
Overall viral suppression, CD4% increase and weight gain were similar in both cohorts at 6 
and 12 months after ART initiation, but growth responses were blunted in Ugandan 
children, despite their greater potential for catch-up growth than in UK/Irish children

Immunological responses at very low CD4% were also poorer in Ugandan than UK/Irish 
children

—

 

may related to poorer nutritional status and/or other environmental factors such as a 
lower background burden of infectious disease

Poorer virologic responses among UK/Irish adolescents may reflect poorer adherence

Initial growth, CD4, and viral load responses to HAART in Ugandan 
compared to UK/Irish

 

HIV-infected children

 

Addy

 

Kekitiinwa,1

 

Katherine J. Lee,2

 

A. Sarah Walker,2

 

Albert Maganda,1

 

Katja

 

Doerholt,2

 

Sabrina B Kitaka,3

 

Hermione Lyall,4

 

Karina Butler,5

 

Alice Asiimwe,1 Philippa

 

Musoke,3

 

Ali Judd,2

 

Mark Kline,1

 

Diana M. Gibb2 on behalf of the Collaborative HIV Paediatric Study (CHIPS) Steering Committee and the Mulago Cohort Team

 

1 Baylor College of Medicine Children’s Foundation, Mulago Hospital PIDC, Kampala, Uganda; 2 MRC Clinical Trials Unit, London, UK; 3 Department of Paediatrics, Makerere Medical School, Uganda; 4 St Mary’s Hospital, London, UK; 5 Our Lady’s Children’s Hospital, Dublin, Ireland 

Initial growth, CD4, and viral load responses to HAART in Ugandan 
compared to UK/Irish

 

HIV-infected children
Addy

 

Kekitiinwa,1

 

Katherine J. Lee,2

 

A. Sarah Walker,2

 

Albert Maganda,1

 

Katja

 

Doerholt,2

 

Sabrina B Kitaka,3

 

Hermione Lyall,4

 

Karina Butler,5

 

Alice Asiimwe,1 Philippa

 

Musoke,3

 

Ali Judd,2

 

Mark Kline,1

 

Diana M. Gibb2 on behalf of the Collaborative HIV Paediatric Study (CHIPS) Steering Committee and the Mulago Cohort Team
1 Baylor College of Medicine Children’s Foundation, Mulago Hospital PIDC, Kampala, Uganda; 2 MRC Clinical Trials Unit, London, UK; 3 Department of Paediatrics, Makerere Medical School, Uganda; 4 St Mary’s Hospital, London, UK; 5 Our Lady’s Children’s Hospital, Dublin, Ireland 

MULAGO: Financial support:

 

The Paediatric Infectious Disease clinic is supported by a grant

 

from the President's Emergency Plan for AIDS Relief (Centers for Disease Control, Cooperative Agreement number 1U2GPS000942-01). Collaborators

 

listed below contribute to funding. Committees and participants:

 

PIDC Mulago Hospital, Kampala, Uganda; The Infectious Disease Institute, Kampala, Uganda; Makerere

 

University Department of Paediatrics and Child Health, Kampala, Uganda; Baylor International Paediatric AIDS initiative, Huston Texas 
USA; We

 

thank Sue Kelly the Project Manager, MUJHU, and CDC-Uganda, as well as the staff of PIDC and BIPAI family, and the Cohort Study patients and their carers. We also gratefully acknowledge the ongoing contribution of Professor Mark Kline. DISCLAIMER: The contents of this publication are solely the responsibility of the authors and do not necessarily represent the official views of the funding agencies.
CHIPS: Financial support:

 

NSHPC is funded by the Health Protection Agency, and has also received

 

support from the UK Department of Health and the Medical Research Council. CHIPS

 

is funded by the Department of Health and in the past received additional support from Bristol-Myers Squibb, Boehringer

 

Ingelheim, GlaxoSmithKline, Roche, Abbott, and Gilead. Committees and participants (in alphabetical order): CHIPS Steering Committee:

 

KL Boyd, K Butler, K Doerholt, S Donaghy, DT Dunn, DM Gibb, A Judd, EGH Lyall, J Masters, E Menson,

 

V 
Novelli, C Peckham, A Riordan, M Sharland, D Shingadia, PA Tookey, G Tudor-Williams,

 

S Chan; MRC Clinical Trials Unit:

 

KL Boyd, S Chan, DT Dunn,

 

L Farrelly, DM Gibb, D Johnson,

 

A Judd, AS Walker; National Study of HIV in Pregnancy &

 

Childhood, Institute of Child Health:

 

J Masters, C Peckham,

 

PA Tookey. We thank the staff, families &

 

children from the following hospitals who participate in CHIPS

 

(in alphabetical order): Republic of Ireland: Our Lady's Children’s Hospital Crumlin, Dublin: K Butler, A Walsh. UK:

 

Birmingham Heartlands 
Hospital, Birmingham: Y Heath, J Sills; Blackpool

 

Victoria Hospital, Blackpool: N Laycock; Bristol Royal Hospital for Children, Bristol: A Finn, A Foot, L Hutchison; Central Middlesex Hospital, London: M Le Provost, A Williams; Chase Farm Hospital, Middlesex; Chelsea and Westminster Hospital, London: D Hamadache, EGH Lyall, P Seery; Ealing Hospital, Middlesex: V Shah, K Sloper; Glasgow

 

Royal Hospital for Sick Children, Glasgow: C Doherty, R Hague;

 

Great Ormond St Hospital for Children, London: M Clapson, S Fasolo, J Flynn, DM Gibb, 
N Klein, K Moshal, V Novelli, D Shingadia; Hillingdon Hospital, London; Homerton

 

University Hospital, London: D Gurtin; John Radcliffe Hospital, Oxford: A Pollard, S Segal; King's College Hospital, London: C Ball, S Hawkins, D Nayagam; Leeds General Infirmary, Leeds: P Chetcuti; Leicester Royal Infirmary, Leicester: M Green, J Houghton; Luton and Dunstable Hospital, Luton: M Connan, M Eisenhut;

 

Mayday University Hospital, Croydon: J Baverstock, J Handforth;

 

Milton Keynes General Hospital, Milton Keynes: PK Roy; Newcastle General 
Hospital, Newcastle: J Clarke, K Doerholt, C Waruiru; Newham General Hospital, London: C Donoghue, E Cooper, S Liebeschuetz, S Wong; Ninewells

 

Hospital and Medical School, Dundee: T Lornie; North Manchester General Hospital, Manchester: C Murphy, T Tan;

 

North Middlesex Hospital, London: J Daniels, EGH Lyall, B Sampson-Davis;

 

Northampton General Hospital, Northampton: F Thompson;

 

Northwick Park Hospital, Middlesex; M Le Provost, A Williams; Nottingham City Hospital, Nottingham: D Curnock, A Smyth, M Yanney; Queen 
Elizabeth Hospital, Woolwich: W Faulknall, S Mitchell; Royal Belfast Hospital for Sick Children, Belfast: S Christie; Royal Edinburgh Hospital for Sick Children, Edinburgh: J Mok;

 

Royal

 

Free Hospital, London: S McKenna, V Van Someren; Royal Liverpool Children’s Hospital, Liverpool: C Benson, A Riordan; Royal London Hospital, London: B Ramaboea,

 

A Riddell; Royal Preston Hospital, Preston: AN Campbell;

 

Sheffield Children's Hospital, Sheffield: J Hobbs, F Shackley; St George's Hospital, London: R Chakraborty,

 

S Donaghy,

 

R Fluke,

 

M 
Sharland, S Storey, C Wells; St Mary's Hospital, London: D Hamadache, C Hanley, EGH Lyall, G Tudor-Williams, C Walsh, S Walters; St Thomas' Hospital, London: R Cross, G Du Mont, E Menson; University Hospital Lewisham, London: D Scott, J Stroobant; University Hospital of North Staffordshire, Stoke On Trent: P McMaster; University Hospital of Wales, Cardiff: B O' Hare; Wexham

 

Park, Slough: R Jones; Whipps

 

Cross Hospital, London: K Gardiner; Whittington Hospital, London.

Initiatives to rollout paediatric anti-HIV drugs in resource-limited settings have led 
to large numbers of children starting ART in African countries in the last 2 years

No paediatric studies have compared predictors of treatment response in 
children living in well-resourced and resource-limited settings

—

 

compared to adults, an important additional measure of ART effectiveness in 
children is growth and weight gain after ART initiation

The effectiveness of ART in African children may differ from children in well-
resourced countries for various reasons:

—

 

current and past exposure to infections, high background pathogen load

—

 

additional non-HIV contributors to stunting and wasting, such as differences in

 

nutritional status, food scarcity and malnutrition

We therefore aimed to compare children initiating HAART naïve in resource-rich 
(UK/Ireland) and resource-limited (Uganda) settings in terms of:

—

 

short-term (6 and 12 month) immunological, virological and growth responses to ART

—

 

predictors of response to ART
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Background:

 

Large numbers of HIV-infected children are now starting antiretroviral therapy 
(ART) in African countries. Responses to ART in Africa may differ from those among children 
in well-resourced settings due to increased prevalence of non-HIV related factors including 
pre-ART nutritional status, current and past exposure to infections and food availability.

Methods:

 

We compared 6 and 12 month responses to ART in HIV-infected children from 54 
hospitals in the UK and Ireland (Collaborative HIV Paediatric Study, CHIPS) and from the 
Mulago Hospital, Uganda. Predictors of viral load (VL) suppression <400 copies/ml, CD4% 
increases >10% and height-, weight-for-age z-score increases ≥+0.5, six months post-ART 
(starting ≥3 drugs, ≥2 classes) were investigated using logistic regression.

Results:

 

582

 

children in CHIPS started combination ART naive and

 

had 1 or more outcomes at 
6 months since 1997, and 876 in Mulago since 2003. At

 

baseline, CHIPS children (76% black 
African) were younger than Mulago children (median age 5.0 vs 7.6 years), with higher pre-

 

ART CD4% (14% vs 8%), lower VL (172,491 vs 346,810 copies/ml), less stunting (–0.8 vs –2.8) 
and wasting (–0.6 vs –2.8). Following ART initiation, there were similar changes in CD4% 
(median +12%, +14%) and weight (+0.5, +0.4) at 12-month in CHIPS and Mulago, but less 
change in height in Mulago (+0.06 vs +0.20, heterogeneity p<0.001). Controlling for other 
factors, younger

 

children had better immunological, weight and growth responses in both 
cohorts (all

 

p<0.001) but marginally poorer VL responses (p=0.08) and girls had a better 
immunological

 

response than boys in both cohorts (OR=1.55, p=0.001). In contrast, lower 
pre-ART CD4 predicted better

 

immunological response in CHIPS but poorer

 

response in 
Mulago (heterogeneity p=0.005). Although 70% children in both cohorts had VL <400c/ml at 
6 months, adolescents starting ART in UK/Ireland had poorer VL responses than those in 
Uganda.

Conclusions:

 

Immunological and virological responses to ART were similar in 
children in resource-limited and well-resourced settings. Poorer CD4 recovery in 
more immunosuppressed

 

children and more blunted growth responses in Uganda 
probably

 

reflect higher malnutrition and co-infection rates in Africa, supporting

 

the need for earlier HIV diagnosis, ART and nutritional support in resource-limited 
settings. Poorer virologic

 

responses among UK/Irish adolescents may reflect 
poorer adherence levels and needs further investigation.

Characteristics at ART initiationCharacteristics at ART initiation
582 children in CHIPS initiating ART naïve in 1997-2006 were younger with less advanced HIV 
disease and growth impairment than 876 children from the Mulago cohort initiating ART naïve 
in 2003-7 (Table 1). 45% of children in CHIPS were born abroad and 76% were black African. 

UK and Ireland
N=582

Uganda
N=876

p-value

Sex: Number (%) girls 269

 

(46%) 440

 

(50%) 0.12

Age

 

(median years, IQR) 5.0

 

(1.6-8.9) 7.6

 

(4.4-11.6) <0.001

Viral load; baseline available

 

(median, IQR)

 

<500

 

500-<100,000

 

100,000-<750,000

 

750,000+

504

 

(87%)

 

172,491(43,878-579,674)

 

6 (  1%)
193 (38%) 
209 (42%) 
96 (19%)

236

 

(27%)

 

346,810(142,212-689,391)

 

0 (  0%)
43 (18%) 

142 (60%) 
51 (22%)

<0.001

CD4%; baseline available

 

(median, IQR) 
<5

 

5-14

 

15-29

 

30+

553

 

(95%)

 

14% (8-21%)

 

78 (14%) 
209 (38%) 
210 (38%) 
56 (10%)

876

 

(100%)

 

8%

 

(3-12%)

 

297 (34%) 
475 (54%) 
104 (12%) 

0 (0%)

<0.001

Height-for-age z-score; baseline 
available

 

(median, IQR) 
N (%) < 2.5th

 

centile

 

(z-score<-2)

383

 

(66%)

 

-0.82

 

(-1.60, +0.01)

 

63 (16%)

830

 

(95%)

 

-2.85

 

(-3.92, -1.74)

 

582 (70%)
<0.001

Weight-for-age z-score; baseline 
available

 

(median, IQR)

 

N (%) < 2.5th

 

centile

 

(z-score<-2)

436

 

(75%)

 

-0.60

 

(-1.42, 0.18)

 

65 (15%)

853

 

(97%)

 

-2.80

 

(-4.20, -1.63)

 

571 (67%)
<0.001

CDC/WHO Stage; baseline available

 

A / WHO 1-2

 

B / WHO 3

 

C / WHO 4

582

 

(100%)

 

253 (43%) 
170 (29%) 
159 (27%)

833

 

(95%)

 

316 (38%) 
433 (52%) 
84 (10%)

<0.001

First-line HAART regimen

 

EFV containing (+NRTIs)

 

NVP containing (+NRTIs)

 

KAL containing (+NRTIs)

 

NFV containing (+NRTIs)

 

Other PI containing (+NRTIs)

 

Triple NRTI

158

 

(27%)

 

212

 

(36%)

 

45

 

(8%)

 

113

 

(19%)

 

9 (

 

2%)
45

 

(8%)

481

 

(55%)

 

379

 

(43%)

 

16

 

(2%)

 

0 (

 

0%)
0 (

 

0%)
0 (0%)

<0.001

Table 1: Characteristics of children at ART initiation

Note:

 

Restricted

 

to children with at least one response variable at 6 months. p-values from chi-squared or ranksum. 
%

 

not missing is percentage of total, % in italics represent percentage of those not missing for each factor.

CHIPS

 

is a multicentre cohort of HIV-infected children under care in 54 hospitals in the UK and Ireland since 1996. The Mulago cohort

 

includes all children initiating combination ART at the Pediatric Infectious Disease Clinic, 
Mulago Hospital, Uganda since December 2002. Analyses are based on data reported to CHIPS to 31 October 2006 and to Mulago to 28

 

February 2007.

Eligible children were those who initiated combination ART more than 6 months before the cut-off date,

 

defined as regimens containing ≥3 drugs from ≥2 or triple NRTI regimens including tenofovir

 

or abacavir, without previous 
exposure to ART, apart from drugs to reduce mother-to-child transmission.

 

We described changes 6 and 12 months after ART initiation in CD4%, height-for-age (z-score) and weight-for-age (z-score), taken to be the nearest 
measurement within +/-

 

3 months and HIV-1 RNA (to six months only, as few children in Mulago had 12 month viral load data). 

We then investigated sex and age, CD4%, HIV-1 RNA, weight/height, and calendar year at ART initiation as predictors of 6 month virological, immunological, growth and weight

 

response using logistic regression, and compared 
predictors between the two cohorts using interaction tests. 

•

 

For analysis of each response variable, children with no baseline for this variable were excluded and the small number of remaining missing pre-ART values in other baseline variables were imputed using chained 
estimation with 10 imputations from multivariable models

•

 

To explore a potential ‘learning effect’

 

of ART prescribing and management, calendar time was classified

 

into early (1997/9), medium (2000/2) and late (2003/6) periods in CHIPS and early (2003/4) and medium 
(2005/7) periods in Mulago, with reference category the earliest

 

introduction of ART
•

 

Final results presented are from a single multivariable model adjusted for country, including all factors significant in the country specific models and additional factors significant at the p=0.1 level in the joint model

•

 

Odds ratios (OR) are presented separately for CHIPS

 

and Mulago

 

where significant heterogeneity exists (interaction p<0.10), and non-linearity in factor effects explored graphically using natural cubic splines

 

with 3 knots 
at 10th, 50th and 90th centiles.

SummarySummary

Using multivariable logistic regression models to predict 6 month responses and adjusting for 
baseline differences between the cohorts (Table 1), we found that 

CHIPS and Mulago children had a similar chance of achieving a virological, immunological 
and height response at 6 months (adjusted (a)OR=1.35, 1.15 and 1.50 for Mulago versus 
CHIPS, p=0.19, 0.43 and 0.44, Fig 2) but children in Mulago had poorer weight responses
(aOR=0.27 versus CHIPS, p<0.001)

Younger children in both cohorts were marginally less likely to achieve VL suppression at 6 
months (adjusted (a)OR=1.04 per year older, p=0.08). In contrast, younger children in both 
cohorts had an increased chance of achieving ≥10% increase in CD4% (aOR=0.85 per year 
older, p<0.001). Younger children put on more weight following ART in both cohorts 
(aOR=0.90, het p=0.74), and also grew more, although this was more marked in UK/Irish 
children (aOR=0.61 and 0.84 per year older in CHIPS and Mulago respectively, het p<0.001). 

Exploring the effect of age at ART initiation further showed that 
—

 

the adjusted odds of immunological and height response decreased

 

linearly (year by year) with 
increasing age (non-linearity

 

p=0.51 and 0.91)

—

 

in contrast, there was a non-linear association between age and VL <400 copies/ml at 6 months

 

(non-

 

linearity p=0.001) and a trend towards differences in this association between cohorts (het

 

p=0.13), 
with the odds of VL suppression increasing until 7-8 years, and then decreasing rapidly in 
adolescence in CHIPS, whilst remaining approximately constant in

 

adolescents in Mulago

 

(Fig 4(a)). 

—

 

there were smaller gains in weight with increasing age at ART initiation throughout childhood and 
adolescence in Mulago, whereas there was little variation after 7 years in CHIPS (non-linearity p=0.007, 
het

 

p=0.03, Fig 4(b)).

The other major difference was that low pre-ART CD4% predicted better weight response in 
Mulago independently of baseline weight-for-age (aOR 0.78 [0.67-0.91]) but was not 
associated with weight response in CHIPS (aOR=0.96 [0.85-1.09], het p=0.03)

—

 

this suggests that in Africa, ART contributes to greater improvements in wasting at low compared to 
high CD4%, possibly because non-HIV causes of malnutrition have more impact in those with higher

 

CD4%; in UK/Ireland, ART contributes to weight gain irrespective

 

of CD4%

—

 

the effects of baseline growth/weight on growth/weight response were greater in CHIPS than Mulago, 
also supporting a greater HIV-attributable role for these impairments in the UK/Ireland than Uganda

The most marked difference was that 
children with lower baseline CD4% had 
poorer immune response at 6 months in 
Mulago (aOR=1.26 [1.05-1.51] per 5% 
higher) whereas in CHIPS, these children 
had better CD4% response (aOR=0.69 
[0.62-0.76], het p<0.0001, Fig 2)

—

 

in fact the relationship between CD4% at 
ART initiation and CD4 response was not 
linear (Fig 3); those with CD4% >15% had 
poorer immune responses in both cohorts, 
but children in Mulago with low pre-ART 
CD4% had poorer immune responses in 
contrast to CHIPS (heterogeneity p=0.005)

Figure 3: Effect of CD4% at ART initiation on

 

the odds of CD4% increase ≥10% at 6 months
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Figure 1: 6 and 12 month responses (unadjusted)

After ART initiation, overall both cohorts had comparable reductions in viral load at 6 months 
(Fig 1) and increases at 6 and 12 months in CD4% and median weight z-scores. But

—there was wider variation in weight increase in Mulago (IQR -0.3 to +0.9)

 

than CHIPS (-0.1 to +0.7) 

—median change in height-for-age was greater at 6 and 12 months in CHIPS

 

than Mulago

16% in CHIPS versus 70% in Mulago had height <2.5th centile at ART initiation: whereas this 
proportion reduced to 11% at 12 months in CHIPS, it remained at 70% in Mulago. 

—If these z-scores were maintained throughout childhood, the average 17 year

 

old boy 
(girl) would be 1.72 (1.60) metres tall in CHIPS, compared to the general UK population 
average of 1.76 (1.64) metres, and only 1.53 (1.47) metres in Mulago, a deficit of 
around 20 cm compared to HIV-infected counterparts in the UK and Ireland. 
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Our findings highlight the importance of monitoring growth as well as weight gain over 
longer periods on ART in resource-limited settings

Investigations to evaluate the effects of nutritional support on growth in children 
initiating ART in resource-limited settings are urgently needed

Finally, this study has relevance for questions currently being raised about the timing 
of initiation of ART in resource-limited settings in both adults and children. Earlier 
HIV diagnosis and nutritional support are clearly required for children in Africa, and 
initiating ART earlier in the course of the disease may well be beneficial

Poster 584

<0.001

<0.001

0.53
0.001

<0.001
<0.001

<0.001

0.02

.2 .33 .5 .67 1 1.33 2 3

Relative risk

6 month weight-for-age

 

increase ≥0.5
0.44

<0.001
<.001

<0.001
<0.001

0.43
0.04
0.36

.2 .33 .5 .67 1 1.33 2 3 5

Relative risk

6 month height-for-age

 

increase ≥0.5

.5 .67 1 1.33 2 3

Relative risk

6 month CD4%

 

increase ≥10%

Calendar period: 3 vs 1 (CHIPS)
[combined, CHIPS, Mulago]

Calendar period: 2 vs 1

[combined, CHIPS, Mulago]
Pre-ART weight-for-age: per 1 unit higher

[combined, CHIPS, Mulago]
Pre-ART height-for-age: per 1 unit higher

[combined, CHIPS, Mulago]
Pre-ART CD4%: per 5% higher

Pre-ART VL: per 1 log10

 

higher
Sex: girls vs boys

[combined, CHIPS, Mulago]
Age: per 2 years older

Country

 

(Mulago vs CHIPS)

.5 .67 1 1.33 2 3 5

Relative risk

6 month viral load

 

<400c/ml
0.16

0.05

0.1

0.1

0.001

<0.001

0.43

<0.001

0.001

<0.001
0.01

0.02

0.02

Notes: Estimates from multivariable logistic regression models. p values are the overall effect of this factor on response. Separate effects are given when the heterogeneity in factor effects between 
CHIPS and Mulago is significant at the 10% level (CHIPS effect in purple, Mulago effect in green). Where no significant heterogeneity exists, the combined effect estimate is given in black.

Figure 4: Effect of age at ART initiation on 6 month responses 

Note:

 

Adjusted odds ratios (as per Fig 2) presented relative to a child in CHIPS aged 6 years
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