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Abstract
Objective—To examine the effects of human leukocyte antigen (HLA) alleles on HIV-1-related
disease progression and central nervous system (CNS) impairment in children.

Design—572 HIV-1-infected children, identified as disease progressors or non-progressors, were
selected from PACTG P152 and P300 through a case-cohort sampling scheme. Study endpoints
were HIV-1-related disease progression-free survival and time to CNS impairment.

Methods—DNA was genotyped for HLA alleles using a Luminex 100 platform. Weighted
Kaplan-Meier methods and Cox proportional hazards models were used to assess the effects of
HLA alleles on study endpoints.

Results—Presence of the B-27 allele (n=20) was associated with complete protection against
disease progression and CNS impairment over the median follow-up of 26 months (P<0.0001 for
both). These findings held in multivariate analyses controlling for baseline covariates including
race, gender, age, log HIV-1 RNA, CD4+ lymphocyte count and percent, weight for age z-score
and treatment, and for other genotypes shown to affect HIV-1-related disease progression. Also,
while the Cw-2 allele protected against disease progression (HR, 0.48; 95% CI: 0.28–0.81; P=
0.006), the A-24 allele was associated with more rapid CNS impairment (HR: 2.01; 95% CI: 1.04–
3.88; P= 0.04). The HLA class II DQB1-2 allele was associated with a delayed disease progression
(HR: 0.66; 95% CI: 0.47–0.92; P= 0.01) and CNS impairment (HR: 0.58; 95% CI: 0.36–0.93; P=
0.02).
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Conclusions—Presence of B-27, Cw-2, or DQB1-2 alleles was associated with delayed HIV-1
disease progression, while B-27, A-24, and DQB1-2 alleles were associated with altered
progression to CNS impairment in children.
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INTRODUCTION
The human leukocyte antigen (HLA) system, which is also designated as the major
histocompatibility complex (MHC), is located in a hypervariable region of human
chromosome 6p21.1 There are approximately 128 expressed genes in the HLA system, most
of which have not been found to be involved in the immune response.2,3 The ones which
function in immunity are called classical HLA genes and are classified into two categories
based on their structure and function3: class I (HLA-A, -B, -C, -E, -F, and -G) and class II
(HLA-DR, -DQ, -DM, and -DP) genes.1 The class I and class II HLA molecules bind with
peptides derived from endogenous and exogenous pathogens, respectively. The peptide-
laden HLA molecules are then delivered to the surface of the infected cells.3 Class I HLA-
peptide complexes can be recognized by CD8+ cytotoxic T lymphocytes (CTLs) and thus
the infected cells can be lysed,3–6 whereas class II HLA-peptide complexes engage CD4+ T
helper cells, which will produce important cytokines that help coordinate the immune
response.4,6,8

HLA genes play a central role in susceptibility to many autoimmune and infectious diseases.
1,7 In particular, several studies have shown a positive genetic association between HLA
alleles and various aspects of HIV-1 infection and related opportunistic infections including
hepatitis B and C, tuberculosis, and malaria.1,8 Among the HLA alleles, B-27 and B-57 have
been shown to be associated with HIV-1-related disease progression and viral replication,
respectively.9–15 However, all these studies have been performed in cohorts of adults. Since
children have an immature and developing immune system that may respond to HLA
differently from adults, the current research examined the associations between HLA class I
or II alleles and HIV-1-related disease progression in children. Our findings demonstrate
several significant associations of specific HLA alleles with HIV-1-related disease
progression and central nervous system (CNS) impairment. Most notably, presence of the
B-27 allele is strongly protective against HIV-1- related disease progression in children.

SUBJECTS AND METHODS
Subjects

The 572 children with evaluable HLA results screened for HLA class I and class II alleles in
the present study were selected from Pediatric AIDS Clinical Trials Group (PACTG)
protocols P15216 and P30017. P152 was a Phase III, randomized, double-blind trial in which
the effectiveness of three antiretroviral treatment regimens (zidovudine (ZDV)
monotherapy, didanosine (ddI) monotherapy, and ZDV plus ddI combination therapy) was
compared in HIV-1-infected children aged 3 months to 18 years. P300 was a Phase II/III
comparative, multicenter trial to compare the effects of ZDV plus lamivudine combination
therapy versus ddI monotherapy versus ZDV plus ddI combination therapy with respect to
disease progression in symptomatic HIV-1-infected infants and children aged 42 days to 15
years. The primary endpoints of the present study included progression free survival (PFS),
which was defined as either time to progression to first clinical HIV-1-related disease
endpoint or death, and time to CNS impairment (CNS free survival), which was defined as
time to deterioration in brain growth, psychological function, and/or neurological status.
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HLA typing
Total genomic DNA was extracted from peripheral blood mononuclear cells using mini
blood DNA kits (QIAGEN, Carlsbad, CA). Whole Genome Amplification of DNA was
done using QIAGEN WGA kits.18 HLA genotyping was done by multiplexing using
Luminex 100 platform (Luminex Corp, Austin, TX) at Tepnel Lifecodes Corporation
(Stamford, CT).

Design
A case-cohort design19 was used for the sampling of the study subjects. From a total of 1559
subjects enrolled, available study participants of P152/P300 (N=901) who had a defined
disease progression status (i.e. progressors or non-progressors), a sample size of 600
subjects were selected for HLA genotyping. All cases defined as progressor (n=229) were
included in the sample, while a sample of 371 subjects stratified by treatment, were
randomly selected from the non-progressor group for genotyping. In the end, 572 patients
(206 progressors and 366 non-progressors) with complete HLA genotyping results available
were included in the analyses.

Statistical Analyses
In order to reweight contributions in the case-cohort sample to represent the contributions
from the full cohort, a sampling weight for each subject in the case-cohort sample was
defined by the number of subjects in the overall P152/P300 cohorts for the respective
disease groups (progressor and non-progressor) divided by the corresponding number in the
case-cohort sample. Thus, the weight for the progressor group was 1 since all cases from the
cohorts were included, while the non-progressor group was assigned a larger weight of 1.81
([901-229]/[600-229]) since the sampled subjects in that group were under-represented
relative to the full cohorts. In the weighted analyses, contributions to estimators and other
quantities, such as partial likelihoods, were multiplied by these weights. If the patients
included in the case-cohort sample were a random subset of the corresponding group from
P152 and P300, then the weighted estimators would provide consistent estimates of the
corresponding quantities from the full P152 and P300 cohort. The weighted partial
likelihood computed was used for estimating hazard ratios and testing effects. This
essentially provided the weighted pseudo-likelihood estimators.20 The variance of the partial
likelihood estimators was assessed with the robust variance.21, 22

Analyses of the association between HLA allele markers and the time to progression free
survival (PFS) and CNS impairment were performed using weighted Kaplan Meier
estimates (Wald statistic p-values with robust variance estimate were reported.). Cox
proportional hazards models with weighted estimates were used to investigate the effects of
the allele specific markers on PFS and CNS endpoints in univariate and multivariate
analyses controlling for baseline covariates including age, gender, race, CD4+ lymphocyte
count and percent, change of CD4+ lymphocyte count from baseline to week 24 and 48, log
HIV-1 RNA, change of log HIV-1 RNA from baseline to week 24 and 48 on study, and
weight for age z-score (WAZ score), as well as other genetic markers identified to
significantly affect PFS or CNS impairment in this cohort of children (CR5-wt/Δ32,
CX3CR1-249-V/I, -280-T/M, SDF-1–180-G/A, and MBL2-A/O for PFS and -280-T/M,
SDF-1–180-G/A, and MBL2-P/Q for CNS impairment). Hazard ratios (HR) of time to PFS
or CNS events between the two comparison groups defined by HLA allele markers and their
95% confidence intervals (CIs) are also presented.
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RESULTS
Baseline characteristics of studied children

The children evaluated were 58% non-Hispanic Black, 28% Hispanic, 12% non-Hispanic
White, and 2% other or unknown race/ethnicity (Table 1). Ages ranged from 72 days to 17
years; 54% were females. Of the 572 subjects for whom complete data were available, 206
were progressors and 366 were non-progressors. Twenty-one percent of study participants
were followed for <12 months, 39% for ≥12–23 months, 27% for >23–35 months and 13%
for ≥35 months. Weight growth failure and single CNS event were the leading causes of
disease progression. At study entry, progressors had significantly higher log10 RNA copies/
ml and lower CD4+ lymphocyte counts and percentages, WAZ scores, and cognitive scores
(Table 1). The median follow-up time was 26.0 months for the 572 subjects included in the
analysis.

Associations of homozygosity or heterozygosity of HLA alleles with HIV-1-related
progression-free survival and CNS impairment

Among the HLA class I alleles, presence of homozygous class I B alleles (HR [homozygotes
vs. heterozygotes]: 1.66; p= 0.05) (Table 2, Figure 1A) was associated with a more rapid
disease progression. This trend, however, lost significance after adjusting for baseline
covariates and for other genotypes. Presence of homozygous C alleles (HR [homozygotes
vs. heterozygotes]: 1.55; p= 0.05) (Table 2, Figure 1B) was associated with a more rapid
disease progression. This effect remained significant after adjusting for other genotypes
(HR, [homozygotes vs. heterozygotes]: 1.63; p= 0.04) (Table 2) but lost significance after
adjusting for baseline covariates. Among the HLA class II alleles, presence of the
homozygous DRB1 allele showed a trend toward a more rapid disease progression (HR
[homozygotes vs. heterozygotes]: 1.48; p= 0.08) (Table 2). However, the effect of the
homozygous DRB1 allele lost significance after adjusting for baseline covariates and other
genotypes (Table 2). When comparing the effects of homoygosity vs. heteroygosity of HLA
alleles on CNS impairment, only presence of class II DRB1 homozygous allele was found to
be marginally associated with higher CNS impairment (HR [homozygotes vs.
heterozygotes]: 1.67; p= 0.09) (Table 3). This association became stronger after adjusting
for other genotypes (HR [homozygotes vs. heterozygotes]: 1.82; p= 0.05) and was lost after
adjusting for baseline covariates (Table 3).

Associations of HLA class I alleles with HIV-1-related progression-free survival and CNS
impairment

Strikingly, among the HLA class I alleles, presence of the B-27 allele provided complete
protection against HIV-related disease progression as none of the 20 children possessing the
B-27 allele experienced progression of HIV-1-related disease (robust score test, p <0.0001)
(Figure 1C) or CNS impairment (robust score test, p <0.0001) (Figure 1D) during a median
follow-up time of 26 months. Presence of HLA class I B-57 allele, which has been found to
be associated with protection against progression to AIDS in adults, did not show significant
protection against disease progression (p=0.11) (Table 2, Figure 1E) or CNS impairment
(p=0.42) (Table 3, Figure 1F) in children. Presence of the A-24 allele was associated with a
more rapid HIV-1-related CNS disease progression (HR [presence vs. absence]: 2.01; p=
0.04) (Table 3, Figure 2A); this remained significant after adjusting for other genotypes (HR
[presence vs. absence]: 2.04; p= 0.03) (Table 3). However, presence of the A-24 allele did
not show any significant effect on the rate of the overall disease progression.

Among the HLA class I C alleles, presence of Cw-2 was significantly associated with
protection against HIV-1-related disease progression (HR [presence vs. absence]: 0.48; p=
0.006) (Table 2, Figure 2B) which remained significant after controlling for other genotypes
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(HR [presence vs. absence]: 0.46; p <0.0001); however, no significant association was
observed with CNS impairment. Additionally, presence of the Cw-5 allele showed a
marginal association with progression of CNS disease (HR [presence vs. absence]: 1.78; p=
0.08) (Table 3, Figure 2C), and the results remained consistent after adjusting for baseline
characteristics (HR [presence vs. absence]: 4.76; p= 0.01) and for other genotypes (HR
[presence vs. absence]: 1.96; p= 0.05) (Table 3). Presence of the Cw-6 allele also showed a
marginal association with HIV-1-related disease progression (HR [presence vs. absence]:
1.43; p= 0.06) (Table 3, Figure 2D), and the results remained consistent after adjusting for
other genotypes (HR [presence vs. absence]: 1.41; p= 0.08). This effect of the Cw-6 allele
was lost, however, when adjusted for baseline covariates.

Associations of HLA class II alleles with HIV-1-related progression-free survival and CNS
impairment

Presence of the HLA class II DQB1-2 allele was protective against HIV-1-related disease
progression (HR [presence vs. absence]: 0.66; p= 0.01) (Table 2, Figure 2E). This effect
remained significant after adjusting for other genotypes (HR [presence vs. absence]:0.67; p=
0.02), but became marginal after adjusting for baseline covariates (HR [presence vs.
absence]: 0.57; p= 0.06). Presence of the HLA class II DQB1-2 allele was also protective
against HIV-1-related CNS impairment (HR [presence vs. absence]:0.58; p= 0.02) (Table 3,
Figure 2F), which remained significant after adjusting for other genotypes (HR [presence vs.
absence]: 0.61; p= 0.04), but lost significance after adjusting for baseline covariates.

Associations of B-27 allele with changes of CD4+ lymphocyte count and log HIV-1 RNA
viral load overtime

No association was observed between the HLA B-27 allele and changes in viral load and
absolute CD4 count from baseline to 24 and 48 weeks. Additionally, protective effects of the
B-27 allele against disease progression or CNS impairment remained when adjusted for
changes in CD4+ lymphocyte count and log RNA over the follow-up period in a
multivariate Cox proportional hazards model (data not shown).

DISCUSSION
Although specific HLA alleles have been found in previous studies to be related to HIV-1-
related disease progression in adults, there is little information on the association between
HLA variants and HIV-1-related disease progression in children. The data presented here
identified several novel associations in a large cohort of children with HLA genotyped from
the pre-HAART era. The most striking finding was the complete protection from disease
progression by presence of the B-27 allele. Another surprising finding, however, was the
lack of significant protective association with presence of the B-57 allele which has been
found in previous adult studies to be strongly associated with protection against HIV-1-
related disease progression. In addition to overall disease progression, we were able to
examine the association of HLA alleles with CNS impairment and identified that presence of
the B27, A-24 and DQB1-2 alleles was associated with more rapid progression to CNS
impairment. These effects remained significant after adjusting for CD4 lymphocyte counts,
viral load and other genotypes known to affect HIV-1-related disease.

It was also found that heterozygosity for HLA class I B and C alleles was associated with
delayed progression of HIV-1-related disease in children. These findings are in agreement
with those of previous studies performed in HIV-1-infected adults.23 Additionally, the
results provide additional support for the hypothesis of over dominant selection
(heterozygote advantage) which proposes that the heterozygous HLA loci encode a wider
range of HLA molecules which can bind to a greater array of peptides derived from
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intracellular and extracellular pathogens and trigger the downstream immune response. In
contrast, the homozygous loci encode a much narrower range of HLA molecules and thus
immune escape often occurs.24, 25 HIV-1 is characterized by its remarkable antigenic
variation and rapid mutations, which require a more diverse immune response.

Presence of the B-27 allele was found to provide a strong protective benefit against HIV-1-
related disease progression in children. Our findings are consistent with those of a number of
adult studies which showed a significant association between presence of the B-27 allele and
delayed HIV-1-related disease progression.10–13,26,27 However, we did not observe any
significant association of B-27 allele with change in CD4 lymphocyte count and viral load
when followed up from baseline to week 24 and 48 period. Presence of the B-27 molecule
protects HIV-1-infected individuals against disease progression by binding to a conserved
HIV-1 epitope in p24 gag, which resides on the capsid of the HIV-1 virus, and then
activating the HLA-B27-restricted cytotoxic T lymphocyte (CTL) responses.8–9

In our study, we didn’t see any significant difference in HIV-1 disease progression conferred
by the presence/absence of the B-57 allele, although a trend toward protection against
disease progression and CNS impairment was observed. However, two previous studies15,
27 have shown that the frequency of the B-57 allele was dramatically higher in non-
progressors than in progressors. Another recent study26 also showed that the B-57 allele was
associated with disease progression delay. Other research has demonstrated that B-57 could
bind to multiple HIV peptides and trigger a strong B-57-restricted CTL immune response.
28–30 A recent study hypothesized that HLA-B-57 provides protection to haploidentical
infants by driving and maintaining a fitness-attenuating mutation in p24-Gag.31 It is of
interest, therefore, that in our cohort of children, presence of the B-57 allele failed to be
associated with altered HIV-1-related disease progression. Reasons for our findings are
unclear. However, because HLA types for the mothers were unavailable in this study, we
were unable to assess any potential beneficial effects that might be present when mother-
infant pairs are haploidentical at HLA-B-57. Additionally, NK cells from individuals with
KIR3DL1 (killer Ig-like receptor 3DL1) and HLA-B-57 genotypes have been found to have
increased functional potential, particularly in the KIR3DL1 (+) NK cell subset.32 Therefore,
knowledge of the KIR genotype in our patients might provide additional insights into the
associations of HLA-B-57 with HIV-1-related disease progression and CNS impairment.

In our current study, presence of the Cw-2 allele was associated with slower HIV-1-related
disease progression, while presence of the Cw-5 allele was associated with more rapid CNS
impairment. The mechanisms underlying these associations are not clear; however, similar
to the B-27 allele,8–9 it is likely that these alleles place structural or functional constraints on
the virus that alters its ability to generate CTL escape mutants.

In previous studies, it has been demonstrated that A-11, B-27, B-51, B-57, B-58, Cw-2, and
Cw-14 alleles were associated with delayed HIV-1-related disease progression, while B-35,
B-53, and Cw-4 alleles were associated with more rapid disease progression.33 However,
many of these alleles such as A-1, A-23, B-35, B-53, and Cw-4 were not found to
significantly alter the HIV-1-related disease progression in our cohort of children. The
reasons for these differences are unknown. However, we have also observed differences in
association studies conducted in children and adults for other host genetic allelic variants for
HIV-1-related disease progression.34–36 It is likely that the developing immune system of
children is at least partly responsible for these observed differences. Additionally, genetic
backgrounds in the populations studied, as well as virus clade differences among the U.S.
and African cohorts, may account for some of the differences observed.
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Among the class II HLA alleles, presence of the DQB1-2 allele was associated with
protection against HIV-1-related disease progression and CNS impairment in our cohort of
children. Although several DQB1 alleles and DQ haplotypes have been shown to be
associated with resistance to HIV-1 infection,34 it is the first time to our knowledge that the
DQB1-2 allele has been reported to be associated with delayed disease progression. The
associations of DQ alleles and haplotypes with resistance and susceptibility to HIV-137

emphasize the importance of the DQ alleles in anti-HIV-1 immunity.

Another novel finding from our study is the association of B-27 and DQB1-2 alleles with the
progression of HIV-1-related CNS impairment in addition to the disease progression.
Although there have been no previous reports on the association between HLA alleles and
HIV-1-related CNS impairment, our finding that such associations were similar to the
associations between HLA alleles and HIV-1-related disease progression implies that HLA
may affect HIV-1-related disease progression and CNS impairment by a common
mechanism. We identified two new HLA class I alleles (A-24, Cw-5) which were associated
with CNS impairment, but not with the overall HIV-1-related disease progression. We also
found that presence of the DRB1–3-DQB1–6 allele was marginally associated with more
rapid disease progression and significantly associated with CNS impairment. These findings
require further validation in additional cohorts.

There are a number of limitations to our study. First, the children did receive one to two
antiretroviral drugs. However, these treatments were prior to effective antiretroviral therapy
and disease progression was common. Additionally, when we controlled for treatment, no
changes in statistical significance of the tests for any of the associations were observed. In
this study, we specifically examined associations between HLA genotypes of HIV-1-infected
children and time to disease progression without regard to maternal HLA genotypes.
Although maternal HLA genotypes may provide useful information, the data presented here
can be applied to infected children without regard to their mother’s HLA type or mother-
child HLA concordance.

This study has a number of major advantages over previous studies on roles of HLA alleles
in HIV-1-infected individuals. First, this is the largest cohort of children from the U.S. in the
pre-HAART era evaluated for HLA associations with time to HIV-1-related disease
progression. Second, children participating in this study had comprehensive evaluations for
clinical endpoints including clinical disease progression and CNS impairment. Third,
because we have previously evaluated a large number of host genetic variants in this cohort
of children, we were able to assess the effects of HLA genotypes controlling for other
specific allelic variants which were previously identified as being associated with disease
progression and/or CNS impairment.

In summary, it was found that presence of B-27, Cw-2, or DQB1-2 alleles was associated
with delayed HIV-1 disease progression in HIV-1 infected children, while B-27, A-24 and
DQB1-2 alleles were found to significantly alter the progression to CNS impairment. These
associations remained for the majority of the alleles in multivariate analyses controlling for
baseline covariates including age, gender, race, CD4+ lymphocyte count and percent, change
of CD4+ lymphocyte count and change of log HIV-1 RNA from baseline to week 24 and 48,
treatments, and WAZ score, as well as other genetic markers identified to significantly affect
PFS or CNS impairment in this cohort of children. These findings suggest that specific HLA
alleles are critical to elicit an effective immune response to HIV-1 infection in children.
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Figure 1.
Association of HLA Class I B or C allele heterozygosity; B-27, and B-57 alleles with PFS
and CNS Free Survival.
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Figure 2.
Association of HLA Class I A-24, Cw-2, Cw-5, Cw-6, and HLA Class II DQB1-2 alleles
with PFS and CNS Free Survival.
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