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Since 2004, when antiretroviral therapy (ART) was first available to children through the National Department of Health, there has
been significant progress in preventing and treating paediatric HIV. Large cohort studies and prospective trials confirmed that young
children require early diagnosis with rapid access to ART regardless of CD4+ lymphocyte count. Studies also confirmed the importance of
ritonavir-boosted protease inhibitors during therapy, regardless of prior nevirapine exposure. As prevention strengthens and the paediatric
population ages, the goal posts are shifting towards even earlier diagnosis, targeting newborn infants on the first day of life and also the
perinatally infected adolescent.
There is an increasing focus on the long-term health, social, developmental and scholastic outcomes of HIV-infected children. Clinicians
require new skills to assist children with transition into adulthood. In this article we focus on the care of infants and children.
S Afr Med J 2014;104(12):898. DOI:10.7196/SAMJ.9091

Guidance on the indications for starting antiretroviral
therapy (ART) and the preferred initial drugs has evolved
substantially over the past 15 years. These changes were
the result of a better understanding of the rate of disease
progression and the high early morbidity and mortality.
There is now a better appreciation of the long-term implications of early
therapy and how to sequence the available drugs.

Which children need ART?

The 2013 World Health Organization (WHO) and South African
(SA) ART guidelines[1,2] recommend starting ART for all children
<5 years of age and fast-tracking those who are very young and have
severe disease (Table 1).
In the absence of ART, the majority of infants progress to AIDS and
death within 18 months.[3] The strategy for ART initiation in all infants
was studied in the Children with HIV Early Antiretroviral (CHER)
trial.[4] Early ART was compared with a deferred approach in infants
Table 1. Indications for starting antiretroviral therapy and
fast-tracking
Age

Indication

Fast-tracking

Birth - 5 years

All children

Infants <1 year of age
Hospitalised children
MDR- or XDR-TB
WHO stage 3/4 disease
Severe immune suppression

5 - 15 years

WHO stage 3/4
disease, or CD4+
<350 cells/µL*

WHO stage 3/4 disease
MDR- or XDR-TB
CD4+ <200 cells/μL or
CD4+ <15%

WHO = World Health Organization; MDR-TB = multidrug-resistant tuberculosis;
XDR-TB = extensively drug-resistant TB.
*From January 2015 new guidelines for adults will provide therapy at CD4+ <500 cells/µL.
Paediatric guidelines will follow suit.

<12 weeks of age and with a baseline CD4+ ≥25%. Infants entered
the trial at a median of 7 weeks of age. Children on early therapy had
a significant reduction in mortality and HIV progression.[4] Some
notable advantages were a reduction in tuberculosis (TB) incidence[4]
and an improvement in developmental outcomes.[5] Griffiths Mental
Development Scales scores were significantly higher for children who
started early treatment (106.3 v. 100.1; p=0.02). Early treatment was
also associated with higher locomotor scores (97.7 v. 88.9; p<0.001).[5]
In a subsequent retrospective study of infants who started therapy
by 8 weeks of age under programmatic conditions, 62% already had
advanced disease, indicating that more should be done to diagnose
and treat infants even earlier.[6] Very early therapy in the neonatal
period is possible despite challenges in drug options and dosing. The
only drugs that have been studied extensively in term and preterm
infants are zidovudine (ZDV) and lamivudine (3TC). One study of
HIV-infected Canadian infants that initiated therapy within 72 hours[7]
and the case of the Mississippi baby suggest that very early therapy may
limit the HIV reservoir.[8]
The evidence for starting children between 2 and 5 years of age
is less clear.[9] The current recommendations are only partially
based on evidence of clinical benefit, but are also an attempt to
simplify complex operational and programmatic issues. The Pediatric
Randomized Early v. Deferred Initiation in Cambodia and Thailand
(PREDICT) trial enrolled children of 1 - 12 years of age without
AIDS-defining illnesses and relatively high CD4+ counts. Outcomes
with deferring ART were equivalent to immediate ART.[10] There
was no significant difference with regard to viral suppression, CD4+
percentage after ART initiation or toxicity. Of note, intelligence
quotient did not differ 3 years after study entry, regardless of ART
strategy.[11] However, it is likely that the neurological benefit of
early ART was already forfeited in this group. It is important to
note that the definition of HIV-associated encephalopathy used in
both the CHER[4] and PREDICT[11] trials did not include less severe
manifestations of neurodevelopmental dysfunction.
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Rationale for the current national first
regimen

Initially, the ART programme used stavudine (d4T) as a first-line
nucleoside reverse transcriptase inhibitor (NRTI). d4T is easy to
use, has very few initial complications and is inexpensive. Serious
late complications such as lipoatrophy and lactic acidosis led to
replacement by abacavir (ABC) for children and tenofovir (TDF)
for adults.[2] ABC has an excellent short- and long-term sideeffect profile and requires only clinical monitoring soon after
initiation.[12] The Paediatric European Network for Treatment of
AIDS (PENTA) 5 study clearly showed that ABC plus 3TC combined
with unboosted nelfinavir (NFV) performed better than ZDV plus
3TC or ZDV plus ABC with unboosted-NFV.[12] ABC as first line
may also select for more ‘manageable’ resistance patterns in failing
children. However, since switching to ABC plus 3TC as the first-line
NRTI backbone in children, there are concerns about its efficacy in SA
children.[13] This was highlighted in a retrospective study with a number of
confounders, including the relative lack of rigor of data collection
under programmatic conditions and rifampicin co-treatment for
children with TB on lopinavir/ritonavir (LPV/r)-based regimens.[14]
More recently, the randomised Pharmacokinetics and Adherence/
Acceptability of Simple Antiretroviral Regimens (CHAPAS-3) study
showed that ABC performed as well as both d4T and ZDV when
combined with 3TC as NRTI backbone with a non-NRTI (NNRTI).[15]
ABC hypersensitivity reaction (HSR) is associated with
HLA*B5701, HLA-DR7 and HLA-DQ3 genotypes.[16] HLA*B5701 is
the most common risk factor. During the Antiretroviral Research for
Watoto (ARROW) study of more than 1 200 HIV-infected infants
from Uganda and Zimbabwe, HSR occurred in 0.2% of children.[17]
The diagnosis is clinical and therapy should not be interrupted if the
case definition is not met. After interruption for HSR, ABC cannot
be re-initiated.
Children still receiving first-line d4T should be switched to ABC
to avoid lipoatrophy if the viral load is undetectable. Children on
Table 2. Recommended first regimen
When to consider
switching in failing
children

Age

Regimen

All infants and
children
<3 years (or <10 kg)

ABC + 3TC + LPV/r

Established on ART
>4 - 6 months
and viral load >5 000
copies/mL on two
occasions 2 - 3 months
apart

Children
≥3 years (or ≥10 kg)

ABC + 3TC + EFV

Established on ART
>4 - 6 months
and viral load
>1 000 copies/mL on
two occasions 2 - 3
months apart

Currently on d4Tbased regimen

Change d4T to ABC if
viral load is
undetectable

If viral load >1 000
copies/mL, manage as
treatment failure
If viral load 50 - 1 000
copies/mL – consult
an expert

d4T = stavudine; ABC = abacavir; 3TC = lamivudine; LPV/r = lopinavir/ritonavir;
EFV = efavirenz; ART = antiretroviral therapy.

efavirenz (EFV) with a viral load of >1 000 copies/mL and those on
LPV/r with a viral load of >5 000 copies/mL, should be managed as
for treatment failure. When the viral load is detectable, but below
these thresholds for regimen switching, a single drug substitution
with ABC should not be done. If considered essential, consult an
experienced clinician (Table 2).
TDF is licensed in the USA from the age of 2 years and is a first-line
treatment recommendation by the WHO.[1] However, as TDF is only
licensed from 18 years in SA and there are no available appropriate
formulations, we currently do not support its routine use. Selected
children with specific indications such as hepatitis B should be
offered TDF, but bone and renal toxicity must be carefully monitored.
The serum creatinine must be measured and the glomerular filtration
rate calculated using an age-appropriate formula. When possible,
bone density monitoring should be offered.
As the third drug in first-line ART, the protease inhibitor (PI)
LPV/r is superior to nevirapine (NVP) in children <3 years of
age, regardless of past NVP exposure.[18] In children started on
ART >3 years of age, the PENPACT-1 study showed that, after
4 years on ART, viral suppression and CD4+ count were similar
on NNRTI and PI-based ART.[19] Of note, the PI most commonly
used was unboosted nelfinavir, an unacceptable choice given
current knowledge. LPV/r solution is not palatable and refusal
of the drug is common in children. Also, there is concern about
longer-term metabolic complications and cost. Co-treatment of
TB requires additional ritonavir (RTV) boosting, taken separately
from LPV/r. Switching suppressed children from LPV/r to NVP
for those <3 years or EFV for those >3 years resulted in
sustained viral suppression in the Nevirapine Resistance Study
(NEVEREST) studies.[20,21] Although switching to EFV in children
>3 years and to NVP in those <3 years was successful in some
instances, currently infants failing prevention of mother-to-child
transmission (PMTCT) have prolonged NNRTI exposure for at
least 6 weeks, rather than only a single dose as in NEVEREST, thus
increasing the risk of subsequent significant NNRTI resistance.
In NEVEREST-2, failure occurred more often in children with
baseline NNRTI resistance (plasma RNA >1 000 copies/mL) when
switched to NVP than in those remaining on LPV/r (22% v. 10%;
p=0.009).[19] Although routine switching from LPV/r to NNRTI
is not part of the current guidelines, it can be considered on an
individual basis in suppressed older children with intolerance
or toxicity or in those who would benefit from EFV during TB
treatment, but careful viral load monitoring soon after the switch
is essential.
EFV for first-line therapy in children >3 years of age and weighing
10 kg is still recommended, despite concern about prior exposure to
NVP through PMTCT. Careful virological monitoring in children
infected despite PMTCT is essential. The US Food and Drug
Administration (FDA) recently approved EFV in children <3 years
and weighing <10 kg. However, this is not thought to be a safe
approach given our current PMTCT strategy.

Once-daily dosing

To simplify ART, once-daily dosing of ABC and 3TC was studied.
Both can be given once daily from 20 kg and 3 years of age, although
some experts recommend daily 3TC only from 25 kg.[22-24] The
latest weight-based therapy chart allows for this (available on the
SA HIV Clinicians Society website: http://www.sahivsoc.org). The
availability of the lower-dose ABC tablets (60 mg) and ABC/3TC
(600/300 mg) fixed-dose combination allows for simplification and
reduction of pill burden and an earlier switch from liquid to solid
formulations.
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LPV/r can be used daily in adults. In the Kaletra Once Daily
Randomized Trial (KONCERT), 173 virally suppressed children
weighing >15 kg and on LPV/r were randomised to daily (n=86) or
twice-daily (n=87) dosing. Those given daily dosing were more likely
to have low-level viraemia at week 48 (12 v. 7 children; p=0.196). The
probability of viral rebound in the daily v. twice-daily group was 0.141
(90% confidence interval (CI) 0.09 - 0.217) v. 0.08 (90% CI 0.044 - 0.145).
In the greater majority the viraemia was suppressed without a dose
change and new resistance rarely developed in either group. Participants
preferred daily dosing.[25]

Mycobacterium tuberculosis
co-infection

TB remains a common problem in HIV-infected children. The
incidence of TB disease is estimated at 23/100 child-years in HIVinfected children in SA.[26] Access to ART remains an essential
intervention to prevent TB, and in children on therapy rates have
declined substantially.
Co-treatment with rifampicin affects the metabolism of certain
antiretroviral drugs, especially LPV/r, which may affect the virological
outcomes. Limited data suggest that, unlike in adults, doubling the
LPV/r dosage does not achieve adequate PI bioavailability in young
children on rifampicin.[27] LPV/r ‘super-boosted’ with additional
RTV, in order that the LPV and RTV have a 1:1 ratio, is the preferred
strategy.

Outcomes in African children on ART

Despite access to ART, 7% of children given ART die in the first year
in a programmatic setting.[28] In older children (mean age at starting
4.3 years), virological suppression rates of 96% by 12 months are
reported from Soweto.[29] In the P1060 study, approximately 80% of
children on LPV/r achieved a viral load of <400 copies/mL at week
24.[18] In the International epidemiologic Databases to Evaluate
AIDS (IeDEA) cohort, children starting ART at around 3.5 years
of age had a 20% rate of virological failure after 3 years.[30] The
ARROW study confirmed this finding, with 83% of children on
two NRTIs and an NNRTI having a viral load of <400 copies/mL

after a median of 3.7 years on therapy.[17] Virological outcomes
are equivalent to those in European or American children.[31] The
CHER study also assessed the possibility of treatment interruption.
Here, gains were modest and there was no arm receiving early
continuous ART for comparison. Therefore, we cannot recommend
this strategy.[32]

Failure of first-line regimens

Poor adherence is the main reason for failure, but intolerance and
drug interactions and/or drug toxicity are important contributors.
Caregiver problems including poor physical and/or mental health,
substance abuse, change in caregiver, multiple caregivers and
family or household non-disclosure of HIV status are important
contributors to failure. These factors should be explored in depth
in failing children. As in adults, indications for resistance testing
are driven by the availability of funds (Table 3). Children not taking
any medication or who adhere poorly are unlikely to benefit from
resistance testing. Furthermore, one may only detect resistance to
current, not previous, medications. All resistance testing should
be viewed in the context of full drug exposure history, including
PMTCT. Children failing an initial regimen containing an NNRTI
usually have resistance, but still have a powerful second regimen
available. There are no studies in low-resource settings where
delayed switching is common. However, adult data suggest that
even with delayed switching after failing an NNRTI-based first
line, an RTV-boosted PI with 2 NRTIs has a good outcome.
Children failing LPV/r rarely have LPV/r resistance initially,
unless previously given RTV monotherapy or TB therapy.[33,34]
In children failing LPV/r as a first regimen, a resistance test and
possibly LPV/r trough levels should be considered. We need more
data on hair levels of LPV/r as a measure of long-term adherence
before this strategy can be recommended. Resistance tests may not
show PI resistance if the child was already switched to an NNRTIbased regimen or if ART was interrupted. These results should
be interpreted cautiously and an experienced clinician should be
consulted. Limited data suggest that African children on third-line
ART regimens can do very well.

Table 3. Possible indications for resistance testing in children
Scenario

Rationale for testing

Transmission prevention failure
Mothers failing first-line or second-line therapy
during pregnancy

Resistance may include more than NNRTI resistance with possible NRTI and even PI
resistance transmitted to the infant

Infants exposed to prolonged NVP during breastfeeding

Document resistance against second-generation NNRTI

Infants failing dual or triple post-exposure prevention

Document resistance in the infant in order to plan therapy

First-line failure
First-line failure with NNRTI

Document second-generation NNRTI resistance
Potentially prevents switching NRTI in selected patients

First-line failure – boosted PI

It is preferable that all such children are tested, as there may not be primary
mutations conferring PI resistance. Adherence should be documented

Ritonavir full-dose therapy and currently on a
boosted PI

Possible PI resistance

TB therapy during PI regimen, especially if
inappropriately boosted or not boosted

Possible PI resistance

Second-line failure
All children

Planning a suppressive third line

NVP = nevirapine; NNRTI = non-nucleoside reverse transcriptase inhibitor; PI = protease inhibitor; TB = tuberculosis.
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Drugs recently licensed for SA
children

Raltegravir (RGV), an integrase inhibitor, is registered in SA and is
available as granules, 25 mg and 100 mg chewable tablets and 400 mg
film-coated tablets. These formulations are not interchangeable as they
are not bioequivalent. RGV can be used in combination therapy from
the age of 1 month and 3 kg. Dosing is according to weight band and
formulation specific. Currently, most SA children receiving RGV are
on a third-line regimen with RTV-boosted darunavir (DRV). RGV
efficacy was first reported in treatment-experienced children and youth
in the P1066 study.[17] However, it is a potential first-line option where
there is a drug reaction or intolerance, provided the patient’s virus is
fully susceptible to the other two drugs in the regimen. Its dosing with
rifampicin-based TB therapy in children is being studied. RGV has a low
resistance barrier and if patients fail this drug it should be discontinued
to prevent resistance to the second-generation integrase inhibitor
dolutegravir (DTG). DTG has only recently been studied in children.
Atazanavir (ATZ), a newer PI, is a first-line drug for children >6 years
old, adolescents and adults in the USA. Dosing is according to weight
bands, beginning at 15 kg. RTV boosting is mandatory until the age of
13 years, with the dose remaining the same across weight bands. ATZ
can be given daily. Currently, very few children are using ATZ owing
to limited formulations available, but in older children who cannot
tolerate LPV/r this drug may be considered. If such patients develop
TB, rifampicin must be replaced with rifabutin, which requires
dose adjustment. We recommend that an experienced clinician be
consulted in these cases. Many patients on ATZ experience indirect
hyperbilirubinaemia, which causes social discomfort but does not
necessitate a therapeutic change.[35]
Boosted DRV is one of the most durable PIs, with fewer sideeffects than LPV/r. Few PI-experienced children have more than
one mutation, making it a useful option for third-line regimens and
second line after failing LPV/r. Recent data on DRV in a once-daily
regimen in ART-naive adolescents, support consideration in first-line
therapy.[36] DRV is approved for children >6 years of age with 300 mg,
150 mg and 75 mg tablets registered in SA. There is some concern
about DRV in children <3 years of age, as infant rats experienced
seizures and a high death rate when exposed to the drug.[37]
Etravirine (ETV), an NNRTI, is registered in SA. However, children
who failed extended NVP prophylaxis or become infected through
breastfeeding while their mothers received EFV often have a virus
harbouring the Y181C mutation precluding the NNRTI.[38] There are
no data for rilpivirine in children. This NNRTI is unaffected by Y181C.

Conclusion

Children graduating from the PMTCT programmes are increasingly
exposed to multiple medications, which pose therapeutic challenges.
There is a need to move from early to very early diagnosis and ART
initiation, with its own set of challenges. There is increasing access to
newly licensed drugs for failing children with complex disease, but
we still lack palatable fixed-dose combinations as first-line therapy.
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