Gender and race do not alter early-life determinants of
clinical disease progression in HIV-1 vertically infected
children

European Collaborative Study*

Obijective: To identify early life predictors of clinical progression before and beyond
age 1 year.

Design: Prospective follow-up of 161 vertically HIV infected children in the ongoing
European Collaborative Study provided data from birth over 16 years.

Methods: Kaplan—Meier and Cox regression procedures were used to assess the
predictive value of first available laboratory and clinical markers for progression
defined as serious disease or death. We investigate gender and race effects on
associations and the optimal threshold for longitudinal CD4+ percentage measure-
ments after age 6 months for predicting disease progression.

Results: Earliest (during the first 6 months) measurements of CD4+ percentage below
20% [three-fold increased risk (P = 0.041)] and absolute lymphocytes (AL) (reduction
of risk of three-quarters for a one log increase (P=0.014)) were independently
associated with overall and rapid disease progression during the first year. Persistent
lymphadenopathy (or hepatomegaly) in early life was also additionally associated with
overall disease progression, and after age 1 year [greater than doubling of risk,
(P=10.040)], but not with rapid progression. Associations were not significantly
dependent on gender or race. CD4+ percentage of 10% was the best prognostic cut-
off.

Conclusions: Early clinical markers are strongly predictive of disease progression after
1 year of age into adolescence. However, rapid progression is less straightforward to
predict, probably due largely to early progression during the first few months in such
individuals. The independently predictive value of AL measurements suggest they
could be used alone in the management of children in resource-poor settings.
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Introduction year of life, rising to half by 5 years of age [1].

Immunological and virological factors [2,3] are asso-
Without effective antiretroviral therapy (ART), a quar- ciated with progression, as are clinical symptoms such
ter of vertically infected children born in developed as hepatomegaly, splenomegaly, and lymphadenopathy
countries progress to serious disease or death in the first in early life [2,4]. Prematurity may also be associated
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with rapid disease progression in the first year of life
[5]. Whether factors associated with early disease
progression differ from those associated with disease
progression after age 1 year is unknown.

Although age-related virological and immunological
levels and patterns in children differed by gender and
race in the European Collaborative Study (ECS) [6,7],
reported rates of clinical progression in vertically
infected children are similar for boys and girls [8].
Whether the risk of progression for specific values of
laboratory markers varies by gender or race remains
unclear.

Prospective data from the ECS on children bomn to
HIV-infected women, provide a unique opportunity to
identity early-life predictors of clinical progression in
the first year and thereafter over 16 years, and to
address whether differences in laboratory markers by
gender and race result in differential risks of progression
to serious disease.

Methods

The ECS is an ongoing prospective study with almost
17 vyears follow-up of a representative cohort of
children born to HIV-infected women. Detailed clin-
ical and laboratory information from 11 paediatric
centres in eight European countries is collected accord-
ing to a standard protocol. Infected children are seen at
birth, 3 and 6 weeks, 3, 4.5, 6, 9, 12, 18 and 24
months and at least twice yearly thereafter [9]. Parental
consent is obtained; the study is approved by local
ethics committees. HIV infection status was identified
by the onset of AIDS, detection of virus or antigen in
at least two separate blood samples and/or persistence
of antibody beyond 18 months of age.

Severe disease progression is defined by CDC category
C, or death [10]; rapid disease progression is defined as
occurring within the first year of life. Children were
classified as severely premature if born at or before 34
weeks of gestation, moderately premature between 34
and 37 weeks and full-term beyond 37 weeks. Anti-
retroviral treatment was categorized into monotherapy
or combination (two or more) ART. Categories were
updated at each wvisit, allowing children to be re-
assigned if the number of drugs prescribed increased.
Black children in this cohort are born to mothers from
sub-Saharan Africa.

Laboratory tests were carried out locally. Venous blood
specimens were anticoagulated using ethylenediamine-
tetraacetic acid or heparin and processed within 24 h.
An automated haemocytometer was used to obtain
absolute lymphocyte (AL) counts and subtypes of white

blood cells. Tests were based on flow cytometry (FACS-
CAN) with Becton-Dickinson (BD Biosciences, San
Jose, California, USA) antibodies. CD4+, CD8+ cell
count and AL measurements were logy, transformed.
CD4+ cell counts were also expressed as a percentage of
AL count. From exploratory analysis of the distribution
of CD4+ percentage, values above or below 20% gave
the best categorization in the first 6 months, with lower
values being appropriate for later in life.

With the exceptions of an investigation of gender- and
race-specific effects and assessment of a threshold for
CD4+ percentage over all ages preceding disease
progression, this article chiefly explores the early-life
determinants of serious clinical disease progression or
death. The predictive values of first available, pre-
disease progression, log CD4+ cell count, AL count
and CD4+ percentage, presence of hepatomegaly,
splenomegaly and lymphadenopathy (and specifically
axillary node enlargement) at two or more visits during
the first 6 months of life were estimated. The main
effects of gender, prematurity, race, neonatal prophy-
lactic ART on risk of progression, and modification by
gender and race on the effects of the early life bio-
logical indicators were assessed. Further, as the differ-
ence in CD4+ count levels by gender increases from
age 1 year onward, measurements at age two (above or
below 500 cells [10]) were assessed for effects on disease
progression specific to boys and to girls; similarly, as
levels of CD4+ percent reportedly differ consistently
for black and white children after early life, measure-
ments above or below 15% [10] were assessed for race-
specific effects. In this observational study, the effect of
ART given before disease progression could not be
assessed, but use was accounted for throughout.

With widespread use of neonatal zidovudine and
initiation of ART early in life (for prevention of
vertical transmission and disease progression respec-
tively) in recent years, disease progression and HIV-
related death in the ECS has been almost entirely
restricted to those born before 1997 [1]. We therefore
consider only children born before 1997 but include
follow-up information until September 2002. HIV-
RNA viral load assays have only become routinely
available since 1997, and consequently, there are few
available measurements early in life for those who have
progressed.

Statistical methods

The overall survivor function was obtained by Kaplan—
Meier analysis. Cox proportional hazards modelling
[11] was performed to estimate survival allowing for
covariates. ART treatment was included as a time-
dependent variable. Candidate terms for the multi-
variable model included ART treatment and factors
reaching significance at the 15% level in univariate
models. Comparisons between models were performed
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using likelihood ratio tests to identify the optimum
model. The relative predictive capabilities of the
various terms in the final model were determined by
changes in the deviance, excluding each in turn, where
a large difference indicates substantial contribution to
the model. All survival analyses were performed using
STATA (STATA Version 7.0; College Station, Texas,
USA).

In a separate analysis, classification trees [12] were used
to detect the most predictive threshold for longitudinal
CD4+ percentage measurements at any age after the
first 6 months of life prior to disease progression. This
was carried out using S-PLUS 2000 (Insightful, Seattle,
Washington, USA) in a Windows environment.

Results

Laboratory measurements and clinical information from
5209 visits were available for all 161 infected children
in the ECS born before 1997 (Table 1). By 1 year of
age, an estimated 17.7% [95% confidence interval (CI),
12.6—-24.6%] of children will have progressed to serious
disease or death; increasing to 36.3% (95% CI, 29.2—
44.4%) by age 5, and 44.1% (95% CI, 36.3—52.7%) by
10 years. Overall, similar numbers of girls [33 of 76,
(43%)] and boys [32 of 85 (38%)] progressed. There
were some differences by race with 52 of 113 (46%)
white, 10 of 32 (31%) black and only three of 16 (23%)
of the other (mainly Asian) children progressing
(P =0.065), which reflects later enrolment of children

of non-white ethnicity when ART use was increasingly

widespread [9].

Overall disease progression and early
immunological and clinical measurements

First laboratory measurements were taken at a mean
age of 1.5 months (range, birth—5.8 months). The
median first CD4+ percentage for rapid progressors
was 35.0% [interquartile range (IQR), 24.6—43.5],
substantially lower than the 43.1% (range, 36.5-54.5%)
for children progressing to serious disease or death
beyond 1 year of age. Univariably, first available log
AL count and first CD4+ percentage (Fig. 1) predicted
subsequent progression at any point during follow-up,
but first available log CD4+ and CD8+ cell count did
not (Table 2). The risk of progression to serious disease
or death was associated with hepatomegaly and lym-
phadenopathy observed at two or more occasions, but
not with axillary node enlargement or with splenome-
galy. Progression did not significantly difter by gender,
race, prematurity or neonatal ART prophylaxis
(Table 2).

As maternal CD4+ cell counts were only recorded
routinely in participating centres since 1995, there was
a limited subset [24 of 161 (15%)] of mothers with
available measurements at delivery and multivariable
analysis was thus not possible. In univariable analysis a
log increase in maternal CD4+ count was compatible
with a 75% reduction in risk of progression for the

child (P = 0.171).

Table 1. Laboratory and clinical data on the first 6 months of life for 161 infected children born before 1997.

Progressors Non-progressors Total

Factor n =65 (40%) n =96 (60%) n=(161)
First available log CD4+ cell count median (IQR) 3.32 (3.18-3.51) 3.41(3.28-3.5) 3.39 (3.25-3.51)
First available log CD8+ cell count median (IQR) .21 (3.08-3.29)  3.15(2.97-3.32)  3.19(2.99-3.30)
First available absolute lymphocyte count median (IQR)  3.74 (3.66-3.88) 3.81 (3.70-3.90) 3.78 (3.68-3.89)
First available CD4 percentage median (IQR) 41.7 (29.0-49.9) 41.4 (32.8-50) 41.4 (30.2-50.0)
Hepatomegaly (observed at two or more visits within first 6 months)

Yes 49 (75.4%) 83 (86.5%) 132 (82.0%)

No 16 (24.6%) 3 (13.5%) 29 (18.0%)
Splenomegaly (observed at two or more visits within first 6 months)

Yes 58 (89.2%) 85 (88.5%) 143 (88.8%)

No 7 (10.8%) 11 (11.5%) 18 (11.2%)
Lymphadenopathy (observed at two or more visits within first 6 months)

Yes 53 (81.5%) 85 (88.5%) 138 (85.7%)

No 12 (18.5%) 11 (11.5%) 23 (14.3%)
Enlarged axillary nodes (observed at two or more visits within first 6 months)

Yes 53 (81.5%) 79 (82.3%) 132 (82.0%)

No 12 (18.5%) 17 (17.7%) 29 (18.0%)
ART treatment ever before progression

No 6 (70.8%) 22 (22.9%) 68 (42.2%)

Monotherapy 6 (24.6%) 7 (7.3%) 3 (14.3%)

Combination 3 (4.6%) 67 (69.8%) 0 (43.5%)
Median age (years) at last visit (IQR) 7(1.4-7.1) 9.5(6.4-11.7) 1(3.1-11.0)
Median number of visits (IQR) 3 (7-80) 20 (13-69) 18 (11-80)

IQR, inter-quartile range; ART, antiretroviral therapy.
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Fig. 1. Kaplan—Meier survival plot of progression to Centers for Disease Control clinical category C or death by CD4+
percentage category in the first 6 months of life.

Table 2. Overall progression to serious disease or death by infant and maternal factors.

Univariable Multivariable?
Factor Hazard ratio (95% Cl) P-value Hazard ratio (95% Cl) P-value
Gender
Girls Reference
Boys 1.18 (0.73, 1.91) 0.506
Prematurity
Full-term Reference
Moderately premature 1.32(0.71,2.43) 0.377
Severely premature 1.44(0.67, 3.09) 0.353
Race
White Reference
Black 0.67 (0.34,1.31) 0.240
Zidovudine administered neonatally?
Yes 0.19(0.03, 1.37) 0.100
No Reference
First available log CD4+ cell count (per log increase) 0.44 (0.11,1.79) 0.253
First available log CD8+ cell count per log increase) 0.96 (0.29, 3.18) 0.953
First available log absolute lymphocyte count (per log increase)  0.31 (0.10, 0.99) 0.049  0.233(0.074, 0.741) 0.014
First available CD4 percentage
< 20% 2.15(0.85, 5.48) 0.107 2.79 (1.04, 7.46) 0.041
=20% Reference Reference
Hepatomegaly (observed at two or more visits)
No Reference
Yes 1.83(1.07,3.12) 0.028
Splenomegaly (observed at two or more visits)
No Reference
Yes 1.05(0.48, 2.31) 0.896
Lymphadenopathy (observed at two or more visits)
o Reference
Yes 1.76 (0.99, 3.13) 0.052 1.883 (1.015, 3.493) 0.045
Enlarged axillary nodes (observed at two or more visits)
No Reference
Yes 1.27(0.67, 2.39) 0.460
Treatment
No Reference Reference
Monotherapy 1.75(0.93, 3.32) 0.084 1.495 (0.732, 3.054) 0.270
Combination 0.61 (0.16, 2.29) 0.466  0.504 (0.121,2.091) 0.345
Maternal CD4+ count at delivery(per log increase) 0.274(0.043, 1.746) 0.171

2Final model: ¥?> = 17.51; P= 0.0036. ?Candidate for final model but not subsequently significant. Cl, confidence interval.
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Gender- and race-specific effects of clinical and
immunological markers

In analyses of models including terms representing
interactions of gender and race with each of the clinical
and immunological measurements, effects on disease
progression of early immunological markers and clinical
indicators were not modified by gender or race
(P> 0.3, all tests for gender, P> 0.5, all tests for race).
In the subset of 22 children who had not progressed to
serious disease or death by age 2 years and had available
CD4+ measurements at that age, a CD4+ count below
500 X 10° cells/l1 at age 2 years was associated with a
greater risk of clinical progression for boys than for girls
although the difference was not statistically significant.
[hazard ratio (HR) = 3.65 and 2.62, respectively,
P=0.521]. A CD4+ percentage of less than 15% was
associated with greater progression risk in black chil-
dren than white, but again, not statistically significantly

so (HR = 8.88 and 1.31, respectively, P = 0.213).

Simultaneous predictive value of early clinical
and immunological variables

In multivariable analysis allowing for ART (Table 2),
children with a first CD4+ percentage below 20% had
nearly a three-fold increased risk of progression to
serious disease or death compared with those with a
value above 20% (P = 0.041). A log (ten-fold) increase
in first AL count independently reduced risk of
progression by 77% (P = 0.014) and lymphadenopathy
at two or more visits within the first 6 months of life
increased risk by 88% (P = 0.045). A CD4+ percentage
above or below 20% was substantially more predictive
of disease progression than AL count or lymphadeno-
pathy (deviance differences = 81.4, 5.2 and 3.2,
respectively). For example, keeping other variables
constant [no early persistent lymphadenopathy and an
AL count of 6000 cells (3.78 in log units), say] and
accounting for treatment, compared with a child with
an early CD4+ percentage above 20% (with a risk of
progression by age 5 years of 25%), one with a CD4+
percentage value below 20% were 2.79 times more
likely to progress (with a risk of progression by age 5
years of 70% (2.79 X 25%). Hepatomegaly (HR =
1.885; P = 0.035; Model %*> = 17.32; P = 0.0039) and
lymphadenopathy had similar and interchangeable, but
not independent predictive effects. Allowing for tri-
methoprine sulfamethoxazol Preumoncystis carinii pneu-
monia (PCP) prophylaxis and for the wuse of
intravenous immunoglobulin before disease progression
did not significantly alter estimates.

Threshold for CD4+ percentage

Using all clinical status and CD4+ percentage data
beyond 6 months of age, classification tree analysis was
used to investigate the optimal value for splitting the
CD4+ percentage measurements into two groups in
terms of predicting subsequent disease progression. At
any age, the threshold value of 10% for CD4+ percentage

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

(HR = 4.83;95% CI, 2.63—8.86; P < 0.0001) was found
to best predict progression to serious disease or death.

Rapid progression

Of the 65 children who progressed to serious disease or
died, 28 (43%) did so within the first year of life. The
majority (19 of 28, 68%) had opportunistic infections,
mostly PCP (12 of 19, 63%); four had encephalopathy;
two serious bacterial infections and the remaining three
died at home probably of an undiagnosed opportunistic
infection. The predictive value of a log increase in first
CD4+ cell count was significant and reduced rapid
progression risk by 89% (HR = 0.11; 95% CI, 0.02—
0.71; P=0.021); a first CD4+ percentage below 20%
was associated with a four-fold increase in risk
(HR = 4.16; 95% CI, 1.66—10.39; P = 0.002). The
reduction in risk of rapid progression with a log
increase in first AL measurement was 81% (HR = 0.19;
95% CI, 0.04-0.87; P = 0.003). Prematurity was not
associated with rapid disease progression (P = 0.813).
In a multivariable model also including ART, first
CD4+ percentage below 20% and log AL count were
independently predictive of rapid disease progression or
death ( HR = 6.62; 95% CI, 2.35-18.66; P < 0.001
and HR = 0.11; 95% CI, 0.39-98, P = 0.012, respec-
tively). Neither gender nor race modified effects of any
early laboratory or clinical markers. Adjusting for
TMP-SMX and intravenous immunoglobulin prophy-
laxis did not alter risk estimates.

Progression to serious disease after 1 year of age
The remaining 37(57%) children progressed to serious
disease after age 1 year: 10 (27%) with encephalopathy,
nine (24%) with serious recurrent bacterial infections,
13 (35%) with opportunistic infections (only three of
which were PCP); four with another C-defining illness
and one died of unspecified HIV-related causes. In
univariable analysis, early persistent hepatomegaly
(HR =2.22; 95% CI, 1.11-4.46; P = 0.024) and early
persistent lymphadenopathy (HR =2.16; 95% CI,
1.01-4.61; P=0.048) were associated with progres-
sion beyond the first year. Severe prematurity was
marginally associated with late disease progression
(HR = 2.24; 95% CI, 0.91-5.54; P = 0.080). In mul-
tivariable analysis, adjusting for ART, persistent hepa-
tomegaly (HR = 2.15; 95% CI, 1.03—4.47; P = 0.040)
was the single significant independent indicator of
disease progression after age 1 year. Separately, persis-
tent lymphadeopathy was associated with a doubled,
but not statistically significant risk (HR = 2.01; 95%
CI, 0.90—4.46; P = 0.087). Adjustment for TMP-SMX
and IVIG did not impact on estimates.

Discussion

In this cohort of children born and followed up in
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Europe, early life measures of CD4+ percentage below
20% and a ten-fold increase in AL counts were
independently associated with clinical progression
throughout childhood, and with rapid disease progres-
sion or death within the first year of life. Early
persistence of lympadenopathy and hepatomegaly addi-
tionally predicted subsequent overall progression to
serious disease and progression beyond 1 year of life,
but not rapid progression. CD4+ percentage was more
informative than any other laboratory or clinical in-
dicator. However, for a given value of clinical or
immunological marker early in life or around age 2
years, disease progression did not differ by gender or
race. Less than half of this cohort received combination
therapy before disease progression, but differentiating
between double and other combination therapies in the
treatment adjustment had no bearing on the results
(data not shown). With adjustment for ART, results
inform knowledge about underlying mechanisms of
vertically-acquired disease progression and thus remain
relevant in the HAART era.

These findings enhance previous work addressing the
prognostic value of early markers of disease progression
and death in the early years in life. However, earlier
studies used measurements relatively close to progres-
sion [13,14], or cross-sectional data from clinical trials
[15—17]. Studies with longitudinal data from birth have
been limited to shorter follow-up [3,18,19], have
focused on limited laboratory determinations [2,20—-23]
or have involved too few children to draw reliable
conclusions [22]. Whether predictive values of given
markers vary by gender or race has not been previously
explored. We have been able to consider an extensive
period of follow-up, providing a largely natural account
of both short- and long-term paediatric disease progres-
sion and predictors.

Although clinical evidence of infection in the first 6
months of life, such as lymphadenopathy and hepato-
megaly, are not associated with subsequent rapid
progression before age 1 year, they are predictive of
long-term prognosis. Hepatomegaly was the only factor
associated with disease progression beyond age 1 year
when assessed separately. These findings appear to
contradict those of Rich et al [2] who found early
presence of lymphadenopathy, hepatomegaly or
splenomegaly with CD4+ percentage predicted rapid
progression. However, their approach diftered metho-
dologically: first, rapid progression was defined as
occurring during the first 6 months of life only; second,
clinical progression preceding laboratory determinations
in some children was nonetheless included and third,
their statistical methods involved only logistic models
with presence or absence of progression as a binary
response. That early immunological factors were pre-
dictive of progression before 1 year of age but not
beyond in our cohort is consistent with earlier observa-

tions of levels reflecting current status more than long-
term survival and wellbeing [3].

We recently described significant diftferences in immu-
nological patterns over 12 years by gender and race [6].
However, these differences were small in the first year,
which agrees with our findings here that eftects of early
lifte markers on overall disease progression are not
dependent on gender or race. Despite the magnitude of
differences in immunological patterns becoming larger
as children get older [7], we did not find gender
differences in progression for a given CD4+ count or
race differences in progression for a given CD4+
percentage at age 2 years. This may have been due to
small numbers.

A CD4+ percentage cut-off of 10% best identified the
risk of disease progression beyond 6 months of age,
which is lower than the 15% threshold in the CDC
categories below which children are classified as
severely immunosuppressed [10]. The CDC clinical
and immunological classification systems have been
shown to be in poor agreement [1,25]. The high
degree of overlap in lymphocyte measurements in
uninfected and infected children [6] could explain the
necessity for more extreme limits in predicting serious
progression.

Because of limited numbers of infected children and of
mothers with relevant data, we were unable to investi-
gate effects of other factors possibly associated with
disease progression in vertically infected children such
as maternal ART use [5,20,26], timing of transmission
[23], p24 antigen [17], maternal viral load [2,27], and
vitamin A [2]. Our findings of higher maternal CD4+
lymphocytes associated with lower risk of disease
progression, although not significant, are compatible
with findings of others [2,28].

We were also unable to assess the child’s HIV RNA
viral load as a marker for disease progression directly
here, but the association between clinical indicators
such as lymphadenopathy and hepatomegaly and viral
activity indicates that early viral load measurements,
when available, would be useful prognostic indicators,
as has been shown by others [3,17,19]. It has been
suggested that virus load is the optimal predictor of
paediatric HIV progression [3], however, the relative
stability of immunological markers, especially CD4+
percentage, compared to the highly variable HIV RINA
viral load levels [7], may make them as clinically
relevant in predicting serious disease progression. We
were unable to confirm an association of either overall
or rapid disease progression with prematurity [5] which
could be due to small numbers of infants born very
prematurely.

The findings here and elsewhere [29—-31] imply that in

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



Early-life determinants of HIV-1 progression in children Gray et al.

the absence of specific CD4+ cell assays, AL measure-
ments alone would provide sufficient insight to inform
management of individual children after the first few
months of life, which could be particularly relevant in
less developed countries where laboratory resources
may be limited.

Generally in this cohort, early progression was due to
opportunistic infections whereas progression later in life
was more dominated by encephalopathy and bacte-
rially-related illnesses. Our findings indicate that CD4+
percentages and AL counts could inform prevention
management of PCP and similar morbidities, whereas
occurrence of early persistent hepatomegaly could alert
the need for measures to prevent bacterial infections
and encephalopathy. This is in line with findings from
an American Dbirth cohort study which suggested
encephalopathy was more likely following development
of early symptoms of HIV [32].

This extension of knowledge about the associations of
early-life clinical and immunological factors with rapid
and long-term progression to serious disease or death
informs the understanding of the dynamics of verti-
cally-acquired HIV infection.
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