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The care of HIV positive patients has undergone significant changes in the past 10 to 15 years. It is very likely to
continue to improve over the next 10 years with better understanding of the immunology of the HIV virus, more
efficient treatment and reduced pill burden due to new combination therapies.

| came across my first HIV positive children in 1996 during my work as a junior doctor in the Infectious Unit in
Great Ormond Street Hospital in London. Highly active antiretroviral treatment (HAART) had been introduced
and increasingly more children were treated with this regime. The benefit of HAART was still unknown then and
care was primarily provided during inpatient stays. My memory of that time was seeing sick children,
malnourished with AIDS defining illnesses, who seemed to be hospitalised for several weeks. It is now well
recognised that the introduction of HAART together with a multidisciplinary approach had a major impact on
improving survival of HIV infected children. At present their care is mainly delivered on an outpatient basis, as
with other chronic diseases, and the hospital admission rate has decreased 3.5 fold from 1996 to 2001.

The next milestone was the introduction of universal antenatal HIV Testing in the late 1990s, which was first
introduced in high prevalence areas, such as London and Edinburgh (about 15 HIV infected women per 10,000
pregnancies). Initially this test was voluntary (“opt in”) and uptake was as low as 50% or less. In 2001 an “opt
out” approach was introduced to improve uptake. During their antenatal care women were automatically tested
for HIV following appropriate counselling. This has led to the national target of 90% uptake being reached in
most areas within the UK. This improved approach of preventing mother to child transmission (MTCT) has led to
a significant reduction of the spread of HIV in the UK. HIV positive families now have the choice to have children
in the knowledge that the risk of HIV transmission to their newborn baby can be significantly reduced from 25%
to as low as less than 2%. Preventing MTCT of HIV has become the success story in HIV care. It represents a
very efficient and cost effective method of preventing the transmission of a life shortening infection, which would
require life-long, expensive treatment.

Since my appointment as a Consultant Paediatrician in Manchester (in post since February 2003) | have been
the Lead in Paediatric HIV for Greater Manchester and since 2005 | have been Clinical Lead of the Perinatal and
Paediatric HIV Network in the North West. Manchester has the second biggest Paediatric HIV centre in the UK
outside of London. We have introduced a weekly family centred clinic which consists of: one Paediatric and two
adult Infectious Disease Consultants; two middle grade doctors from each specialty; two specialist nurses; one
visiting paediatric specialist nurse; and a social worker from Barnardo’s. A detailed business plan has been
submitted to expand the service further to provide a holistic care for the increasing numbers of HIV infected
families in the next 5 to 10 years.

The future challenges for both clinicians and politicians alike with an interest in HIV is to tackle the global burden
of HIV in developing countries, particularly in sub-Saharan Africa, the unchanged mortality rates of infants with
HIV despite the introduction of HAART, and lastly the overwhelming negative stigma and prejudice of HIV in
society.
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Introduction

Worldwide, around 1,500 children are born with HIV every day, with newly infected children representing 14% of all
new infections'. Nearly 87% of children with the diagnosis of HIV or AIDS worldwide reside in sub-Saharan Africa,
where extreme poverty and the lack of health care combine to make their outlook extremely bleak. Less directly,
there is also a profound impact of AIDS on children left as orphans when one or both of their parents have died of
AIDS. There were an estimated 9.1million double orphans (children who have lost both parents) in sub-Saharan
Africa in 2005; in almost 60% of cases, AIDS was the cause of death of at least one of the parents1.

In developed countries, such as the UK, screening of pregnant women and appropriate treatment for those found to
be HIV positive has dramatically reduced the number of children with HIV. In the UK, the key to success has been
the introduction of universal antenatal screening of pregnant women in 2000. In 1999 the Department of Health set
the targets that by the end of 2002 screening uptake should be at least 90%, with the aim that 80% of the detected
women would be offered treatment®. Units in the UK achieved the target by introducing a policy of offering HIV
testing as an integral part of the antenatal blood testing at booking and offered women the choice to decline the
test. This has led to an increase in the number of diagnoses of HIV among pregnant women, but a decrease in the
proportion of infants who go on to become infected with HIV, as shown in figure 7.1. No increased risk to the child
has been found from taking highly active antiretroviral therapy (HAART) during pregnancy’. However, one study
has documented an increased risk of foetal abnormality if taking HAART in conjunction with folate antagonists,
commonly prescribed for PCP prophylaxis®.

Figure 7.1: Number of children born to HIV positive women in UK & Ireland, by likely HIV status
Early cases who were indeterminate have been lost to follow-up. The number is lower for 2005 because data are to September
only. Source: National Study of HIV in Pregnancy and Childhood®
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The successful reduction in the number of babies acquiring HIV from their mothers in the UK has meant that in
recent years the majority of new cases of HIV in children are infected abroad, usually from African countries. In the
North West in 2005, eight of the total of 11 new cases of children infected from their mothers were infected in
African countries®.

HAART has been shown to be effective at preventing progression of HIV disease and death from AIDS in children,
both in western countries’ and in Africa®. The UK has seen a drop in crude mortality from 9.3 to 2.0 per 100 child
years at risk®. Correspondingly, there has been a 26% decline in hospital admissions between 1996 and 2002, and
over the same time period the proportion of child time on triple or more therapy increased from 1% to 69%”°.
Indication to commence antiretroviral treatment in children is summarized in the Paediatric European Network of
AIDS (PENTA) Guideline 2004'°. In short, treatment is considered depending on severity of symptoms, the
compromise to the immune system or the child’s development and the child’s age. As for adults, the longer survival
of children means that problems of drug resistance and antiretroviral therapy (ART) toxicity are more likely.
Management of children with HIV therefore focuses on effective use of HAART to minimise these two effects.

There are often limited data to guide the dosage of HAART to children'"'>. Drug doses are calculated by
extrapolating adult doses for the appropriate surface area (using weight and height measurements). Drug doses
need continual modification as children grow, or treatment may be less effective and risk of drug resistant HIV
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increases. Data from the collaborative HIV paediatric study (CHIPS) suggest that between 1997 and 2005
significant under dosing of children took place, half of which was as a result of failure to modify doses as children
gained in height and weight, or because of rounding down dosage calculations''. Some under dosing was found to
be a result of drug toxicity. The authors blamed delays in new dosage information being incorporated into practice,
and conflicting guidelines on calculating dose leading to inconsistent dosing. Children have similar side effects to
adults taking HAART, for example, development of lipodystrophy syndrome and associated adverse metabolic
changes'®. Several studies show increases in low-density lipoprotein (the form of lipoprotein associated with
cardiovascular disease) in children on HAART'®. However, one cohort study also found increases in the protective
high-density lipoprotein'.

In the North West, the number of children (aged under 15) has increased from 14 in 1996 to 64 in 2005°. In 2005,
children were seen in eight centres across the North West. Two thirds of children in 2005 were seen in a joint clinic
run by North Manchester General Infectious Disease Unit and Booth Hall Children’s hospital (43 children)®. A
quarter of the children were seen in Alder Hey Children’s Hospital (15), and a small number were seen in paediatric
departments of other hospitals, as well as adult GUM services. The aim of this chapter is to examine trends in
treatment and care of HIV positive children in the North West of England over the last ten years, in order to explore
relationships between age and clinical and treatment variables, to identify predictors of disease progression and
admission to hospital and to predict future caseload of HIV positive children in the North \West.

Methods

Initial exploration of relationships between age and clinical and treatment variables

Initial exploration was carried out on the 2005 dataset, using all individuals (adults and children) to explore how
hospital use (number of clinic visits and number of overnight stays in hospital), the proportion of individuals on ART
and levels of clinical markers differed between adults and children. The clinical markers used were CD4 count,
which measures the status of the immune system (with low counts suggesting more damage to the immune
system), and viral load, which measures the quantity of virus in the blood (see chapter 5 for more details of CD4
counts and viral loads).

Analysis of all children since 1996

For the purposes of this analysis, children are defined as those aged 16 years and under. There are relatively few
children in total with HIV (71 children were seen in the North West in 2005). Therefore, to create a dataset for
analysis, ten years’ data on children were accumulated. Data on all children, and their age at the end of that year,
were extracted. Individuals are represented in the dataset for each year that they attended services. This gave a
dataset of 340 records from 94 individuals, of whom, 18 were represented six or more times, 53 were represented
two to five times, and the remaining 23 were represented once. The health status, treatment and use of hospital
services in each year were also extracted. Because the dataset included records of children born before 1996, and
therefore potentially had a lower chance of benefiting from ART from birth, the individuals were coded as either
being in a pre 1996 birth cohort or a 1996 and later cohort. CD4 count and viral load was compared by age and
cohort (using Mann Whitney U tests), and logistic regression and chi square tests were used to find which
demographic and clinical variables were related to requiring a stay in hospital of at least one night (see the glossary
for explanations of statistical and technical terms).

Longitudinal analysis to predict disease progression

Finally, to investigate changes in health status at an individual level, the 96 individuals were coded as to whether or
not they had progressed in the severity of their disease (e.g. changed from asymptomatic to symptomatic). Viral
load and CD4 counts were compared between the two cohorts (Mann Whitney U tests). Individuals were also
coded as to whether or not their lowest CD4 count ever was more than 10 cells/mm® lower than their highest ever
CD4 count, and whether the difference between their highest and lowest ever viral load was greater than 100
copies/ml. Then, disease progression was predicted from the demographic factors (sex, ethnicity and cohort) and
clinical factors (change in CD4 count and viral load) using backwards stepwise logistic regression.

Future caseload of HIV positive children

The total number of children presenting to services for each year since HIV monitoring began were fitted to a
number of models to make predictions as to the caseload of HIV positive children in the North West for future
years. The same methodology used in chapter 2 was used on these paediatric data. For this section of the
analysis, a cut off age of 14 years or younger was used for comparison with the age bandings used in previous and
future annual HIV reports.
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Results

Initial exploration of relationships between age and clinical and treatment variables

Figure 7.2 shows the relationship between clinical and treatment variables with age, using the entire 2005 dataset
(children and adults). It reveals the expected relationship between CD4 count and age, with the youngest children
having the highest average CD4 counts (those aged under 4 years had an average count of 781 cells/mm°). Figure
7.2 also shows that the CD4 count was much more variable in children compared to adults. Adults had a mean
count of around 400 cells/mm®.

Figure 7.2: Relationship between CD4 count and age (all people accessing services, 2005)
Bars are 95% confidence intervals
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Figure 7.3 illustrates that viral load in children is generally lower than that in adults at under 50,000 copies/ml.
There is a high mean viral load (but a lot of variability) in young adults aged 20 to 24 years. Figure 7.4 shows the
relationship between taking ART and age. Whilst approximately 60% of the youngest age category (0 to 4 years)
were taking ART, this rose to nearly all those in the 10 to 14 year category. There are fewer individuals taking ART
in the young adult age categories, with fewer than 40% on HAART in the 20 to 24 year age group.
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Figure 7.3: Relationship between viral load and age (all people accessing services, 2005)
Bars are 95% confidence intervals
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Figure 7.4: Relationship between the proportion of individuals taking ART and age (all people accessing services,
2005)
Bars are 95% confidence intervals
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Analysis of all children since 1996

Figure 7.5 shows the greater breakdown of the relationship between CD4 count and age that was possible using
the dataset of all children at all ages who have presented to treatment since 1996 (340 records). CD4 count
declined with age, with those aged two years or younger having had an average count of nearly 1,000 cells/mm?,
while those aged 15 years or older had counts of nearly half that, at just over 500 cells/mm?®.

Because children born in 1996 or later may have benefited at an earlier age from ART, the dataset was split into
those born in 1995 or earlier and were compared to the later birth cohort. The later cohort comprises children up to
the age of nine years, while the early cohort is represented by children of all ages. Figure 7.6 shows the
relationship between age and CD4 count by cohort. The earlier cohort in general had a lower CD4 count. The
difference was significant even after excluding those in the older cohort aged nine years or more (to make the
cohorts more comparable, since this age range was not represented in the more recent cohort) (Mann Whitney U
test: Z=2.5, P=0.013). There was no such difference in viral loads (Z=0.8, P=0.406).

The two cohorts were compared in terms of the likelihood of requiring a stay in hospital of at least one night. \While
26% of the records from the more recent cohort documented a stay in hospital, only 8% of the records from the
earlier cohort when at the equivalent age did so (Chi square=10.3, df=1, P=0.001; excluding records of the older
cohort when they were aged nine years or more). However, further inspection of the data revealed that the highest
inpatient attendance rates are found in the youngest children, a group under represented in the earlier (pre 1996)
cohort. Table 7.1 takes into account age and cohort, and shows that older children in the earlier cohort are less
likely to stay in hospital compared to a reference category of those in the later cohort aged three years or under.
Age and cohort was a stronger predictor of requiring a hospital stay than was severity of HIV disease, CD4 count or
viral load. Those taking ART were also more likely to have been admitted to hospital.

Figure 7.7 shows that in the older cohort taking anti-HIV therapy was most common in children aged 9 to 14 years,
while the proportion taking therapy in the younger cohort peaked at a younger age, at 6 to 8 years old.

Figure 7.5: Relationship between children’s age and CD4 count (all children at all ages, 1996 to 2005)
Bars are 95% confidence intervals
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Figure 7.6: Relationship between age and CD4 count, by cohort
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Table 7.1: Numbers, percentages and odds ratios for admission to hospital, by demographic and clinical variables
(all children at all ages, 1996 to 2005)

n Univariate Multivariate
Number (%)| Chi df P Adj OR (95% Cl) P

Cohort/age 23 5 1<0.001 0.002
Pre 96, age <7 years 6 1 (16.7%) 0.440 (0.043-4.544) 0.490
Pre 96, age 7-11 years 61 4 (6.6%) 0.112 (0.035-0.355) 0.000
Pre 96, age 12+ years 71 | 10 (14.1%) 0.290 (0.123-0.683) 0.005
96/later, age 0-3 years 73 | 26 (35.6%) Reference category
96/later, age 4-7 years 79 | 18 (22.8%) 0.472 (0.222-1.005) 0.051
96/later, age 8+ years 19 1 (5.3%) 0.115 (0.014-0.939) 0.044
Stage 9.1 1 0.003 NS
Asymptomatic 219 | 33 (15.1%)
Symptoms/AIDS/Death 90 27 (30%)
Viral load 7.7 2 0.021 0.076
Undetectable 42 | 6 (14.3%) Reference category
Detectable 136 | 36 (26.5%) 2.632 (0.972-7.13) 0.057
Missing 131 | 18 (13.7%) 1.487 (0.516-4.288) 0.463
CD4 count 9.1 2 0.011 NS
CD4 over 200 154 | 29 (18.8%)
Low CD4 27 | 11 (40.7%)
CD4 missing 128 | 20 (15.6%)
Therapy 10.4 1 0.001 0.001
No ART 118 | 12 (10.2%) Reference category
ART 191 | 48 (25.1%) 3.476 (1.668-7.244)
Total 309 | 60 (19.4%)

NS Not significant (P>0.05); not included in final logistic regression model
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Figure 7.7: Relationship between taking antiretroviral therapy and age, by cohort
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Longitudinal analysis to predict disease progression

Figure 7.8a shows that those whose HIV disease became more severe over their years of treatment had on
average lower CD4 counts (lowest ever count, Mann-Whitney U test Z=2.0, P=0.044), while figure 7.8b shows that
the highest ever viral load was not a good indication of whether HIV disease advanced (Z=1.2, P=0.240). Table 7.2
shows the predictors of progression to more serious HIV disease: the only significant predictor of disease
progression was experiencing greater than 10 cells/mm?® decrease in CD4 count at some point during treatment
history. There was no difference between the cohorts in terms of the probability of advancing HIV disease. Only
two children have been recorded as having died since data collection began in 1996. Since this number of deaths
is low, no attempt was made to find associations between death and any other factor.

Future caseload of HIV positive children

Figure 7.9 shows observed and predicted numbers of children in treatment for HIV using the same methods that
were used to generate the trends in chapter 2. A cubic equation was the best fit to the historical data on the
number of children aged 14 years or under in the North West in treatment for HIV (r2=0.992; F36=240, P<0.001).
The model was an extremely good fit, explaining nearly all of the variance (99.2%) in the historical data with the
equation y = 19.9 — 0.09x° + 2.01x% — 7.2x (where x is the year number, with 1996 being 1, and y is the number of
children). The model predicts a lower rate of increase in paediatric cases than has been seen historically, with the
caseload going up to 71 in 2006 and 76 in 2007, followed by a levelling off in 2008 at 80 cases. However, caution
must be exercised when extrapolating the line too far into the future. Fitting a straight line to the linear section of
the historical trend (i.e. after 1998) generates predictions of 72 for 20086, rising to 80 in 2007 and 88 in 2008 (y =
8.04x + 7.57; where x is the year number, with 1999 being 1, and y is the number of children). This model was also
a good fit, explaining 98.8% of the variance in the historical data (F =423, P<0.001).
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Figure 7.8: Mean lowest CD4 count ever (a), and mean highest viral load ever (b), categorised by advancement in
HIV disease severity (change: n=11; no change: n=61)
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Table 7.2: Number, percentage and odds ratios of progression to more serious HIV disease by demographics and
changes in viral load and CD4 count

n Univariate Multivariate

Number (%)| Chi | df P Adj OR (95% ClI) P
Viral load 6.1 2 | 0.046 NS
VL same or decreased 39 3 (7.7%)
Increase in VL 33 8 (24.2%)
VL unknown 22 1 (4.5%)
CD4 11.8 | 2 | 0.003 0.014
CD4 same or increased 36 1 (2.8%) Reference category
Decrease in CD4 36 | 10 (27.8%) 13.5 (1.6-111.9) 0.016
CD4 unknown 22 1 (4.5%) 1.7 (0.1-28.1) 0.723
Sex 0.5 | 1 | 0.489 NS
Male 40 | 4 (10.0%)
Female 54 8 (14.8%)
Ethnicity 0.3 | 1 | 0.555 NS
BME/unknown 72 | 10 (13.9%)
White 22 2 (9.1%)
Cohort 0.5 | 1 | 0.469 NS
Pre 96 38 | 6(15.8%)
96 or later 56 6 (10.7%)
Total 94 | 12 (12.8%)

NS Not significant (P>0.05); not included in final logistic regression model
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Figure 7.9: Observed and projected numbers of paediatric cases being seen for treatment in the North West
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Discussion

Predictions of the number of children who will require treatment for HIV in the North West by 2008 ranged from
around 80 (a 25% increase on 2005'’s figures) to 88 (an 38% increase), depending on the mathematical model
used (figure 7.9). Whilst this is not as substantial as the predicted increase of 63% in the total number of people
with HIV (adults and children) predicted in chapter 2 (figure 2.5), it will require a substantial increase in resources
for paediatric care, which is a highly specialised area. As explained in chapter 2, the lines generated by these
simple algebraic formulae fitted to historical data must be interpreted with caution, and probably only give reliable
estimates for the next two or three years. It is worth noting that a prediction made on data from 1996 to 2004,
presented at the North \West Paediatric HIV Network conference, used the same method (a cubic equation) to
accurately predict that 64 children aged 14 years or less would be seen in 2005'°.

As expected from previous national and international research'®, the CD4 count in children was higher, and more
variable, than that in adults. These higher and more variable counts are the reason why CD4 counts are not
considered to be a reliable indicator of when to start therapy in children'®. While CD4 count percentage is the
preferred indicator for very young children'®, recent research suggests that absolute CD4 counts are useful
indicators in children from the age of 5 years'’. This is supported by findings in this chapter, where a drop in CD4
count was the only significant predictor of disease progression (adjusted odds ratio=13.5, 95% Cl=1.6-111.9,
P=0.016, table 7.2).

In general, children had lower viral loads than adults. Viral load is known to be generally high in babies, peaking at
nearly 300,000 copies per ml in the first few months of life'®. However, most infants in the dataset were over one
year old, by which time viral loads would have stabilised'®. The very high, but variable, viral load in young adults
aged 20 to 24 years may be due to a subset of these individuals being recently sexually infected with HIV (since
viral load will be higher in recently infected individuals, and this subset of individuals is less likely to be on ART).
Increase in viral load was significantly associated with disease progression, but was not significant after controlling
for the other variables, probably because of its high correlation with CD4 count (table 7.2).

Comparing the proportion of those taking ART across the whole age spectrum of adults and children in the 2005
dataset, the proportion of children taking ART increased with age, until by the age of 14 years almost all were on
therapy (figure 7.4). Among those in the 15 to 19 year age group there was a drop in the proportion taking therapy,
presumably because some of these individuals were young adults recently sexually infected and yet to commence
therapy. The ten-year dataset used multiple records for each child to explore patterns of prescription of ART. The
records from the older cohort (those born prior to 1996) show that taking therapy was most common in children
when they were aged 9 to 14 years, while the proportion taking therapy in the younger cohort peaked when they
were at a younger age. Although ART has been available since the outset of the years captured in these analyses,
these results suggest that its use in children has changed over the years. The change in prescribing practice, in
common with UK data'’, reflects increased knowledge about use and dose of antiretrovirals in children and
increased licensing of drugs for children.

The results presented here suggest that children born in the post ART era have an increased likelihood of being
admitted to hospital. However, this is likely to reflect a lack of data on hospital admissions in the early years of HIV
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monitoring. National data show a reduction in hospital admission by 26% over the period 1996 to 2002°.
Nonetheless, the high hospital attendance recorded in the younger age groups of the recent cohort (36% of under
4 year olds and 23% of 4 to 7 year olds: table 7.1) suggests that despite the improvements in outcomes for children
with HIV significant resources will continue to be needed for paediatric care in the North West. This, coupled with
the predictions of increasing paediatric caseload in the North West, suggest that increasing investment in services
for HIV positive children over the coming years will be necessary.

The small sample size limited the analyses that were possible. Over the ten years’ of data collection, 94 children
had attended hospitals for HIV treatment for one or more years. Since individuals advance in age, and age was a
variable of interest, we deemed it valid to use the records for each year, and the age that the children were in each
year, so that multiple records for each child were used. However, the statistical analysis assumes that these are
independent data points, so the findings should be interpreted with caution.

Studies on larger cohorts of children in the UK with HIV® have the statistical power to demonstrate some of the
relationships suggested by the North West data. However, it is worth bearing in mind that these large UK cohorts
are largely drawn from major centres of HIV care and are biased towards centres where expertise and resources
are concentrated. The published studies show a bias in sampling from the south/London area and therefore over
represent HIV services that have received a disproportionately greater funding over the years compared to the less
well resourced North West'®. The major advantage of the North West data source is that it includes all children with
HIV (from both large and small treatment centres) and thus represents an important resource to monitor the care of
the growing number of HIV positive children.
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