before pregnancy modulates placental progesterone production, and predisposes
to placental insufficiency and preterm delivery (71,72). Additionally, the cytokine milieu of
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pregnancy may be altered with the use of HAART. It is been suggested that the predominance of the
TH2 cytokines favor a successful pregnancy, a similar picture which is seen in advanced HIV disease.
Thus HAART would work to reverse this and create a predominantly pro-inflammatory environment,

which may affect pregnancy adversely.

2.1.4.3 Antiretroviral drug safety in pregnancy:

Most antiretroviral drugs were introduced in pregnancy without much safety trials. Certain drugs were
found favourable for use in pregnancy. Zidovudine (ZDV) is the only antiretroviral drug to have had
the longest use in pregnant women and continues to be used on its own (with additional single dose
nevirapine during labour), or as part of the 3 drug HAART regimen. Studies have linked zidovudine
(ZDV) use with mitochondrial toxicity leading to myopathy, even in exposed infants (73). It is
thought that ZDV harms the mitochondria via impairment of the mitochondrial DNA (mtDNA), and
by acquiring mtDNA point mutations, or alternatively it induces oxidative stress and inhibition of
mitochondrial biogenic machinery (73). Additionally, it is the same toxicity on the mitochondrium
which leads to the anemia associated with the use of the drug. Stavudine has been associated with
lactic acidosis however, a study of treatment-naive women initiating stavudine-containing regimens
during pregnancy, found few adverse reactions (74); however the follow up period was short, (. an

average of 10.4 weeks)

Nevirapine (NVP) gained popularity due to its ease of administration for PMTCT purposes, where a
single administration during labor was shown to reduce vertical transmission by almost 50% (55). It
binds to an enzyme rather than DNA, and is therefore known as non-competitive non-nucleoside
reverse transcriptase inhibitor. Its use as a single administration, resulted in significant viral resistance
(75) which prompted a change in guidelines and hence the administration of additional 2 drug cover
in the postpartum period (76) — Table 2. Once introduced as part of a 3 drug regimen, its use also led
to much safety concerns, where reports of increased skin reactions the worst forms being Steven
Johnsons’ syndrome), as well as cases of fatal hepatotoxicity (77). It has been reported that
commencing NVP in ART-naive pregnant women with CD4 counts >250 cells/ul significantly
increased the odds of toxicity (78). The latter usually manifests within a few weeks following
initiation of the drug. First trimester exposure to efavirenz (EFV) was associated with possible
development of central nervous system congenital anomalies (79), however, a systematic review of 23
studies, half of which reported birth outcomes of women exposed to EFV compared to non-efavirenz-
containing regimens in the first trimester of pregnancy, found no difference in overall risk of
congenital anomalies between the two groups (RR=0.78, 95% CI 0.56-1.08) (80).

18



6T

13A0D 1B GAN 4O}
{epeans} suigeydiws pue 4y jo uoppe -
SHIOM T WOLY payIeIs AQZ ‘0SE> 01 pasea.ou

ANlqISII LHYVH Joj pjoysaiyl v @) — 0T0Z

SIUNOY 7 QD Y81y Yum asoy) 1oy uauiSal 151 Nd
PUE ‘UdLIOM BqISII3 ||e JOj 1HYYH LIBIS 0} §I Y —
g pue y suondo —

0Tz u pajuawajdw/ adlape pides - 0107 / 6007

(zL129)
dAN 350p 3)3u|s pasn
Asnoiaaad oym uswom u; duelsisal

[es1A pasealdul Supjealpul — jeLl 1NIVS

IIMEZ WUy pasnposul AQZ — dn 3jeds — 500z

(Anoge| ui ps- 0Oz aroqe asoyl) OOZ>SIUNOD ¢ a
YUM UsWom Joj paonpodiul 1YYVH — (Iudy) 800z

(ose>
§1Unod p g (Uswom 3jqISa (1. 10y 1HYVH — 800

(v£ J94) s339m gz wouy AQZ / 00Z> 40} LYVVH
— sauljaping 900t

(€S 394) (vOOZ ‘R 12
Juewsj|e7) -dAN ps pue AQZ |eleuajue
YHM %19 01 1D1INd JO Uoidnpay

apImMAIIUNGI dAN PS JO UOIRINPOJUY
uanbasgns

Yum (#00z |udy pauawsidwi) ‘saunaping 00z

sany|1oey
lle 01 131IAd IO [|0J 0 JUWLISA0S

Y3 palapJo SLN02 S 3y ) - €00T

(dAN Ps) dAN @sop aj8uls uo weiSoud 10)1d - TO0Z

saulap|nd 1002

(zs
131 '666T ‘|e 12 Aens) 9%/ Jo uondNpal
1J1INd wnyedesyuy smoys z10 LINAIH

sauljapind ueslyy ynos

SaUlapINg OHM

sauljapind uj adueyd

ul Buynsaa uonewoyu) Juepodwg

UWOM JUBUZII 10§ JUSTIRAL) [RAACIIINUE DUE [ LINJ Y3 JO JUIMIA[OAT T Iqey,




114

OHM jo +4g uondo - s3unoa ¢ @2 Jo ssa|pieSal

8uojay)| anunRuod 01 uswom Jueusaid ile—=s10?

fus/9T0Z-Me/miefqnd/ayuroym mmm//:dny
- AIH 40} sixejAydoad aunsodxe-aid uo pue
Adeuayy [eainoulaipue JRlS 03 UBYM UO aul[apIno,

(ST0Z) (OHM) uonesiueSiQ yijesH ppom

0S€> 41 Buojay) anuiued 3] — OHM JO g uondo —
Q4 uo papnels uawom Jueusaid e — {AInr) ¥10Z

duipeayisealq 1sod Jo wnuedisod dois 0y
0SE< - ustuom Jueusaud |je Joj (DQ4) uopeuIgwod

950p paxy unpoJul saulPping mau (judy) €10z

( 0T0Z-8007 10 HINS WOl suondeal

8nup assaApe jo Hodaa paseasouj uo Buimojjod)

zuadiaey3 Aq padejdal gaN ~ (iudy) ZT0Z

8uojayi anunuoa

pue 7 @D Jo ssa|psedas AsueuBaud uj Jels 0} - +g
005< 7 QD JI Buipaspisealq 1sod / winuedisod
dois pue AsueuBaud ug Ajuo pels 03 ‘a7

- § uawom jJueudaud Joy suondo JYYVYH - 2102

0S€< ¥ 0D 40J 10U AN 4«

paonpoJjul +g uoildo,

Aoueudaud
ul Zuallaey3- - alepdn |eduyda) 7102
sau|aping Z10Z

JLE/AQZ YUm 19A03 |1E) dAN

Y2y Ajjeuduio asam & a3 41 usym
dojs pue u3WOM |e 10} |YYVYH UeIS—g -




1.3 Research Questions and /or objectives
1.3.1 To establish the morbidity amongst HIV infected women receiving HAART

compared to HIV uninfected — (Q= are the maternal and obstetric conditions amongst
HIV infected women receiving HAART similar to HIV uninfected women?

1.3.2  To explore a possible difference in pregnancy outcomes of women who accessed
HAART before pregnancy (pre-pregnancy HAART) compared to those who initiated
during pregnancy (intra-pregnancy HAART)

1.3.3  To examine the effect of HAART on obstetric conditions leading to direct maternal
deaths

1.3.4  To determine the possible differences in inflammatory markers amongst women who
had pre-pregnancy HAART and those with intra-pregnancy HAART at different
gestations
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Title of Manuscript:

HIV associated obstetric complications — examining the effect of HAART

Abstract:
HIV is the leading cause of maternal deaths in resource poor countries. The use of HAART has been

shown to almost eliminate vertical transmission, as well as improve general maternal health outcomes.
Its effect on direct obstetric conditions has not been well documented.

Methods:

We conducted a retrospective audit of records of women who delivered at a regional hospital in the
period April 2011 — April 2014. We employed a stratified random selection, where the first 50 files
for each calendar month were chosen, at a ratio of one HIV uninfected for every 4 infected women.
Results:

We analyzed 1461 files, made up of 302 HIV uninfected, and 1159 HIV infected. HIV infected
wormen were further analyzed according to the use of highly active antiretroviral treatment (HAART),
namely, those who used zidovudine, n=424; those who initiated HAART pre-pregnancy, n=312; and
those who initiated in-pregnancy HAART, n=423.

We found that the use of pre-pregnancy HAART reduced the risk of anemia in women at baseline,
and around the time of delivery (P=0.008 and 0.041 respectively), and postpartum complications
(P=0.023) compared to women not receiving HAART. Despite HAART, HIV infected women were at
increased risk of both respiratory and sexually transmitted infections, (P=0.009 and 0.001
respectively), compared to HIV uninfected women. The women receiving HAART had an increased
risk of preterm births (P=0.004) and poor perinatal outcomes (P=0.002). In addition there was a trend
towards an increased risk of preeclampsia (P=0.064).

Conclusion:

The initiation of HAART prior to pregnancy and its continuation throughout pregnancy reduces the
prevalence of anemia and the frequency of postpartum complications. However, compared to HIV
positive pregnant women who did not receive HAART, HAART before pregnancy results in poor
perinatal outcomes and may also increase the risk of preeclampsia, and remain at risk of infectious
morbidity compared to the HIV uninfected women

Keywords: Maternal / Obstetric / Qutcomes / HAART
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Introduction
HIV related complications are the leading cause of maternal mortality in resource poor countries 2. In

a review of maternal deaths in Botswana, Ray et al., found that 64% (n=36) of 56 deaths were HIV
infected, and that 59% had died of HIV related causes. The initial reports of the national committee on
confidential enquiries into maternal deaths (NCCEMD) in South Africa (SA), indicated that HIV
accounts for 40.5% of maternal deaths, mostly secondary to TB®. Furthermore, in a study of the
maternal deaths occurring in a regional hospital in Durban, SA, Ramogale et al., found the 3 leading
causes amongst HIV infected women to be puerperal sepsis, pneumonia and TB* Many studies have
reported a high prevalence of anemia in HIV infected women®$, and found this to be a significant
contributory factor in 57.6% of HIV related deaths!.

Prior to the introduction of highly active antiretroviral treatment (HAART) for immuno-compromised
pregnant women in SA, the national data on institutional maternal deaths showed a worsening trend in
the 3 triennial periods spanning 2002 to 2010 from 55 to 66.2 and 71.3 per 100 thousand live births'?.
However, with most women now accessing HAART during pregnancy since 2010 (55% of HIV
infected women compared to 36% in previous triennium), there was a 12.6% overall reduction in
maternal deaths, and notably, a 25% reduction in deaths due to non-pregnancy related infections
(NRPI), including AIDS!.

Thus the use of HAART in pregnancy has been hailed as one of the most effective interventions that
has led to the reduction in maternal deaths in resource limited countries. However, it is possible that
both direct and indirect effects of HAART on other pregnancy related co-morbidities may begin to
emerge. The initial use of Nevirapine (NVP) as part of the 3 drug regimen used in HAART for
pregnant women was accompanied by increasing reports of significant morbidity and mortality due to
the direct side effects of the drug. The increased incidence of hepatic complications, some of which
resulted in fatal hepatotoxicity were amongst the worst side effects associated with use of NVP”. An
earlier study found that the use of NVP at higher CD 4 counts was associated with higher risk of
hepatotoxicity®. Other direct side effects during pregnancy from antiretroviral drugs have been anemia

mainly from zidovudine, and lactic acidosis associated with stavudine’.

Even though the data shows improved maternal mortality rates as a result of HAART, treated women
may still die from the disease. The latest NCCEMD report showed that 54.7% of the HIV infected
women who died, were receiving HAART!. Additionally, the institutional maternal mortality ratio
iMMR) for HIV infected women remains high. Chweneyagae et al., reported higher iMMR in HIV
infected compared to uninfected women, for both obstetric hemorrhage (OH) and hypertensive
disorders of pregnancy (HDP), (38.4 compared to 17.2 and 27.4 compared to 18.8 / 100,000 live
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births, respectively)’. Deaths due to these 2 conditions, which are direct causes of maternal mortality,
are still higher in women accessing HAART than those not accessing HAART®,

With many reports indicating worse outcomes for HIV infected untreated women, the literature on the
use of HAART has not been matched with an equal enthusiasm in reporting expected improved
outcomes. There are a limited number of publications which have tracked the improvement in
maternal outcomes with the use of HAART'Y. In addition these reports focus on perinatal outcomes!!
and not on the effect of HIV or its treatment on direct obstetric complications such as preeclampsia,
obstetric hemorrhage and gestational diabetes.

Therefore the aim of this audit was to determine maternal and obstetric complications in women

receiving HAART, initiated before or during pregnancy in a RCS.

Methods:
This was a retrospective data analysis of records of HIV infected and uninfected women delivering at

a regional hospital, over a 3 year period, (April 2011 to April 2014). We used a stratified random
sampling method where for each month for the stipulated study period we identified the first 50
patients who were recorded in the delivery book (i.e. 40 HIV infected and 10 HIV uninfected). Of the
1800 patients identified, we were only able to retrieve 1474 case records (due to missing files and
incomplete data).

During the stipulated study period, the drug regimen for pregnant women infected with HIV was
HAART if CD 4 cell counts were <350cells/mm?, otherwise antenatal women would receive a twice
daily dose of zidovudine and a single dose of NVP in labour (termed dual therapy). In the period of
April 2011 — April 2012, HAART for women with CD 4 cell counts <350 cells/mm? included NVP,
whereas NVP was subsequently replaced by EFV from April 2012, to April 2013). From the year
2013 onwards, all women, regardless of CD 4 cell counts received fixed dose combination (FDC),
made up of EFV, tenofovir and emtricitabine.

Definitions:
Outcomes were grouped as follows:
© Anemia was graded according to WHO classification of mild (10-10.9g/dl), moderate (7-
9.9g/dl) and severe (4-6.9g/dl), and very severe anemia <4g/dl).
o Thrombocytopenia was defined as a platelet count <150 cells/microliter
o Preterm birth was defined as birth before 37 weeks, and early preterm delivery included
all births below 34 weeks gestational age.
o Hypertensive diseases of pregnancy included all cases of gestational hypertension,
preeclampsia, eclampsia and the HELLP syndrome (haemolysis, elevated liver enzymes
and low platelets).

32



o Antepartum hemorrhage included all cases recorded as antepartum hemorrhage,
placenta previa and placental abruption

© Sexually transmitted infections included all cases recorded as abnormal vaginal
discharges, vaginal warts, Bartholin’ s abscess

o Respiratory tract infections included all cases recorded as pneumonia (all forms), chest
infection, upper and lower respiratory tract infection and pulmonary tuberculosis (TB)

o Urinary tract infections (UTI) included all cases recorded as UTI, cystitis, pyelonephritis.

o “Other medical” conditions included all other cases — meningitis, epilepsy, asthma,
diabetes mellitus, renal impairment, liver abnormalities (not related to preeclampsia), etc.

© “Other obstetric” conditions included all other complications in pregnancy such as
chorioamnionitis, twin gestations, etc.

o Postpartum complications included postpartum hemorrhage, puerperal sepsis, lower
genital tract tears, retained placenta, etc.

Statistical considerations and data analysis:

For both binary and continuous endpoints, an anticipated sample size of ~960 was required to
achieve a 80% power, in order to detect a small effect size (W) of 0.11 for a category outcome
(stillbirth or post-partum bleeding) by regimen using a 1 degree of freedom Chi-Square Test with a
significance level (alpha) of 0.05 or 5%. This would require 240 HIV uninfected patients. Data was
entered on an excel spreadsheet, and exported into SPSS for statistical analysis.

Continuous variables were summarized using mean and standard deviation. Categorical data is
represented using frequency tables. One way analysis of variance (ANOVA) was used to identify
significant differences in continuous explanatory variables (gestational age and birth weight) across
the 4 regimen groups. Where the data was not normal, then the non-parametric equivalent of the
ANOVA was used. Categorical explanatory variables was cross tabulated against group and
significant association will be identified using the standard Pearson’s chi-square (2) test. Statistical

significance was assessed at p<0.05.

The study was approved by the Biomedical Research Ethics Committee of the University of KwaZulu
Natal (BE: 510/14).

Results:
1461 case files with complete data was analyzed - 1159 infected and 302 HIV uninfected. Of the HIV

infected women, 424 received “dual therapy” during pregnancy (i.e. antenatal, twice daily 300mg of
Zidovudine and a single dose of 200mg NVP during labour). The remainder, i.e. 735 received
HAART - 423 initiated during pregnancy (termed in-pregnancy HAART group [IPH], and 312
initiated before the index pregnancy, termed pre-pregnancy HAART group, {PPH]).
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The demographic profile of the women was significantly different, with HIV infected women, older
than uninfected women (mean =28.2years, standard deviation [SD] =5.7, compared to 24.4 years,
SD=6.33, P=0.001), Table 1.

HIV infected women also had higher parity than uninfected women, mean 1.5; SD=1.1 compared to
0.9, SD=1.2, P<0.0001. Amongst HIV infected women, the PPH group was also significantly older
and also had higher parity than those falling pregnant on no treatment, Table 2.

Notably, at baseline, HIV infected women were more likely to have mild anemia than HIV
uninfected, P=0.0001, and this was evident when comparing only HIV treated with uninfected,
P=0.005. Amongst the HIV groups, anemia was more prevalent in those not receiving HAART
compared to those receiving HAART, 33% compared to 25.5%, P=0.007. Of note is that amongst
HIV infected, the women who received dual therapy had higher prevalence rates of anemia than
those who received HAART, either pre-pregnancy or during pregnancy. The same pattern was
maintained at or around the time of delivery, with patients receiving dual therapy having more
anemia compared to those with HAART or compared to HIV uninfected. Delivery occurred at a
median of 15 weeks from the time of booking. There was no difference in the prevalence of
thrombocytopenia when comparing HIV uninfected and infected, or the latter according to treatment
groups, P=0.885 and 0.106 respectively)

Other maternal conditions:

Sexually transmitted infections (STI) occurred more frequently amongst HIV infected compared to
uninfected women (odds ratio [OR] =1.88, 95% confidence intervals [CI] =1.26-2.82, P=0.001) and in
addition were more prevalent in women who had been on HAART prior to pregnancy (OR=1.61, 95%
CI=0.99-2.63, P=0.042), compared to HIV uninfected. However, the HIV treatment groups were
similar, P=0.826.

Respiratory tract infections (RTI) were significantly higher amongst HIV infected women compared
to uninfected, 3.45% compared to 0.66%, P=0.009 and even higher when looking at the PPH group of
HIV infected compared to uninfected women, 4.5% versus 0.66%, P=0.0001. In a univariate analysis,
controlling for HIV status, RTI’s remained significantly more prevalent in women who initiated
HAART pre-pregnancy, P=0.0006. Amongst the RTI cases (n=42), 16 were confirmed cases of TB,
giving an incidence rate of 1.09%. These were mainly amongst HIV infected women, (with only one
case amongst HIV uninfected), most of whom were receiving HAART (11/15). Of the eleven
HAART receiving patients, 6 had initiated pre-pregnancy, with a median CD 4 cell count during
pregnancy of 226 cells/mm? (5-449), and the rest initiated HAART during pregnancy (median CD 4
cell counts of 122 cells/mm? (8-272). This difference in the level of CD 4 cell counts was not

statistically significant, p=0.425.
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The prevalence of other medical conditions (other than infectious, and including asthma, epilepsy,
diabetes mellitus etc.), were not statistically different according to HIV status, p=0.406.

Obstetric conditions:

Hypertensive disorders of pregnancy (HDP) including gestational hypertension, preeclampsia and
eclampsia were significantly lower amongst HIV infected women than the uninfected group, 15.5%
compared to 21.5%, (OR=0.67, 95% CI: 0.48-0.93; P=0.013). However, amongst the HIV treatment
groups, there was no difference in the prevalence of HDP, P=0.717 and 0.762. Compared to HIV
uninfected women, HIV treated (PPH and IPH) women were still at lowered risk for prevalence of
HDP, p=0.015. However, when comparing the HIV uninfected with HIV infected but not treated (dual
therapy group), the reduction in prevalence was no longer significant, (OR=0.7, 95% CI1=0.47-1.03,
P=0.059). Also, there was no difference when comparing the PPH group with dual therapy,

Though antepartum haemorrhage (APH) was lower amongst HIV infected women, this was not
statistically significant, (3.8% compared to 6.3% in those uninfected, (OR=0.59, 95%CI: 0.33-1.06,
P=0.057). HAART did not also make a significant difference in prevalence of antepartum
haemorrhage, amongst women with HIV infection.

Postpartum complications, including postpartum haemorrhage and puerperal sepsis, were significantly
higher in HIV infected women, P=0.007, particularly when not receiving HAART, P=0.023. Of the ¢
cases of postpartum haemorrhage, one was HIV uninfected, whilst all the 8 cases of puerperal sepsis

were amongst HIV infected women.

Perinatal outcomes:

The overall rate of preterm births (PTB) was 23%, being higher in HIV infected than uninfected, 25%
compared to 16.9%, P=0.003, including when comparing HIV treated and untreated separately with
HIV uninfected, P=0.0004 and 0.026 respectively. The same pattern persisted when looking at early
PTB below 34 gestational weeks, which was higher in HIV infected women, especially if receiving
HAART. Amongst the HIV treatment groups the rate of PTB was similar, (P=0.727), however, was
HAART before pregnancy, significantly increased the risk of very early PTB <34 gestational weeks,
P=0.002. The perinatal mortality rate (PNMR) was similar between HIV infected and uninfected,
p=0.942. However, amongst HIV infected, HAART use (before and during pregnancy) was associated
with a higher PNMR, P=0.010. In a sub-analysis of the HIV groups, pre-pregnancy HAART was
significantly associated with higher PNMR, (OR =3.25, 95%CI=1.38-8.04, P=0.002).

Caesarean section rates were similar amongst all groups examined.
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Discussion:

The high rates of anemia (53.8%) found in the study was of a mild nature, and in keeping with
findings of other local studies’. In a comparable setting and population, Nandlal et al. found higher
rates of anemia of 64.2% amongst HIV infected women at antenatal booking, which persisted or
developed in the postpartum period in 35 — 59% of patients®. The current study shows similar rates of
anemia in pre-pregnancy HAART treated HIV women, with HIV uninfected, with highest prevalence
amongst HIV infected women not receiving HAART. Adeniran et al. found a high prevalence of
anemia in women initiating HAART during pregnancy compared to those who accessed HAART
pre-pregnancy, 35.2% compared to 0.9%, P<0.01%. Treating HIV infection before pregnancy is an
added benefit to all women of reproductive age group, who are at risk of anemia from the HIV disease
itself. This problem can become compounded by the anemia of pregnancy, which as our data shows,
remained significantly higher at or around the time of delivery in women with untreated HIV.

HIV or HAART treatment made no difference on the prevalence of thrombocytopenia, and this was
expected as was shown in our previous data'?. In the current study, we also found no definite
differences in APH between HIV infected or uninfected. In our previous report, we found an
increased risk of postpartum but not antepartum hemorrhage in HIV infected women'®. However, a
meta-analysis by Calvert et al. showed a higher incidence of APH, (which was not related to placenta
abruptio or previa), but not postpartum hemorrhage'* .

The study found a lower prevalence of HDP in women infected with HIV, including those who
received HAART. This is in keeping with previous reports, which indicated what HIV infected
women have lower rates of preeclampsia'®. Though no significant differences existed amongst the
HIV treatment groups, when compared to the HIV uninfected, the risk of preeclampsia was still lower
in the HAART treated group, P=0.015, but not the untreated group, P=0.059. Earlier studies indicated
the increased risk of preeclampsia in women accessing HAART, but most of these had no HIV
uninfected controls!®!”. In our previous analysis (unpublished observations under publication
review'®) we showed that HIV infection, particularly immunosuppression, was significantly
associated with lowered prevalence of preeclampsia/eclampsia syndrome and that HAART seemed to
increase the risk. It is therefore not surprising that in this study, HDP was not significantly different
between HIV uninfected women and those women who were infected but not requiring HAART

(receiving dual therapy), P=0.059.

As expected, the current study further showed increased rates of infectious morbidity, particularly
RTI’s and STI’s amongst HIV infected compared to uninfected women. The former was higher
especially in women receiving HAART, even higher in those who initiated HAART prior to
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pregnancy. Since the median CD 4 cell counts of HAART treated women was generally good (median
of 226 cells/mm? for those who developed RTI and 390 cells/mm?® for those with STI’s), the
infectious morbidity was not matched for the level of immune-suppression. Rather, the infectious
morbidity was thought to be related to the immune reconstitution inflammatory syndrome (IRIS), an
entity known to affect individuals already receiving HAART. The prevalence of TB (1.1% of
maternities) in this cohort was higher than earlier reports of 0.1-0.6% of maternities in the same
institution in the pre-HAART era'®. This is of concern as this may reflect poor screening for TB in
HIV infected women, which may be unmasked as the immune system improves. More recently, Black
et al. found that 7.7% of women initiating HAART during pregnancy had TB?. Adult studies have
shown that initiation of HAART at very low CD4 counts may be associated with more morbidity and
even mortality*'. Of the 396 deaths from TB in the last NCCEMD report, 50.7% were receiving
HAART". Delayed detection of TB may result in increased morbidity and mortality despite the use of
isoniazid preventative therapy, and may eventually lead to isoniazid resistance.

We aiso found that STI’s during pregnancy were higher amongst HIV infected women, even those
who received HAART before pregnancy, and presumably immune restored. Moodley et al, in a
similar population, but using more sensitive screening methods, found a much higher prevalence of
32% of STI's during pregnancy?2. In the latter study, more than 50% of the infections were
asymptomatic, which may explain the lower rate in our study where diagnosis was made clinically.
The association between HIV and preterm births found in our study is in keeping with other reports,
which have indicated that this relationship is particularly associated with the use of pre-pregnancy
HAART". A recent local study however, did not find such associations, instead, they reported
improved perinatal outcomes in women accessing HAART?,

The current study is unique in that it focuses on overall general maternal conditions, occurring in
pregnant women receiving HAART. Whilst previous studies have concentrated mainly on perinatal
outcomes related to HAART use, there has not been many on the effect of HAART on direct obstetric
conditions, such as HDP and obstetric hemorrhage. Another strength of the study is the use of controls
matched for maternal and gestational age. Additionally, the impact of immune reconstitution in
women accessing HAART on the development of infectious complications as found in this study, has
not been reported before, and needs further research. Our attempts to further differentiate women
according to the antiretroviral drugs used, as well as whether HAART was initiated before or during
index pregnancy, is also an important aspect of this study.

Because of the retrospective nature of the study, we acknowledge the inherent Limitation of available
information that has not been specifically related to the study objectives. However, all efforts were
made to ensure the captured study data informs the objectives. Secondly most of the conditions
reported in the study are as in the records, and therefore standardization of diagnostic methods and

definitions was not possible.
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Conclusion:
Pre-pregnancy use of HAART improved maternal outcomes such as anemia and postpartum

complications, however, it is associated with increased risk of preeclampsia, preterm deliveries and
subsequent poor perinatal outcomes. In addition, HAART may also unmask co-infections such as TB.,
Recommendations:

We recommend increased vigilance for obstetric complications and tighter screening methods for co-

infections such as TB. Further studies to document the impact of HAART use on maternal and

obstetric outcomes are needed.
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Table 1: HIV infected versus uninfected

HIV-ve ALL HIV +ve PPH All vs -ve PPH vs —ve
(n=302) (r=1159) (0=312) OR (95%CI) OR and pvalue
P value
| Age - mean (SD*) 24.4(6.33) 28.2(5.7) 30.2 (5.28) 0.01 0.006
Parity — mean (SD) 0.9 (1.15) 1.5(1.14) 1.83 (1.21) <0.0001 0.033
Anemia <11g/dl 117/275 589/1094 139/298 1.58(1.2-2.08) | 1.18(0.84 —
At booking (42.5%) (53.8%) {46.6%) P=0.0008 1.67)P=0.324
Anemia <11g/dl at 104/241 477/944 1257257 1.35 (1 -1.81) 1.25{(0.86 — 1.8)
delivery (43.2%) {50.5%) (48.6%) P=0.041 P=0.219
Platelet@baseline 246 (78.3) 237 (74.7) 235 (78.3) P=0.482 0.336
{10°/L) Mean (SD)
Platelets <150 16/187 59/717 417717 0.96 (0.52-1.78) | 0.65 (0.34 -
(10°/1) (8.6%) (8.3%) (5.7%) P=0.885 1.24) P=0.155
Perinatal outcomes
.| Gestational age (GA) at | 37.8 (2.96) 37.2(3.39) 37.01 (3.6) 0.023 0.029
delivery -Mean (SD)
Preterm birth 51 291 192 1.65(1.17 2.33) | 1.72
<37weeks GA, (16.9%) (25%) (26.1%) P=0.003 (1.33-3.01)
=343 (23%) P=0.0004
Preterm <34wks GA 21 125 94 1.62 (0.98-2.70) | 1.69
(6.95%) (10.8%) (12.8%) [RR1.09 (1.01- | (0.94-3.06)
1.17) P=0.047 P=0.06
Perinatal mortality rate, | 12 (3.97%) 45 (3.88%) 38 0.98 (0.49-1.97) | 1.14 (0.49-2.67)
n=57 (5NND +528B) (5.2%) P=(.942 P=0.752
Cesarean section 152 (50.3%) 556 (47.9% 356 0.91 (0.7-1.18) 0.93 (0.67-1.29)
(48.4%) =().465 P=0.631
Maternal outcomes
HDP, n=245 65 (21.5%) 180 112 0.67 (0.48-0.93) | 0.68 (0.44-1/04)
(16.7%) (15.5%) (15.2%) P=0.013 P=0.064
APH, 19 44 32 0.59 (0.33-1.06) | 0.81 (0.39-1.68)
n=63 (4.3%) (6.3%) (3.8%) (4.4%) P=0.057 P=0.534
Medical
-  RTI, n=42 2 (0.66%) 40 (3.45%) 33 (4.5%) 5.36 (1.26- 10.27(2.29-
(2.9%) 32.25)P=0.009 | 64.17) P=0.0001
-  UTI n=132 31 (10.3%) 101 (8.7%) 63 (8.6%) 0.83(0.54-1.3) 0.60(0.32-1.12)
{9%) P=0.403 P=(.083
- STIs, n=257 34 (11.3%) 223 (19.2%) 140 (19.1%) 1.88(1.26-2.82) | 1.61(0.99-2.63)
(17.6%) P=0.001 P=0.042
-  Othermedn=103 | 18 85 17 1.25(0.72-2.19) | 0.91(0.44-1.89)
(5.9%) (7.3%) {5.5%) 0.406 P=0.784
Postpartum 11 61 9 2.39(1.2-449) | 0.79(0.30 -
complications (3.64%) (5.3%) (2.9%) 0.007 2.08)
N=72 0.602

PPH = Pre-pregnancy HAART group / TCP=thrombocytopenia / NND=neonatal deaths / SB
=stillbirths / HDP=hypertensive diseases of pregnancy / APH = antepartum hemorrhage; STI=sexully
transmitted infections / RTI=respiratory tract infections / UTI=urinary tract infections
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Table 2: ALL HIV infected

Dual IPH PPH' OR (95% CI), p value
(n=424) {n=423) (n=312)
PPH vs dual PPH vs IPH

Age (years) | 27.1 27.9 30.2 0.001 0.049
Mean (SD) (5.73) (5.68) (5.28)
Parity 1.4 (0-5) 14 (1-7) 1.8 (0-9) 0.022 0.028
Anemia 126/376 106/403 741297 0.82 0.93
<11g/dl (at (33.5%) (26.3%) (24.9%) (0.62-1.08) (0.65—1.33)
booking) P=0,144 P=0.678
Anemia 107/336 94/351 54/256 0.69 0.73
<11g/dl (31.9%) (26.8%) (21.1%) (0.51 -0.94) (0.49-1.09)
(delivery) 0.014 P=0.107
Platelets at 251 250 235 p=0.367 P=0.562
booking (79.1)) (77.2)) (78.3)
(10%L)
mean (SD)
TCP 18/233 19/282 22/202 1.11 (0.6 — 2.05) 1.69 (0.85 - 3.37)
<15010%L (7.7%) (6.7%) {10.9%) P=0.733 P=0.106
CD 4 counts
Mean (SD) 444 (219.9) | 373 (214,1) | 398 (186) 0.046 0.384
Perinatal outcomes
Gestage@ | 37.5 37.1 37 0.224 0.563
delivery (2.74) .79 (3.6)
Preterm 99/417 103/417 89/308 0.95 1.24
birth (23.7%) (21.8%) (28.9%) (0.71 127 (0.88-1.75)
<37wks, P=0.727
n=291 P=0.205
(25%)
Preterm 31 55 39 1.85(1.19-2.9) 0.95 (0.60-1.51)
<34wks (7.3%) {13%) (12.5%) P=0.004 P=0.834
PNMR 7 24 14 3.25 (1.38-8.04) 0.78 (0.38-1.6)
n=45 {1.65%) (5.67%) {4.49%) P=0.002 P=0.472
Cesarean 200 205 151 1.05 (0.82-1.35) | 1.{0.74-1.35)
section (47.2%) (48.5%) (48.4%) P=0.677 P=0.985
Matemal outcomes
HDP, n=180 | 68 63 49 0.94 (0.67-1.32) 1.06 (0.7-1.63)
{(15.5%) {16%) (14.9%) {15.7%) 0.717 P=(.762
APH, n=44 12 16 16 1.56 (0.77-3.25) 1.38 (0.64-2.95)
(3.8%) (2.8%) (3.8%) (5.1%) P=(.191 P=0.376
Medical
RTIL, n=42 7 13 20 6.51(2.71-16.36) | 2.16 (1.01 —4.68)
(2.9%) {1.65%) (3.1%) (6.4%) <0.0001 P=0.031
UTL n=132 | 38 43 20 0.95 (0.61-1.48) 0.61 (0.34-1.08)

(9%) (8.9%) {10.2%) (6.4%) P=(.820 P=0.072
STIs, n=257 | 83 87 53 0.97 (0.71-1.32) 0.79 (0.53-1.17)
(17.6%) {19.6%) (20.6%) {17%) 0.826 0.221
Other 36 32 17 0.77 (0.48 — .23) 0.70{0.37 - 1.34)
medical (8.5%) (7.6%) (5.5%) P=0.251 P=0.256
problems
n=103
Postpartum | 28 24 9 0.42 (0.18-0.95) 0.50 (0.21-1.14)
complication | (6.6%) (5.7%) (2.9%) 0.023 0.072
5

IPH — in-pregnancy HAART group / PNMR = Perinatal mortality rate; Other abbreviations as in

Table 1
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Increasing maternal deaths due to obstetric haemorrhage in a setting of high HIV
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Table 1

Clinical and surgical characteristics {(n=15).
Characteristic Value®
Age.y 319 £37
Length of pregnancy at delivery, wk 369+19
Blood loss during surgery, mL 2000 (900-6500)
Units of red blood cells used 6{0-18)
Surgery length, min 1437 + 32.0
Vaginal blood loss in first 24 h after surgery, mL 127.7 + 89.4
Postpartum fever {>38.5 °C} 1{7)
Length of hospitalization after surgery, d 55+ 13
Cesarean hysterectomy i}
Maternal death 0

* Values are given as mean = SD, median (range), or number ( percentage),

A transverse uterine fundal incision can be used to deliver the neo-
nate through a safe area and avoid uncontrollable bleeding, given t]
massive blood loss can cause severe shock and coagulopathy wi

ond uterine incision in the lower segment of the uterus, has
tage of allowing direct cbservation of the bleeding pointif the lower
segment of the uterus or even in the cervix. In the evént of massive
bleeding from the detached plane of the placenta, whith sometimes oc-
curs deep in the cervix, the bleeding point can hedirectly visualized via
the second transverse incision. This visualizafion thereby allows the
precise placement of sutures to restore hgefieostasis and preserve the
uterus, The main concern regarding thfs technique is the unknown

hitp://dx.doi.org/10.1016/ijge.2016.02.013

risk of uterine rupture during subsequent pregnancy. Careful observa-
tions are mandatory in in any fMiture pregnancies. Hence, the actual
risk must be evaluated in fugther investigations.
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According to the latest report on the Confidential Enquiries into
Maternal Deaths in South Africa [1], obstetric hemorrhage was the
leading direct obstetric cause of maternal deaths in the country in
2011-2013. Although the number of maternal deaths due to obstetric
hemorrhage has increased, there has been a decrease in the number of
maternal deaths due to HIV/AIDS because of improved access to antire-
troviral therapy. In the latest report, approximately 60% of the deaths
due to obstetric hemorrhage were associated with cesarean deliveries,
in a setting where there has not been any significant deterioration in
physical and human capital infrastructure.
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It is worth noting that the previous Saving Mothers Report for the
period 2008-2010 [2] reported approximately 200 more deaths caused
by obstetric hemorrhage than were recorded in previous periods; this
increase has persisted in the latest report {Table 1), This rise coincided

Table 1
Antiretroviral regimens for pregnant women and number of reported deaths from

obstetric hemorrhage.

Year Regimen for pregnant women with No of deaths from
HIV infection obstetric hemorrhage
over different triennia ?
2002 Single-dose nevirapine introduced 442 (2002-2004);
for all women 491 (2005-2007)
2008 Dual therapy: zidovudine starting at 688 (2008-2010)

28 wk and single-dose nevirapine for
women with CD4 cell count >200 per uL;
HAART for those with CD4 cell
count <200 per pL
Dec 2009/2010 Zidovudine started at 14 wk; increased
CD4 cell count threshold to <350 per pL
Nevirapine replaced with efavirenz
Fixed-dose combination HAART for all
until after breastfeeding

April 2012 684 (2011-2013)

April 2013

Abbreviation: HAART, highly active antiretroviral therapy.
? Values taken from Saving Mothers Reports [1,2].
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Table 2
Analysis of HIV status among women wha died due to obstetric hernorthage.*

Yearofdeath HIV status unknown, ¥ HIV negative, ¥ HIV positive, not requiring HAART, %  AIDS, not receiving HAART, ¥ AIDS, receiving HAART, %  All HIV positive, %

2005-2007 587 212 - 19.1
2008-2010 254 38.7 21.2 49 9.7 35.8
2011-2013 9.8 50.0 18.1 62 10.1 41.2

Abbreviation: HAART, highly active antiretroviral therapy.
? Values taken from Saving Mothers Reports [1,2].

with the introduction of highly active antiretroviral therapy (HAART)
for patients in the public sector in 2008 (Table 1},

The propertion of women whose primary cause of death was obstet-
tic hemorrhage who were living with HIV infection has increased be-
tween 2005-2007 and 2011-2013 (Table 2}. In the latest report [1],
the proportion of women who died due to obstetric hemorrhage who
had HIV infection was statistically lower than the proportion with HIV
in the overall report (45% vs 65%; P<(.001). However, it was also nota-
bly higher than the national HIV seroprevalence of 29% [1]. Importantly,
the risk of hemorrhage was higher among wornen who were receiving
HAART than among those not receiving HAART (relative risk 1.61, 95%
confidence interval 1.15-2.25 (Table 2)),

This increased tendency to bleeding in pregnancy among women
with HIV infection is in line with the findings of Chweneyagae et al.
[3]. On the basis of data from the report for 2008-2010 [2], they stated
that for deaths due to obstetric hemorrhage, the institutional mortality
ratios were 38.4 and 17.2 per 100 00D live births among women with
and without HIV infection, respectively [3]. Furthermore, Bloch et al.
{4] found increased rates of blood transfusions among pregnant women
with HIV infection.

The current reanalysis of the South African data adds to the body
of evidence suggesting that the frequency of hemorrhage among
pregnant women with HIV infection is increasing, which could be as-
sociated with the use of HAART. Increased bleeding among women

http://dxdoi.org/10.1016/j.ijg0.2016.02.012

with HIV infection could be associated with anemia, HIV-associated
thrombocytopenia, or chorioamnionitis. Alternatively some form of co-
agulopathy or endothelial dysfunction could be the cause, but this needs
further investigation,
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e is a leading cause of maternal mortality across all income set-
[1]. Published data underestimates the true burden because these
eaths are frequently reported as accidental [1]. Pregnancy-related sui-
cide in refugee and migrant populations is rarely reported, although risk
is probably increased as a result of multiple psychosocial and socioeco-
nomic stresses | 2], Data on suicide rates of refugees and migrants before
resettlement are particularly scarce.

Shoklo Malaria Research Unit has provided obstetric care to refugees
in Maela—the largest refirgee camp on the Thailand-Myanmar border—
since 1996, and to migrant women in this region since 1998 [3]. A com-
prehensive database review was conducted to identify maternal deaths
at the unit between 1998 and 2015. Suicide accounted for 6 {9%) of
65 maternal deaths (Fig. 1). This frequency is much higher than the
pooled figure of 1.0% across low- and middle-income regions [1]. The
suicide-related maternal mortality rate (MMR) per 100 000 live births
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1 | INTRODUCTION

Abstract

Objective: To explore potential relationships between HIV and highly active anti-
retroviral therapy (HAART), and hypertensive disorders of pregnancy (HDP}
Methods: A retrospective secondary analysis of maternal-deaths data from the 2011-
2013 Saving Mothers Report from South Africa. The incidence of HIV infection
amoengst individuals who died owing to HDP was determied and comparisons were
made based on HIV status and the use of HAART

Results: Among 4452 maternal deaths recorded in the Saving Mothers report, a lower
risk of a maternal deaths being due to HDP was observed among women who had HIV
infections compared with women who did not have HIV {relative risk [RR] 0.57, 95%
confidence intervai [Cl] 0 51-0.64). Further, reduced odds of death being due to HDP
were recorded among women with AIDS not undergoing HAART compared with
women with HIV who did not require treatment (RR 042, 95% Cl 0.3-0 58). Notably,
among all women with AIDS, a greater risk of death due to HDP was demonstrated
among those who received HAART compared with those who did not (RR 1 15, $5%
Cl102-1.29)

Conclusion: HIV and AIDS were associated with a decreased risk of HDP being the
primary cause of death, the use of HAART increased this risk

KEYWORDS
Highly active anti-retroviral therapy; HIV infection, Hypertensive diseases of pregnancy,

Pre-eclampsia

to be involved, affecting all maternal organ systems, including the
fetus.? It is thought that a loss of immune tolerance to fetal antigens

Hypertensive disorders of pregnancy (HDP) and HIV infection are
the leading causes of maternal death in Sub-Saharan Africa.! HDP
is the most cemmon direct cause of maternal death, and causes of
death associated with HIV (indirect) are the overall leading cause of
all mortality in South Africa.? Pre-eclampsia, a condition within HDP
is only observed in human pregnancies and despite the specific eti-
ology being unknown, immune and vascular mechanisms are thought

leads to immune hyperactivity and an exaggerated maternal systemic
inflammatory rfasponse.2 Therefore, in conditions of acquired immu-
nodeficiency, such as HIV/AIDS, immune hyperactivity could be in-
hibited, potentially lowering the incidence of pre-eclampsia. However,
recent studies regarding potential relationships between HIV and
pre-eclampsia are conflicting. Initially, Wimalasundera et al.® reported
a lower incidence of pre-eclampsia amongst untreated women with

int J Gynecol Obstet 2017; 136: 195-199
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HIV compared with those undergoing treatment but a number of other
studies have since been published. Mattar et al* demonstrated similar
findings in a retrospective study of 123 women with HIV and 1708
control patients; they reported that women with HIV, most of whom
were being treated with highly active anti-retroviral therapy (HAART),
had a lower incidence of experiencing pre-eclampsia compared
with patients without HIV (0.8% vs 10.6%, respectively). However,
Machado et al.” reported that hypertension and pre-eclampsia rates
among women with HIV infections and pregnant individuals without
HIV were comparable.

A recent systematic review® found ne significant association be-
tween HIV (or its treatment) and pregnancy-induced hypertension,
pre-eclampsia, or eclampsia. The authors concluded that the studies
included were of low quality and had a high degree of bias. However,
an earlier meta-analysis’ reported an increased risk of pregnancy-
induced hypertension—but not pre-eclampsia/eclampsia—among
women with HIV infections.

A number of studies have examined the relationship between HIV
and pre-eclampsia in South Africa.®** This is unsurprising owing to
the high incidence of pre-eclampsia and HIV in this setting. The prev-
alence of pre-eclampsia among primigravidae was reported to be 12%
in a regional hospital in Durban, South Africa,*! and HIV prevalence
amongst prenatal-care attendees has heen reported to be as high
as 29.5% nationally.’? A number of studies from South Africa®1%13
have indicated that the prevalence of pre-eclampsia was lower ameng
women with HIV. These studies have had varied designs, have been
mainly retrospective, and have included patients in an intensive care
setting. Additionally, the level of immune suppression (based on CD4
counts) and the anti-retroviral therapy employed {combination anti-
retroviral therapy or HAART) were not consistent across all studies.
Further, a report from South Africa by Frank et al.® did not demon-
strate any relationship between HIV infection and pre-eclampsia/
eclampsia.

The objective of the present secondary analysis was to investigate
if, among maternal death beings due to HDP in South Africa between
2011 and 2013, the incidence of HIV infection was different compared
with all maternal deaths during this period. Additionally, the effect of
patients undergoing HIV treatment was examined. }t was not possible
to examine data regarding pre-eclampsia/eclampsia as the underly-
ing cause of death in isolation because this was not included in the
primary data source; however, pre-eclampsia, eclampsia, and HELLP
{(hemolysis, elevated liver enzymes, and low platelet count) syndrome
were the underlying cause of approximately 24% of maternal deaths
due to HDP.!

2 | MATERIALS AND METHODS

A secondary analysis examined institutional maternal-deaths data
gathered as part of the Saving Mothers Report of 2014 (hereafter
referred to as "the report”).! The report is published every 3 years
and the 2014 report compiled data from all institutional deaths that
occurred in the nine provinces of South Africa between January 1,

2011 and December 31, 2013. These deaths were first reported and
assessed at individual health institutions before a further systematic
and confidential assessment was made at the provincial level. At each
level, data were captured using a preset format where, amongst other
items, the primary cause and any contributory causes of death were
assigned. Provincial reports were submitted to the national assessors’
committee, where the final report is compiled every 3 years, using
purpose-designed software. A full account of the maternal deaths
data callection process has been described previoushy. ™

The report provided an overview of all maternal deaths and clas-
sified them according to the underlying cause of death. In-depth de-
scriptions of the five Jeading causes were also included. The present
study was focused on deaths due to HDP. All data included in the re-
port were included in the present study {with no exclusions). All pa-
tient data included in the report were anonymized.

In the 2014 report, patients were classified as being HIV nega-
tive, HIV positive, or HIV unknown (or untested), HIV positive patients
were further categorized as "HIV positive not requiring HAART” if they
had a CD4 count of at least 200 cells/mm?®, as "AIDS on HAART” if
they had CD4 counts below 200 cells/mm? or had WHO dlinical stage
4 HIV/AIDS infection and were receiving HAART, or “AIDS not on
HAART" if they met the criteria of "AIDS on HAART" but were not
receiving HAART.

The definitions of HDP and pre-eclampsia used in the report
were based on the revised International Society for the Study of
Hypertension in Pregnancy classification system.1®

As a secondary analysis, the University of KwaZulu-Natal bio-
medical research ethics committee exempted the present study from
ethical review [Ref:EXM352/16] and obtaining informed consent was
not necessary because the study was a sub-analysis of anonymized
published data.

Data were pracessed and analyzed using Stata version 13.0 (Stata,
College Station, TX, USA). Relative risk (RR) and 95% confidence in-
tervals {CIs) were calculated for HDP being the underlying cause of
death; comparisons were made between different groups of patients
and P<0.05 was considered statistically significant.

3 | RESULTS

There were 4452 maternal deaths recorded in the report for the pe-
riod 2011-2013. Among all maternal deaths, 2516 women (56.5%)
had HIV infections; of these individuals, 629 (25.0%) were classified
as "HIV positive not requiring HAART", 647 {25.7%) as “"AIDS net on
HAART", and 1240 (49.3%) as "AlDS on HAART" [Fig. 1AL

There were 640 maternal deaths that were classified as having
HDP as the underlying cause; of these 516 (80.6%) women had
pre-eclampsia or eclampsia as the underlying cause, and 85 {13.3%)
had HELLP syndrome, a variant of the pre-eclampsia, recorded as
the cause of death. Of the 640 maternal deaths due toc HDP, 320
(50.0%) individuals did not have HIV infections, 208 ({32.5%) did
have HIV infections, and 112 (17.5%) were of unknown HIV status
{Fig. 1B).
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() All maternal
deaths (n=4452)

v L4 v

Unknown HIV HIV infection No HIV infection
status (n=585) (n=2516) (n=1351)

v v v

HIV infection not HIVIAIDS HIV/AIDS
requiring infection treated infection not
HAART (n=629) with HAART treated with
{n=1240) HAART (n=647)
(B} Maternal deaths
due to HDP
(n=640}

v v v
Unknown HIV HIV infection No HIV infection
status (n=112) (n=208) {n=320)
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HIV infection not HIV/AIDS HIV/AIDS

requiring infection treated infection nat

HAART (n=97) with HAART treated with
(n=83) HAART (n=28)

FIGURE 1 Flow of maternal death records for analysis. HIV
status details among all maternal death records {A). HIV status details
among matemal deaths due to hypertensive disorders of pregnancy
(B). Abbreviations: HAART, highly active anti-retroviral therapy; HDP,
hypertensive disorders of pregnancy.

Of the 640 maternal deaths due to HDP, 97 {15.2%) women were
classified as "HIV positive not requiring HAART" {46.6% of the 208 indi-
viduals with HIV infection}, 28 {4.4%) as “AlDS not on HAART" {represent-
ing 13.5% of individuals with HIV infection), and 83 (13.0%) as "AIDS on
HAART" {representing 39.9% of individuals with HIV infection} (Fig. 1B).

The incidence of HIV infection was lower among individuals with
HDP as the underlying cause of death compared with all maternal
deaths, and the risk of maternal death being due to HDP was sig-
nificantly lower among patients with HIV infection (RR 0.57, $5% ClI
0.51-0.64; P<0.001} (Table 1).

Similar comparisons were made to examine the effects of individ-
uals undergoing treatment for HIV infection. Individuals who had HIV
infection but did not require HAART were fess likely to have HDP as
the principal cause of death compared with individuals without HIV
infection (RR 0.68, 95% Cl 0.57-0.82; P=0.001), and HDP was more
likely to be the underlying cause of death among individuals with AIDS
receiving HAART compared with women with AIDS not receiving
HAART (RR 1.15, 95% Cl 1.02-1.29; P=0.038). Additionally, individ-
uals with AIDS not receiving HAART were significantly less likely to
have HDP recorded as the underlying cause of death compared with
women who had HIV infections but did not require HAART {RR 0.67,
95% CI10.57-0.79; P<0.001).

TABLE 1 Comparison of relative risks of maternal death being
due to HDP.

No. of
maternal
deaths due

to HDP* RR {95% CI)

Comparison

Effect of HIV infecticn on risk of death due to HDP

All individuals with HIV 2081(83) 057 (051-0.64)
infechions {(n=2516)
Individuals without HIV 320(23.7) Referent
infections (n=1351)
Effect of HIV infection
Individuals with HIV infections 97 {15.4) 0.68 {0.57-0.82)
not reguiring HAART (n=42%}
Individuals withoaut HIV 320{23.7) Referent
infections {(n=1351}
Effect of immuno-compromised conditions
Individuals with AIDS not 28{4 3) 042 (0.30-0 58)
receiving HAART {(n=5647)
Indlviduals with HIV infections 97 {(15.4) Referent

not requiring HAART (n=629)
Effect of immuno-compromised conditions

Individuals with AJDS not 28 (4.3}
receiving HAART {n=647)

Individuals without HIV
infechions (n=1351)

Effect of treatment with HAART

Individuals with AIDS receiving
HAART {n=1240}

Individuals without HIV
infections {(n=1351)

Effect of treatment with HAART

Individuals with AIDS receiving
HAART (n=1240)

Individuals with HIV infections
not requiring HAART (n=629)

Effect of treatment with HAART

0.21(0.15-0.31)

320{237) Referent

83(67) 0.39(0.32-047)

320(23.7) Referent

831(6.7) 0.67 (0.57-0.79)

97 (154} Referent

Individuals with AIDS receiving 83(67) 115(102-1.29)
HAART {n=1240)

Individuals with AIDS not Referent

28{4.3)

Abbreviations: HDP, hypertensive disorders of pregnancy; RR, relative
risk; Cl, confidence interval; HAART, highly active anti-retreviral therapy.
*alues given as number (percentage).

4 | DISCUSSION

The findings of the present secondary analysis demonstrate a protective
effect of HIV infection against HDP, with the latter being less prevalent
as the underlying cause of maternal death amongst women with HIV
infection compared to women without HIV infection. From the analy-
sis, it is asserted that this protective effect was probably due to immune
deficiency; the data demonstrated that women with immune deficiency
were at a fower risk of HDP being the underlying cause of their death
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compared with women receiving immune-modifying HAART and in-
dividuals who were immune-competent and did not require HAART.
The greatest reduction in the risk of maternal death being due to HDP
was observed when women with AIDS who were not receiving HAART
were compared with women who did not have HIV infection.

In the present analysis, women with AIDS were less likely to have
died owing to HDP compared with patients who did not have AIDS;
however, this reduction in relative risk was significantly smaller among
women who were receiving HAART. Nonetheless a reduction in this
risk was still observed among HAART-treated individuals when com-
pared with women who did not have HIV infection. The finding that
treatment with HAART reduced the protective effect against HDP is
in agreement with the findings of Wimalasundera et al.,? who reported
an increased incidence of pre-eclampsia among women with HIV re-
ceiving treatment for HIV infections.® Morreale et al.® demonstrated
that an increased risk of pre-eclampsia was significantly associated
with higher CD4 counts; however, it was not possible to make a sim-
llar comparison in the present study owing to CD4 counts not being
included in the report data,

The findings of the present study were compared with those of
the meta-analyses of Browne et al.® and Calvert et al.” The adjusted
odds ratios for associations between HIV and HDP from these meta-
analyses were converted to RR estimates for comparison with the
present study data and the results were compared using a forest-type
plot (Fig. 2). In contrast to the findings of the present study, both
meta-analyses reported ne significant associations between HIV in-
fection and the risk of pre-eclampsia or eclampsia; however, Calvert

et al.” reported a significantly increased risk of pregnancy-induced hy-
pertension among women with HIV infections.

The present secandary analysis adds to the body of evidence indicat-
ing a lower risk of HDP among women with HIV infection, and particularly
among those with compromised immune systems 37 Several studies of
this topic from South Africa™®!2 with similar pepulations support such
an association. This association supports the theory of an immune basis
for the pathogenesis of pre-eclampsia and that conditions such as HIV/
AIDS, which render individuals immune deficient, are protective against
HDP:? The observed increased risk of HDP among patients with HIV/
AlDS receiving HAART could result from immune reconstitution inflam-
matory syndrome, wherein a known clinical condition manifests upon
the initfation of HAART.Y Mawson!® suggested that the association be-
tween HAART and pre-eclampsta is the result of severe hepatotoxicity
and cholestasis; however, in the present analysis, only 13.3% of women
with HDP as the underlying cause of matemnal death had HELLP recorded
as the primary cause of death. As deaths from HIV would be expected
to decline with increases in the number of patients receiving HAART,
deaths among pregnant women with direct causes such as HDP, and
especially pre-eclampsia, could begin to rise as a result. Under current
guidelines,’” women treated with HAART during pregnancy, continue
this treatment throughout life, irrespective of future CD4 count, During
the data-collection period of the report, women with high CD4 counts
did not routinely receive HAART for the prevention of mother-to-child
transmission of HIV so it was not possible to examine the potential effect
of HAART. Recent studies have reported that the initiation of HAART
in the pre-pregnancy period was associated with an increased risk of

HIV and risk of eclampsia

Calvert &
Ronsmans

HFV and risk of pregnancy induced hypertension

Browne et al.

AIDS with HAART vs AIDS with no HAART

AIDS with HAART vs HIV positive but net requiring HAART H—

Saving mothers

HIV posltive but not requiring HAART vs HIV uninfected & |

HIV sero-positivity in whote cohert vs amongst HDP S

HIV and risk of pre-eclampsia

HIV and risk of develcping eclampsia
HIV and risk of developing pre-aclampsia

HIV and risk of developing PIH

AIDS with HAART vs HIV uninfected Eiia—
AIDS no HAART vs HIV uninfected Bl

AIDS no HAART vs KIV pasitive but not requiring HAART & )

u ub 1 [8-1 L5
RR (95% CI)

FIGURE 2 Comparison of relative risks of maternal death being due to hypertensive disorders of pregnancy from the Saving Mothers report
with estimated relative risks from Browne et al. and Calvert et al.” Abbreviations: HAART, highly active anti-retroviral therapy; AIDS with
HAART, individuals with CD4 counts below 200 cells/mm® or WHO clinical stage 4 HIV/AIDS infection who were receiving HAART: AIDS no
HAART, individuals with CD4 counts below 200 cells/mm® or WHO clinical stage 4 HIV/AIDS infection who were not receiving HAART; HIV
positive but not requiring HAART, individuals with CD4 count of at least 200 cells/mm?®; HIV uninfected, individuals without HIV infections.
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preterm birth and small-for-gestational-age infants compared with initiat-
ing HAART during pregnancy.2® If the findings of the present analysis are
confirmed in further studies, the effect of HAART on HDP would have to
be considered when selecting drug choices. Additionally, it is suggested
that heightened surveillance for pre-eclampsia should be performed for
patients receiving HAART and that preventative measures against pre-
eclampsia should be implemented when treating these patients.

The strength of the present analysis was that it differentiated between
individuals who had HIV infection and did not require HAART and individ-
uals with HIV infections/AIDS wha were or were not receiving HAART
when examining the proportion of matemal deaths that were due to HDP,
thereby illustrating differences in the risk of HDP-caused maternal death
ameng patients with different levels of immune function. Previous studies,
where women with HIV undergoing treatment have been compared with
individuals without HIV, have not done this.** To improve understanding,
future studies should compare women with HIV infection whe are not
immune-compromised with wamen with HIV infection, and should com-
pare between women with AIDS who are, or are not, recefiving HAART.
The former comparison could establish the effect of the HIV infection on
its own, and the latter could establish differences arising from HIV treat-
ment. Future reports could also investigate women who initiate HAART
with high CD4 counts. The limitations of the current analysis are that it
was retrospective and, therefore, was not designed initially to examine
associations between HDP and HIV infection; additicnally, the data were
extrapolated from the original figures given in the main report, without
access to individual patient details. Consequently, CD4 counts could not
be compared between the groups. Finally, based on the available dats, it
was not pessible to make comparisons based on pre-eclampsia/eclampsia
specifically, since the maternal-death data included all HDP; however, as
discussed above, pre-eclampsia/eclampsia and HELLP were the cause of
a large majority of the recorded matemal deaths due to HDP.

Despite these limitations, the present analysis could serve to initiate
the more critical review of the relationship between pre-eclampsia, HIV
infection, and treatment with HAART, or could facilitate a different per-
spective in future reports into maternal morbidity and mortality caused
by these conditions. Further, because HAART could exert an immune
reconstitution inflammatory syndrome effect, greater emphasis could
be placed on understanding the cyto-inflammatory mechanisms under-
lying the development of pre-eclampsia, particularly in the context of
HIV, with the hope of applying targeted preventative interventions.
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Abstract:

Characterization of cytokine profile expressed by African women receiving HAART
initiated before and during pregnancy

Authors: Sebitloane HM, Naicker T, Moodley J.

Introduction:

HIV or its treatment leads to expression of different cytokines in pregnancy. The aim of the
study was to determine the cytokine profile of HIV infected, treated women during various
stages of pregnancy.

Methods: We enrolled pregnant women according to their HIV status (ie HIV negative
controls (HN, n=83), and HIV infected, who either initiated HAART before pregnancy (pre-
pregnancy HAART, [PPH], n=77), or those who initiated HAART during pregnancy, (in-
pregnancy HAART [IPH], n=70). Additionally, the groups were sub-stratified according to
gestational age as either early, mid-or late pregnancy, or finally, those who were in
spontaneous term labour. Blood was taken during routine antenatal care, and prepared for
storage of serum and later analysis using the Bio-Plex pro Human Cytokine Treg Panels.
Results: The cytokine profile of the whole cohort was more pro-inflammatory, whist there
were significant differences in expressions of different cytokines amongst the groups, HN,
IPH and PPH. The concentrations and proportions of cytokines were different amongst the
gestational groups, however, the gestational subgroup differences were not consistent across
the various cytokines. In general, the PPH group had a mixed pattern of pro- and anti-
inflammatory profile, with almost complete suppression of both IL 4 and I 10, which was
comparable to the HN control group. The IPH group had a predominantly pro-inflammatory
cytokine expression, with IL 6 being expressed by 100% of its participants.

Conclusion: The almost coniplete suppression of Th 2 cytokines in women who use HAART
before pregnancy shows a Th2 — Th 1 shift, comparable to HIV negative controls.
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Background

The understanding that pregnancy represents a period of immune suppression in which the maternal
immune system exerts tolerance of fetal allo-antigens is a long held concept. During pregnancy, the Th
2-type immune response predominates over the Thl-type response, thereby protecting the fetus from
maternal cytotoxic, Thl-cell attack (1). T-helper (Th) cells are classified into Thl and Th2 cells. The
Th1 cells produce interferon [IFN] and interleukins [IL] that are involved in cellular immunity whilst
the Th2 cells are involved in humoral immunity via the production of IL-4, IL-5 and IL-13 (2).

A normal pregnancy is associated with a Type 1 to 2 shift in cytokine response (3). Interleukin 10 (IL10)
is historically regarded as a Th2 cytokine, with anti-inflammatory effect, however, it has recently been
shown to have dual immunologic functions, that are both stimulatory and immunosuppressive
depending on HIV cell target (4,5). It is also directly involved in placental growth and remodelling,
where through its immunosuppressive action, it regulates the balance between a pro- and anti-
inflammatory environment. IL-10 is essential for early pregnancy development and maintenance, and

its levels are reported to peak around the 12-week of pregnancy (6).

T cell activation is a halimark of HIV pathogenesis meaning that HIV, like other infections, is pro-
inflammatory, with a high influx and activation of T cells, particularly Th1 cells (3,7). This
predominance of Thl cytokines released after HIV infection, eventually lead to disease progression,
with depletion of Th 2 cytokines (8). Progression to AIDS and development of immune-suppression is
associated with a shift from type 1 to type 2 immunity, and has been characterised by loss of IL 2,
tumour necrosis factor (TNF) alpha and IFN-gamma and a simultaneous increase in IL4 and IL 10
cytokines (9). Highly Active Anti-Retroviral Therapy (HAART) is said to markedly increase the
plasma levels of IFNy and significantly lower those of IL10 in HIV infected people (10,11). It is
therefore plausible that HAART may be counter-effective to the conducive cytokine milieu necessary
for a successful pregnancy.

The aim of this study was to determine the pro-inflammatory (IL 2, IL6, TL17; IFNy and TNFa) and
anti-inflammatory (IL 4 and IL.10) cytokine profile of clinically normal HIV infected women treated
with HAART before and during the different gestational periods of pregnancy.

Materials and Methods

HIV infected pregnant women were recruited during the antenatal period, and categorized according
to their period of initiation of HAART. The initiation of HAART was recorded as either before
pregnancy (pre-pregnancy HAART group, PPH), or during pregnancy {initiated during pregnancy —
therefore in-pregnancy HAART group, IPH). A control group of HIV negative women (HN group)
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was also enrolled. An equal number of women per HIV group were recruited and matched for
gestational age and divided into early pregnancy (<20weeks), mid-pregnancy (21-28weeks), or late
pregnancy (29 — 37 weeks), as well as those women who had spontaneous term labour (>37 weeks) —

Figure 1.

In addition to demographic details, baseline CD4 and, CD8 cell counts, and viral load (VL) were
recorded at the time of enrolment. Whole blood was obtained via venepuncture during routine blood
tests, using three additional 3ml K; EDTA (tripotassium ethylenediamine tetra-acetic acid) blood
collection tubes (BD368856, Becton Dickinson, USA), for multicolour flow cytometry analysis, CD 4
cell counts and viral loads. Additionally, a 3.5 ml serum separating tube (BD367957, SST, Becton

Dickinson, USA) without anticoagulant was also taken for multiplex immunoassay analysis.

Separation of serum from whole blood

Blood collected in serum separation tubes were centrifuged at 3000rpm for 10 minutes (Orto Alresa
Digtor 21R) within four hours of receipt. The supematant containing serum was transferred to sterile
cryovials (Greiner Bio One, Lasec SA (Pty) Ltd, South Africa) in two 1ml aliquots and stored at -80 °C

until analysis.

Procedure for the estimation of the cytokines

The Bio-Plex Pro™ Human Cytokine Treg Panel, 12-Plex was used (Bio-Rad Laboratories, Inc, USA)
to determine the quantity of the IL-2, IL 10; IL 12(p40), IL 12(p70), IL 19, IL 20, IL 22, IL 26, IL 27
(p28), IL 28 A(IFNy1), IL 29(IFNy2) and IL-35 cytokines. The Bio-Plex Pro™ Human Cytokine 2-Plex
assay was used for IL 4, IL 6, IL 17 and TNFe cytokines. The process of cytokine separation and
determination was followed as stipulated by the manufacturer’s manual.

The 1x diluted beads (50 ul) were added to each well of the 96 well plate. The plate was washed two
times with 100 pl of Bio-Plex wash buffer and covered with foil to protect from light. The standards,
serum samples and a blank (standard diluent), 50 ul each were added to each well. The plate was sealed
with sealing tape, covered with foil and incubated on a shaker (Stat Fax™ 2200, 220 V
Incubator/Shaker, California, USA) at 850 rpm for 30 minutes at room temperature. The plate was
washed three times with 100 pl of wash buffer per well with the Bio-Rad Bio-Plex Pro™ IT Wash
station {Bio-Rad Laboratories, Inc, USA). The 10x detection antibodies (25 pl) were added to each well
and incubated for 30 minutes at room temperature. The plate was washed with 100 ul of wash buffer
three times before adding 50 pl of 1x streptavidin alkaline phosphatase (SA-PE) to each well and
incubated for 10 minutes at room temperature. The beads were then re-suspended in 125 pl of assay
buffer and incubated on a shaker at 850 rpm for 2 minutes at room temperature. The plate was read

using the Bio-PlexX®MAGPIX™ Multiplex Reader.
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2.5.4 Analyses
Though a number of cytokine analyses were performed as per the kits provided, our cytokines of

interest were IL 2, 6, 12, 17 and TNFa and IFNy (Th1 cytokines) as well as IL 4 and 10 (Th 2
cytokines). A protocol was created on the software package, Bio-Plex Manager™ software version
6.1 to analyze data from the multiplex immunoassay analysis. The known concentration (pg/ml) of
each analyte was used to generate a standard curve for each cytokine by plotting the median
fluorescent intensity (MFI) signal against concentration (Held, 2014). These standards were used to
interpolate the concentrations of the unknown samples. Inter- and intra-plate variability were
determined with CV <20% and (Obs/Expected)*100 between 70-130% (r=0.8, p=0.05). The data was
imported into an Excel spreadsheet for statistical analysis using SPSS as well as Prism (GraphPad
software).

Patients were analyzed according to the 3 groups (HIV negative [HN], or HIV positive with pre-
pregnancy HAART [PPH] or in-pregnancy HAART, [IPH)). The level of detectability for HIV RNA
or viral load, (VL), was >20copies/ml.

A normality test was performed, and since the data was non-parametric, the data is presented as
medians, and inter-quartile ranges (IQR). Statistical significance within groups was analysed using the
Mann Whitney as well as Kruskal-Wallis tests. Significance for all tests was taken as p<0.05.

Results:

Of the total sample population, 30% (n=70) of women initiated HAART during pregnancy (IPH),
33% (n=77) initiated before pregnancy (PPH} and 36% (n=83) women were HIV uninfected - Figure
1. These groups were matched according to early, mid, late pregnancy and labour. The baseline
demographic and immunological profile of maternal age and parity as well basic HIV immunology
amongst the 2 HIV positive groups were significantly different, as also when compared with the
control HIV negative group — Table 1.

The cytokines were stratified according to Th 1 (IL. 2, 6, 12, 17, IFNy and TNFa) and Th 2 (IL 4 and
IL 10), as well as according to the period of gestation. IL 12 and IFNy were measured in 2 different
subunits, p40 and p70 for IL12 and y1 and y2 for IFN.

Figure 2 shows the overall cytokine expression in the whole cohort, and here we highlight that with
the exception of IL 6, the majority of cytokines were expressible by less than 50% of the whole
cohort. Also worth noting is that the most of the cytokines being expressible within 40% or less of the
cohort, expressing particular cytokines within the given limits of normal. The differences according to
the HIV groups are shown in Table 2, most of which were statistically significant across the groups.
Majority of the median concentrations the cytokines were at the lower end of their normal range.
Differences in expression of cytokines according to gestational subgroups is shown in Table 3, and

they were statistically significant differences by gestational ages.
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To compare pro- versus anti-inflammatory expression, we performed ratios of different Th1 versus
Th2 cytokines. Table 4 shows a mixture of both pro- and anti-inflammatory cytokine profile for both
HN and PPH group, depending on which cytokine is being used to represent Th 2 activity (either IL 4
or IL 10). Notably, the IPH group was predominantly pro-inflammatory.

Overview of some cytokines of interest

Looking specifically at IL 6, the predominant Th 1 cytokine, and being the predominant cytokine in
each HIV group, which also showed significant differences across the groups, (p<0.0001). It was
100% detectable amongst the IPH group, with 96% being within normal limits, compared to 61.5% in
the HN group and 50.7% in the PPH group. In addition, its expression was significantly different
across all gestational subgroups, being more pronounced during labour (p<0.0001, Kruskal-Wallis test
(KW) =81.82; Table 3).

Overall, amongst women who did not express IL 6 in the whole cohort ( 1=22), two were from the
HN and 20 from the PPH group. Of these, 19/22, (86%) expressed <50% of the cytokines that were
examined. All the IL. 6 non-expressors did not express IL 4, and on the other hand, all those who
expressed IL 4 (100% within given normal limits), were also within the normal limits of IL — 6 (i, the
same subjects simultaneously expressed IL 4 and IL 6 within the given normal limits). There was only
one subject (PPH group), who did not express any of the cytokines examined.

Amongst the Th 2 cytokines, IL. 4 and IL 10 were poorly expressed by the whole cohort, with IL 10
present in 43/230 of participants — (i.e 18.7%, and only 28/230 expressing within normal range).
There was however, a statistically significant difference between the HIV groups was however,
p<0.0001, KW=18.72), but not between the gestational subgroups, p=0.665. Interleukin 4 (IL 4) was
present in 34/230 (14.8% of the cohort), all of which were within the given normal limit, and almost
exclusively expressed by the IPH group (32/34). Notably, IL 4 was undetectable in 98.7% of the
group which initiated HAART pre-pregnancy (PPH group) and 98.8% of the HIV negative (HN)
group, p<0.0001, (KW=74.99). The 32/34 women in the IPH group, showed an increasing trend of
concentration with advancing gestational period, p<0.0001, (KW = 26.62), Table 3.

Only 9/230 subjects expressed IL 4 and IL 10 simultaneously, being within normal limits of both
cytokines in only 6/230.

Discussion:
This study, conducted amongst African women receiving HAART before pregnancy, compared with
those who initiated HAART during pregnancy and non-HIV infected controls, shows a low

expression of all cytokines examined. The proportion of patients who expressed these cytokines was
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<50% of the cohort, all within the lower range of normal values. In the HIV infected group, IL 6 was
the predominant cytokine been expressed by 90% of women. It was elevated in the IPH group, which
was statistically different from the PPH group, the latter being comparable to HIV negative controls.
This pro-inflammatory marker increased with advancing pregnancy, and was higher in labouring
women. A statistically significant difference across the different HIV groups (negative, pre-pregnancy
and in-pregnancy HAART) was noted. The 2 least expressed cytokines namely, IL 4 and IL 10 were
both of the Th 2 category.

We report a significant predominance of a pro-inflammatory cytokine milieu in our study cohort.
These results are in direct contrast to that of others who report an anti-inflammatory milieu (3,10,11).
However, the PPH group was comparable to the control group (HN), showing a mixed picture of both
pro- and anti-inflammatory profile. This suggests that HAART is able to modulate and suppress the
inflammatory process to mirror that of normal participants. However, we had expected a
predominantly anti-inflammatory profile in our normal control subjects, and as already mentioned, is
in contrast to previous reports (3). Therefore, it seems that a longer duration of HAART treatment is
necessary (our PPH group) in order to achieve the profile comparable to the HN group. This would
favour the initiation of HAART pre-pregnancy, and therefore encourage many women to test for HIV
and access HAART before pregnancy, as is currently recommended. However, this would have to be
balanced against the potential for such a regimen to affect pregnancy outcomes.

The TPH group was predominantly pro-inflammatory, and this could possibly reflect the early phase
of HIV infection. This is probably true since half of IPH participants had detectable viral loads,
despite having good CD 4 counts, which were comparable to those seen in the PPH group, but the
latter showing viral suppression in 92% of the group. It has also been suggested that the changes in
cytokine profile occur later than the CD 4 and viral load response, hence the difference in the PPH
group and IPH groups, whose duration of treatment was significantly different, p=0.002.

The low expression of Th2 cytokines in this study was also unforeseen, but probably due to the use of
HAART by 2/3 of the cohort, and has been shown to effect a Th 2 to Th 1 milieu (15). Earlier studies
have reported IL 10 as the main cytokine of pregnancy, increasing with advancing gestation and
declining during labour (16). IL 10 was expressed by less than 30% of our normal HIV negative
controls, and if this represents the baseline for our population, then it is in direct contrast to previous

studies which indicate that IL 10 is the predominant and essential cytokine necessary for successful

pregnancy (3).

The overall poor expression of serum cytokines across our whole cohort is probably a true reflection

and not an indication of a defective methodology, as one cytokine, (IL 6) was well expressed and with
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good concentrations. However, reported results have varied according to whether studies used plasma,
placenta or uterine vein blood cytokines, as well as cell extracts or cultures from peripheral blood
mononuclear cells, (PBMC’s) (5,12,13). However, it is possible that the levels of inflammatory
changes as measured in the peripheral blood may not accurately reflect the end-organ cytokine profile.
Similarly, our separation of serum at 4 hours post collection did not affect the expression of IL 6 and
therefore we do not see this as a caveat of the study. The Bioplex methodology is an accredited

technology, and widely used in recent studies.

The strengths of this study is a good sample representation of the study groups, both who initiated
HAART before and during pregnancy, as well as attempts to stratify pregnancy according to
gestational period. To our knowledge, this is the first description of the baseline cytokine profile
women in a resource constraint setting. Other studies had included women with co-morbid conditions

such as pre-eclampsia and have not focussed on initiation of HAART (14).

In conclusion, there was mixed picture of both pro- and anti-inflammatory in our HIV negative
controls, which was comparable to the PPH group. The IPH group was significantly pro-
inflammatory, and may be indicative of possibly underlying inflammatory processes such as IRIS
following initiation of HAART. This entity is said to affect 7 — 16% of people initiating HAART.
Whilst we did not perform other tests (eg. C reactive protein) which could exclude the possible
ongoing inflammation in our normal HIV uninfected controls, the baseline white cell blood count in

our study, did not indicate leucocytosis.
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Figure 1 — Study groups
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Figure 2 — Summary of the different cytokine expressions by the whole cohort

100
90
80
70
60

50

40

3 i

2 .

1|H ‘ nﬂ!i

L4 iL10 IL12{40) IL12(70) IL17 IFNgl  IFNg2

(=

o

[w ]

m total % of those who expressed ® % of those who expressed within limits of normal

Table 1: Baseline characteristics of the HIV groups

HN (83) IPH (70) PPH (77) p value
AGE (years) 27 (17-44) 29 18-43) 33 (18-43) 0.038
Median{range)
PARITY 1.36 (0-6) 1.72 (0-7) 2.1 {0-6) 0.025
Median{range)
CD 4 cell count - 475 492 0.634
(cells/mm?) (95 - 951)) (101- 1217)
Participants with - n=32 n=71 <0.0001
VL <20copies/mi
Duration of - 12.9 weeks 186 weeks 0.002
treatment (0-33) (32-840)

HN = HIV negative, IPH = HIV positive with in-pregnancy HAART initiation,
PPH = HIV positive with pre-pregnancy HAART initiation
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Table 2: Cytokine expressions by HIV groups

Cytokine HN IPH, PPH, P value
{(given normal N=83 N=70 N=77 {Kruskal Wallis
limits) ' test)
IL2 51 (61.5%) 35 (50%) 8 (10.4%) */+*<(),0001
(0.15-2616.99) (42.89)

11(13.3%) 6 (8.6%) 4 (5.2%)

0.035 0.018 0.005

{0.001-0.8) (0.01-0.63) (0.005-041)
IL4 1(1.2%) 32 (40%) 1(1.3%) M A
(0.12-2374.12) <0.0001

(74.99)

1(1.2%) 32 (40%) 1(1.3%)

0.13 0.18 0.13

{0.13-0.26) {0.26 —1.42) {0.13 - 0.26)
IL6 81 (96.4%) 70 (100%) 77 (100%) Hfk fhkd
(1.34-1746.82) <0.0001

(36.49)

45 (54%) 67 (96%) 39 (50.6%)

2.61 6.39 1.35

{0.01-3.85) {0.66 —10.44) (0.23-11.2)
IL 10 24 (28.9%) 17 (24.3%) 2 (2.6%) */++20,0001
(0.17-3877.88) (18.72)

11 (13.3%) 11 (15.7%) 2 (2.6%)

0.005 0.005 0.005

{0.01-1.3) (1.7-3) (0.05-43.4)
1L 12(40) 58 (70%) 28 (40%) 13 (17%) *EE<().001
(0.66 — 12552) (43.02)

19 (43%) 9 (13%) 7 (10%)

0.609 0.145 0.09

(0.29-4.12) (0.35-1.45) (0.35—1.45)
IL 12 (70) 63 (76%) 24 (34%) 29 (38%) *fR¥dc(), 0001
(0.05-967.40 (26.75)

43 (52%) 24 (34%) 9 (12%)

0.034 0.016 0.05

(0.01 - 0.06)) (0.01-0.11) {0.01 - 0.16)
1L 17 (2.23 - 41 (49.4%) 9(12.8%) 42 (55%) ok ik}, 0001
38128.95) {24.04)

14 (20%) 6 (8.6%) 14 (18.2%)

2.09 9.1 2.10

(0.11-10.51) (0.21 - 82.16) (0.28 — 6.88)
TNFa 12 (14.6%) 18 (25.7%) 62 (80.5%) */*%<().0001
(1.96-58016.27) (66.61)

9 (10.8%) 11 (15.7%) 26 (33.8%)

63.21 6.91 8.04

(0.73 —452) (0.73 -37.4) {0.97—175)
IFNy1 {(0.64 — 51 (62%) 39 (56%) 28 (36%) 0.0009
11165) (13.99)

8 (10%) 13 (19%) 22 (29%)

0.03 0.06 0.06

{0.005 —0.06) (0.005 —0.19) 0.06 —1.11)
IFNy2 (047 — 39 (47%) 20 (29%) 12 (16%) 0.654
81225) 17 (21%) 9 (13%) 5 (7%)

0.07 0.14 0.14

(0.07-0.14) (0.07 - 0.14) (0.07 - 0.68)
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X=total expressed; N=total expressed within given normal ranges; M=median; IQR —
interquartile range. Comparisons code: *=PPH vs HN / **=PPH vs IPH / ***=HN vs IPH

Table 3: Cytokine expression by gestational subgroups —

HN IPH PPH PVALUE | KW

iL2 A 0.035 (0.005 - 0.05) | 0.01(0.005-0.08) | 0.005 **+<0.00071

B 0.05(0.05-0.12) | 0.045 (0.005 - 0.08) | 0.005

C 0.05(0.005-0.2) | 0.01 (0.005-0.08) | 0.005 **+<0.0001

D 0.005 (0.005 - 0.01) | 0.005 0.005 72.77
iL4 A 0.13 0.26 (0.13 - 0.26) **+<0.0001

B 0.195(0.13-0.26) | 0.13 **<0.0001

C 0.13 (0.13 - 0.26)

D 0.13 (0.13 - 0.26) 26.62
IL6 A 0.955(0.24 - 1.82) | 3.08 (2.08- 3.85) | 0.23 (0.005-1.89) | 7=/

B 1.28 (0.5 - 2.93) 308 (1.72-3.34) | 0.23 (0.005 - 2.075) | <0-0001

C 128(0.75-2.37) |258(208-4.11) | 1.39 (0.005- 2.48)

D 6.03 (2.79 - 43.58) | 16.45 (2.64 - 60.56) | 3.55 (0.82 - 22.45) 81.82
IL10 A 0.005(0.005 - 0.12) | 0.005 0.005

B 0.005 (0.005 - 0.01) | 0.005 0.005

C | 0.005(0.005-0.01) | 0.005 (0.005 - 0.05)

D 0.005 0.005(0.005 - .388) 0.24
IL12(40) | A 0.605 (0.285 - 0.87 | 0.2 (0.09-0.2) 0.09 wfee e

B 0.87 (0.35- 1.45) | 0.2(0.09-0.2) 0.09(0.00-0.113 | <0.0001

C |0.87(0.35-1.45) | 0.09(0.09-0.2) 0.09

D | 0.09(0.09-).35) |0.00 0.09 (0.09 - 0.158) 62.53
IL12(70) | A 0.01(0.01-0.06) | 0.005 (0.005 - 0.05) | 0.05 (0.03- 0.05

B 0.06 (0.01-0.11) | 0.05 (0.0005 - 0.05) | 0.05

C | 006(0.01-0.16) | 0.005(0.005-0.05) | 0.05(0.02-0.05) | =/

D 0.005 (0.005 - 0.08) | 0.005 0.05 (0.025 - 0.05) | <0-0001 49.67
IL17 A | 0.06(0.06-0.8) 0.06 0.06 (0.06 - 1.28)

B 0.8 (0.06- 1.88) 0.06 (0.06 - 0.1725) | 0.28 (0.06-0.78) | */~

c 0.06 (0.06-1.52) | 0.06 0.78 (0.06 - 2.8) <0.0001

D | 0.06 (0.06 - 0.6275) | 0.06 0.78 (0.06 - 2.8) 36.4
TNFa A 0.37 0.37 (0.37 -2.62) | 0.97(0.67-0.97) |/

B 0.37 0.37(0.37-0.64) | 0.97(0.37-1.79) | <0-0001

C | 037-3.44 0.37 0.97 - 2.62

D |037 0.37 0.97 (0.97 - 4.33) 79.53
IFNy1 A 269(1.92-354) | 0.005(0.005 - 0.45) | 0.005 (0.005 - 0.94) | */***

B 0.06 (0.005- 0.19) | 0.03 (0.005-0.7) | 0.005 (0.005 - 0.32) | <0-0001

C | 0.06(0.06-035) |0.22(0.03-0.45) | 0.005(0.005-0.62)

D 0.005 (0.005 - 0.06) | 0.005 (0.005 - .173) | 0.005 (0.005 - 0.01) 78.82
IFNy2 A 0.77 (0.77-1.116) | 0.07 (0.07-0.19) | 0.07 U

B 0.06 (0.005-).19) | 0.07 (0.07 - 0.865) | 0.07 (0.7 - 0.27) <0.0001

C | 006(0.06-0.35) |0.07(0.07-019 |0.07

D 0.005 (0.005 - 0.06) | 0.07 0.07 (0.07 - 0.22) 68.84
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Gestational groups : A=<20weeks; B=20-28; C=29-37; D=>37 in labour. Comparisons
code: * =PPH vs HN /** = PPH vs IPH / *** = HN vs IPH. All values expressed in median
and Interquartile range (IQR); KW= Kruskal —Wallis test .

Table 4: Median Th1 vs Th2 cytokine ratio comparisons:

Cytokine ratio | Whole group | HN | IPH | PPH
IL 10 comparisons
IL2;IL10 0.07 0.34 0.008 0.07
IL6:IL10 11 45.5 2.1 3.8
IL 12(40): IL10 | 2.77 35 0.23 8.5
IL 12 (70): IL 10 | 0.38 0.39 0.23 0.05
IL17:iL 10 1.78 5.5 0.86 0.05
IFNy1: IL 10 5.25 3 2.7 0.59
IFNy2: IL 10 5.13 0.56 2.2 0.53
TNFa: iL10 9.6 166 0.65 3.42
IL 4 comparisons
iL2:IL4 0.11 0.006 0.23 0.62
IL6:IL4 17.3 0.83 58 34.3
IL12(40): IL 4 4.4 0.06 6.26 76.53
IL12(70):IL4 |06 0.007 6.3 0.49
IL17:IL 4 2.82 0.1 23.5 8.1
TNFa: IL4 15.2 3.03 17.8 30.9
IFNy1 8.32 0.05 72.7 5.38
IFNy2 8.1 0.01 59.3 477
58 14.3 15.8 11.1

Table showing ratio of median values (in pg/ml) - showing a Th 2 predominantly profile for
PPH and IPH (in L4 comparisons). * depicts that where PPH is pro-inflammatory, it is still
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SYNTHESIS:

This thesis aimed to describe the impact of highly active anti-retroviral therapy (HAART) on maternal
morbidity and mortality. It described what is known in the literature about the impact of HAART, and
then determined the background morbidity in women accessing different forms of antiretroviral
treatment in our setting. Further, it explored the effects of HAART on HIV-related mortality, which
may be directly linked to the changes in the maternal immune system, and also its effects on obstetric
conditions where mortality is disproportionally high in HIV infected women. Specifically, the effects
of HIV and HAART on both obstetric haemorrhage and hypertensive disorders of pregnancy (HDP) -
especially preeclampsia, were explored. Both the latter conditions are amongst the leading causes of
maternal mortality, together with HIV/AIDS. Lastly, the thesis describes the baseline cyto-
inflammatory markers in the pregnancies of women in our local setting, in order to understand the
changes seen with short course HAART started during pregnancy compared to HAART initiated
before pregnancy.

1. The literature overview and retrospective audit:
The background evidence from the literature as well as the findings of the audit established that there
remains some residual increased risk of morbidity, particularly in the initial phases of HAART. The
entity of IRIS (immune reconstitution inflammatory syndrome) has been linked to initiation of
HAART at low levels of CD 4 counts. It is a group of heterogeneous manifestations of opportunistic
infections, triggered by the recovery of a protective but unbalanced cell-mediated immunity (1). In the
initial phases of HAART initiation in South Africa, Bera et al described a 7% incidence of IRIS
amongst the pregnant population whose median CD 4 count was 173 cells /ul (2), however, it can
complicate up to 16% of individuals with advanced HIV receiving HAART (1). The commonest
manifestation of IRIS in our setting is tuberculosis (TB), which, together with other chest infections,
was also found to be increased amongst HIV infected women in our retrospective review. The latest
saving mothers report (SMR), showed that a significant proportion (27%) of women who died from
non-pregnancy related infections (NPRI), were secondary to TB (27%), despite almost half (47%) of
this group being on HAART (3). The other significant proportion was from other chest infections,
which accounted for 29% of all women on HAART. As mentioned earlier, the mortality from
HAART recipients in that report was not significantly different from those with AIDS, who were not
treated with HAART, unlike the beneficial effects seen in patients who had died of other chest
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infections (PCP and other pneumonias), where there was a 40% reduction in those who received
HAART. Our data from the retrospective audit concur with this, where chest infections were
particularly higher in HIV infected women, regardless of HAART use. Specifically, women who had
been treated with HAART before pregnancy (pre-pregnancy HAART, or PPH group) had higher rates
of chest infections compared to those who received prevention of mother-to-child transmission
(PMTCT) prophylaxis or initiated HAART in the index pregnancy, (the in-pregnancy HAART or
IPH group). Others have motivated for Izoniazid (INH) preventative therapy for HIV infected women
during pregnancy, which is currently part of routine care for HIV infected individuals (4). In HIV
infected adults, a combination of HAART and INH preventative therapy (IPT) has been shown to
reduce TB incidence by up to 89% (5), however, in pregnancy it has potential for excessive risk of
hepatotoxicity, as INH as well as some of the drugs used for HAART (eg Nevirapine) are hepatic
enzyme inducers. Additionally, latent TB can be reactivated in the presence of HAART, and
administration of INH alone may promote resistance to TB drugs. The safety and efficacy of INH
prophylaxis in the presence of HAART during pregnancy needs further research.

The other significant findings from the retrospective audit, was the description of the cohort of
women who initiate HAART before pregnancy (PPH group), found in this study to be significantly
older, of higher parity than the HIV negative and in-pregnancy HAART (IPH) group of HIV infected
women. Additionally, this group had reduced risk of anemia in early pregnancy, as opposed to the
IPH group. As with chest infections, the PPH group had significantly higher rates of sexually
transmitted infections (STI’s), however this group had reduced risk of postpartum complications. The
latter included both puerperal infections, as well as postpartum haemorrhage, however the cases were

too few cases to differentiate by HAART group.

The retrospective audit further described the perinatal outcomes in HAART treated versus untreated
women, as well compare with HIV negative controls. There was an increased perinatal mortality rate
observed in HIV infected women, particular the PPH group. Women on HAART were found to have
increased risk of preterm delivery (PTD) before 37weeks, however, delivery below 34 weeks of
gestation was seen only in the PPH group when compared to women who received the PMTCT
regimen of less than 3 drugs. These findings are in keeping with other studies, which have shown that
HAART initiated before pregnancy is associated with not only PTD, but also with small for
gestational age, low birth weight and intrauterine growth restriction (6,7). Additional outcomes
regarding specific pregnancy conditions such obstetric haemorrhage and hypertensive disorders of
pregnancy (HDP), in particular preeclampsia, were analysed from our retrospective audit. The study
found a reduced incidence of HDP amongst HIV infected women, however, did not show any

statistically significant effect of HAART.
2. The secondary analyses:
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Both HDP and obstetric haemorrhage are 2 leading direct causes of maternal deaths (apart from
HIV/AIDS, an indirect cause), and were therefore further explored by secondarily analysing the
maternal deaths data, as contained in the Saving Mothers report, (SMR) of 2011 - 2013. The
secondary analysis of obstetric haemorrhage (the majority of which were due to postpartum
haemorrhage), showed that maternal deaths due to the condition began to increase, and have
remained elevated ever since HAART was introduced into the public sector. Further review showed
that, within this group of women who died of obstetric haemorrhage (OH), there was significantly
more women with AIDS treated with HAART compared to those with untreated AIDS, RR=1.61,
95% CI=1.15 — 2.25. However, the findings from our retrospective audit did not find any such
association, and the cases for postpartum haemorrhage were too few to make any meaningful
associations. Another study from SA, found more blood transfusions in HIV infected than uninfected
pregnant women, however did not comment on the use of HAART (8). This latter study is recent, and
probably conducted during the phase of widespread use of HAART. Whether it is HIV itself or
HAART, needs further research since evidence from 2 other studies (both under publication review),
found an association of postpartum haemorrhage and HIV, in separate audits from a district as well as
a regional hospital (9,10). The study at a regional hospital did not find an association between
HAART and any form of obstetric haemorrhage, however, the risk of postpartum haemorrhage was
increased in women with HIV infection, (RR) =1.85, 95 % confidence interval (CI) =1.15 — 2.96.).
There is no clear pathophysiological basis for a possible association between an increased risk of OH
and HIV or HAART. However, others have described increased haemostatic disorders in HIV
infected women which include hyperfibrinogenaemia, low prothrombin time, as well as
thrombocytopenia, but with no increased risk of bleeding (11). With regards to the latter, earlier data
from our setting, before widespread use of HAART, showed that thrombocytopenia frequently
encountered in pregnancy is mainly gestational, even with a background of high HIV seroprevalence
(12). However, the picture could be confusing in HIV, where D-dimers, which are associated with
enhanced thrombosis, have been found elevated in HIV infected women, as is the case in pregnancy
(11). This therefore calls for further research to specifically look at haemostasis and other factors
associated with OH in a setting of high HIV burden, and the use of HAART.

The effects of HAART were further explored in a secondary analysis of deaths due to hypertensive
disorders of pregnancy (HDP), the majority of which were preeclampsia. The data showed a reduced
incidence of preeclampsia in women who were HIV infected compared to those who were HIV
negative, which concurred with the findings from the retrospective audit, where HIV was shown to be
associated with reduced risk of incident HDP. This secondary analysis further showed that this
“protective effect” of HIV infection against death due to HDP/preeclampsia was reversed in women
receiving HAART, where women receiving HAART were 15x at risk of HDP/preeclampsia,
(RR=1.15, 95% CI=1.02 — 1.29) compared to women not on HAART. This inverse relationship
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between HIV and HDP / preeclampsia is based on the idea that preeclampsia is an inflammatory
process, associated with an exaggerated immune response. Thus, a state of immune deficiency would
result in an individual unable to mount the necessary inflammatory response that is necessary for the
development of HDP/preeclampsia. HAART would then restore this immune reactivity, and therefore
increase the risk. Several studies have concurred with this analogy (13,14), and no association was
found in studies which did not control for the use of HAART (15). From a pathophysiological point of
view, studies have found elevated levels of IL. 6, TNFa, and other pro-inflammatory cytokines, in
women with preeclampsia compared health pregnant women (16) as further support for the
exaggerated immune response associated with development of preeclampsia in particular. This
therefore suggests that HIV and HAART work by modulating the immune system, to either reduce the
risk (in immune-suppression), or increase it, (when immune system is restored by the use of

HAART).
3. The prospective cohort

Lastly, to explore the underlying immune-inflammatory changes during pregnancy which may
underlie the residual morbidity associated with the use of HAART, we conducted a prospective cross
sectional study of HIV infected women treated with HAART and compare with HIV negative
controls. The aim was to further determine whether the cytokine responses due to HAART used
before pregnancy were similar when compared to women who initiated HAART during pregnancy,
and to describe any possible variations in expressions of cytokines according to the period of
gestation. The study found an exaggerated pro-inflammatory cytokine profile amongst the whole
cohort, however, a mixed picture of both a pro- and anti-inflammatory cytokines was present amongst
the normal HIV negative controls, which was comparable to the PPH group (HIV positive who
initiated HAART before pregnancy). The latter differed significantly with those who had initiated
HAART during pregnancy (in-pregnancy HAART, (IPH) group, which was predominantly pro-
inflammatory. Almost all the pro-versus anti-inflammatory cytokine ratios were raised, indicating a
significantly raised pro-inflammatory milieu in women who had just initiated HAART (with median
treatment time of 13 weeks), compared to the PPH group (with a median treatment time of 186
weeks). The mixed picture amongst the study controls is not in keeping with other previous studies
which show pregnancy to be a predominantly Th 2 condition, therefore anti-inflammatory (17).
However, IL 10 has been said to have a dual role, being both pro and anti-inflammatory during
pregnancy, with IL 4 being the stronger cytokine representing Th 2 activity (18), hence the differences
in the profile when using one or the other. Additionally, HAART has been shown to reverse the Th 2
activity (19), hence the poor expression of both IL 4 and I 10 in our PPH group. This HAART
induced Th2 to Th 1 shift (partially demonstrated in our study), has been implicated in adverse
pregnancy outcomes seen with HAART (20), particularly when initiated before pregnancy. It’s on the

same basis that our retrospective audit found higher rates of infectious morbidity amongst women
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who had initiated HAART pre-pregnancy, despite reasonable median CD 4 cell counts (ie not
indicative of immune-suppression). We earlier argued that this could be an IRIS phenomenon,
previously described amongst women receiving HAART. The predominantly pro-inflammatory
profile of IPH could also be related to or explain the residual morbidity seen in individuals treated
with HAART. It is known that IRIS represents an exaggerated recovery of the immune system during
the early phase of HAART, and may explain the reason why women treated with the necessary and
essential drugs still show deteriorating health outcomes. In another study, persistently high IL 6 and
other markers were associated with poor outcomes in patients initiating HAART. Specifically, a high
IL 6 was associated with a new AIDS event and increased risk of death, whilst a high TNF was
associated with the risk of developing IRTS (21). Our data shows very high levels of IL 6, the only
cytokine to have been expressed by all HIV infected participants, being within the given normal limits
in 96% of the IPH group. This represents an underlying background of significant pro-inflammatory
milieu in HIV infected women, whereas a successful pregnancy is preferably anti-inflammatory, and
this may explain some of the adverse outcomes, such as preterm deliveries found in other studies (20).
Most of the preterm deliveries are idiopathic, thought to be associated with some form of infection or

inflammation.

To our knowledge, this is the first account to describe the cytokine background of pregnant women in
our setting, and therefore it is difficult to corroborate these findings. Other local anthors have

described cytokine expression in a background of pathology such as pre-eclampsia.

This thesis gives an overview of the morbidity and mortality amongst HIV infected women treated
with HAART, examining the associations from different angles, using different cohorts. The sample

size of each cohort was also relatively adequate, making it possible to make inferences.

The limitations of each analysis have been acknowledged in each manuscript / chapter.
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Conclusion;

This work described the profile of women who access HAART during pregnancy, showing
firstly that those who initiate HAART before pregnancy (PPH group) are significantly of
advanced age and higher parity compared to those who are HIV negative or initiate during
pregnancy (IPH group), The audit showed that pre-pregnancy HAART does not protect from
infectious complications, despite women being immune restored, with majority showing
suppressed viral loads, and good CD 4 counts, The data also showed that HAART is
associated with increased risk of preeclampsia, in the backdrop of a reduced risk amongst
women who are HIV positive, when compared to HIV negative women. Additionally, there is
an apparent increased risk of obstetric haemorrhage in HIV infected women, and the effect of
HAART needs further research. Lastly, though women accessing pre-pregnancy HAART
showed a mixed cytokine profile which was both pro- and anti-inflammatory, the study
demonstrated a Th 2 to Th 1 cytokine shift, in that there was an almost complete suppression
of TH 2 activity amongst the PPH group, who had minimal expression of both IL 4 and IL 10.
Normal pregnancy is thought to represent a Thl ~ Th2 shift, therefore the reverse seen in
HAART recipients (especially if initiated pre-pregnancy) may explain adverse outcomes seen
in long term use of HAART (such as preterm birth), and now as our research has shown, also
increased risk of preeclampsia and infectious morbidity. The predominantly pro-inflammatory
cytokine profile of the IPH group may reflect the background or residual increased risk of
infectious complications in HAART recipients (also demonstrated in the audit). The presence
of a pro-inflammatory picture in the HIV negative controls needs further exploration, as a
predominantly anti-inflammatory profile was expected.

A summary of the research question and main findings is presented in Table 1 below.

Recommendations:

Further research is needed to determine the associations between HAART and ongoing infectious
morbidity, which could be new infections or IRIS from latent opportunistic infections. More data is
also necessary regarding HTV/HAART and obstetric haemorrhage. With the data almost conclusively
showing a relationship with hypertensive disorders and HIV or HAART, further research on the
pathophysiological mechanisms is needed. Additionally, more clinical details and sensitive markers of
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inflammation are also necessary to determine the apparently increased background of ongoing

inflammatory processes amongst pregnant women in our setting.
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ABSTRACT

HIV is the leading cause of maternal and neonatal morhidity and mortality in resource constrained
countries. Highly active antiretroviral treatment (HAART) initiated in pregnancy has now almost
eliminated mother to child transmission of the virus, and is beginning to show the desired effect of
reducing HIV related maternal mortality. By modulating host immunological responses HAART has the
potential to alter infections during pregnancy, in addition to modifying clinical conditions such as
preeclampsia. There is increasing evidence of the benefits of HAART given to pregnant women, however
there is paucity of data that distinguishes HIV or HAART as the cause or exacerbation of pre-existing
medical conditions or conditions specific to pregnancy.

Anaemia is the commonest haematological disorder seen in HIV infected women and is more
prenounced during pregnancy. The use of HAART has the potential to reduce the incidence and severity of
the disease. Tuberculosis (TB) is the commonest chest infection amongst HIV infected people, being more
common amongst pregnant than non-pregnant women. It is the leading cause of death from infectious
diseases amongst women of reproductive age, and accounts for at least a quarter of all cases of maternal
deaths associated with non-pregnancy related infections (NPRI). TB can manifest at any stage of the HIV
infection, including during treatment with HAART. The latter (ie TB manifestation during HAART
treatment) is thought to be the commonest manifestation of what is now known as immune
reconstitution inflammatory syndrome (IRIS). In a South African report on maternal deaths, 55% of
women whe died of TB were on HAART, and a further 35% of women in the NPRI category died from other
pneumoniae, notably pneumocystis jorevicci, which is also related to HIV infection. With regards to
puerperal sepsis, studies are yet to show the impact of HAART independent of antibiotics in reducing
infectious morbidity in HIV infected women.

Preeclampsia has been asseciated with HIV infection, where mast studies point towards a reduced risk
in HIV infected women, There is increasing evidence that this reduced risk is reversed in the presence of
HAART, with women accessing HAART having almost the same risk as HIV uninfected women. HIV or its
treatment may be associated with increased risk of obstetric haemorrhage, and an increasing trend of
obstetric haemorrhage as a cause of maternal deaths has been recently reported, proportionally in line
with the introduction and increasing availability of HAART for pregnant women The mechanism by
which this may occur remains elusive since pregnancy is a pro-thrombotic state, however, HIV-related
thrombocytopenia or vasculitis could account for the association, if found. HAART would then be
expected to reverse this,

HAART especially protease inhibitor containing combinations, have been associated with preterm
deliveries and low birth weight, particularly when initiated prior to the index pregnancy.

With these overall findings of the effect of HAART on obstetric conditions, this review is intended to
encourage heightened surveillance of adverse events associated with HAART use in pregnant women.
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Introduction

Human Immunodeficiency Virus (HIV) is the leading cause of
maternal mortality in resource poor countries accounting for
approximately 40% of all deaths [ 1], In addition, there are reports of
considerable maternal morbidity arising from co-infections, in
particular tuberculosis {2,3]. The use of highly active antiretroviral
treatment {(HAART) in the last decade has been hailed as one of the
mast effective interventions which has almost eliminated mother-
to-child-transmission (MTCT) of the virus and associated with the
reduction of maternal deaths [1,4). Given the positive impact of the
increased coverage of HAART on both the reduction in abseclute
numbers and ratio of maternal deaths, the focus is now shifting to
HIV issues such as the direct and indirect effects of HAART on other
pregnancy related co-morbidities. The era before the widespread
use of HAART in pregnancy had a plethora of literature
documenting serious morbidity and mortality due to the HIV
disease and its co-infections. However, apart from the reports on
perinatal outcomes, there has not been an equal enthusiasm in
tracking the improvements in maternal and possibly obstetric
conditions in the era of HAART particularly in countries with the
highest burden of HIV disease.

There are several biologically plausible mechanisms why HAART
may have unforeseen consequences on common conditions in
pregnancy. Some of the antiretroviral drugs, such as zidovudine, a
nucieoside reverse transcriptase inhibitor, can lead to mitochondrial
toxicity and affect blood cell counts particularly reticulocytes, and
thereby worsen the anaemia commonly associated with pregnancy
itself. Other drugs are nephrotoxic or hepatotoxic, and can therefore
affect the course of diseases such as preeclampsia and diabetes
mellitus. Additionally, the immune reconstitution following the use
of HAART may trigger or unmask certain inflammatory conditions,
stich as tuberculosis (TB), as well as preeclampsia, which is thought
to involve an exaggerated inflammatory response as part of its
pathogenesis Moreover, pregnancy related factors, such as changes
in blood volume, body mass, elevations in hormonal level and
alterations in enzyme activity may impact on the expected response
to antiretroviral drugs.

The following is a narrative review of the current evidence
regarding the use of HAART and its impact on obstetric conditions.

Medical conditions during pregnancy
Haematological disorders in pregnancy

In 2011, the WHO estimated the global prevalence of anaemia in
pregnancy to be 38.2% [95% confidence intervals (CT): 33.5-42.6],

much higher than that for all women of reproductive age, (29.4%,
95% CI: 24.5-35.0) [5]. Anaemia is said to be the most common
hematological abnormality in HIV infected patients, and in
pregnancy, it can be as high as 88.5% [6]. Several mechanisms
have been suggested to explain the association between HIV and
anaemia and these include direct infection of the bone marrow,
which may inhibit growth of hematopoietic cells, with subsequent
reticulopenia, or low endogenous erythropoietin concentrations,
and rarely, deficiencies of iron or folic acid or Vitamin B12 [7].

The effect of HAART to possibly improve the prevalence or
severity of anemia in pregnancy has also not been explicitly
reported. A South African study, found no difference in the
prevalence of anemia in those who were treated with HAART
compared to those who received zidovudine alone {ZDV) during
pregnancy [8]. The authors noted that, after adjusting for
antiretroviral regimen, age and gravidity, only the CD4 count
remained a significant risk factor for anaemia in pregnancy and
post-delivery. However, regardless of CD4 counts, following the
use of HAART and prophylactic iron supplementation during
pregnancy, there was a 2.5 times less incidence of anaemia at 2
weeks postpartum compared to the time of antenatal registration.
The latter implies that HAART has the potential to improve
anaemia of pregnancy in HIV treated women. Even though
anaemia in pregnancy is predominantly characterised as normo-
cytic and normochromic (82.8%), possibly due to reduced
erythropoietin production during states of HIV related chronic
inflammation [8], this is probably a mixed picture of chronic HIV
disease and micronutrient deficiencies, including iron. Hence not
all women will respond to iron supplementation in pregnancy.

Thrombocytopenia (TCP) has been reported as another
common haematological complication of HIV, and is said to affect
at least 21% of patients with AIDS defining conditions {9]. However,
in another study, there was no difference in the prevalence of TCP
amongst HIV uninfected pregnant women, compared to those who
were infected but untreated, {4.7% compared to 6%, p=0.292)[10].
It is unlikely therefore that the effects of HAART would be easily
appreciable.

Tuberculosis in pregnancy

Tuberculosis (TB) is said to be the leading cause of deaths in
women aged 15-44 years globally | 2,11]. It remains the single most
common cause of maternal deaths from non-pregnancy related
infections (NPRI). In the latest South African report on maternal
deaths, 35% of which were due to NPRI, it accounted for 26% of
deaths in this category [1]. In subSaharan Africa where both
epidemics of TB and HIV co-exist, dual infections were found to be
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the major cause of maternal mortality [2,12]. In the days prior to
the availability of HAART, Ramogale et al. showed an increasing
maternal mortality rate (MMR) amongst HIV infected and
untreated women from 434 to 1023/100 000 births over a 7 year
period, mainly due to end stage HIV disease, chest infections such
as pneurnonia and TB, and puerperal sepsis [12]. A study in Zambia
also documented non-obstetric infections especially TB (and
malaria) as the leading causes of maternal deaths. In this cohort,
HIV was a co-infection in 92% of TB related deaths, compared to
37% in those with malaria [3].

The scale up of HAART is expected to improve general clinical
outcomes, particularly from infectious diseases. In the South
African report on maternal deaths, the number of deaths from TB
fell by 24.6% compared to the previous triennium. This was
attributed to the increasing access to HAART in that period as more
women with higher CD4 { <350 cells/mm?®) were now eligible.
Within this same category of NPRI, with 92% HIV co-infection,
other forms of pneumonia contributed 35% of the maternal deaths.
These were community acquired pneumonia, pneumocystis
jirovecii pneumonia (known also to be related to HIV), and
possibly other missed cases of TB [1]. It has been noted that TB
diagnosis can be difficult in HIV infected women, where 60% of the
infected were found to be acid fast bacillus (AFB) smear positive
compared to 100% of the HIV uninfected [13]. This can be improved
by simultaneous TB screening at antenatal visits, with further
testing for those who are symptom-screen positive. This, together
with the use of isoniazid prephylaxis therapy (IPT}, has potential to
reduce morbidity due to TB and further augment the beneficial
effects of HAART on TB outcomes during pregnancy.

Obstetric conditions
Obstetric haemorrhage

The evidence regarding the effect of HIV on obstetric
hemorrhage is conflicting, and there has not been many studies
examining the effect of HAART, Kourtis et al. found no increased
odds of antepartum haemorrhage (APH) in HIV untreated women,
[odds ratic (OR)=1.06, 95% CI=0.75-1.49] in the early years of
antiretroviral treatment (ART) [14]. In subsequent years, though
there was a significant reduction in APH amongst HIV uninfected
women (OR = 0.93, 95% CI = 0.89-0.98), the authors showed a slight
increase in the incidence of APH from 2.3% to 3.6% amongst HIV
infected treated women, (OR=1.27, 95% C1=0.76-2.14)[15]. With
regards to postpartum hemorrhage (PPH), Chanrachakul in India
found an increased risk of PPH in nulliparous women with
untreated HIV, OR=2.75 (95%(Cl = 1.13-6.66) [16].

The recent meta- analysis suggested a doubled odds of APH
{OR=2.06, 95% CI=142-2.97), but no evidence that HIV increases
the odds of PPH (OR =1.28, 95%CI=0.69-2.38) [ 17]. However, this
meta- analysis included studies in which women were HAART
treated and in other studies they were untreated. In a re-analysis of
the maternal deaths due to obstetric hemorrhage in the last South
African (SA) triennial report, we argued that there was an excess of
estimated 200 more deaths during the triennium where HAART
was introduced, and this figure persisted subsequently. This link
could possibly be coincidental, however, amongst women who
were HIV infected, there were significantly more women who were
receiving HAART than those not on HAART [10.1% versus 6.2%,
relative risk (RR)=1.61, 95% (Cl=1.15-2.25)] [18]. Most of the
hemorrhage occurred postpartum, particularly at or after a
cesarean delivery. Other studies comparing women on HAART
and uninfected women showed increased odds of APH [13,19], but
not PPH [19,20].

There is no clear pathophysiological basis for this apparent link
between an increased risk of obstetric haemorrhage and HIV or

HAART. Bearing in mind that pregnancy is a pro-thrombotic state,
HIV or its treatment would have to counter this effect in order for it
to be associated with increased obsteiric hemorrhage. Others have
described increased haemostatic disorders in HIV infected women
which include hyperfibrinogenaemia, low prothrombin time, as
well as thrombocytopenia, but with no increased risk of bleeding
[21]. Vascular factors at the utero-placental interface would
probably manifest with higher antepartum hemorrhage, such as
abruptio placentae. This calls for further studies to examine not
only the effect of HIV on obstetric haemorrhage, but also the effect
of HAART on the incidence of antepartum or postpartum
haemorrhage.

Preeclampsia

Preeclarnpsia is believed to be due to the loss of immune
tolerance to the fetal antigens which result in immune hyperac-
fivity and a subsequent exaggerated systemic inflammatory
response [22]. Hence, HIV infection through its immunosuppres-
sive characteristic is thought to alter the prevalence of preeclamp-
sia. Studies exploring a possible relationship between HIV and
preeclampsia have provided conflicting evidence [23,24], however,
a recent systematic review and a meta-analysis found no
significant association between HIV (or its treatment) with
pregnancy induced hypertension (RR=126, 95% (1=0.87-1.83),
pre-eclampsia (RR=1.01; 95% CI=0.87- 118} or eclampsia (RR=
1.62, 95% C1=0.14-18.68) [25]. However, an earlier meta- analysis
did find that the risk of pregnancy induced hypertension (PIH) but
not preeclampsiafeclampsia syndrome, was higher in HIV infected
women [18]. Both meta-analyses included studies of both HAART
treated and untreated women. In another recent SA study, Tooke
et al. studied mothers who delivered very low birth weight babies,
majority of whom had pre-eclampsia, and found that although HIV
was not independently associated with preeclampsia (p=0.13),
mothers who received more than 4weeks of HAART were more
likely to develop severe forms of pre-eclampsia (p=0.007) [26].
Other studies that compared HIV infected women receiving HAART
with HIV uninfected women, found an increased odds of
development of preeclampsia in HIV infected wornen receiving
HAART [14,19]. Whilst a reduced risk for pre-eclampsia has also
been reported, in women on HAART, this reduction was only
statistically significant in a study by Mattar's et al. [23], but not
others [2728]. We re- analysed the maternal deaths from
hypertensive disorders (of which >80% were preeclampsiaf
eclampsia), as reported in the recent Saving Mothers Report and
demonstrated that immune-deficient women (untreated AIDS)
were least at risk of developing preeclampsia, more than those
receiving HAART (with treated AIDS) or immune competent (those
HIV infected but not requiring HAART) [29]. Compared to HIV
uninfected women, the increasing protective effect in HIV infected
was from 32% (HIV infected not requiring treatment), to 61% (AIDS
patients receiving HAART) with the greatest reduction of 79%
prevalence of preeclampsia amongst individuals with untreated
AIDS', This report used the definition of AIDS as those women with
WHO clinical stage 4, or CD4 counts <200 cellsfmm® [1].

Thus it seems that the risk of preeclampsia is reduced in HIV
infected women, and the latest evidence suggests that HAART can
reverse this, thus increasing the risk. This therefore calls for further
heightened surveillance of pregnancy complications and clinical
outcomes among women receiving HAART.

Pregnancy related infections — intrauterine and puerperal sepsis
Studies have found conflicting evidence of the association

between endometritis or other forms of puerperal sepsis and HIV
infection. In a prospective study of women recruited from 36
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weeks of gestation, observed through labour and up to 6 weeks
postpartum, we found no increased risk of postpartum infectious
morbidity amongst 241 HIV infected women compared to 427 HIV
uninfected women, {20.7% compared to 20.8% infectious morbidity
rate, p=0.977) [30]. All women underwent vaginal delivery, and
HIV infected women had a median CD4 count of 402cell/microL
with only 2/241 being on HAART. Another study, in the absence of
HAART and a 15% cesarean delivery rate, found no definite
association between puerperal infection and HIV sero-positivity.,
OR=1.02 {95% Cl=0.13-7.68)[ 16]. Others have had similar findings
[14]. However, the meta-analysis by Calvert and Ronsmans [2013],
found that intrauterine infections were increased in association
with HIV, (OR=2.51, 95% C1=1.5-4.21) [17]

In the presence of HAART, Fiore et al., prospectively studied
women who underwent vaginal deliveries, and reported a non-
significant association between HIV and endometritis, (OR=2.56,
95%C1=0.77-6.59) [31]. In another study with a high cesarean
delivery (CD) rate, (30% amongst HIV infected and 51% in HIV
negative groups), women on HAART had a nonsignificant reduction
in odds of endometritis, OR =0.21, (95% Cl=0.01-4.01) [32]. Kourtis
et al., showed an increased odds of major puerperal sepsis in HIV
infected women in the early period of HAART use (OR=2.27, 95%
CI11.46-3.52) [ 14]. However, in the later analysis of hospitalizations
in the HAART era, the authors did not show any clear pattern of
increased or reduced odds, (OR=124, 95% CI=0.65-2.36} for
earlier period of HAART use [2004] and OR=0.93 (95% CI=0.48-
1.89) in later years [2011][15]. The conflicting evidence depends
mainly on different settings and background cfsection rates, In the
same meta-analysis, 4 of the 5 studies which looked at women
accessing HAART showed an increased risk of infectious morbidity
(endometritis or puerperal sepsis), however this was only
statistically significant in 2 of these [17]. In view of the possible
residual infectious morbidity despite the use of HAART, caution
and use of prophylactic antibiotics should be used until further
evidence from prospective studies which control for the mode of
delivery and the use of antibiotics.

Caesarean delivery rates in the era of HAART

In a systematic review and a meta- analysis, a caesarean
delivery (CD) was shown to result in at least 80% reduction in
vertical transmission compared to vaginal delivery. This was a
review of mainly studies prior to the use of HAART, where
zidovudine was used as a single agent throughout pregnancy for
the purpose of prevention of mother to child transmission (MTCT)
of the virus [33]. This led to an increase in CD rates amongst HIV
infected women, despite a possibility of increased infectious
morbidity. Subsequent studies began to examine this protective
effect with the use of HAART, and though the results were not
always consistent, the majority showed that the pre-eminent and
independent risk factor for MTCT was the viral load at the time of
delivery. Viral load (VL) of > 1 000 copies/ml was associated with a
12-fold increase in the risk of MTCT. [34] The study found that
elective CD in women of undetectable VL secondary to HAART use
was associated with approximately 90% reduction in the risk of
MTCT, compared to vaginal delivery, [34], (OR 0.10; 95% CI, 0.03-
0.33). We recently reviewed the evidence, which peints towards
safe vaginal delivery amongst women on HAART with virological
suppression. It has been shown that the number needed to prevent
one case of MTCT in the presence of HAART exceeds a hundred,
[35,36]. The risk of MTCT has been found to be directly related to
the duration of HAART use, with a sharp reduction observed after
the first 12 weeks of treatment. The authors found that each week
of HAART use reduced the risk of transmission by 6% (with OR
calculated per week as 0.94, 95% CI: 0.90-0.99) [37]. Most
authorities therefore recommend that a viral load (VL) test be

performed after the 36th week of pregnancy, and if >1000 copies/
ml, a woman be counselled for a planned cesarean section to
prevent vertical transmission [38]. However, another study
showed that mode of delivery remains important even with VL
levels as low as 50 copies/ml [39]. The authers found that “for all
modes of delivery, the risk of transmission was significantly higher
when viral load was 50-399 copies/ml than when fully suppressed
(<50 copies/ml)”, however, they did not find a statistically
significant reduction in the risk of vertical transmission amongst
women delivering by planned cfsection compared to vaginal
delivery in this group for VL >50-399, (0.77% versus 1.6%, p=0.39).
Therefore a detectable VL, even though <1000 cp/ml, cannot be
treated as one which is undetectable. The issue becomes more
complex as different settings use undetectable range of <50 and
others <20cp/ml, Therefore, individual counselling is necessary,
also taking into account the duration of HAART, the maternal CD 4
count and the presence of other co-morbidities,

HAART and perinatal outcomes

The effects of HAART on the fetus and pregnancy outcomes
remain uncertain. There has been increasing documentation of
adverse outcornes particularly preterm deliveries and low birth
weight infants associated with the use of HAART. However, this
needs to be interpreted in the background of HIV as a possible risk
factor, without the administration of HAART. In earlier studies, low
birth weight {LBW) and small for gestational age were associated
with maternal HIV infection [40], with conflicting evidence of the
association with preterm deliveries (PTD}, [41]. A recent meta-
analysis of 52 cohort studies [42] confirmed the findings of the
earlier analysis [43], and showed that HIV was associated with
LBW and PTD.

It is against this background that the effect of HAART on these
outcomes have to be interpreted. An earlier meta- analysis did not
find an association between HAART and risk of PTD, however, the
use of combination regimens before or early in pregnancy were
found to slightly increase the risk of prematurity [44]. In the recent
report of trends in hospitalizations, Ewing et al. did not observe any
significant increase in the rate of preterm labour and PTD amongst
HIV infected women receiving HAART over the periods 2004, 2007
and 2011 [15]. However, in the latest systematic review, Alemu
et al. reiterated that the type of HAART (especially protease
inhibiter based therapy}and timing of initiation are responsible for
the adverse perinatal outcomes observed [45]. The use of HAART
before pregnancy has consistently being found to be associated
with preterm delivery.

Other studies on the use of HAART during pregnancy show a
protective effect in that the rates of low birth weight (LBW) and
preterm birth were shown to decrease since the introduction of
HAART [46] In this recent retrospective study, even though the
authors reported improved birth outcomes in HIV infected women
receiving HAART compared to ne treatment, {reduced odds of a SB
(OR 0.08, 0.21 and 0.18 respectively)), PTD (OR 0.52, 0.68 and 0.56
respectively) and LBW(0.37, 0.61 and 0.52 respectively)., when
compared to those who received ZDV only, there was no difference
in rates of SGA ad preterm births, whereas LBW and stillbirths were
slightly higher in HAART treated women, though not statistically
different. The most recent prospective, open label, multicentre
randomised trial (PROMISE), showed a significantly higher risk of
very early preterm births and neonatal deaths in women receiving
tenofovir containing HAART, compared to the zidovudine arm [47].

Adverse drug reactions specific to pregnancy

Zidovudine is the only antiretroviral drug that has been widely
used during pregnancy, and continues to be used on its own (with

Downleaded from ClinicalKey.com at SA Consortium - University of Kwazulu-Natel February 22, 2017,
For personal use only. No other uses without permission. Copyright ©2017. Elsevier Inc. Al rights reserved.



130 H.M. Sebitloane, D. Moodley / European journal of Obstetrics & Gynecology and Reproductive Biology 210 (2017) 126-131

additional single dose nevirapine during labour), or as part of the 3
drug HAART regimen. Studies have linked zidovudine (ZDV) use
with mitochondrial toxicity leading to myopathy [48]. It is thought
that ZDV harms the mitochondria via impairment of the
mitochondrial DNA {mtDNA), [48]. Additionally, it is the same
toxicity on the mitochondrium which leads to the anemia
associated with the use of the drug.

Tenofovir (TDF), is a pro-drug of nucleotide reverse-transcrip-
tase inhibitors (NRTI). it is commonly used to treat patients with
Hepatitis B, but is also preferred for HIV infected patients with
renal or hepatic dysfunction, though by itself, it may cause renal
impairment. It is thought to be a better and safer drug than ZDV in
pregnancy, {48]. It is rated category B by the FDA, whereas ZDV is
rated C.

Nevirapine binds to an enzyme rather than DNA, and therefore
known as nen-competitive non-nucleoside reverse transcriptase
inhibitor. Its popularity in pregnancy followed evidence that a
single administration during labor could reduce vertical transmis-
sion by almost 50% [49]. However, its use as part of combination
antiretroviral treatment is associated with significant side effects
such as skin rashes, (which in worst forms manifested as Steven-
Johnson Syndrome), and impairment of hepatic function, which in
some cases led to fatal hepatotoxicity. It has been reported that
commencing NVP in ART-naive pregnant women with CD4 counts
>250 cells{pl significantly increased the odds of toxicity [50]. The
latter usually manifests within a few weeks following initiation of
the drug.

Earlier reports on animal studies raised concern regarding the
use of first-trimester efavirenz exposure and possible development
of central nervous system congenital anomalies. A systematic
review of studies reporting on birth outcomes of women exposed
to efavirenz in the first trimester, compared to those with non-
efavirenz-containing regimens, found no difference in overall risk
of congenital anomalies between the two groups {RR=0.78, 95% Cl
0.56-1.08) |51].

Stavudine has been associated with lactic acidosis [52].
however, there have not been many studies during pregnancy. A
study of treatment-naive women initiating stavudine-containing
regimens during pregnancy, found few adverse reactions, however,
the follow up was short, (10.4 weeks) [53].

Conclusion

HAART during pregnancy is associated with significant
improvement in outcomes for both mother and infant. Since it
works by modulating the immune response, conditions with an
inflammatory basis (such as infectious diseases and preeclampsia)
seem to be particularly affected by its use. Since fetal life involves
extensive development and growth, this can also be affected. The
effect on general obstetric conditions such as obstetric haemor-
rhage need to be monitored. As with the use of any drug in
pregnancy, an enhanced level of maternal and fetal surveillance is
necessary for women on HAART.
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24 June 2016

Dr HM Sebitloane
School of Clinical Medicine
Medical School Campus

Sebitloanem@ukzn.ac.za

Dear Dr Sebitloane

Study Title: “Re-Analysis of Hypertensive deaths from 2014 saving mother’s

report”
Degree: Non-degree purposes
BREC REF NO.: EXM352/16.

| refer to your application to BREC dated 07 June 2016 and wish to advise that
exemption is granted for the above-mentioned study.

This approval will be noted at the Biomedical Research Ethics Committee meeting to
be held on 12 July 2016.

Yours sincerely

y e
[T

{
Me A Marimiuthi
Senior Administrator: Biomedicai Research Lthics

cc. Postgraduate Oftfice
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14 December 2015

Dr M Sebitloane

Family Obstetrics and Gynaecology
School of Clinical Medicine
sebitloane®ukzn, ac,za

Protocol: Inflammatory markers and cytokines associated with pregnancy in HIV infected women

receiving antiretroviral treatment.

Degree: PhD

BREC reference number: BE332/15
EXPEDITED APPLICATION

The Biomedical Research Ethics Committee has considered and noted your application received on 09
July 2015,

The study was provisionally approved pending appropriate responses to queries raised. Your responses
received on 16 Novemnber 2015 to queries raised on 19 October 2015 have been noted and approved
by a sub-committee of the Biomedical Research Ethics Committee. The conditions have now been

met and the study is given full ethics approval.

This approval is valid for one year from 14 December 2015, To ensure uninterrupted approval of
this study beyond the approval expiry date, an application for recertification must be submitted to
BREC on the appropriate BREC form 2-3 months before the expiry date,

Any amendments Lo this study, unless urgently required to ensure safety of participants, must be
approved by BREC prior to implementation.

Your acceptance of this approval denotes your compliance with South African National Research
Ethics Guidelines {2015), Seouth African National Good Clinical Practice Guidelines (2006) (if
applicable) and with UKZN BREC ethics requirements as contained in the UKZN BREC Terms of
Reference and Standard Operating Procedures, all available at http://research,ukzn,ac.za/Research-
Ethics/Biomediczl-Research-Ethics.aspx.

BREC is registered with the South African Nationa! Health Research Ethics Council (REC-290408-009).
BREC has US Office for Human Research Protections (OHRP) Federal-wide Assurance {FWA 678).

The sub-committee’s decision will be RATIFIED by a full Committee at its meeting taking place on 09
February 2016,
We wish you well with this study. We would appreciate receiving copies of all publications arising
out of this study.

Yougs-sincerely

Professor J Tsoka-Gwegweni
Chgir: Biomedical Research £thics Committee
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