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Summary
Background: Antiretroviral therapy (ART) has dramatically improved the prognosis of HIV-

infection. ART is also effective in preventing vertical and sexual transmission of HIV infection.
Because of this, more HIV-infected women desire to become pregnant and have children. The
development of a sustainable prevention strategy for mother-to-child transmission of HIV through
pregnancy and breastfeeding using ART has been well documented. ART initiation was initially
based on CD4 count thresholds. However, since 2013, WHO has recommended ART as early as
possible for all HIV-infected pregnant and breastfeeding women. In 2015, the recommendation was
expanded to cover all HIV-infected individuals. As the number of pregnancies to HIV-infected
women increase, there are concerns about the safety of ART for their offspring. ART has non-
disputable therapeutic and preventive benefits, but its role in increasing adverse pregnancy
outcomes and growth failure of HIV exposed uninfected (HEU) infants remains unclear as existing
evidence is limited and inconsistent. This justifies the need for additional studies from resource-
limited settings comparing the safety and effectiveness of different ART regimens during

pregnancy to identify regimens with the least adverse effects during pregnancy.

Aims: This thesis aims to investigate the differential effects of ART regimens during pregnancy on
maternal and offspring health. Specifically, we compare the risk of adverse pregnancy outcomes
(preterm birth, low birthweight and small-for-gestational-age) and growth among HEU infants
according to type of ART regimens and timing of ART initiation (paper I and II). Moreover, we
evaluated the clinical and immunological outcomes of asymptomatic HIV-infected women

initiating ART during pregnancy.

Methods: The studies were conducted in Addis Ababa, Ethiopia by reviewing clinical charts of
HIV-infected pregnant women on ART and their infants. In paper I, we included 1663 pregnancies
to HIV-infected women exposed to different antiretroviral agents. In paper II, we included 624
HEU infants born to HIV-infected mothers on ART. In paper III, we included 706 asymptomatic
HIV-infected women initiating ART during pregnancy.

Results: Our findings showed that ART initiated during pregnancy was associated with a higher
risk of preterm birth and low birthweight, but not small-for-gestational age as compared to
zidovudine-monotherapy. Moreover, efavirenz-based ART was associated with lower risk of

preterm birth as compared to nevirapine-based ART. Evaluating growth of HEU infants, we



observed a moderate risk of restricted length and stunting (length-for-age z score < -2.0) associated
with in-utero exposure to ART since conception as compared to ART exposure from late
pregnancy (second trimester onwards). There was no difference in weight gain among HEU infants
according to timing of in-utero ART exposure or type of ART regimens. Finally, we found that
initiating ART for asymptomatic HIV-infected women before their CD4 count falls below 500
cells/ml was beneficial to prevent a CD4 decline and achieve CD4 normalization (CD4 count >750
cells/ml) as opposed to delaying treatment, but there was no strong evidence of a benefit in

decreasing the incidence of HIV-related clinical symptoms.

Conclusion: In conclusion, this thesis gives additional insight on the role of ART during
pregnancy on maternal and offspring health. Our findings highlight the health benefits of early
initiation of ART even for asymptomatic HIV-infected women. However, the findings also indicate
the potential role of ART in increasing risk of adverse pregnancy outcomes and growth faltering of
HEU infants. Comparing different regimens, efavirenz-based ART seem to have lower risk of
adverse pregnancy outcomes as compared to nevirapine-based ART. In light of these findings,
early initiation of ART should be intensified to achieve one of the Sustainable Development Goals
of ending HIV as a public health problem by 2030, but it should be implemented with close
monitoring of the potential adverse effects ART in pregnancy. The health system in resource-
limited settings should be strengthened to manage any adverse pregnancy outcomes and growth

faltering of HEU infants associated with ART.
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1. Introduction
A reliable cure for human immunodeficiency virus (HIV)-infection is yet to be discovered.

However, the advent of antiretroviral therapy (ART) has dramatically improved the prognosis of
HIV-infection (1-3). Currently, HIV-infected individuals on ART have similar life expectancy to
that of non-infected individuals (4, 5). ART is also effective in preventing HIV-infection. The first
drug found to be effective in preventing mother-to-child transmission of HIV (MTCT) was
zidovudine (ZDV) in the early 1990™ (6). Further reduction in MTCT has been achieved using a
combination of antiretroviral drugs (7-11). As a result, provision of a short course antiretroviral
prophylaxis had been the main intervention to prevent MTCT (12). Since 2013 starting lifelong
ART for all HIV-infected pregnant and breastfeeding women has been recommended by the World
Health Organization (WHO) (13), and the recommendation was expanded to encompass all HIV-
infected individuals since 2015 (14, 15).

Although ART during pregnancy has both therapeutic and preventive benefits, there have been
concerns about its role in increasing adverse pregnancy outcomes (16-18), and growth faltering of
HIV-exposed uninfected (HEU) infants (19, 20). However, prior reports on the role of different
ARTSs on adverse pregnancy outcomes are limited and inconsistent (17, 21, 22). Moreover, the role
of in-utero ART exposure on growth of HEU infants need further clarification since the available
evidence is limited (19, 20). Evidence supporting the health benefit of early ART (23-26) and the
role of ART in the prevention of sexual transmission of HIV in serodiscordant couples mostly
came from high-income settings (27). However, the health benefit of early ART (CD4 count 500 or
more) for asymptomatic adults including pregnant women in resource-limited settings (low and

middle income countries) is limited, justifying the need for additional studies.

In Ethiopia, provision of antiretroviral prophylaxis to prevent MTCT was introduced in 2001(28),
and ZDV monotherapy was used for HIV-infected pregnant women not eligible for treatment (CD4
count above 350 cells/ml and WHO stage I and II)(29). However, following the WHO
programmatic update (30), and release of the WHO consolidated guideline for prevention and
treatment of HIV-infection in 2013, Ethiopia endorsed lifelong ART for all HIV-infected pregnant
and breastfeeding women irrespective of immunological or clinical stage, which is commonly
called the Option B+ approach (31). As a result, an increasing number of pregnant women had
access to ART (32). The Ethiopian policy change was to simplify the PMTCT program because it
got rid of the need for CD4 testing to determine ART eligibility (30), based on the potential benefit



of ART in delaying disease progression and preventing sexual transmission of HIV reported from
other countries (27). Nevertheless, there have been concerns related to adherence to and retention
in treatment, HIV drug resistance, and safety of increased ART exposure for the fetus/infant among
pregnant women starting early lifelong ART (30). Despite concerns, the benefits and potential risks
of lifelong ART for pregnant and breastfeeding women was not evaluated prior to the policy
change and adoption of the Option B+ strategy. In fact, there was no prior Ethiopian study
evaluating the benefits and potential risks of lifelong ART for pregnant women or their offspring,
justifying the need for such studies. Moreover, additional studies from resource-limited settings
comparing the safety and effectiveness of different ART regimens during pregnancy are warranted

to identify regimens with the least adverse effects during pregnancy.

Included in this thesis are three papers evaluating the role of the implementation of the Option B+
strategy in Ethiopia on pregnancy outcomes, infant growth and maternal health. Paper I compares
the risk of adverse pregnancy outcomes (preterm birth, low birthweight and small-for-gestational-
age) according to type of ART regimens during pregnancy. Paper II compares HEU infants’
growth up to 12 months of age according to type of ART regimen and timing of in-utero ART
exposure. Finally, in Paper III, we evaluated the clinical and immunological outcomes of

asymptomatic HIV-infected pregnant women who initiated ART at different CD4 levels.



2. Background
2.1. Overview of the HIV Epidemic

An estimated 36.9 million people lived with HIV/AIDS in the world in 2017 (32). In the last three
decades since the discovery of HIV, over 35 million people have died from the HIV/AIDS related
illnesses(33). Sub-Saharan Africa, which accounts for 12% of the global population, bears the
burden of 71% of the global HIV-infected population and 66% of new infections (32).

Recently, the HIV epidemic has shown a notable worldwide decline owing to widespread access to
ART. For instance, the united nations AIDS program (UNAIDS) reports have shown a marked
decline both in AIDS related deaths and new HIV infections (33, 34). The global HIV incidence
reached its peak in 1994 and the trend shows a consistent decline since then (Figure 1). Moreover,
estimates have shown that new infections (all ages) have declined from a peak of 3.4 million in
1996 to 1.8 million in 2017. Similarly, deaths from AIDS-related illness has declined from a peak
of 1.9 million in 2004 to 940,000 in 2017 (Figure 1). However, the HIV/AIDS epidemic is still a
major global public health problem and it is increasingly concentrated among high-risk groups
(Sex workers, people who inject drugs, men who have sex with men, and Trans-gender people).
According to estimates, 47% of all new HIV-infections in 2017 were among the high-risk groups

(32).
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Figure 1. Number of new HIV infections and deaths among the HIV population (all causes), global, 1990-2017.
Source: UNAIDS2019

2.1.1 HIV in Ethiopia

Ethiopia, similar to other Sub-Saharan countries, has a substantial HIV/AIDS disease burden.
According to UNAIDS, an estimated 610,000 people live with HIV in Ethiopia, and among these
350,000 are women of reproductive age group and 62,000 are children (age 0-14) (32). The
Ethiopian Government estimates that the number of people living with HIV is much higher (35).

According to the 2016 national survey, the prevalence of HIV-infection among adults in Ethiopia

10



was 0.9%, and the HIV prevalence was more intense in urban (2.9%) than rural areas (0.4%) (36).
The distribution of HIV-infection also varies across regions of Ethiopia, where Gambella region
and Addis Ababa city have the highest prevalence, and Southern and Somali regions have the
lowest prevalence of HIV-infection (37). Similar to the global trend, the HIV incidence has been
declining since its peak in 1995 (32, 38), and in 2017 HIV incidence rate in adults was only 0.17
per 1000 people (Figure 2).

Adults (15-49) estimate Adults (15-49) estimate modelled

Figure 2. Prevalence (left) and incidence of HIV in Ethiopian adults from 1990 to 2018. Source: UNAIDS 2019

2.1.2 HIV-infection in women

Globally, HIV prevalence is higher in men than women (32). However, in Sub-Saharan Africa,
women are at higher risk of acquiring HIV than their male counterparts, and women constitute
nearly 60% of people living with HIV and 56 to 59% of new infections in sub-Saharan Africa (32,
39). Multi-dimensional factors including biological, structural and behavioral factors have been
responsible for increased vulnerability of women to HIV-infection (40). An estimated 80% of HIV
infections in sub-Saharan Africa occurred through heterosexual transmission (41), and women are
more likely to acquire HIV-infection than men through heterosexual intercourse (42-45).
Moreover, untreated ulcerative sexually transmitted infections increase the probability of acquiring
HIV-infection (46). Harmful traditional practices, such as female genital mutilation (42, 47),
gender inequality and gender based violence (48-52), and gender based economic disparity
predisposes women to HIV-infection (53-56). In Ethiopia the prevalence of HIV in adult women

was two times higher than men (1.2% in women versus 0.6% in men) (35, 36).

2.1.3 HIV-infection and pregnancy

Some studies report increased risk of acquiring HIV during pregnancy (57-59), while others report
no evidence of increased risk (60, 61). A meta-analysis in 2014 pooling data from five studies

showed that risk of HIV-infection was not significantly higher among pregnant (HR=1.3, 95% CI:
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0.5-2.1) or postpartum women (HR= 1.1, 95% CI: 0.6-1.6) compared to non-pregnant/non-
postpartum women (62). However, a recent large study among HIV-serodiscordant couples report
an increased probability of per-sex act HIV acquisition during late pregnancy and the postpartum
period as compared to non-pregnant period (63), suggesting that immunological changes during

pregnancy might play a role in elevating the risk of HIV acquisition.

It is believed that women experience a shift from cell-mediated immunity to humoral immunity
during pregnancy, and these changes might increase the severity of any infectious diseases in
pregnant women (64). Most prior studies reported that pregnancy does not increase the rate of HIV
disease progression or mortality when comparing HIV-infected pregnant women and HIV-infected
non-pregnant women (65-69). In fact, one study reported that pregnancy was associated with a
lower risk of HIV disease progression in women on ART (70). However, a meta-analysis reported
a moderately increased risk of progression to AIDS and HIV-related or all-cause mortality
associated with pregnancy in ART naive population, but pregnancy was not associated with

increased disease progression or death in settings where ART is available (71).

A number of original studies and meta-analyses report that HIV-infection is associated with
adverse pregnancy outcomes (72-74). Studies in pregnant women who are not on ART reported
that in-utero exposure to HIV-infection increase preterm birth (72, 75), low birth weight (76-78),
small-for-gestational-age (79), preterm rupture of membranes, and placentae abruption (76), and
spontaneous abortion (80-83). A recent meta-analysis have shown that maternal HIV-infection is
associated with an increased risk of preterm birth (relative risk (RR) = 1.50, 95%CI: 1.24-1.82),
low birthweight (RR=1.62, 95% CI:1.41-1.86), small-for-gestational age (RR=1.31, 95%CI: 1.14-
1.51), and stillbirth (RR=1.67, 95%CI: 1.05-2.66) in pooled analysis of prospective cohort studies.
Similarly, an increased risk of term low birthweight (RR=2.62, 95%CI: 1.15-5.93) and preterm low
birthweight (RR=3.25, 95%CI: 2.12-4.99) associated with maternal HIV-infection was reported in

a pooled analysis of retrospective cohort studies (84).

MTCT can occur during pregnancy through different mechanisms. The placenta provides a barrier
to HIV-transmission; however, in-utero transmission can occur when there is rupture of the
placenta and contamination of infected maternal blood to the fetus through placental disruption
(85). Placental infection by HIV can also lead to transmission of the virus to the fetus (86). In-utero
transmission is more common towards the end of pregnancy (87). HIV transmission during labor

and delivery could also occur through different mechanisms including contact of the fetus/infant

12



with infectious maternal blood and genital secretions during passage through the birth canal,
through ascending birth canal infection, and through maternal-fetal micro-transfusion during
uterine contractions (88-90). Transmission also occurs during the postnatal period through
breastfeeding (91). MTCT accounts for more than 90% of all HIV-infections in children (92). In
the absence of any intervention, the combined risk of vertical transmission during pregnancy and
breastfeeding can be as high as 30-45% (87, 92), while 5-10% transmission occurs during
pregnancy, 10-15% during labor and delivery, and 5-20% during breastfeeding (93).

High maternal viral load (94-97), and low level of CD4 count (96, 98), are consistently reported as
important risk factors. A case-control study conducted in France reported that viral load was the
only factor independently associated with MTCT (91). With regard to risk factors for MTCT in
African countries, Kenyan (99) and Nigerian (100) studies reported an increased risk of MTCT
with higher maternal viral load. In another study conducted in Zimbabwe, CD4 count of less than
200 cells/ml during pregnancy predicted vertical transmission of HIV during pregnancy and
breastfeeding (101). Breast infection in breastfeeding women has been also associated with
increased risk of MTCT (102). Finally, a newly acquired maternal infection was also found to

elevate the risk of MTCT (103).

The WHO recommends a comprehensive approach to prevention of mother-to-child transmission
(PMTCT): 1) Primary prevention of HIV-infection among women of childbearing age. 2)
Preventing unintended pregnancies among HIV-infected women through education and provision
of family planning services. 3) Preventing MTCT during pregnancy, labor and breastfeeding by
providing antiretroviral prophylaxis. 4) Provision of treatment, care and support for HIV-infected

women and their families (104).

2.2. Antiretroviral therapy

A reliable cure for HIV-infection is not yet discovered, nor is there an effective vaccine to prevent
the infection. However, the advent of ART has significantly improved the prognosis of HIV-
infection and made it a manageable chronic condition (1-3, 105). Studies have shown that life
expectancy of HIV-infected individuals on ART has dramatically improved (106, 107). In fact,
patients initiating ART early or who are asymptomatic at the time of ART initiation are expected to
have similar life expectancy with that of non-infected individuals (4, 5). In addition to its
therapeutic benefit, ART is also effective in preventing HIV-infection including MTCT (6), and

sexual transmission of HIV in discordant couples (27, 108).
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Antiretroviral drugs work by preventing viral replication by targeting different stages of the HIV
replication cycle (Figure 3), and thus prevent damage to the immune system caused by the viral
replication (109). However, ART cannot clear the host body of the virus, as a result medications

should be taken for life to maintain optimum level of viral suppression (110).

In the early days of antiretroviral therapy, treatment using a single antiretroviral drug was found to
be inadequate to suppress viral replication for a long period of time (111-113), but treatment using
a combination of antiretroviral agents has been more effective in suppressing viral replication and
slowing disease progression (114, 115). Subsequently, the efficacy of antiretroviral drugs has been
further enhanced and drug resistance decreased when a combination of three drugs (at least one
from different classes) has been used to treat HIV-infection (116). As a result, a combination of at
least three drugs from a minimum of two classes: sometimes called Highly Active Antiretroviral

Therapy (HAART) has been recommended for treatment.

Currently, there are six classes of antiretroviral drugs for clinical use around the world including,
nucleoside reverse transcriptase inhibitors (NRTIs), non-nucleoside reverse transcriptase inhibitors
(NNRTIs), protease inhibitors (PIs), integrase strand inhibitors (InSTIs), fusion inhibitors and
CCRS5 antagonists (Figure 3). The first three classes have been commonly used in resource-limited
settings, InSTIs and fusion/entry inhibitors were not commonly used at the implementation time of
this project. A standard ART regimen consisted of two NRTIs with a NNRTI, PI, or InSTI. NRTIs
and NNRTIs act on reverse transcriptase enzymes (117), whereas PIs work by inhibiting a viral

enzyme called protease enzyme necessary to mature the virus (118).
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Terminologies
Different treatment guidelines and studies have been using different terminologies referring to
antiretroviral therapy (a combination of three or more antiretroviral drugs).
The terminologies used in prior studies and guidelines include:

e Antiretroviral therapy (ART),

o Combination ART (cART),

e Combination therapy and,

e Highly active antiretroviral therapy (HAART).
In this thesis the term antiretroviral therapy (ART) indicates the use of a combination of three
antiretroviral drugs unless ZDV monotherapy is specifically mentioned to indicate a single
antiretroviral drug, which had been used during pregnancy as prophylaxis to prevent MTCT.
Antiretroviral drugs (ARV) refer to the medicines themselves and not to their use. These

terminologies are in line with the 2016 WHO treatment guideline.

2.3 ART in pregnancy
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ART during pregnancy has been used for therapeutic as well as prevention purposes. Short course
antiretroviral prophylaxis (monotherapy or triple antiretroviral drugs) was used for the PMTCT
when pregnant women were not eligible for treatment. However, early initiation of ART for all
HIV-infected pregnant women has been recommended by WHO since 2013 (13), and subsequently
adopted by Ethiopia.

2.2.1 ART for prevention of MTCT

Effectiveness of antiretroviral drugs in reducing MTCT has been established since the early 1990s.
The first drug tested to be effective in PMTCT was ZDV in 1994, when a randomized controlled
trial found that the vertical HIV transmission rate was significantly lower among women on ZDV
during pregnancy than the placebo group (8% versus 25%)(6). Later, a combination of different
antiretroviral drugs were found to further decrease vertical transmission of HIV (7, §, 120, 121). As
a result, MTCT has been virtually eliminated (less than 1%) mainly as a result of ART in high-
income settings (122, 123). For instance, a French cohort study reported no MTCT among 2651
infants born to women who were on ART before conception, continued ART throughout the
pregnancy and delivered with a plasma viral load <50 copies/ml (122). Similarly, studies also
demonstrated that ART significantly reduces MTCT in resource-limited settings (121, 124-126). A
systematic review by Siegfried 2011, reported that triple ART is more effective in PMTCT than
monotherapy (127).

The WHO policy on PMTCT has evolved over time as shown in Table 1. In 2001, the WHO
technical consultation concluded that the ART prophylactic regimens shown to be effective in
randomized clinical trials, should be recommended for general implementation (128). At the time,
different trials demonstrated the effectiveness of ZDV started late in pregnancy (36 weeks of
gestational age) (6, 95, 129, 130). Moreover, a single oral dose of nevirapine (sd-NVP) 200 mg
tablet at the onset of labor and oral dose of NVP suspension (2mg/kg) to infants with in three days
of birth was found to be effective by HIVNET 012 trial in Uganda (7, 131). The 2004 WHO
guideline recommended that HIV-infected pregnant women, not eligible for treatment, should be
given ZDV from 28 weeks of gestation until labor, and a sd-NVP at the onset of labor and ZDV
and lamivudine (3TC) for one week postpartum (132). In the revised guideline in 2006, pregnant
women not eligible for ART were recommended to initiate ZDV from 28 weeks of gestation and
ZDV and 3TC plus sd-NVP during delivery and ZDV and 3TC for one weeks postpartum (133).
The 2010 revision of the guideline includes two approaches, Option A and Option B (12), and the
2012 programmatic update introduced additional PMTCT approach, which is commonly called
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Option B+ (30). In the 2013 revision of the guidelines, Option A was left out, rather Option B or

Option B+ were recommended choices (13).

Table 1. Evolution of antiretroviral prophylaxis to prevent MTCT based on WHO recommendation from 2001

to 2016.
Year Choices Mother Infant
Pregnancy Labour Postpartum
2001 No specific ZDV from 36 weeks GA or | Non-specific Non-specific ZDV for one week
recommendati | ZDV+3TC
on None sd-NVP None Sd-NVP
2004 Recommende | ZDV from 28 weeks GA, ZDV+sd-NVP None sd NVP plus ZDV for one week
d continue in labor
Alternatives ZDV starting at 28 weeks ZDV None ZDV for one week
ZDV + 3TC from 36 weeks, | ZDV+3TC ZDV + 3TC for one | ZDV + 3TC for one week
continue in labor and for week
one week postpartum
None sd-NVP None Single-dose NVP
2006 Recommende | ZDV from 28 weeks NVP+ZDV+3TC | ZDV + 3TC for one | sdNVP and ZDV for 7 days
d gestation week
Alternative ZDV from 28 weeks sd-NVP None sd-NVP and ZDV 7days
gestation
2010 Option A ZDV from 14 weeks Sd- ZDV+3TC for one NVP from birth until 1 week after all
NVP+ZDV+3TC | week exposure to breastfeeding
Non-breastfeeding infants:
NVP or sd-NVP + ZDV for 4 to 6
weeks
Option B Triple ARV Triple ARV Triple ARV for one | NVP or ZDV for 4 to 6 weeks
*ZDV +3TC + LPV/ror week after cessation | irrespective of breastfeeding
*ZDV +3TC + ABC or of all breastfeeding.
*ZDV +3TC + EFV or
* TDF+3TC (or FTC)+EFV
2013 Option B Triple ARV Triple ARV Triple ARV forone | NVP or ZDV for 4 to 6 weeks
Preferred first-line: week after cessation
TDF+3TC(FTC)+EFV of all breastfeeding
Alternatives:
ZDV+3TC+EFV(NVP)
TDF + 3TC(FTC)+NVP
Option B+ Lifelong ART NVP or ZDV for 4 to 6 weeks
Preferred first line:
TDF+3TC(FTC)+EFV
Alternatives:
ZDV+3TC+EFV(NVP)
TDF+3TC(FTC)+NVP
2016 Lifelong ART as early as possible for all HIV-infected individuals NVP for 6 weeks

ART: Antiretroviral therapy; sd-NVP: single-dose nevirapine; NVP: nevirapine; ZDV: zidovudine; TDF: tenofovir; 3TC:

lamivudine; FTC: emitricitabine; ABC; Abacavir, LPV/r lopinavir/ritonavir; initiated at diagnosis,

2.2.2 ART for treatment

Recommended treatment algorithms for HIV-infected pregnant women have been largely similar to

any other HIV-infected adults. The optimal time to initiate ART for adults including pregnant

women has been a topic of debate (134). Delaying ART until CD4 counts reach some threshold

had been recommended (134). However, the CD4 count threshold for initiating ART has been

revised many times over the years based on emergence of new evidence (Figure 4) (135). For

instance, the WHO revised its treatment guidelines at least six times between 2002 and 2016 (Table

2). In 2002, the first WHO treatment guideline recommended CD4 count of <200 cells/ml as a cut-
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off point to start ART for adults including pregnant women (105). The 2006 revision recommended
a CD4 count below 200 cells/ml to initiate ART and CD4 count <350 cells/ml for patients with
active tuberculosis (133, 136). In 2010, the CD4 threshold was increased to <350 cells/ml (12)17).
This revision was following studies showing strong evidences that ART initiation at CD4 count
between 200 cells/ml and 350 cells/ml significantly reduce morbidity and mortality (23, 137, 138).
Again in 2013, the CD4 threshold to start treatment was raised to 500 cells/ml for adult HIV-
infected individuals, and universal ART for all pregnant and breastfeeding women irrespective of
CD4 count was recommended as an option (13). By this time, the benefit of ART for prevention of
sexual transmission of HIV was recognized (27). A meta-analysis, to inform the 2013 WHO
guideline showed that early ART initiation (CD4 >350 cells/ml) reduce the risk of progression to
AIDS and/or death, increased the likelihood of immunologic recovery, and reduced the risk of
being diagnosed with a non-AIDS-defining illness, however, grade 3 or 4 adverse events were
more common among patients starting early treatment (139). Finally in 2016, the WHO
recommended starting lifelong ART for all HIV-infected individuals as early as possible (universal

ART) (20, 157, 158), in line with other international guidelines (135, 140-143).
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Figure 4. Temporal evolution of CD4 criteria to initiate ART in asymptomatic HIV-infected adults (IAS, DHHS,
EACS and WHO Guidelines).

ART: antiretroviral therapy. DHHS: U.S. Department of Health and Human Services. EACS: European AIDS Clinical
Society. IAS: International AIDS Society. WHO: World Health Organization

Source: Eholi¢, S. P et al. (2016). Antiretroviral treatment regardless of CD4 count: the universal answer to a
contextual question. AIDS Res Ther, 13, 27-27. doi: 10.1186/s12981-016-0111-1(135).

Table 2. Evolution of ART for treatment in reproductive age women according to WHO.

Year Eligibility criteria for treatment | Recommended ART

2002 CD4 <200 e 7DV or d4t+3TC+ NVP
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2003 CD4 <200 Preferred first-line
e 7DV ord4t+3TC + NVP
Alternative:
e 7DV +3TC + SQV/t/NFV/NVP
2006 CD4 <200 e Z7ZDV+3TC+NVP
If TB start at CD4 <350
2010 CD4<350 or e ZDV-+3TC+NVP/EFV'
TB or HBV e TDF+3TC/FTC+ NVP/EFV
2013 CD4<500 or Preferred first-line:
TB or HBV e TDF+3TC/FTC+EFV
Pregnancy, Alternatives:
Serodiscordant couples e Z7ZDV+3TC+EFV/NVP
o TDF+3TC/FTC+NVP
2016 Test and treat all

! Efavirenz was not recommended in the first trimester pregnancy.

2.2.3 Evolution of ART policy for treatment and PMTCT in Ethiopia

The Ethiopian government mostly adopts the WHO recommendations of ART for treatment as well
as PMTCT (Table 3). The first PMTCT guideline in Ethiopia was prepared in 2001 when sd-NVP
at the onset of labour and sd-NVP for infants within 72 hours of birth was the recommended
approach (28). The revised version in 2007 advised initiation of ZDV starting at 28 week of
gestation for women who are not eligible for treatment (144). Following the WHO PMTCT policy
changes, the Ethiopian PMTCT guideline was altered to recommend the Option A approach for
PMTCT in 2011 (29), Option B+ in 2013 (31), and universal ART for all HIV-infected individuals
in 2017 (145). Similarly, for women who needed ART for their own health, eligibility and first line

treatment choices largely adapted according to the WHO treatment recommendations (31, 146).

Table 3. Evolution guidelines for antiretroviral drugs for PMTCT from 2001-2013.

Year Mother Infants
Pregnancy Labour Postpartum
2001 None sd-NVP None Sd-NVP with in 72 hrs. of birth
2007 ZDV from 28 NVP+ZDV+3TC ZDV + 3TC for one sd-NVP+ZDV at birth and ZDV for 7 days
weeks gestation week
2011 ZDV from 14 Sd- ZDV+3TC for one NVP daily from birth until one week after all
weeks (Option A) | NVP+ZDV+3TC week exposure to breastfeeding
Non-breastfeeding infants:
NVP at birth + ZDV for 6 weeks
2013 Lifelong ART irrespective of the CD4 cell count and gestational | NVP or ZDV from birth to four to six weeks of age
Age (Option B+) regardless of infant feeding method

2.3 Adverse pregnancy outcomes
Globally an estimated 140 million babies are born annually (147), and Ethiopian women give birth
to an estimated 3.23 million live births annually (148). However, a significant proportion of

pregnancies result in adverse outcomes. The thesis focuses on three adverse pregnancy outcomes:
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preterm birth, low birthweight and small-for gestational age. In this section, the definition and

prevalence estimates, and risk factors of these adverse pregnancy outcomes are briefly discussed.

2.3.1 Definition and prevalence of preterm birth

Preterm birth is defined as delivery before 37 completed weeks (149). Preterm birth can be further
categorized according to extremely preterm birth (delivery before 28 completed gestational weeks),
very preterm (delivery between 28-31 completed gestational weeks) and moderate preterm birth
(delivery between 32 and 36 completed gestational weeks) (150, 151). Preterm birth can also be
distinguished according to whether it is spontaneous and iatrogenic. Spontaneous preterm birth
occurs due to preterm labor, or preterm prolonged rupture of membrane (151). While iatrogenic
preterm birth occur due to medically indicated procedures (151). Of all preterm births that occur,
40-45% result from spontaneous onset of preterm labor, 25-30% result from preterm prolonged

rupture of membrane and 30-35% are medically indicated (151, 152).

Estimates have shown that 15 million births, or 9.6% of all births worldwide, are preterm (153)
(Figure 5 and Figure 6). The incidence of preterm birth is believed to have been increasing over
time in all settings, probably due to increases in underlying risk factors, changes in obstetric
practices and increase in use of infertility treatments (154). Even though preterm birth is a global
problem, the distribution is uneven. Over 60% of preterm births occur in Africa and South Asia and
rate of preterm birth across countries ranges from 5% to 18% (153, 155, 156). Ethiopia is one of
the countries with a high rate of preterm birth, where the estimated risk of preterm birth was 12%

in the 2014 WHO estimate (157).

2.3.2 Definition and prevalence of low birthweight

Low birthweight is defined as a birthweight below 2500 gram regardless of gestational age at birth
and very low birthweight is a birthweight of less than 1500 gram regardless of gestational age
(149). Low birthweight is a result of either preterm birth, or intrauterine growth restriction or a
combination of the two (158, 159). However, in settings where estimating gestational age is a
challenge, low birthweight is an important and easy to measure indicator, because birthweight is

readily available in clinical or records of vital statistics (160).

Reliable data on the magnitude and global distribution of low birthweight is limited. Particularly,
resource-limited settings with high burden of low birthweight also have limited data. In 2015, an
estimated 20-5 million or 14.6% of all live births were low birthweight. Overwhelming majority

(91%) were from resource-limited settings, mainly southern Asia (48%) and sub-Saharan Africa
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(24%), where nearly three quarters of low birthweight infants reside (Figure 5) (158, 159). The
2010 estimate indicated that 20.4% of live births in Ethiopia were low birthweight (161).

2.3.3 Definition and prevalence for small-for-gestational-age

Small-for-gestational-age is defined as infants born below the 10 centile of expected birthweight-
for-gestational-age of a gender-specific reference population (162, 163). Small-for-gestational age
can be categorized on the basis of gestational age as term-small-for-gestational age and preterm-
small for gestational age (161). Small-for-gestational age is commonly used as a proxy for
intrauterine growth restriction, and it is important to identify risk factors for intrauterine uterine
growth retardation (160). Although both small-for-gestational age and low birthweight could be
indicators of intrauterine growth restriction, small-for-gestational age is a better indicator to
identify specific risk factors of fetal growth restriction, since low birthweight can reflect both
intrauterine growth restriction or preterm birth, so it is not possible to identify distinct risk factors
linked to growth restriction. Preterm birth and small-for-gestational age share some but not all risk

factors (164, 165).

In resource-limited settings, an estimated 27% of all live births (32.4 million neonates) were small-
for-gestational age in 2010 using the 1991 United States national reference population (Figure
SFigure 6) (161). As can be seen from figure 5, the highest burden is in South Asia followed by
Sub-Saharan Africa, where the great majority, 28.2 million (87%) of small-for-gestational age
occurs (161). More recent estimates using the INTERGROWTH-21% international, multiethnic
birth weight standard as reference, estimated the prevalence of small-for-gestational age in LMIC
at 19.3% (166). The 2010 estimate indicated than 32.1% of live births in Ethiopia were small-for-
gestational age (161).
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Risk factors for adverse pregnancy outcomes

A number of risk factors have been known to increase the risk of preterm birth (167, 168). The

known risk factors can be categorized as maternal, fetal or placental conditions. Maternal medical

conditions, such as diabetes mellitus, gestational diabetes, chronic hypertension, preeclampsia, and

infections are known to increase risk of preterm birth (167, 169, 170). Moreover, obstetric factors

such as prior preterm birth (169, 171), nulliparous (169), multiple gestation (twins/triplets) (172),
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are risk factors of preterm birth. Moreover, maternal depression, anxiety and stress during the
prenatal period are also reported to increase the risk of preterm birth (173). In addition, so are
socio-demographic factors such as young (174, 175) or advanced maternal age (167, 176), poverty
and low level of maternal education (169), and black race/ethnicity (177). Maternal anthropometric
measurements such as underweight (178), obesity (179, 180), inadequate weight gain during
pregnancy (181), and short stature (167), are also known to increase the likelihood of preterm birth.
Behavioral risk factors for preterm birth include cigarette smoking, alcohol use and other illicit
drug use (182). Uterine, cervical, placental and fetal conditions including, placental abruption,
placenta previa, polyhydramnios, cervical incompetence and fetal birth defects are known risk
factors of preterm birth (167). Despite these known risk factors, the causes of nearly half of
preterm births is poorly understood (168).

Small-for-gestational age and preterm birth share a number of risk factors. Small-for-gestational
age is the result of various factors including maternal, placental and fetal and genetic factors (183).
Maternal risk factors for small-for-gestational age include low socio-economic status, smoking,
alcohol consumption (183-186), maternal undernutrition, short maternal stature, being nulliparous
low BMI/underweight and small weight gain during pregnancy (178, 181, 187, 188). Maternal
diseases that affect blood circulation including hypertension, diabetes, chronic renal disease,
systemic lupus erythematosus, are other risk factors (170, 183). Placental factors associated with
increased risk of small-for-gestational age include placental weight, placenta abruption and
placenta previa (183, 189, 190). Genetic factors and fetal chromosomal abnormalities are also

associated with small-for-gestational age (183).

Consequences of adverse pregnancy outcomes

Preterm birth is a leading cause of neonatal morbidity, mortality and long-term adverse health
consequences in the world (150, 153, 191). Particularly, survival chances of preterm infants in
resource-limited settings has been very low. Analysis of data from Uganda, Kenya, and Tanzania
indicated a 47% neonatal mortality among preterm infants (born from 24 to 34 weeks of gestation)
(192). Infants who survive face an increased risk and early onset of chronic diseases, mental health
problems (193), and various disabilities (154, 175). A recent meta-analysis showed that even late
preterm infants have an increased risk of long-term complications (194). Low birthweight is the
result of either preterm birth or intrauterine growth restriction. It is estimated that more than 80%
of neonatal deaths occur in low birthweight infants; of which two thirds are preterm and one-third
are small-for-gestational-age (159). Similar to preterm birth, low birthweight is associated with

increased risk of different health risks including poor growth and developmental problems (195).
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Likewise, small-for-gestational age is associated with a higher risk of neonatal (first 28 days) and
post neonatal mortality, and one-fifth of all neonatal deaths are attributable to infants born small-
for-gestational age (158). Moreover, small-for-gestational age infants have long-term health,
neurodevelopmental and growth complications (164, 196-198). Furthermore, term small-for-
gestational age but not low birthweight infants are at increased mortality risk compared with

average for gestational age infants (158).

2.4 Physical growth and nutritional status of infants

Physical growth refers to an increase in body size (length and weight) and in the size of organs.
Healthy infants grow in a predictable pattern that are compatible with established standards for a
given population, whereas deviation from normal growth pattern indicate malnutrition or illness,
and as a result, monitoring childhood physical growth parameters (anthropometric measurements)
have been an essential component of pediatric care in all settings (199, 200). To interpret
anthropometric measurements, different national and international growth references/standards
have been used (199). The Center for Disease Control (CDC) growth references (201), and the
WHO growth standards are widely used in the monitoring of childhood physical growth around the
world (202).

WHO growth standard

The WHO growth standard has been the most widely used reference to monitor physical growth in
infants and children since 1970™. The first WHO growth reference which was recommended for
international use has a number of limitations. Because, the populations used to develop the
reference were Caucasian children from the USA and anthropometric measurements were taken
every three months which limit its capacity to adequately demonstrate the growth curve in early
infancy (203). Recognizing these limitations, WHO has developed a new internationally applicable
growth standard in 2006 (202), using a multi-country reference population of healthy children
(204, 205). The WHO growth standard describes the growth path of healthy children and defines
how children should grow. Deviations from the pattern is therefore considered as an evidence of

abnormal growth (202).

Cut-off points for abnormal growth and classifications

For population based assessment, there are three different ways that anthropometric measurements
can be compared to the reference population: These are z-scores (standard deviation scores),
percentiles, and percent of median. The z-score system expresses the anthropometric value as a

number of standard deviations or z-scores below or above the reference mean. It is calculated as:
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the observed value minus the mean value of the reference population, divided by the standard
deviation of the reference population. The WHO used different cut-off points to define malnutrition

in children based on length/height and weight measurement z-scores as shown in Table 4 (200,

206).

Table 4. Malnutrition indicators, cut-off points and interpretation in children.

Malnutrition indicators Z-score cut-off points (WHO Interpretation

standard)

Stunting Height-for-age z-score below -2.0 Indicates the cumulative effects of
undernutrition and infections
since and even before birth.

Wasting Weight-for-height z-score below -2.0 | Indicating acute weight loss

Underweight Weight-for-age z-score below -2.0 Indicating acute weight loss or
stunting.

Overweight Weight-for-height z-score above 2.0 Indicates childhood obesity.

Source: WHO 2010 (200, 206)

Burden of malnutrition in resource-limited settings

Globally, estimates have shown that nearly one in four (151 million) under-five children were
stunted and nearly 51 million children under 5 were wasted and 16 million were severely wasted in
2017 (207). Of these, an estimated 55% of stunted and 69% of wasted infants live in Asia while
39% of stunted and 27% wasted live in Africa (207). Undernutrition is a critical determinant of
mortality and morbidity in young children; it is associated with 45 percent of all deaths in children
under five years of age (208). Undernutrition puts children at greater risk of dying from common

infections, increases the severity of such infections, and delays recovery time (209).

Childhood undernutrition (stunting and underweight) in resource-limited settings is the result of
complex interaction of different factors. These factors can be categorized into nutritional practices,
environmental, demographic, and socioeconomic factors, and infections. Maternal undernutrition
(short stature, underweight and micronutrient deficiencies) and child feeding practices (early
discontinuation or nonexclusive breastfeeding and inadequate supplemental food) are associated
with stunting (210). Environmental factors, such as poor household sanitation, including a poor
waste disposal system and toilet, are associated with an increased risk of childhood stunting (210,
211). Socio-demographic and economic factors including young maternal age, low income, and
low level of maternal education (210, 212). Moreover, childhood infections (intestinal parasites,
malaria, and HIV) and maternal infections are known risk factors of childhood stunting (208, 210,
211, 213). There is also evidence that childhood stunting originates from early fetal period; studies
have shown that preterm and small-for-gestational age children have an elevated risk of

undernutrition marked by stunting, underweight and wasting (198, 210).
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3. Literature review
This section presents a summary of prior studies and controversies related to the research questions

addressed in this thesis. Articles evaluating the role of ART use in pregnancy on adverse pregnancy
outcomes (preterm birth, low birthweight, small-for-gestational age) and growth of HEU infants
are summarized. Moreover, studies that assessed the health benefit of starting ART for
asymptomatic HIV-infected women with high CD4 count are reviewed. In this section, we
included studies published before 2017. This reflects the knowledge that was available when the
work was initiated. The search terms and searching strategies employed are described in appendix
2. Additional studies published from 2017 onwards are incorporated into the discussion. The
review is organized and presented according to study settings (high-income and resource-limited

settings), and study objectives.

3.1 Antiretroviral therapy and preterm birth

In high-income settings, studies on the role of ART on preterm birth are inconsistent (Table 5). The
first study to report increased risk of preterm birth associated with ART was a Swiss study in 1998.
In this study, higher risk of preterm birth associated with ART versus no therapy (214). Subsequent
observational studies from Europe replicated this finding (215-219). Other studies, mostly from the
USA, reported no increased risk of preterm birth comparing ART with no therapy (220, 221).
Among studies comparing ART with ZDV monotherapy, three studies report an increased risk of
preterm birth associated with ART as compared to ZDV monotherapy (222-224), while three other
studies demonstrate that the increased risk of preterm birth is associated only with PI-based ART,
but not with other types of ART, as compared to ZDV monotherapy (221, 225, 226). Among
studies comparing ART with monotherapy/dual therapy, three studies report an increased risk of
preterm birth associated with ART (18, 217, 227). But two studies found no evidence of an
association (218, 228). The observed inconsistency in studies comparing ART with ZDV-
monotherapy or no therapy from high-income settings could be due to differences in disease
severity among pregnant women included in the studies since different countries have been using
different criteria for ART initiation. Moreover, differences in the types of ART involved could also
explain the inconsistency, as these studies have been conducted during different time-periods with
different first-line treatment options. Furthermore, all of the studies were observational, and are
prone to confounding and selection bias. For instance, women on ART and women with no therapy
likely do have residual differences, such as disease severity and health seeking behavior,

confounding the findings.
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Reports from resource-limited settings are also inconsistent (Table 5). Comparing ART with no
therapy, studies have reported increased risk (229, 230), no association (231), and a decreased risk
(232, 233), of preterm birth associated with ART as compared to not therapy. Limited power of the
studies partly explain the inconsistent findings. In addition, there is a difference in the analytical
approach and type of ART studied. Differences in maternal disease severity because of different
treatment approaches could be partially responsible for inconsistent findings since maternal disease
severity could be a confounder of the association between ART and preterm birth. Moreover, some
of the studies were unable to adjust for known risk factors of preterm birth such as previous

preterm birth, and past obstetric history (231-233).

Among studies comparing ART with ZDV monotherapy in resource-limited settings, two RCTs
comparing ART with ZDV monotherapy with regard to the risk of preterm birth reported
inconsistent findings. While the PROMISE trial (one of the largest multi-country trials involving
six sub-Saharan African countries and India) demonstrated an increased risk of preterm birth
associated with ART as compared to ZDV monotherapy (120), the Kesho-Bora trial (involving
three countries from sub-Saharan Africa) reported no increased risk associated with ART compared
to ZDV monotherapy (121). The inconsistent findings of the two trials might be due to short
duration of exposure (median duration of 6 weeks before birth) in the Kesho-Bora trial. Another
contributing factor could be differences in baseline CD4 count in the two trials, where women from
Kesho-Bora trial have lower CD4 count than those from PROMISE trial (336 versus 530 cells/ml),
and as a result the potential role of ART in increasing preterm birth might be attenuated by its

health benefits in women with advanced diseases.

Findings from observational studies comparing ART with ZDV monotherapy in resource-limited
settings were also inconsistent, where two studies report increased risk of PTB associated with
ART (16, 234), and one study report no significant association (235). A study from Tanzania
reported that ART initiated before conception, but not ART started during pregnancy, was
associated with increased risk of preterm birth compared with ZDV monotherapy (236). The
observational studies reporting increased risk associated with ART might be influenced by
confounding by underlying maternal disease severity, since ART initiation was based on maternal

disease progression or CD4 level.
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