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Purpose of review

Early initiation of combination antiretroviral therapy (ART) in infants below 12 weeks of age reduces
morbidity and mortality. A recent report of transient HIV remission in a child beginning ART from the
second day of life has focused attention on very early therapy in the first days of life.

Recent findings

In the randomized children with HIV, early antiretroviral limited ART beginning at a median of 7.4 weeks
of age lowered mortality and disease progression significantly compared with deferred ART beginning at a
median of 21 weeks on study. In high-burden settings, infants initiating ART appear sicker than in children
with HIV early antiretroviral and start at a later age. Many could be diagnosed on the first day of life.
There are still programmatic obstacles to early diagnosis and initiation of ART in high-burden settings.
There is growing but insufficient information on ART dosages in newborn infants.

Summary

There is now increased focus on initiating ART as postexposure prophylaxis in newborn infants at high risk
of vertical transmission in the hope of limiting morbidity and dissemination of the virus.
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INTRODUCTION

With improvements in preventing mother-to-child
transmission (PMTCT) of HIV, the number of
infected infants is diminishing globally. Despite a
37% decline in vertical infections between 2009 and
2012, 210 000 children still acquired infection in
2012, the majority in sub-Saharan Africa [1]. There-
fore, young infants will still require optimal diag-
nosis and treatment for many decades. Even in
countries with excellent PMTCT programs, HIV
infection in newborn infants still occurs. For
example, in the USA, despite great success in PMTCT
implementation, 167 infants acquired vertical HIV
infection in 2010 [2]. Since 2008, early combination
antiretroviral therapy (ART) in the first year of life
became the standard of care after release of data
from the randomized children with HIV early anti-
retroviral (CHER) trial [3]. Subsequently, immediate
ART recommendations were broadened to include
children below 2 years of age and then below 5 years
of age [4]. This review focuses mainly on the com-
pleted CHER trial and then on the changing empha-
sis to even earlier initiation of ART in the first days of
life [5

&&

,6].
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EARLY ANTIRETROVIRAL THERAPY

The rationale for broadening the age for immediate
treatment was to circumvent barriers, such as poor
access to viral loads and CD4 assays, which delay
the treatment. However, there are other reasons.
Modeling CD4 data from a large treatment strategy
trial in Uganda and Zimbabwe showed that for
below 5 years of age, CD4 recovery was possible,
but CD4 counts in children initiating ART later
would never fully recover [7]. Also, recent data from
the Pediatric Randomized Early versus Deferred
Initiation in Cambodia and Thailand trial showed
improved quality of life in older children receiving
early ART [8].
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KEY POINTS

� Early diagnosis and initiation of ART in infants is now a
standard of care.

� The emphasis is now shifting from under 12 weeks of
age to the first days of life.

� Rapid suppression of viral replication may limit spread
of virus and morbidity in areas, such as the central
nervous system.

� Initiating both infant diagnosis and ART consisting of
three antiretrovirals for postexposure prophylaxis as
soon as possible after birth is widely practiced when
there is a risk for vertical transmission and could, in
some circumstances, produce a period of virological
remission.

The case for early antiretroviral therapy (ART) towards a cure of HIV infection
The CHER trial represents one of the largest
infant cohorts initiating early ART and with
adequate follow-up [9

&

]. The trial hypothesis was
that early limited ART in infancy would delay HIV
disease progression and facilitate a prolonged period
without the need for continuous ART according to
CD4 and clinical criteria. The primary endpoint was
time to failure of first-line ART (immunological,
clinical, or virological) or death. Mothers from com-
munity PMTCT clinics were invited to bring their
infants for screening, and those with CD4 of at least
25% and below 12 weeks of age were eligible for
study entry. Postexposure prophylaxis consisted of
single-dose nevirapine (NVP) to all infants and zido-
vudine for the first week in Cape Town, one of the
two study centers. Infants were then randomized
to either of three ART strategies: deferred ART
(ART-Def) according to the WHO criteria of 2005
and 2006 or immediate ART until close to either the
first or second birthday (ART-40W and ART-96W,
respectively).

For ART-Def, therapy commenced for CD4
below 25% in the first year of life or for the Centers
Disease Control and Prevention stage C or protocol-
defined severe stage B conditions (HIV-related
nephropathy, chronic lung disease, or cardiomyop-
athy). In ART-40W, ART was given from baseline
until week 40 and in ART-96W, until week 96.
Thereafter, ART was restarted for a CD4 below
20% or the clinical criteria listed above. With the
realization that with absolute lymphopenia,
the CD4 percent could be falsely elevated, absolute
CD4 counts for restarting ART were added: 12–
35 months below 750 cells/ml and 36–59 months
above 500 cells/ml. Additional criteria for restarting
ART in ART-40W and ART-96W were failure to
thrive after excluding other causes, severe oral
candidiasis, and recurrent bacterial pneumonia.
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Median age at baseline was 7.4 weeks and
median CD4 percent was 35% in the 377 infants
enrolled. Although median HIV RNA was log 5.7
copies/ml, almost two-thirds (64%) had viral loads
above 750 000 HIV RNA copies/ml, suggesting that
viral replication was already well established. Levels
above 750 000 copies were not quantified because of
cost and insufficient plasma volume.

For the first 40 weeks on study, two-thirds of
infants were randomized to early ART and a third to
ART-Def. Therefore, the first part of the study was a
comparison between early versus ART-Def. Time to
ART initiation in ART-Def was 20 weeks (interquar-
tile range [IQR 16–25]). After 2 years, the data safety
monitoring board, noting that mortality in infants
receiving early ART was 75% less than in ART-Def,
recommended that recruitment into ART-Def be
stopped [3].

The trial ended in September 2011 with a
median follow-up of 4.8 (3.5–5.9) years [9

&

]. Of
125 children in ART-Def, 48 (38%) reached the
primary endpoint, 32 (25%) of 126 in ART-40W,
and 26 (21%) of 126 in ART-96W. Relative to
ART-Def, both early treatment arms had signifi-
cantly better outcomes. The hazard ratio, relative
to ART-Def, was 0.59 [95% confidence interval
(CI) 0.38–0.93, P¼0.02] for ART-40W and 0.47
(0.27–0.76, P¼0.002) for ART-96W, confirming
that early limited ART improved outcome compared
with closely monitored deferred strategy.

Comparisons between ART-40W and ART-96W
showed a trend for better outcomes in ART-96W.
Time to restarting ART was longer in ART-96W than
in ART-40W. Median duration of time off ART was
33 weeks (26–45) in ART-40W and 70 weeks
(35–109) in ART-96W (Fig. 1) [9

&

]. In a secondary
analysis, considering all site-reported death or the
Centers Disease Control and Prevention severe stage
B or stage C events, the benefits of early limited ART
are well seen. The ART-Def arm showed continued
increased mortality and disease progression until
week 78, despite the ART being initiated at a median
of 21 weeks on study. Relative to ART-40W, the
hazard for events in ART-96W was 0.706 (0.462–
1.081; P¼0.1081), again with a trend to a better
outcome after a longer period of primary therapy
(Fig. 2) [9

&

].
The highest event rate per 100 person-years was

in ART-Def: 13.1 versus 7 and 5.3 in ART-40W and
ART-96W, respectively. During ART interruption,
event rates were 8.8 and 1.7, respectively, favoring
a longer period of primary therapy. In contrast, in
ART-Def, prior to ART, the event rate was 55.6 events
per 100 patient-years. The high event rate preceding
ART was not replicated after a period of primary
limited ART, when the children were older.
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FIGURE 1. Use of antiretroviral therapy over time in the CHER trial: time to start of continuous antiretroviral therapy. ART-Def,
deferred antiretroviral therapy. Reproduced with permission from [9&].
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At the end of the trial, 24 (19%) in ART-40W and
40 (31.7%) in ART-96W had not yet restarted ART.
Three children in ART-Def, three in ART-40W, and
one in ART-ART-96W switched to second-line ART.
Of 331 children on ART, 280 (85%) had a viral load
below 400 copies/ml, confirming the durability of a
lopinavir/ritonavir-based regimen [9

&

].
An important point in the CHER trial is that viral

load had no role in either initiating or restarting
ART. Instead, apart from a baseline level to confirm
infection, the intention was to store plasma for post-
hoc analysis, when funds became available. The
rationale for this decision was that viral load assays
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FIGURE 2. Time to progression to the Centers Disease Control
death in 377 children with baseline CD4 of at least 25%. (All site
CDC, Centers Disease Control and Prevention. Reproduced with p
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were not readily available when the study was
planned and were expensive. We reasoned that
CD4 testing would be adequate and would assist
programmatically should early limited ART become
standard of care. However, during the trial, viral
loads became standard of care in South Africa,
and therefore were included every 3 months while
on ART from October 2009, 4 years into the study.
Also, a virological endpoint (plasma HIV above 10
000 copies/ml, two occasions within 4 weeks) was
added to the composite endpoint of ART failure.
However, during ART interruption, although speci-
mens were stored every 3 months, viral loads were
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The case for early antiretroviral therapy (ART) towards a cure of HIV infection
not measured and played no role in decisions to
reinitiate ART. Studies are now in progress to evalu-
ate viral rebound after limited ART in the ART-40W
and ART-96W arms.

Of great importance was the lack of serious HIV-
related disease in children receiving early limited
ART compared with ART-Def, suggesting that young
infants were far more vulnerable to the effects of
HIV than in older children. A major limitation of
the study, however, was the absence of an early
continuous ART arm. Also, numbers in ART-40W
and ART-96W were insufficient for adequate com-
parison. Nevertheless, the findings of the CHER trial
support the concept of early limited primary therapy
in infants. Indeed, the Mississippi child maintained
virological suppression for almost 3 years after very
early limited ART [5

&&

].
TIMING OF INFECTION AND
PROGRESSION OF HIV

With improvements in PMTCT, most infant HIV
infection occurs in utero and can potentially be
detected immediately after birth. In well resourced
settings, a diagnostic polymerase chain reaction
(PCR) on the first day of life and immediate post-
exposure prophylaxis with three antiretrovirals is
standard practice when there is a high risk of vertical
transmission [10]. Since 2001, increasing use of
triple antiretroviral prophylaxis was documented
in a review from Europe, mainly associated with a
more recent calendar year, detectable maternal viral
load close to delivery, lack of antenatal ART, and
prematurity [11

&

].
PROGRAMMATIC ISSUES AND RESOURCE
LIMITATION

The CHER trial provided sufficient resources for
screening, rapid turn-around of early diagnostic
tests, and rapid initiation of ART in a high-burden
setting, beginning just 2 years after the launch of the
South African PMTCT program in 2003. The rapid
pace of HIV disease progression in infants is evident
in the screening data in the CHER study [9

&

]. Of 585
HIV-infected infants screened for the study, 127
(21.7%) were excluded because of the advanced
disease. In addition, two infants died over the brief
period (usually 1–2 weeks) between screening and
study entry.

A follow-up study conducted between June 2007
and September 2010 in the two CHER trial centers
highlighted programmatic challenges in high-
burden settings. The aim of the study was to evalu-
ate the status of HIV-infected infants initiating ART
below 12 weeks of age. Infants followed the same
4 www.co-hivandaids.com
recruitment patterns as in the CHER trial. In the
Cape Town Metropole, 88 infants were identified
from community clinics. In Soweto, 315 infants
were identified from a single wellness clinic linked
to the perinatal HIV research unit. Median age at
ART initiation was 8.4 weeks (IQR: 7.2–9.7). At ART
initiation, 250 infants (62%) already had advanced
HIV disease (CD4 percent <25% or absolute CD4
<1500 cells/ml or WHO clinical stage 3 or 4). Median
age at ART initiation by site was 10.3 (IQR: 8.2–11.9)
weeks in Cape Town and 8.6 (IQR: 7.7–10.0) weeks
in Soweto infants (P<0.0001). In Cape Town, 73
infants (83%) had advanced HIV disease at ART
initiation compared with 177 infants (56%) in
Soweto (P<0.0001). This comparison showed that
a single clinic functioned more efficiently than
several smaller community clinics. Each month
increase in age at ART initiation lowered the odds
of initiating ART in an optimal state (Odds ratio:
0.56, CI: 0.36–0.94) and increased the odds of
advanced HIV disease at ART initiation (Odds ratio:
1.69, CI: 1.05–2.71) [12

&

]. In another study [13]
from Johannesburg, in 864 infants initiating ART
between 2004 and 2011, median age for ART
initiation was 10 months of age, much older than
in the CHER trial.

A study [14
&&

] from Johannesburg, South Africa,
evaluating very early infant diagnosis, provided
programmatic data supporting a first diagnostic test
on first day of life. At the time, a routine diagnostic
PCR was undertaken at 6 weeks of age. However, in
the study, dried blood spots were collected at regular
intervals from birth. Of 38 HIV infections, 29 (76%)
were detectable on day 1 of life. The median age for
ART initiation was 16 weeks, with only 14 (37%) still
in care after a year, again highlighting program-
matic difficulties in high burden settings.
VERY EARLY ANTIRETROVIRAL THERAPY
AND THE MISSISSIPPI BABY

The report of the Mississippi baby changed the focus
of early ART to the first days of life [5

&&

]. The
mother’s rapid test for HIV antibodies was positive
when presenting in active labor at 35-weeks
gestation. No antenatal or intrapartum antiretrovi-
rals were given, but zidovudine (ZDV) was com-
menced for postexposure prophylaxis, converted
to full combination ART when NVP and lamivudine
were added at 31 h of age. Of note, the lamivudine
dosage was at twice the recommended dose for neo-
nates, but appropriate for older infants and NVP was
given twice daily, without the standard single dose
lead-in strategy 14 days [15].

At that time, the plasma HIV RNA was 19 812
copies/ml and a qualitative HIV DNA PCR test was
Volume 9 � Number 00 � Month 2014
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positive. NVP was replaced by lopinavir-ritonavir
after a week. The CD4 percent for day 8 was 69%.
Viral load became undetectable (<48 copies/ml) by
day 29 of life. Poor adherence was suspected at
18 months of age when the red cell mean corpus-
cular volume, which had been above 101 fl before
15 months of age and indicative of ZDV exposure,
decreased to 95 fl. Pharmacy records indicated that
the prescription was last refilled at 15 months of age.

After several missed clinic visits, the infant was
reassessed at 23 months of age. The viral load was,
surprisingly, still undetectable by standard assay,
antibodies to HIV were absent, and a repeat HIV
DNA PCR was negative.

Extensive and highly sensitive tests were under-
taken to look for evidence of HIV. At 24 months of
age, plasma viral load was 1 HIV RNA copy/ml and
HIV DNA was detected at 37.6 (lower limit of detec-
tion – 23.3) copies per 106 monocyte-derived adher-
ent cells. No replication-competent virus was
detected in 22 � 106 resting CD4þ T cells. HIV
DNA was detected at 4.2 (lower limit of detection
– 2.9) copies per 106 peripheral blood mononuclear
cells at 26 months of age.

Regarding innate protection, neither infant nor
mother had the D32 deletion in the chemokine
receptor-5 gene. HIV entry into macrophages
requires chemokine receptor-5 as coreceptor to
the CD4 receptor, with the deletion being associated
with slower progression. Also, human leukocyte
antigen typing did not show a profile associated
with long-term nonprogression.

At 41 months of age, traces of HIV DNA were still
detectable at the lower limits of assay sensitivity but
without evidence of HIV RNA or replication-com-
petent virus [16

&

]. However, 4 months later, during
routine monitoring, a viral load of 16 750 copies/ml
was detected, confirmed by a level of 10 564 copies 3
days later. The CD4 count had decreased marginally.
The description of this outcome has correctly shifted
focus from ‘cure’ to ‘remission’, in line with termi-
nology for cancer. More relevant, however, is the
duration of ‘remission’ that was almost 30 months,
with undetectable viral load off ART. Usually viral
rebound occurs quite quickly, within weeks. In
adults, posttreatment remission has been identified
after initiating ART within weeks of infection and
then discontinuing ART after approximately 3 years
of continuous therapy [17].
OTHER EXPERIENCE OF VERY EARLY
ANTIRETROVIRAL THERAPY IN NEWBORN
INFANTS

Several other cases of early recognition and treat-
ment have been described. An infant born to a
1746-630X � 2014 Wolters Kluwer Health | Lippincott Williams & Wilki
nonadherent mother in Long Beach, California,
began ART at 4 h of age. HIV infection was con-
firmed by a viral load of 217 copies/ml and the
HIV DNA PCR was positive at baseline. By day 11,
plasma HIV RNA was below 20 copies/ml [16

&

]. This
infant remains on ART.

In a Canadian cohort, recruited over 10–15 years,
four premature infants with in-utero infection and
commencing ART within 72 h were identified [18

&&

].
The standard regimen comprised NVP at 150 mg/m2

(with daily dose lead-in for 14 days), lamivudine,
and ZDV. Virological suppression was first docu-
mented between 66 and 189 days of life (median
99 days). For comparison, virological suppression
in the Mississippi child was on day 29 and the
Long Beach baby by day 11. Two of the Canadian
infants maintained an undetectable viral load for
2–3 years, but had rapid virological rebound after
poor ART adherence that led to treatment cessation
[19].
MORBIDITY DESPITE EARLY
ANTIRETROVIRAL THERAPY

In the Long Beach baby, 32 copies of HIV RNA/ml
were detected in cerebrospinal fluid on day 6 of life
when a spinal tap was required to exclude bacterial
sepsis. This observation shows early penetration by
HIV of the central nervous system, despite ART from
birth [16

&

]. In children from the CHER study, white
matter signal abnormalities were detected on MRI in
five infants at a mean age of 30 months. All had
suspected HIV encephalopathy and were on con-
tinuous ART from 10 weeks of age. Therapy had not
been interrupted as these children had already
reached an endpoint in the trial. This observation
also suggests early HIV presence in the brain [20].
ANTIRETROVIRALS FOR EARLY
ANTIRETROVIRAL THERAPY

There are still limited formulations and information
on appropriate dosage for young infants, especially
in the first 2 weeks of life and also for low birth
weight and premature infants [15]. NVP given at
150 mg/m2 daily for 14 days and then twice daily
gave good exposure in the first 4 weeks of life as part
of 3-drug postexposure prophylaxis [21

&

]. Raltegra-
vir has been approved from 4 weeks of age in an
appropriate granule formulation [22].
CONCLUSION

Early ART, the norm after the CHER trial, limits
morbidity associated with HIV. There are still major
programmatic difficulties in the implementation of
ns www.co-hivandaids.com 5
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early ART in high-burden settings. It is likely that
HIV dissemination to many organs, including the
central nervous system, occurs at a very early stage,
potentially limited by very early ART. An added
bonus is the possibility of prolonged virological
remission, thus obviating the need for continuous
ART for a certain period, but the frequency of such
remissions is unknown and requires study.
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