Level and pattern of HIV-1-RNA viral load over age:

differences between girls and boys?

European Collaborative Study™

Objective: To estimate RNA viral load patterns over age in vertically infected children
that account for between- and within-individual variation, treatment and assay cut-off
detection level. To investigate possible sex-based differences.

Design: A total of 118 infected children with 894 RNA viral load measurements
enrolled in the European Collaborative Study were prospectively followed from birth
for up to 15 years.

Methods: Fractional polynomial and mixed effects models with censored data to
assess the non-linear pattern of viral load over age, allowing for repeated measures.

Results: The RNA viral load peaked at approximately 3 months of age, and gradually
declined thereafter. The sex by age interaction was significant (x> = 19.7, P < 0.001);
viral load peaked higher for girls than boys, but after 4 years the RNA load was
consistently 0.25-0.5 logio lower for girls than boys. The effects of sex and treatment
on viral load vary over age (x> =6.31, P=0.043). Sex differences in RNA viral
load relating to measurement without treatment were more pronounced than those
under treatment. Disease progression was more rapid for girls than for boys up to the
age of 4 years, and less rapid thereafter; the overall difference was not statistically
significant.
Conclusion: Differences in RNA viral load over age between untreated boys and girls
may have implications for policies for the initiation of antiretroviral therapy, but do not
seem to translate into differences in progression to serious disease. The findings would
suggest underlying biological explanations, which need further investigation.
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Introduction

The clinical progression of disease in HIV-infected
children has been well described, and without early
antiretroviral treatment, approximately 20% of infected
children will have been diagnosed with AIDS or will
have died by 1 year of age [1]. Progression is much
slower in the remaining infected children, and by 10
years of age an estimated 40% of these will have serious
manifestations of HIV disease or will have died [1].
However, most infected children, irrespective of a

previous diagnosis of AIDS, have no or only mild
symptoms or signs at any given point in time, even
when untreated [2].

The pattern of HIV-RNA peripheral viral load in
vertically acquired infection has been described in
several studies [3—5], mostly on a cross-sectional basis
and not always taking into account repeated measure-
ments. Although little is known about wviral load
patterns in vertically infected children over the first 10
years of life, the dynamics are likely to vary between
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and within individual children, with levels in the first
4—6 months of life expected to reflect primary infec-
tion. In adults, viral load has been reported to differ
according to sex and race in some studies, although the
implications of these findings on disease progression
remain unclear [6,7].

Viral load is likely to be associated with progression of
disease in vertically infected children, as it is in adults,
but this relationship is not well documented, especially
not on a dynamic basis over a number of years.
Progression to moderate or severe immune deficiency,
as indicated by CD4 cell measurements, occurs rapidly
in children and has been shown to be poorly associated
with clinical progression [1,2].

Longitudinal information on a substantial number of
infected children enrolled in the European Collabora-
tive Study (ECS) and followed for almost 15 years
provides a unique opportunity to investigate the
dynamics of vertically acquired infection in an appro-
priately rigorous manner. It can also be used to
confirm the existence, and estimate the extent, of sex
differences, and to investigate the implications for the
progression of disease and response to treatment. We
previously described fluctuations in clinical disease
over the first 10 years of life [2], and now investigate
virological markers of infection up to 15 years of
age.

Materials and methods

The ECS, a prospective study, has been on-going since
1986. Children born to women known to be HIV
infected at or before delivery are followed according to
a standard protocol, with detailed clinical and labora-
tory information, including RNA viral load and CD4
cell count, in 11 paediatric centres from eight European
countries [8—10]. Children are seen at birth, 3 and 6
weeks, 3, 4.5 and 6 months, and then at 3 monthly
intervals until 24 months. Subsequently, infected chil-
dren are examined at least twice a year, according to
the same clinical and laboratory protocol; current
treatment is recorded on standard forms. Parental
consent is obtained before enrolment in the ECS, and
the study was approved by local ethics committees.
Information relating to the infected children enrolled
in the ECS and entered by 1 April 2001 was included
in the analysis.

The analysis presented here is based on children known
to be HIV infected according to the Centers for
Disease Control and Prevention definition of paediatric
HIV infection [11]. A child is classified as infected after
the onset of AIDS, or the detection of virus or antigen
in at least two blood samples (taken on separate

occasions), or the persistence of antibody beyond 18
months of age. A child is presumed uninfected if at
least two blood samples are antibody negative and if no
virus or antigen has ever been identified.

In the absence of standard treatment regimens for HIV-
infected children, decisions about the initiation of
treatment are based on individual factors, including the
clinical and immunological status of the child and
adherence concerns (European Collaborative Study, in
preparation), and may change over time. In the early
years of the ECS, antiretroviral therapy consisted of
zidovudine monotherapy to children with advanced
disease, but now usually consists of combination ther-
apy at an earlier stage (European Collaborative Study,
In preparation).

Laboratory tests, including HIV-RNA polymerase
chain reaction and CD4 cell count measurements, were
carried out locally, with the assays used recorded on
forms. The HIV-RNA copy number was assessed
either by nucleic acid sequence-based amplification
(NASBA)/Nuclisens (Organon Teknika, Oss, the
Netherlands) or Roche Amplicor Monitor, versions 1.0
and 1.5, (Roche Diagnostic Systems, Basel, Switzer-
land). CD4 cell counts were based on flow cytometry
and expressed as the number of cells per cubic
millimetre.

Statistical methods

The values of both HIV-RNA viral load and CD4
cell count were log base 10 transformed. As the assay
system and type of treatment could vary over age,
both assay and treatment status were introduced in a
time-dependent manner. Monotherapy was categor-
ized with no therapy because it is unlikely to be
associated with a substantial reduction in viral load, an
increase in the CD4 cell count, or delayed clinical
progression [12]. Children were thus categorized as
either treatment naive/receiving monotherapy or trea-
ted with a combination of two or more antiretroviral
drugs.

The non-linear pattern of viral load over age and the
repeated-measures nature of the data required model-
ling techniques such as fractional polynomial models
[13] and mixed eftects models with censored data [14].
Fractional polynomial models are flexible, are able to
reveal the ‘true’ curve shape, and allow for modelling
asymptotes. Models are compared for significant im-
provement in fit using likelihood ratio tests [15]. The
data also call for a mixed effects model that can account
for left censoring of the RINA viral load measurements.
The methods described by Hughes [14] offer a mod-
ification of the usual EM estimation procedure for
fitting mixed effects models with normal errors by
accommodating varying censored observations arising
from lower (as well as upper) detection limits. Jacqmin-
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Gadda et al. [15] described a way of calculating the
likelihood function for methods that include Hughes’
as particular cases. As it was not possible to account for
mixed effects models with censored data within the
framework of fractional polynomial model-fitting, we
used a two-step process. Initially, the data were treated
as independent uncensored observations and the opti-
mal fractional polynomial model with respect to age
was ascertained. This model was then taken forward
into the method allowing both repeated measures and
censoring.

The model was expanded from that involving only the
age terms, through the introduction of stratification by
sex, treatment and CD4 cell count to assess the
significance of these factors separately. The factors were
assessed for significance of interaction with the age
terms and, where appropriate, with one another. The
significance of individual terms was assessed by com-
paring nested models using likelihood ratio tests [15].
There were sufficient data to expand the model as far
as three-way interaction. Viral load profiles were com-
pared for those who did and those who did not
progress to serious disease or death in a descriptive
manner.

Progression to serious disease in this cohort was assessed
by Kaplan—Meier product limit analysis, and plots were
compared by sex using the log-rank test. Regression
analysis investigated the difterences in log;y HIV-RNA
viral load before and after the initiation of combination
therapy, allowing for other factors.

All analyses were carried out using STATA (STATA
Version 6.0; College Station, TX, USA) and S-PLUS
3.4 (Insightful, USA) in a Unix environment, utilizing
a modified version of the software provided by Hughes
in 1999. We used the software described by Jaqmin-
Gadda et al. [15] to compute the multivariate normal
integrals in the likelihood function.

Results

Of the 178 infected children (8.7% of the total cohort)
41 had died and 19 were no longer in follow-up in an
ECS centre after the introduction of routine viral load
assays. Viral load measurements were thus available on
118 infected children (Table 1). Of the 894 viral load

measurements, 163 were below the assay specific cut-

Table 1. Infected children in the European Collaborative Study.

Children
Variable (n=118) Measurements
Number of measurements Median (range) Total
7 (1-23) 894
Viral load values (copies/ml)
Median (range) - 14690 (40-8 100 000)
Viral load measurement n (%)
Actual 70 (59.3) 731 (81.8)
Below detection level 48 (40.7) 163 (18.2)
Sex n (%)
Female 60 (50.8) 421 (47.1)
Male 58 (49.1 473 (53.9)
Treatment status n (%)
No or monotherapy 30(25.4) 272 (30.4)
Combination therapy 88 (74.6) 622 (69.6)

CD4 T cell count (X 103/1)
Median (range)
Assay n (%)
NASBA
Roche
Age at treatment initiation (months)
Median (range)
Age at last visit (months)
Median (range)
CDC immunological stage at last visit n (%)
1 Immunologically normal
2 Moderate suppression
3 Severe suppression
Died
CDC clinical stage at last visit n (%)
N No symptoms
A Mildly symptomatic
B Moderately symptomatic
C Severely symptomatic
Died

- 0.67 (0.001-4.82)

- 167 (20.7)
- 639 (79.3)

31.5(0.76-151.1)

93.1(0.2-179.0)

CDC, Centers for Disease Control and Prevention; NASBA, nucleic acid sequence-based amplification.
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off value, and the median RNA viral load in the
remainder was 14 690 copies per millilitre of plasma.
Most children (88, 75%) had received combination
antiretroviral therapy, with a median age at treatment
initiation of 31.5 months. Twenty-one (11 girls and 10
boys) of the 118 children had been diagnosed with
serious HIV-related disease (Centers of Disease Control
and Prevention classes C or D), of whom six had died.

HIV-RNA viral load over age

The three power fractional polynomial model was not
significantly better than the best two power (x> = 3.74,
P =0.156); the optimal model for log viral load and
age included an inverse square root of age and a log
age term. Any measurements taken on the day of birth
were set to day one to resolve numerical indetermina-
tions. The pattern of HIV-RNA viral load over age, in
both a non-parametric smoother and the curve pre-
dicted from the fractional polynomial model, is seen to
peak at approximately 3 months of age, with a gradual
decline thereafter (Fig. 1).

A total of 805 observations with information on assay
type, age, sex, CD4 cell count and treatment were used
in the subsequent modelling. Nearly 80% (638/805)
were assessed using a Roche assay and 20% (167/805)
using a NASBA assay. The shape of the overall pattern
of HIV-RNA viral load over age was similar for RNA
measurements assessed by Roche or by NASBA assay.

The log;p RNA wviral load did not differ by sex in
univariate analysis (P = 0.971) (Table 2). A one log
CD4 cell increase resulted in a significant decrease of
0.895 in log;y RNA wviral load (P < 0.001). Combina-
tion therapy was associated with a 1.28 lower logg
viral load compared with the viral load in the no/
monotherapy category (P << 0.001). The Roche assay
was associated with a 0.404 lower logy viral load than
the NASBA assay (P = 0.0128).
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Fig. 1. Observed and predicted HIV RNA by age.
—— Non-parametric smoother; — — — fractional polynomial;
O observed; + censored.

Factors influencing HIV-RNA viral load pattern
over age

Two-way interactions of each of the main effects of
sex, treatment and CD4 cell count with age were
assessed for significance. The sex by age interaction was
significant (x> = 19.7, P < 0.001). The pattern of viral
load over age in girls differed from that of boys (Fig.
2). This difference was masked in the previous model,
which accounted for only the main effect of sex. Viral
load in girls peaks a little earlier (1.1 months) than in
boys (2.1 months), and at a higher value and declines
more sharply in girls than boys, with a cross-over at
approximately 4 years of age. After this age the viral
load in girls is consistently lower than that in boys. At
the peak the estimated HIV-RNA viral load is more
than 1 logyy above the peak level for boys at that age,
whereas after the cross-over girls have a predicted viral
load 0.25-0.5 log below that for boys. Interactions of
treatment (x> = 0.599, P = 0.741) and CD4 cell count
(x> = 0.235, P=0.628) with age were also investi-
gated. Allowing for an interaction between sex and
treatment, there was evidence of a difference in the
effect of treatment by sex (x®=5.18, P=0.023),
suggesting that treatment is associated with a larger
decrease in the RINA viral load in boys than in girls.

A full model was fitted to incorporate the main effects
of sex, treatment, assay type and CD4 cell count and
two-way interactions of age by sex, age by treatment
and sex by treatment, and a three-way interaction of
age by sex by treatment. Because of the significant
three-way interaction of inverse square root age by sex
by treatment and log)y age by sex by treatment
(x> = 6.31, P=0.043) the viral load pattern over age
is presented separately for the four strata defined by sex
and treatment for Roche assay observations, at the
median CD4 cell count (Fig. 3). The picture for
NASBA observations is similar, but levels are a little
lower than for Roche measurements. This model
predicts that, for example, at age 12 months the
difference in RINA viral load between untreated and
treated girls is approximately 2 logig, and 1.5 logyo for
treated and untreated boys. Similarly, at 15 years of
age, the predicted differences would be 1 log; for girls
and 2 logy for boys.

Progression to serious disease

In the ECS cohort the group of children with available
viral load information reflects children enrolled in more
recent years, when treatment was also more widely
available. Therefore progression is less than would be
seen in the total cohort. In the group of 118 infected
children with available information about the HIV-
RNA viral load, 21 children had progressed to serious
HIV disease (15) or death (6). Survival estimates of the
progression to CDC class C disease or death indicate
that 6% (2—11%) of infected children in this group
would have progressed by the age of 1 year, 17% (10—
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Table 2. RNA viral load pattern over age by sex, treatment, CD4 cell count and assay in

individual analyses.

Univariate

Variable coefficient 95% Cl P value
1/sqrt(Age) increase -1.16 —1.50to —0.822 < 0.0001
In(Age) increase —0.496 —0.625to —0.366 < 0.0001
Sex

Females 0 - -

Males —0.006 —0.342 t0 0.355 0.971
Treatment

No/monotherapy 0 - -

Combination therapy —1.28 —1.56t0 —0.994 < 0.0001
1 logip CD4 cell increase —0.895 —1.14to —0.651 < 0.0001
Assay

NASBA 0 - -

Roche —0.404 —0.722 to —0.086 0.0128

Cl, Confidence interval; NASBA, nucleic acid sequence-based amplification.

24%) by the age of 5 years, and 22% (13-31%) by 10
years of age. Progression to serious disease or death was
similar for boys and girls (log rank test P =0.79).
There was no statistically significant association by
treatment, and indeed children who had received
combination therapy were estimated to have a non-
significantly increased rate of clinical progression, re-
flecting late initiation of treatment.

Only seven of the 21 children were observed to have
progressed to serious disease or death by 1 year of age,
whereas only five of the 21 who progressed at any age
had viral load measurements relating to a time before
they had been diagnosed with serious disease. Given
the rarity of events, analyses relating peak viral load
measurements in the first months of life to the risk of
progression were considered to be inappropriate.

The difference in log;y HIV-RNA viral load measure-
ments before and after the initiation of combination
was evaluated in a regression analysis, allowing for sex,
viral load assay, initial viral load, and duration between
measurements. A total of 34 children (14 girls and 20
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boys) had information available, and the decrease in log
viral load after the initiation of treatment was estimated
to be 0.48 less in boys than in girls, but this did not
reach statistical significance (P = 0.299).

Although progression did not difter significantly by sex,
progression to serious disease or death was more rapid
for girls up to approximately 4 years of age and less
rapid than for boys after that age. This trend mirrors
that seen for the HIV-RNA viral load pattern over
age.

Discussion

Using data on the infected children enrolled in the
ECS, the level and pattern of HIV-RNA viral load
over nearly 15 years was described. The overall picture
shows a marked peak in viral load at approximately 3
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Fig. 3. Log RNA viral load (by Roche assays) by age, sex and

treatment. - Females (no and mono); ——— females
(comb); —-+—++— males (no and mono); —-—--— males
(comb).
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months of age, probably reflecting primary infection,
followed by a rapid decline in the first 5 years of life,
slowing thereafter. Our analysis used fractional poly-
nomial models that reflect the actual shape of the viral
load pattern over age in vertically infected children.
Although the results obtained using fractional poly-
nomial methodology are generally sensitive to outlying
values, the large number of observations available for
analyses here have produced reliable models. The
methodology used allows for both repeated measures
within children and the censoring effect of the assay
cut-off value. Generally, the assay cut-off value for
detection is either set at the assay specific point, or
arbitrarily half-way between zero and the cut-off. Both
approaches lead to bias in the parameter estimates
[13,14]. Furthermore, we were able to use longitudinal
repeated measurements over 15 years rather than cross-
sectional assessments at different ages.

HIV-RNA viral load has been shown in several studies
to be associated with the progression of disease overall
[16,17], but there is a lack of information on whether
this association differs by sex. In a recent conference
presentation [18], average relative and absolute CD4 cell
counts were higher in girls than in boys both in infected
and uninfected children. In infected children, HIV-
RNA levels were lower, but not significantly so, at all
time points to 18 months in untreated girls than in boys,
but any relationship with the progression of disease was
not investigated. Using European data, we show here
that allowing for repeated measures within individuals in
a model with viral load, age and sex, there was a
substantial sex difterence in viral load pattern over the
first 15 years of life. RINA viral load levels were
estimated to peak a little earlier and at substantially
higher levels in girls than in boys, with a difference of
more than 1logjg. After approximately 5 years of age
the levels of RINA in girls are up to half a log;y below
that of boys. This sex difterence in the peripheral viral
load pattern over age was reflected in the curve of
clinical progression, although overall progression was
not statistically significantly associated with sex. This
may imply that for a given RNA wviral load the
progression of disease in boys is slower than for girls.

The data presented here were collected within a pros-
pective cohort study, not a clinical trial and treatment
decisions were thus not random. The interactions
between age, sex and treatment in the assessment of
patterns of viral load are complex. The association
between treatment and viral load over age differed
between girls and boys. For both boys and girls viral
load observations under treatment were consistently
and substantially lower. However, whereas the differ-
ence in RNA viral load under treatment and not under
treatment increased slightly for boys, it narrowed
substantially for girls. Without treatment, the measure-
ments of RNA viral load are initially higher for girls

than boys, but levels cross over at approximately 3
years of age, and thereafter the measurements relating
to untreated girls are consistently lower than in boys.
With treatment, viral load measurements for girls
started off being higher than for boys, but after
approximately 9 months of age they become lower
than for boys, with very little difference at later ages.
Taken together, these findings indicate possible sex-
specific dynamics of viral replication.

In adults, lower HIV-RNA viral loads for women than
for men have been described, tentatively suggested to
be associated with hormonal levels. Hormonal influ-
ences could also play a role in children, even in the
pre-pubertal stages. Our findings suggest a biological
explanation in response to HIV infection. The progres-
sion of disease is generally similar in women and men,
and in our study there was no difference in overall
progression between boys and girls. However, few
studies have successfully associated viral load patterns
over a prolonged period of time with clinical progres-
sion in men and women separately, and most analyses
have been cross-sectional [19]. Guidelines for the
initiation of antiretroviral therapy based on viral load
do not currently allow for sex, although it has been
suggested that, for a similar baseline level, women may
achieve viral suppression after highly active antiretro-
viral therapy at a faster rate than men and have a more
sustained response [7].

Conclusion

The findings presented here, if confirmed, may have
implications for clinical guidelines for the initiation of
antiretroviral therapy in children, and suggest that cut-
off levels of RNA viral load at which therapy would be
recommended may need to be lower for girls than for
boys, after the first year of life. For example, WHO
guidelines suggest that for children over 1 year of age
the initiation of treatment should be considered if the
viral load is over 100 000 copies [20]. In our cohort, 22
girls and 32 boys had an HIV-RNA load above this
level over the age of 1 year, with 13 girls and 18 boys
being treated at or before the time of high viral load.
In addition, response to treatment measured through
RNA viral load may also need to be interpreted in a
different way for boys and girls, with an expected
lower average RINA load for boys after the initiation of
treatment than for girls.
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