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A Cohort Study

Landon Myer,"? Lorna Dunning,' Maia Lesosky,' Nei-Yuan Hsiao, Tamsin Phillips,"z Greg Petro,’ Allison Zerbe,® James A. Mclntyre,"® and
Elaine J. Abrams®’

'Division of Epidemiology and Biostatistics, School of Public Health and Family Medicine, “Centre for Infectious Diseases Epidemiology and Research, School of Public Health and Family Medicine,
*National Health Laboratory Services and Division of Medical Virology, and “Division of Obstetrics and Gynaecology, University of Cape Town, South Africa; ICAP. Columbia University Mailman
School of Public Health, New York, New York; ®Anova Health Institute, Johannesburg, South Africa; and ’College of Physicians and Surgeons, Columbia University, New York, New York

Background. The numbers of human immunodeficiency virus (HIV)-infected women initiating antiretroviral therapy (ART)
in pregnancy are increasing rapidly with global policy changes. There are widespread concerns about ART adherence during preg-
nancy and postpartum but few data on viral suppression (VS) over time in these populations.

Methods. 'We followed a cohort of 523 women in Cape Town, South Africa, initiating ART in pregnancy (once-daily tenofovir
300 mg, emtricitabine 200 mg, and efavirenz 600 mg) and achieving VS (<50 copies/mL). Participants provided specimens through
12 months postpartum for batched viral load (VL) testing separate from routine care. Analyses described the incidence of major
(>1000 copies/mL) and minor (50-1000 copies/mL) viremic episodes (VEs) and factors associated with major VEs.

Results. In the cohort (median age, 28 years; median pre-ART VL, 3.99 copies/mL; 3% previously defaulted ART; 24% with
previous exposure to short-course antiretrovirals), the median time of follow-up from VS was 322 days. Overall, 70% maintained VS
throughout follow-up, 8% experienced minor VEs only, and at least 1 major VE was documented in 22% of women. In women with
VEs, peak viremia (median, 3.79 log,  copies/mL) was linearly related to pre-ART VL. The incidence of major VEs after initial VS was
independently associated with younger age, ART initiation during the third trimester, previous defaulting on ART, and postpartum
follow-up.

Conclusions. Viremia appears to occur frequently, particularly postpartum, among HIV-infected women after initial VS in this
setting. More intensive VL monitoring is warranted in this population; the immediate causes and long-term implications of VE

require investigation.
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The past 5 years have witnessed major policy shifts in eligibil-
ity for antiretroviral therapy (ART) for prevention of mother-
to-child human immunodeficiency virus (HIV) transmission
(PMTCT) in low- and middle-income countries. In settings
adopting the World Health Organization’s (WHO) “Option B+”
strategy, calling for universal initiation of lifelong ART in all
pregnant and postpartum women regardless of CD4 cell count
or HIV disease stage, the numbers of HIV-infected women
starting ART in pregnancy or postpartum have increased by
>3-fold [1, 2]. In addition to their implications for PMTCT
programs, experiences implementing Option B+ services are
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particularly important in light of new policy recommendations
for universal ART initiation in all HIV-infected individuals [3].
However, there are notable concerns around ART adherence
in pregnant and postpartum women [4]. Studies from routine
care settings across Africa have demonstrated that retention
of women on ART worsens in the postpartum period [5, 6].
This raises the possibility that disengagement from care and
nonadherence could contribute to loss of viral control, with
viremia undermining the benefits of ART in terms of both ver-
tical transmission risk and long-term maternal health. Despite
these issues, there are no data from low- and middle-income
countries documenting viremia under policies of universal
ART during pregnancy and the postpartum period. With viral
load (VL) monitoring emerging as a standard of care for ART
services, and pregnant and postpartum women identified as a
priority population for VL monitoring, there is an urgent need
to understand viral control in pregnant and postpartum women
on ART in routine care [3, 7]. We examined patterns of viremia
after initial suppression in women starting ART during preg-
nancy in routine health services in Cape Town, South Africa.
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METHODS

Data were drawn from the Maternal & Child Health -
Antiretroviral Therapy (MCH-ART) study, an implementation
science study investigating optimal ART services for preg-
nant and postpartum women (ClinicalTrials.gov identifier
NCTO01933477). The design and methods have been described
previously [8]. In brief, between April 2013 and May 2014,
we recruited a cohort of 620 consecutive ART-eligible HIV-
infected pregnant women at their first antenatal care (ANC)
visit at a large public-sector primary care facility and followed
participants up to 12 months postpartum. From April to June
2013, ART eligibility was determined by clinical and/or immu-
nological status (based on WHO stage III/IV disease or CD4
count <350 cells/uL); from July 2013 to May 2014, all HIV-
infected pregnant women were ART eligible regardless of CD4
cell count or disease status (Option B+) [9]. ART initiation
and clinical follow-up took place as part of routine healthcare
services, with all women initiating a once-daily, fixed-dose
combination of tenofovir 300 mg, emtracitabine 300 mg, and
efavirenz 600 mg.

In parallel, participants attended up to 9 study visits, organ-
ized separately from routine care, at regular intervals during
pregnancy and postpartum. Cohort enrollment and the first
study visit for all women was the day of the first ANC visit.
In women making their first ANC visit at or before 30 weeks’
gestation, the next study visit was scheduled for 2 weeks after
their first ANC visit, and then between 34 and 36 weeks’ ges-
tation. For women making their first ANC visit from 31 to
up to 35 weeks gestation, a second study visit was scheduled
for between 34 and 36 weeks’ gestation. For women mak-
ing their first study visit at or after 36 weeks’” gestation, there
were no further antenatal study visits. Postpartum follow-up
visits were carried out on a fixed schedule of 6 visits held at
7 days and 6 weeks postpartum, then every 3 months from
3 to 12 months postpartum. If participants were late or early
to a scheduled study visit, we allowed visit windows up to the
midpoint of the interval to the preceding or following visit, as
appropriate.

At study visits, participants completed brief questionnaires
collecting demographic and clinical information (including age
and obstetric and medical history including previous antiret-
roviral exposure), and additional clinical data were abstracted
from routine clinic records. Separate from VL monitoring
conducted as part of routine care [10], at each study visit par-
ticipants provided 5 mL of venous blood for de-identified
batched testing using the Abbott RealTime HIV-1 assay (Abbott
Laboratories, Chicago, Illinois) conducted by the South African
National Health Laboratory Service. De-identification took
place through use of a participant identification number gen-
erated separately from patient clinical folder numbers or other
unique identifiers, with an access-controlled identification
log used to link participant data during analysis. All women

provided written consent prior to enrollment, with approval
from the research ethics committees of the University of Cape
Town and Columbia University.

Analyses were conducted using Stata software version 13.0
(StataCorp, College Station, Texas) or R version 3.2 (R Core
Team, Vienna, Austria). All analyses were restricted to women
with documented viral suppression (VS; defined as <50 copies/
mL) during follow-up. After initial suppression, we categorized
each subsequent VL measure as suppressed or elevated to minor
(50-1000 copies/mL) or major (>1000 copies/mL) viremic epi-
sodes, following the guidelines used for clinical decision mak-
ing in South African [10], US [11], and WHO [3] policy, and
based on the observation that mother-to-child transmission
risk appears to be substantially lower in patients with viral loads
<1000 copies/mL [12, 13]. Sensitivity analyses modeled a binary
definition of viremic episodes based on >50 copies/mL and then
>400 copies/mL.

The incidence of viremic episodes was estimated per 100
woman-months on ART. Product-limit methods were used
to estimate the cumulative proportion of women experienc-
ing viremia over time. Mixed-effects Poisson models com-
pared incidence rates in subgroups of participants; results are
expressed as incidence rate ratios (IRRs) with 95% confidence
intervals (CIs).

RESULTS

In 620 women initiating ART during pregnancy, 523 (84%) had
viral load data available following initial VS during follow-up
and are included in this analysis. The main reasons for exclu-
sion were failure to achieve VS during the observation period
(n = 85, including 11 individuals on whom observation stopped
due to death or pregnancy loss, 18 women lost to follow-up
during the study, and 56 women on whom observation was
censored immediately after delivery by design), or no viremia
detected pre-ART due to suspected ART use prior to enroll-
ment (n =12).

Among 523 women achieving viral suppression, the median
age in the cohort was 28 years; the median gestation at ART
initiation was 21 weeks; 24% of the cohort had previous expo-
sure to short-course antiretrovirals for PMTCT whereas 3%
had defaulted ART and were restarting therapy; the median
pre-ART CD4 cell count was 345 cells/uL and the median pre-
ART VL was 3.99 copies/mL (Table 1). After initial VS, a total of
5092 woman-months of observation were accrued in the cohort
(median time of follow-up from VS, 322 days [interquartile
range, 141-410 days]); 86% of observations took place postpar-
tum (4385 vs 707 woman-months antepartum). A total of 2636
VL tests were conducted in this period (median number per
woman, 5).

Figure 1 shows the patterns of virologic responses after ART
initiation. Overall, 70% of the cohort (n = 364/523) sustained
VS throughout the follow-up period, whereas an additional 8%
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Table 1. Description of Women Included in the Analysis Initiating
Tenofovir, Emtricitabine, and Efavirenz During Pregnancy and Achieving
Viral Suppression—Cape Town, South Africa

Characteristic No. (%)
No. 523 (100)
Age, y, median (IQR) 28 (24-32)
Parity: nulliparous 100 (19)
Gestation at ART initiation, wk
Median 21
<14 82 (16)
>14-28 330 (63)
>28 11 (21)
Previous antiretroviral exposure
None 374 (72)
NVP only 6 (1)
ZDV + NVP 121 (23)
Triple-drug therapy 18 (3)
Pre-ART CD4 count, cells/ul
Median 345
<200 83 (16)
200-350 177 (34)
350-500 116 (22)
>500 147 (28)
Pre-ART VL, log,, copies/mL
Median 3.99
<3.0 72 (14)
3.0-4.0 194 (37)
4.0-5.0 206 (39)
>5.0 51 (10)
Time from ART initiation to VL suppression, d, 91 (28-130)
median (IQR)
Time of follow-up from suppression, d, median 322 (141-410)
(IQR)

Data are presented as No. (%) unless otherwise indicated.

Abbreviations: ART, antiretroviral therapy; IQR, interquartile range; NVP nevirapine; VL,
viral load; ZDV, zidovudine.

(n = 45/523) experienced minor viremic episodes only. At least
1 major viremic episode was documented in 22% of women, and
the majority of these episodes (58%) involved >1 VL measure
>1000 copies/mL. Figure 2 shows the distribution of VL results
by timing before and after delivery. The proportion of elevated
VL measures increased steadily with increasing time after initial
VS; cumulatively, by 1 year postpartum, 37% of women in the
cohort had experienced at least 1 viremic episode >1000 copies/
mL. In women with any viremia postsuppression, peak viremia
(median, 3.79 log  copies/mL) was linearly related to pre-ART
VL (P <.001).

During follow-up, 117 major and 56 minor episodes of
viremia were observed after initial VS (incidence, 2.3 and 1.1
per 100 woman-months, respectively); incidence did not vary
by calendar time of PMTCT policy. In a mixed-effects model
adjusted for pre-treatment VL and duration of ART use (Table
2), the incidence of major viremic episodes after initial VS was
independently associated with younger age (IRR for 18-22
years of age vs 234 years of age, 3.67 [95% CI, 1.78-7.56]), ART

initiation during the third trimester (IRR vs first trimester,
2.21 [95% CI, 1.13-4.34]), previous defaulting on ART (IRR,
2.94 [95% CI, 1.29-6.69]), and postpartum follow-up (IRR vs
antenatal follow-up, 6.41 [95% CI, 1.54-26.69]). In addition,
in a model adjusted for all the covariates shown in Table 2 but
restricted to person-time during the postpartum period, each
additional month postpartum was associated with an 11%
increase in the incidence of viremia (IRR, 1.11 [95% CI, 1.07-
1.15]). In sensitivity with viremic episodes defined as either >50
copies/mL or >400 copies/mL, the results did not differ appreci-
ably (Supplementary Table 1).

DISCUSSION

These are among the first data documenting the frequent loss
of viral control after ART initiation and viral suppression in
public-sector Option B+ PMTCT programs in Africa. The key
findings are that up to one-third of women who achieve initial
viral suppression experience viremia within 1 year postpartum,
and that most of these women experience VL >1000 copies/mL,
often with repeated episodes over time.

These findings should be generalized with caution. The
results are from a single urban setting of South Africa, and
while the participants are patients receiving routine pub-
lic-sector healthcare, the frequency of viremic episodes may
differ across programs and countries. Yet the high incidence
of viremia on ART in routine care documented here is of
clear concern and has significant implications for the popula-
tion-level impact of policies for universal ART. The levels of
sustained VS up to 12 months postpartum (70%) are substan-
tially less than global targets of 90% [3]. In turn, it is clear that
the benefits of universal ART initiation for pregnant women,
including reduced risk of vertical and horizontal transmission
as well as long-term optimization of maternal health, may be
jeopardized at a population level.

There are at least 2 broad explanations for the viremia after
initial viral suppression demonstrated here. The association
between incident viremia and younger age—found previously in
studies of nonretention under Option B+ services—may point
to short-term, behavioral drivers [14]. In addition, the findings
for increased frequency of viremia in the postpartum period
is consistent with the hypothesis that women’s motivations for
ART adherence in the antenatal period may be linked more
directly to PMTCT, but motivations may wane with time post-
partum. We also found that previous defaulting of triple-drug
ART prior to restarting in pregnancy appears associated with
increased rate of viremic episodes, which may suggest underly-
ing antiretroviral resistance in this population or, alternatively,
established behavioral patterns of nonadherence. While we did
not have measures of adherence or resistance in this analysis,
the etiology of viremia during pregnancy and postpartum needs
careful elucidation to inform the most appropriate strategies for
both investigation and management.
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Figure 1.

Results of sequential viral load (VL) testing in a cohort of 523 women initiating antiretroviral therapy (ART) during pregnancy and achieving viral suppression in

Cape Town, South Africa. Plots are of VL trajectories for individual patients from the time of ART initiation, divided by category of VL response; each participant is shown in

only 1 plot based on observed VL response.

Interestingly, the levels of viremia documented here are
broadly similar to those found in routine care cohorts in Europe
and North America. For example, in an analysis of women ini-
tiating ART during pregnancy in England and Ireland who
were virally suppressed at delivery, 35% had evidence of viral
rebound (>200 copies/mL) up to 6 months postpartum [15].
Similarly, in a cohort of women in the United States, 56% of
women who were suppressed at delivery had VL >1000 cop-
ies/mL at 12 months postpartum [16]. The parallels across
countries in findings for high levels of viremia in HIV-infected

women during the postpartum period despite access to ART are
striking, and may point to cross-cutting psychological, social,
and/or behavioral drivers of ART nonadherence during this
phase of women’s lives; understanding why levels of viremia on
ART appear so consistent across settings in this patient popu-
lation remains a critical question for optimizing HIV treatment
programs globally.

These data raise important questions regarding postnatal
transmission through breastfeeding. Previously we described
early mother-to-child transmission that appeared to be heavily
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Figure 2. Distribution of viral load (VL) test results during select intervals of time during pregnancy and postpartum; each column shows results for all tests conducted in

the cohort during that interval.
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Table 2. Results of Mixed-Effects Log-Linear Modeling of the Relative Incidence of Raised Viral Load (>1000 Copies/mL)

A B

Variable IRR (95% ClI) PValue IRR (95% CI) PValue
Age,y

18-22 3.23 (1.57-6.63) .001 3.67 (1.78-7.56) <.001

23-25 2.48 (1.20-5.11) .014 2.66 (1.31-5.41) .007

26-29 1.91 (.97-3.77) .061 2.18 (1.12-4.24) .021

30-33 1.61 (.79-3.28) 192 1.58 (.78-3.20) .207

>34 1.0 (reference) 1.0 (reference)
Gestation at ART initiation, wk

<14 1.0 (reference) 1.0 (reference)

>14-28 1.48 (.80-2.76) 212 1.35 (.72-2.52) .346

>28 2.51 (1.29-4.91) .007 2.21 (1.13-4.34) .021
Previous ART

None 1.0 (reference) 1.0 (reference)

ZDV £ NVP (short course) 1.23 (.79-1.89) .369 1.50 (.96-2.34) .073

Triple-drug therapy 2.97 (1.30-6.81) .010 2.94 (1.29-6.69) .010
Pre-ART CD4 count, cells/uL

<200 1.0 (reference) 1.0 (reference)

200-350 0.72 (.42-1.24) .239 0.90 (.51-1.59) 791

350-500 0.80 (.45-1.42) 448 0.88 (.48-1.60) 673

>500 0.50 (.27-0.91) .023 0.63 (.33-1.20) .156
Pre-ART VL, copies/mL

<3.0 log,, 1.0 (reference) 1.0 (reference)

3.0-4.0 log,, 2.01 (.97-4.14) .060 1.84 (.91-3.69) .085

4.0-5.0 log,, 2.00 (.96-1.15) .062 1.44 (.69-3.00) .333

>5.0 log,, 4.00 (1.64-9.79) .002 2.66 (1.09-6.45) .031
Time from VL suppression to VL measurement, mo 113 (1.09-1.17) <.001 1.1 (1.07-1.15) <.001
Follow-up

Antenatal period 1.0 (reference) 1.0 (reference)

Postpartum period 7.83 (1.89-32.51) .005 6.41 (1.54-26.69) .on

“A" shows crude associations involving single variables adjusted only for time after initial viral suppression; “B"” shows a single model including all covariates shown.

Abbreviations: ART, antiretroviral therapy; Cl, confidence interval; IRR, incidence rate ratio; NVP nevirapine; VL, viral load; ZDV, zidovudine.

influenced by maternal viremia at delivery [17]. Although we
do not have data available on transmission in breastfed infants
after 12 weeks of age, the dose-response association between
maternal VL and vertical transmission risk suggests that there
may be increased transmission to infants of viremic women
breastfed for longer periods [18-20]. In light of recent recom-
mendations that all HIV-infected women on ART breastfeed for
at least 12 and up to 24 months [21], these data highlight the
importance of effective detection and management of postpar-
tum viremia to reduce the incidence of HIV in infants.

With VL emerging as the standard of care for ART monitoring
in low- and middle-income countries, these data have impor-
tant implications for monitoring in pregnant and postpartum
women. The high incidence of viremia >1000 copies/mL in this
population points to the likely yield of VL monitoring in these
populations, while programs that conduct VL monitoring in
pregnant and postpartum women only annually—as is widely
promulgated for adults outside of the context of pregnancy [7,
22]—are likely to delay detection of elevated VL. Based on these
data, VL monitoring at regular intervals during the first year
postpartum (ie, at 6 and/or 12 months postpartum) may be

likely to have a substantial yield. However, precisely when and
how frequently monitoring should take place requires research
attention in terms of both optimal clinical outcomes and the
cost-effectiveness of different monitoring schemes [23]. And
whereas earlier and/or more frequent VL testing for pregnant
and postpartum women may be required to detect loss of viral
control as early as possible, effective interventions to prevent
and manage viremia are required [24].

In summary, these novel data show that viremic episodes fol-
lowing initial viral suppression occur frequently in women ini-
tiating ART during pregnancy under Option B+ policies. Based
on this finding, there is an urgent need to understand better
the causes of viremia as well as the optimal VL monitoring and
intervention strategies for pregnant and postpartum women to
maximize the benefits of universal ART policies toward mater-
nal and child health.

Supplementary Data

Supplementary materials are available at Clinical Infectious Diseases online.
Consisting of data provided by the author to benefit the reader, the posted
materials are not copyedited and are the sole responsibility of the author, so
questions or comments should be addressed to the author.
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