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Abstract

Background—Ancestry informative markers (AlMs) measure genetic admixtures within an
individual beyond self-reported racial/ethnic (SRR) groups. Here, we used genetically determined
ancestry (GDA) across SRR groups and examine associations between GDA and HIV-1 RNA and
CD4" counts in HIV-positive children in the US.

Methods—41 AlMs, developed to distinguish 7 continental regions, were detected by real-time-
PCR in 994 HIV-positive, antiretroviral naive children. GDA was estimated comparing each
individual’s genotypes to allele frequencies found in a large set of reference individuals
originating from global populations using STRUCTURE. The means of GDA were calculated for
each category of SRR. Linear regression was used to model GDA on CD4* count and log;g RNA,
adjusting for SRR and age.

Results—Subjects were 61% Black, 25% Hispanic, 13% White and 1.3% Unknown. The mean
age was 2.3 years (45% male), mean CD4* count 981 cells/mm3, and mean log;g RNA 5.11.
Marked heterogeneity was found for all SRR groups with high admixture for Hispanics. In
adjusted linear regression models, subjects with 100% European ancestry were estimated to have
0.33 higher log;g RNA levels (95% Cl: (0.03, 0.62), p=0.028) and 253 CD4™ cells /mm?3 lower
(95% ClI: (=517, 11), p = 0.06) in CD4* count, compared to subjects with 100% African ancestry.

Conclusion—Marked continental admixture was found among this cohort of HIV-infected
children from the US. GDA contributed to differences in RNA and CD4* counts beyond SRR, and
should be considered when outcomes associated with HIV infection are likely to have a genetic
component.
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Introduction

Numerous studies have demonstrated that race/ethnicity can be an important factor in
determining health and risk for specific diseases~#. However, although most studies have
used self -reported race/ethnicity (SRR), it is known that this approach to determining
ancestry is often inaccurate, does not reveal the extent of genetic admixture and can mask
the importance of race/ethnicity as a risk for disease or complications associated with
specific drugs or drug combinations>—8. To measure the extent of admixture within a given
individual, panels of ancestry informative markers (AIMs) are being used to characterize
ancestry. Genetically determined ancestry (GDA) estimates are measurements, based on
genomic variants, which are predictive of the regions (or ancestry) from which individuals
inherited their genetic alleles. Due to population stratification the allele frequency for some
single nucleotide polymorphisms (SNPs) can be extremely high within some regional
populations, but low among other regional populations®. These differences can be extensive
permitting the identification of panels of SNPs to identify continental ancestry®.
Additionally, these same regional patterns suggest that AIMs may also be correlated with
other SNPs which may be predictive or causal for a specific clinical phenotypel®. Therefore,
AlMs have been found to be useful for disease risk assessment and for control of
confounding that may be due to population stratification.

As a result of the human diaspora that has occurred in the last 400-600 years, some regions
in the world have populations with high admixtures of continental ancestry®. The result is
that self-reported race and ethnicity groups can include a mixture of genetic backgrounds.
Self-reported race and ethnicity can also reflect the historical and/or social context of the
group with which the person identifies®. This implies that self-reported race measures a
mixture of genetics and social factors leaving self-reported race as a poor measurement for
the genetic composition of an individual.

Although human immunodeficiency virus type-1 (HIV) can infect all populations, in the
United States and other countries, specific groups are at increased risk of infection.
However, even among these risk groups, despite recurrent high risk exposures, some people
do not become infected, while others who become infected may have substantially different
rates of progression of HIV-associated diseases. Host genetic factors have been identified as
important determinants for both risk of HIV infection and rate of disease progression11-14,
Although racial and ethnic minorities, particularly those of African-American and Hispanic
ancestry, are disproportionately infected with HIV, few studies have examined the impact of
ancestry on HIV disease, and none to our knowledge in children. In a study of 91 HIV-
infected adults, it was shown that the association with the CYP2B6 metabolizer phenotype
and virologic response to an NNRTI-based (efavirenz or nevirapine) antiretroviral regimen
was confounded by GDA and that self-reported race/ethnicity was insufficient!®. A more
nuanced conclusion was reached in a paper from the Multicenter AIDS Cohort that
described dyslipidemia in 1,779 HIV-1 infected men1®. They found a significant interaction
between GDA and HIV/HAART status for all lipids tested, a low concordance between self-
reported race and GDA in admixed populations, and better performance of GDA relative to
self-reported race in statistical models. However, they still concluded that self-reported race
remained a good clinical surrogate for GDA. In an additional study of 310 North American

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2017 April 15.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Brummel et al.

Page 3

HIV-infected participants, the hazard ratios for the time to virologic suppression when
comparing the CCR5-2459 GA and AA alleles to the AA alleles were stronger among
participants with higher African ancestry, but no associations were found with GDA and the
time to virologic suppression’,

In the research reported here, we have used a novel 41-SNP panel of AIMs! to identify
continental origin and admixture among HIV-infected children in the U.S. who predate the
availability of effective combination antiretroviral therapy (CART). We have investigated
the relationship between genetically determined ancestry (GDA) and self-reported race
(SRR). Additionally, we have examined the associations of continental ancestry on CD4*
and HIV plasma RNA in children prior to the initiation of CART.

METHODS

Participants

The analysis participants were children who participated in the Pediatric AIDS Clinical Trial
Group (PACTG) protocols P152 (n=431)1° and P300 (n=563)2°. These trials were U.S.
based, prospective, randomized, double blind, placebo controlled, multicenter protocols that
assessed the efficacy of combination nucleoside reverse transcriptase inhibitor (NRTI)
treatment regimens prior to the availability of effective CART. To be included in one of
these trials a child needed to have symptomatic HIV infection, be between 3 months and 18
years of age for P15221, and between 42 days and 15 years of age for P300. For both
protocols the children had to meet criteria for a diagnosis of HIV infection from Centers for
Disease Control (CDC) classification system available at the time the protocols accrued. The
vast majority of these children were HIV-infected through mother-to-child transmission as
this cohort predates the routine administration of antiretrovirals to pregnant women.

Genetic Ancestry Determination

A recently described highly informative panel of 41 AlMs was used to determine continental
ancestry1®. Each of the 41 SNPs was detected using real-time PCR on DNA specimens
obtained from peripheral blood mononuclear cells of 994 HIV-infected children in P152 and
P300.

The continental origin of analysis participants was estimated by comparing each child’s
genotypes to allele frequencies found in a large set of 3517 reference individuals originating
from 107 populations around the world!8. Reference populations were grouped into the 7
world-regions Europe, Africa, America, Central/South Asia, South/West Asia, East Asia and
Oceania. Population structure and ancestry estimates were obtained in a trained clustering
analysis using STRUCTURE v2.3.2.122:23_ Five independent runs were performed at K=7,
using 20,000 burn-in cycles and 20,000 MCMC replications under the admixture model,
including prior population information of the reference set. Allele frequencies were updated
using only individuals with population information at a migration prior of 0.05. Uniform
priors were used for the degree of admixture (“infer " option) and for the allele frequency
(A = 1 option). All other parameters were set at default. Continental ancestry calling was
performed by assigning the predominant continental origin to each subject.
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Three-way admixture of the analysis children determined to be from Africa, Europe, or
America was further estimated using STRUCTURE with prior population information of
reference populations from Africa (N=761), Europe (N=1011), and America (N=407) under
an admixture model with correlated allele frequencies at K=3 groups and reported as percent
GDA.

Outcome Measures

CD4" lymphocyte count, CD4* lymphocyte percentage, and HIV plasma RNA were used as
the outcomes for this study. These were measured at entry prior to initiation of therapy.
P152 used the NASBA HIV-1 RNA QT Amplification System?! and P300 used the Roche
Amplicor quantitative RNA PCR assay2° to measure HIV plasma RNA.

Statistical Methods

Baseline characteristics are presented as percentages, means and standard deviations as
appropriate. Linear regression with a robust variance estimator24 was used to measure the
associations between GDA and CD4" lymphocyte counts, CD4* lymphocyte percent and
logip HIV RNA. Adjustment variables were all selected a-priori and included age, weight
for age z-score, study (P152/P300) and where appropriate self-reported race/ethnicity.
Genetically determined ancestry was used as a proportion in the regression analyses so that
the regression slopes are interpreted for a 100% change in GDA. This parameterization was
used so that a direct comparison to self-reported race could be made. Because GDA totaled
to 100%, the region (e.g. African GDA) not in the model is interpreted as a reference group.
In total, we considered six separate regression models to estimate the adjusted associations.
The first model (Model 1) was used to estimate the effects for GDA without adjustment for
SRR. The second model (Model 2) was used to estimate the effects of SRR without
adjustment for GDA. The third model (Model 3) included both GDA and SRR so that GDA
and SRR are adjusted for each other. The remaining models (Model 4 through Model 6)
included GDA after subsetting based on SRR. All confidence intervals (Cl) are 95% CI and
p-values < 0.05 were considered to be statistically significant. R version 2.15.1 and SAS
version 9.2 were used for the analyses.

RESULTS

Participants

Of the 994 participants for whom the complete panel of the 41 AIMs were determined, 61%
self-reported as Black, 25% self-reported as Hispanic, 13% self-reported as White, and 1%
reported as other races or without a self-reported race (Table 1). Fifty-five percent were
female; the average age was 3.8 years; and the average weight for age z-score was -0.66.
The mean CD4* lymphocyte count was 981; the mean CD4™" percent was 24%; and the
mean plasma logqg HIV RNA was 5.11. Of the 994 subjects with AIMs measurements, 826
(168 with missing data) had HIV-RNA data, and 987 (7 with missing data) had CD4* counts
and percentages. Missing HIV-RNA data was due to the availability of specimens.
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HIV-1-infected children in the U.S. demonstrate a high degree of admixture

We first examined the association of SRR with GDA for each subject. Because the
continental ancestry of the vast number of subjects clustered in three regions, Africa, Europe
and the Americas, these continents were used to describe the GDA in these analyses. As
seen in Figure 1, histograms for GDA for the three regions by self-reported race illustrate
the relative skewness (departure from symmetry), kurtosis (degree of “peakedness™) and
extensive variability among self-reported racial groups. All of the histograms display strong
skewness, with the possible exception of the European GDA for those that self-report as
Hispanic. Histograms with the most kurtosis include the Americas GDA for those that self-
report as White or Black, and for the Africa GDA for those that self-report as White. Figure
2 displays the mean GDA by self-reported race and the overall continental ancestry
distribution for the entire cohort. For those who self-reported as Black, the mean GDA was
74% for African ancestry, 17% for European ancestry and 9% for Native Americas ancestry.
For those who self-reported as White, the mean GDA was 14% for African ancestry, 76%
for European ancestry and 10% for Native Americas ancestry. For self-reported Hispanics,
GDA was 25% for African ancestry, 53% for European ancestry and 22% for Native
Americas ancestry.

Knowledge of Genetic Ancestry and Admixture proportions adds Additional Information
beyond Self-reported Race for pre-treatment HIV RNA

Because viral load is an important indicator of HIV replication and a predictor of disease
progression, we examined the role of genetic ancestry in determining the quantity of virus
detected in the plasma of subjects prior to their initiating antiretroviral therapy. In our initial
analyses, we examined by regression analysis for all self-reported racial/ethnic groups, the
pre-treatment HIV RNA comparing subjects with European or Americas ancestry to those
with African ancestry (Table 2). In this analysis (Model 1) a higher percentage of European
ancestry was associated with higher log;g RNA relative to children with more African
ancestry (mean change in log;g RNA for a 100% change in GDA(slope) = 0.18, ClI (0.01,
0.36), p-value = 0.041). In the same analysis, children with a higher percentage of Native
American ancestry had a non-statistically significant lower logyq viral load compared to
those with more African ancestry (slope = —0.29, CI (-0.79, 0.20), p-value = 0.25).
Similarly, children with a higher percentage of Native American ancestry had marginally
significant lower logyq viral load when compared to those with more European ancestry
(slope = -0.47, CI (-1.00, 0.06), p-value =0.080). The higher logig RNA for those with
more European ancestry held up after controlling for self-reported race (slope = 0.33, CI
(0.03, 0.62), p-value=0.028) (Model 3), and the directionality of the estimated slopes were
similar after subsetting on self-reported race (Models 4 through 6). When the cohort was
divided into subsets based on self-reported race, there was only one statistically significant
result (self-reported Blacks: slope = 0.62, Cl (0.18, 1.05), p-value=0.006). The interaction
test for GDA and SRR was statistically significant (Model 3 plus an interaction term, p-
value = 0.039), implying that the mean change of logig HIV RNA as a function of GDA
differed by SRR.

Model 2 and Model 3 (Table 2) contains comparisons of self-reported race for the mean
logip HIV RNA without and with adjustment for GDA, respectively. When comparing those
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who self-report as White to those who self-report as Black, there was a marginally
significant result (slope = 0.13, CI (-0.01, 0.28), p-value=0.065) (Model 2). This estimate is
similar to the Europe estimate from Model 1. After controlling for GDA, no significant
association was identified (Model 3, SRR based on self-report as Black as the reference)
indicating that continental ancestry was a stronger predictor of viral set point than self-
reported race/ethnicity.

Association of continental ancestry with CD4* lymphocyte count and percentage

We performed similar regression analyses to those described above for the association of
continental ancestry with CD4* count and percentage (Table 2). When controlling for GDA
(Model 3), in the analyses of self-reported race, those who self-identified as White had a
higher CD4" count compared to those who self-identified as Black (slope = 243, CI:
(28,448), p-value = 0.025). Similarly, when CD4* percentage was used in the analyses,
subjects that self-reported as White had on average higher CD4" percentage than those who
self-identified as Black (slope = 3.5, CI: (0.2, 6.7), p-value=0.039). In adjusted linear
regression models, subjects with 100% European ancestry were estimated to have 253 CD4*
cells /mm3 lower (95% CI: (=517, 11), p-value = 0.06) when compared to subjects with
100% African ancestry. When comparing the SRR estimates from Model 2 against Model 3
the estimates change due to the correlation of GDA and SRR.

When we adjusted for host genetic factors that were previously found to be related to HIV
RNA, CD4* Count and CD4™ percentage® using the same participants the estimated
regression slopes for the GDA were similar (Supplemental Table 1).

DISCUSSION

To our knowledge, this is the first report that has examined the importance of continental
ancestry in a cohort of HIV-infected children from the U.S. Our findings indicate that AIMs
provide information above and beyond self-reported race and ethnicity, and demonstrate that
there is considerable ancestry variability within self-reported race for these U.S. based
studies of HIV-infected children. Associations were identified between GDA and HIV
disease severity markers, such as HIV RNA, CD4" counts and CD4 percent, with effects
remaining after adjusting for self-reported race; these associations were strongest among
those who self-reported as Black. Additionally, the estimated associations between self-
reported race and HIV RNA and CD4* were stronger when adjusting for GDA. This implies
that GDA may be a confounder for the socioeconomic effect of being a member of different
racial groups, and that without adjustment for continental ancestry this socio-economic
association could not be fully estimated. This argues for inclusion of AIMs in adjusted
analyses when there is either a suspected strong genetic effect or a suspected strong
socioeconomic effect on the outcome of interest.

Additionally, AIMs can be used to minimize bias associated with population stratification in
case-control association studies of genetic markers26:27, Clinically, AIMs may be useful in
disease classification and identification of genetic risk. For example, a study of European
Americans would have misidentified genetic variants in LCT and IRF4 genes with
rheumatoid arthritis without accounting for continental ancestry28. Moreover, in certain
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situations, differences may exist even within continental ancestry populations. For example,
Menotti et al observed that when examining the risk for coronary heart disease applying a
model of northern Europeans to southern Europeans overestimated the absolute risk and vice
versa2?, Because we also found similar results when controlling for some important genetic
predictors, it is likely that additional genetic markers are related to CD4* and HIV RNA, and
are correlated with AIMs. This premise is supported by our findings that the associations
with CD4+ and HIV RNA remain after adjustment for the genetic markers that we
previously found associated with CD4* and HIV RNA.

The previously reported confounding effect of GDA with the CYP2B6 metabolizer
phenotype and virologic response to an NNRTI-based (efavirenz or nevirapine)
antiretroviral regimen® would not have played a role in our findings since HIV RNA and
CD4* were measured before study participants received any antiretrovirals. However, the
association that we found with HIVV RNA supports the plausibility that GDA is a confounder
when investigating a virologic response to an NNRTI based antiretroviral regimen. In
addition, the reported interaction with GDA and lipid levels® poses an interesting question
for pediatric research, particularly given that an increase in lipid levels have been reported in
children39:31, This remains an area of open research. Lastly, the reported interaction with the
CCR5-2459 genotype and GDA on the time to viral suppressionl’” might be congruent with
our findings since it would be expected that there is a relationship with the interacting
variables and the outcome under study32; nevertheless, viral suppression and GDA were not
found to be statistically significant in the Cheruvu 2014 study. However, there are some
important differences between the P152/P300 cohort examined in this study and these other
HIV reports. P152/P300 consisted of children while the other studies included adults;
therefore, extrapolation may not be valid. In addition, we did not study the time to virologic
suppression, rather we studied pre-ART plasma HIV RNA, CD4* counts and CD4*
percentages.

There are a few limitations to our study. The P152/P300 protocols did not collect
information on socioeconomic status and thus, we were not able to more finely describe
effects within varying socioeconomic levels. Also, since the P152/P300 studies were
conducted in the 1990s it is possible that infants were born to women more likely to have
difficulty with substance abuse than observed in more contemporary HIV-infected pregnant
women33, Finally, children in this study had a median age of 3.77 years, and did not have
access to CART. It would be unusual in the US for a child to reach this median age without
having initiated antiretroviral therapy. Thus, the observed results might not generalize to
children who have early access to CART.

In summary, we have found through the identification of continental ancestry that the
population of children with HIV infection within the U.S. has considerable ancestral
heterogeneity, and that self-reported race/ethnicity is often not truly reflective of a child’s
genetic background. Moreover, identification of continental ancestry provides additional
information with regards to HIV RNA and CD4" cell count and percent beyond what is
observed with self-reported race/ethnicity. Therefore, it is possible that many studies in the
HIV literature that have included ancestry in the analysis based on self-reported race could
have resulted in misleading conclusions. The utilization of AlIMs to identify continental
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cestry should be considered when outcomes associated with HIV infection are likely to

have a genetic component.
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Histograms of genetically determined ancestry (GDA,; i.e. % European, African, and Native
American admixture) by self-reported racial groups (SRR).
The y-axis is scaled so that the area of each histogram totals to one.
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Bar plot of the average ancestry composition for genetically determined ancestry (GDA)
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Table 1
Baseline Characteristics
Study
P152 P300 Total

Characteristic (N=431) (N=563) (N=994)
Self-reported race/ethnicity ~ Black 227 (52.7%) 378 (67.1%) 605 (60.9%)

Hispanic 135 (31.3%) 111 (19.7%) 246 (24.7%)

White 56 (13.0%) 71 (12.6%) 127 (12.8%)

American 0 (0.0%) 1 (0.2%) 1 (0.19%)

Asian/Pacific 1(0.2%) 1(0.2%) 2 (0.2%)

Unknown 12 (2.8%) 1 (0.2%) 13 (1.3%)
Gender Female 216 (50.1%) 326 (57.9%) 542 (54.5%)

Male 215 (49.9%) 237 (42.1%) 452 (45.5%)
Age (years) Mean (s.d.) 3.90 (4.29) 3.66 (3.46) 3.77 (3.84)
Weight for age z-score Mean (s.d.) -0.84 (1.35) -0.52 (1.36) -0.66 (1.37)
Log;o HIV RNA (copies/mL)  Mean (s.d.) 5.21 (1.03) 5.04 (0.89) 5.11 (0.94)
CD4 count (cell/mmd) Mean (s.d.) 1,047.94 (883.25) 930.71(799.73)  981.19 (838.29)
CD4 Percent Mean (s.d.) 24% (11.7) 23% (12.1) 24% (12)
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