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Cover:  Children from a Cape Town community attend an HIV prevention event (photo by Keren Middelkoop). Another photo 
taken at the event appears inside this issue. Sandy Bailey took the photos of children from Gugulethu enjoying the delights of a 

Cape Town beach on a Sisanda FunDaytion outing, and Yvonne Budig the photo of the sleeping baby.
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C O N T E N T S

Journal artworks for sale. Artworks in all issues of the Southern African Journal of HIV Medicine
come from the National Paper Prayers Campaign, initiated, co-ordinated and supported by Artist Proof Studio.

The campaign aims to promote HIV/AIDS awareness and education through the teaching of arts and crafts, 
specifically products sewn and embroidered by rural and urban communities directly affected by HIV/AIDS. 

It also aims to create a spirit of healing through creative expression. Paper Prayers originates in the 
Japanese custom of hanging up strips of paper as prayers for healing.

The purchase of these artworks supports women and their communities in their struggle against HIV/AIDS.
For more information or to make purchases please contact Artist Proof Studio: Cara (011) 492-1278 or

082 330 9859, or Shannin 084 584 8809.
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No, I am not on sabbatical on a tropical island! How-
ever, it has been a great pleasure to have the Journal 
guest-edited again for the last edition of 2009 by a 
superb duo: Leon Levin and Mark Cotton.

Mark Cotton is a specialist in paediatric infectious 
diseases at Tygerberg Children’s Hospital and head of 
its Paediatric Infectious Diseases Unit, affectionately 
known as Kidcru. His main focus is to extend and en-
hance care through research, with a special interest 
in children affected by HIV. Mark has been involved in 
some key studies that have shaped paediatric practices 
and guidelines in southern Africa. He also serves as 
advisor and investigator to a number of international 
institutions and networks. 

Dr Leon J Levin graduated MB BCh at the University 
of the Witwatersrand in 1987. After training in paedi-

atrics at the Wits group of hospitals in Johannesburg, 
he obtained his FCPaed (SA) in 1994. In February 1996 
he founded the Paediatric HIV Clinic at Johannesburg 
Hospital, and more recently he has run the paediatric 
division of Right To Care. Leon has been Chairman of 
the Paediatric Subcommittee of the SA HIV Clinicians 
Society since 1999 and runs the Society´s Paediatric 
Discussion Group, an Internet-based forum for paedia-
tricians to discuss and learn about problems in children 
with HIV. 

In this edition, besides a fabulous array of paediatric 
material, we publish the updated paediatric guidelines. 
With so much positive energy around better HIV sup-
port recently, from the highest level, we are confident 
that we can do better, especially in the important area 
of paediatric AIDS. 

We will kick 2010 off with our usual diverse submit-
ted copy, so please keep sending. Review processes will 
also be improved. We hope it will be a bumper year 
in many ways, with record numbers of people start-
ing and staying on ART, a decreasing incidence of HIV, 
and millions of South Africans testing. We also hope 
to have four bumper editions of the Southern African 
Journal of HIV Medicine in 2010, which is set to be a 
memorable year for South Africa.

LINDA-GAIL BEKKER
Editor

FROM THE EDITORFROM THE EDITOR

The Journal is starting to feel like Men’s Health, what with 
posters, guidelines and now a state-of-the art science update, 
HIV Treatment Bulletin, falling out of it. Exco is pleased to 
announce an important and strategic partnership with HIV i-
Base, who publish HIV Treatment Bulletin. We are distributing 
the southern African version of their excellent newsletter, 
which will exclusively focus on the scientific reports and 
resources that have local relevance – with a strong focus on 
paediatrics and maternal health.

HIV Treatment Bulletin neatly complements the Journal,
providing the snobbish clinician and scientist with the most 
hot-off-the-press analysis of recent clinical trials and basic 
science research. Policy makers can authoritatively pronounce 
at their guidelines meetings, clinicians can expand their 
patients’ options, and, most importantly, you can show off at 
ward rounds. Thanks to all the people at i-Base, this is a major 
step forward for quality information sharing.

We wish the new Health Minister, Barbara Hogan, all the best. 
She has very small shoes to fill, but a mammoth task ahead 
of her to repair South Africa’s woeful health service. At the 

time of writing, she and her deputy, Dr Molefi Sefularo, have 
been very impressive, dealing with a cholera disaster, drug 
stock-outs, issues of prevention, releasing controversial 
reports that were stuck on her predecessor’s desk for months, 
and a dozen other complex health problems.

Finally, the EXCO welcomes two new members based in 
Durban, Professor Yunus Moosa and Dr Henry Sunpath, both 
highly respected clinicians and part of the team responsible 
for an excellent HIV clinical conference held in October.

FRANCOIS VENTER

President

This Spring edition brings 2008 to a close. And what a year 
it has been. Not many breakthroughs in HIV or TB, but a lot 
of activity in terms of understanding early infection better, 
really getting to grips with early immune responses, and 
again thinking through our prevention options. In 2008 
the concept of antiretrovirals for prevention as well as 
treatment has come to the fore with second-generation 
microbicides, pre-exposure prophylaxis and the notion 
that we may be able to ‘treat our way out of the epidemic’ 
becoming possibilities. Gratifyingly, this year also saw a 
record number of people being tested and accessing ART, 
and roll-out for both testing and treatment is truly scaling 
up.

As chairperson of the 4th Southern African HIV Conference 
I must encourage EVERY ONE of you to think seriously 
about coming to Durban on 31 March. It promises to be a 
critical conference where we will really formulate the key 
steps in getting PMTCT, treatment, testing and prevention 

out there on a scale that will begin to turn the SA statistics 
around. (I promise that it will also be loads of fun!) Please 
note the early date this year: 31 March to 3 April. This is to 
ensure brilliant KZN weather!

In this edition, we already begin to examine some of these 
key scale-up questions: Jerome Singh explores the ethics 
and legality of traditional healers performing HIV testing 
(I know many have asked why this HAS to be the domain 
of nurses only). Francesca Esposito and her team examine
changes in body composition in women taking antivirals in 
a KZN clinic. We look at the role of mobile phones in the HIV 
response with William Mapham, and Polly Clayden gives us 
pointers to starting infants on ART. The role of a liver biopsy 
in diagnosis of opportunistic infections is described by Mark 
Sonderup and colleagues. The vexed question of when it is 
deemed safe to start HAART in patients co-infected with 
TB is discussed by Robin Wood, and Francois Venter and 
colleagues give a practical view on new antiretrovirals on 
the horizon for South African practitioners. No guidelines 
in this issue, but I will whet your appetites – look out for 
guidelines on prevention of TB occupational exposure for 
HIV-infected health care workers and on the non-infertile 
HIV infected couple, hot stuff coming up in the new year! 

Happy reading and every best wish for a restful and peaceful 
festive season from the whole editorial team. See you next 
year!

LINDA-GAIL BEKKER

Editor

message from 
the executive

Msg from the executive.indd   5 12/17/08   3:16:23 PM

TREATING HIV-INFECTED CHILDREN

This edition sees the publication of the fourth SA HIV 
Clinicians Society paediatric antiretroviral therapy 
(ART) guidelines. Previously it has not been possible to 
have one guideline for the whole country because of 
wide discordance between the government and private 
sectors. This year, for the first time, our guideline is 
applicable to both the private and public sectors. In-
evitably some differences remain and are addressed in 
the document. They include choice of first-line regi-
men and genotyping recommendations. The nation-
al Department of Health (NDoH) is still updating its 
guidelines, hopefully for publication in early 2010. We 
hope you will find the Society’s guidelines pragmatic 
and helpful. We have the potential to save and improve 
many young lives. 

We thank all those involved in the writing of the guide-
lines, especially our fellow member of the writing com-
mittee, Dr Tammy Meyers, and our overseas reviewers.

As has been done previously when paediatric guidelines 
have appeared, the entire issue is devoted to paediat-
rics. We hope it will be useful as a ready reference on 
paediatric HIV management for all health care workers 
caring for children.

editorial
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message from   
the executive

The global recession has thrown the problem of fund-
ing for AIDS programmes to the fore, with Botswana’s 
president saying his country’s programme is unsustain-
able, and donors sounding warnings that rationing may 
need to be implemented. This is very alarming – we 
have made big strides in terms of antiretroviral access 
in the last few years, and these are suddenly looking 
very fragile.

It is time to take stock of our programmes and make 
them as lean and mean as possible, ensuring maximum 
access to care while ensuring acceptable levels of qual-
ity. We need to look critically at the labs we ask for and 

the drugs we need, while keeping up pressure on the 
donor community to maintain support.

However, we should not let our governments off the 
hook. Health in southern Africa has been consistently 
underfunded as a function of the gross domestic prod-
uct, in almost every one of our countries. Guns, presi-
dential inaugurations and motorcades never seem to 
be a problem to fund, and we need to do a better job at 
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We begin with an opinion piece by Heather Jaspan,  
Rachel Li, Leigh Johnson and Linda-Gail Bekker on the 
urgent need to develop skills and infrastructure to meet 
the needs of HIV-infected adolescents, especially given 
our success in treating children with ART. 

We then address prevention of vertical transmission of 
HIV, the key to the elimination of HIV infection in chil-
dren. The paper by Laurie Schowalter, Ashraf Coovadia 
and Ameena Goga is a plea for action. It is followed by 
an analysis of vertical transmission data (Mark Cotton, 
Soyeon Kim, Helena Rabie, Joan Coetzee and Sharon 
Nachman, from the PACTG 1041 team), emphasising 
again the importance of a good antenatal antiretroviral 
component. Infant feeding is integral to child survival 
and development. There are risks and benefits for breast 
and replacement feeding. The paper by Ameena Goga is 
essential reading for anyone caring for infants and pro-
vides the key data to inform rational decision making. 

The guideline document emphasises the importance 
of and pitfalls in maintaining adherence. A number of 
articles provide background information to help in un-
derstanding the rationale of recommendations in the 
guidelines. These include articles on when to start (Mark 
Cotton, Helena Rabie, Ute Feucht and Avy Violari), es-
sential pharmacokinetic information (Helen McIlleron 
and Hermien Gous) and how the weight-based dosage 
recommendations were derived (James Nuttall).

What do you do when children starting ART deteriorate 
instead of improve? Helena Rabie, Tammy Meyers and 
Mark Cotton delve into the paradoxical world of im-
mune reconstitution inflammatory syndrome (IRIS). 

We then highlight two adverse events of ART, one com-
mon and the other rare. 

The NDoH guidelines do not advocate using abacavir 
(ABC) in the first-line regimen in the absence of ad-
verse effects from other drugs. They still recommend 
d4T, increasingly implicated in lipodystrophy. Lipodys-
trophy can be reversible if the offending agent (usually 
d4T) is replaced with ABC (or tenofovir in adults) in the 
early stages. Steve Innes, Leon Levin and Mark Cotton 
provide background information and useful diagnostic 
and management advice for lipodystrophy. 

The SA Clinicians Society advocates 3TC and ABC as 
the NRTI backbone for the first-line regimen. There is 
much fear of the infamous ABC hypersensitivity reac-
tion (HSR). To the best of our knowledge, no one has 
ever died from the reaction, but people have died from 
ABC rechallenge. Fortunately the HSR is rare in black 
Africans. Helena Rabie, Kristin Henning, Pierre Schoe-
man, Nico de Villiers, Gert H J (Oubaas) Pretorius and 
Mark Cotton provide guidelines for using ABC and re-
count their experience with suspected ABC HSR.  

Treatment failure is becoming increasingly complex. 
Fortunately, there are quite a few new antiretrovirals 
registered overseas and about to be registered in South 
Africa. Leon Levin takes us through the minefield of 
paediatric salvage therapy.

Finally, Polly Clayden presents us with some cutting-
edge reports from the recent International AIDS Soci-
ety Conference in Cape Town, again informing readers 
of the type of research needed to continually improve 
our guidelines. 

MARK CottoN 
LEoN LEvIN
Guest Editors



drawing attention to how health budgets are allocated. 
In South Africa it seems that Jacob Zuma’s government 
has declared war on overall wasteful expenditure, and 
at the same time there has been increasing embarrass-
ing public exposure of ministerial spending on large 
cars. A new and energetic health minister, Aaron Mot-
soaledi, seems intent on reversing the terrible sins of 
the past under Mbeki’s regimen, and to be determined 
that health resources get used better.

Please let the Society know if you see any indication 
of rationing! We have active advocacy work, with good 
partners, and it is to be hoped that we can stop unnec-
essary restrictions on health care.

FRANCoIS vENtER
President

Southern African HIV Clinicians 
Society Paediatric Discussion 

Group (PDG)
The Southern African HIV Clinicians Society Paediat-
ric Discussion Group (PDG) began in December 2001. 
The concept was born after Dr (now adjunct Profes-
sor) Ashraf Coovadia of the Rahima Moosa Mother and 
Child Hospital, Coronationville, Johannesburg, sent an 
e-mail to 5 or 6 local HIV ‘experts’ and Professor Mark 
Kline of the Baylor College of Medicine, Houston, Texas, 
seeking advice on how to manage a child with severe 
disfiguring parotomegaly but who had a normal CD4 
count, so antiretroviral therapy (ART) was not indicat-
ed. The answer came back that there was no indication 
for ART for a purely cosmetic condition!

I found the concept fascinating and wondered if there 
was any value in using e-mails as a vehicle for educat-
ing health care providers about paediatric HIV. I con-
tacted the South African HIV Clinicians Society, who 
were happy with the concept and provided me with a 
list of their members. The list in those days was very 
short (unlike today), and I tried to fathom out who was 
a paediatrician or treated paediatric cases and added 
them to the mailing list.

The first few cases hardly garnered a response. I sus-
pect people were too shy to answer. After a few weeks 
I would send out an expert opinion. The cases were all 
real cases (mostly from my own practice), and all had 
excellent lessons to teach. Gradually, as knowledge and 
familiarity with PDG grew, so the number of responses 
increased. Currently it’s not unusual to have over 100 
responses to a case.

The cases have spanned the whole range of paediatric 
HIV issues including opportunistic infections, side-ef-
fects of ART and ethical issues. At the moment we are 
concluding PDG No. 51. 

Some notable cases include:
n  One of the earliest cases in South Africa of Cushing’s 

syndrome caused by an interaction between ritona-
vir and inhaled fluticasone for asthma.

n  A child from a neighbouring country who was diag-
nosed as HIV-positive on two different tests and 
turned out to be HIV negative.

n  An HIV-positive child with marked failure to thrive 
and a normal CD4 count who turned out to have 
an oesophageal stricture and is now thriving after 
oesophageal dilatation.

n  Cases of lymphoma and Kaposi’s sarcoma.
n  A case where a mother with end-stage HIV had a 

negative HIV ELISA test, having lost the ability to 
make antibodies due to her poor immunity.

n  A case of a young infant treated with ART very early 
on who became HIV ELISA negative after losing her 
maternal antibodies. She did, however, remain PCR 
positive.

n  Interestingly, PDG No. 47 in April 2008 again dis-
cussed a patient with disfiguring parotomegaly and 
a normal CD4 count. This time the opinion was over-
whelmingly in favour of starting ART.

The response to the PDG has been phenomenal. The 
mailing list currently stands close to 1 500. Subscrib-
ers are predominantly from South Africa but also in-
clude Namibia, Zimbabwe, Botswana, Zambia, Angola, 
Malawi, Kenya, Rwanda and other countries. Subscrib-
ers are predominantly doctors but also include nurses, 
pharmacists, and counsellors. 

There is no doubt that the PDG has succeeded because 
of the very active participation of our subscribers and 
our wonderful panel of local and overseas experts, all 
of whom deserve my heartfelt thanks. I have merely 
been the conduit between the two.

If you would like to subscribe to the PDG, please send 
an e-mail to leonlevin@54.co.za. I am also constantly 
on the lookout for new cases to discuss. They can be 
sent to the same e-mail address.

Leon Levin
Head, Paediatric programmes
Right to Care

message from the Paediatric   
sub-committee
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Before the widespread introduction of antiretroviral 
therapy (ART), most perinatally infected children did 
not survive beyond the first 2 years of life.1 With treat-
ment, HIV-positive children are living longer. In the de-
veloped world, where HAART has been widely available 
since 1996, survival of perinatally infected children 
into adolescence is now the norm.  Of a French cohort 
of perinatally infected children born before 1993, 58% 
were still alive and receiving HIV care 13 years later.2 
In the UK the proportion of HIV-infected children in 
care aged 10 - 19 years increased from 11% to 44% 
between 1996 and 2005.3 As HAART becomes increas-
ingly available in South Africa, we can expect similar 
trends. 

In addition to a growing population of vertically in-
fected adolescents in South Africa, youth are among 
those at greatest risk of HIV acquisition.4 Uptake of 
voluntary counselling and testing is low in adolescents, 
with only 20% of youth ever having had an HIV test5 
and even fewer engaging with the health care system 
for CD4 monitoring and health maintenance. At youth 
centres in the Cape Metropole, catering to 15 - 25-
year-olds only, testing uptake is 85% and two-thirds 
go on to receive CD4 counts (Karen Jennings, personal 
communication). Although most horizontally infected 
adolescents are not in immediate need of treatment, 
they could benefit from care and certainly from knowl-
edge of their HIV status. 

Mathematical models can be used to project the growth 
in the numbers of adolescents needing antiretroviral 
treatment in South Africa. The ASSA2003 AIDS and De-
mographic model,6,7 updated to reflect recent data on 
prevention of mother-to-child transmission8 and pae-
diatric survival on antiretroviral treatment,9 estimates 
that by the middle of 2008, approximately 6 000 youth 
aged 10 - 19 were receiving highly active antiretro-
viral therapy (HAART) and a further 6 000 met entry 
criteria for HAART. If it is assumed that South Africa 
meets the National Strategic Plan target of providing 
antiretroviral treatment to 80% of all individuals pro-

gressing to AIDS,10 the number of adolescents receiving 
antiretroviral treatment can be expected to increase to 
153 000 by 2020. While youth aged 10 - 19 accounted 
for only 1% of the total number of patients receiving 
HAART in 2008, this proportion is expected to grow 
to approximately 5% by 2020, mainly as a result of 
vertically infected children surviving into adolescence. 
Treatment and care for HIV-positive adolescents will 
therefore become increasingly important over the next 
decade. This contrasts with other chronic childhood 
illnesses such as rheumatic heart disease, where the 
prevalence is declining. For example an estimated 46 
cases of acute rheumatic fever were reported in 2002 
in adolescents aged 10 - 19 years, only some of whom 
went on to develop rheumatic heart disease.11

Adolescent health care is distinct from both paediatric 
and adult heath care because of the physiological and 
psychosocial transitions that occur during this period. 
HIV interferes with these normal developmental proc-
esses by delaying physical and intellectual development. 
In addition, HIV-positive adolescents confront many 
extra challenges, including concerns about medication 
regimens, doctors’ appointments, life expectancy, so-
cial upheaval, disclosure, stigmatisation, transmission 
of virus to others and the fear of being ‘abnormal’. The 
combination of HIV-related issues that are common 
to any age group and the extensive and rapid changes 
of adolescence create an exceptional and formidable 
challenge for both young people themselves and the 
adults who care for them.

Providing quality care and treatment for HIV-positive 
adolescents requires distinct needs to be addressed:
n  Young people living with HIV require knowledge 

and understanding of their HIV status. Disclosure of 
status at this age is paramount, although often not 
easy to accomplish. Once aware of their serostatus, 
adolescents require frank ongoing communication 
and education to ensure understanding of the im-
plications and acceptance of living with their ill-
ness. While often deferred in childhood, disclosure is 

THE EMERGING NEED FOR ADOLESCENT-
FOCUSED HIV CARE IN SOUTH AFRICA

opin ion
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 R Li2, MPhil 
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crucial during adolescence as individuals approach 
cognitive maturity.12 Significant adults may need to 
be guided and supported in this process. 

n  HIV places multiple stressors on the life of the ado-
lescent, including side-effects from medication, 
chronic illness, real or perceived stigma, and fre-
quently the death of family members. Young peo-
ple living with HIV may struggle to achieve mental 
health. North American research has described high 
rates of mental disorders among HIV-infected ado-
lescents, although it remains unclear whether these 
problems are associated with the virus itself or 
other environmental factors.13 Whatever the cause, 
evidence suggests that young people living with HIV 
need appropriate psychological services for adjust-
ment and survival of the youth into adulthood. This 
is particularly important given that mental health 
status affects HAART adherence and engagement in 
risky sexual behaviour.14,15 

n  Adolescents need social, emotional, spiritual, and 
often material support.16 Often HIV-infected ado-
lescents are alienated from their peers.17 Support 
groups can provide this support where peers do 
not. However, such groups cannot replace support 
for daily living, where additional assistance is often 
required. 

n  Because adherence to treatment and treatment pro-
grammes is integral for sustaining positive health 
outcomes, HIV-positive young people need support 
in managing their treatment. During childhood, care-
givers are often heavily involved in their children’s 
daily routines, and provide instrumental help in tak-
ing tablets. However, as children grow up, expecta-
tions for them to take increasing responsibility for 
their medication and clinic appointments emerge. 
Among adolescents adherence is a major problem, 
and studies suggest that compliance during this pe-
riod is lower than in other stages of life.18-20 This is 
probably due to disease denial,21 peer pressure and 
social norms, rebelliousness and risk-taking behav-
iour, among other reasons. In a local large, private 
sector, sub-Saharan African programme, where 
adolescents were treated similarly to adults, the 
adolescent patients were 1.5 times less likely to be 
virologically suppressed at one year, due to poorer 
adherence.20 Adolescents therefore need targeted 
interventions that enhance adherence and promote 
responsible treatment management.  

n  Finally, young people living with HIV need to learn 
how to make healthy decisions about reproductive 
and sexual health. Like their HIV-negative peers, 
HIV-positive adolescents will be maturing sexually 
and will have questions about their ability to date 
and engage in sexual activity.23,24 With sexual be-
haviour comes the potential for unwanted pregnan-
cy, acquisition of other sexually transmitted infec-
tions, re-infection with more pathogenic virus, and 
transmission of the virus to others. The potential 

costs of unsafe sex are therefore exceptionally high 
for infected young people and their partners. Young 
people need age-specific sexual and reproductive 
health services, and information and counselling 
to minimise risky sexual behaviour and encourage 
positive sexual identities.24 

We are currently in a critical moment of transition, dur-
ing which the first generation of perinatally infected 
South African children are navigating their way through 
adolescence. As numbers increase, we need to plan 
for their distinct needs. Multidisciplinary adolescent- 
specific programmes, addressing both the biomedical 
and the psychosocial aspects of living with HIV, would 
help prevent young people from falling through the 
cracks of paediatric or adult-orientated health care 
services. A few such interventions, such as the Nation-
al Adolescent Friendly Clinic Initiative, have already 
been implemented in a number of clinics and hospitals 
around the country25 and should be monitored, evalu-
ated, and expanded. 

Adolescent-targeted care is a glaring gap in our health 
care system, where we have neither specialists nor 
wards to cater for teenagers with chronic illness. En-
docrinologists, cardiologists, oncologists, and other 
specialities that care for adolescents in South Africa 
have been struggling with this challenge for years.26,27 
The HIV epidemic, with its unprecedented numbers and 
characteristic disease burden in youth, may provide the 
impetus for the South African medical system to ad-
dress the specific needs of our adolescent population. 
Failing to do so may jeopardise the longevity of more 
than 150 000 adolescents requiring HAART in the next 
decade.
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Prevention of mother-to-child transmission of HIV 
(PMTCT) is the single most effective medical interven-
tion to significantly reduce the burden of HIV in com-
munities, and its optimal implementation is essential 
to meet both the HIV reduction targets in the National 
Strategic Plan (NSP)1 and to achieve Millennium De-
velopment Goals (MDGs) 4 (reducing infant and child 
mortality) and 5 (reducing maternal mortality).2 In 
1994 the landmark Paediatric AIDS Clinical Trial Group 
(PACTG) 076 study found a 67% reduction in HIV trans-
mission when pregnant women were given zidovudine 
(AZT) from the second trimester onwards and when 
infants received AZT for the first 6 weeks of life.3 By 
demonstrating that vertical transmission was prevent-
able, these data represented the most dramatic results 
in HIV research at the time. Global inequities were also 
highlighted, as the PACT 076 PMTCT interventions were 
not feasible in resource-limited settings. PACTG 076 
was quickly followed by studies from Thailand4 and 
Africa (Petra)5 demonstrating that shorter courses of 
therapy were also highly effective, but these were still 
not feasible for large-scale implementation in most re-
source-limited settings. However, Thailand did imple-
ment the short-course therapy in 1999 as part of its 
national PMTCT policy. In 1999 the Ugandan HIVNET 
012 study, conducted in a breastfeeding population, 
found that just a single dose of nevirapine (NVP) to 
the mother and a single dose to the child could reduce 

HIV transmission to 13%,6 making PMTCT now acces-
sible in resource-limited settings. Countries all over the 
world quickly implemented the PACTG and HIVNET 012 
PMTCT regimens; in the USA, for example, transmis-
sion rates dropped sharply once guidelines for the use 
of AZT were adopted. Over a period of 6 years trans-
mission rates in the USA dropped sharply and remain 
below 2% today largely as a result of HAART (highly 
active antiretroviral therapy) to mothers.7 Over the 
decade after PACTG 076, evidence of the superiority 
of HAART or multidrug therapy to prevent mother-
to-child transmission (MTCT) accumulated. In 2004, 
the Thailand PHPT-2 study found that the use of AZT 
combined with NVP (‘dual therapy’) could reduce HIV 
transmission to 1.9%,8 forming the basis of the current 
South African PMTCT policy.

Since 1999 and the initial drug trials much work has 
been done to minimise, and possibly eliminate, verti-
cal transmission of HIV. The World Health Organiza-
tion (WHO) developed a comprehensive strategic four-
pronged approach, based on providing a continuum 
of appropriate care for mothers and their infants, to 
prevent HIV infection in infants and young children 
and optimise maternal and child health. The four-prong 
strategy includes: (i) primary prevention of HIV infec-
tion; (ii) prevention of unintended pregnancies among 
HIV-infected women; (iii) prevention of HIV transmis-
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sion from mother to child; and (iv) provision of care 
and support for HIV-infected mothers and their infants, 
partners and families.9 This comprehensive strategy 
states that because primary HIV infection during preg-
nancy and breastfeeding poses an increased threat of 
MTCT, HIV prevention efforts should address the needs 
of pregnant and lactating women, especially in high-
prevalence areas. The third prong (PMTCT) comprises 
five interventions, namely: (i) increasing access to HIV 
testing and counselling; (ii) provision of antiretroviral 
(ARV) therapy, the choice depending on local feasibil-
ity, efficacy and cost; (iii) implementation of safe de-
livery practices, including avoiding invasive obstetric 
procedures such as artificial rupture of membranes, 
fetal scalp monitoring and episiotomy; and (iv) provid-
ing optimal counselling and support on infant-feeding 
methods and provision of care and support, through all 
health programmes, for HIV-infected mothers, their in-
fants, partners and families. This paper focuses mainly 
on the third prong, but acknowledges the importance 
of the other strategies.

In South Africa, the use of a single dose of NVP (at the 
onset of labour for mother, and within 72 hours for 
the baby) to prevent MTCT of HIV was implemented 
in 2001. Although the policy was in place, significant 
implementation obstacles remained. At the inception 
of the programme there was insufficient guidance on 
how to implement PMTCT, resulting in inconsistent 
programme implementation across the country, and 
in PMTCT being mainly a vertical programme that was 
implemented independently of maternal, neonatal and 
child health services. The science also continued to ad-
vance. 

As the evidence continued to mount on the superi-
ority of multidrug therapy, academics, clinicians and 
civil society in South Africa mobilised and advocated 
for the urgent adoption of an updated PMTCT policy 
incorporating dual therapy, particularly in the wake of 
updated WHO PMTCT guidelines in 2006.9 In early 2008 
the National Department of Health (NDoH) updated 
the PMTCT guidelines.10 Changes included: (i) a slight 
change in the testing strategy, calling this a routine 
offer of voluntary counselling and testing; (ii) the ad-
dition of AZT from 28 weeks of gestation and a re-
newed emphasis on getting CD4 counts on all pregnant 
women to determine the need for initiation of highly 
active antiretroviral therapy (HAART) in pregnancy 
(CD4 cell count <200 cells/µl or WHO clinical stage 4); 
and (iii) improved guidance on infant feeding options 
and a greater emphasis on ensuring infant diagnosis at 
6 weeks of life. These guidelines are undergoing fur-
ther review at the time of writing, with recommenda-

tions from the PMTCT guidelines committee to lower 
the threshold for the initiation of HAART in pregnancy, 
starting with a CD4 count of 350 cells/ µl or less. This 
significant change, coupled with the new proposed 
paediatric guidelines (NDoH 2009) calling for the early 
treatment of all HIV-infected infants regardless of CD4 
count, creates the necessary policy framework to set 
South Africa on a path to achieving both MDGs 4 and 
5 and the HIV reduction targets set in the NSP 2007 
- 2011. 

While a sound PMTCT policy is a significant step in 
the right direction, in itself this is insufficient for pro-
gramme success. Data show that implementation of 
the national PMTCT programme has been fraught with 
challenges since its inception:11 among other issues, 
these relate to lack of health system capacity to ab-
sorb the programme into routine care, lack of health 
worker knowledge about PMTCT, confusing messages 
about PMTCT and infant feeding, and PMTCT messages 
that do not fit into current socio-cultural frames of 
reference. Consequently all of the available evidence 
on HIV seroprevalence and maternal and child mortal-
ity indicate that South Africa is well behind in meeting 
its NSP and MDG targets, and is therefore unlikely to 
achieve these without a major improvement in the per-
formance of its HIV programmes. 

Data from several PMTCT-related studies show that 
early vertical transmission rates vary from 7% to 
19%,12-14 that 9-month HIV-free survival might range 
between 64% and 80%,15 and that guidelines on infant 
feeding and especially breastfeeding cessation were 
not feasible and not adhered to,16 despite the imple-
mentation of PMTCT interventions. National data on 
the effectiveness and impact of the PMTCT programme 
are still unavailable. In the first half of 2009, approxi-
mately 40% of HIV-exposed infants accessed an HIV 
polymerase chain reaction (PCR) test before 3 months 
of age nationally compared with approximately 32% 
over the same time period in 2008 (unpublished data). 
While it is encouraging that the average prevalence of 
positivity among those tested declined from 10% in 
2008 to 7% in 2009, there is no measure of the rate of 
paediatric HIV infection in the more than half of HIV-
exposed infants in the country whose mothers are less 
likely to be accessing PMTCT services. 

Furthermore, data from the just-released 2008 Na-
tional Antenatal Sentinel HIV and Syphilis Prevalence 
Survey found that HIV infection among antenatal clinic 
attendees is at an unacceptably high level of 29.3%.17 
This figure is a national aggregate, with a range of 
seroprevalences across provinces and even more vari-
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ation across the 52 districts. The distribution of HIV 
prevalence by district in 2008 ranged from 2.2% in the 
district of Namakwa (Northern Cape) to 45.7% in uM-
gungundlovu (KwaZulu-Natal), the highest recorded 
in the country. An investigation into these differences 
as well as the coverage and quality of PMTCT services 
across all districts would be instructive in designing 
implementation strategies. 

The District Health Barometer (DHB), an annual assess-
ment of performance on key health indicators in the 
public health sector conducted by the Health Systems 
Trust, corroborated evidence of suboptimal PMTCT pro-
gramme implementation based on the District Health 
Information System (DHIS).18 The DHB has published 
data since 2005, so improvements over time can be 
measured. The 2007/2008 report found that the na-
tional antenatal HIV testing average increased from 
69% in 2006 to 80% in 2007/2008. While this indi-
cates an improvement in testing rates, the numbers 
are well short of the NSP 2009 target of 90%. The re-
port also found huge variations in the uptake of NVP 
by pregnant women, ranging from 12% to 108%, with 
a national average of 76% – an increase on the 61% 
from the year before. While there are significant weak-
nesses with this data set, the trend and overall data set 
across all districts provide useful insights into the level 
of coverage and quality of the programme nationally. 

A review of three South African mortality audit re-
ports (Saving Mothers – 2004, Saving Babies and Sav-
ing Children) called the ‘Every Death Counts’ report 
found South Africa in the unenviable position of being 
a country where maternal and child mortality has in-
creased since the baseline for the MDGs in 1990.19 In 
that report, citing the Saving Mothers report of 2004, 
the largest cause of maternal mortality was reported to 
be non-pregnancy related, with infections such as HIV, 
tuberculosis and pneumonia accounting for the deaths 
of approximately 38% of the women.19  Similarly, HIV/
AIDS accounted for 35% of premature deaths among 
neonates and children.19 The latest Saving Mothers 
report (2005 - 2007) sadly shows the same trend as 
earlier, with about 44% of maternal deaths caused by 
non-pregnancy-related infections (mostly AIDS).20 The 
time to consider a paradigm shift from narrowly think-
ing of PMTCT as simply an intervention of reducing 
vertical transmission of HIV to seeing this programme 
as key for the survival of women, children and indeed 
families is long overdue. 

The available data indicate that a sound PMTCT policy 
is insufficient to assure HIV transmission rates of less 
than 5%. South Africa now faces a more mundane 
struggle in the battle against HIV: the battle of imple-
mentation.

There are numerous and varied implementation chal-
lenges faced by the programme at several levels. The 
interruption of essential drugs, scarce human resources 
at sites, HIV stigma and discrimination, and lack of clear 
operational guidelines at provincial and local levels re-
main serious hurdles to achieving smooth implementa-
tion of the programme and optimisation of maternal 
and child health outcomes. A culture of accountability 
for optimisation of the programme and attainment of 
targets is required at all levels of health care providers 
as well as by health care managers from facility level 
up to the NDoH.

Under the current system, there are few incentives 
for health care personnel to ensure that the PMTCT 
programme is performing optimally. For instance, no 
health manager’s annual performance appraisal takes 
PMTCT performance targets into account, and health 
care facilities are not routinely audited on PMTCT 
outcomes with a view to assigning responsibility for 
improved performance. In order to strengthen the fo-
cus of health care facilities and ensure management 
support and rigorous stewardship, the NDoH should 
not only request accurate reports on PMTCT indicators 
(e.g. percentage of mothers tested for HIV) on a regu-
lar basis, but also include the site’s PMTCT programme 
performance in every relevant manager’s portfolio of 
performance assessment. Programme data collected 
at a site are rarely used for ongoing feedback to staff 
on their own performance, or as a tool for quality im-
provement. Health care facilities and provincial and 
district departments of health must make use of data 
to monitor PMTCT performance and assist all sites in 
meeting national goals.  

Health care facilities must also re-invigorate their HIV 
counselling and testing programme to ensure that all 
women entering antenatal clinics are offered an HIV 
test and all infants attending well-baby/immunisation 
clinics are assessed for HIV exposure. There is a move 
within the NDoH towards provider-initiated counsel-
ling and testing, placing a greater emphasis on health 
care providers to ensure they discharge their duty to 
present HIV testing as a routine procedure with life-
saving benefits. Given that approximately 3% of wom-
en who initially test negative will seroconvert during 
pregnancy,22 systems must also be in place to retest 
HIV-negative women at around 34 weeks of gestation 
and in the immediate postnatal period before mother 
and baby are discharged. Health care workers bear a 
responsibility to both mothers and children to ensure 
that no woman leaves a health care facility unaware of 
her HIV status. Failure to do so would be tantamount 
to negligence, given the availability of life-saving and 

CHALLENGES AND OPPORTUNITIES
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life-prolonging therapy, not to mention the option of 
preventing a paediatric HIV infection. Retesting should 
also be strongly encouraged at later points in the post-
natal period when the mother is seen as part of her 
follow-up care.

PMTCT targets can only be achieved by deliberately 
addressing the challenges and weaknesses in the sys-
tem. All health care personnel in the facility must be 
educated on the importance of PMTCT and of the inte-
gral role the programme plays in infant, child and ma-
ternal survival. A designated team with an identified 
leader must take responsibility for PMTCT programme 
performance. Until there is a renewed emphasis on 
responsibility for the PMTCT programme within each 
health care facility, a lack of programme ownership will 
continue to prevail.

While the challenges may seem vast, there are a 
number of outstanding solutions that have been ap-
plied to overcome key bottlenecks and challenges in 
PMTCT implementation in South Africa from which 
much can be learned. The NDoH, Medical Research 
Council, University of the Western Cape and UNICEF 
jointly developed a ‘Possible solutions’ document that 
highlighted these.21 The document highlights dis-
tricts or facilities that have applied a comprehensive 
or selective approach to overcoming key bottlenecks 
in PMTCT. Of note is the success that facilities have 
experienced when they integrate PMTCT care into rou-
tine care, e.g. when the birth register was adapted to 
include PMTCT information,  when community-based 
activities to increase the demand for PMTCT services 
were implemented, or when data were used at a local 
level to monitor and improve PMTCT-related care. This 
‘Possible solutions’ document highlights that progress 
can be achieved when health care facilities apply inge-
nuity, creativity and commitment to improving PMTCT 
programmes.

PMTCT has been implemented in South Africa since 
2001, first in 18 pilot sites and now nationally in more 
than 3 000 facilities. Despite the limited documented 
impact of the programme (and there is a dearth of data 
in this regard), PMTCT has now received support for 
renewed action at the highest political level. The cur-
rent Minister of Health (Hon. Aaron Motsoaledi) has 
been frank in his admission that ‘South Africa is los-
ing the battle against HIV and that maternal deaths 
are at unacceptably high levels’. His administration has 
renewed its commitment to the programme and has 
announced an accelerated PMTCT programme aimed 
at improving its coverage and quality. The NDoH is 
currently revising the PMTCT policy, which it is hoped 
will initiate HAART in all pregnant women with a CD4 
count <350 cells/µl and in all HIV-infected infants less 

than 12 months old. These policy changes will help set 
South Africa on a path towards achieving HIV reduc-
tion targets and improved child and maternal health. 
The government is demonstrating leadership and po-
litical will.  As health care workers we must recommit 
to the PMTCT programme, bring a shared sense of re-
sponsibility and accountability for improving maternal, 
newborn and infant health, and move beyond policies 
so that they become sustained action at all levels of 
the health care system. It is only when this occurs that 
we will meet the targets set in the NSP and meet the 
4th and 5th MDGs.
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HIV infection has a high prevalence in antenatal at-
tendees in South Africa. In the annual seroprevalence 
survey conducted through the National Department of 
Health from 2005, the prevalence in the Western Cape 
province was 15.7%.1 Here, a pilot zidovudine (ZDV)-
based prevention of mother-to-child transmission 
(PMTCT) programme began in 1999,2 and has gradually 
been expanded since January 2001. Since April 2003 
the PMTCT interventions have been available at all 

public sector antenatal service facilities in the prov-
ince (300 antenatal clinics and 53 delivery centres and 
hospitals) and 350 primary health care clinics where 
infant follow-up occurs. Attendees are offered volun-
tary, confidential counselling and testing (VCT) and if 
HIV positive, antiretrovirals (ARVs) for the mother and 
infant. Uptake was reported as 97% in 2006 (Status 
Report – Prevention of Mother-to-Child Transmission 
Programme, 14 July 2006, HIV/AIDS/STI Directorate, 
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Objectives. To evaluate efficacy of the antenatal, intrapartum and postnatal antiretroviral components of a 
public service prevention of mother-to-child (PMTCT) programme in infants. 

Design. Analysis of prospectively collected screening data of demographic and MTCT-related interventions and 
HIV infection status of infants identified through HIV-specific DNA polymerase chain reaction. 

Setting. Tygerberg Children’s Hospital, Western Cape, South Africa. 

Subjects. HIV-infected women and their infants identified through participation in a public service PMTCT pro-
gramme were referred for possible participation in a prospective study of isoniazid prophylaxis. 

Interventions. Key components of the programme include voluntary counselling and testing, administration 
of zidovudine to the mother from between 28 and 34 weeks’ gestation and to the newborn infant for the first 
week, single-dose nevirapine to the mother in labour and to the newborn shortly after birth, and free formula 
for 6 months.

Main outcome measures. Number and percentage of HIV-infected infants and extent of exposure to antenatal, 
intrapartum and postnatal antiretrovirals.

Results. Of 656 infants with a median age of 12.6 weeks, screened between 1 April 2005 through May 2006, 
39 were HIV-infected, giving a transmission rate of 5.9% (95% confidence interval (CI) 4.4 - 8.0%). Antenatal 
prophylaxis was significantly associated with reduced transmission (odds ratio (OR) 0.43 (95% CI 0.21 - 0.94)) 
as opposed to intrapartum and postpartum components (p=0.85 and p=0.84, respectively). In multivariable 
analysis the antenatal component remained significant (OR=0.40 (95% CI 0.19 - 0.90)).

Conclusions. The antenatal phase is the most important antiretroviral component of the PMTCT programme, 
allowing most opportunity for intervention. 
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Western Cape). Follow-up of mother and infant, co-
trimoxazole from 6 weeks of age and modified infant 
feeding practices are also important components. The 
majority of women (95%) choose formula feeding, 
which is provided free for the first 6 months. 

The initial ARV intervention was single-dose nevirap-
ine (sd-NVP) to mother and infant, introduced after the 
success of the HIVNET 012 study.3 Since mid-2003, ZDV 
was added from 34 weeks’ gestation for the mother 
and for a week for the neonate.4 In early 2006, an-
tenatal ZDV from 28 weeks was gradually introduced. 
With the advent of the national antiretroviral rollout 
in 2004, all pregnant women with a CD4 count below 
200 cells/µl were offered highly active antiretroviral 
therapy (HAART). 

PACTG 1041 is a prospective phase III clinical trial eval-
uating the efficacy of isoniazid (INH) primary prophy-
laxis in HIV-exposed infected and uninfected infants. 
Through screening for this trial at Tygerberg Children’s 
Hospital (TCH), we had the opportunity to evaluate the 
PMTCT programme in referred infants.

HIV-exposed infants between 3 and 4 months of age 
were referred for study participation from health care 
facilities in the urban and semi-rural areas close to 
TCH. Referring clinics were requested not to refer in-
fants exposed to TB. Infants were pre-screened by lay 
counsellors and nurses for eligibility to enrol in PACTG 
1041. Exclusion criteria included exposure to tubercu-
losis and not receiving bacille Calmette-Guérin (BCG) 
immunisation within the first week of life. Eligible sub-
jects were entered onto a screening log, comprising the 
dataset for the present report.

A medical doctor undertook formal screening. Note 
was taken of the extent of participation in the PMTCT 
programme and whether the mother received HAART 
in pregnancy. 

Those receiving either antenatal HAART or ZDV were 
categorised as having received antenatal prophylaxis. 
Intrapartum prophylaxis was either ZDV or NVP or 
both. Postnatal intervention to the neonate was either 
ZDV or NVP or both.

HIV DNA polymerase chain reaction (PCR) was per-
formed on all exposed infants eligible for the trial. All 
samples were tested in duplicate. For discordant re-
sults, the test was repeated in duplicate.

Simple percentages were used to estimate rates of 
transmission and 95% confidence intervals (CIs) were 
based on the score method.  Medians and interquar-
tile ranges (IQR) were used to summarise continuous 

data. Logistic regression was used to evaluate the ef-
fectiveness of PMTCT components. Odds ratios (ORs) 
were calculated through the logistic regression model 
and 95% CIs are based on the profile likelihood. For 
antenatal HAART, Fisher's exact test was used because 
of the small cell size. In multivariable logistic regres-
sion analysis, we evaluated all two-way and three-way 
interactions between the three PMTCT programme 
components and found no statistically significant in-
teractions, and therefore present a multivariable model 
that includes main effects for the three components.  
All tests are two-sided at the 5% significance level and 
are not adjusted for multiple comparisons. Analyses 
were done using SAS 9.1 (Cary, NC, USA). 

Permission to conduct P1041 and to report on ante-
natal interventions was obtained from the Committee 
for Pharmaceutical Trials, Stellenbosch University, and 
the Medicines Control Council of South Africa. The trial 
was approved by the National Institute of Allergy and 
Infectious Diseases (NIAID) according to the Office of 
Human Rights Protection, National Institutes of Health 
guidelines.

Between 1 April 2005 and 31 May 2006, 773 infants 
were referred for pre-screening. Seven infants were 
excluded because their mothers were HIV-negative 
and had been referred in error. One hundred and ten 
HIV-exposed infants were excluded at pre-screening, 
of whom 52 (47.3%) had known exposure to tubercu-
losis.5 Other common reasons included the infant being 
too old for participation in the INH trial (15), BCG given 
after 7 days of life (15) and family relocating (7). 

Six hundred and fifty-six infants were entered onto 
the screening log and are reported on here. The median 
age (IQR) of infants was 12.6 (11.0 - 13.6) weeks and 
that of mothers 26 (23 - 30) years. Thirty-nine of 656 
infants had a positive HIV DNA PCR, giving a transmis-
sion rate of 5.9% (95% CI 4.4 - 8.0%). Two hundred 
and seventy-eight (85.8%) of 324 mothers who were 
asked decided on exclusive formula feeding.

Data on transmission and extent of participation in the 
PMTCT programme are shown in Table I. We evaluated 
the antenatal, intrapartum and postnatal components 
of the programme separately, using logistic regression 
(Table II).  We found that antenatal prophylaxis was 
significantly associated with a reduction in rate of 
transmission (OR 0.43 (95% CI 0.21 - 0.94), p=0.035) 
as opposed to intrapartum and postnatal components 
(p=0.85 and p=0.84, respectively). 

The results of fitting a multivariable logistic regression 
model to the data, which included the three compo-
nents of the PMTCT programme, are shown in Table III. 
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The antenatal component of the PMTCT regimen re-
mained significant in the multivariable model, indicat-
ing that it is an independent predictor of decreased 
transmission (OR 0.40 (95% CI 0.19 - 0.90), p=0.027). 

Of 57 mothers with CD4 cell counts below 200/µl 
receiving HAART, only 1 (1.8% (95% CI 0.3 - 9.3%)) 
transmitted HIV to her infant versus 26 of 453 with 
CD4 counts >200/µl not receiving HAART (5.7% (95% 
CI 3.9 - 8.3%), p=0.34).

Fifty-one (7.8%) mother/infant pairs with missing 
PMTCT information were excluded from the above 
analyses. Of these, only 1 woman (2.0% (95% CI 3.5 
- 10.3%)) transmitted HIV to her infant.

There is little information on vertical transmission in the 
absence of intervention in South Africa. Transmission 
rates vary between 15% and 34%.6,7 In the ZDV-based 
pilot programme in Khayelitsha, Western Cape, the 
transmission rate was 11%.2 In a study evaluating sd-
NVP in different South African settings, the transmission 

rate in Paarl, a recruitment site for P1041, was 8.3% at 
3 weeks of age.8 The combination of antenatal ZDV from 
28 weeks and sd-NVP under optimal circumstances is 
associated with a transmission rate as low as 1.1%.4 

Our data confirm a relatively effective PMTCT pro-
gramme despite only 53% actually participating in all 
components of the programme. Importantly, an addi-
tional 25% received antenatal ARVs. A multi-faceted 
intervention programme means that there are many 
opportunities for intervention, as opposed to one rely-
ing on only a single intervention such as sd-NVP, which, 
if missed, severely compromises efficacy. The World 
Health Organization has endorsed the programme as 
practised in the Western Cape.9 Our data confirm the 
relative importance of antenatal as opposed to perina-
tal or postnatal intervention. The transmission rate of 
5.9% was achieved due to concerted efforts to facili-
tate success of the programme despite widespread per-
ceived obstacles to initial implementation.10 Although 
we did not record duration of antenatal ARVs in each 
case, 75% of mothers were reported to have received 
≥2 weeks of therapy, defined as adequate by the pro-
gramme (personal communication – Pauline Pieters, 
PMTCT Co-ordinator, 20 September 2006). 

An important preliminary finding in our study is that 
among women with CD4 cell counts <200/µl, only 1 of 
57 mothers on HAART (1.8%) transmitted HIV, as op-
posed to 26 (5.7%) of 453 mothers receiving ZDV. Al-
though this was not statistically significant, we expect-

PMTCT component Adjusted OR (95% CI) p-value*
Antenatal   0.40 (0.19 - 0.90) 0.027
Intrapartum  1.26 (0.57 - 2.89) 0.57
Postnatal  1.05 (0.46 - 2.60) 0.91

*Likelihood ratio test.

TABLE III. MULTIVARIABLE ANALYSIS

     Received component/total (%)
    Infant not      Infant      OR  
Programme component  HIV infected  HIV infected (95% CI) p-value†

Antenatal PMTCT  483/568 (85.0) 27/38 (71.1) 0.43 (0.21 - 0.94) 0.035
Intrapartum PMTCT  380/568 (66.9) 26/38 (68.4) 1.07 (0.54 - 2.25) 0.85
Postnatal PMTCT 425/568 (74.8) 29/38 (76.3) 1.08 (0.52 - 2.48) 0.84
Antenatal HAART* 56/564 (9.9) 1/38 (2.6) 0.25 (0.01 - 1.52) 0.24

*Exact CI and Fisher’s exact test p-value provided for antenatal HAART due to the small number of infections among those who received antenatal HAART.
†Likelihood ratio test from logistic regression model, except for antenatal HAART which is a Fisher’s exact test.

TABLE II. UNIVARIATE ANALYSES

DISCUSSION

    Infants HIV-infected  
 Screened (N (%))* (N (% of screened))  
PMTCT 656 39 (5.9)
Full participation 348 (53.0) 21 (6.0)
Antenatal only 105 (16.0) 4 (3.8)
Antenatal + postnatal (no intrapartum) 42 (6.4) 1 (2.4)
Antenatal + intrapartum 15 (2.3) 1 (6.7)
Postnatal only 39 (5.9) 4 (10.3)
Intrapartum only 18 (2.7) 1 (5.6)
Intrapartum + postnatal 25 (3.8) 3 (12.0)
None 13 (2.0) 3 (23.1)
No data 51 (7.8) 1 (2.0)

*Percentages do not add to 100.0 due to rounding.
Antenatal = either ZDV or HAART; intrapartum and postnatal = sd-NVP, ZDV. 

TABLE I. EXTENT OF PARTICIPATION OF MOTHERS AND THEIR INFANTS IN THE PMTCT PROGRAMME AND HIV 
TRANSMISSION RATES
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ed more transmission among these mothers because of 
their low CD4 counts before initiation of HAART.  

There are a number of limitations to our study. We did 
not record the mothers’ CD4 counts; rather, we as-
sumed that they were appropriately managed accord-
ing to the PMTCT guidelines. Also, we only screened in-
fants whose mothers expressed interest in their infants 
participating in the INH study. Nevertheless, our data 
are similar to those of the Department of Health, West-
ern Cape, which reports a transmission rate of 6.2% 
(personal communication – Pauline Pieters, PMTCT Co-
ordinator, 20 September 2006). 
 
There were missing PMTCT data on 7.8% of screened 
mother/infant pairs, and the transmission rate was low 
in this group (2.0%). If we assume that none of these 
women received any component of PMTCT or that 
these women received all components of PMTCT, the 
conclusions drawn here remain unchanged.

The antenatal ARV component is extremely important 
for reduction of MTCT and reduces intra-uterine infec-
tion, For example, Lallemant et al. showed that initiat-
ing ZDV at 28 weeks was far more effective than at 
35 weeks and was not compensated for by extending 
postnatal ZDV for 6 weeks.11 Nevertheless, the intra-
partum and postnatal components also have an im-
portant role. For example, Wade et al. showed that in 
the absence of ZDV, perinatal transmission of HIV was 
26.6% (95% CI 21.1 - 32.7%).12 When ZDV was be-
gun antenatally, the transmission rate was 6.1% (95% 
CI 4.1 - 8.9%). Administration of postnatal ZDV alone 
within 48 hours of life had a transmission rate of 9.3% 
(95% CI 4.1 - 17.5%), indicating the importance of the 
postnatal component.12 Gray et al. found postnatal sd-
NVP to be slightly more effective than ZDV for 6 weeks 
when neither antenatal nor intrapartum ARVs could be 
given.13

The public service PMTCT programme in the Western 
Cape has successfully reduced the vertical transmis-
sion of HIV. The antenatal ARV component is critical 
for success. 

REFERENCES
  1. National Department of Health. National HIV and Syphilis Seroprevalence Survey 

South Africa 2005. Pretoria: National Department of Health, 2005.
  2. Abdullah MF, Young T, Bitalo L, Coetzee N, Myers JE. Public health lessons from a 

pilot programme to reduce mother-to-child transmission of HIV-1 in Khayalitsha. 
S Afr Med J 2001; 81: 579-583.

  3. Guay LA, Musoke P, Fleming T, et al. Intrapartum and neonatal single-
dose nevirapine compared with zidovudine for prevention of mother-to-child 
transmission of HIV-1 in Kampala, Uganda: HIVNET 012 randomised trial. Lancet 
1999; 354: 795-802.

  4. Lallemant M, Jourdain G, Le Coeur S, et al. Single-dose perinatal nevirapine 
plus standard zidovudine to prevent mother-to-child transmission of HIV-1 in 
Thailand. N Engl J Med 2004; 351(3): 217-228.

  5. Cotton MF, Schaaf HS, Lottering G, Weber HL, Coetzee J, Nachman S. Tuberculosis 
exposure in HIV-exposed infants in a high-prevalence setting. Int J Tuberc Lung 
Dis 2008; 12(2): 225-227.

  6. Bobat R, Coovadia H, Coutsoudis A, Moodley D. Determinants of mother-to-child 
transmission of human immunodeficiency virus type 1 infection in a cohort from 
Durban, South Africa. Pediatr Infect Dis J 1996; 15(7): 604-610.

  7. The PETRA study team. Efficacy of three short-course regimens of zidovudine and 
lamivudine in preventing early and late transmission of HIV-1 from mother to 
child in Tanzania, South Africa, and Uganda (Petra study): a randomised, double-
blind, placebo-controlled trial. Lancet 2002; 359: 1178-1186.

  8. Good Start Study Team. The Good Start Study: Early Perinatal Transmission, 
Infant Feeding and HIV-Free Survival.  Paper presented at the 25th Conference 
on Priorities in Perinatal Care, 7 - 10 March 2006, Drakensberg, KwaZulu-Natal.

  9. World Health Organization. Antiretroviral Drugs for Treating Pregnant Women 
and Preventing HIV Infection in Infants in Resource-limited Settings: Towards 
Universal Access. Recommendations for a Public Health Approach. Geneva: WHO, 
2006.

10. Delva W, Draper B, Temmerman M. Implementation of single-dose nevirapine 
for prevention of MTCT of HIV – lessons from Cape Town. S Afr Med J 2006; 96: 
706-709.

11. Lallemant M, Jourdain G, Le Coeur S, et al. A trial of shortened zidovudine 
regimens to prevent mother-to-child transmission of human immunodeficiency 
virus type 1. Perinatal HIV Prevention Trial (Thailand) Investigators. N Engl J Med 
2000; 343(14): 982-991.

12. Wade NA, Birkhead GS, Warren BL, et al. Abbreviated regimens of zidovudine 
prophylaxis and perinatal transmission of the human immunodeficiency virus. N 
Engl J Med 1998; 339(20): 1409-1414.

13. Gray GE, Urban M, Chersich MF, et al. A randomized trial of two postexposure 
prophylaxis regimens to reduce mother-to-child HIV-1 transmission in infants of 
untreated mothers. AIDS 2005; 19(12): 1289-1297.

19

Acknowledgements

We thank the KID-CRU PACTG team:  G Lottering, H 
S Schaaf, H C Weber, J Karpakis, H L Weber, M Louw, 
V Ntlokondala, E Thompson, C Janse van Rensburg, 
P Ketelo, G Boswell, M Tizora, K Smith, N Dlaku, L 
Hoorn, N Mpotololo and L Kwane. We also thank 
Najmaar Shaikh, senior public health specialist and 
infectious disease epidemiologist, Provincial Gov-
ernment of the Western Cape, for helpful advice. 

Support for this study was provided by the NIAID 
of the US National Institutes of Health (NIH), grant 
number UO1 A1 41809. The content of this pub-
lication does not necessarily reflect the views or 
policies of NIAID, nor does mention of trade names, 
commercial projects, or organisations imply en-
dorsement by the US Government. The authors de-
clare no conflicts of interest.

CONCLUSIONS



D E C EMB E R  2 0 0 9                                                           T H E  S O U T H E R N  A F R I C A N  J O U R NA L  O F  H I V  M E D I C I N E                                                  20

In resource-limited settings, infant feeding is the weakest 
link in programmes to prevent mother-to-child 
transmission of HIV. Although new perinatal HIV 
infections have been almost eliminated in resource-rich 
settings, elimination of new paediatric infections remains 
elusive in resource-limited settings, where HIV 
transmission through breastmilk accounts for 
approximately 40% of new infections.1 Over the past 5 
years, rigorously designed research, using varied study 
designs, has increased our knowledge about HIV 
transmission through breastmilk almost exponentially. 
However, implementing these findings has lagged far 
behind. A review of data shows that challenges to 
implementing current policies on infant feeding and HIV 
can be categorised into four main areas: (i) health care 
provider confusion about infant feeding and the risks of 
HIV transmission through breastfeeding;2,3 (ii) poor 
support for infant feeding counsellors – qualitative 
research from Tanzania revealed a high level of stress 
and frustration among nurse counsellors, who were 
confused about the appropriateness of infant feeding 

options in the context of HIV;4 (iii) poor counselling 
skills5,6 – in three South African sites, structured 
observations of 22 counsellors and exit interviews with 
60 mothers attending prevention of mother-to-child 
transmission (PMTCT)  clinics showed that only 2 of 34 
(5.9%) HIV-positive mothers were asked about essential 
conditions for safe formula feeding during counselling 
on infant feeding options, and fewer than a quarter of 
mothers expressed confidence in implementing their 
feeding decisions;6 and (iv) a disjunction between feeding 
recommendations and the socio-cultural context within 
which feeding occurs4,7-11 – in South Africa exclusive 
feeding practices recommended by current guidelines 
are not practised unless intense support is provided,10-12 
and in Tanzania nurse counsellors perceived both 
exclusive breastfeeding (EBF) and exclusive formula 
feeding  as culturally and socially unacceptable, and 
therefore expressed a lack of confidence in their ability 
to counsel about HIV and infant feeding.4  

This paper aims to contribute to the debate on how 
postnatal HIV transmission can best be minimised, 

INFANT FEEDING AND HIV
Towards a new policy and implementation plan for minimising 

postnatal HIV transmission and maximising infant HIV-free survival
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Recent studies on antiretroviral prophylaxis during breastfeeding show that maternal highly active antiretroviral 
therapy (HAART) (alone or with 1, 4 or 24 weeks’ infant prophylaxis) or infant prophylaxis alone for 6, 14 or 24 
weeks (with limited maternal prophylaxis) reduces HIV transmission through breastmilk (postnatal transmission). 
Maternal postnatal regimens appear to be as efficacious as infant postnatal regimens, although one study shows 
a trend favouring infant nevirapine over maternal HAART (both used from 1 week to 6 months after delivery). 
These new findings necessitate a review of existing interventions to prevent mother-to-child transmission of HIV 
(PMTCT) , and the immediate implementation of regimens that reduce postnatal transmission – where this is fea-
sible – to save children’s lives. 

In the public sector, while stakeholders engage in discussions about which is the best regimen to minimise postna-
tal transmission, SSSUPPORT should be given to all HIV-positive women to improve infant outcomes and reduce 
postnatal transmission, as follows: Screen all women for HIV, Send off CD4 cell counts on all HIV-positive women, 
Screen all HIV-positive women for AFASS using a standardised tool (e.g. Table II/Fig. 2 below); Understand the 
woman’s personal and socio-cultural context; Promote exclusive or predominant breastfeeding if all AFASS crite-
ria are not met; Promote exclusive formula feeding if all AFASS criteria are met; Organise supplies of formula milk 
and co-trimoxazole; Review mothers and infants in the first 3 days after delivery, in the first 2 weeks postnatally, 
and monthly thereafter, and review health and feeding practices, regardless of feeding choice, at every visit; lastly 
Treat all pregnant women with HAART if they meet national criteria for HAART initiation.
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and how current recommendations on HIV and infant 
feeding can be implemented, in a southern African 
context. The paper is divided into three sections: the first 
provides a historical overview of infant feeding in the 
context of HIV (for readers new to the field of infant 
feeding and HIV), summarises new research on postnatal 
prophylaxis, and discusses the implications thereof; the 
second section summarises existing international and 
national recommendations on HIV and infant feeding; 
and the third section focuses on how we can implement 
existing, and possibly new, feeding recommendations in 
the context of HIV.

HISTORICAL OVERVIEW OF INFANT FEEDING IN THE 
CONTEXT OF HIV, AND IMPLICATIONS OF RECENT 

FINDINGS

Table I summarises the key studies that have contributed 
towards the body of knowledge on HIV and infant 
feeding.

The recent groundbreaking studies on maternal or infant 
prophylaxis during breastfeeding (Table I)13-19 yield data 
that should prompt immediate action and a review of 
existing guidelines on infant feeding and HIV. However, 
as highlighted by Mofenson,20 the perfect regimen to 
minimise postnatal HIV transmission through breastmilk 
is still difficult to identify as studies have major 
differences. These include differences in antepartum 
antiretroviral drug administration and duration, the 
duration of prophylaxis during breastfeeding, maternal 
CD4 cell counts at study entry, and rates of EBF. 
Mofenson also points out that several studies do not 
specify breastfeeding duration, and hence the time at 
risk for postnatal HIV transmission, while others do not 
provide infant HIV status at birth, making it difficult 
to compare the incremental benefit of antiretroviral 
prophylaxis during breastfeeding.20 

Despite these differences, the main message from 
recent studies on prophylaxis during breastfeeding 
is that maternal highly active antiretroviral therapy 
(HAART) alone16 or with 1 week,14 4 weeks18 or 24 weeks 
of infant prophylaxis,13 or infant prophylaxis alone 
(with limited maternal prophylaxis – i.e. no HAART) for 
6 weeks,19 14 weeks17 or 24 weeks,15 reduces postnatal 
HIV transmission (i.e. breastmilk transmission). Maternal 
postnatal regimens appear to be just as efficacious as 
infant postnatal regimens, although the Breastfeeding, 
Antiretroviral and Nutrition (BAN) study suggests that at 
28 weeks there was a trend favouring infant nevirapine 
over maternal HAART (both used from 1 week to 6 
months after delivery).13  The Post Exposure Prophylaxis 
to the Infant (PEPI) study showed that, when risk factors 
were adjusted for (maternal CD4 cell count, maternal 
presentation, sex of infant and infant birth weight), 9-
month HIV-free survival was higher among infants who 
received 14 weeks’ postnatal prophylaxis compared with 

control infants who only received 1 week’s antiretroviral 
(ARV) cover (Table I).17  Both the PEPI and Six Week 
Extended Dose Nevirapine (SWEN) studies show that the 
protective effect of infant postnatal prophylactic ARV 
regimens on breastmilk HIV transmission stops once the 
regimens stop being taken.17,19 

IMPLICATIONS OF RECENT FINDINGS

These messages suggest that any of the new regimens 
highlighted in Table I could be implemented without 
further delay among breastfeeding HIV-positive mothers 
to reduce transmission where the human resource, 
financial and socio-cultural capacity exists to do this, e.g. 
in private sector facilities, despite the inherent inequity in 
this approach. Even one new paediatric infection is one 
too many! The ideal regimen for a national public health 
policy still needs to be decided upon, and should be guided 
by data. The choice is between prophylactic maternal 
HAART antenatally and thoughout breastfeeding, similar 
to regimens used in Kesho Bora14 or MITRA-Plus16 (Table 
I), a modified BAN regimen (Table I) with maternal dual 
prophylaxis (modified BAN) with or without tail cover and 
infant nevirapine for 6 months,13 or a modified SWEN19 
or PEPI17 regimen, with better maternal prophylaxis and 
nevirapine for 6 - 14 weeks. For women who start HAART 
for their own health antenatally, there is currently little 
debate about the postnatal regimen as HAART will 
continue postnatally and will consequently cover the 
breastfeeding period if the mother breastfeeds.

For resource-limited public health settings or countries, 
including South Africa, that are seeking to minimise 
postnatal HIV transmission, three main issues need to 
be considered when deciding on which ARV regimen 
to include in a national policy: (i) the basic science: 
efficacy and possible effectiveness of various postnatal 
prophylactic regimens using HIV transmission and HIV-
free survival as the main outcomes; (ii) the feasibility of 
each regimen from a user perspective, i.e. for pregnant 
women, for mothers who may need treatment after 
delivery, and for infants who may need treatment after 
delivery; and (iii) feasibility of each regimen from a health 
system/service perspective, including cost, cost-benefit, 
procurement, packaging and delivery systems. Work 
needs to be undertaken urgently to examine the issues 
raised above, so that appropriate, effective and feasible 
new regimens that minimise postnatal HIV transmission 
can be instituted in the public health system without 
further delay. 

It is likely that the most appropriate policy for postnatal 
prophylaxis would be one that starts early, ensures that 
mothers who need HAART for their own health receive 
treatment early, ensures that the postnatal regimen 
would not compromise any subsequent treatment 
needed by mother or infant (by increasing resistance, thus 
decreasing maternal treatment options), is feasible from 
a health system and community perspective, and is cost-
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Year, author, 
setting, study 
design,  and 
characteristics of 
population

Regimens

Mother            Baby Results and major contribution

1997
Ekpini et al.36

Abidjan
POC
All BF 

None None HIV transmission rate till 6 months: 28% (19 - 39%) for children 
born to HIV-1-infected women and 18% (9 - 30%) for children 
born to HIV-2-infected women
HIV transmission rates after 6 months for HIV-1- and HIV-2-in-
fected women: 12% (3 - 23%) and 6% (0 - 14%), respectively, 
adjusting for loss to follow-up
Main messages: The risk of transmission continues 
throughout the BF period. Early cessation of BF at 6 months 
of age is a possible intervention to reduce postnatal HIV 
transmission

1999
Miotti et al.37

Malawi
POC
All BF 

None None 7% of the 672 infants became HIV infected while BF. No infant 
became HIV positive after BF had stopped. The cumulative risk of 
infection for infants continuing to BF after 1 month to the end of 
months 5, 11, 17, and 23 was 3.5%, 7%, 8.9% and 10.3%, respec-
tively. However, HIV infection rates per person per month were 
0.7% in months 1 - 5, 0.6% in months 6 - 11, 0.3% in months 
12 - 17, and 0.2% in months 18 - 23 (p=0.01), suggesting that HIV 
transmission decreases significantly as the child gets older 
Main messages: Breastmilk transmission continues through-
out the BF period, but decreases as the child gets older, and 
stops when BF stops

1999
Semba et al.38

Blantyre, Malawi
POC
All BF 

None None Mothers of HIV-infected infants have significantly greater breast-
milk viral load than mothers of uninfected infants
Mastitis – probably as a result of poor BF technique – and breast-
milk viral load were independently associated with MTCT of HIV-1 
at 6 months (OR 2.38, 95% CI 1.26 - 4.42, and OR 2.97, 95% CI 
1.23 - 7.18, respectively)
Main messages: Higher breastmilk viral load increases trans-
mission risk through breastmilk. Mastitis also increases risk 
of HIV transmission, independently of breastmilk viral load

2001
Nduati et al.39

Nairobi, Kenya
RCT
Women ran-
domised to BF or 
FF (clean water 
available and for-
mula subsidised)

None None The cumulative probability of HIV-1 infection at 23 months was 
36.7% (95% CI 29.4 - 44%) in the BF arm and 20.5% (95% CI 14 
- 27%) in the formula feeding arm, p=0.001
The estimated rate of transmission (excess risk of transmission) 
was 16.2% (95% CI 6.5 - 25.9%). 44% of HIV-1 infection was at-
tributable to breastmilk
Kaplan-Meier estimates of the 2-year mortality rate were similar 
in the BF arm (24.4% (95% CI 18.2 - 30.7%) and formula feeding 
arm (20.0% (95% CI 14.4 - 25.6%)), p=0.30. The 2-year HIV-free 
survival rate was significantly lower in the BF arm (58%) compared 
with the formula feeding arm (70%), p=0.02 
Main messages: Most breastmilk transmission seemed to 
occur early during BF; however, transmission risk difference 
continued to increase throughout the BF period. HIV-free 
survival at 2 years was better in the formula feeding arm

TABLE I. KEY STUDIES THAT HAVE CONTRIBUTED TO THE BODY OF KNOWLEDGE ON HIV AND INFANT 
FEEDING
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Year, author, 
setting, study 
design,  and 
characteristics of 
population

Regimens

Mother            Baby Results and major contribution

2001
Coutsoudis et al.24

Cato Manor 
– urban area, 
South Africa
Unexpected 
findings from a 
vitamin A RCT
Women self-se-
lected to EBF or 
EFF

None None Cumulative probabilities of HIV detection were similar among 
never and exclusive breastfeeders up to 6 months (0.19, 95% CI 
0.14 - 0.26 and 0.19, 95% CI 0.13 - 0.27, respectively). Probabilities 
among mixed breastfeeders surpassed both groups, reaching 0.26 
(95% CI 0.21 - 0.32) by 6 months
Cumulative probability of HIV infection by 15 months was 0.25 
(95% CI 0.16 - 0.34). This was still lower than among other 
breastfeeders – 0.36 (95% CI 0.27 - 0.45). In multivariate analysis 
EBF was associated with a significantly lower risk of HIV infection 
(adjusted HR 0.56, 95% CI 0.22 - 1.42) than mixed BF (adjusted HR 
0.87, 95% CI 0.33 - 2.33)
Main messages: Pattern of infant feeding affects transmis-
sion; EBF was associated with a lower risk of HIV transmis-
sion than mixed feeding

2003
Richardson et al.40

Nairobi, Kenya
Prospective RCT
Nested case con-
trol study within 
RCT of BF and FF

None None Mother’s CD4 count <400/µl was associated with 3-fold higher 
breastmilk infectivity per litre of breastmilk ingested and per day 
of BF by the infant compared with CD4 cell count ≥400
Main messages: Breastmilk infectivity remains high through-
out the BF period. Lowering breastmilk viral load during BF is 
a potential strategy to reduce breastmilk infectivity

2004 
BHITS study 
group41

Meta-analysis, 
9 randomised 
placebo-controlled 
trials

None None Overall estimated risk of late postnatal (negative at or before 4 
weeks followed by positive results) HIV transmission was 8.9 trans-
missions per 100 child-years of BF
The cumulative probability of late postnatal transmission at 18 
months was 9.3%
Main messages: Cases of postnatal transmission continued 
to occur throughout the BF period. Breastmilk transmission 
remained fairly constant throughout the BF period

2005
Illiff et al.25

Zimbabwe
RCT
Mothers ran-
domised to 1 of 4 
vitamin A treat-
ment groups
All mothers BF

None None Compared with EBF, early mixed feeding was associated with a 
4.03 (95% CI 0.98 - 16.61), 3.79 (95% CI 1.40 - 10.29) and 2.60 
(95% CI 1.21 - 5.55) greater risk of postnatal HIV transmission at 6, 
12 and 18 months, respectively 
Predominant BF was associated with a 2.63 (95% CI 0.59 - 11.66), 
2.69 (95% CI 0.95 - 7.63, and 1.61 (95% CI 0.72 - 3.64) trend to-
wards greater postnatal transmission risk at 6, 12 and 18  months, 
respectively, compared with EBF
Main messages: EBF was associated with a lower risk of HIV 
transmission compared with mixed feeding. Predominant BF 
also tended to carry higher risks of transmission compared 
with EBF

2006
MASHI study30

Botswana
RCT

AZT for 6 
months
FF

BF
Infant AZT

Main messages: FF was associated with significantly higher 
rates of infant mortality and severe pneumonia and diar-
rhoea by 6 months, particularly among HIV-infected children 
24-month HIV-free survival did not differ between arms 
With the exception of grade 3/4 pneumonia and in the context of 
weaning at 6 months by the BF arm, differences by feeding arm 
were attenuated by 24 months

TABLE I. KEY STUDIES THAT HAVE CONTRIBUTED TO THE BODY OF KNOWLEDGE ON HIV AND INFANT 
FEEDING (CONTINUED)
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Year, author, 
setting, study 
design,  and 
characteristics of 
population

Regimens

Mother            Baby Results and major contribution

2007
Coovadia et al.23

Hlabisa – rural 
area, South Africa
POC
AFASS-guided 
feeding

Sd NVP Sd NVP 14.1% (95% CI 12.0 - 16.4) of exclusively BF infants were infected 
with HIV-1 by age 6 weeks and 19.5% (17.0 - 22.4) by 6 months 
Transmission risk was significantly associated with maternal CD4 
cell counts below 200 cells/µl (adjusted HR 3.79; 2.35 - 6.12) and 
birth weight less than 2 500 g (1.81, 1.07 - 3.06). Kaplan-Meier 
estimated risk of acquisition of infection at 6 months of age was 
4.04% (2.29 - 5.76) 
BF infants who also received solids were significantly more likely 
than EBF children to acquire infection (HR 10.87, 1.51 - 78.00, 
p=0.018), as were infants who at 12 weeks received both breast-
milk and formula milk (1.82, 0.98 - 3.36, p=0.057) 
Cumulative 3-month mortality in EBF infants was 6.1% (4.74 
- 7.92) v. 15.1% (7.63 - 28.73) in infants given replacement feeds 
(HR 2.06, 1.00 - 4.27, p=0.051)
Main messages: Early introduction of solids increased trans-
mission risks, as did mixed feeding. 3-month mortality was 
highest in infants receiving no breastmilk compared with in-
fants who were EBF; low maternal CD4 cell count  increased 
risk of infant HIV acquisition

2007
Kuhn et al. (ZEBS)26

Zambia
Epidemiologi-
cal study nested 
within a
RCT evaluating the 
safety and efficacy 
of early
weaning

Sd NVP Sd NVP Postnatal HIV transmission before 4 months was significantly 
lower (p=0.004) among EBF (0.040, 95% CI  0.024 - 0.055) than 
non-EBF infants (0.102, 95% CI 0.047 - 0.157); time-dependent 
relative hazard (RH) of transmission due to non-EBF = 3.48 (95% 
CI 1.71 - 7.08) 
There were no significant differences in the severity of disease 
between EBF and non-EBF mothers, and the association remained 
significant (RH=2.68, 95% CI 1.28 - 5.62) after adjusting for ma-
ternal CD4 count, plasma viral load, syphilis screening results and 
low birth weight 
Main messages: Non-EBF more than doubles the risk of early 
postnatal (by 4 months) HIV transmission. Early cessation of 
breastfeeding increases morbidity and mortality risks

2008
SWEN19

Ethiopia, Uganda 
and India
3 similar RCTs
All BF

C: sd NVP
Int: sd NVP

C: sd NVP
Int: sd NVP 
+ extended 
daily NVP 
until 6 weeks

There was a 46% decrease in postnatal HIV infection at age 6 
weeks in infants uninfected at birth, with extended nevirapine 
compared with the control arm. There was a continued risk of 
postnatal HIV transmission after the regimens were discontinued 
in infants who continued to be breastfed; however this risk was 
similar in both arms
Main messages: Postnatal infant NVP for 6 weeks reduced 
transmission compared with sd NVP, and improved 6-month 
HIV-free survival. Transmission risk continued after NVP was 
stopped

2008
Post Exposure 
Prophylaxis to the 
Infant (PEPI) trial17

Malawi
RCT
All BF

C: sd NVP
Int 1: sd NVP
Int 2: sd NVP

C: sd NVP + 1 
week AZT
Int 1: sdNVP 
+ 14 weeks 
daily NVP
Int 2: sd   
NVP + 14 
weeks NVP 
and AZT

At 9 months, the estimated rate of HIV-1 infection (the primary 
end-point) was 10.6% in the control group compared with 5.2% 
in the extended-nevirapine group (p<0.001) and 6.4% in the 
extended-dual-prophylaxis group (p=0.002). There were no signifi-
cant differences between the two extended-prophylaxis groups.
There was a continued risk of postnatal HIV transmission after 
the regimens were discontinued in infants who continued to be 
breastfed; however this risk was similar in both arms
Main messages: Extended prophylaxis with NVP or with NVP 
and AZT for the first 14 weeks of life significantly reduced 
postnatal HIV-1 infection in 9-month-old infants. 9-month 
HIV-free survival was higher among infants who received 14 
weeks’ postnatal prophylaxis compared with control infants 
who only received 1 week’s ARV cover (adjusted HR=0.001 
for the 14-week postnatal infant NVP prophylaxis group, and 
adjusted HR=0.004 for the 14-week postnatal infant NVP + 
AZT prophylaxis group – both compared with control)

TABLE I. KEY STUDIES THAT HAVE CONTRIBUTED TO THE BODY OF KNOWLEDGE ON HIV AND INFANT 
FEEDING (CONTINUED)
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Year, author, 
setting, study 
design,  and 
characteristics of 
population

Regimens

Mother            Baby Results and major contribution

2008
MITRA study15

Dar es Salaam, 
Tanzania
POC
All BF

AZT/3TC to 
mothers from 36 
weeks’ gesta-
tion to 1 week 
postpartum

AZT/3TC to 
infants for 1 
week followed 
by daily 3TC 
to infants for 
a maximum 
of 6 months

Cumulative HIV transmission was 3.8% at 6 weeks and 4.9% at 6 
months of age. The risk of postnatal infection from 6 weeks to 6 
months was 1.1%
Main messages: Infant prophylaxis for 6 months resulted in a 
low risk of HIV transmission through breastmilk 

2009
Kesho Bora14

5 sites in Burkina 
Faso, Kenya and 
South Africa
HIV-infected 
women with 
CD4 200 - 500 
cells/µl randomised  
RCT
All BF

C: AZT started 
28 - 36 weeks + 
sd NVP at labour 
+  1 week PN 
AZT/3TC 
Int: HAART 
started 28 
- 36 weeks 
preg. through 6 
months postpar-
tum 

sd NVP + 1 
week AZT in 
both arms

The rates of HIV infection at birth were similar in both arms: 1.8% 
in the HAART arm versus 2.2% in short-course AZT arm 
At age 6 months cumulative HIV infection rates were 4.9% in the 
maternal HAART arm, compared with 8.5% in the short-course AZT 
arm
Between 6 weeks and 6 months the postnatal infection rate was 
1.6% in the maternal HAART arm compared with 3.7% in the 
short-course AZT arm without extended prophylaxis 
The rate of infection after the prophylaxis/HAART was discontin-
ued was similar in both arms
Main messages: A maternal HAART arm was more efficacious 
than short-course regimens

2009
Mma Bana18

Botswana
RCT
HIV-infected preg-
nant women with 
CD4 cell counts 
>200 cells/µl 
were r andomised.      
RCT 
All BF

Int 1: triple nu-
cleoside HAART 
regimen 
Int 2: protease 
inhibitor-con-
taining HAART 
regimen started 
26 - 34 weeks 
through 6 
months of BF

Sd NVP + 4 
weeks AZT

Rates of viral suppression at delivery and during breastfeeding 
were similar between the 2 HAART regimens. The cumulative in-
fant HIV infection rate at age 6 months was 1% (95% CI 0.5 - 2%) 
with only 2 infections (0.4% transmission) in 553 infants with no 
difference between the 2 arms
Main messages: Maternal HAART regimens were efficacious 
in reducing postnatal transmission in mothers with CD4 cell 
count >200 cells/µl

2009
MITRA plus16

Dar es Salaam, 
Tanzania
POC
All BF

HAART to 
pregnant women 
starting at 34 
weeks and con-
tinuing through 
6 months of 
breastfeeding

Cumulative risk of HIV infection was 5% at 6 months and 6% at 
18 months of age. The risk of postnatal infection between 6 weeks 
and 6 months was only 1%
Main messages: Maternal HAART during BF reduced postna-
tal transmission through breastmilk

2009
Breastfeeding, 
Antiretrovirals and 
Nutrition (BAN) 
study13

Malawi
RCT
Women with CD4 
cell counts >250 
cells/µl at delivery 
and no previous 
antenatal prophy-
laxis

C: intrapartum 
sd NVP + 1 week 
AZT/3TC 
Int 1: C regimen 
+ HAART from 
1 week till 6 
months postpar-
tum 
Int 2: C regimen  

C: sd NVP + 1 
week AZT/3TC 
Int 2: daily 
infant NVP 
from 1 week 
to 6 months 
postpartum

The cumulative probability of HIV infection at age 6 months in 
infants uninfected with HIV at birth was 6.4% in the control arm, 
3.0% in the maternal HAART arm (p=0.0032 v. controls), and 1.8% 
in the infant NVP arm (p<0.001 v. control arm). The rates were not 
statistically different between the 2 intervention arms, although 
the study was not powered to detect a difference between the 
arms
Main messages: Maternal HAART for 6 months and infant 
NVP for 6 months were equally efficacious in reducing 
postnatal HIV transmission through breastmilk at 6 months, 
although the data suggest a trend favouring infant NVP 
from 1 to 6 months over maternal HAART from 1 week to 6 
months (p=0.0698)

POC = prospective observational study; RCT = randomised controlled trial; CC = case control study; C = control group; Int = intervention group; BF = breastfeeding; FF = 
formula feeding; EBF = exclusive breastfeeding; EFF = exclusive formula feeding; NVP = nevirapine; AZT = zidovudine; 3TC = lamivudine; Sd = single-dose.

TABLE I. KEY STUDIES THAT HAVE CONTRIBUTED TO THE BODY OF KNOWLEDGE ON HIV AND INFANT 
FEEDING (CONTINUED)
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beneficial and supported by exclusive or predominant 
breastfeeding to maximise infant HIV-free survival.

One of the current gaps in the literature is that no 
study has examined whether HIV-free survival differs 
between HIV-exposed infants who appropriately avoid 
all breastfeeding, and breastfeeding HIV-exposed infants 
who receive postnatal prophylaxis to reduce postnatal 
transmission. This work still has to be done.

While regimens to minimise postnatal HIV transmission 
are still being finalised (particularly in the public sector), 
health care providers and mothers need to be supported 
so that current feeding recommendations maximise 
HIV-free survival. These recommendations are explained 
in the next section.

CURRENT INTERNATIONAL AND NATIONAL FEEDING 
RECOMMENDATIONS, AND THE BASIS THEREOF

In 2005 the Lancet Child Survival series showed that 
universal coverage with EBF for 6 months and continued 
breastfeeding – i.e. breastmilk and complementary foods 
– up to 1 year may prevent 13% of under-5 deaths 
globally, even in the presence of HIV.21 

Subsequently the Lancet Nutrition series showed that in 
the first 6 months of life EBF has far greater child survival 
benefits compared with predominant breastfeeding 
(feeding breastmilk and non-nutritive liquids), partial 
breastfeeding and not breastfeeding for all-cause 
mortality (odds ratio (OR) 1.48 (95% confidence interval 
(CI) 1.13 - 1.92), OR 2.85 (95% CI 1.59 - 5.10), OR 14.40 
(95% CI 6.09 - 34.05), respectively), diarrhoea mortality  
(OR 2.28 (95% CI 0.85 - 6.11), OR 4.62 (95% CI 1.81 - 
11.77), OR 10.53 (95% CI 2.80 - 39.64)) and pneumonia 
mortality (OR 1.75 (95% CI 0.48 - 6.43), OR 2.49 (95% 
CI 1.03 - 6.04), OR 15.13 (95% CI 0.61 - 373.84)) in 
resource-limited settings.22 

Despite these benefits of EBF, research highlighted in 
Table I also shows that any breastfeeding (including 
EBF) carries a risk of postnatal HIV transmission, which 
is largest for mixed feeding and smallest for EBF.23-26 HIV 
infection therefore presents new challenges for infant 
feeding, which have often been explained as two sides 
of a scale – one side is weighed down by the risk of HIV 
transmission through breastfeeding, and the other is 
weighed down by the risk of morbidity and mortality 
from common childhood illnesses as a result of not 
breastfeeding. This risk of mortality as a result of not 
breastfeeding has been documented among HIV-exposed 
infants in numerous sub-Saharan settings, including 
South Africa.23, 27-30 

Furthermore, Doherty et al. show that inappropriate 
decisions to formula feed and inappropriate decisions 
to breastfeed were associated with an increased hazard 

of HIV or death compared with appropriate decisions to 
formula feed (adjusted hazard ratio (HR) 3.63 (95% CI 
1.48 - 8.89) and 3.35 (95% CI 1.25 - 8.96) compared with 
1, respectively).31

CURRENT RECOMMENDATIONS

In an attempt to be pragmatic, to minimise breastmilk 
transmission of HIV and maximise HIV-free survival, the 
World Health Organization (WHO), UNICEF and Inter-
agency Task Team (IATT) recommended between 2006 
and November 2009 that feeding decisions in HIV-
positive women should depend on the mother’s health 
status, the local situation, the health services available 
and the counselling support she is likely to receive.32 
Until 30 November 2009 the IATT recommended that EBF 
for 6 months should be instituted unless replacement 
feeding (avoiding breastmilk) is Acceptable, Feasible, 
Affordable, Sustainable and Safe (commonly referred 
to as the AFASS criteria). At 6 months, if replacement 
feeding is still not AFASS, continuation of breastfeeding 
with additional complementary foods is recommended. 
All breastfeeding in HIV-positive women should stop 
once a nutritionally adequate and safe diet without 
breastmilk can be provided. On 30 November 2009, the 
WHO released revised rapid guidance on HIV and infant 
feeding (available from http://www.who.int/child_
adolescent_health/documents/9789241598873/en/
index.html). These state, inter alia, that mothers known 
to be  HIV infected (and whose infants are HIV uninfected 
or of unknown HIV status) should exclusively breastfeed 
their infants for the first 6 months of life, introducing 
appropriate complementary foods thereafter, and 
continue breastfeeding for the first 12 months of life.

Breastfeeding should then only stop once a nutritionally 
adequate and safe diet without breastmilk can be 
provided. Mothers known to be HIV infected who decide 
to stop breastfeeding at any time should stop gradually 
within 1 month. Mothers or infants who have been 
receiving  ARV prophylaxis should continue prophylaxis 
for 1 week after  breastfeeding is fully stopped. Stopping 
breastfeeding abruptly is not advisable. Mothers known 
to be HIV infected should only give commercial infant 
formula milk as a replacement feed to their HIV-
uninfected infants or infants who are of unknown HIV 
status, when specific conditions are met (referred to as 
AFASS – affordable, feasible, acceptable, sustainable and 
safe – in the 2006 WHO recommendations on HIV and 
Infant Feeding). 

While the IATT 2006 - 2009 recommendations have been 
accepted by most resource-limited countries, countries 
still need to discuss the 2009 revisions and then amend 
their policies. Fig. 1 lists the current South African PMTCT 
guidelines on infant feeding in the context of HIV.33 These 
are similar to the guidelines followed in many resource-
limited countries.
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The IATT 2006 - 2009 recommendations need to be 
implemented while countries finalise their new policies 
on postnatal prophylaxis and infant feeding. Although 
new policies – which will stem from recent evidence 
(Table I) and the WHO rapid guidance – still need to 
be debated and finalised, aspects of the IATT 2006 - 
2009 recommendations on infant feeding and HIV will 
still be relevant henceforth. For example, if women 
meet the AFASS criteria they should still be advised 
not to breastfeed so that postnatal HIV transmission is 
eliminated; if women do not meet the AFASS criteria then 
the new policy may advise breastfeeding for 6 months 
with an ARV regimen that continues throughout the 
breastfeeding period. From a child survival perspective 
EBF has been recommended for mothers who do not 
meet the AFASS criteria. However, in most African 
settings EBF is not a normative cultural practice in the 
absence of intense support. Ghuman et al. showed that 
the EBF rate among women of unknown HIV status 
– living in a high-HIV prevalence area – was 18% at 
14 weeks,10 and Goga et al. showed that only 18% of 
HIV-positive breastfeeding women practised EBF at 12 
weeks in a PMTCT programme setting.11  Bland et al. (the 

Vertical Transmission Study) were able to increase EBF 
rates to 40% at 6 months following an intense peer 
counselling intervention comprising approximately 20 
home-based visits starting antenatally (4 visits) until 
6 months after delivery.12 However, it is questionable 
whether this intervention is replicable in a programmatic 
setting. More recently a pooled analysis of data from the 
Vertical Transmission Study (South Africa) and Ditrame 
Plus Study (Cote d’Ivoire) showed that postnatal HIV 
transmission rates were not significantly different 
among infants who had been exclusively breastfed 
or predominantly breastfed for the same time period; 
however, infants exposed to solids at least once during 
the first 2 months of life were 2.9 (95% CI 1.1 - 8.0) 
times more likely to become HIV infected postnatally 
compared with infants who had never received solids this 
early.34 This analysis did not compare HIV-free survival 
among predominantly or exclusively breastfed infants, 
but it does suggest that if EBF is not socially or culturally 
feasible among breastfeeding HIV-positive mothers, the 
next best option is predominant breastfeeding. Mixed 
feeding with the early introduction of solids is the most 
risky for transmission. 

The following section provides recommendations on 
how to implement feeding recommendations that 
assess the appropriateness of feeding options (AFASS), 
as this has been a stumbling block. It also suggests how 
safe (exclusive or predominant) infant feeding can be 
supported.

HOW TO IMPLEMENT THE FEEDING 
RECOMMENDATIONS

In view of recent data highlighting the risks of 
inappropriate feeding choices with regard to HIV-free 
survival,31 much attention needs to be given to how HIV-
positive women make their feeding choices. To assess 
AFASS a checklist can be used (Table II). If there is any 
‘No’ in the ‘EBF for 6 months’ column, advise the mother 
to exclusively breastfeed for 6 months. If all responses 
are ‘Yes’, advise her to avoid all breastfeeding. 

In a recent review of solutions to operational challenges 
in PMTCT,35 a novel ‘5-finger approach’ to assess AFASS 
and facilitate appropriate infant feeding choices has been 
described by Coutsoudis and Kroon. An example of the 
5-finger approach, which is based on current literature,31 
is illustrated in Fig. 2 and can be used by doctors, nurses 
and lay counsellors. Fig. 2 is in the process of being 
revised by Coutsoudis and Kroon so that the ‘Breast is 
Best’ logo is not so prominent. Readers interested in 
using Fig. 2 should contact Coutsoudis and Kroon for 
updated versions.

Regardless of the method used to assess AFASS, 
appropriate infant feeding choices should be encouraged 
to maximise child survival in the context of PMTCT. 

HIV-negative women

•    At every antenatal visit HIV-negative women 
or women of unknown HIV status (every effort 
should be made to get all pregnant women 
tested or re-tested as stated in the testing 
section of this document) should be counselled 
to exclusively breastfeed their babies during the 
first 6 months of life and continue breastfeeding 
for at least 2 years. 

HIV-positive women

•    At every antenatal visit HIV-positive women 
should be counselled on infant feeding 
options. 

•    Each pregnant HIV-positive woman should 
receive at least four antenatal counselling 
sessions on infant feeding.

•    The feeding options for the first 6 months of life 
are exclusive breastfeeding or exclusive formula 
feeding. All HIV-positive infants should continue 
breastfeeding for at least 2 years, regardless of 
whether the mother meets the AFASS criteria.

•    For each woman, the Acceptability, Feasibility, 
Affordability, Safety and Sustainability criteria 
(AFASS) should be assessed and discussed, 
and the woman should be assisted to make the 
feeding choice that would be most appropriate 
for her individual situation.

Fig. 1. Current (2008) South African PMTCT feeding 
recommendations.33
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Lastly, the acronym SSSUPPORT (Table III) should be 
taught or displayed in all health facilities to remind 
health workers about their responsibilities towards 
optimising child survival through appropriate infant 
feeding counselling in the context of HIV.  

SUMMARY AND CONCLUSIONS

Postnatal maternal or infant ARV regimens reduce 
postnatal HIV transmission through breastmilk. 
Maternal postnatal regimens appear as efficacious as 
infant postnatal regimens; however, data suggest that 
there may be a trend favouring infant nevirapine over 
maternal HAART (both used from 1 week to 6 months 
after delivery). The protective effect of regimens stops 
once the regimens stop, if breastfeeding continues. Any 
of the new regimens should be implemented among 
breastfeeding HIV-positive mothers without further 
delay where the human resource, financial and socio-
cultural capacity exists to do this, e.g. in private sector 
facilities, despite the inherent inequity in this approach. 

For resource-limited public health settings three main 
issues need to be considered when deciding on which 
ARV regimen to include in a national policy: (i) the basic 
science: efficacy and possible effectiveness of various 
postnatal prophylactic regimens using HIV transmission 
and HIV-free survival as the main outcomes; (ii) the 
feasibility of each regimen, from a user perspective; 
and (iii) the feasibility of each regimen from a health 
system/service perspective. Work needs to be undertaken 
urgently to examine these issues. 

While stakeholders engage in discussions about which 
is the best regimen to include in national policy on 
minimising postnatal transmission, SSSUPPORT should 
be given to all HIV-positive women to improve infant 
outcomes and reduce postnatal transmission: Screen all 
women for HIV; Send off CD4 cell counts on all HIV-
positive women; Screen all HIV-positive women for 
AFASS using a standardised tool (e.g. Table II/Fig. 2); 
Understand the woman’s personal and socio-cultural 
context; Promote exclusive or predominant breastfeeding 
if all AFASS criteria are not met; Promote exclusive 

Questions that can be used to assess AFASS

Most suitable feeding option

EBF for 6 months 
if NO to ANY of 
these questions

Avoiding all breastfeeding: Exclusive 
formula feeding for 6 months if YES 
TO ALL of these questions

Can the mother avoid all breastfeeding in her current social 
and cultural context?

NO YES

Does the family/person the woman stays with know that 
she is HIV positive?

NO YES

Can the woman overcome or deal with any stigma 
or discrimination if she were to choose to avoid all 
breastfeeding?

NO YES

Will the woman be able to go to the clinic to collect 
formula milk regularly?

NO YES

Will the woman have money for transport to collect milk or 
to buy milk if the supply runs out or to take the infant to a 
clinic if he/she gets diarrhoea?

NO YES

Does the woman or caregiver have enough time, 
knowledge, skills, resources and support to correctly 
prepare breastmilk substitutes?

NO YES

Will the woman be able to prepare night feeds easily? NO YES
Is the mother able to feed the infant 8 - 12 times in 24 
hours?

NO YES

Will the woman be able to regularly buy utensils needed to 
prepare formula milk?

NO YES

Will the woman be able to get a continuous, uninterrupted 
supply of formula milk AND water AND fuel?

NO YES

Is there piped water in the house or yard that can be 
accessed regularly?

NO YES

Will the woman be able to wash her hands before preparing 
each feed and prepare each feed with boiled water and 
clean utensils?

NO YES

Will the woman be able to store formula milk correctly and 
hygienically?

NO YES

TABLE II. ASSESSING AFASS CRITERIA
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formula feeding if all AFASS criteria are met; Organise 
supplies of formula milk and co-trimoxazole; Review 
mothers and infants in the first 3 days after delivery, 
in the first 2 weeks postnatally and monthly thereafter, 
and review health and feeding practices, regardless of 
feeding choice, at every visit; and lastly Treat all pregnant 
women with HAART if they meet national criteria for 
HAART initiation.
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1. GOALS OF THERAPY

n    Durable suppression of viral load (VL) (undetectable 
VL using an ultrasensitive assay)

n    Restoration or preservation of immunological 
function (CD4+ count)

n    Sustained improvement in clinical symptoms and 
quality of life

n    Reduction in morbidity and mortality.

1.1 FAMILY TREATMENT

Since HIV is usually a disease occurring within families, 
the following are important:

n    Always enquire about the health and HIV status of 
the caregivers and other family members.

n    Encourage and assist caregivers to start ART if 
required; ideally families should receive treatment 
simultaneously in the same facility to avoid 
inconvenience and unnecessary expense for 
patients.

n    HIV testing should be offered and recommended for 
other family members if their status is unknown.

n    Ascertain and encourage HIV disclosure status of 
caregivers themselves, the child and other family 
members.

2. ADHERENCE

High levels of adherence to antiretroviral therapy (ART) 
are vital for treatment success. The goal is for the patient 
to receive 100% of scheduled doses. Factors that impact 
on adherence include:

n    Parental/caregiver education: they must understand 
that poor adherence is the single most important 
factor for drug failure and resistance, leading to loss 
of future therapeutic options. 

n    A good health care provider-patient relationship 
underpins adherence.

n    Motivation and commitment of caregiver/parent to 
the child’s lifelong therapy. 

n    Address any social issues as appropriate.

n    Although unpredictable events can acutely impact on 
adherence (e.g. severe illness or death of a parent), 
frequent visits and good communication may help 
to anticipate and pro-actively plan for such events 
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These guidelines are intended to provide paediatric HIV antiretroviral treatment (ART) recommendations for both 
the public and private sectors.

ART in children follows the same principles as in adults, and treaters should not be daunted by some of the differ-
ences, which include more frequent dose adjustments, liquid formulations occasionally being poorly palatable, and 
the dependence of children on adult caregivers for receiving medication. These should not be viewed as obstacles, 
and everything should be done to assist the process of treating children.

Since the last publication of these guidelines there have been pivotal paediatric studies that have necessitated the 
updating of paediatric guidelines in South Africa.



T H E  S O U T H E R N  A F R I C A N  J O U R NA L  O F  H I V  M E D I C I N E                                                         D E C EMB E R  2 0 0 9   33

TALKING ABOUT ADHERENCE

Working with the client
A short checklist of points should include:

n    Checking caregiver’s capacity to understand treatment plan/adherence (intellectual/developmental level, 
literacy)

n    Checking the basic facts about ART

n    Explaining adherence and why it is important

n    Explaining common ART side-effects and likely course  

n    Explaining that symptoms associated with other illnesses (i.e. vomiting, diarrhoea, cough, fever, rash) overlap 
with drug toxicity and are not a reason to stop therapy. However, if an acute illness (acute gastro-enteritis) 
occurs and the child is unable to tolerate medications, it is permissible to stop all meds for a short period of 
time  

n    Exploring the caregiver’s readiness to start the child on antiretroviral therapy

n    Assessing the level of commitment to ART adherence

n    Assessing the caregiver’s perception of the advantages and disadvantages of being on ART.

Discussion should include an assessment of the caregiver’s psychosocial situation. This covers:

n    Exploration of the caregiver’s lifestyle (e.g. work, daily routine, sleep, other responsibilities)

n    Exploration of the caregiver’s personality traits (e.g. sense of organisation, self-discipline and responsibility) 

n    Assessment of the caregiver’s own HIV status and health and lifestyle choices (use of alcohol and drugs) 
(remember – HIV infection in adults not yet on ART can cause cognitive impairment)

n    Possible use of alternative/complementary medicine

n    Exploration of the caregiver’s financial and material resources.

It is also necessary to explore possible barriers to adherence as well as sources of support, including:

n    Discussion around disclosure (e.g. how much the child knows about own status/how much other household 
members know about child’s status/reasons for not wanting to disclose to child/others if applicable). Disclosure 
is an evolving process requiring an active plan and involvement of the parent/caregiver

n    Exploration of the current and potential sources of support  

n    Problem solving with regard to barriers

n    Anticipation of events that might present an obstacle to adherence, e.g. school trips, visits to grandparents.

Finally, a specific adherence plan is developed in collaboration with the client (and child where appropriate). The 
plan should specify:

n    The treatment regimen (specifics of medication, doses and the intervals at which the medication should be 
given). Remember that the same drug may have many names (formula, generic, trade, fixed-dose combinations), 
which may be confusing to patients and families

n    Possible side-effects, what to do and who to contact in the case of serious side-effects

n    Ways of integrating treatment into the daily routine of the caregiver/child, especially the specific times the 
medication will be given.

The plan should be individualised and the health care professional is encouraged to provide practical aids and 
supportive information sheets. Demonstration of dosage and method of administration by the counsellor as well 
as by the caregiver is important. 

Social disruption or catastrophic events can happen at any time and could affect adherence. Events such as loss of 
a caregiver or severe illness in a caregiver should be mentioned, with possible solutions.

Tips

In the case of school-age children and adolescents, it is important that adult caregivers are available to supervise. 
Routine is reassuring: caregivers should try to give medication in the same way, at the same time and in the same 
place every day. Caregivers should be encouraged to:
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Additional factors enhancing adherence include:

n    Children should be taught to swallow pills/capsules 
as early as possible (from about 4 years). This can 
be done using appropriately sized sweets. Liquid 
formulations may have an unpleasant taste or 
involve administering large volumes of liquids.

n    Ideally the caregiver should identify and disclose to 
one other person in the home who can help with 
treatment (treatment buddy) as a back-up and 
enhance treatment support. 

n    Dosages of liquid formulations should be rounded up 
to a convenient volume.

n    Syringes for liquid formulations should be marked 
at the correct dosage with a blade or permanent 
marker. Show the caregiver how to draw up the 

correct volume and expel excess air. Make sure that 
the syringes are appropriately cleaned.

n    Each liquid medicine and its syringe should be colour-
coded to prevent confusing medicines and dosages. 

n    Ensure that the caregiver’s eyesight is adequate to 
administer medication accurately.

n    Teach caregivers to open childproof containers.

n    Medications should fit into the patient’s lifestyle. For 
example, twice-daily medication does not have to be 
given strictly 12-hourly, rather at a convenient time. 
It is far better to give a dose later than usual than 
not to give the medication at all.

n    Too many caregivers involved in administering 
medicines can be an obstacle to good adherence. 
A different caregiver accompanying the child to 

n    Remind the child that medicines are important and will help to keep him or her from getting sick.

n    Be positive and consistent when it comes to giving the child medicine.

n    Always say something positive when the child has taken his/her medication.

n    Reward the child with a sticker or a star on a record chart or calendar or other age-appropriate token.

n    Allow the child to earn a special treat for sticking to his/her schedule (e.g. a small weekly treat and a bigger 
monthly treat. Avoid monetary rewards; a story or a favourite meal is more than adequate).

n    Get other people who care about the child to encourage and reward him/her for taking medication.

n    Anticipate and talk about possible problems before they arise.

n    Be flexible with the treatment plan. Accommodate change (e.g. in the scheduled time of doses) if this would 
result in better adherence.

n    Think of possible simplification of the regimen.

n    Ask about any side-effects. Suggest ways to manage less serious side-effects and indicate the likelihood of 
relatively short duration.

n    Ask about other medication that the child may be taking in order to avoid possible drug interactions and better 
co-ordinate dosing of all medications.

n    Anticipate possible adherence fall-off during times of increased stress. Make time to discuss and deal with 
problems and feelings.

n    Vomiting after taking medication: make sure that the caregiver knows that if a child vomits within 30 minutes 
of taking a medication the dose should be repeated.

Some tools and strategies
n   Setting an alarm on an alarm clock

n   Setting a cell phone alarm or reminder

n   Using a pillbox

n   Using a diary card

n   Using a wall calendar

n   Keeping a treatment diary

n   Sending SMS reminders to the caregiver

n   Using daily TV or radio programmes as cues

n   Using mealtime (breakfast and supper) as a cue

n   Having a treatment supporter

n   Having a treatment buddy (another child, also on treatment)

n    Keeping medication in a familiar place and not hidden or locked up

n    Using directly observed treatment support (DOTS) as for TB if needed.
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each appointment is a warning sign, requiring 
exploration.

n    Emphasise good adherence at each visit. It is useful 
to compare ART with therapy for diabetes and 
hypertension, both conditions requiring lifelong 
therapy and in which poor adherence is associated 
with disease progression.  HIV is a chronic, 
manageable condition, with minimal morbidity, if 
the correct approach is taken.

n    It is useful to monitor whether treatment is being 
collected.

3. INDICATIONS FOR STARTING ART IN CHILDREN

First assess the child clinically and stage the child 
according to the World Health Organization (WHO) 
Staging System (Table I) to determine whether the child 
needs ART or not (note: all infants diagnosed <12 months 
of age should be started on ART regardless of clinical or 
immunological staging). If the child is clinically well, CD4 
testing will further ascertain whether the child needs 
ART.

CLINICAL STAGE 1
Asymptomatic
Persistent generalised lymphadenopathy

CLINICAL STAGE 2
Unexplained persistent hepatosplenomegaly
Papular pruritic eruptions
Extensive wart virus infection
Extensive molluscum contagiosum
Fungal nail infections
Recurrent oral ulcerations
Unexplained persistent parotid enlargement
Lineal gingival erythema
Herpes zoster
Recurrent or chronic upper respiratory tract infections 
(otitis media, otorrhoea, sinusitis or tonsillitis)

CLINICAL STAGE 3
Unexplained moderate malnutrition not adequately responding to standard therapy
Unexplained persistent diarrhoea (14 days or more)
Unexplained persistent fever (above 37.5°C intermittent or constant for longer than one month)
Persistent oral candidiasis (after first 6 - 8 weeks of life)
Oral hairy leukoplakia
Acute necrotising ulcerative gingivitis or periodontitis
Lymph node tuberculosis
Pulmonary tuberculosis
Severe recurrent bacterial pneumonia
Symptomatic lymphoid interstitial pneumonitis
Chronic HIV-associated lung disease including bronchiectasis
Unexplained anaemia (<8 g/dl), neutropenia (<0.5×109/l) and/or chronic thrombocytopenia (<50×109/l)

CLINICAL STAGE 4i
Unexplained severe wasting, stunting or severe malnutrition not responding to standard therapy
Pneumocystis pneumonia
Recurrent severe bacterial infections (such as empyema, pyomyositis, bone or joint infection or meningitis but excluding pneumo-
nia)
Chronic herpes simplex infection (orolabial or cutaneous of more than 1 month’s duration or visceral at any site)
Extrapulmonary tuberculosis
Kaposi’s sarcoma
Oesophageal candidiasis (or candidiasis of trachea, bronchi or lungs)
Central nervous system toxoplasmosis (after 1 month of life)
HIV encephalopathy
Cytomegalovirus infection: retinitis or cytomegalovirus infection affecting another organ, with onset at age older than 1 month
Extrapulmonary cryptococcosis (including meningitis)
Disseminated endemic mycosis (extrapulmonary histoplasmosis, coccidiomycosis)
Chronic cryptosporidiosis
Chronic isosporiasis
Disseminated non-tuberculous mycobacterial infection
Cerebral or B-cell non-Hodgkin’s lymphoma
Progressive multifocal leuco-encephalopathy
Symptomatic HIV-associated nephropathy or HIV-associated cardiomyopathy
HIV-associated rectovaginal fistula

TABLE I. WHO CLINICAL STAGING OF HIV/AIDS FOR CHILDREN WITH CONFIRMED HIV INFECTION
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The CHER Study1 demonstrated that:

n    By 6 weeks of age 20% of infants already had severe 
immunosuppression.

n   In relatively asymptomatic infants, starting ART before 
3 months of age reduced the mortality rate by 76%.

As a result of this research, all international ART 
guidelines now recommend immediate ART for all HIV-
positive infants <12 months of age, irrespective of the 
clinical or immunological status (Table II). In the infant, 
ART should be started as soon as possible after diagnosis, 
preferably within 2 weeks.

4. INITIATION OF THERAPY

Note: For young infants initiation of treatment 
should be rapid, with ongoing counselling while on 
ARVs.

4.1 FIRST 1 - 2 VISITS

Full clinical examination, including accurate baseline 
weight, height, and for children <2 years, head 
circumference measurement. Bloods should be taken for 
HIV VL and CD4+ count.

Counselling and information – topics to be covered 
include:

n    HIV prognosis

n   Treatment options

n   Adherence 

n   Drug formulations

n   Taste issues (including taste test where appropriate)

n   Initiate prophylaxis as indicated

n    Ensure family/caregivers have contact details for 
staff in case of any questions/adverse events.

4.2 NEXT VISIT

If therapy is indicated and if the family is adequately 
counselled and able to continue to maintain adherence, 
dispense drugs. Graphically illustrate the drugs and how 
and when to take them, preferably with actual drugs or 
samples. Consider observing initial administration of the 
drugs. 

4.3 DAY 2 OF TREATMENT

If possible, a quick phone call to make sure that everything 
is in order is a good idea.

4.4 1 - 2 WEEKS LATER

A phone call to the caregiver/parent is recommended to 
discuss tolerance and adherence issues. The government 
roll-out programme recommends a 2-week visit where 
adherence is discussed and medication technique is 
checked.

4.5 ONE MONTH AFTER STARTING TREATMENT

The clinician should conduct a general examination 
and draw blood to monitor drug toxicity (in national 
Department of Health (NDoH) guidelines, only if on 
tuberculosis (TB) treatment or on zidovudine (AZT)).

Tolerance and adherence issues should be discussed. It 
may be useful to ask how many doses have been missed 
in the last 3 days, and how many in the last month.

In young children weight gain can be surprisingly rapid. 
Check whether doses need to be increased.

4.6 THREE MONTHS AFTER STARTING TREATMENT

The clinician should conduct a general examination and 
draw blood to monitor drug toxicity. Check weight and 
alter doses accordingly.

Bloods should also be taken for HIV VL and CD4+ count. 
In the NDoH guidelines, bloods would only be drawn if 
clinically indicated for suspected toxicity, if on AZT or if 
co-treated for TB.

Adverse effects, tolerance and adherence issues should 
be discussed with the caregiver.     

4.7 THREE-MONTHLY THEREAFTER

The clinician should conduct a general examination and 
draw blood for drug toxicity, HIV VL and CD4+ count. 
NDoH guidelines recommend 6-monthly bloods with 3-
monthly clinical checks. Check weight and alter doses 
accordingly. If the patient’s results remain stable, clinical 
examinations and blood tests can be carried out 6-
monthly, but children aged less than 2 years need to be 
seen at least 3-monthly to adjust drug doses according 
to growth.

Discuss adverse effects, tolerance and adherence issues 
with the caregiver at every visit.

Age Clinical stage CD4 criteria

<1year All infants Any CD4 
1 - 5 years WHO stage III, IV CD4 ≤25%

Absolute CD4 <750 
cells/µl

>5 years WHO stage III, IV CD4 <350 cells/µl 

TABLE II. CRITERIA FOR ART INITIATION
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5. MONITORING:  SPECIAL CONSIDERATIONS FOR 
CHILDREN (TABLE III)

5.1 VIRAL LOAD 

Recent reports on outcomes on ART of children from 
resource-poor centres demonstrate that undetectable 
VLs are initially achieved in over 80% of treatment-naïve 
children.2

VLs should be measured at baseline and then 3 - 
6-monthly. In the NDoH guidelines VL testing is 
recommended at 6-monthly intervals unless there 
is a clinical indication to do it earlier. A recent meta-
analysis suggests that VL monitoring at intervals of ≥3 
months was associated with a significantly lower risk of 
resistance mutations at the time of failure.3 

Therapeutic options for children are currently limited. 
The decision to switch therapy because of suboptimal 
response should therefore be carefully considered and 
balanced against the risk of accumulating additional 
resistance in a non-suppressive regimen.

Although there is no consensus, a growing number of 
international experts advise aggressively achieving and 
maintaining viral suppression. 

Note:

n    A repeat test is recommended whenever a routine 
measurement yields an unexpected result. It is 
usually not worth doing routine plasma HIV RNA 
levels during an intercurrent infection. Additional 
non-routine testing may be indicated if the clinical 
condition changes. 

n    Two measurements should be performed 1 month 
apart before instituting changes.

n    VLs can be temporarily raised for up to a month after 
intercurrent infection or vaccination.

n    Patients should be sequentially tested using the same 
method and the same laboratory.

n    The NDoH has decided to omit the baseline VL in 
order to save costs. Since the baseline VL doubles as 
a confirmatory test for infants diagnosed by PCR, it 
is strongly recommended that the baseline VL still be 
done in infants diagnosed by PCR.

5.2 CD4+ LYMPHOCYTE COUNTS AND PERCENTAGES

The CD4+ count should be measured with the VL, except 
when the VL is repeated for an unexpected result. 
Absolute CD4+ lymphocyte counts are much higher in 
infancy than adulthood, but the CD4+ percentage is 
more constant, although also higher in children <2 years. 
CD4+ percentages may be easier to work with, but CD4+ 
counts should also be used. Over the age of 5 years, adult 
cut-offs using CD4 counts can be used for therapeutic 
decision making. Lymphopenia and lymphocytosis may 
over- or understate CD4 percentages or counts.

CD4+ counts/percentages are useful for monitoring 
response to ARVs. VL changes will typically precede 
changes in CD4 counts. CD4+ counts can be temporarily 
lowered by intercurrent infections or vaccinations, taking 
up to a month to recover.

Although there is a strong association between CD4+ 
depletion and opportunistic diseases, Pneumocystis 
jirovecii pneumonia (PCP) may occur in the first year of 
life despite ‘normal’ counts for age.

5.3 HEIGHT AND WEIGHT

The ‘Road to Health’ chart is a valuable tool for monitoring 
the well-being of children. Failure to maintain growth is 
suggestive of progressive HIV disease or superimposed 
infection such as TB.

Test Baseline
2 weeks 
(NVP)

1 
month*

3 
months* 6 months

3 - 6-
monthly 
thereafter*

Additional 
annual 
tests 

Viral load X† X X X
CD4 X X X X
FBC with differential X X X X X
ALT X X X X X X
Cholesterol X
Triglycerides X
Glucose X
Urine dipstix X X

*NDoH guidelines recommend 6-monthly monitoring.
†NDoH guidelines recommend not to do a baseline VL as a cost-saving practice. It is imperative that a baseline VL be done in all infants diagnosed on PCR as this doubles 
as a confirmatory test. Do not delay initiation of HAART while awaiting the confirmatory test result.
FBC = full blood count; ALT = alanine transaminase.

TABLE III. ROUTINE MONITORING
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6. RECOMMENDED ARV REGIMENS

ART drugs are listed in Table IV, and dosages in Table V. 
Simplified weight-based dosing is set out in Fig. 1. 

6.1 PREFERRED REGIMENS

First line

<3 years: 3TC + abacavir + lopinavir/ritonavir.

>3 years and >10 kg: 3TC + abacavir + efavirenz.

Alternate first line

<3 years: 3TC + stavudine + lopinavir/ritonavir.

>3 years and >10 kg: 3TC + stavudine + efavirenz.

This is the regimen currently recommended by the NDoH. 
There are major concerns about d4T toxicity, especially 
lipodystrophy. Stavudine should be changed to ABC at 
the first sign of lipodystrophy. In addition, zidovudine 
as part of second-line therapy will be compromised by 
resistance to stavudine. 

Consider a boosted PI as the third drug in a child over 
3 years exposed to SD-NVP or where there are concerns 
about adherence.

Rationale for choice of regimen

3TC and ABC backbone:

n   Very good long-term data from PENTA 5.4

n   Spares thymidine analogue for next regimen.

n    Both drugs select for the same resistance pathway 
(M184V).

n    ABC should only be used for first line (without 
genotyping) since >3 TAMS + M184V confers high 
level cross-resistance to ABC. 

n    Hypersensitivity is linked to HLA B*5701, which is 
extremely uncommon in the black population. The 
ARROW study of >1 200 HIV-infected children 
in Uganda and Zimbabwe had a hypersensitivity 
reaction rate of 0.2%. 

n    Tenofovir should not be used in children because of 
potential toxicity issues.

Lopinavir/ritonavir in children <3 years

Data show that young children have far better viral 
suppression on a boosted PI regimen than on an NNRTI 
regimen5 (irrespective of single-dose NVP). In addition 
the IMPAACT P1060 study indicates that in SD-NVP-
exposed infants, those starting NVP-based regimens 
have poorer virological outcomes than those starting a 
boosted PI regimen.6

7. DRUG INTERACTIONS

There are multiple opportunities for serious drug 
interactions. Treaters are advised to scrutinise package 
information and seek advice if uncertain.

n    Rifampicin reduces levels of lopinavir, indinavir, 
saquinavir, atazanavir, fosamprenavir (PIs) and 
nevirapine and should not be used with any of these 
drugs.

n    Efavirenz causes reduced levels of clarithromycin, 
but not azithromycin.

n    Ritonavir should not be given with numerous drugs. 

n    Of the anti-epileptic drugs, sodium valproate is the 
safest to use with antiretrovirals.

n    Ritonavir inhibits cytochrome P450 3A4, preventing 
metabolism of inhaled steroids, thereby facilitating 
systemic absorption and Cushing’s syndrome. Rather 
use an NNRTI if the patient is on inhaled or nasal 
steroids, or consult the HIV Clinicians Society if this 
is not feasible.

n    Oral contraceptives. There are limited data available 
on potential drug interactions between many 
ARVs (particularly some NNRTIs and RTV-boosted 
PIs) and hormonal contraceptives, which may 
modify their safety and effectiveness. RTV-boosted 
PIs are not recommended with combined or 

Category I
NRTI – thymidine base

Stavudine (d4T)*
Zidovudine (ZDV)*

Category II
NRTI – other

Didanosine (ddI)*† 
Lamivudine (3TC)* 
Emtricitabine (FTC)
Abacavir (ABC)*

NtRTI Tenofovir (TDF)‡

Category III
NNRTI

Nevirapine (NVP)*
Efavirenz (EFV)¶

Etravirine (ETR)§

Category IV
PI

Ritonavir (RTV)*
Lopinavir/ritonavir (LPV/RTV)*
Saquinavir (SQV) 
Indinavir (IDV)‡

Darunavir (DRV)§

Atazanavir (ATV)‡ 
Fosamprenavir (FPV)

Category V
Integrase inhibitors

Raltegravir§

Category VI
CCR5 inhibitors

Maraviroc§

*Available in paediatric formulations.
†Enteric-coated formulation for adults can be used (especially when given once 
instead of twice daily).
‡Not available in paediatric formulation. 
¶EFV is only available in capsule form and tablet form. There are no data for 
children under 3 years of age or <10 kg.
§Paediatric dosage still uncertain. Requires Section 21 authorisation from the 
Medicines Control Council.
NRTI = nucleoside reverse transcriptase inhibitor; NtRTI = nucleotide reverse 
transcriptase inhibitor; NNRTI = non-nucleoside reverse transcriptase inhibitor; 
PI = protease inhibitor.

TABLE IV. ART DRUGS
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Drug Formulations Dosage (per dose) Frequency Storage Comments

Nucleoside reverse transcriptase inhibitors (NRTIs)

Zidovudine
(AZT, ZDV)
Retrovir®

generics

Susp: 10 mg/ml
Caps: 100 mg, 250 
mg, tabs 300 mg

Neonates
4 mg/kg/dose  
until 29 d, then 240 
mg/m2

2
2

Room tem-
perature

May be taken with or without 
food

Didanosine
(ddI)
Videx®

generics

Susp: 10 mg/ml
Tabs: 25 mg, 50 mg,
100 mg, 150 mg
Enteric-coated dida-
nosine (EC)
250 mg, 400 mg

2 wks - 3 mo. of age: 
50 - 100 mg/m2/dose
 >3 mo. of age: 
90 - 120 mg/m2/dose

2

2
Can give 
total daily 
dosage × 1 

Refrigerate 
suspension

Half hour before or 1 hour 
after meal
Use single daily dose if 
necessary for adherence. Give 
at least 2 tabs of buffered 
formulation. Needs to be 
separated from PI by 1 - 2 
hours. EC ddI still needs to be 
taken on empty stomach but 
can be given together with PI
EC ddI capsules can be opened 
and sprinkled on food

Stavudine
(d4T)
Zerit®

generics

Susp: 1 mg/ml
Caps: 15 mg, 20 mg, 
30 mg, 40  mg

Neonates <2 wks of 
age: 0.5 mg/kg/dose  
thereafter
1 mg/kg/dose
(max 30 mg/dose)

2

2

Refrigerate 
suspension

May be taken with or without 
food. Capsules stable in water
suspension for 24 hours at 
room temperature

Abacavir 
(ABC)
Ziagen®

generics

Susp: 20 mg/ml
Tabs: 300 mg
Kivexa® tabs = 600 
mg ABC & 300 mg 
3TC

All ages: 8 mg/kg/
dose
≥25 kg: 1 tab 
or 2 tabs
Kivexa®
 If ≥25 kg –
 1 tab 

2

2
1

1

Room tem-
perature

May be taken with or without 
food 
Watch for hypersensitiv-
ity reaction (HSR). Do not 
rechallenge if HSR occurs
If being given as suspension 
with 3TC, the two volumes 
should always be equal

Lamivudine
3TC
(3TC®)
generics

Susp: 10 mg/ml
Tabs: 150 mg, 300 mg
Kivexa® tabs = 600 
mg ABC & 300 mg 
3TC

Neonates: 2 mg/kg
Paediatric (>1 
month):  5 - 6 mg/kg 
≥25 kg: 1 × 150 mg 
tab 
or
2 × 150 mg tab
or
1  × 300 mg tab

2

2
2

1

1

Room tem-
perature

May be taken with or without 
Can food use tablets from 
25 kg

Nucleotide reverse transcriptase inhibitors (NtRTIs)

Tenofovir
(TDF) 
Viread®

Tablets 300 mg
Truvada® = 300 mg 
TDF + 200 mg FTC 
Atripla®* = 300 mg 
TDF + 200 mg FTC + 
600 mg EFV*

8 mg/kg/dose
8 mg/kg/dose of TDF 
component

1
1

Room tem-
perature

Should not be routinely 
used in children <18 
years – concerns about 
osteopenia and renal toxicity. 
May have a place in salvage in 
older children. Consult with a 
paediatric HIV expert. Viread 
tablets irregular shape – dif-
ficult to halve. May be taken 
with or without food. Dose 
adjustment required with 
renal impairment

Non-nucleoside reverse transcriptase inhibitors (NNRTIs)

Nevirapine
(NVP)
Viramune®

generics

Susp: 10 mg/ml
Tabs: 200 mg

Infants (>14 days) 
and children: 150 
- 200 mg/m2/dose 
Give dose once daily 
for first 14 days and 
increase to bd if no 
rash or severe side-
effects occur

2

Room tem-
perature

May be taken with or without 
food 
Skin rash usually occurs in 
1st 6 weeks; do not increase 
dosage until rash resolves
Watch for liver toxicity
Try to maintain dosage >150 
mg/m2/dose bd

TABLE V. DOSAGE AND FREQUENCY OF ARVs IN CHILDREN
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progesterone-only oral contraceptives, while 
NNRTIs can be used. A combined oral contraceptive 
containing at least 30 µg of ethinyl oestradiol should 

be used. Progesterone-only injectables can be used 
with all ARVs. Concomitant consistent condom use 
is recommended for preventing HIV transmission 

Drug Formulations Dosage (per dose) Frequency Storage Comments

Non-nucleoside reverse transcriptase inhibitors (NNRTIs)

Efavirenz
(EFV)
Stocrin®

generics

Tabs: 50 mg, 200 mg, 
600 mg
Caps: 50 mg, 200 mg

10 - <15 kg: 200 mg
15 - < 20 kg: 250 mg
20 - <25 kg: 300 mg
25 - <32.5 kg: 350 
mg
32.5 - <40 kg: 400 
mg
>40 kg: 600 mg

1 Room 
temperature

No data <3 yrs and <10 kg
Tablets cannot be crushed. 
Use generic capsules in 
children unable to swal-
low tablets. Capsules can be 
opened & given with food
Give at night to avoid CNS 
side-effects
Anticipate mild transient 
rash and CNS side-effects 

Protease inhibitors (PIs)

Atazanavir
(ATV)
Reyataz®

Capsules:150 mg, 
200 mg

From 6 years of age: 
205 mg/m2

6 - 18 years:
15 - <25 kg: ATV 150 
mg + RTV 80 mg  
25 - <32 kg: ATV 200 
mg + RTV 100 mg
32 - <35 kg: ATV 300 
mg + RTV 100 mg 
 >35 kg: ATV 300 mg 
+ RTV 100 mg, 
both given once daily 
with food

1
Ideally should always be used 
with RTV boosting (unboosted 
ATV requires a higher dose 
and gives unpredictable 
plasma levels) 
Give with food
Unconjugated hyperbilirubi-
naemia may occur and as long 
as the patient is comfortable 
with it, is not a reason to 
discontinue the drug

Fosampre-
navir
(fAPV)
Telzir®

Tablets 700 mg
Oral suspension, 50 
mg/ml

2 - 5 years: 20 
mg/kg/dose (max. 
dose 700 mg) + RTV 
3 mg/kg/dose  (max. 
dose 100 mg)
6-18 years: 18 
mg/kg/dose (max. 
dose 700 mg) + RTV 
3 mg/kg/dose  (max. 
dose 100 mg)

2

2

2

2

Room 
temperature

Ideally should always be used 
with RTV boosting (unboosted 
fAPV requires a higher dose)
Give  suspension with food 
and tablets with or without 
food

Lopinavir/
ritonavir
(LPV/r)
Kaletra®

Aluvia®

Oral solution 
(Kaletra®) 80 mg 
Lopinavir (LPV) & 20 
mg ritonavir (RTV) 
per ml

Kaletra®  capsules 133 
mg LPV/33 mg RTV 

Aluvia® tablets
200 mg LPV/50 mg 
RTV

Aluvia® half-dose 
(HD) tablets*
100 mg LPV/25 mg 
RTV 

300 mg/m2/dose  
LPV component 
(max. 400 mg LPV = 
adolescent dose)

2 Capsules 
should be 
refrigerated 
Oral solution 
should be re-
frigerated until 
dispensed 
Can be kept at 
room
temperature 
up to 25ºC if 
used within 6 
weeks
Aluvia tabs 
can be stored 
at room tem-
perature

Aluvia® tabs can be given with 
or without food. Aluvia tabs 
must be swallowed whole 
Crushing the tabs reduces the 
absorption of the drugs
Kaletra Solution and Capsules: 
administer with food. High- 
fat meal increases absorp-
tion, especially of the liquid 
preparation
If co-administered with buff-
ered ddI, ddI should be given 
1 hour before or 2 hours after 
lopinavir/ritonavir
Aluvia® can be taken with 
EC didanosine on an empty 
stomach
Dose adjustments required 
if LPV/r used in combination 
with NNRTIs 
Kaletra® Capsules are being 
discontinued

TABLE V. DOSAGE AND FREQUENCY OF ARVs IN CHILDREN (CONTINUED)
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and to compensate for any possible reduction in the 
effectiveness of the hormonal contraceptive.

n    LPV/r co-administration can increase tenofovir levels 
by 30%, and may result in increased renal and bone 
toxicity.

The following website may be of assistance in assessing 
potential interactions: 

http://www.hiv-druginteractions.org/frames.asp?drug/
drg_main.asp

8. ADDITIONAL PRACTICAL POINTS

8.1 PRACTICAL DOSING

Although paediatric dosages are calculated using the 
child’s weight or surface area, one must consider the 
practicalities of the dose. For example, 1.75 ml is very 
difficult to measure accurately, so a more practical 
dose is 2 ml (generally round upwards). Certain ARV 
solutions, e.g. LPV/RTV (Kaletra) or RTV (Norvir) are highly 
concentrated, so dosages do need to be calculated to 
the nearest 1/10th of a ml (but it is not necessary to 
calculate to the nearest 1/100th of a ml). Others, e.g AZT, 
3TC, NVP (Viramune) or ABC (Ziagen) solutions, can quite 
safely be rounded up to the nearest ml. The volume of 
3TC and ABC should always be the same, which makes 
dosing easier for caregivers. When using d4T capsules 

dissolved in water, dosages can be rounded up to the 
nearest 5 mg. Every effort should be made to switch to 
tablets or capsules as soon as possible. Certain drugs 
should still rather be dosed according to surface area, 
but where this is difficult the weight-based chart (Fig. 
1) can be used. 

Kivexa

Kivexa is a fixed-dose combination tablet containing 
300 mg 3TC and 600 mg ABC. It is dosed as 1 tablet 
once a day and can be given to children >25 kg who can 
swallow this large tablet. It is particularly useful in older 
children to facilitate adherence.

Atazanavir (Reyataz)

ATV is a useful PI. It has the advantage of minimal 
lipid disturbances (although RTV boosting will cause 
some elevations of cholesterol and triglycerides). It 
should generally always be given with RTV boosting. Its 
advantages include once-daily dosing, a low pill burden 
and a good safety and tolerability profile. For this reason 
ATV may be a preferable alternative to Aluvia in PI-naïve 
older children in the private sector with adherence issues. 
It is best not to use ATV in PI-experienced patients unless 
one knows that no or limited PI mutations are present.

Drug Formulations Dosage (per dose) Frequency Storage Comments

Protease inhibitors (PIs)

Ritonavir
(RTV)
Norvir®

Susp: 80 mg/ml
Capsules: 100 mg

No longer recom-
mended for use as 
full-dose single PI 
>1 mo.: 350 - 450 
mg/m2/dose
For pharmacological 
boosting of other 
PIs: see individual PI 
concerned 
Boosting dose of 
RTV when used 
with rifampicin and 
LPV/r: same dose in 
mg as LPV. Alterna-
tively ¾ (volume) of 
Kaletra dose

2

2
2

Take with food
Bitter: coat mouth with 
peanut butter or give with 
chocolate milk. Take 2 hours 
apart from didanosine
Can be taken together with EC 
didanosine

Saquinavir
(SQV)
Invirase® –
hard gel 
capsule

Hard gel  capsules 
(HGC) 200 mg (only 
use together with 
RTV)

SQV 50 mg/kg
RTV 100 mg/m2

Adolescent /adult
SQV 1 000 mg
RTV 100 mg

2
2

2
2

Should always be used with 
RTV boosting
Administer within 2 hours 
of a full meal to increase 
absorption
Sun exposure can cause 
photosensitivity reactions; 
sunscreen or protective
clothing recommended

*Awaiting MCC approval. Available with Section 21 authorisation.
Body surface area (m2) = √ (height (cm) × weight (kg) ÷ 3 600).

TABLE V. DOSAGE AND FREQUENCY OF ARVs IN CHILDREN (CONTINUED)
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8.2 TIMING OF DOSING

There is a common misconception that ARVs need to 
be given exactly 12 hours or 24 hours apart. This is 
because older drugs with very short half-lives needed 
to be dosed exactly on time. However, there is much 
more flexibility with the drugs in current use. Drugs 

with twice-daily doses can generally be given between 
10 and 14 hours apart. For drugs that are dosed with 
meals, the best approach is to give them strictly twice 
daily with breakfast and supper. It is clearly much more 
important to fit the drugs into our patients’ lifestyles 
than vice versa.

Fig. 1. Weight-based dosing chart.
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8.3 HAART AFTER FAILED MTCT PROPHYLAXIS

n    Where nevirapine was used as a single dose 
in prevention of mother-to-child (PMTCT) 
prophylaxis. In the HIVNET 012 study, up to 45% 
of HIV-infected infants had NNRTI-associated 
resistance mutations after 1 dose of NVP to the 
mother and the infant. There are good data in 
adults and infants suggesting reduced efficacy of 
future NNRTI-containing highly active antiretroviral 
therapy (HAART) regimens. Results from P1060 also 
indicate that in children who have been exposed 
to NNRTIs for PMTCT, there is an increased risk of 
virological failure when NVP is used subsequently 
for treatment.6 It is therefore advisable to avoid 
nevirapine and efavirenz as part of first-line therapy 
in this situation. 

n    If AZT monotherapy was used in MTCT prophylaxis. 
Data support its use in combination therapy for 
infected infants. Resistance has, however, been 
described.

n    If the mother was on triple combination therapy. 
In this situation, do genotyping on the baby and 
design a regimen accordingly. If unable to do 
genotyping, avoid the drugs the mother was taking, 
especially if she had a detectable VL. If the mother 
had an undetectable VL, it is probably acceptable to 
use the same agents in her HIV-infected baby.

8.4 TUBERCULOSIS TREATMENT AND HAART IN CO-
INFECTED CHILDREN

Rifampicin increases the breakdown of PIs and NNRTIs. 
Also, there are overlapping toxicities between TB drugs 
and ARVs. The immune reconstitution inflammatory 
syndrome (IRIS) causes morbidity and higher risk of 
mortality. IRIS can be misinterpreted as progression of 
TB or medication side-effects. In addition, the increased 
pill burden can impact on adherence.

Options

When to start ARVs:

n    Since TB is a clinical stage 3 disease, most children will 
need to be started on ART. ART should be initiated 2 - 
4 weeks after starting TB treatment. This may reduce 
the likelihood of immune reconstitution disease and 
will allow time to identify early adverse events from 
anti-TB drugs.

n    If the CD4 count is normal and the child is >12 
months old, initiation of ART may be delayed until 
completion of TB treatment. (Allow 2 weeks for the 
effects of rifampicin on the liver to ‘wash out’.)

n    If the child is already on ART when TB is diagnosed, 
continue ART with TB treatment. Monitor for IRIS 
and adapt ARVs as required.

What regimen to use:

n    Try to make a bacteriological diagnosis. Submit all 
sputa and gastric washings for mycobacterial culture. 
All isolates require speciation into Mycobacterium 
tuberculosis and M. bovis-BCG and drug susceptibility 
testing. Make every effort to exclude multidrug-
resistant (MDR) TB in the patient and in the source 
case.

n    Use standard TB treatment (i.e. a rifampicin-based 
regimen).

n    ARV regimens: 

      >3 years: 2 NRTIs + efavirenz (standard dose)

      <3 years: 2 NRTIs + superboosted LPV/RTV 300 mg/
m2/dose bd + extra ritonavir (dosed at 0.75 × volume 
of LPV/r) bd to achieve per mg equivalence for LPV 
and RTV).

If RTV is not available, one can consider giving LPV/r 
600 mg/m2/dose bd. However, one should revert to 
superboosted LPV/RTV when RTV becomes available. 
The efficacy and toxic side-effects of this approach 
are unknown. Recent pharmacokinetic data show that 
super-boosted LPV/r yields good levels of LPV whereas 
simply doubling the dose yields suboptimal levels.7

8.5 SPECIFIC ISSUES FOR ADOLESCENTS

These issues apply to both vertically and sexually 
transmitted HIV.

n    Non-adherence is often a problem, and strategies 
should be introduced to promote adherence, including 
more frequent visits and intensive counselling.

n    Adult supervision of treatment should continue 
throughout adolescence and includes verification 
that the medicine has been swallowed. 

n    Disclosure of HIV status must have occurred before 
onset of sexual activity. 

n    Adolescent-friendly services include:

n    A specific convenient day set aside for adolescent 
clinics

n    Adolescent groups and peer support groups

n    Access to family planning, sexually transmitted 
infection (STI) treatment, cervical cancer prevention 
and screening and gynaecological services

n   Human papillomavirus vaccination.

8.6 CHANGING THERAPY

For toxicity or intolerance, a simple substitution can be 
made, being mindful of previous therapies that may have 
failed. Do not reduce dosage unless the reduced dose is 
still in the therapeutic range. 

For failure of a regimen, proceed as outlined below.
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Failure of first-line therapy

If viraemia occurs, even at a low level, check and 
encourage adherence. Also check dosages or other 
‘technical problems’. These include vomiting or spitting 
out medications and not receiving meds on time.

If the VL is persistently >5 000 copies/ml on two or 
three occasions despite good adherence and technical 
problems having been resolved, consider changing 
regimens. Be sure to resolve the adherence problems 
before changing therapy, otherwise the second regimen 
will fail. On the other hand, continuing with a failing 
regimen results in ongoing viral replication with the 
development of new mutations and cross-resistance, 
thus limiting future options. 

Resolving adherence issues is paramount for any child 
failing ART. In children on a PI-based first-line regimen, 
adherence interventions may be sufficient. On the other 
hand, failing an NNRTI-based regimen invariably requires 
a regimen change after resolving adherence issues. See 
below for choice of second-line regimen.

Since virological failure usually precedes immunological 
and clinical failure, by changing on virological criteria, 
one can hopefully prevent clinical and immunological 
deterioration.

When failure is due to viral resistance, at least two new 
active drugs should be used. Previous drug history and 
genotyping (see below) are helpful in deciding on a new 
regimen.

In the case of NNRTI resistance

n   There is no place for maintaining patients failing an 
NNRTI regimen on the same regimen; the longer it is 
maintained, the more resistance mutations are likely 
to occur.

n   The regimen should be changed to a boosted PI with 
2 active NRTIs (based on genotyping if possible). 

In the case of PI resistance

n   Patients on a boosted PI regimen not suppressing 
may have no PI and minimal NRTI mutations, in 
which case the original regimen may be resumed 
after addressing the adherence issues.

n   In NNRTI-naïve patients with no NNRTI and at least 2 
fully active NRTIs on genotyping, a simple switch to 2 
NRTIs + NNRTI may be appropriate.

n    Patients with multiple PI mutations may achieve 
viral control when some of the newer agents not 
yet registered in South Africa are used. Consult an 
expert.

Failure of second-line or subsequent regimens 

In this situation, consult an expert.

8.7 RESISTANCE

Nucleoside analogues

Resistance is slow to develop, except for 3TC. Resistance 
to 3TC occurs within weeks on a non-suppressive 
regimen. Useful benefits of 3TC resistance are the partial 
reversal of AZT, d4T and TDF resistance and rendering 
HIV less pathogenic (M184V mutation).

Non-nucleoside reverse transcriptase inhibitors

There is complete cross-resistance between the 
currently available NNRTIs. A patient resistant to NVP 
will also have resistance to efavirenz (despite what the 
genotyping indicates). This does not apply to the new 
second-generation NNRTI (not yet available in South 
Africa) etravirine, which needs a few NNRTI mutations 
for high-level resistance. For this reason, a patient failing 
an NNRTI should change regimens soon to prevent 
compromising this future option.

Protease inhibitors

The boosted PIs are very slow to develop resistance and 
need several mutations before high-level resistance 
occurs. In a PI-naïve patient who fails a boosted PI, it 
is generally accepted that resistance mutations do not 
occur over a short period of time. However, if a patient 
has PI mutations from previous PI failure, new mutations 
can occur even with a boosted PI.

Resistance testing

At present only genotypic resistance testing is available 
in South Africa. Genotyping is still expensive (±R4 400). 
Genotyping will only provide information about 
resistance to the current regimen, and not necessarily 
about previous ART the child may have been exposed 
to. For this reason genotyping needs to be interpreted in 
conjunction with a detailed ART history. The interpretation 
is complicated and should be done in conjunction with 
an expert. Ideally genotyping should be done in any child 
whose VL is persistently above 5 000 copies/ml despite 
good adherence. Genotyping is also indicated for infants 
infected despite maternal HAART, before starting ART. 
Contact the South African HIV Clinicians Society for 
further information on when to perform and interpreting 
genotyping.

8.8 CHOICE OF SECOND-LINE REGIMEN

Patient failing ABC/3TC/EFV or d4T/3TC/EFV

Second-line choice: AZT + ddI + LPV/r. Genotyping, if 
available, may suggest an easier alternative regimen. 
Discuss with an expert.
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Patient failing ABC/3TC/LPV/r or d4T/3TC/LPV/r

Current NDoH guidelines recommend AZT + ddI + NVP 
(<3 years) or EFV (>3 years). Some experts feel that this 
regimen is prone to failure. It is advisable to do resistance 
testing and /or discuss with an expert to devise a suitable 
second-line regimen.

After changing regimens, there should be frequent 
adherence and toxicity checks.

8.9 SWITCHING FROM A PI- TO AN NNRTI-
CONTAINING REGIMEN

Numerous adult studies and one paediatric study have 
demonstrated the feasibility of switching from a PI to 
an NNRTI once VLs are <50 copies/ml. This approach 
will avoid some long-term adverse effects of the PIs. 
Only consider if VLs are consistently <50 copies/ml and 
adherence is excellent. Where the mother and/or baby 
were given a single dose of NVP for PMTCT, switching 
should be avoided until further data are available.

8.10 INTERRUPTING THERAPY

Generally ART should not be stopped except on the advice 
of an expert. When it is necessary to stop or interrupt a 
regimen containing an NNRTI, be aware that the long 
half-life of the NNRTI will cause sub-therapeutic levels 
to persist for up to several weeks. Either continue the 
NRTIs for a week after stopping the NNRTI if feasible (for 
example if NNRTI-associated rash is suspected) or use a 
boosted PI for a week to avoid developing resistance to 
the NNRTI.

8.11 IMMUNE RECONSTITUTION INFLAMMATORY 
SYNDROME

IRIS is characterised by a paradoxical clinical 
deterioration after starting HAART. This results from 
rapid restoration of pathogen-specific immunity to 
opportunistic infections (OIs) and causes deterioration 
of an existing infection (paradoxical IRIS) or new clinical 
manifestations of a previously unrecognised subclinical 
infection (unmasking IRIS) during the early stages 
of ART. IRIS is usually associated with improvements 
in surrogate markers of HIV infection (virological, 
immunological, clinical). It may have distinct clinical 
presentations with pronounced inflammatory response. 
IRIS usually occurs within 6 months of starting HAART 
and in patients with a low starting CD4 count. The most 
common presentations in South African children include 
BCG adenitis, TB and herpes zoster.

Causes include M. tuberculosis, BCG, M. avium complex 
(MAC), M. leprae, Cryptococcus neoformans, Aspergillus, 
Candida albicans, P. jirovecii, cytomegalovirus (CMV), JC 
virus, human herpesviruses, herpes simplex virus, varicella 

zoster virus, human papillomavirus and hepatitis B and C 
viruses (HBV, HCV). 

9. SELECTED ADVERSE EFFECTS OF 
ANTIRETROVIRAL DRUGS IN CHILDREN (TABLE VI)

ARVs are generally well tolerated in children. A few more 
serious adverse effects are mentioned here. 

9.1 LACTIC ACIDOSIS

Lactic acidosis is a rare but serious, life-threatening 
complication of NRTI therapy, especially when ddI and 
d4T are used together. Symptoms include nausea and 
vomiting, abdominal pain, tachypnoea and dyspnoea, 
weight loss and fatigue. It may also cause neurological 
symptoms including a Guillain-Barré-like picture. 
There is no value in screening for lactic acidosis in 
asymptomatic children. Clinicians should be aware of 
the symptoms and diagnose the condition timeously. 
Diagnosis is confirmed with a serum lactate level >5 
mmol/l, metabolic acidosis and a raised anion gap. Liver 
enzymes may be increased.

In patients with a lactate level >10 mmol/l or >5 mmol/l 
with metabolic acidosis, ART should be discontinued 
and supportive therapy instituted. Treatment (usually 
in an ICU) consists of intravenous fluids and ensuring 
oxygenation. Some reports suggest that alkalinising the 
blood with bicarbonate might improve prognosis, but this 
remains controversial. Other controversial treatments 
include thiamine (vitamin B1), riboflavin (vitamin B2) and 
L-carnitine (no data to show efficacy).

Following an episode of lactic acidosis, it may take several 
months for lactate levels and liver enzymes to normalise. 
Contact the HIV Clinicians Society for assistance in 
designing a new regimen after lactic acidosis.

9.2 HAEMATOLOGICAL TOXICITY

The two major agents are AZT and co-trimoxazole 
(usually only high-dose co-trimoxazole for treating PCP, 
but occasionally with prophylactic doses, and this is 
reversible with folinic acid – not folic acid).

Patients on AZT should have full blood counts (FBCs) 
monitored monthly for the first 3 months and 3-monthly 
thereafter. The main bone marrow toxicities from AZT are 
anaemia and neutropenia.

Anaemia may be due to HIV infection itself, or to AIDS-
related conditions such as disseminated MAC, CMV or 
lymphoma. It may also be nutritional (e.g. iron or folate 
deficiency) or drug-related. Management depends on 
the underlying cause of anaemia, available options and 
the extent of the problem. It is reasonable to switch to 
a drug that causes fewer haematological side-effects, 
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e.g. switch from ZDV to d4T or ABC. A haemoglobin level 
below 7 – 8 g/dl warrants investigation and treatment. 
Nutritional deficiencies, especially iron, should be 
addressed.

Neutropenia is quite common before or on HAART. 
Unless severe, <0.25×109/l, neutropenia often resolves 
spontaneously (providing there are no associated signs 
such as persistent fever or localised infection) and a 
repeat FBC should be done a week later. If neutropenia 
is severe, <0.25×109/l, the offending agent should be 
replaced if feasible. 

9.3 RASHES

Most rashes following ARVs are mild to moderate and 
resolve spontaneously with drug continuation. Most 
rashes are either maculopapular or urticarial. The most 

severe rashes include Stevens-Johnson syndrome, toxic 
epidermal necrolysis, ABC hypersensitivity, and the drug 
rash with eosinophilia and systemic symptoms (DRESS) 
reported with NNRTIs.

The highest prevalence of drug rashes occurs with the 
NNRTIs (more severe and more frequent with NVP). Rash 
usually occurs in the first 2 - 4 weeks of treatment. The 
rash is usually maculopapular and erythematous.

NVP is given daily for the first 2 weeks and only 
increased to twice daily once the rash has resolved. Mild 
to moderate rashes will often resolve spontaneously but 
must be closely monitored. Oral antihistamines can be 
used in mild to moderate cases.

In children who develop severe rash, cutaneous bullae or 
target lesions, mucosal lesions or systemic symptoms, NVP 

Class Drug Adverse effects

NRTIs AZT
(Retrovir®)

Anaemia, granulocytopenia, myopathy, lactic acidosis

ddI
(Videx®)

Common: abdominal pain, nausea and vomiting 
Uncommon: diarrhoea, pancreatitis, peripheral neuropathy, lactic 
acidosis

Stavudine
(Zerit®)

Common: headache, rash, gastro-intestinal, lipo-atrophy
Uncommon: pancreatitis, peripheral neuropathy (adults), lactic 
acidosis 

Abacavir
(Ziagen®)

Hypersensitivity reaction (with or without rash) – fever, rash, 
fatigue, nausea, vomiting, diarrhoea, pharyngitis, dyspnoea, cough 
Elevated ALT, creatinine or CK. Lymphopenia
Lactic acidosis

Lamivudine
(3TC®)

Well tolerated. Common: headache, fatigue and abdominal pain
Uncommon: lactic acidosis

NtRTIs Tenofovir
(Viread®)

More common: nausea, diarrhoea, vomiting, flatulence
Less common: osteomalacia, renal toxicity, lactic acidosis

NNRTIs Nevirapine
(Viramune®)

Skin rash, sedative effect and diarrhoea. Liver toxicity

Efavirenz
(Stocrin®)

Skin rash. CNS – sleep disturbance, confusion, abnormal thinking 
Teratogenic in primates, but prospective data in humans are reas-
suring (no higher than background fetal malformation rate).  May 
be implicated in breast enlargement (lipomastia)

PIs Ritonavir
(Norvir®)

Nausea, vomiting, diarrhoea. Hypercholesterolaemia and 
hypertriglyceridaemia, lipodystrophy

Atazanavir
(Reyataz®)

Common: unconjugated  hyperbilirubinaemia – usually mild and 
does not warrant discontinuing drug. Has less effect on lipids than 
other PIs but RTV boosting may affect lipids

Lopinavir/ritonavir
(Kaletra®)(Aluvia®)

Nausea, vomiting, diarrhoea. Hypercholesterolaemia and 
hypertriglyceridaemia, lipodystrophy

Fosamprenavir (Telzir®) Nausea, vomiting, diarrhoea. Hypercholesterolaemia and 
hypertriglyceridaemia, lipodystrophy. Less common (more severe): 
life-threatening rash, including Stevens-Johnson syndrome, in <1% 
of patients, neutropenia, elevated serum creatinine kinase levels

Saquinavir
(Invirase®)

Nausea, vomiting, diarrhoea. Hypercholesterolaemia and 
hypertriglyceridaemia, lipodystrophy

ALT = alanine transaminase; CK = creatine kinase.
*See section 9.

TABLE VI. ADVERSE EFFECTS OF ARVs IN CHILDREN*
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should be permanently discontinued and hospitalisation 
is required. 

If NVP is discontinued for mild or moderate rash, 
restarting NVP after the rash has resolved may be 
considered with close monitoring. 

Cross-reactivity among NNRTIs may occur. Therefore 
avoid EFV after a severe rash.  However, in children with 
mild or moderate rash without mucosal involvement 
or systemic symptoms, EFV may be substituted with 
caution.

Rashes may occur in children receiving EFV. These 
rashes are usually less severe than those with NVP, 
and resolution during treatment continuation is 
common. However, if EFV-associated rash is severe, or 
is accompanied by mucosal or systemic symptoms, EFV 
should be permanently discontinued.

9.4 HYPERSENSITIVITY SYNDROME

ABC and NVP are most commonly implicated. 

ABC hypersensitivity reaction occurs in 4 - 8% of patients 
but is less common in black Africans. There is a 100% 
correlation between skin patch test-positive reactions 
and HLA B*5701. HLA B*5701 is rare in black Africans. 
Hypersensitivity reaction usually occurs in the first 6 
weeks of ABC. ABC hypersensitivity is multisystemic. 
Fever and rash occur commonly and may be associated 
with nausea, vomiting, diarrhoea, fatigue, myalgia and 
arthralgia. Respiratory symptoms, such as pharyngitis, 
cough or dyspnoea, may also be present.

The skin rash, usually maculopapular or urticarial, occurs 
in about 70% of cases. Symptoms worsen with each 
dose. ABC hypersensitivity reaction is fully reversible on 
discontinuing ABC, and fatalities have not been reported 
on first exposure to the drug. Patients must however 
never be rechallenged with ABC after a hypersensitivity 
reaction, as deaths have occurred due to hypotension. 
Parents need specific counselling to recognise the 
hypersensitivity reaction; they also require a letter to 
alert any health care worker who may be consulted and 
need the contact number of the prescribing doctor.

A hypersensitivity reaction has been described for NVP. 
Systemic symptoms such as fever, myalgia, arthralgia, 
hepatitis, and eosinophilia may occur. It usually occurs 
in the first 8 weeks of treatment. NVP should then be 
permanently discontinued and EFV should be avoided as 
well.

9.5 HEPATOTOXICITY

All three classes of ARV drugs currently in use in 
South Africa have been implicated. Liver dysfunction 
in HIV infection may be caused by HIV, co-infection 
with hepatitis B or C viruses, OIs, malignancies, 

drug interactions or drug-induced hepatotoxicity. 
NRTI-associated hepatotoxicity is primarily caused 
by mitochondrial toxicity. NNRTIs are associated 
with asymptomatic elevations in liver enzymes and 
hypersensitivity with hepatitis. NVP is associated with 
more hepatotoxicity than EFV. PI-associated elevations 
in liver enzymes can occur at any time during therapy. 
Patients with chronic hepatitis B or C may experience an 
increase in liver enzymes after starting HAART as part of 
IRIS. There may also be an increase in liver enzymes after 
discontinuing drugs such as 3TC or TDF (which are used 
to treat hepatitis B). Children do seem to get less hepatic 
dysfunction on HAART than adults.

Patients on NVP should have liver function tests (LFTs) 
done 2-weekly for the first 2 months, then 3-monthly 
thereafter. LFTs should be monitored routinely 3 - 4-
monthly in patients on other HAART regimens.

If transaminases are elevated <10 times the upper limit 
of normal (ULN) there is no need to interrupt HAART. 
Patients with clinical hepatitis or severe hepatotoxicity 
(>10 × ULN) should have a work-up for other causes 
of hepatitis, e.g. hepatitis A, B or C, and interruption of 
HAART. Patients on NVP with clinical hepatitis should 
discontinue NVP and have their HAART regimen changed. 
Rechallenge with NVP or ABC after acute hepatitis is not 
recommended. Patients with hepatitis B co-infection 
may need to continue with 3TC if their HAART regimen is 
changed to prevent a flare-up in hepatitis B.

9.6 LIPODYSTROPHY (LIPO-HYPERTROPHY/LIPO-
ATROPHY)

Lipodystrophy typically involves accumulation of 
visceral fat in the abdomen (central obesity), dorso-
cervical area (buffalo hump) and breasts (visceral fat 
accumulation) and/or loss of subcutaneous fat in the 
face, extremities and buttocks (lipo-atrophy (LA)). PIs 
have been implicated in fat accumulation, whereas the 
NRTIs, especially stavudine, have been implicated in LA. 
EFV may be implicated in breast enlargement. There 
are no data in children, but adult data suggest that 
switching from d4T or ZDV to ABC will at least arrest 
and may partially reverse LA but not the visceral fat 
accumulation. Switching early, when the LA is mild, is 
advisable as LA may be irreversible. There are also limited 
data indicating that switching to a regimen containing a 
PI and an NNRTI only will also reverse LA.

9.7 HYPERLIPIDAEMIA

PIs (especially RTV and LPV/r) are implicated in 
hyperlipidaemia. However, both d4T and EFV have also 
been implicated. While PI therapy in adults is associated 
with an increased risk of cardiovascular disease, there 
is currently no evidence of an association between 
elevated cholesterol levels in children and an increased 
risk of premature death. As a result, there is no consensus 
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or experience in lipid-lowering agents in children. 
Cholesterol and triglycerides should be measured 12-
monthly in children on PIs. A random cholesterol and 
triglyceride is probably adequate, but if these are raised, 
a fasting level should be done. Referral to a dietician and 
encouraging exercise are the first interventions. If these 
are unsuccessful, consult the HIV Clinicians Society. 
Options available include observation, ARV agent 
switching (e.g. from a PI to an NNRTI or to ATV), or lipid-
lowering agents. Statins are metabolised by cytochrome 
P450 resulting in either toxicity or diminished effect 
with RTV, so use with caution and only on the advice of 
an expert.

10. PROPHYLAXIS

10.1 PNEUMOCYSTIS JIROVECII PNEUMONIA 

Indications for co-trimoxazole prophylaxis and when to 
start and stop it are set out in Table VII.

Re-institute co-trimoxazole prophylaxis if the CD4 count 
or percentage subsequently drops and the criteria in 
Table VII for starting prophylaxis are reached.

10.2 INH PROPHYLAXIS

The following children should receive INH prophylaxis:

n    HIV-infected infants and children with a positive PPD 
test (>5 mm)

n    HIV-infected infants and children exposed to a person 
who has contagious TB. 

Active TB disease first needs to be excluded. The dosage 
of INH is 10 - 15 mg/kg/day and it should be continued 
for 6 months. Where the source case has INH-resistant 
TB, give rifampicin 15 mg/kg/d for 4 - 6 months. For 
MDR and extensively drug-resistant (XDR) contacts an 
expert should be consulted.

Indications for co-trimoxazole When to start When to stop

All HIV-exposed newborns Start from 4 - 6 weeks after birth Stop when PCR negative ≥6 weeks after 
full weaning AND infant is clinically HIV 
negative 

All HIV-exposed exclusive formula-
feeding children (EFF)

Start from 4 - 6 weeks after birth Stop when PCR negative AND infant is 
clinically HIV negative AND EFF is expected 
to continue

All HIV-exposed breastfeeding children Start from 4 - 6 weeks after birth Stop when PCR negative ≥6 weeks after 
full weaning AND infant is clinically HIV 
negative

HIV-infected infants <12 months old Start from 4 - 6 weeks after birth or 
as soon as possible after HIV diagnosis 
even if on HAART 
Note: all HIV-positive infants <1 year 
should be started on HAART regard-
less of clinical stage or CD4 count or 
percentage

All infants <12 months should remain on 
prophylaxis

HIV-infected children 1 - 5 years with 
or without ART

All symptomatic children (WHO clinical 
stage 2, 3 or 4) or CD4 <15% or <500 
cells/µl*

Stop once ART-associated immune recon-
stitution has occurred for ≥6 months, i.e. 
CD4+ percentage ≥15% or CD4 count ≥500 
cells/µl on ≥2 occasions, 3 - 6 months apart 

HIV-infected children ≥6 years of age 
with or without HAART

Start if CD4 count <200 cells/µl or 
<15% OR WHO clinical stage 3 or 4 
disease (including TB)

Stop once ART-associated immune recon-
stitution has occurred for ≥6 months: CD4 
≥15% or ≥200 cells/µl  on ≥2 occasions, 
3 - 6 months apart

Any HIV-infected child with high risk 
for bacterial infections, e.g. severe 
malnutrition, on oncological drugs or 
corticosteroids or at risk of malaria 

Start co-trimoxazole prophylaxis even 
with ART immune reconstitution

Do not stop until risk has been eliminated 
and all CD4 cell percentage or CD4 cell 
count criteria listed above have been met

HIV-infected child with previous PCP 
infection

Start as soon as first PCP episode has 
been treated

Stop once ART-associated immune recon-
stitution has occurred for ≥6 months in 
children over 1 year of age:  CD4 ≥15% or 
≥500 cells/µl (1 - 5 years) or ≥200 cells/µl 
(>6 years) on ≥2 occasions, 3 - 6 months 
apart

*Note: any one of the criteria could be used for starting therapy.

TABLE VII. CO-TRIMOXAZOLE PROPHYLAXIS
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10.3 MYCOBACTERIUM AVIUM COMPLEX 

MAC is a true OI. Disseminated MAC only occurs in 
patients with extremely low CD4 counts, although it is 
unusual in very young children. The best prophylaxis 
against MAC is ART and immune recovery. Where 
resources allow, there is a role for azithromycin 
prophylaxis against disseminated MAC in patients 
with extremely low CD4 counts. Before prophylaxis is 
instituted a mycobacterial blood culture should be done 
to exclude disseminated MAC. Children aged 2 - 5 years 
with a CD4 count <75 cells/µl and >6 years with a CD4 
count <50 should be offered azithromycin prophylaxis. 
The dosage of azithromycin is 20 mg/kg body weight 
(max. 1 200 mg) orally once weekly. Discontinue once 
the CD4 count has been >200 cells/µl for children aged 
2 - 5 years and >100 cells/µl for children aged ≥6 years 
for >6 months in children on stable ART.
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When to initiate antiretroviral therapy (ART) in child-
ren and adults has been determined by disease stage 
and CD4 count or percentage. The starting criteria were 
based on cohort data and clinical experience. The main 
groups determining paediatric guidelines are from the 
USA, Europe (PENTA - Paediatric European Network for 
Treatment of AIDS) and the World Health Organization 
(WHO).1-3 With the advent of effective triple therapy 
from 1995, guidelines have adapted to new data. Ini-
tial staging clinical and immunological criteria were 
those of the Centers for Diseases Control and Preven-
tion (CDC).4 The staging criteria were based on North 
American experience and were not always appropriate 
for Africa. For example, failure to thrive, bronchiecta-
sis and pulmonary tuberculosis were not adequately  
addressed.

Although the CDC classification included CD4 deple-
tion, it was only with the HIV Prognostic Markers Col-
laborative Study (HPMCS), representing the combined 
data of 3 941 HIV-infected infants and children from 
the USA and Europe in the pre-highly active antiret-
roviral therapy (HAART) era, that the relationship be-
tween age and CD4 percentage became clearer.5 The 
study showed that the younger the infant, the higher 
the CD4 percentage or absolute count at which there 
was a high risk of disease progression or death within 
the next 12 months. As the CD4 count normally de-
clines with age until 5 years of age and the CD4 per-
centage remains stable, the CD4 percentage is used as 
a guideline until then (in the absence of lymphopenia). 
However, the CD4 count is an extremely accurate pre- 
dictor of outcome.6 These findings were subsequently 
incorporated into all paediatric guidelines.

The establishment of a WHO classification system in 
2006 helped to focus on conditions more frequently 
encountered in Africa.7 The system has 4 stages, with 
ART recommended for stages 3 and 4. The special vul-
nerability of young infants to rapid disease progres-
sion and death was not fully appreciated at this time, 
although allowance was made for initiating ART in HIV 
antibody-positive infants with severe disease before 
confirmation by HIV DNA polymerase chain reaction 
(PCR).

The decision on when to initiate ART in infants and child- 
ren has always been influenced by fears of long-term 
toxicity or antiretroviral (ARV) resistance if therapy is 
started too soon. Also, ARV choices for children are far 
more limited than for adults. Second-line therapy is es-
pecially unsatisfactory.

However, there is increasing realisation, especially from 
adult data, that delaying ART until the CD4 cell count 
falls below 350 cells/µl is associated with increased 
morbidity and mortality.8,9 ART is therefore recom-
mended at higher CD4 thresholds than previously.  

Mortality in HIV-infected infants is exceedingly high. 
The first data came from a study of combined outcome 
in nine vertical transmission prevention (VTP) studies 
conducted in sub-Saharan Africa.10 Thirty-five per cent 
of HIV-infected infants had died by 1 year of age and 
52.5% by 2 years of age. The ZVITAMBO study in Zim-
babwe showed a similar but slightly higher mortality 
in the first 2 years of life.11 For both studies, co-tri-
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moxazole prophylaxis for prevention of Pneumocystis 
pneumonia (PCP) was not given.

The Children with HIV Early Antiretroviral (CHER) trial is 
the first ARV trial to prospectively evaluate ART strat-
egies to inform ARV guidelines.12 Before this, limited 
cohort studies favoured early ART. For example, Faye et 
al. reported an improved outcome in 40 infants com-
mencing ART before 6 months of age compared with 
43 starting later. In the early group there was no dis-
ease progression versus 7 events, including 3 cases of 
encephalopathy, in those treated later.13 

CHER commenced in July 2005 in two South Afri-
can sites, the Perinatal HIV Research Unit (PHRU) in 
Soweto and the Children’s Infectious Diseases Clinical 
Research Unit (KID-CRU) at Tygerberg in the Western 
Cape. The hypothesis of the study is that early ART will 
have long-term benefit by delaying the need for con-
tinuous therapy. At the time of planning and initiation, 
the standard practice in infants was to initiate ART for 
a low CD4 percentage (<20% until August 2006 and 
25% thereafter, in the first year of life) or evidence of 
severe clinical disease.3,14 In the first part of the study, 
infants with baseline CD4 >25% were randomised to 
deferred ART (arm 1), where ART was initiated once 
treatment criteria were reached (CD4 <20% until Au-
gust 2006 and <25% thereafter or severe HIV disease), 
or early ART commencing before 12 weeks of age until 
either the first (arm 2) or second (arm 3) birthdays, with 
interruption of ART until indicated through CD4 deple-
tion (<20% after the first birthday) or clinical disease 
progression. For the first year of the study, deferred ART 
(arm 1) was compared with early ART (arms 2 and 3). 

On 20 June  2007, after the study had been open for 
2 years, the Data Safety Monitoring Board for CHER, 
noting significantly improved survival in subjects in the 
early ART arms, recommended that no infants be ran-
domised to deferred ART and that data until this time 
point be released.12 The difference in mortality and dis-
ease progression is shown in Fig. 1.

A key finding in CHER was high early mortality, mainly 
in the deferred arm, which diminished as the infants be-
came older (Table I). Also of note, however, is that mor-
tality was also higher early on in the early ART group, 
diminishing over time in the first year of the study. 

Subsequently, ARV guidelines for children through-
out the world incorporated the findings of CHER and 
recommended that all HIV-infected children below 12 
months of age start ART irrespective of CD4 status or 
disease progression.1, 2,15

More recently, a study by Bourne and colleagues, using 
birth and death data from Statistics South Africa be-
tween 1997 and 2002, showed a peak in post-neonatal 

mortality, rising each year directly proportional to the 
rising HIV antenatal seroprevalence.16 These data are 
shown in Fig. 2. Also of note is that neonatal deaths are 
not addressed. It is possible that HIV may contribute 
significantly to neonatal deaths as well.

These data, together with CHER, illustrate the enor-
mous dilemma and problems for child health pro-
grammes. In CHER the diagnostic HIV DNA PCR was 
done from 4 weeks of age with a 7-day turnaround 
time. In the public sector, the PCR is done at 6 weeks 
of age, to coincide with the 6-week immunisation visit. 
Turnaround time for the test results and then commu-
nication to the caregiver all take time during a period 
of great vulnerability.

One of the main problems is identifying HIV-infected 
children early and getting them into care. Because of 
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Fig. 1. Deferred ART is associated with a) a higher probability 
of death or b) first HIV event in the CHER trial. 

	 																	Death	rate		
	 														per	100	person-	
	 															years	(95%	CI)
Weeks	on	study*	 Early	ART	 Deferred	ART
0 - 13  9.8 (3.6 - 21.4) 40.6 (21 - 71)
>13 - 26 3.7 (0.4 - 13.2) 19.7 (6.4 - 45.9) 
>26 - 52 3.1 (0.4 - 11.2) 6.8 (0.8 - 24.7)

*Infants were <12 weeks of age at study entry.12

TABLE I. HIGH EARLY MORTALITY RATE IN THE  
CHER STUDY

Fig. 2. Early peak in infant mortality proportional to rising 
antenatal HIV seroprevalence, 1997 - 2002 (reproduced with 

permission from AIDS16).
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the importance of the caregiver in giving ARVs, previ-
ous guidelines emphasised adequate preparation and 
training over a number of weeks. Because of the new 
recognition of early infancy as a period of high mortal-
ity, there is a need to ‘fast-track’ preparation and also 
to continue training and support after having initiated 
ARVs.

Practical difficulties are illustrated by experience in 
the Tshwane district. In 2009, 82% of children newly 
referred to the Kalafong ART site had stage 3 or 4 dis-
ease, the majority being referred from the in- and out-
patient service. Of the 14 000 - 22 000 HIV-infected 
children thought to be in Tshwane, only between 3 000 
and 4 000 are receiving ART or are in care.

In this group there is less certainty on when to initiate 
ART. Ideally, decisions must be based on randomised 
studies. The PREDICT is underway in Thailand and Cam-
bodia and will assess the CD4 thresholds for therapy in 
children between 1 and 12 years of age. 

All guidelines recommend using absolute CD4 counts 
from 5 years of age. For simplicity, the WHO regards 
1 - 5 years of age as a single group, while the PENTA 
guidelines have 1 - 3 and 3 - 5 years of age. This group 
of children also represents a wide age spectrum. Clini-
cal disease stage is extremely important and the ma-
jority of children are symptomatic. The dissociation of 
CD4 from disease severity has been well documented 
in South African children.17 The HPMCS data, although 
showing a low risk of disease progression for higher 
CD4 percentages, still showed notable death and dis-
ease progression with CD4 >30% up to 6 years of 
age.5,6 

Initial data suggested that young children show excel-
lent immune restoration once ART is initiated, but more 
recent studies suggest a poorer response if therapy is 
delayed to CD4 <15%. Initial reports also suggested 
that viral suppression was difficult to achieve, espe-
cially in younger infants with extremely high viral loads. 
However, potent regimens and a better understanding 
of pharmacokinetics have improved outcomes. 

Importantly, health care providers caring for children 
often do not fully appreciate the extent of end-or-
gan damage. Mild cognitive and behavioural changes, 
milder forms of chronic lung disease, renal and hepatic 
disease and poor growth may easily be overlooked, 
leading to irreversible organ damage, growth failure 
and delayed puberty. 

In the 3C4KIDS, 2 510 children over a year of age from 
Africa and Brazil contributed 357 deaths and 3 769 
child-years at risk.18 None had access to ART, with 81% 

follow-up occurring on co-trimoxazole. The 12-month 
risk of death was higher than in the HPMCS for CD4 
count and percentage. Most importantly, when anae-
mia and failure to thrive were included, the CD4 thresh-
olds for predicting death or severe disease were much 
higher (Fig. 3). Both of these conditions are markers for 
advanced HIV disease. Most importantly, there was a 
real risk of death at high CD4 counts and percentages. 
For these reasons, our guidelines favour earlier ART be-
tween 1 and 5 years of age, in keeping with current US 
recommendations.2

There has been much progress in refining and improving 
ARV guidelines for children. More changes can be ex-
pected as knowledge advances. Most important, how-
ever, is the realisation that each child is unique and his 
or her individual and family circumstances need to be 
considered for maximum benefit.
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Infancy (from birth until 1 year of age) is a time of 
rapid changes in the body of a child. These changes af-
fect pharmacokinetics in many ways. The CHER study1 
showed that early antiretroviral (ARV) treatment re-
duces mortality and disease progression among infants 
acquiring HIV infection before 12 weeks of age. As a 
result the World Health Organization has recently re-
vised treatment initiation recommendations in children 
less than 1 year of age: all infants under 12 months of 
age with confirmed HIV infection should be started on 
ARV therapy, irrespective of clinical or immunological 
stage.2 Dosing in infants is challenging because drug 
concentrations are highly variable, there is frequently 
scant pharmacokinetic information on young children, 
and few suitable drug formulations are available. Fur-
thermore, adherence to treatment is reliant on the 
caregiver rather than the patient. Peri- and postnatal 
HIV transmission are reduced by maternal highly ac-
tive ARV treatment (HAART). However, the benefits and 
risks to breast-fed infants of exposure to maternal ARV 
drugs during lactation are poorly understood.  

In this article we review the pharmacokinetics of ARV 
drugs relevant to South African infants, and highlight 
some of the challenges to delivering ARV treatment in 
safe and effective doses.

Growth and development are accompanied by changes 
that influence drug concentrations. As these develop-
mental changes begin in utero, post-conceptional age 
is a better descriptor of maturation than postnatal age. 
Size and age explain a considerable part of the phar-
macokinetic variability. However, there is a non-linear 
relationship between clearance and size. Consequently, 
simple proportional adjustment of the adult dose based 
on weight leads to underestimation of the mainte-

nance dose required in children. Dose calculation 
methods based on scaling of clearance do not account 
for changes during early infancy in multiple processes 
affecting drug absorption, distribution, metabolism 
and elimination. In recent years there has been a trend 
to provide simplified dosing guidelines using weight 
bands, which provide many practical advantages. Ide-
ally dosing would also account for differences in lean 
body size and maturity within the weight bands. 

Drug absorption is highly variable and difficult to pre-
dict. It is determined by multiple interacting factors 
including enteric pH, gastric motility, intestinal transit 
time, the physico-chemical properties of the drug, in-
testinal metabolic capacity and activity of drug trans-
porters. Gastric pH rapidly declines and then rises again 
during the first few days of life. Acidity then increases 
over several months, reaching adult levels (pH 2 - 3) 
between 2 and 7 years. Frequent feeding with milk or 
formula may influence gastric pH. The absorption of 
atazanavir is reduced at a higher pH and it should be 
taken with food to enhance bio-availability. Although 
by 36 weeks’ gestational age an infant has developed 
intestinal motility patterns similar to those in adults, 
motility is irregular and variable, and the frequency of 
movement is reduced until 6 - 8 months of age. Dietary 
factors affect the rate of gastric emptying: increased 
caloric density feeds with increased concentrations 
of complex fat and sugars delay gastric emptying, so 
formula-fed infants may have shorter intestinal transit 
times than breast-fed infants.3

Body composition changes affect drug distribution. 
Total body water (TBW) comprises approximately 90% 
and 75% of body weight in preterm and term infants, 
respectively. By 1 year of age TBW approaches adult 
proportions of 60%. Extracellular fluid ranges from 
65% in premature to 40% in term infants, while adult 
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values of 20% are reached after a year. Preterm in-
fants have very little body fat (1 - 5%). Term infants 
typically have 12 - 15% body fat. By 12 months body 
fat increases to approximately 30% before declining to 
adult levels of 18%.   

Tissue binding of drugs also affects their distribution. 
Bound drugs are inactive. Free drug concentration (un-
bound drug) gives a better indication of how much 
drug is available for distribution to the site of action. In 
adults, lopinavir is highly bound to plasma proteins (98 
- 99%), mainly α1-acid glycoprotein (AAG), for which 
it has the higher affinity, and albumin. Several other 
protease inhibitors (PIs) are highly bound to plasma 
proteins. Marked changes in plasma protein concentra-
tions and their binding characteristics occur during the 
first 2 weeks after birth. Albumin, which binds acidic 
and neutral drugs, increases by almost 30% in the first 
week. Basic drugs bind to AAG, globulins and lipopro-
teins. Neonates have AAG concentrations one-third 
those of children aged 1 year and older. The lower pH of 
neonatal blood (7.25 - 7.3) results in an increased free 
fraction of some drugs. Moreover, drugs may compete 
with free fatty acids and unconjugated bilirubin for 
binding sites. The increased permeability of the blood-
brain barrier during infancy may have implications for 
those with HIV-related encephalopathy. 

PIs and non-nucleoside reverse transcriptase inhibitors 
(NNRTIs) undergo extensive pre-systemic (in the intes-
tine and liver) and systemic (largely hepatic) metabo-
lism. The cytochrome P450 (CYP) enzymes CYP 3A4 
(PIs and nevirapine) and CYP2B6 (NNRTIs) are impor-
tant isoforms for ARV biotransformation. Unlike most 
nucleoside reverse transcriptase inhibitors (NRTIs), zi-
dovudine and abacavir are extensively metabolised in 
the liver: both drugs by glucuronidation, and abacavir 
by the enzyme alcohol dehydrogenase. Maturation of 
drug metabolising enzymes accounts for age-associ-
ated differences in metabolism. Differential rates of 
maturation are associated with the specific metabolic 
enzymes. Activity of CYP 3A4 in the fetus is 30 - 70% 
of that in adults. CYP activity increases during infancy. 
By 1 year of age the activity of most CYP isoforms ex-
ceeds adult values. The capacity for glucuronidation 
is limited at birth and highly variable. Adult levels of 
activity are achieved between 2 months and 3 years 
of age.

The activity and expression of drug transporters such 
as p-glycoprotein are important determinants of drug 
absorption, distribution and clearance. Very little is 
known about the developmental pattern of these 
transporters which, like those of the drug metabolis-
ing enzymes, may be influenced by exogenous factors 
such as diet in addition to genetic and maturational 
determinants. 

NRTIs other than zidovudine and abacavir are eliminat-
ed primarily unchanged by the kidneys. Both glomer-
ular filtration and tubular secretion are immature at 
birth. Before 34 weeks’ gestation the glomerular filtra-
tion rate (GFR) is reduced and highly variable. There-
after, there is a strong correlation between GFR and 
age. Term infants have a GFR of 2 - 4 ml/min, which 
increases to 8 - 20 ml/min during the first few days of 
life. In contrast, premature infants may be born with a 
GFR of 0.6 - 0.8 ml/min, which may increase to 2 - 4 
ml/min during the first few days after birth. By 3 - 6 
months of age adult maturity in GFR is attained.3

There are frequently inadequate pharmacokinetic data 
on infants. Moreover, studies in infants are often lim-
ited by small sample size and sparse sampling. Table I 
sets out pharmacokinetic data for ARV drugs used in 
South African infants.

Dosing of infants is challenging. They cannot swallow 
solid dosing forms. Liquid formulations often have de-
creased stability and require refrigeration. Stavudine, 
for example, comes in a powder that needs reconstitu-
tion before dispensing as an oral solution. It is stable 
for only 30 days in a refrigerator. Lopinavir/ritonavir 
solution may be stored at room temperature (up to 
25°C) if it is used within 42 days. In many high-bur-
den settings access to refrigeration is limited. Stability 
issues therefore complicate drug supply, storage and 
dispensing. Most tablets and capsules should not be 
crushed, as stability and absorption may be altered and 
accurate dosing is impossible. Dispensing and dosing 
errors are common, as the dose has to be translated 
into the volume dispensed or administered. Accurate 
measurement of the dose is challenging for many car-
ers, and liquid formulations need to be shaken well be-
fore administration to ensure that the correct dose is 
administered. Relatively large-volume liquid doses can 
be problematic: infants do not always swallow the en-
tire dose and often spit some of it out. Paediatric for-
mulations such as dispersible fixed-dose combination 
tablets in doses suitable for infants and young children 
may provide considerable advantages. 

The routine use of therapeutic drug monitoring (TDM) 
has not been proven to alter treatment outcomes in 
adults. However, it is recommended that TDM be con-
sidered in paediatric patients (particularly infants and 
severely ill children) owing to unpredictable drug ex-
posure and, in many instances, a paucity of evidence 
to support the dosing guidelines. Additional indications 
include potentially significant drug-drug (see ‘Impact 
of antituberculosis treatment’, below) or drug-food in-
teractions; gastro-intestinal disease, or hepatic or renal 
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Recom
m

ended	dose	
Recom

m
ended	target		

Average	Pk	
Pk	data	in	infants/	

Drug	(active	ingredient/s)	
in	infants 11	

concentration*	
in	adult	

young	children	
Com

m
ents	

References
Protease	inhibitors

TABLE I. CO
N

TIN
UED

N
elfinavir (N

FV)
N

ot approved for use in <2-year-olds 
C

m
in  >0.8 m

g/l 
C

m
in  1.5 m

g/l
N

FV 45 m
g/kg tw

ice daily from
 

birth: m
edian C

m
in  3.2 m

g/l on 
day 7, but by day 14 and 28 
only 0.7 m

g/l. Sim
ilarly, <6-

w
eek-olds on 40 m

g/kg tw
ice 

daily achieved m
edian C

m
in  

1.35 m
g/l w

ith 3 of 11 infants 
failing to reach AU

C targets. 
O

lder infants m
ay require even 

higher doses: 50%
 of 2.3 - 8.5-

m
onth-olds on an average 136 

m
g N

FV/kg/d failed to reach 
the AU

C target  

Doses of N
FV 25 - 35 m

g/kg 
3 tim

es a day, or 45 - 55 
m

g/kg tw
ice daily, are used 

in children 2 - 13 years, but 
younger children require 
higher doses

12 - 14

Atazanavir (ATV)
N

ot approved for use in children <6 
years of age

C
m

in  >0.15 m
g/l 

ATZ 400 
m

g/d: C
m

in  0.27 
m

g/l; ATZ/RTV 
300/100 m

g/d: 
C

m
in  0.86 m

g/l

The recently reported results 
of N

IH
 PACTG

 study P1020A 
dem

onstrated adequate ATV 
concentrations (C

m
in  0.43 m

g/l; 
AU

C
0-24  48.54 m

g/h/l) in 3 - 
24-m

onth-olds using RTV 
boosted ATV 339 m

g/m
2. CL/F 

w
as high in infants (12.4 l/h/m

2 
w

ith m
edian age 0.8 years v. 

2.9 l/h/m
2 w

ith m
edian age 

10.5 years)

Avoid in <3-m
onth-olds: 

risk of kernicterus. RTV-
boosting achieves higher 
C

m
in  w

ith low
er C

m
ax , and 

inter-individual variability 
is reduced. H

igher m
g/m

2 
doses are required in chil-
dren com

pared w
ith adults: 

the recom
m

ended daily dose 
in infants >3 m

onths old is 
ATV/RTV 310/100 m

g/m
2

15,16

N
on-nucleoside	reverse	transcriptase	inhibitors	

Perinatal:	200 m
g single m

aternal 
dose during labour + single dose of 
2 m

g/kg to infant up to 72 h after 
birth

C
m

in  >0.1 m
g/l (10 × in 

vitro  IC
50 )

-
Transplacental transfer after a 
single m

aternal 200 m
g dose 

during labour m
aintains infant 

N
VP >0.1 m

g/l for several days. 
A 2 m

g/kg N
VP dose at 48 - 72 h 

keeps N
VP >0.1 m

g/l for a w
eek 

in m
ost infants (0.11 - 0.28 m

g/l 
in 7-day-old infants). A study 
evaluating chronic N

VP (4 m
g/kg 

from
 birth to 14 days, then 8 m

g/
kg until 24 w

eeks) for breast-
feeding infants found N

VP >0.1 
m

g/l in 95%
 and 100%

 of those 
receiving tw

ice w
eekly or daily 

doses; once-w
eekly dosing w

as 
insufficient in >60%

 of infants

Evaluation of chronic N
VP 

adm
inistration (4 m

g/kg/d) 
for prevention of breastm

ilk 
transm

ission is ongoing. 
Long-term

 m
aternal N

VP 
before delivery accelerates 
N

VP elim
ination in new

-
borns, presum

ably due to in 
utero autoinduction of N

VP 
elim

ination

17 - 19
N

evirapine (N
VP) for PM

TCT
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impairment; treatment-experienced patients who may have viral 
isolates with reduced susceptibility to highly active ARV therapy 
(HAART); use of alternative dosing regimens the safety and efficacy 
of which have not been established in clinical trials; concentra-
tion-dependent toxicity; unexpectedly poor virological response in 
a treatment-naïve person; and monitoring of adherence.25 

The minimum (predose trough) drug concentration is used to moni-
tor virological efficacy. Peak concentrations relate more closely to 
toxicity for some drugs, and the area under the drug concentration-
time curve is a measure of overall systemic exposure. Therapeutic 
ranges have not been defined for NRTIs, which are metabolised 
intracellularly to the active triphosphate, as plasma concentrations 
are not closely related to efficacy.

Target concentrations for NNRTIs and PIs (Table I) are based largely 
on studies in adults. While it is likely that good responses to treat-
ment will be achieved in children, provided that they are given 
drug formulations and doses that achieve drug exposure similar to 
those that have demonstrated safety and efficacy among adults, 
important differences may apply. Routinely, total plasma ARV con-
centrations are measured in the laboratory. The recommended drug 
concentration ranges are therefore based on the sum of the free 
active component and protein-bound drug. Altered protein binding 
during early infancy may alter the proportion of active drug in the 
measured concentration. Furthermore, day-to-day variability com-
plicates interpretation of a single drug concentration result. Drug 
concentration results should be interpreted on an individual basis, 
and safety and efficacy should also be carefully monitored. Clearly, 
poor adherence to treatment needs to be ruled out as a cause of 
low drug concentrations before dose adjustments are made. 

Modern technologies such as liquid chromatography mass spec-
trometry allow drug concentration measurement in low-volume 
samples, thus facilitating TDM in infants. The development of 
methods using blood spots dried onto filter paper is likely to make 
TDM increasingly accessible and affordable. However, although it 
is frequently indicated in infants as part of an integrated approach, 
TDM of ARVs is currently not available to the vast majority patients 
in high-burden settings. 

Although the use of ARV therapy complicates the management of tu-
berculosis, patients with tuberculosis who meet the criteria for ARV 
therapy should be started on an effective ARV regimen once they are 
established on rifampicin-based antituberculosis treatment.
 
Through activation of the pregnane X receptor, which results in 
increased expression of multiple drug metabolising enzymes and 
transporters, rifampicin increases the oral clearance of many 
medications. Rifampicin lowers the concentrations of PIs to sub-
therapeutic levels; nevirapine trough concentrations are reduced 
by about 30% in South African adults;26 and zidovudine concentra-
tions are reported to decline by 50%. There are concerns associated 
with all the currently available co-treatment options for infants, 
and there are very few data on which to base optimal co-treatment 
approaches. Careful monitoring is indicated. 

IMPACT OF ANTITUBERCULOSIS TREATMENT
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In HIV-infected infants exposed to single-dose nevirap-
ine, or maternal NNRTI-containing ARV treatment or 
prevention regimens, PI-based HAART should be start-
ed. Super-boosted lopinavir (extra ritonavir is added to 
lopinavir/ritonavir; a total 12-hourly lopinavir/ritonavir 
dose of 230/230 mg/m2) achieves adequate lopinavir 
exposure in most children older than 6 months dur-
ing rifampicin-containing antituberculosis treatment.27 
However, lopinavir concentrations are highly variable, 
there are no data to support this approach in young-
er infants, and it is poorly tolerated and complex to 
prescribe, dispense and administer. Double-dose lopi-
navir/ritonavir has been shown to result in sub-thera-
peutic concentrations in children during antitubercu-
losis treatment. When adjusted doses of PIs are used 
with rifampicin, TDM should be implemented if it is 
available, and it is essential to regularly monitor liver 
function. Rifabutin (in reduced doses) is preferred to 
rifampicin in adults requiring PIs, but it is expensive 
and suitable formulations are not available for infants 
and young children. 

In many settings nevirapine plus 2 NRTIs is the only 
effective treatment option available to young chil-
dren. Standard doses of nevirapine twice daily provide 
acceptable outcomes in adults with tuberculosis (al-
though it is inferior to efavirenz). Recent evidence sug-
gests, however, that the majority of young children on 
tuberculosis treatment fail to achieve trough concen-
trations >3 mg/l (the lower limit of the recommended 
range),28 and data for infants younger than 6 months 
are lacking. The approach should be used with caution 
until more safety and efficacy information is available, 
and patients should be carefully monitored.

ARV regimens comprising 3 or 4 nucleos(t)ides have 
inferior efficacy compared with PI- and NNRTI-based 
regimens, and are not adequately evaluated in children. 
However, they may have a role in ARV-naïve patients 
with HIV-associated tuberculosis, as the substantial 

interactions of rifampicin with the PIs and NNRTIs are 
avoided. 

The use of ARV drugs by mothers is increasing as ac-
cess to treatment programmes improves, thresholds for 
starting treatment become less stringent and ARVs are 
implemented to prevent HIV transmission during child-
birth and breastfeeding. However, the benefits and risks 
to breastfed infants of exposure to maternal ARV drugs 
during lactation are poorly understood. The different 
physicochemical properties of drugs lead to differential 
transfer from maternal plasma to breastmilk (Table II) 
and to the breastfed infant. Incomplete exposure of in-
fants to components of a maternal regimen may favour 
the selection of drug-resistant virus should transmis-
sion occur. Little is known about the safety of ARVs in 
breastmilk. The small doses of NRTIs and PIs ingested 
through breastmilk may invoke subtle or idiosyncratic 
side-effects, while the more substantial exposure to 
nevirapine and efavirenz are of more importance. 

A study of ARV concentrations in exclusively breastfed 
Kenyan infants  younger than 6 months, whose moth-
ers were receiving HAART, found biologically signifi-
cant concentrations of lamivudine and nevirapine, but 
not zidovudine.29 Lamivudine concentrations were just 
greater than the 50% inhibitory concentration (IC50) for 
wild-type HIV. Median nevirapine concentrations (0.90 
mg/l) were well above the median HIV IC50 (0.017 mg/
l).29 Rwandan infants of mothers receiving efavirenz-
based HAART achieved median efavirenz concentra-
tions of 0.87 mg/l through breastmilk ingestion, just 
below the recommended target trough concentration 
of >1 mg/l.30 Transfer of NNRTIs from mothers receiving 
HAART may therefore result in substantial exposure in 
their breastfed infants along with potential benefit for 
prevention of HIV transmission, the risk of side-effects 
and the risk of developing viral resistance to NNRTIs 

	 Median	breastmilk/maternal	 Estimated	median	daily		 Median	infant	
Drug	 plasma	ratio	(IQR)		 infant	dose	from	breastmilk	 concentration		 Reference
Zidovudine 0.44 (0.23, 0.65) 1.35 µg/kg/d (<1 000 × lower  Undetectable* 29 
  than standard infant dose for  
  PMTCT)
Lamivudine 2.56 (1.79, 3.89) 182 µg/kg (2% daily treatment dose for  0.02 - 0.03 mg/l* 29 
  >3-month-olds)
Nevirapine 0.75 (0.64, 0.89) 600 µg/kg/d 0.73 - 1.03 mg/l*  29
  (15% of the 4 mg/kg/d infant dose being  
  evaluated in PMTCT studies)
Efavirenz 0.52  (0.43, 0.62) - 0.87 mg/l† 30
Lopinavir 0.11 (0.06, 0.15) - Undetectable† 31
Ritonavir 0.11 (0.08, 0.18) - Undetectable† 31

*Whole blood concentrations from 2 to 14 weeks after birth. 
†Plasma concentrations 6 weeks to 6 months after birth. 
IQR = intraquartile range; PMTCT = prevention of mother-to-child transmission. 

TABLE II. ANTIRETROVIRAL DISTRIBUTION TO BREASTMILK AND INFANT EXPOSURE RESULTING  
FROM MATERNAL HAART

ARVS IN BREASTMILK
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should HIV transmission occur. Conversely, breastmilk 
concentrations of PIs are low and there is little if any 
transfer to the infant via breastmilk.31

The pharmacokinetics of infancy are unique and evolve 
rapidly during this period of life. Drug doses used dur-
ing infancy are often based on extrapolation from 
other age groups. For many of the ARV drugs, evidence 
to support the dosing approaches is rudimentary and 
suitable dosage forms are lacking. It is important to 
ensure that adequate concentrations of ARV drugs 
are obtained, to ensure efficacy and prevent toxicity. 
The infant is further exposed to maternal ARV drugs 
before and during birth, and during lactation. There 
is an urgent need for pharmacokinetic studies in the 
relevant infant populations to support optimal dosing 
approaches which should then undergo more extensive 
evaluation of efficacy and safety. As drug concentra-
tions in infants are highly unpredictable, particularly in 
neonates and premature infants, severely ill children or 
those treated concomitantly with interacting medica-
tions, TDM has a role in optimising individual dosing. 
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In 2007, only 8% of the estimated 1 800 000 children 
(0 - 14 years) living with HIV in sub-Saharan Africa 
were receiving antiretroviral therapy (ART). Coverage 
will need to be expanded greatly if the goal of provid-
ing ART to 80% of children in need by 2010 is to be 
met.1 Moreover, recent evidence highlights early initia-
tion of ART as particularly critical for infants with HIV.2 
Clinical guidelines issued by the World Health Organi-
zation (WHO) now recommend immediate initiation of 
ART for all HIV-infected infants.3  

Paediatric ART management involves a complex proc-
ess of interactions between patients, families, health 
care providers and the antiretrovirals (ARVs) them-
selves. Barriers to the delivery of effective treatment 
occur both within the health care system and in the 
home. These include delayed diagnosis, limited avail-
ability of health care providers trained in paediatric 
ART, few available paediatric ARV formulations, com-
plicated regimens and dosing schedules, and poor pal-
atability of some ARVs. Difficulties in the home include 
overcrowding, difficult work schedules of the parents 
and the stresses associated with parental disclosure in 
the home. Unlike adults, children require changes in 
antiretroviral dose as they grow and become older, and 
rely upon adult caregivers to administer medicines.4  

Children have traditionally been dosed according to 
body surface area (BSA) (e.g. zidovudine (AZT), dida-
nosine (ddI), lopinavir/ritonavir (LPV/r)), weight (mg/kg) 
(e.g. stavudine (d4T), lamivudine (3TC), abacavir (ABC), 
nevirapine (NVP)) or dose per weight band (efavirenz 
(EFV)). Manufacturers’ recommendations for some ARV 
drugs (e.g. LPV/r) include both BSA and weight-based 
dosing methods.5 The calculation of BSA generally re-
quires accurate measurement of the child’s weight and 
length or height (ideally with a stadiometer or meas-
uring box), and a normogram or mathematical formu-
la (e.g. Mosteller formula).6 For both BSA and mg/kg 

weight-based dosing approaches, the calculated dose 
of each ARV drug must be rounded up or down as a 
‘best-fit’ dosage according to which solid or liquid for-
mulations of the ARV drug are available. This may lead 
to confusion and uncertainty on the part of the pre-
scriber. 

In resource-limited settings (RLS), primary care doctors 
and nurses rather than paediatricians are responsible 
for the majority of paediatric ART initiation and fol-
low-up. Lack of accurate measuring equipment and the 
relative complexity of BSA dosing may inhibit initiation 
of ART in infants and young children or mean that in-
appropriate doses are given. While the most ‘accurate’ 
dosing may be obtained with the use of liquid formula-
tions, large volumes of solutions (which may require 
refrigeration, e.g. d4T solution) may be challenging for 
caregivers to administer to young children, particularly 
if palatability is poor (e.g. LPV/r).

ART simplification strategies are required to help 
health care providers manage ART in children, and 
to help caregivers and children adhere to therapy. 
Interventions include the use of adult or preferably 
paediatric fixed-dose combinations (FDCs), selection 
of doses based on weight band rather than individual 
mg/kg or BSA doses, prescription of pills or capsules 
rather than liquids, and identification of reliable once-
daily regimens. 

Weight-band dosage tables assist health care providers 
by assigning a fixed dose of medication for a particular 
weight range (e.g. 1.5 ml of LPV/r solution for children 
weighing 4 - 9.9 kg, or half a 150 mg 3TC tablet for 
children weighing 14 - 19.9 kg). In large public sector 

WEIGHT-BAND DOSING TABLES: 
SIMPLIFYING PAEDIATRIC ART

Cl in iCal

James J C Nuttall, MB ChB, DTM&H
Paediatric Infectious Diseases Unit, Red Cross Children’s Hospital and University of Cape Town

One of the obstacles to scaling up paediatric antiretroviral therapy (ART) coverage in resource-limited settings 
is the relative complexity of paediatric dosing. There is a need to simplify ART in order to facilitate treatment 
initiation and ongoing management of infants and children by health care providers, as well as to support 
adherence in the home. This article reviews the development of weight-band dosing tables as a strategy for 
simplifying the delivery of paediatric ART.
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treatment programmes, tables can reduce the time and 
risk of dosing errors involved in calculating multiple 
ARV doses by weight or BSA. They can also facilitate 
easier checking of doses against weight gain by cli-
nicians, nurses, pharmacists or adherence counsellors. 
Under-dosing of ARVs, due in part to a lack of regu-
lar dose adjustments for ongoing growth, has been 
described in a large cohort of children in the UK and 
Ireland.7 A study in Thailand found that 17 of 18 doc-
tors using a standardised drug dosage table avoided 
miscalculations and reported more confidence with 
prescriptions.8 

In 2006, the WHO published simplified weight-band 
dosing tables on all ARV drugs for which there were 
available paediatric indications, formulations or suf-
ficient information and evidence to provide guidance 
on prescribing and doses.9 Decisions about dosing were 
based upon manufacturers’ information, ARV formula-
tion choices, available data from clinical studies and 
expert paediatric pharmacology consultation. What 
was considered to be the ‘optimal’ dose for a particular 
weight band, given the limitations imposed by current-
ly available drug formulations, was selected. Weight-
band doses were determined by using BSA values 
calculated from median height-for-weight from inter-
national growth charts using the following formula: 
BSA = square root [[weight (kg) × height (cm)]/3 600].  

The dosing tables are directed at RLS and are based on 
the following principles:

1.     It is preferable to use one formulation or fixed com-
bination of any given drug(s).

2.    Syringes or other standardised devices of various 
sizes should be available to support accurate dos-
ing of liquid formulations.

3.    Large volumes of liquid or syrup formulations should 
be avoided where possible.

4.    In general, children should be switched to available 
solid formulations as soon as possible or as soon as 
they are tolerated.

5.    If liquids or syrups are difficult because of storage, 
large volumes required or palatability, solid dosage 
formulations are preferable.

6.    If solid formulations of first-line and second-line 
drugs developed for children are unavailable, sol-
id formulations currently used for adults can be 
used.

7.    Many tablets, but not all, may be divided in half 
but not beyond as drug content cannot be guar-
anteed. Scored tablets are more easily split. Some 
tablets cannot be split, and the WHO recommends 
that where possible tablet splitting be done in the 
dispensing pharmacy using appropriate tablet cut-
ters.

8.    Some adult FDCs may result in under-dosing of 
individual components in children. This is of con-

cern, particularly with drugs such as NNRTIs and 
3TC where there is a low threshold for resistance. 
NVP requires a ‘lead-in’ dosage. During the first 2 
weeks, therefore rather use individual components 
of the regimen.

9.    Different dosing between a.m. and p.m. should be 
avoided where possible. However, in order to keep 
all regimens to no more than twice daily, there are 
instances where different quantities of solid dos-
age forms can be administered a.m. as opposed to 
p.m.

10.  The doses in the tables are presented in weight 
bands, accepting that some deviation from target 
dosing will occur.

11.  Children have to be weighed at each clinic visit, and 
dose changes are required as children grow and/or 
gain weight.

12.  When capsules are opened or tablets dissolved or 
crushed and added to food or liquid, it is important 
that the entire volume/amount of vehicle be taken 
to ensure administration of the full dose. 

The dosing tables are based on standardised weight 
bands starting from 5 kg body weight for the individual 
ARV drugs (excluding EFV, which starts from 10 kg) and 
10 - 14 kg for the fixed-dose combinations (AZT + 3TC, 
d4T + 3TC, AZT + 3TC + ABC, d4T + 3TC + NVP). The 
weight bands are in 1 kg divisions from 5 to 11 kg, and 
2 - 5 kg divisions from 12 to 35 or 40 kg.

Dosing tables may be adapted according to the spe-
cific drug formulations available to a regional or na-
tional treatment programme. For example, dual (d4T 
+ 3TC) or triple (d4T or AZT + 3TC + NVP) FDCs play 
an important role in paediatric ART in many countries 
(e.g. Thailand and many African countries), but are not 
widely used in South Africa. Satisfactory early clini-
cal and immunological outcomes have been described 
following the use of fractions of generic adult FDCs 
in children dosed according to a weight-band table 
method in Thailand.10 

In another project, a visual dosing aid (VDA) incorpo-
rating coloured dosing bands for five first-line ARV 
drugs was developed to assist clinicians in prescribing 
paediatric ART consisting of syrups, generic adult tab-
lets or a combination. It compared well with generic 
paediatric FDC tablets and could help facilitate paedi-
atric ART roll-out in RLS.11 

The South African national guidelines for the manage-
ment of HIV-infected children (2005) incorporate a 
weight-band dosing chart12,13 developed by the Cent-
ers for Disease Control and Prevention (CDC) and a 
number of international paediatric AIDS programmes 
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prior to the more widespread availability of FDCs. BSA 
dosing recommendations were converted to weight-
band doses using approximations of weight-for-age 
and height-for-age derived from standardised growth 
charts of girls from birth to 36 months and 20 years in 
the USA (National Center for Health Statistics). Dose 
for each weight band was based on the practicality of 
the available dosage forms for each drug, and practi-
cal storage and dosing instructions were included with 
the chart. The chart lacks dose recommendations for 
children weighing less than 5 - 7 kg and for HIV-TB 
co-infection.  

The Western Cape Antiretroviral Drug Dosing Chart for 
Children (2007), based on the 2006 WHO recommen-
dations, was developed by the author and colleagues as 
a pilot project for the HIV Directorate of the Western 
Cape (South Africa) provincial health department. The 
chart was directed at both clinicians and pharmacists 
involved in prescribing and dispensing ART for children, 
and it was successfully piloted at a number of HIV clin-
ics before being distributed across the province. It was 
produced as a laminated A4 colour copy. Standard 
first- and second-line ART regimens (including regi-
mens compatible with rifampicin-based TB treatment) 
as well as general comments relating to storage, ad-
ministration and common drug interactions and side-
effects of the individual ARV drugs were printed on the 
reverse side. Only ARV formulations available at public 
sector treatment facilities were included (no FDCs were 
available), and there was an emphasis on the early in-
troduction of solid formulations where possible. Frac-
tions of tablets (not less than half a tablet) were only 
incorporated for scored tablets. The target dose in mg/
kg or mg/m2 for each drug as well as the formula for 
calculating BSA was included to facilitate comparison 
of dosing methods when necessary. 

The following local practices were incorporated:
1.    The off-label ‘opened capsule’ d4T dosing method 

whereby a d4T capsule is opened and the pow-
der contents dispersed in a standardised volume 
of water and the required dose drawn up with a 
syringe and administered to the child (e.g. to ad-
minister a standardised d4T dose of 10 mg for the 
weight bands 7 - 9.9 kg, a 20 mg d4T capsule is 
opened and dispersed into 5 ml of water and 2.5 ml 
is withdrawn with a syringe and administered and 
the remaining 2.5 ml is discarded). The rationale 
for this method is to minimise the use of stavu-
dine solution (1 mg/ml when reconstituted), which 
is expensive, requires refrigeration, and results in 
relatively large medication volumes for administra-
tion to young infants at the usual dosing sched-
ule (1 mg/kg/dose). There are now data based on 
high-performance liquid chromatography analysis 
of active drug concentration in dispersed capsule 
solutions, supporting the accuracy of this method 

for certain brands of d4T capsules.14    
2.    Standardised doses of ritonavir used for pharmaco-

logical boosting of LPV/r (in order to achieve a ratio 
of 1:1) in children receiving concurrent LPV/r and 
rifampicin-based TB treatment.15 

3.    Colour coding of ARVs on the chart corresponding 
to colour coding methods used in the pharmacy for 
medication containers and syringes to assist par-
ents and caregivers with correct dosing. 

4.    The chart incorporated co-trimoxazole and multivi-
tamin syrup dosing according to weight bands.

5.    Since there were no standard weight-band dosing 
recommendations for infants weighing <5 kg in the 
WHO document (2006), it was recommended that 
a clinician experienced in ARV prescribing be con-
sulted for such cases. 

There are a number of approaches to validation of 
weight-band dosing.  Direct methods include pharma-
cokinetic (Pk) studies and therapeutic drug monitoring. 
Indirect methods include comparison of weight-based 
with BSA doses, and safety and efficacy studies. Quali-
tative studies assessing the usefulness of a weight-
band dosing table to prescribing clinicians and dis-
pensing pharmacists should be undertaken. 

Differing growth rates and the prevalence of malnutri-
tion could have a significant impact on the accuracy of 
weight-band dosing of drugs that are usually dosed by 
BSA. A study comparing the calculated BSA dose range 
with WHO weight-band doses for AZT, ddI, NVP and LPV/r 
using actual heights and weights of 601 children at 
the time of ARV initiation was undertaken at a terti-
ary hospital in South Africa in 2007.16 The median age 
was 28 months (interquartile range 13 - 62), 49% of 
children weighed <10 kg, and 59% and 63% of chil-
dren had weight-for-age and height-for-age z-scores 
<–2 (moderate to severe underweight or stunting),  
respectively. Children with body weight <5 kg were ex-
cluded as weight-based dosing recommendations were 
unavailable for this category, and children <6 months of 
age were excluded as LPV/r BSA dosing recommenda-
tions are different in this age group. The BSA dose rang-
es used were AZT 180 - 240 mg/m2, ddI 90 - 120 mg/m2, 
NVP 160 - 200 mg/m2, and L/r 230 - 300 mg/m2. 

Results are presented in Table I. The conclusion of this 
study was that the 2006 WHO simplified weight band-
dosing method effectively avoided under-dosing chil-
dren in relation to existing BSA dose recommendations 
for AZT, NVP and LPV/r suspensions. However, the au-
thors noted that the risk of over-dosing is greater with 
weight-band recommendations for existing capsule 
or tablet formulations of these ARVs. Further studies 
are recommended for the WHO weight-band dosing 
method. 
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         Weight-band dose relative to calculated BSA dose  
       range (N=601 children) (using anthropometric data  
ARV drug, BSA dose range,                         at time of starting ART)
formulations assessed Under-dosing (% of children) Over-dosing (% of children)
AZT
180 - 240 mg/m2                
Oral solution (10 mg/ml)                         2                       0.5 
Capsules (100 mg)                         8.5                      19
ddI
90 - 120 mg/m2

Tablets (25, 50, 100 mg, chewable or dispersable in water)                         0                      87
NVP
160 - 200 mg/m2

Oral suspension (10 mg/ml)                         0                      53
Tablets (200 mg)                         0                      61
Lopinavir/ritonavir
230 - 300 mg/m2

Oral solution (80/20 mg/ml)                        1.2                      26
Capsules (133.3/33.3 mg soft)                         0                      38

TaBlE i. WEiGHT-BanD DOSE RElaTiVE TO CalCUlaTED BODY SURFaCE aREa DOSE RanGE

A VDA to facilitate dosing calculations in response to 
children’s growth and weight during ARV treatment 
developed by Callens et al.11 was evaluated using an-
thropometric data from 55 children from the USA and 
324 children from the Democratic Republic of Congo 
(DRC). In comparison with WHO-recommended dosing, 
the authors noted a relative dosing difference of >20% 
in <3% of children for NVP, AZT and d4T but in 20% of 
children for 3TC, over-dosing being more frequent.11 

A detailed review of Pk studies and clinical outcome, 
safety and efficacy studies undertaken in children 
treated with individual or FDC ARV drugs dosed ac-
cording to weight bands is beyond the scope of this 
article. There are no reported Pk or clinical studies di-
rectly comparing weight band with mg/kg or BSA dos-
ing approaches.   

In July 2008, the WHO published a revised weight-
band dosing table for individual ARVs as well as dual 
and triple FDCs applicable to children >6 weeks of age, 
indicating the number of tablets or millilitres of so-
lution to be administered twice daily by weight band 
from 3 kg to 34.9 kg (Fig. 1).17 The table focuses on 
ARVs used in first-line regimens and was developed by 
the WHO Paediatric Antiretroviral Working Group us-
ing the 2006 WHO treatment recommendations, target 
doses and weight bands as a benchmark and reviewing 
currently available published and unpublished data to 
assess dosing. DdI is not included in the dosing table. 
Key supporting references are provided in the docu-
ment.18 See Table II for target doses or dosing ranges. 

A WHO generic tool was used to assess and evaluate 
the expected dose delivered of any product in relation 
to intended target doses. For all formulations, changes 
in the number of pills and switches from one formula-

tion to another occur at the same weight bands. There 
was an attempt to avoid dosing any single ARV com-
ponent below 90% of the intended delivered dose and 
not more than 25% above the intended dose (or dose 
range for products with an established dose range). For 
NVP, the aim was to avoid dosing below 100% of the 
minimum of the dose range (150 mg/m2). Discrepancies 
between dose delivered and intended dose were justi-
fied based on available Pk data, consideration of toxicity, 
and threshold for development of HIV drug resistance. 
Higher dosing for children who would fall into the lower 
weight bands (under 3 years) was accepted for drugs 
with known increased metabolism or clearance in the 
young child (NVP, 3TC, d4T, abacavir, LPV/r). 

In South Africa, the Antiretroviral Drug Dosing Chart 
(2009) is an update of the 2007 Western Cape version 
and incorporates elements of the WHO 2008 table; in 
particular, dosing recommendations for weight bands 
3 - 3.9 kg and 4 - 4.9 kg (Fig. 2). Many of the for-
mulations in the WHO table, in particular the FDCs, 
are not currently available to public sector treatment 
programmes in South Africa and so are excluded. The 
registration and availability of the paediatric strength 
heat-stable LPV/r tablet (Aluvia; 100 mg lopinavir/25 
mg ritonavir) is still awaited, but it has been included. 
Local dosing practices described in the 2007 chart have 
been retained with modification, e.g. the d4T opened-
capsule method is now used from 5 kg body weight. A 
comparative analysis of the revised weight band dosing 
in comparison with BSA dosing for AZT, NVP and L/r has 
been completed but not yet published. An analysis of 
the dose of LPV/r solution in mg/m2 that revised WHO 
weight band dose recommendations would provide, us-
ing anthropometric data on 976 children initiating ART 
at median age of 11.2 months, indicated doses con-
siderably in excess of 300/75 mg/m2, particularly for 
children <6 months of age.19 A protocol for an infant 
Pk study using the revised WHO weight-band dosing 
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table and incorporating safety and efficacy end-points 
has been developed. 

The use of weight-band ARV dosing approaches, adapt-
ed in accordance with locally available formulations 
and treatment programme conditions, is a key com-
ponent of simplifying paediatric ART for health care 
providers as well as children and their caregivers, and 
will contribute to expanding treatment coverage for 
HIV-infected infants and children.     

REFEREnCES
  1.   UNICEF, UNAIDS, WHO and UNFPA. Children and AIDS: Third Stocktaking Report, 2008. 

Geneva: UNICEF, 2009. http://www.childinfo.org/files/StocktakingReport08.pdf  
(accessed 29 September 2009).

  2.   Violari A, Cotton M, Gibb D, et al. Early antiretroviral therapy and mortality among 
HIV-infected infants. N Engl J Med 2008; 359: 2233-2244.  

  3.   World Health Organization. Report of the WHO Technical Reference Group, 
Paediatric HIV/ART Care Guideline Group Meeting WHO Headquarters, Geneva, 
Switzerland, 10 - 11 April 2008. http://www.who.int/hiv/pub/paediatric/WHO_
Paediatric_ART_guideline_rev_mreport_2008.pdf (accessed 8 October 2009).

  4.   Sohn A, Ananworanich J. How can we simplify antiretroviral therapy in children? 
Curr Opin HIV AIDS 2007; 2: 426-430.

   5.   Package insert for Abbott Kaletra®, Abbott Laboratories, June 2005.
  6.   Mosteller RD. Simplified calculation of body-surface area. N Engl J Med 1987; 

317: 1098.
  7.   Menson E, Walker A, Sharland M, et al. Underdosing of antiretrovirals in UK and 

Irish children with HIV as an example of problems in prescribing medicines to 
children, 1997-2005: cohort study. BMJ 2006; 332: 1183-1187.

  8.   Ponnet M, Frederix K, Petdachai W, et al. A drug dosage table is a useful tool to 
facilitate prescriptions of antiretroviral drugs for children in Thailand. Int J STD 
AIDS 2005; 16: 420-426.

  9.   World Health Organisation. Antiretroviral therapy of HIV infection in infants and 
children in resource-limited settings, towards universal access: Recommendations 
for a public health approach. 2006. http://www.who.int/hiv/pub/guidelines/en/ 
(accessed 8 October 2009).

10.   O’Brien DP, Sauvageot D, Zachariah R, Humblet P. In resource-limited settings good 
early outcomes can be achieved in children using adult fixed-dose combination 

67

Drug Target dosing range Considerations

ABC 8 - 10 mg/kg/dose twice daily  Clearance in children <3 years old is increased, but recent data 
on once-daily dosing in children from 3 months of age suggest 
favourable Pk profile

AZT 180 - 240 mg/m2 /dose twice daily  Twice-daily dosing is acceptable and preferred
   Dosing at the upper end of the range is recommended for central 

nervous system HIV disease; dosing at the lower end may be 
preferred in settings where anaemia is prevalent 

d4T 1 mg/kg/dose twice daily  Needed as a priority product despite well-recognised longer-term 
toxicities (lipodystrophy), as it is initially well tolerated, is safer 
to use in anaemia than AZT, and has lower laboratory monitoring 
requirements

   Avoid over-dosing wherever possible (noting recent revision to 
adult dosing recommendation to reduce dose) and especially for 
extended periods to minimise toxicity

ddI <3 months of age: 50 mg/m2/dose;  Enteric-coated formulations are preferred over the buffered form
 >3 months: 120 mg/m2/dose twice daily Needs to be given 1 hour before or 2 hours after food
  Once-daily dosing accepted over 6 years of age
3TC 4 mg/kg/dose twice daily  Clearance in children <3 years old is increased, and minimal 

observed toxicity allows for higher dosing in younger children (up 
to 5 mg/kg/dose twice daily)

NVP  A BSA dose range of 150 - 200 mg/m2/dose  Under-dosing must be avoided wherever possible owing to low 
twice daily is used to generate weight-band dosing barrier development of HIV drug resistance

   A reduced dose (150 - 200 mg/m2/dose once daily) is recom-
mended for the first 2 weeks when initiating NVP treatment 
regimens

   Young children require a higher NVP dose relative to the NRTI 
components than delivered in current adult FDCs

EFV By weight band (15 - 18.75 mg/kg/dose  Dosing not established for children <3 years 
 solid formulation or 19.5 mg/kg/dose suspension,  Suspension is over 30% less bio-available than solid formulations 
 once daily)  
LPV/rtv  Approved dose is 230/75.5 mg/m2/dose twice daily; Clearance in children <2 years is increased 
 300/75 mg/m2/dose is recommended in children Actual exposure depends on metabolism and inter-patient vari-
 <2 years of age, if taken with NNRTI, or for  ability, which is considerable 
 PI-experienced patients Heat-stable paediatric formulation recently approved (awaiting 
  registration in SA)
RTV Co-formulated with lopinavir (L:r ratio 4:1) Needed for use as a pharmacological booster with PI-based treat- 
 For patients receiving rifampicin, additional RTV ment and for children receiving rifampicin-based antituberculosis 
 dosed at 0.75 x L/r dose to achieve L:r ratio of 1:1 therapy

TaBlE ii. DOSinG COnSiDERaTiOnS FOR inDiViDUal anTiRETROViRal DRUGS inClUDED in THE REViSED WHO 
DOSinG TaBlE (2008) anD aDaPTED FOR THE anTiRETROViRal DRUG DOSinG CHaRT (2009)18 
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Immune reconstitution inflammatory syndrome (IRIS) refers 
to an ‘unexpected’ and paradoxical clinical deterioration in 
the period immediately after initiation of antiretroviral 
therapy (ART). Diagnosis of IRIS relates to the time frame 
after initiation of antiretroviral therapy ART, response to 
ART and exclusion of alternative diagnoses. Boulware et 
al. proposed criteria for children.1 There are fewer data on 
incidence, prevalence and clinical descriptions in infants 
and children than in adults. Studies report a prevalence 
of up to 21% in South African infants.2 IRIS is commonly 
associated with mycobacterial infections, mainly bacille 
Calmette-Guérin (BCG), Mycobacterium tuberculosis and 
non-tuberculous mycobacteria (NTM).2-5 Other condi-
tions such as skin disease, herpes simplex, cryptococcal 
meningitis and immune diseases such as Guillain-Barré 
syndrome are also reported.1,3 Age and geographical lo-
cation are important determinants of the risk for each 
disease. Table I summarises the most pertinent paediatric 
literature. 

M. TUBERCULOSIS IRIS

EPIDEMIOLOGICAL CONSIDERATIONS IN HIV-
INFECTED CHILDREN

Tuberculosis (TB) is a common opportunistic infection in 
HIV-infected African children. Rates of 53.3 cases/100 pa-
tient-years are reported in children not on highly active 
antiretroviral therapy (HAART).6 High rates of exposure to 
potentially infectious source cases are well documented 
in HIV-exposed infants7 and rates of disease of 1 596 
cases per 100 000 HIV-infected infants are documented 
in Cape Town.8 Young age and HIV-related immunosup-
pression contribute to this high disease burden.

Recurrent episodes of TB are well documented and are 
caused by both relapse and re-infection.9 In a cohort 
studied before and after widespread availability of ART, 
30% of children with HIV and culture-confirmed TB had 
received prior TB therapy.6

Rates of drug-resistant TB vary between settings. Drug 
resistance was reported in 17% of HIV-infected children 
with TB, 6.8% having resistance to both rifampicin and 
isoniazid.10 Children with prior TB therapy are at higher 
risk of resistance.11 There may be an incomplete thera-
peutic response to 6 months of standard anti-TB ther-
apy.9 

Up to a third of children initiating HAART may be on 
anti-TB therapy.6,12 Cohort data from low-resource set-
tings indicate that the majority of children still initiate 
HAART at very low CD4 counts and with significant clini-
cal disease.13 These children are at high risk for IRIS and 
incident TB from new exposure to M. tuberculosis. With 
improved access to HAART, an up to 70% reduction in 
the incident TB can be achieved.6,14

DIAGNOSTIC CONSIDERATIONS

The diagnosis of TB in HIV-infected children remains dif-
ficult. Signs and symptoms overlap with advanced HIV. 
Clinical scoring tools have poor specificity in HIV-infect-
ed children.15,16   

Sputum is difficult to collect in young children, and gas-
tric washings are frequently not performed.17 Culture 
yields from gastric washings and induced sputa are low 
in children. Although yields of up to 40%18 have been re-
ported in research settings, the yield in clinical settings is 
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lower.19 In children with a high index of suspicion for TB, 
microbiological confirmation can be obtained in 55%, 
increasing to 80% with significant pulmonary infiltra-
tion.16 Chest radiographs are difficult to interpret owing 
to ubiquitous chronic underlying HIV-associated lung 
disease. Tuberculin skin tests have a reduced sensitiv-
ity despite adjusting the extent of induration from 10 
mm to 5 mm.20 The value of interferon-gamma release 
assays in HIV-infected children is still under study. Nega-
tive results do not exclude TB,21 and tests are expensive. 
Although failure of therapy for an opportunistic infec-
tion is considered an exclusion criterion for IRIS, IRIS 
has been diagnosed in adults with inadequately treated 
drug-resistant TB.22 As the diagnosis of TB is seldom con-
firmed by culture and drug sensitivity is often not avail-
able, it may be difficult to differentiate IRIS from poor 
response to treatment and drug resistance. It may not be 
possible to confirm a response to HAART because of lack 
of access to virological testing. If events occur soon after 
initiation of therapy, significant reductions in viral load 
and clinical responses may not yet have occurred. 

THERAPEUTIC CONSIDERATIONS

Current dosages of anti-TB medicines, especially isoni-
azid and rifampicin, are insufficient in all children; this 
is probably exacerbated in children with HIV, in whom 
malabsorption is common.23-25 

Rifampicin reduces exposure to protease inhibitors (PIs) 
and non-nucleoside reverse transcriptase inhibitors 
(NNRTIs), thereby compromising HAART efficacy. Riton-
avir-based HAART, previously recommended for co-
treated children on PIs, has been associated with poorer 
virological outcomes.26 

POST-HAART TB AND UNMASKING IRIS

Besides the general principles proposed by Boulware,1 
there are no proposed criteria to distinguish true IRIS 
from incident TB or missed disease prior to HAART 
initiation. Adult clinicians have suggested that all 
cases of TB after initiation of HAART should be termed 
post-HAART TB, with only cases occurring in the first 
3 months accompanied by heightened clinical features 
classified as IRIS.27 Data from cohort studies report TB 
rates of 3.4 - 6.2% in African children after initiating 
HAART6,28 (Table I). In infants TB-IRIS is thought to be 
less common than BCG-IRIS.2 Clustering of these cases 
in the first 100 days after HAART initiation is reported 
from cohort studies. In a large Ugandan study, a 2.7-
fold increase in risk for TB was observed early after the 
initiation of HAART.28 This could be due to inadequate 
screening procedures, as the converse was noted in a 
study where active screening was done.6

Few studies provide detailed assessment of the severity 
of disease, an essential component in distinguishing 
between IRIS, incident TB and disease missed prior to 

initiating HAART. Zampoli et al. described 7 children with 
post-HAART pulmonary TB IRIS, and 1 with additional 
extrapulmonary disease.29 Three (43%) had received 
therapy prior to the initiation of HAART. Culture was 
positive in 4 of the 7 cases. Of these, 1 had multidrug 
resistance, having stopped anti-TB therapy 3 weeks 
before initiating HAART. All chest radiographs showed 
significant adenopathy with airways compression, 
extensive parenchymal infiltration and pleural 
reactions.29 Although all IRIS is associated with significant 
inflammatory response, radiological findings are similar 
in HIV-infected children not on HAART.10 Clinicians 
therefore need to judge the relative severity of these 
conditions. Exposure to M. tuberculosis shortly after 
initiation of HAART could conceivably present as post-
HAART TB IRIS.30 This is especially relevant in children 
immunologically primed by receiving BCG at birth.

IRIS caused by both BCG and TB in the same patient is 
now well documented in two prospective paediatric co-
horts. In the NEVEREST study 50% of children with TB 
also had BCG IRIS.2 In the CHER cohort, 19% of children 
with BCG IRIS adenitis also had TB IRIS.31

PARADOXICAL IRIS

Delaying the initiation of ART in TB cases with severe im-
munodeficiency is associated with increased HIV-related 
mortality.32 Currently the World Health Organization 
(WHO) recommends that children with severe immune 
suppression or stage 4 disease should initiate ART 2 - 8 
weeks after the initiation of anti-TB therapy.33 

The basic diagnostic criteria for IRIS1 should be met first 
when diagnosing paradoxical IRIS. The proposed case 
definitions for TB paradoxical IRIS, although appropriate 
for well-resourced settings, are problematic in lower-re-
source settings. This is due to the diagnostic uncertainty 
of TB in HIV-infected children and difficulty in excluding 
alternative diagnoses and confirming a response to ART 
because of inability to measure CD4 counts or viral load, 
especially in rural areas.  

Few data exist on the risk of paradoxical IRIS. The study 
from Uganda reports only 2 cases of paradoxical IRIS.27 
Zampoli et al. recently described the clinical events in 4 
children receiving anti-TB therapy for 21 - 59 days be-
fore initiation of ART, who subsequently developed TB 
IRIS between 6 and 105 days later. Skin test conversion 
was documented in 1 child and was positive at the time 
of exacerbation in another. Two children presented with 
deterioration of pulmonary TB, 1 developed local adeni-
tis and another abdominal adenitis. One child died.29 

There is little information on clinical features and man-
agement of neurological paradoxical IRIS in children. 
In adults these account for 12% of cases of paradoxi-
cal TB IRIS.34 Similarly, intra-abdominal TB IRIS is com-
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mon in adults, occur-
ring in 37% of cases.35 
Although paediatric 
cases do occur (Helena 
Rabie – unpublished 
data), little is known 
about the prevalence in 
children.

It is challenging to ex-
clude drug-resistant TB 
and failure of TB ther-
apy for other reasons 
in these children. Re-
sistance was common 
in an adult series from 
Cape Town.22 The case 
in Fig. 1 illustrates the 
diagnostic difficulties 
in a setting of paradox-
ical IRIS and resistance 
to TB therapy.

GENERAL 
EVALUATION

Contact with a source 
case has been docu-
mented in 30 - 54% 
of HIV-infected chil-
dren with TB.6,10 TB can 
therefore be prevented 
and detected through 
a careful history look-
ing for a source case 
in the household and 
extended social circle. 
In older children and 
adolescents transmis-
sion may occur outside 
the family due to social 
mobility, and it is likely 
that a history of con-
tact will be a less sen-
sitive marker to distin-
guish incident TB from 
IRIS.

Reviewing adherence 
to anti-TB therapy and 
ART is essential to eval-
uate children with sus-
pected paradoxical TB 
IRIS. Documentation of 
suspected contact with 
a source patient who 
may have drug-resist-
ant TB is also crucial. In  
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adults diagnosed with paradoxical TB IRIS, resistance is 
a major clinical confounder.22 Weight gain on therapy 
may be an important and measurable clinical marker 
supporting IRIS rather than clinical deterioration. This 
information, together with clustering in the first 100 
days, may allow for a possible differentiation between 
incident TB and IRIS in younger children. Culture for M. 
tuberculosis and drug sensitivity testing should be con-

ducted whenever possible. Clinical judgement should 
guide clinicians as to additional investigations needed 
to exclude additional diagnoses such as acute bacterial 
infections, drug reactions and other opportunistic infec-
tions or malignancies. 

MANAGEMENT

Children are at higher risk than adults of death and 
hospitalisation in the period immediately after HAART 
initiation. Mortality of 17.4/100 000 patient-years in the 
first 3 months of therapy has been reported. Up to 30% 
require hospitalisation in the first 6 months on thera-
py. Two-thirds of the admissions are related to bacte-
rial infection and pneumonia.36,37 Withholding antibiotic 
therapy and other interventions at initial presentation is 
therefore very dangerous when TB IRIS is suspected. 

As in adults, therapy for TB IRIS includes the anti-TB 
therapy and continuation of HAART. However, if the IRIS 
event is life-threatening or likely to cause permanent 
disability (i.e. TB meningitis with clinical deterioration), 
HAART may be discontinued temporarily. Children on 
PIs can stop all drugs simultaneously. There is a signifi-
cant risk for resistance when stopping efavirenz or ne-
virapine.38 Clinicians need to weigh the risk of inducing 
NNRTI resistance against that of continuing either NRTIs 
or boosted lopinavir/ritonavir for 7 - 14 days. The safety 
of these strategies is unknown in this scenario.

Steroids improve outcomes for adults with moderate to 
severe TB IRIS, but there are no randomised studies in 
children.39 As in adults, clinicians must weigh the risk 
of resistant TB prior to starting steroid therapy. Other 
modalities used (but not studied) include non-steroi-
dal anti-inflammatory drugs (NSAIDs), thalidomide and 
leucotriene receptor antagonists.40-44 Despite the lack of 
data, it is reasonable to stratify the use of supportive 
therapy as follows: NSAIDs for mild to moderate disease, 
and steroids for severe disease. In cases where there is 
a prior indication, i.e. meningitis, steroids should always 
be used.  It is unclear whether pre-emptive steroids or 
NSAIDs can prevent IRIS (a trial in adults is underway). 

BCG-RELATED IRIS

BCG is the most common mycobacterial IRIS in infants 
given BCG at birth.2 Vaccine site ulceration and abscess 
formation, ipsilateral adenitis and exacerbation of dis-
seminated disease occur.45 Where ART is delayed until 
clinically indicated, 6% of all children and 14% of in-
fants experience BCG-related adverse events. In this set-
ting, age at initiation is the most important risk factor.2,46 
When children access therapy early and at a younger 
age, a low CD4 count is the most important predictor.45 
Although there is a significant reduction in the risk of 
IRIS with early initiation of ART adverse events are com-
mon in these infants also.31

Fig. 1. Drug-resistant TB presenting as paradoxical IRIS in a 
12-year-old girl with pulmonary and abdominal TB and severe 

immune suppression (chest radiograph a). She was sputum 
smear positive and had a CD4 count of 31 cells/µl. Anti-TB 
therapy with four drugs was initiated and she responded 

well, smear conversion taking place within 3 weeks. ART was 
started 3 weeks after initiation of TB therapy, and 7 days later 
she developed a high fever, severe abdominal pain and food 

intolerance. The sputum smear was now positive, and a chest 
radiograph (b) suggested miliary TB. Steroids were added 

with some clinical improvement. Rifampicin resistance was 
confirmed after 48 days on TB therapy and 27 days on ART.

a

b
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The diagnosis of IRIS remains clinical. Where systemic 
disease is suspected, extensive investigation may be re-
quired. Although no prospective studies have been con-
ducted, it is likely that local and regional IRIS requires no 
specific therapy. However, disseminated disease requires 
aggressive therapy that should be discussed with an ex-
pert. Danish strain BCG is resistant to current standard 
doses of isoniazid as well as to pyrazinamide and ethion-
amide.47 Induction of resistance in inappropriately treat-
ed cases with systemic disease has been documented.48

NON-TUBERCULOSIS MYCOBACTERIA

One study from Thailand reports on non-tuberculosis 
mycobacterial IRIS in children. Of 153 children initiating 
therapy at a median age of 7.9 years, 9 had IRIS caused 
by non-tuberculosis mycobacteria, 2 with paradoxical 
deterioration and 7 with unmasking disease. The rate 
was 5.9 cases per 100.5 There are no data for South Af-
rican children, although cases do occur (Helena Rabie 
- unpublished data).

IRIS INVOLVING SKIN CHANGES

Skin changes are the most common form of IRIS in adults, 
but there are fewer data in children. Unpublished data 
from KwaZulu-Natal reported by Boulware in a review 
on IRIS indicated that 53% of children had a new on-
set of rash after the initiation of HAART.1 These included 
molluscum contagiosum (8%), tinea capitis (20%), warts 
(16%), impetigo (12%), herpes zoster (5%), and other 
fungal rashes (24%).1 Earlier cohorts reported that 11% 
of children developed herpes zoster. Children at risk were 
negative for varicella antibody despite a previous history 
of varicella and had severe immunodeficiency before 
treatment.49 

Exacerbation of warts and molluscum contagiosum is 
commonly seen. If areas such as the face are involved, 
this disfigurement can be very disruptive and may lead 
to non-adherence. 

OTHER PHENOMENA

Cryptococcus neoformans is common in South African 
adults50 but less common in children. In children <15 
years of age, the incidence is 1 per 100 000 population.51 
C. neoformans IRIS of both the central nervous system 
and the lungs occurs occasionally.52

Guillain Barré syndrome, myocardial dilatation, exacer-
bation of JC virus progressive multifocal leucoencepha-
lopathy, leprosy, Kaposi’s sarcoma, cytomegalovirus, 
Pneumocystis pneumonia (PCP), opsoclonus-myoclonus 
syndrome, toxoplasmosis and other entities have been 
reported in adults and in children.3,41,53-55

CONCLUSION

IRIS is common in children. BCG is important in infants 
and TB is more prevalent in older children. Although the 
morbidity is thought to be low, IRIS may be diagnostically 
challenging and carry a high morbidity. A higher drug 
burden may result in decreased therapeutic success, 
with possible non-adherence and more potential for 
drug interactions as well. A careful history and clinical 
review remain important tools in the diagnosis and 
management of these conditions.
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Antiretroviral agents have led to dramatic advance-
ments in life expectancy and quality of life for peo-
ple living with HIV/AIDS. Despite this progress, lower- 
income countries are forced to use older, less expensive 
antiretrovirals such as stavudine, which are associated 
with a relatively high frequency of late toxic effects. 
Nevertheless, the older antiretrovirals are likely to re-
main the backbone of the national first-line highly ac-
tive antiretroviral therapy (HAART) regimen in South 
Africa for the foreseeable future due to cost con-
straints.1,2 One of the more common late toxic effects 
of older antiretrovirals is lipodystrophy syndrome (LD).

LD is an umbrella term referring to peripheral lipo- 
atrophy (LA), central lipohypertrophy (LH), and dys-
lipidaemia associated with insulin resistance.3,4 These  
may occur alone or in combination. Although LD was 
initially thought to be a syndrome of fat redistribution 
resulting in peripheral LA combined with central LH, 
preliminary data from the FRAM study in adults (Study 
of Fat Redistribution and Metabolic Change in HIV in-
fection)5 indicate that LH and LA are less closely linked 
than was previously presumed. Other authors have also 
noted that LH and LA often occur independently of one 
another.6 In addition, dyslipidaemia associated with 
HAART may occur in the absence of LA or LH.7 

LA results in disfigurement, particularly of the face (Figs 
1 - 6), which can lead to stigmatisation and even forced 

disclosure of HIV status. This disfigurement has a major 
impact on adherence, particularly in adolescents.3,6,7 In 
addition, the long-term health consequences of LD in 
HIV-infected children, who require lifetime antiretrovi-
rals, are considerable: the most important consequence 
arises from dyslipidaemia and insulin resistance, which 
are known to significantly accelerate lifetime risk for 
cardiovascular disease in HIV-infected adults with LD.8 
It is unclear whether transient drug-induced dyslipi-
daemia in childhood increases the lifetime risk of car-
diovascular disease in children.9,10 Nonetheless, these 
negative health outcomes are of concern given that 
the prevalence of HAART-related LD in resource-lim-
ited settings may be as high as 47% after 2 years of 
therapy.6 

The mechanisms of LD have not yet been firmly estab-
lished. The mechanism of LA is related to mitochondrial 
damage, particularly in adipocytes.11 HAART-related ap-
optosis of adipocytes and suppression of pre-adipocyte 
differentiation have been described in protease inhibi-
tor (PI)-induced LA.12 A similar mechanism may occur 
in nucleoside reverse transcriptase inhibitor (NRTI)- 
induced LD, since it is known that NRTIs such as stavu-
dine can damage adipocyte mitochondria11 and cause 
a reduction in functioning mitochondria in adults.13 
Other chronic toxic effects such as lactic acidosis and 
peripheral neuropathy have also been associated with 
mitochondrial dysfunction.14,15 It has been suggested 
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that unknown agents released from damaged mito-
chondria in adipocytes may directly trigger apoptosis 
which leads to subcutaneous fat loss. Quantification of 
mitochondrial DNA in peripheral leucocytes may be an 
early warning sign of impending LD in patients exposed 
to antiretrovirals.16,17  Circulating growth hormone (GH) 
levels are significantly reduced in patients with LA/LH, 
and this is likely to aggravate the abnormal fat distri-
bution.18

HAART-related dyslipidaemia is thought to be mediated 
by a different, though related, mechanism: PI-induced 
alterations in adipokines and pro-inflammatory cy-
tokines cause an increased production of triglycerides 
and cholesterol in hepatocytes, while simultaneously 
inhibiting glucose uptake in peripheral adipocytes.19 

The risk of developing LD is strongly related to the dos-
age and duration of exposure to antiretroviral agents. 
The thymidine NRTIs (zidovudine and stavudine) and 
didanosine have been linked to LA/LH.20,21 In compari-
son, abacavir, tenofovir, and lamivudine have minimal 
or no LA/LH-causing effect.22 Non-nucleoside reverse 
transcriptase inhibitors (NNRTIs) are considered a less 
potent cause of LA.7 Although efavirenz has been as-
sociated with lipomastia in some children, this usu-
ally resolves spontaneously without withdrawal of efa-
virenz.23,24 PIs have been linked to dyslipidaemia,25 and 
less strongly to LA/LH.21,26 

Stavudine, in particular, has been found to be a potent 
cause of LA in children when taken in the standard pae-
diatric dose of 1 mg/kg/dose twice daily.3,7,27,28 Owing to 
the long-term toxicity of this dose, stavudine is now 
rarely used in the developed world. A review by Hill 
et al.29 has recently led the World Health Organization 
(WHO) to recommend a reduction in the standardised 
dose of stavudine for adults weighing over 60 kg from 
40 mg to 30 mg twice daily,30 since it has been shown 
that a reduced dose results in a markedly lower risk of 
LD, while maintaining excellent antiviral efficacy.31,32 

The recommended dose of stavudine for children, how-
ever, has not yet been reduced. Since the dose of stavu-
dine is a major risk factor for the development of LD,33 
it would be reasonable to expect that the incidence of 
LD will fall when a lower dose is employed. The cur-
rent standard paediatric dose of stavudine (1 mg/kg/
dose twice daily) was extrapolated from the pharma-
cokinetic parameters of the adult dose of 40 mg twice 
daily, using data from a few small but well-controlled 
paediatric pharmacokinetic studies34-36 which showed 
that an oral dose of 1 mg/kg/dose twice daily in chil-
dren under 12 years results in plasma exposure similar 
to that of adults taking 40 mg twice daily, and that 
an oral dose of 0.5 mg/kg/dose twice daily in children 

results in plasma exposure similar to that of adults tak-
ing 20 mg twice daily.  

Particular mitochondrial DNA sub-groups (haplo-
groups) have been associated with a vulnerability to 
developing LA after exposure to HAART.37 A recent 
study showed that Caucasian American men on HAART 
who have the H mitochondrial haplogroup were at 
significantly increased risk of LA.37 In addition, certain 
mitochondrial DNA mutations may make an individual 
more vulnerable to developing LD when exposed to 
antiretroviral agents. This may occur because varia-
tions of mitochondrial DNA in adipocytes may reduce 
the efficiency of energy production or lead to increased 
oxygen free-radical production, resulting in a reduced 
mitochondrial reserve and an increased vulnerability to 
apoptosis when exposed to mitochondrial toxins such 
as antiretrovirals. 
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Significance of lipodystrophy syndrome
•    Lipodystrophy syndrome (LD) is common in HIV-

infected children, particularly in those taking 
didanosine, stavudine or zidovudine. 

•    Lipo-atrophy (LA) (a component of LD) causes 
major stigmatisation and interferes with adher-
ence.

•    LD may have significant long-term health conse-
quences, particularly cardiovascular. 

•    LA is largely permanent, so the focus remains on 
early detection and arresting progression. 

What to look out for
•    Look for a lean, muscular appearance of face and 

limbs with prominent limb veins due to loss of 
subcutaneous fat tissue. 

•    Compare the child’s tricep and bicep skin-fold 
thickness with your own as a rough guide.

•    Shrinking buttocks with or without an enlarging 
abdomen may be monitored using a waist-to-
hip ratio (WHR).

•    Children on HAART should have their blood lipids 
measured routinely every year.

What to do
Where subcutaneous LA or lipohypertrophy is di-
agnosed:
•    The most likely offending NRTI should be switched 

to abacavir (or tenofovir in adults).

Where dyslipidaemia is predominant:
•    A dietician review is helpful.
•    Consider switching to a PI-sparing regimen or 

to atazanavir.
•   Look for insulin resistance. 
•    Statins and metformin are only used in extreme 

cases.   

RiSK FacTORS
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A complex set of diagnostic criteria for the diagnosis of 
LD has been developed for adults by Carr et al.38 Equi-
valent diagnostic criteria for children have not been 
formally defined. Most clinicians employ a combination 
of objective anthropometric and biochemical measure-
ments and a subjective assessment in order to diagnose 
LD in children.6,7,33,39,40 Physical signs in children are 
due to loss of subcutaneous fat in limbs, buttocks and 
face, with or without accumulation of intra-abdomi-
nal visceral fat. Loss of limb fat results in prominent 
limb veins and a well-defined, muscular appearance of 
limbs in the presence of a normal or enlarged abdo-
men. Reduced skin-fold thickness (SFT) may be subjec-
tively assessed by comparing it with one’s own SFT as 
a rough guide. 

Loss of buttock fat, with or without enlargement of 
the abdomen, results in a greatly increased waist-to-
hip ratio (WHR). Breast enlargement and buffalo hump 
may occur after puberty. Other useful anthropometric 
measurements include mid-upper arm circumference 
(MUAC) and waist circumference, from which the 
waist-to-MUAC ratio can be calculated. SFT measure-
ments may be used to calculate the torso-to-arm ratio 
(TAR) as follows: TAR = [subscapular + suprailiac SKF]/
[bicep + tricep SFT]. A TAR z-score of >2.0 has been 
used as a diagnostic criterion in some studies.39 

As HAART-related dyslipidaemia may occur independ-
ently of LA/LH,5-7 children on HAART should have their 
blood lipids measured routinely at least once a year. 

Facial fat loss is often subtle and difficult to detect 
unless severe. The facial muscles are not normally no-
ticeable because they are covered in fat. Loss of facial 
fat results in a lean, muscular appearance of the face 
with deep laugh-lines when smiling. An old photo-
graph may be helpful. Figs 1 and 2 show a child with 
mild LA of the face. Some recovery is seen 4 years after 
changing from a stavudine-containing regimen (Fig. 3).  
Fig. 4 shows a child with moderate facial LA. Figs 5 
and 6 show a child with severe facial LA. Her LA was 
already advanced when she was changed from a sta-
vudine-containing regimen 4 years previously, and is 
unlikely to improve. 

To date there are limited data comparing the sensi-
tivity and specificity of anthropometric and biochemi-
cal diagnostic criteria against a gold standard such as 
dual-energy X-ray absorptiometry or magnetic reso-
nance imaging to diagnose early LA/LH in HIV-infected 
children. Studies are underway to define a practical set 
of diagnostic criteria to detect early LD in children in 
resource-limited settings. Since at least 30% of pe-
ripheral fat must be lost before LA becomes visibly evi-
dent,41 it is hoped that some combination of anthropo-

metric and biochemical measures will have reasonable 
sensitivity and specificity to detect LA/LH in children 
before it causes noticeable disfigurement (S Innes et al. 
– unpublished data). This will be an important contri-
bution to paediatric HIV care in the developing world. 

Fig. 2. Mild LA of the face, side view.

Fig. 1. Mild LA of the face, front view.

DiaGnOSiS

Fig. 3. The same child as in Fig. 1. Some recovery is seen 4 
years after withdrawal of stavudine.
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Since the disfiguration caused by LD is largely perma-
nent, the focus of management is on early detection 
and arrest of progression. Once identified, the most 
likely offending drug is usually withdrawn in an at-
tempt to prevent progression, and is replaced by a 
less LD-inducing antiretroviral. Where dyslipidaemia is 
identified, diet and lifestyle modification are essential. 
If severe and persistent (total cholesterol >13 mmol/l 
or triglycerides >8.5 mmol/l),1 the PI may be switched 
to a PI-sparing agent or changed to atazanavir/ritona-
vir (ATV/r), which has less effect on blood lipids.21 The 
effect of statins in lowering triglycerides and choles-
terol is well established;42 however, statins are only 
licensed for use in children over 12 years of age. The 
potential interaction of statins with PIs must be borne 
in mind. Metformin has been shown to be effective for 
LD-related insulin resistance in adults43 and for obes-
ity-related insulin resistance in HIV-uninfected chil-
dren.44 However, metformin is rarely used in LD-related 
insulin resistance in children.  

When LA/LH is diagnosed, significant benefit in halting 
progression has been shown from switching the thymi-
dine NRTI to a non-thymidine agent such as abacavir.21 
Tenofovir is generally avoided in children because of 
renal toxicity and osteopenia. However, there may be a 
place for switching to tenofovir in older children.45 This 
switch typically arrests progression of LA/LH, and may 
result in a small degree of reversal if LA is caught early. 
Various authors have demonstrated that the more ad-
vanced the LA, the less likely it is to reverse when the 
offending drug is removed.46,47 Intradermal injections 
of a biodegradable filler such as poly-L-lactic acid 
(Sculptura) can ameliorate the aesthetic effect of fa-
cial LA in adults,48 but this treatment is not appropriate 
for children. In addition, the cost is significant and the 
effect is not permanent and injections may need to be 
repeated. Uridine (NucleomaxX) partially reverses the 
mitochondrial toxicity caused by thymidine NRTIs, and 
may have a small but beneficial effect on disfiguring LA. 
Uridine is not currently available in South Africa, and it 
has no effect on dyslipidaemia.49 Growth hormone-re-
leasing hormone analogues (GH-RH) are helpful in the 
treatment of LA/LH.50 The mechanism probably involves 
reversing the reduced GH levels that are consistently 
found in patients with LA/LH. Although the side-ef-
fect profile of GH-RH therapy is attractive, the cost is 
prohibitive. Future treatments may involve adipokines 
such as leptin, but these remain experimental.21  

Research into reducing the paediatric dose of stavu-
dine is urgently needed in order to minimise the risk 
of LD without compromising antiviral efficacy, since 
the number of at-risk HIV-infected children exposed 

to long-term stavudine therapy in South Africa is 
very large. In addition, non-thymidine NRTIs such as 
abacavir and tenofovir should be more widely avail-
able, particularly in the public sector. 
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Fig. 4. Moderate LA of the face, front view. Note the loss of 
the buccal fat pad, resulting in lean, muscular appearance of 

the face with deep laugh-lines.

Fig. 6. Severe LA of the face, side view.

Fig. 5. Severe LA of the face, front view. This patient’s LA was 
already advanced when she was changed from a stavudine-
containing regimen 4 years previously. Her LA is unlikely to 

improve.

ManaGEMEnT
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Further research is needed to isolate the particular 
mitochondrial mutations that make a child vulnerable 
to LD. This may help public sector clinicians to pre-
dict which children should avoid thymidine NRTIs and 
rather be started on a more expensive, less LD-inducing 
antiretroviral regimen. 

Finally, since effective treatment of LD is difficult and 
remains beyond the reach of resource-limited rural 
communities, early detection is paramount. It is es-
sential to define a simple set of diagnostic criteria to 
identify early LD in children that can be easily imple-
mented in resource-limited settings. This will allow the 
progression of LD to be halted before it causes notice-
able disfigurement and stigmatisation. Children should 
be switched from stavudine (or zidovudine) to abacavir 
(and adults to tenofovir or abacavir) at the slightest 
sign of LD. 
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Abacavir (ABC), a nucleoside reverse transcriptase in-
hibitor (NRTI), combined with lamivudine (3TC), has a 
better short- and long-term outcome than 3TC com-
bined with zidovudine (ZDV) as first-line HIV therapy.1,2 
In addition, children failing ABC/3TC-based first-line 
therapy do not select thymidine NRTI-related muta-
tions, allowing for better choice in second-line thera-
py.2 With current first-line options, both first-line (sta-
vudine (d4T)) and second-line therapy (ZDV) include a 
thymidine-based NRTI, thus compromising second-line 
regimens.3-5 In well-selected children, ABC is also an 
important drug in second-line and salvage therapy.6

Of all the NRTIs, ABC is associated with the lowest rate 
of mitochondrial dysfunction. Types of dysfunction in-
clude lactic acidosis, peripheral neuropathy and lipo-at-
rophy. Substitution of d4T for ABC improves mitochon-
drial indices and reduces adipocyte apoptosis.7 In adults, 
switching from d4T to ABC was superior to switching 
from d4T to ZDV.8 In older children, once-daily use of 
ABC has also been shown to be effective, thereby fa-
cilitating adherence and improving patient satisfaction, 
particularly when all drugs are given once daily.9,10

Despite these advantages, ABC is rarely used as part of 
first-line therapy in South Africa owing to cost. Tenofo-
vir, commonly used in adults experiencing NRTI adverse 
events, is not licensed for children. With large cohorts 
of children now on antiretroviral therapy for long peri-
ods of time, increased use of ABC is likely as NRTI ad-
verse events become apparent. Currently, the National 
Department of Health permits using ABC when there 
have been adverse events related to other NRTIs. 

Of concern is the severe and life-threatening hypersen-
sitivity reaction (HSR) that occasionally occurs, neces-
sitating permanent discontinuation of ABC.

ABC HSR has been reported in adults and children. The 
prevalence in clinical trials varies.11 In a European trial 
of first-line therapy, where 92 children were initiated 
on ABC, 4 (4.3%) terminated ABC for adverse reactions, 
1 case (1%) being considered an HSR. There is clear 
heterogeneity in risk according to ethnic groups, with 
Caucasians at higher risk and a 40% reduction in risk 
for African Americans. In the ARROW study of >1 200 
HIV-infected children in Uganda and Zimbabwe, HSR 
was reported in 0.2% of the children.12

Other factors that may be protective are male sex and 
more advanced disease. However, this assessment was 
performed before identification of the genetic link to 
HSR.13 

HLA-B*5701 AND HSR

An association with ABC HSR was described with HLA-
B*5701, HLA-DR7 and HLA-DQ3. If all three markers are 
present, the positive predictive value for HSR is 100% 
with a negative predictive value of 97%. HLA-B*5701 
alone is highly predictive.14 

It is clear that the varied distribution of the HLA-B*5701 
genotype is responsible for variability of the risk of ABC 
HSR between races and studies.15 Studies from the USA 
indicated that this mutation is more prevalent among 
white and Hispanic persons than African Americans.16 
In Korea the HLA-B*5701 genotype and ABC HSR are 
rare.17

In the PREDICT-1 study, where patients with HLA-
B*5701 did not receive ABC, 3.4% of patients given 
ABC were diagnosed with HSR but no cases could be 
confirmed with patch testing (a research tool only).18 
Prospective screening for HLA-B*5701 in patients and 
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avoidance of ABC in positive patients is effective in re-
ducing HSR, and this is now the standard of care in the 
First World. Over-diagnosis of HSR is well documented 
in the absence of testing.19 A reduction in confirmed 
cases occurs when routine testing is performed.18

Despite the availability of testing and the recommen-
dation to test, there is a debate as to the cost effec-
tiveness and cost benefit of testing in ethnic groups 
where HLA-B*5701 is not prevalent.17

There are no data on the prevalence of HLA-B*5701 in 
the various South African ethnic groups. Full genetic 
screening for HLA-B*5701 is very costly. Cheaper meth-
ods involving PCR for small sequences of the gene are 
currently under review. Although full testing is avail-
able in South Africa, patients in the public sector do 
not have access. We recommend that testing be offered 
to all patients where affordable, regardless of ethnic 
group, until more information is available. However, 
it is reasonable to use ABC without prior screening if 
there is no alternative. 

It is important to remember that HSR has been report-
ed in patients negative for HLA-B*5701.20 In patients 
in whom HSR reaction was diagnosed and who subse-
quently tested negative for HLA-B*5701, ABC remains 
contraindicated.

Diagnosis of ABC HSR is complicated by its subtle initial 
features. Also, other drugs such as trimethoprim-sul-
famethoxazole, nevirapine and efavirenz are known to 
cause hypersensitivity and should be recognised. Dis-
tinguishing the ABC HSR from other drug-related ad-
verse events, intercurrent infections and even immune 
reconstitution inflammatory syndrome may be particu-
larly difficult when ABC is used as first-line therapy, 
as all drugs are initiated simultaneously. In addition, 
ABC initiation may lead to symptoms that are similar 
but not related to HSR, including nausea and vomiting, 
fever and rash. These reactions are usually mild. 

Ninety-four per cent of patients who experience HSR do 
so within 6 weeks after initiation of therapy. The me-
dian time to onset is 11 days, but symptoms can start 
on the first day and have been reported up to 318 days 
later. ABC HSR has occurred in patients who interrupted 
therapy without having had hypersensitivity and subse-
quently restart, but this is believed to be rare.11,21 A single 
case of ABC HSR after switching from twice daily to once 
daily administration has also been reported.22 Vigilance 
for the duration of ABC exposure is required.

The ABC HSR is a multi-organ process manifesting 
signs or symptoms from at least two of the following 
groups: 

n  Fever is the most common manifestation of ABC 
HSR, occurring in 80% of cases. Chills have been 
reported to accompany fever.

n  Rash is experienced by 70% of cases, and pruritus 
can also occur. In contrast to the rash caused by 
non-NRTIs and sulphonamides, it is often mild and 
may go unnoticed by patients. When rash occurs in 
the absence of other features of HSR, ABC should 
not be discontinued.

n  Gastro-intestinal symptoms such as nausea, vom-
iting, diarrhoea and abdominal pain are all features 
of HSR but may also occur in the absence of HSR, 
particularly when ABC is used with ZDV. Therefore, 
as with rash, patients with isolated gastro-intestinal 
symptoms should not discontinue ABC but should 
be followed up closely.

n  Constitutional symptoms include fatigue, myalgias 
and generalised malaise.

n  Respiratory symptoms occur in 18% of cases and 
include dyspnoea, cough and pharyngitis. Symptoms 
may be difficult to distinguish from those caused by 
influenza and other respiratory viruses. Respiratory 
symptoms together with abdominal symptoms sug-
gest HSR rather than influenza or other respiratory 
illness.23 

Clusters and combinations of symptoms are important 
in the diagnosis of ABC HSR. Table I illustrates the fre-
quency of some combinations.11,24

With ABC HSR, there is an accentuation of symptoms 
in the hours immediately after the dose and worsen-
ing of symptoms with each subsequent dose. A number 
of case reports illustrate the varied clinical presenta-
tion, with Kawasaki-like illness, prominent exanthema 
and even disseminated intravascular coagulation being 
seen.25-29

If ABC is not terminated, or if it is re-initiated after 
temporary cessation, the HSR will progress to hypoten-
sion, renal dysfunction, bronchospasm and ultimately 
death.11 

Abnormal laboratory findings may include leucopenia, 
anaemia and thrombocytopenia, as well as elevations 

Systems and combinations %
3 or 4 organ systems 49
Fever and rash 20
Fever and GIT   8
Skin and GIT   3
Skin and constitutional   3
Other combinations 17

GIT = gastro-intestinal.

TABLE i. FREQUENCY OF SYMPTOM COMBiNATiONS 
iN ABACAViR HYPERSENSiTiViTY (ADAPTED FROM 

CLAY24)

CLiNiCAL FEATURES AND DiAGNOSiS OF ABC HSR
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in transaminases, urea, creatinine and lactate dehy-
drogenase (LDH). Eosinophilia is usually absent.11 Patch 
testing is currently only a research tool.

Termination of therapy is followed by rapid improve-
ment in the symptoms.

Rechallenging with ABC leads to anaphylaxis and 
should be avoided even in cases where there was diag-
nostic uncertainty.

In Table II we set out the features of the first 3 cases 
of suspected HSR seen at the Tygerberg Children’s Hos-
pital Family Clinic for HIV. Of note is that HSR was 
documented in children across the racial spectrum. In 
all patients there was progression of symptoms over 
time and in 1 case there was a clear increase in sever-
ity associated with dosing. All children had abdominal 
symptoms and nonspecific rash. In these cases, child-
ren were stable on other ART drugs as they had all 
switched to ABC because of d4T toxicity.

On commencement of ABC, patients should be coun-
selled in detail about the possible signs of HSR and be 
advised to contact their care provider should any occur. 
To avoid confusion, therapy should not be initiated in 
patients with intercurrent symptoms.
It is advisable for patients to discuss symptoms early 
with the clinician rather than terminating therapy 
without consultation. Where termination without con-
sultation occurs, ABC cannot be reinitiated. Patients 

should also be made aware of the special ‘patient alert 
card’ that comes in the packaging. This card should be 
presented to any health care provider who sees the 
child, especially when care is not given by the usual 
provider. Providers at emergency facilities may be less 
familiar with this condition, and where possible con-
tact information for the usual care provider should be 
supplied as well. 

Deciding whether to terminate therapy in a patient 
with suggestive symptoms can be difficult given the 
very nonspecific nature of the presentation. A detailed 
medical history should be obtained. The following 
should be considered:
n  When was ABC initiated? In the case of ABC HSR, 

usually within the past 6 weeks. 
n  Are two or more systems involved?
n  Do the symptoms increase with each dose?
n  Are the symptoms exacerbated just after the dose?
n  Do the symptoms fit into the well-recognised clus-

ters?
n  What other medications/medication is the patient 

taking, and what was the timing of their initiation 
related to the ABC?

If patients present with mild symptoms and it is not 
clear whether symptoms are due to HSR, the clinician 
may consider allowing an additional dose. The patient 
should be able to report back, or hospitalisation may 
be required for observation. If symptoms worsen, ABC 
should be terminated immediately and permanently. If 
symptoms do not worsen, ABC can be carefully con-

 Case 1 Case 2 Case 3

Race White Coloured Black
Age (years) 9 5 10
Gender Female Male Male
Time to onset of symptoms <1 day 9 days 2 months
Accentuation with dose Yes Uncertain Uncertain 
Increasing severity Yes Yes Yes
Time after onset to  
presentation to TCH (days) 1 5 3 
Fever No Yes No
Rash Blotchy, erythematous on  Extensive maculopapular Fine papular rash on 
 neck and hands  on trunk, arms and legs the chest 
 Papules on the trunk and  Exanthema in mouth
 left arm Non-purulent conjunctivitis
Gastrointestinal  Loss of appetite  Nausea Abdominal pain and
 Epigastric and right upper  Loose stools tenderness 
 quadrant tenderness  Vomiting 
   Loss of appetite 
Constitutional Myalgias  Lethargy Weight loss (1 kg)
 Malaise
Respiratory No No Cough 
   Red throat
Number of systems affected 3 4 4
Time to resolution 48 hours 5 days 2 - 3 days
HLA-B*5701 Negative – tested after  Positive – tested after  Negative – tested after  
 the HSR the HSR the HSR 

TABLE ii. CLiNiCAL FEATURES iN 3 CHiLDREN DiAGNOSED WiTH ABC HSR AT TYGERBERG CHiLDREN’S HOSPiTAL 
AFTER A SiNGLE DRUG SUBSTiTUTiON OF STAVUDiNE FOR LiPO-ATROPHY

MANAGEMENT OF PATiENTS iNiTiATiNG ABC
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tinued while other possible reasons for the patient’s 
symptoms are investigated. When the diagnosis is 
thought to be clear or there is sufficient concern, ABC 
should be terminated immediately and permanently.

Hospitalisation and special investigations will depend 
on the severity of symptoms. Corticosteroids do not 
prevent or alter the natural history of ABC HSR.30 The 
reaction usually improves within 48 hours.

Clinicians treating children need to be very aware of 
the usefulness of ABC. Although there is no informa-
tion on the prevalence of either ABC hypersensitivity or 
HLA-B*5701 in South African children, available data 
suggest that black children are at lower risk than Cau-
casian children, with no data on children of mixed race. 
Although screening for HLA-B*5701 is recommended 
and will prevent cases, research is needed to assess its 
cost effectiveness in the South African public health 
setting. 
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An important maxim in treating patients with HIV is that 
the first regimen is your best chance for success. Get it 
right the first time. Recent data show that the response 
of children to antiretroviral therapy (ART) both overseas 
and locally has been phenomenal.1-4 Nevertheless, 
inevitably, increasing numbers of children will require a 
second-line regimen. It is therefore important that we 
have an approach to changing therapy.

There are two main reasons for changing ART – toxicity 
or intolerance, and failure of the current regimen. Other 
reasons include poor adherence (often improved with 
alternative antiretrovirals (ARVs)) and emergence of 
more effective or safer regimens.

TOXICITY OR INTOLERANCE

See the Guidelines for Antiretroviral Therapy in Children, 
p. 32 of this issue. When a patient exhibits intolerance 
to or toxicity from a single drug, the offending drug can 
often be replaced, e.g. replacing zidovudine (AZT) with 
abacavir (ABC) for bone marrow toxicity caused by AZT. 
Rarely, a reduction in dosage may be considered as long 
as the reduced dose is still in the therapeutic range.

For severe toxicity such as lactic acidosis or ABC hyper-
sensitivity reaction, all ART should be stopped until the 
patient recovers. Only then can one cautiously restart 

ART. The offending agent should be switched for one 
that does not cause the same reaction. 

FAILURE OF CURRENT REGIMEN

Ideally one should not change therapy on the basis of a 
single viral load (VL) or CD4 count.

Before changing ART, a thorough assessment of ad-
herence issues should be made. Adherence is the most 
important factor determining the success of an ART 
regimen.5-7 Adherence issues must be resolved before 
changing therapy.

The US Public Health Service Guidelines8 lists three types 
of failure of an antiretroviral regimen – virological, im-
munological and clinical failure (Fig. 1).

Unfortunately there are few paediatric data on when 
to change ART. PENPACT1, a study in Europe and the 
USA, is comparing changing ART at a VL of 1 000 versus 
30 000 copies/ml. Their results will be presented at the 
World AIDS Congress in 2010. The South African guide-
lines recommend changing regimens when the VL is re-
peatedly above 1 000 copies/ml. Some paediatric experts 
would not change the therapy until the VL was repeat-
edly >5 000 - 10 000 copies/ml. Intervention does not 
necessarily mean a change of regimen. It may involve 
resolving adherence issues or changing to a holding 
strategy. With a persistently elevated VL, resistance mu-
tations will accumulate9 and cross-resistance to drugs 
that the patient has not been exposed to will occur.

Isolated VL ‘blips’, e.g. single levels of 50 - 1 000 
copies/ml, are not usually associated with subsequent 
virological failure.10,11 It is important to follow up a blip 

CHANGING ANTIRETROVIRAL THERAPY IN 
CHILDREN

CLINICAL

Leon J Levin, MB BCh, FCPaed (SA), DTM&H
Head, Paediatric programmes, Right To Care

Please note: The recommendations given in this 
article are only a guide. There is no substitute for 
expert advice when changing ART. Please consult the 
SA HIV Clinicians Society or the author for a list of 
local and overseas experts willing to assist you.

This article is an update of a similar article published in the November 2005 edition of this journal. The rapid pace 
of changes in this field necessitates this update. Alarming numbers of children are failing both first- and second-
line antiretroviral therapy regimens in a very short space of time, underscoring the importance of adhering to the 
basic guiding principles of changing therapy outlined below.
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with another VL after 3 months to exclude virological 
failure.

In children with low CD4 counts, an opportunistic in-
fection can occur before the immune system has recov-
ered and is not an indication to change ART. Similarly, 
with bronchiectasis recurrent lower respiratory tract 
infections are to be expected. Immune reconstitution 
inflammatory syndrome (IRIS) is also not an indication 
to change ART.

CHANGING THERAPY

DIFFERENT SCENARIOS WHEN CHANGING ART

There are three main scenarios when changing ART for 
drug failure.

n    Early failure of a first regimen – there is unlikely to be 
much cross-resistance. A simple choice of a different 
regimen is usually adequate. 

n    Intermediate failure of a first regimen – some cross-
resistance may be present. Genotyping may be help-
ful in ascertaining the degree of cross-resistance.

n    Extensive prior treatment – extensive drug resistance 
is likely.

INITIAL ASSESSMENT

This is important in determining the cause of failure, as 
frequently the same issues will be a barrier to the suc-
cess of a subsequent regimen.

Assessing adherence

Adherence is the most important factor in determining 
the success of an ART regimen.5-7 Virological failure often 
follows poor adherence. Do not change therapy until the 
adherence issues have been resolved. Since the first regi-
men is often the best tolerated, subsequent regimens are 
often not as well tolerated and are likely to exacerbate 
adherence issues. Changing ART is never an emergency 
and is futile without addressing adherence. If adherence 
issues cannot be resolved quickly and you are worried 
about accumulating new resistance mutations, there 
may be a role for a ‘holding strategy’ until the family is 
ready to start the new regimen (see ‘Holding strategies’ 
below). 

Virological considerations:
Incomplete response to therapy:
n    <10 × (1 log10) decrease from baseline VL at 8 - 12 weeks 

n    HIV RNA >400 copies/ml after 6 months or above the level of detection using an ultrasensitive assay 
after 12 months of therapy (some would accept a VL <5 000 copies/ml in a stable patient) 

Viral rebound: 
 Repeated detection of plasma HIV RNA on ultrasensitive PCR assays where viral load was previously un-
detectable. Infrequent episodes of low level viraemia (<1 000 copies/ml) are common and not generally 
reflective of virological failure, whereas repeated or persistent viraemia (>1 000 copies/ml) more probably 
represents viral rebound (some would accept a VL <5 000 copies/ml in a stable patient)

Immunological  considerations:
Incomplete immunological response to therapy: 
n   <5 years of age: Failure to improve CD4% values by ≥5% where CD4% was previously <15%

n    ≥5 years of age: Failure to improve CD4 values by ≥50 cells/µl above baseline where CD4 was previously  
<200 cells/µl within the first year of therapy 

Immunological decline: 
 Sustained decline of 5% in CD4% below pre-therapy baseline at any age, or decline to below pre-therapy 
baseline in absolute CD4 cell count in children who are age 5 years and older 

Clinical considerations:
Progressive neuro-developmental deterioration
Growth failure: 
 Persistent decline in weight-growth velocity despite adequate nutritional support and without other 
explanation

Severe or recurrent infection or illness: 
Recurrence or persistence of AIDS-defining conditions or other serious infections

Fig. 1. Considerations for changing therapy in paediatric patients on antiretroviral therapy.8
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Exclude inadequate drug exposure

Possible causes include:

n    Drug not being ingested, e.g. poor adherence, vomit-
ing, or spitting up of an unpalatable drug such as 
ritonavir.

n    Poor absorption, often in children with chronic diar-
rhoea or malabsorptive states.

n    Increased drug metabolism – children beyond the 
neonatal age have markedly increased drug metabo-
lism compared with adults. Post-marketing research 
often reveals package insert dosages to be inad-
equate. Consult an up-to-date paediatric ART guide-
line for correct dosages.

n    Drug interactions – investigate all medications the 
patient is taking (including over-the-counter drugs 
and ‘herbal’ products) for possible drug interactions 
with ARV agents. Commonly implicated drugs in-
clude rifampicin, anti-epileptics, antimalarials and St 
John’s wort.  

Exclude other causes of a raised VL and/or a lower 
CD4 count

Intercurrent infections, opportunistic infections and im-
munisations may temporarily drop the CD4 count or 
raise the VL.

Ideally one should repeat the CD4 and VL 1 month later 
to ensure a return to baseline.

FACTORS TO CONSIDER WHEN CHANGING 
ANTIRETROVIRAL THERAPY

Expert advice

There is no substitute for expert advice when chang-
ing ART. The field is fraught with pitfalls for the unwary. 
Many patients’ futures have been compromised by poor 
choices when changing therapy. There is always enough 
time to consult with an expert before changing therapy. 

Resistance testing

Only genotypic assays are available in South Africa. Adult 
data reveal a short-term benefit of resistance testing in 
terms of virological response.12,13 Paediatric data are con-
flicting,14-17 but most experts believe that these assays 
have a role in changing ART in the face of resistance. 
Overseas guidelines recommend using resistance testing 
with every change of ART regimen caused by treatment 
failure.8,18 This  is also the recommendation of the  SA 
HIV Clinicians Society,  but prohibitive cost (over R4 000) 
will probably mean that in the South African state sector 
genotyping will only be done (if at all) after failure of 
a second regimen. Apart from the cost, genotyping has 
other limitations, including the following:

n    Genotyping will only give information about the 
current regimen. If a patient has failed a drug in a 

previous regimen, genotyping may therefore falsely 
report susceptibility to that drug.

n    Genotyping should be done while the patient is still 
taking their ‘failing’ regimen or within 4 weeks of 
stopping it.18  

n    Genotyping needs expert interpretation. It requires 
in-depth analysis by someone highly experienced in 
the field who also has all the details of the patient’s 
treatment history. Knowledge of paediatric data and 
formulations are essential for correct advice. 

At least 2 new drugs

Always try to include at least 2 (preferably 3) new or ac-
tive agents.18 One needs to be aware of cross-resistance 
(see below), since what may look like a ‘new agent’ may 
be ineffective as the virus is already resistant to it. Geno-
typing may help to select which drugs in the present 
regimen could be re-used. This does not apply to drugs 
in a previous regimen, as resistance mutations may be 
below the level of detection.

Preferably a new drug class 

Studies have shown that the success of a subsequent 
regimen is increased if it contains an antiretroviral class 
to which the patient has not previously been exposed.19,20 
Two new drug classes, integrase and CCR5 inhibitors, 
should be available locally soon. They will be useful in 
highly experienced patients. 

Do not add one drug to a failing regimen

Adding one drug to a failing regimen will predispose to 
the rapid development of resistance. This is the equiva-
lent of monotherapy, which should generally be avoided 
at all costs. A variant of this is combining an active drug 
with a low genetic threshold for resistance, such as a 
non-nucleoside reverse transcriptase inhibitor (NNRTI) 
or raltegravir (integrase inhibitor), with 2 partially active 
drugs – in this situation the active drug will fail quickly.

Consider cross-resistance

Cross-resistance can be defined as phenotypic resist-
ance to one drug resulting from mutations (genotypic) 
selected by another drug.21 There is no cross-resistance 
between the different ARV classes. In the nucleoside re-
verse transcriptase inhibitor (NRTI) class, AZT and sta-
vudine (d4T) are both thymidine analogues that select 
for the same resistance mutations, and there is cross-
resistance between them. Generally, however, there is 
unlikely to be much NRTI cross-resistance after failing 
a first regimen.21 With the currently available NNRTIs, on 
the other hand, there is a high level of cross-resistance. 
If a patient fails nevirapine (NVP), there will be high-level 
resistance to efavirenz (EFV). The new second-genera-
tion NNRTI etravirine (ETR), which will soon be available 
in South Africa, needs a few NNRTI mutations before 
there is high-level resistance against it. Unfortunately, 



D E C EMB E R  2 0 0 9                                                           T H E  S O U T H E R N  A F R I C A N  J O U R NA L  O F  H I V  M E D I C I N E                                                  88

genotyping is necessary to ascertain whether ETR will be 
active after failing an NNRTI.

Cross-resistance in the protease inhibitors (PIs) depends 
on the PI concerned. Some PIs, e.g. atazanavir, ampre-
navir and nelfinavir, develop specific primary mutations 
first without conferring cross-resistance to other PIs. 
Secondary mutations conferring cross-resistance to 
other PIs will only occur after prolonged non-suppres-
sive therapy. 

Genotyping may help to clarify whether cross-resistance 
is present. Expert advice can be invaluable in this situa-
tion.

Consider drugs used for prevention of mother-to-
child transmission (PMTCT)

Numerous studies have demonstrated resistance to NVP 
where mothers and their babies each receive one dose 
of NVP. There are emerging data in adults and infants 
suggesting reduced efficacy of future first-generation 
NNRTI-containing regimens.22-24 It is therefore advis-
able to avoid NVP and EFV as part of first-line therapy in 
this situation. Consult the Guidelines for Antiretroviral 
Therapy in Children (p. 32 of this issue) when other ARVs 
have been used for prophylaxis. 

Consider adding 3TC where M184V mutation present 
to maintain M184V mutation

Resistant HIV-1 with the hallmark 3TC resistance muta-
tion, M184V, has reduced viral fitness, i.e. it replicates at 
a reduced rate and may reverse resistance to AZT, d4T 
and tenofovir (TDF). Therefore there may be value in add-
ing in 3TC for salvage despite documented resistance.

However, the data are conflicting.25,26 ABC will also main-
tain the M184V mutation without adding in 3TC (per-
sonal communication, Professor Mark Wainberg).  

Pharmacokinetic enhancement

Where a single PI has been used previously, there may be 
a place for using a ‘boosted PI’, i.e. adding a small dose 
of ritonavir to the PI to inhibit the enzyme cytochrome 
P450 3A4, thus resulting in much higher levels of the 
PI. This may overcome minor degrees of PI resistance. 
Generally, however, it is advisable to only use boosted 
PI regimens.

Therapeutic drug monitoring (TDM)

TDM is still largely experimental in ART. However, there 
may be a place for TDM in salvage therapy with multiple 
drugs and multiple possible interactions. Contact the SA 
HIV Clinicians Society.

Dual PIs

This used to be quite ‘fashionable’ as a salvage therapy 
a few years ago. Invariably these children will have ex-

tremely high cholesterol and triglyceride levels. With the 
advent of newer agents and with data suggesting that 
dual PIs are no more efficacious than one boosted PI, 
this approach has become less popular.27,28

Mega- or giga-HAART

There are some adult data on empiric multidrug regi-
mens,29,30 but these are complex and poorly tolerated, 
and often with unfavourable drug interactions. With the 
advent of newer ARVs these regimens are no longer used 
much. A feeding gastrostomy tube may be used to sim-
plify the administration of multiple medications.31

New ARVs

Several new agents are already available overseas with 
activity against resistant virus. TDF is available in South 
Africa, but it is not used routinely in children because 
of osteopenia and nephrotoxicity. However, if properly 
monitored TDF has some merit as a salvage drug in older 
patients. New PIs such as darunavir32 and tipranavir33 
have revolutionised the management of highly resistant 
patients overseas. Raltegravir will be the first integrase 
inhibitor to be launched in South Africa. This potent and 
well-tolerated agent has shown phenomenal results in 
both naïve and ART-experienced adults.34,35 Paediatric 
studies are ongoing.36 

Etravirine, the second-generation NNRTI, may still be ac-
tive in the face of resistance to first-line NNRTIs.37,38 The 
CCR5 inhibitor maraviroc will probably have limited use 
in South Africa since it is only effective in patients who 
are CCR5-tropic and requires an expensive tropism assay 
prior to initiation.39

These new agents have achieved undetectable VLs in 
heavily ARV-experienced adults in contrast to earlier sal-
vage regimens. Paediatric dosages and formulations are 
in development. Nevertheless, one can obtain Section 21 
authorisation from the Medicines Control Council. Con-
sult an expert.

Holding strategies

Not uncommonly one encounters a situation where a 
child needs to change ART but for various reasons is un-
able to. Common situations are unresolved adherence is-
sues, inability to swallow tablets, or needing a new ARV 
that lacks paediatric dosing data or formulations. If the 
CD4 count is not too low, there may be place for a ‘hold-
ing strategy’. These are only temporary solutions and 
do not replace a suppressive regimen. Holding strate-
gies include structured treatment interruptions, 3TC 
monotherapy and holding regimens. These approach-
es should only be used on the advice of an expert. 

n   Structured treatment interruptions (STIs)
There are three scenarios where one might consider 
stopping therapy:
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Infants. Since paediatric HIV infection occurs with an 
immature immune system, treating with ARVs may allow 
the immune system to mature. Thus, a baby who has had 
several months of ART and is now over 1 year of age may 
cope without ART for several years because the immune 
system is now mature enough to cope with the baby’s 
own HIV virus. The CHER study is currently looking at 
this phenomenon. Until the results of this study are pub-
lished, this is not recommended as a routine practice. 

Infants and children with immune reconstitution. 
This is a situation where the patient’s CD4 count has 
recovered but the child is now virologically failing the 
current regimen. In this situation, there may be a place 
for taking the child off all therapy and watching the CD4 
count carefully. Once the CD4 count drops below the cri-
teria for starting ART, a new regimen can be started. The 
SMART study, in adults, showed a worse outcome in pa-
tients who stopped their ART compared with those who 
remained on ART,40 but there are few paediatric data. 
PENTA11, a pilot interruption study in children, showed 
no deaths or serious clinical events on interruption for 
up to 48 weeks.41 

Multidrug-experienced children with low CD4 
counts. Adult data reveal that there is no place for STIs 
in a salvage situation.42-44 The CD4 count drops rapidly 
and the patients are at risk for opportunistic infection. 

n 3TC monotherapy
Although there are comparatively few adult data on this 
approach, 3TC monotherapy has gained popularity. There 
are data to suggest that giving 3TC monotherapy in pa-
tients failing multiple drugs results in slower disease 
progression than no therapy at all45 because of reduced 
viral fitness in virus with the M184V mutation. This can 
be attempted. The approach may have merit in patients 
failing 3TC but with good CD4 counts and unable to 
start a definitive suppressive regimen. 3TC monotherapy 
should be avoided in patients who have ever had a very 
low CD4 count (low CD4 nadir). When the CD4 drops or 
symptoms develop, the child should be placed on a fully 
suppressive regimen.

n Holding or bridging regimens 
These are simplified regimens, usually consisting of 3 or 
4 NRTIs with the purpose of maintaining resistance mu-
tations so that the virus has a reduced replicative ability. 
The aim once again is to ‘buy time’ for the child who is 
unable to start a definitive suppressive regimen. A suit-
able child would be one with extensive NRTI resistance 
but in whom you would not want to develop more PI or 
NNRTI resistance. Therefore future options are preserved. 
Since there is already extensive NRTI resistance, there is 
no worry that the child will develop more resistance to 
the NRTIs. In adults, AZT/3TC/ABC/TDF has been used.46 
In younger children, TDF can be omitted. Once again this 

approach is inappropriate for patients with a very low 
CD4 count. Once the CD4 count drops or symptoms de-
velop the child should be placed on a fully suppressive 
regimen.

Quality of life in end-stage disease

In patients without further ARV options and who are 
failing or not tolerating mega-HAART, there may be a 
place for reducing the number of drugs to make life more 
tolerable. The disease will still progress more slowly than 
if off ARVs. Consult an expert to reduce the number of 
agents to a more tolerable regimen. 3TC should always 
be included in such a regimen. As more new drugs be-
come available, this scenario is becoming less common. 

CONCLUSION

Changing ART is a highly complex field, which can have 
major impact on a child’s future if done incorrectly. It is 
therefore strongly recommended that an expert be con-
sulted before changing any child’s ART. This would apply 
equally to a child failing their first regimen. However, the 
future is rosy with wonderful new antiretroviral options 
and certainly something worth looking forward to.
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Several guidelines now recommend universal treatment 
for HIV-infected infants. However, in resource-limited 
settings early infant diagnosis (EID) is frequently an 
obstacle to early initiation of antiretrovirals.

A survey by World Health Organization (WHO) asked, 
‘What is available for early infant diagnosis?’ and found 
the number of laboratories in several countries mis-
matched to the estimated number of HIV-exposed in-
fants and necessary tests. This assessment of national 
capacity was conducted to inform revisions to their 
guidelines for infant diagnosis and treatment.1

For this survey, a questionnaire on clinical and labora-
tory capacity was sent to HIV experts in 34 high-burden 
countries and data were collected between February 
and April 2008. Replies were received from 18 of the 
34 selected countries: 12 African, two South American, 
two Asian and one Middle Eastern.

This revealed huge variation in the number of children 
assessed per laboratory (range 7 - 190 000 during the 
study period). When virological tests were offered, the 
entry points were usually inpatient/outpatient services, 
prevention of mother-to-child transmission (PMTCT) 
or antiretroviral therapy (ART) sites, and laboratories 
were centralised and usually located in capital cities. 
Six countries surveyed implement HIV DNA polymer-
ase chain reaction (PCR), 5 RNA PCR and 7 both. Ten 
countries used filter paper with dried blood spots (DBS) 
to transport samples. All the countries that responded 
had capacity to measure CD4% and absolute CD4 cell 
counts.

Although the survey confirmed that several high-bur-
den countries are building capacity for EID, it showed 
that at present in many countries capacity does not 
reflect estimated need. 

In many resource-limited countries it is only possible 
to use a single diagnostic test. The optimal time to per-
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A wealth of paediatric data was presented at IAS 2009. Also preceding the conference was the 1st International 
Workshop on HIV Pediatrics, which looks as if it will become an annual fixture on the conference calendar and 
gave an additional opportunity to present and discuss the state of the art in the field.

Overall, far too much was presented to review here. Abstracts, some slides and, for IAS2009, webcasts can be 
viewed on the respective conference websites. We have also covered some paediatric cohorts and a few studies 
in more detail in our review of programme data in HTB South, distributed with the Journal. 

Several themes occurred over and over again at both meetings. 

National capacity for early infant diagnosis, which not only enables early initiation of treatment but also gives 
a clearer picture of how well prevention of mother-to-child transmission (PMTCT) programmes are performing, 
with the goal of vastly reducing cases of paediatric HIV, is not yet nearly sufficient in most places.

Where infants are diagnosed in time, early initiation of treatment is not without its difficulties. It can, however, 
be extremely beneficial in young children. 

Treatment of children who are HIV-infected despite exposure to single-dose nevirapine through PMTCT is an-
other challenge, as is what to do in the longer term with exposed children initiated on a protease inhibitor-con-
taining HAART  to overcome the risks of NNRTI resistance. 

Strategies to simplify regimens, including paediatric fixed-dose combinations and once-a-day dosing, are es-
sential for successful management of children with HIV, as are strategies to enable co-treatment of tuberculosis 
in this population.

The research summarised below addresses these issues.
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form this is unclear, however, particularly when chil-
dren are breastfed. The WHO researchers used a model 
to calculate the number of children becoming infected 
and being diagnosed at different time points from birth 
in order to estimate the optimal time to diagnose the 
maximum number of children but at the same time 
minimise mortality.2 

This modelling showed a decreasing trend of infant 
survival at 6 months, depending on the time the test 
was performed. The investigators suggested that 4 - 6 
weeks of age is the optimal time for infant testing in a 
breastfeeding population.  

With greater laboratory capacity and newer technol-
ogy, testing earlier than 6 weeks could mean earlier 
initiation of treatment. But the sensitivity of viral de-
tection tests before 6 weeks of age is unknown, par-
ticularly when performed on infants with antiretroviral 
exposure for PMTCT.

A South African study looked at the sensitivity of as-
says at earlier time points in infants born to HIV-posi-
tive women at Rahima Moosa Hospital, Johannesburg.3 
Blood was sampled at birth and at 2, 4, 6 and 10 weeks, 
and stored. HIV-exposed infants were routinely tested at 
6 weeks with HIV DNA PCR using a liquid blood sample. 
Stored DBS samples from each time point were test-
ed with HIV DNA PCR (Amplicor v1.5), TaqMan HIV-1 
(CAP/CTM) and APTIMA HIV-1 (GEN-PROBE) assays. 
The investigators used samples from two age-matched, 
PCR-negative infants as controls.

Mothers received a range of PMTCT interventions: no 
antiretrovirals, single-dose nevirapine (NVP), single-
dose NVP plus zidovudine (AZT) or HAART.

At 9 months of the study, 253/373 (68%) infants had 
6-week PCR results; the remaining 120 (32%) did not 
return for testing. Eighteen (7.1%) were HIV infected 
at 6 weeks despite the majority receiving formula 
milk exclusively and all receiving NVP and AZT PMTCT 
prophylaxis. Of the 17 infected infants with complete 
results, both CAP/CTM and APTIMA assays were posi-
tive in 11/17, 13/13 and 14/14 birth, 4- and 6-week 
samples, respectively.

The quantitative CAP/CTM assay showed lower viral 
load results at 2 weeks of age (the only time point when 
false negatives occurred). The investigators noted that 
this was probably due to PMTCT prophylaxis increasing 
the proportional number of infants infected in utero 
who can therefore be diagnosed at birth.
 
Both assays were more sensitive for earlier HIV detec-
tion than HIV DNA PCR, which detected 9/17 birth 
samples. CAP/CTM had the highest specificity (100%) 
and HIV DNA PCR the lowest (95%). 

Although this is a small sample, newer technologies 
appear to be more sensitive than standard PCR. These 
initial results suggest that the majority of in utero and 
perinatal infections can be detected by using either 
CAP/CTM or APTIMA assays if they are available.  

There were also reports from programmes using DBS. 

A sub-study of the PMTCT Keso Bora trial conducted 
in Burkina Faso used a quantitative HIV RNA assay 
(Biocentric) and assessed DBS samples compared with 
paired plasma samples obtained from HIV-exposed in-
fants aged up to 6 weeks, 3 - 6 months and 9 - 18 
months.4 All measurements were performed locally. 

The study investigators reported 100% sensitivity 
(102/102) and specificity (105/105) (95% confidence 
interval (CI) 97.2 - 100%, correlation 0.906) using DBS. 
(Of note: Biocentric is the homebrew ANRS assay, so 
they would have to develop their own probes, reagents, 
etc.)

A Cambodian study assessed the feasibility of very 
early diagnosis (0 - 3 days of age) using heel-prick 
samples on DBS and a real time DNA assay (Bicentric).5 
A second DBS was performed at week 6. Infants with 
positive results at 0 - 3 days or 6 weeks were followed 
up with HIV RNA quantification as soon as possible. At 
0 - 3 days, 3/370 (0.8%) infants had positive results (1 
infant died before week 6). 327/333 were confirmed 
negative at 6 weeks and 6 were DNA positive (1.8%) 
and subsequently confirmed RNA positive.  

The investigators suggested that these preliminary re-
sults demonstrate the feasibility of a minimally inva-
sive very early diagnosis using DBS.

A study from Swaziland, conducted by the national ART 
programme and the Clinton Foundation, highlighted 
the difficulties of treatment initiation in infants fol-
lowing early diagnosis.6

Since March 2007 the EID programme using DNA PCR 
was expanded in response to high infant mortality in 
HIV-infected children. By November 2008, however, 
this had led to neither an increase in infants receiving 
treatment nor a decrease in mortality.

The study was a retrospective record review of all 
infants testing positive at 15 health facilities in the 
Manzini Region from January to August 2008. The in-
vestigators reported that 78% of results were available 
at the facility, and 44% of results were documented 
as having been received by the caregiver. Only 58/176 
(33%) of children were enrolled at an ART centre and 
34 initiated on treatment. Of those with data available 

DIffIcULtIeS WItH IMpLeMentAtIon
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81% were eligible for ART, and among eligible children, 
82% initiated treatment. Overall 19% of infants test-
ing positive were initiated on treatment at the time of 
the evaluation.

This study found that the greatest points of loss are 
return of the result to caregivers and infant enrolment 
at the ART centre for treatment. 

There are limited data describing outcomes for infants 
initiating treatment at less than 1 year.

The MTCT Plus Initiative showed data from sites in eight 
African countries and Thailand comparing infants with 
older children initiated between February 2003 and 
September 2008.7 The investigators looked at change 
in CD4 percentage from baseline using linear model-
ling adjusted for duration of highly active antiretrovi-
ral therapy (HAART), country, baseline CD4 percentage, 
NVP exposure for PMTCT, and age at initiation. 

Of 542 children initiating treatment and followed up 
for a median of 30 months (intraquartile range (IQR) 12 
- 39), 190 (35%) were aged <12 months at initiation 
and the remainder >12 months (median 36 months, IQR 
19.5 - 67), 51% were male, and18% had Centers for 
Disease Control (CDC) stage C disease. The infants had 
a higher mortality rate than the older children, 7.5 v. 
3.2/100 person-years. Of 31 (54%) infant deaths, 81% 
occurred within 3 months of treatment initiation. 

Among the children for whom data were available there 
was no difference between infants and older children 
in change of CD4 percentage from baseline. Baseline 
CD4 percentage (p<0.01) and time on HAART (p<0.001) 
were significantly associated with an increase in CD4 
percentage in multivariate analysis.
 
In this analysis, although infants initiating HAART had 
a higher mortality at the start of treatment, the infants 
who survived had good immunological response over 
>3 years of follow-up, similar to that of older chil-
dren.

A South African review of infants initiated on HAART 
at the Family Clinic for HIV at Tygerberg Hospital and 
Ikwezi community clinic from June 2007 to August 
2008 showed high levels of virological suppression to 
24 weeks.8  Infants received lopinavir/ritonavir (LPV/r) 
with stavudine (d4T) and lamivudine (3TC) in accord-
ance with South African guidelines. Of 98 initiated, 47 
had 24 weeks of follow-up. Of the remainder, 6 (6%) 
were lost to follow-up, 6 (6%) died and 33 (33.7%) 
were transferred. The median age at initiation was 4.5 
months and 33 (70%) infants were <6 months old (me-

dian age 3.68 months). All had immunological or clini-
cal criteria for treatment. The majority, 42/47 (89.4%) 
of all infants and 30/33 (91%) <6 months of age, had 
WHO stage 3 or 4 disease. 

Tuberculosis (TB) is a common co-morbidity in this 
population, and 11/47 infants required co-therapy 
with rifampicin (given with additional ritonavir). At 24 
weeks 37/47 children (78.7%) in the >6 months age 
group and 26/33 (81.8%) aged <6 months had viral 
loads <50 copies/ml.  

The investigators noted that the low age of initiation of 
treatment in this cohort reflected young infants with 
severe HIV disease rather than early initiation of treat-
ment to prevent mortality and morbidity.

The developing brain is a major target for HIV. It is not 
yet known whether timing of initiation of antiretrovi-
ral therapy will affect neurodevelopmental outcomes 
in infants.

A substudy of CHER compared neurodevelopmental 
outcomes of 115 infants in this study from Tygerberg 
Children’s Hospital with 84 control infants enrolled in 
a linked vaccine study, CIPRA-SA Project4.9

In this prospective study, the investigators looked at 
the neurodevelopmental profile, according to the Grif-
fiths Mental Developmental Scales (GMDS), at 10 - 15 
months of age in four groups of infants:
n  HIV-unexposed, uninfected
n  HIV-exposed, uninfected
n  HIV-infected, HAART initiated before 12 weeks of 

age
n  HIV infected, HAART deferred until eligibility criteria 

met.

The investigators were blinded to the infants’ groups 
and a translator was used for Xhosa-speaking partici-
pants.  Of 115 infants from CHER enrolled, 13 withdrew 
from the study and/or were not co-enrolled (10 early, 3 
deferred), 8 died (all deferred) and 4 were excluded (3 
early, 1 deferred). 

The investigators found that infants initiated on early 
ART have significantly better locomotor and general 
scores on the GMDS at a median age of 11 months 
compared with infants on deferred HAART. Although 
mean quotients were lower on the other subscales in 
the deferred group, the differences were not significant. 
The mean scores on all subscales in the unexposed, un-
infected group and the early HAART group were similar. 
They noted these results were ‘despite careful monitor-
ing and ready access to ART in the latter’ (Table I).

InfAnt oUtcoMeS

IMproVeD neUroDeVeLopMentAL oUtcoMeS
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Two studies looked at treatment of HIV-infected chil-
dren with prior exposure to NVP to prevent MTCT.

Preliminary findings from IMPAACT 1060 confirmed 
concerns that NVP-exposed children could do less well 
receiving NVP containing HAART than protease inhibi-
tor (PI)-containing HAART.10,11

This was a randomised trial of treatment-eligible chil-
dren aged 6 months - 3 years conducted in seven Af-
rican countries. NVP-exposed (cohort 1, N=288) and 
unexposed (cohort 2, N=288) children received either 
LPV/r or NVP plus 3TC and AZT. Children were strati-
fied by age <12 months v. >12 months with an equal 
number to be enrolled in each age group.

A similar study of exposed and unexposed mothers 
had also been conducted (A5208). In this trial, the arm 
in which exposed mothers received NVP-containing 
HAART was stopped early by the Data Safety Monitor-
ing Board (DSMB) owing to superior performance of 
the LPV/r-containing HAART arm.12,13

Following a scheduled DSMB review of IMPAACT 1060 
on 20 April 2009, enrolment to cohort 1 also closed 
prematurely owing to a trend towards consistency 
with the A5208 results. At 24 weeks, virological fail-
ure (<400 copies/ml) was observed in 40% of the 60 
infants <12 months v. 23% >12 months receiving NVP 
and LPV/r, respectively. Among the older children, 29% 
out of 22 and 17% of 19 receiving NVP and LPV/r ex-
perienced failure.  

Several guidelines already recommend using LPV/r-
based treatment for single-dose NVP-exposed infants.
The NEVEREST study investigated whether NVP-ex-
posed children, initially suppressed on LPV/r-based 
HAART, can safely switch to a NVP-based regimen.14,15

In this study children aged 6 weeks - 2 years and eli-
gible for treatment (N=323) were initiated on LPV/r 
plus 3TC and d4T. Children achieving a viral load <400 
copies/ml and stable for >3 months were randomised 

(N=195) to either remain on LPV/r (control, N=99) or 
switch to NVP (switch, N=96), and then followed up to 
52 weeks.

When the investigators looked at viral load <50 copies/
ml to 52 weeks they found that 42.4% of children in 
the control group and 56.2% in the switch group sus-
tained viral suppression (p=0.01). However, allowing 
for one elevated result (blip) the two groups were simi-
lar, 72.8% v. 73.4% in the control and switch groups, 
respectively.

They suggested that poorer adherence in the control 
group, due to the unpleasantness in taste of LPV/r syrup, 
may have led to more blipping and, in turn, unsustained 
viral suppression to 50 copies/ml during follow-up. In 
contrast, when they looked at sustained suppression 
to <1 000 copies/ml, 98% v. 80% of children in the 
control and switch groups achieved this (p=0.001). The 
investigators suggest that this study provides proof of 
concept that re-use of NVP is possible under some cir-
cumstances for HIV-infected children exposed to NVP 
prophylaxis and should be further investigated. They 
note that the clinical significance of low-level viraemia 
in the control group needs further study. 

This group also showed data from an evaluation of lipid 
profiles in children in the control and switch groups.16 
They found no difference between the two groups at 
randomisation. But at 9 months after the change in 
regimen non-fasting total cholesterol (TC) and high-
density lipoprotein (HDL) were significantly higher 
among the switch group (mean TC 4.13, HDL 1.36 
mmol/l) compared with the control group (mean TC 
3.73, HDL 1.07 mmol/l). Significantly lower triglyceride 
(TG) levels were found in the switch group (mean TG 
1.36 mmol/l) compared with the control group (mean 
TG 1.53 mmol/l). They noted that the clinical signifi-
cance of these non-fasting lipid changes requires fur-
ther investigation.

Switching may provide a promising option for children 
originally initiated on PI-based HAART to preserve sec-
ond-line options. At this stage, switching requires close 
virological monitoring after the switch in order to be 
done safely.

11

	 	 	 HIV-exposed	 	 p-value	 	 		
	 Deferred	ART	 Early	ART	 uninfected		 HIV-unexposed	 early	v.	deferred
No. assessed 26 66 28 34 
Median age in  
months (range) 11.0 (10.1 - 14.4) 11.0 (10.0 - 15.5) 11.4 (10.1 - 15.5) 11.5 (9.9 - 13.6)
Mean locomotor quotient  
± 1 SD 88.9±16.3 97.6±12.5 105.3±14.3 101.6±3.7 0.01
Mean general quotient  
± 1 SD 100.1±13.8 106.3±10.6 106.0±10.1 106.9±11.7 0.02

tAbLe I. MeAn qUotIentS of InfAntS for DeferreD V. eArLY HAArt AnD HIV-expoSeD UnInfecteD 
AnD UnexpoSeD InfAntS

treAtInG cHILDren expoSeD to SInGLe-DoSe 
neVIrApIne for pMtct

94



T H E  S O U T H E R N  A F R I C A N  J O U R NA L  O F  H I V  M E D I C I N E                                                     d e c emb e r   2 0 0 9

Another NEVEREST trial of efavirenz (EFV) v. LPV/r is 
planned in NVP-exposed children >3 years old.

These studies all underscore the limited treatment op-
tions available for children, particularly in resource-
limited settings.

Paediatric fixed-dose combination (FDC) tablets pro-
vide simpler alternatives to liquids for children. 

Cipla have produced scored, dispersible tablets of d4T/
3TC/NVP (baby and junior Triomune) with the correct 
dose ratios for children.

A sub-study of the CHAPAS trial (Children with HIV 
in Africa Pharmacokinetics and Adherence of Simple 
Antiretroviral Regimens), in Zambia, evaluated the 
need for dose escalation of NVP.17 This strategy is cur-
rently recommended but requires dosing with separate 
tablets, making initial treatment more complex. 

Children were randomised to start antiretroviral ther-
apy with full-dose nevirapine (Triomune a.m./p.m.) v. 
dose escalation, using an initial 14 days of half-dose 
NVP (Triomune a.m.; Lamivir-S (combined d4T/3TC) 
p.m.) followed by full dose. Children were dosed in ac-
cordance with WHO weight band tables. The primary 
endpoint was clinical/laboratory grade 3/4 adverse 
events (AEs) related to NVP.

In this comparison, 211 children aged 2 - 9 years with 
a median CD4 percentage of 13% were followed for a 
median of 92 weeks. Severe stunting, wasting and im-
munosuppression were common in the children. Sev-
enteen children were lost to follow-up. 

The investigators reported 31 (18 per 100 person-years) 
v. 29 (16.5 per 100 person-years) grade 3/4 AEs defi-
nitely/probably or uncertainly NVP-related in children 
receiving full-dose v. dose-escalation (incidence rate 
ratio (IRR) 1.09 (95% CI 0.63 - 1.87), p=0.74).

Twelve (11%) full-dose v. 2 (2%) dose escalation chil-
dren had grade 2 disseminated skin rash and 1 receiv-
ing full dose had grade 1 rash. Two children (one from 
each arm) substituted with EFV; 3 continued full-dose 
NVP; 9 (8 full dose and 1 dose escalation) stopped NVP 
and restarted with successful dose escalation; and 1 
full dose stopped, started a lower NVP dose, had an-
other rash and substituted EFV. 

Overall 90% of children who started with full-dose 
NVP continued uninterrupted in this study. As dose 
escalation requires provision of separate drug formu-
lations, the evaluation of policy implications for dose 

escalation of NVP in fixed-dose combination HAART is 
ongoing.

The CHAPAS trial also investigated the pharmacokinet-
ics of NVP in children treated with Triomune Baby/Jun-
ior and rifampicin-based TB treatment.18 

EFV-based regimens are currently recommended for 
concomitant use with rifampicin, but EFV is not cur-
rently indicated for children below 3 years of age. Ear-
lier CHAPAS data suggest that the higher dose ratio of 
NVP to NRTI in Triomune Baby/Junior may compensate 
for the dose reduction induced by rifampicin.

Pharmacokinetic sampling was performed in 22 chil-
dren after 4 weeks of concurrent NVP and rifampicin-
containing regimens. Rifampicin was dosed at 10 - 20 
mg/kg per day. Samples were pre-dose (C0) and 1, 2 
and 6 hours post-dose, and NVP plasma concentrations 
were determined using LC-MS/MS. NVP pharmacoki-
netics in children without TB treatment (N=16) were 
compared in multivariate linear regression analysis. 
The median age of the 21 children analysed was 1.55 
(range 0.66 - 3.18) years, and 10 were girls. 

The investigators found that only 11 (52%) of the chil-
dren receiving TB treatment reached sufficient NVP 
trough levels (C0 <3.0 mg/l). Multivariate analysis re-
vealed a 41% (95% CI 24 - 55%) reduction in NVP 
AUC with concomitant rifampicin. They noted a 3.4% 
increase in AUC for each 10 mg/m2 increase in NVP 
dose/m2.

They recommend caution with this approach in young 
children until more efficacy and safety data are avail-
able. They suggest that an increased NVP dose is likely 
to be necessary and requires further evaluation.

Simplification of HAART regimens provides benefit for 
children, caregivers and health workers. To date there 
are no data on once-daily use of 3TC and abacavir 
(ABC) in resource-limited settings.

A substudy from the ARROW trial (a randomised trial of 
monitoring and first-line induction-maintenance strat-
egies) compared the PK of once- v. twice-daily 3TC and 
abacavir (ABC) (Kivexa).19 This was a cross-over study 
performed in 41 Ugandan children aged 3 - 12 years 
receiving HAART, dosed according to weight bands. The 
ARROW trial uses scored tablets of ABC/3TC to ensure 
better accuracy of division and more flexible dosing. 
Total daily doses were 150+300 mg, 225+450 mg and 
300+600 mg for children weighing 12 - 20 kg, 20 - 25 
kg and >25 kg, respectively. 

USInG A neVIrApIne-contAInInG fIxeD-DoSe 
coMbInAtIon In tHe cHApAS trIAL

once-A-DAY LAMIVUDIne AnD AbAcAVIr, AnD 
AbAcAVIr HYperSenSItIVItY In tHe ArroW trIAL
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PK sampling was performed for twice-daily dosing at 
steady state (36 weeks) pre-dose, and 1, 2, 4, 6, 8 and 
12 hours post dose. Children were then switched to the 
once-daily dose and further sampling was performed 
at 4 weeks with an additional sampling at 24 hours. 
Daily area under the curve (AUC0-24) and peak level 
(Cmax) were compared by geometric mean ratios (GMR). 
GMR with 90% CI within 0.80 - 1.25 was considered to 
be bioequivalent. PK parameters were available for 35 
and 36 children for 3TC and ABC, respectively. Approxi-
mately half were in the younger age group.

The investigators reported that in children 3 - 12 years, 
AUC0-24 of both 3TC and ABC were bioequivalent with 
once and twice-daily regimens but Cmax was 76% and 
64% higher for 3TC and ABC respectively. No grade 3/4 
adverse events were reported and no child discontin-
ued after the switch to once-daily dosing.

In this analysis, in contrast to data from European 
children in PENTA 13, 3TC AUC levels in 3 - 6- and 
7 - 12-year-old children were similar for both once- 
and twice-daily dosing and similar to levels in older 
children. The investigators noted that many younger 
children in PENTA 13, whose 3TC levels were lower, 
received syrups, but ARROW children received tablets. 
They concluded that these results suggest that once-
daily dosing of 3TC and ABC is feasible in resource-
limited settings.

The ARROW investigators also showed data describing 
successful management of hypersensitivity reactions 
among children in this trial in Uganda and Zimbabwe.20

The WHO recommends ABC for paediatric first-line 
treatment. Hypersensitivity reactions (HSR) occur in 
2 - 5% of people receiving ABC in clinical trials and 
are strongly associated with the presence of the HLA-
B*5701 allele. Prospective screening for HLA-B*5701 is 
sometimes recommended, but this pharmacogenetic 
test is rarely available in resource-limited settings. 

Clinical diagnosis and management may be compli-
cated in this setting due to widespread use of NVP and 
co-trimoxazole and febrile infections. 
Health workers and caregivers were trained in recogni-
tion and management of ABC-HSR and all suspected 
HSR underwent independent clinical review. ABC was 
only discontinued in 7 cases.

The investigators reported that suspected ABC-HSR 
was rare (3/1 207, 0.2% (95% CI, 0.05 - 0.7%)) in this 
trial, consistent with reports of a lower prevalence of 
HLA-B*5701 in black populations. Clinical symptoms 
(fever, rash) occurred 9 - 13 days after initiation of 
HAART; 2/3 cases had additional gastro-intestinal and 
respiratory symptoms and required hospitalisation. 

ABC-HSR was successfully managed despite co-ad-
ministration of co-trimoxazole and NVP, and the in-
vestigators recommend that ABC can be used safely in 
resource-limited settings. 

All references from 5th IAS Conference on HIV Pathogen-
esis, Treatment and Prevention, 19 - 22 July 2009, Cape 
Town, unless otherwise stated.
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Several guidelines now recommend universal treatment 
for HIV-infected infants. However, in resource-limited 
settings early infant diagnosis (EID) is frequently an 
obstacle to early initiation of antiretrovirals.

A survey by World Health Organization (WHO) asked, 
‘What is available for early infant diagnosis?’ and found 
the number of laboratories in several countries mis-
matched to the estimated number of HIV-exposed in-
fants and necessary tests. This assessment of national 
capacity was conducted to inform revisions to their 
guidelines for infant diagnosis and treatment.1

For this survey, a questionnaire on clinical and labora-
tory capacity was sent to HIV experts in 34 high-burden 
countries and data were collected between February 
and April 2008. Replies were received from 18 of the 
34 selected countries: 12 African, two South American, 
two Asian and one Middle Eastern.

This revealed huge variation in the number of children 
assessed per laboratory (range 7 - 190 000 during the 
study period). When virological tests were offered, the 
entry points were usually inpatient/outpatient services, 
prevention of mother-to-child transmission (PMTCT) 
or antiretroviral therapy (ART) sites, and laboratories 
were centralised and usually located in capital cities. 
Six countries surveyed implement HIV DNA polymer-
ase chain reaction (PCR), 5 RNA PCR and 7 both. Ten 
countries used filter paper with dried blood spots (DBS) 
to transport samples. All the countries that responded 
had capacity to measure CD4% and absolute CD4 cell 
counts.

Although the survey confirmed that several high-bur-
den countries are building capacity for EID, it showed 
that at present in many countries capacity does not 
reflect estimated need. 

In many resource-limited countries it is only possible 
to use a single diagnostic test. The optimal time to per-

Paediatric overview, IAS2009

conference report

Polly Clayden
HIV i-Base, UK

A wealth of paediatric data was presented at IAS 2009. Also preceding the conference was the 1st International 
Workshop on HIV Pediatrics, which looks as if it will become an annual fixture on the conference calendar and 
gave an additional opportunity to present and discuss the state of the art in the field.

Overall, far too much was presented to review here. Abstracts, some slides and, for IAS2009, webcasts can be 
viewed on the respective conference websites. We have also covered some paediatric cohorts and a few studies 
in more detail in our review of programme data in HTB South, distributed with the Journal. 

Several themes occurred over and over again at both meetings. 

National capacity for early infant diagnosis, which not only enables early initiation of treatment but also gives 
a clearer picture of how well prevention of mother-to-child transmission (PMTCT) programmes are performing, 
with the goal of vastly reducing cases of paediatric HIV, is not yet nearly sufficient in most places.

Where infants are diagnosed in time, early initiation of treatment is not without its difficulties. It can, however, 
be extremely beneficial in young children. 

Treatment of children who are HIV-infected despite exposure to single-dose nevirapine through PMTCT is an-
other challenge, as is what to do in the longer term with exposed children initiated on a protease inhibitor-con-
taining HAART  to overcome the risks of NNRTI resistance. 

Strategies to simplify regimens, including paediatric fixed-dose combinations and once-a-day dosing, are es-
sential for successful management of children with HIV, as are strategies to enable co-treatment of tuberculosis 
in this population.

The research summarised below addresses these issues.

eArLY InfAnt DIAGnoSIS
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form this is unclear, however, particularly when chil-
dren are breastfed. The WHO researchers used a model 
to calculate the number of children becoming infected 
and being diagnosed at different time points from birth 
in order to estimate the optimal time to diagnose the 
maximum number of children but at the same time 
minimise mortality.2 

This modelling showed a decreasing trend of infant 
survival at 6 months, depending on the time the test 
was performed. The investigators suggested that 4 - 6 
weeks of age is the optimal time for infant testing in a 
breastfeeding population.  

With greater laboratory capacity and newer technol-
ogy, testing earlier than 6 weeks could mean earlier 
initiation of treatment. But the sensitivity of viral de-
tection tests before 6 weeks of age is unknown, par-
ticularly when performed on infants with antiretroviral 
exposure for PMTCT.

A South African study looked at the sensitivity of as-
says at earlier time points in infants born to HIV-posi-
tive women at Rahima Moosa Hospital, Johannesburg.3 
Blood was sampled at birth and at 2, 4, 6 and 10 weeks, 
and stored. HIV-exposed infants were routinely tested at 
6 weeks with HIV DNA PCR using a liquid blood sample. 
Stored DBS samples from each time point were test-
ed with HIV DNA PCR (Amplicor v1.5), TaqMan HIV-1 
(CAP/CTM) and APTIMA HIV-1 (GEN-PROBE) assays. 
The investigators used samples from two age-matched, 
PCR-negative infants as controls.

Mothers received a range of PMTCT interventions: no 
antiretrovirals, single-dose nevirapine (NVP), single-
dose NVP plus zidovudine (AZT) or HAART.

At 9 months of the study, 253/373 (68%) infants had 
6-week PCR results; the remaining 120 (32%) did not 
return for testing. Eighteen (7.1%) were HIV infected 
at 6 weeks despite the majority receiving formula 
milk exclusively and all receiving NVP and AZT PMTCT 
prophylaxis. Of the 17 infected infants with complete 
results, both CAP/CTM and APTIMA assays were posi-
tive in 11/17, 13/13 and 14/14 birth, 4- and 6-week 
samples, respectively.

The quantitative CAP/CTM assay showed lower viral 
load results at 2 weeks of age (the only time point when 
false negatives occurred). The investigators noted that 
this was probably due to PMTCT prophylaxis increasing 
the proportional number of infants infected in utero 
who can therefore be diagnosed at birth.
 
Both assays were more sensitive for earlier HIV detec-
tion than HIV DNA PCR, which detected 9/17 birth 
samples. CAP/CTM had the highest specificity (100%) 
and HIV DNA PCR the lowest (95%). 

Although this is a small sample, newer technologies 
appear to be more sensitive than standard PCR. These 
initial results suggest that the majority of in utero and 
perinatal infections can be detected by using either 
CAP/CTM or APTIMA assays if they are available.  

There were also reports from programmes using DBS. 

A sub-study of the PMTCT Keso Bora trial conducted 
in Burkina Faso used a quantitative HIV RNA assay 
(Biocentric) and assessed DBS samples compared with 
paired plasma samples obtained from HIV-exposed in-
fants aged up to 6 weeks, 3 - 6 months and 9 - 18 
months.4 All measurements were performed locally. 

The study investigators reported 100% sensitivity 
(102/102) and specificity (105/105) (95% confidence 
interval (CI) 97.2 - 100%, correlation 0.906) using DBS. 
(Of note: Biocentric is the homebrew ANRS assay, so 
they would have to develop their own probes, reagents, 
etc.)

A Cambodian study assessed the feasibility of very 
early diagnosis (0 - 3 days of age) using heel-prick 
samples on DBS and a real time DNA assay (Bicentric).5 
A second DBS was performed at week 6. Infants with 
positive results at 0 - 3 days or 6 weeks were followed 
up with HIV RNA quantification as soon as possible. At 
0 - 3 days, 3/370 (0.8%) infants had positive results (1 
infant died before week 6). 327/333 were confirmed 
negative at 6 weeks and 6 were DNA positive (1.8%) 
and subsequently confirmed RNA positive.  

The investigators suggested that these preliminary re-
sults demonstrate the feasibility of a minimally inva-
sive very early diagnosis using DBS.

A study from Swaziland, conducted by the national ART 
programme and the Clinton Foundation, highlighted 
the difficulties of treatment initiation in infants fol-
lowing early diagnosis.6

Since March 2007 the EID programme using DNA PCR 
was expanded in response to high infant mortality in 
HIV-infected children. By November 2008, however, 
this had led to neither an increase in infants receiving 
treatment nor a decrease in mortality.

The study was a retrospective record review of all 
infants testing positive at 15 health facilities in the 
Manzini Region from January to August 2008. The in-
vestigators reported that 78% of results were available 
at the facility, and 44% of results were documented 
as having been received by the caregiver. Only 58/176 
(33%) of children were enrolled at an ART centre and 
34 initiated on treatment. Of those with data available 

DIffIcULtIeS WItH IMpLeMentAtIon
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81% were eligible for ART, and among eligible children, 
82% initiated treatment. Overall 19% of infants test-
ing positive were initiated on treatment at the time of 
the evaluation.

This study found that the greatest points of loss are 
return of the result to caregivers and infant enrolment 
at the ART centre for treatment. 

There are limited data describing outcomes for infants 
initiating treatment at less than 1 year.

The MTCT Plus Initiative showed data from sites in eight 
African countries and Thailand comparing infants with 
older children initiated between February 2003 and 
September 2008.7 The investigators looked at change 
in CD4 percentage from baseline using linear model-
ling adjusted for duration of highly active antiretrovi-
ral therapy (HAART), country, baseline CD4 percentage, 
NVP exposure for PMTCT, and age at initiation. 

Of 542 children initiating treatment and followed up 
for a median of 30 months (intraquartile range (IQR) 12 
- 39), 190 (35%) were aged <12 months at initiation 
and the remainder >12 months (median 36 months, IQR 
19.5 - 67), 51% were male, and18% had Centers for 
Disease Control (CDC) stage C disease. The infants had 
a higher mortality rate than the older children, 7.5 v. 
3.2/100 person-years. Of 31 (54%) infant deaths, 81% 
occurred within 3 months of treatment initiation. 

Among the children for whom data were available there 
was no difference between infants and older children 
in change of CD4 percentage from baseline. Baseline 
CD4 percentage (p<0.01) and time on HAART (p<0.001) 
were significantly associated with an increase in CD4 
percentage in multivariate analysis.
 
In this analysis, although infants initiating HAART had 
a higher mortality at the start of treatment, the infants 
who survived had good immunological response over 
>3 years of follow-up, similar to that of older chil-
dren.

A South African review of infants initiated on HAART 
at the Family Clinic for HIV at Tygerberg Hospital and 
Ikwezi community clinic from June 2007 to August 
2008 showed high levels of virological suppression to 
24 weeks.8  Infants received lopinavir/ritonavir (LPV/r) 
with stavudine (d4T) and lamivudine (3TC) in accord-
ance with South African guidelines. Of 98 initiated, 47 
had 24 weeks of follow-up. Of the remainder, 6 (6%) 
were lost to follow-up, 6 (6%) died and 33 (33.7%) 
were transferred. The median age at initiation was 4.5 
months and 33 (70%) infants were <6 months old (me-

dian age 3.68 months). All had immunological or clini-
cal criteria for treatment. The majority, 42/47 (89.4%) 
of all infants and 30/33 (91%) <6 months of age, had 
WHO stage 3 or 4 disease. 

Tuberculosis (TB) is a common co-morbidity in this 
population, and 11/47 infants required co-therapy 
with rifampicin (given with additional ritonavir). At 24 
weeks 37/47 children (78.7%) in the >6 months age 
group and 26/33 (81.8%) aged <6 months had viral 
loads <50 copies/ml.  

The investigators noted that the low age of initiation of 
treatment in this cohort reflected young infants with 
severe HIV disease rather than early initiation of treat-
ment to prevent mortality and morbidity.

The developing brain is a major target for HIV. It is not 
yet known whether timing of initiation of antiretrovi-
ral therapy will affect neurodevelopmental outcomes 
in infants.

A substudy of CHER compared neurodevelopmental 
outcomes of 115 infants in this study from Tygerberg 
Children’s Hospital with 84 control infants enrolled in 
a linked vaccine study, CIPRA-SA Project4.9

In this prospective study, the investigators looked at 
the neurodevelopmental profile, according to the Grif-
fiths Mental Developmental Scales (GMDS), at 10 - 15 
months of age in four groups of infants:
n  HIV-unexposed, uninfected
n  HIV-exposed, uninfected
n  HIV-infected, HAART initiated before 12 weeks of 

age
n  HIV infected, HAART deferred until eligibility criteria 

met.

The investigators were blinded to the infants’ groups 
and a translator was used for Xhosa-speaking partici-
pants.  Of 115 infants from CHER enrolled, 13 withdrew 
from the study and/or were not co-enrolled (10 early, 3 
deferred), 8 died (all deferred) and 4 were excluded (3 
early, 1 deferred). 

The investigators found that infants initiated on early 
ART have significantly better locomotor and general 
scores on the GMDS at a median age of 11 months 
compared with infants on deferred HAART. Although 
mean quotients were lower on the other subscales in 
the deferred group, the differences were not significant. 
The mean scores on all subscales in the unexposed, un-
infected group and the early HAART group were similar. 
They noted these results were ‘despite careful monitor-
ing and ready access to ART in the latter’ (Table I).

InfAnt oUtcoMeS

IMproVeD neUroDeVeLopMentAL oUtcoMeS
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Two studies looked at treatment of HIV-infected chil-
dren with prior exposure to NVP to prevent MTCT.

Preliminary findings from IMPAACT 1060 confirmed 
concerns that NVP-exposed children could do less well 
receiving NVP containing HAART than protease inhibi-
tor (PI)-containing HAART.10,11

This was a randomised trial of treatment-eligible chil-
dren aged 6 months - 3 years conducted in seven Af-
rican countries. NVP-exposed (cohort 1, N=288) and 
unexposed (cohort 2, N=288) children received either 
LPV/r or NVP plus 3TC and AZT. Children were strati-
fied by age <12 months v. >12 months with an equal 
number to be enrolled in each age group.

A similar study of exposed and unexposed mothers 
had also been conducted (A5208). In this trial, the arm 
in which exposed mothers received NVP-containing 
HAART was stopped early by the Data Safety Monitor-
ing Board (DSMB) owing to superior performance of 
the LPV/r-containing HAART arm.12,13

Following a scheduled DSMB review of IMPAACT 1060 
on 20 April 2009, enrolment to cohort 1 also closed 
prematurely owing to a trend towards consistency 
with the A5208 results. At 24 weeks, virological fail-
ure (<400 copies/ml) was observed in 40% of the 60 
infants <12 months v. 23% >12 months receiving NVP 
and LPV/r, respectively. Among the older children, 29% 
out of 22 and 17% of 19 receiving NVP and LPV/r ex-
perienced failure.  

Several guidelines already recommend using LPV/r-
based treatment for single-dose NVP-exposed infants.
The NEVEREST study investigated whether NVP-ex-
posed children, initially suppressed on LPV/r-based 
HAART, can safely switch to a NVP-based regimen.14,15

In this study children aged 6 weeks - 2 years and eli-
gible for treatment (N=323) were initiated on LPV/r 
plus 3TC and d4T. Children achieving a viral load <400 
copies/ml and stable for >3 months were randomised 

(N=195) to either remain on LPV/r (control, N=99) or 
switch to NVP (switch, N=96), and then followed up to 
52 weeks.

When the investigators looked at viral load <50 copies/
ml to 52 weeks they found that 42.4% of children in 
the control group and 56.2% in the switch group sus-
tained viral suppression (p=0.01). However, allowing 
for one elevated result (blip) the two groups were simi-
lar, 72.8% v. 73.4% in the control and switch groups, 
respectively.

They suggested that poorer adherence in the control 
group, due to the unpleasantness in taste of LPV/r syrup, 
may have led to more blipping and, in turn, unsustained 
viral suppression to 50 copies/ml during follow-up. In 
contrast, when they looked at sustained suppression 
to <1 000 copies/ml, 98% v. 80% of children in the 
control and switch groups achieved this (p=0.001). The 
investigators suggest that this study provides proof of 
concept that re-use of NVP is possible under some cir-
cumstances for HIV-infected children exposed to NVP 
prophylaxis and should be further investigated. They 
note that the clinical significance of low-level viraemia 
in the control group needs further study. 

This group also showed data from an evaluation of lipid 
profiles in children in the control and switch groups.16 
They found no difference between the two groups at 
randomisation. But at 9 months after the change in 
regimen non-fasting total cholesterol (TC) and high-
density lipoprotein (HDL) were significantly higher 
among the switch group (mean TC 4.13, HDL 1.36 
mmol/l) compared with the control group (mean TC 
3.73, HDL 1.07 mmol/l). Significantly lower triglyceride 
(TG) levels were found in the switch group (mean TG 
1.36 mmol/l) compared with the control group (mean 
TG 1.53 mmol/l). They noted that the clinical signifi-
cance of these non-fasting lipid changes requires fur-
ther investigation.

Switching may provide a promising option for children 
originally initiated on PI-based HAART to preserve sec-
ond-line options. At this stage, switching requires close 
virological monitoring after the switch in order to be 
done safely.

11

	 	 	 HIV-exposed	 	 p-value	 	 		
	 Deferred	ART	 Early	ART	 uninfected		 HIV-unexposed	 early	v.	deferred
No. assessed 26 66 28 34 
Median age in  
months (range) 11.0 (10.1 - 14.4) 11.0 (10.0 - 15.5) 11.4 (10.1 - 15.5) 11.5 (9.9 - 13.6)
Mean locomotor quotient  
± 1 SD 88.9±16.3 97.6±12.5 105.3±14.3 101.6±3.7 0.01
Mean general quotient  
± 1 SD 100.1±13.8 106.3±10.6 106.0±10.1 106.9±11.7 0.02

tAbLe I. MeAn qUotIentS of InfAntS for DeferreD V. eArLY HAArt AnD HIV-expoSeD UnInfecteD 
AnD UnexpoSeD InfAntS

treAtInG cHILDren expoSeD to SInGLe-DoSe 
neVIrApIne for pMtct
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Another NEVEREST trial of efavirenz (EFV) v. LPV/r is 
planned in NVP-exposed children >3 years old.

These studies all underscore the limited treatment op-
tions available for children, particularly in resource-
limited settings.

Paediatric fixed-dose combination (FDC) tablets pro-
vide simpler alternatives to liquids for children. 

Cipla have produced scored, dispersible tablets of d4T/
3TC/NVP (baby and junior Triomune) with the correct 
dose ratios for children.

A sub-study of the CHAPAS trial (Children with HIV 
in Africa Pharmacokinetics and Adherence of Simple 
Antiretroviral Regimens), in Zambia, evaluated the 
need for dose escalation of NVP.17 This strategy is cur-
rently recommended but requires dosing with separate 
tablets, making initial treatment more complex. 

Children were randomised to start antiretroviral ther-
apy with full-dose nevirapine (Triomune a.m./p.m.) v. 
dose escalation, using an initial 14 days of half-dose 
NVP (Triomune a.m.; Lamivir-S (combined d4T/3TC) 
p.m.) followed by full dose. Children were dosed in ac-
cordance with WHO weight band tables. The primary 
endpoint was clinical/laboratory grade 3/4 adverse 
events (AEs) related to NVP.

In this comparison, 211 children aged 2 - 9 years with 
a median CD4 percentage of 13% were followed for a 
median of 92 weeks. Severe stunting, wasting and im-
munosuppression were common in the children. Sev-
enteen children were lost to follow-up. 

The investigators reported 31 (18 per 100 person-years) 
v. 29 (16.5 per 100 person-years) grade 3/4 AEs defi-
nitely/probably or uncertainly NVP-related in children 
receiving full-dose v. dose-escalation (incidence rate 
ratio (IRR) 1.09 (95% CI 0.63 - 1.87), p=0.74).

Twelve (11%) full-dose v. 2 (2%) dose escalation chil-
dren had grade 2 disseminated skin rash and 1 receiv-
ing full dose had grade 1 rash. Two children (one from 
each arm) substituted with EFV; 3 continued full-dose 
NVP; 9 (8 full dose and 1 dose escalation) stopped NVP 
and restarted with successful dose escalation; and 1 
full dose stopped, started a lower NVP dose, had an-
other rash and substituted EFV. 

Overall 90% of children who started with full-dose 
NVP continued uninterrupted in this study. As dose 
escalation requires provision of separate drug formu-
lations, the evaluation of policy implications for dose 

escalation of NVP in fixed-dose combination HAART is 
ongoing.

The CHAPAS trial also investigated the pharmacokinet-
ics of NVP in children treated with Triomune Baby/Jun-
ior and rifampicin-based TB treatment.18 

EFV-based regimens are currently recommended for 
concomitant use with rifampicin, but EFV is not cur-
rently indicated for children below 3 years of age. Ear-
lier CHAPAS data suggest that the higher dose ratio of 
NVP to NRTI in Triomune Baby/Junior may compensate 
for the dose reduction induced by rifampicin.

Pharmacokinetic sampling was performed in 22 chil-
dren after 4 weeks of concurrent NVP and rifampicin-
containing regimens. Rifampicin was dosed at 10 - 20 
mg/kg per day. Samples were pre-dose (C0) and 1, 2 
and 6 hours post-dose, and NVP plasma concentrations 
were determined using LC-MS/MS. NVP pharmacoki-
netics in children without TB treatment (N=16) were 
compared in multivariate linear regression analysis. 
The median age of the 21 children analysed was 1.55 
(range 0.66 - 3.18) years, and 10 were girls. 

The investigators found that only 11 (52%) of the chil-
dren receiving TB treatment reached sufficient NVP 
trough levels (C0 <3.0 mg/l). Multivariate analysis re-
vealed a 41% (95% CI 24 - 55%) reduction in NVP 
AUC with concomitant rifampicin. They noted a 3.4% 
increase in AUC for each 10 mg/m2 increase in NVP 
dose/m2.

They recommend caution with this approach in young 
children until more efficacy and safety data are avail-
able. They suggest that an increased NVP dose is likely 
to be necessary and requires further evaluation.

Simplification of HAART regimens provides benefit for 
children, caregivers and health workers. To date there 
are no data on once-daily use of 3TC and abacavir 
(ABC) in resource-limited settings.

A substudy from the ARROW trial (a randomised trial of 
monitoring and first-line induction-maintenance strat-
egies) compared the PK of once- v. twice-daily 3TC and 
abacavir (ABC) (Kivexa).19 This was a cross-over study 
performed in 41 Ugandan children aged 3 - 12 years 
receiving HAART, dosed according to weight bands. The 
ARROW trial uses scored tablets of ABC/3TC to ensure 
better accuracy of division and more flexible dosing. 
Total daily doses were 150+300 mg, 225+450 mg and 
300+600 mg for children weighing 12 - 20 kg, 20 - 25 
kg and >25 kg, respectively. 

USInG A neVIrApIne-contAInInG fIxeD-DoSe 
coMbInAtIon In tHe cHApAS trIAL

once-A-DAY LAMIVUDIne AnD AbAcAVIr, AnD 
AbAcAVIr HYperSenSItIVItY In tHe ArroW trIAL
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PK sampling was performed for twice-daily dosing at 
steady state (36 weeks) pre-dose, and 1, 2, 4, 6, 8 and 
12 hours post dose. Children were then switched to the 
once-daily dose and further sampling was performed 
at 4 weeks with an additional sampling at 24 hours. 
Daily area under the curve (AUC0-24) and peak level 
(Cmax) were compared by geometric mean ratios (GMR). 
GMR with 90% CI within 0.80 - 1.25 was considered to 
be bioequivalent. PK parameters were available for 35 
and 36 children for 3TC and ABC, respectively. Approxi-
mately half were in the younger age group.

The investigators reported that in children 3 - 12 years, 
AUC0-24 of both 3TC and ABC were bioequivalent with 
once and twice-daily regimens but Cmax was 76% and 
64% higher for 3TC and ABC respectively. No grade 3/4 
adverse events were reported and no child discontin-
ued after the switch to once-daily dosing.

In this analysis, in contrast to data from European 
children in PENTA 13, 3TC AUC levels in 3 - 6- and 
7 - 12-year-old children were similar for both once- 
and twice-daily dosing and similar to levels in older 
children. The investigators noted that many younger 
children in PENTA 13, whose 3TC levels were lower, 
received syrups, but ARROW children received tablets. 
They concluded that these results suggest that once-
daily dosing of 3TC and ABC is feasible in resource-
limited settings.

The ARROW investigators also showed data describing 
successful management of hypersensitivity reactions 
among children in this trial in Uganda and Zimbabwe.20

The WHO recommends ABC for paediatric first-line 
treatment. Hypersensitivity reactions (HSR) occur in 
2 - 5% of people receiving ABC in clinical trials and 
are strongly associated with the presence of the HLA-
B*5701 allele. Prospective screening for HLA-B*5701 is 
sometimes recommended, but this pharmacogenetic 
test is rarely available in resource-limited settings. 

Clinical diagnosis and management may be compli-
cated in this setting due to widespread use of NVP and 
co-trimoxazole and febrile infections. 
Health workers and caregivers were trained in recogni-
tion and management of ABC-HSR and all suspected 
HSR underwent independent clinical review. ABC was 
only discontinued in 7 cases.

The investigators reported that suspected ABC-HSR 
was rare (3/1 207, 0.2% (95% CI, 0.05 - 0.7%)) in this 
trial, consistent with reports of a lower prevalence of 
HLA-B*5701 in black populations. Clinical symptoms 
(fever, rash) occurred 9 - 13 days after initiation of 
HAART; 2/3 cases had additional gastro-intestinal and 
respiratory symptoms and required hospitalisation. 

ABC-HSR was successfully managed despite co-ad-
ministration of co-trimoxazole and NVP, and the in-
vestigators recommend that ABC can be used safely in 
resource-limited settings. 

All references from 5th IAS Conference on HIV Pathogen-
esis, Treatment and Prevention, 19 - 22 July 2009, Cape 
Town, unless otherwise stated.
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1. True (A) or false (B) – click on the correct answer:
 The new SA HIV Clinicians Society Guidelines state that 

all infants under 2 years of age should start antiretroviral 
therapy (ART) irrespective of their CD4 count or clinical stage. 

2. True (A) or false (B) – click on the correct answer:
 The Guidelines state that all infants under 1 year of age 

should start ART irrespective of their CD4 count or clinical 
stage. 

3. True (A) or false (B) – click on the correct answer:
 The Guidelines state that tenofovir + FTC or 3TC is the ideal 

NRTI backbone for children. 

4. True (A) or false (B) – click on the correct answer:
 The Guidelines state that abacavir + 3TC is the ideal NRTI 

backbone for children. 

5. True (A) or false (B) – click on the correct answer:
 With regard to lipodystrophy, efavirenz has been implicated in 

lipomastia (fat deposited in the breasts). 

6. True (A) or false (B) – click on the correct answer:
 Breast enlargement typically resolves without changing the 

regimen. 

7. True (A) or false (B) – click on the correct answer:
 Lipo-atrophy of the face typically resolves without changing 

the regimen. 

8. True (A) or false (B) – click on the correct answer:
 It is only necessary to substitute another agent for the 

offending agent when the lipo-atrophy is severe. 

9. True (A) or false (B) – click on the correct answer:
 The commonest agent implicated in lipo-atrophy is stavudine 

(d4T). 

10. True (A) or false (B) – click on the correct answer:
 With regard to changing ART in children, the regimen should 

be changed when the viral load returns to baseline. 

11. True (A) or false (B) – click on the correct answer:
 An isolated viral load of 600 is called a blip and is a sign that 

the regimen must be changed. 

12. True (A) or false (B) – click on the correct answer:
 Do not change therapy until adherence issues have been 

resolved. 

13. True (A) or false (B) – click on the correct answer:
  3TC monotherapy should only be used as a temporary 

measure in a patient with a good CD4 level who has failed 
3TC previously. 

14. True (A) or false (B) – click on the correct answer:
 The M185E mutation is the classic 3TC resistance mutation. 

15. True (A) or false (B) – click on the correct answer:
 With regard to the abacavir hypersensitivity reaction (HSR), 

HLA-B*5701 is common in black Africans. 

16. True (A) or false (B) – click on the correct answer:
 Trimethoprim-sulfamethoxazole, nevirapine and efavirenz 

may cause a very similar HSR. 

17. True (A) or false (B) – click on the correct answer:
 Only 50% of patients experience the HSR within 6 weeks 

after starting abacavir. 

18. True (A) or false (B) – click on the correct answer:
 Fever is the most common manifestation of ABC HSR, 

occurring in 80% of cases. 

19. True (A) or false (B) – click on the correct answer:
 Isolated gastro-intestinal symptoms such as nausea, 

vomiting, diarrhoea and abdominal pain may be a feature of 
ABC HSR, and ABC should be discontinued promptly if they 
occur. 

20. With regard to immune reconstitution inflammatory 
syndrome (IRIS) in children, state which one of the following 
is TRUE:

 a)  The most common cause of IRIS in infants in South Africa 
is tuberculosis.

 b)  One of the differentials for paradoxical TB IRIS is resistant 
TB. 

 c) BCG is never resistant to pyrazinamide (PZA).
 d)  Kaposi’s sarcoma does not present as an IRIS in children 

because it is a malignancy and not an infection. 
 e) Steroids should be used in all cases of IRIS. 




