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Abstract
Untreated HIV-1 infection progresses through acute and asymptomatic stages to AIDS. Although
each of the three stages has well-known clinical, virologic, and immunologic characteristics, much
less is known of the molecular mechanisms underlying each stage. In this study, we report
lymphatic tissue microarray analyses, revealing for the first time stage-specific patterns of gene
expression during HIV-1 infection. We show that although there is a common set of key genes
with altered expression throughout all stages, each stage has a unique gene expression signature.
The acute stage is most notably characterized by increased expression of hundreds of genes
involved in immune activation, innate immune defenses (e.g., RIG-1, MDA-5, TLR7 and TLR8,
PKR, APOBEC3B, 3F, 3G), adaptive immunity, and in the proapoptotic Fas-Fas ligand pathway.
Yet, quite strikingly, the expression of nearly all acute stage genes return to baseline levels in the
asymptomatic stage, accompanying partial control of infection. This transition from acute to
asymptomatic stage is tied to increased expression of a diverse array of immunosuppressive genes
(e.g., CLEC12B, ILT4, galectin-3, CD160, BCMA, FGL2, LAG3, GPNMB). In the AIDS stage,
decreased expression of numerous genes involved in T cell signaling identifies genes contributing
to T cell dysfunction. These common and stage-specific gene expression signatures identify
potential molecular mechanisms underlying the host response and the slow, natural course of
HIV-1 infection.

Untreated HIV-1 infection typically progresses from acute through a clinically
asymptomatic stage to full-blown AIDS over the course of 5–10 years. In the acute stage
(defined as individuals infected within 4 mo of documented sero-conversion to HIV), the
rapid and profound damage to the host's immune system is manifest primarily as massive
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depletion of CD4+ T cells, especially in the gut (1, 2). Yet, despite this initial damage, most
untreated patients enter a long period of clinical latency, the asymptomatic stage (defined as
individuals infected for at least 4 mo with a CD4+ T cell count >200 cells/μl), in which the
pace of immune damage slows. Eventually, however, with continued CD4+ T cell depletion
and destruction of lymphatic tissue (LT)4 architecture, most infected patients progress to
AIDS (defined as infected individuals with a CD4+ T cell count <200 cells/μl) (3).

Each stage has well-described clinical, virologic, and immunological characteristics, but the
molecular mechanisms underlying these stage-specific features remain poorly understood.
Thus, elucidating the molecular basis responsible for these key virologic and immunologic
characteristics of the three stages of infection should improve our understanding of HIV-1
pathogenesis, particularly those genes and pathways that are important in determining the
level of virus replication, the degree of immune activation, and the extent/pace of CD4+ T
cell loss, as well as potentially identify new therapeutic targets.

Microarrays have been used for some time in the study of HIV-1 infection, including
monitoring gene expression in cell lines, PBMCs, and PBMC subsets (4, 5). Although these
previous studies are informative, they likely do not best represent the gene expression
occurring in lymphoid tissue in vivo. To that end, we used Affymetrix Human Genome
U133 Plus 2.0 Arrays to examine gene expression in LTs of HIV-1-positive subjects in each
clinical stage compared with uninfected subjects (Table I), focusing on LTs because
transcriptional profiles at this major site of virus production and pathology (6) should depict
host-pathogen interactions directly relevant to pathogenesis. We show that there are stage-
specific signatures of genes and pathways in LTs that highlight both a dramatically
extensive early host response in acute infection and rapid resolution of that response during
the asymptomatic stage, and we identify genes involved in T cell dysfunction in AIDS.

Materials and Methods
Lymph node biopsies, RNA extractions, synthesis of biotin-labeled cRNA probes, and
microarray hybridization followed previously published procedures (7).

Lymph node biopsy specimens
Inguinal lymph node biopsies from 22 untreated HIV-1-infected subjects at different clinical
stages and 5 uninfected subjects were obtained for this University of Minnesota Institutional
Review Board-approved microarray study. Each lymph node biopsy was placed into a
Falcon tube and snap frozen by dropping it into liquid nitrogen.

RNA extraction, synthesis of biotin-labeled cRNA probes, and microarray hybridization
Frozen lymph nodes were homogenized with a power homogenizer (Heat Systems
Ultrasonic) in TRIzol (catalog no. 15596-018; Invitrogen) without thawing. Total RNA was
isolated according to the manufacturer's protocol and further purified with a RNeasy Mini
Kit (catalog no. 74104; Qiagen). Double-stranded cDNA and biotin-labeled cRNA probes
were synthesized from 5 μg of total RNA with a MessageAmp II aRNA kit (catalog no.
AM1757; Ambion). The cRNA probes were column purified and fragmented with a
fragmentation kit (catalog no. 8740; Ambion).

Fifteen micrograms of fragmented cRNA was hybridized to an Affymetrix Human Genome
U133 Plus 2.0. After hybridization, chips were washed, stained with streptavidin-PE, and
scanned with GeneChip Operating Software at the Biomedical Genomics Center at the

4Abbreviations used in this paper: LT, lymphatic tissue; DC, dendritic cell; BID, BH3-interacting domain death agonist.
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University of Minnesota. The experiments from each RNA sample were duplicated in the
preparation of each cRNA probe and microarray hybridization.

Microarray data analysis
Cel. files were uploaded into the Expressionist program (Genedata; Pro version 4.5) and the
expression level for each of the 47,000 transcripts in the arrays were analyzed by using the
robust multi-array analysis algorithm. The expression levels from duplicated chips of the
same individual's RNA were correlated and averaged. The expression data from all
individuals were exported as Excel files for statistical analysis.

Tests for differences between the stages were conducted using the two-sample t test,
assuming the variance of the measurements are the same in the two groups. Fold differences
in the level of gene expression between any two stages were estimated with the ratio of the
means in the two stages. All computations were conducted using the software S-plus version
3.4 from MathSoft.

After statistical analysis, data were sorted based on these transcript cutoffs: p ≤ 0.05 and fold
change ≥1.7. Significantly changed genes and transcripts were uploaded into the NetAffix
Analysis Center (http://www.affymetrix.com/analysis/index.affx) to query gene ontology
information and into Ingenuity Pathways Analysis (Ingenuity Systems, www.ingenuity.com)
for gene annotation and pathway analysis.

The data discussed in this publication have been deposited in the National Center for
Biotechnology Information's Gene Expression Omnibus (40) and are accessible through
GEO Series accession no. GSE16363 (http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc =
GSE16363).

Real-time RT-PCR and immunohistochemical staining
Significantly altered genes (STAT1, RANTES, IFN-γ) in the microarray analysis were
confirmed both by LightCycler real-time PCR and by immunohistochemical staining as
published previously (7).

Results
We found that HIV-1-infected subjects (22 individuals) were clearly distinguishable from
uninfected subjects (5 individuals) and that each disease stage had a distinct gene expression
signature. As is evident in Fig. 1, the stages differed compared with uninfected subjects in
both the number of genes with altered expression as well as the direction of change in gene
expression.

Altogether, from the array's nearly 47,000 transcripts, we found 766 altered genes. Only
~6% (46 genes) of the altered genes were common to all stages (region C1 in Fig. 1), with
another ~21% (161 genes) common to two stages (C2, C3, and C4) and ~73% (559 genes)
unique to one stage (S1, S2, and S3). Strikingly, ~70% of the 766 genes {536} were altered
in the acute stage (S1, C1, C2, and C3), with ~67% (358 genes) of those unique to this stage
(S1) and ~81% (289 genes) of those unique genes had increased expression. In sharp
contrast, the asymptomatic stage (S2) had few (18 genes) uniquely altered genes. The AIDS
stage (S3) had 183 uniquely altered genes, with ~84% (153 genes) decreased in expression.

Based on gene ontology/annotations from the NetAffx Analysis Center, Ingenuity Pathways
Analysis, and extensive examination of published literature, we classified ~80% of all
altered genes (621 genes) into functional categories shown in Fig. 2 and supplemental Table
I.5
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Common
Common to all stages (region C1) were 46 genes (Fig. 2A), one-half (23 genes) of which
have known functions in immune defenses. STAT1 expression was highly increased, as
were defense genes regulated by STAT1 such as IFN-γ and a number of IFN-related
antiviral genes like 2′, 5′-oligoadenylate synthetase 1 (OAS1), ISG15, IFI27, and the
guanylate-binding proteins (GBP1, 5). Genes involved in immune activation and cell
proliferation accounted for ~25% (12 genes) of common genes, including cell cycle-related
genes such as cyclin B1. Expression of most of these genes increased. Also, expression
increased for genes encoding the important anti-HIV-1 chemokines RANTES and MIP-1β
and their cognate receptor CCR5, as well as eight genes encoding proteins associated with
NK cell and CD8+ T cell-mediated cytotoxicity, such as CD8, granzymes, and cytotoxic and
regulatory T cell molecule.

Acute stage
The acute stage had by far the most (358 genes) uniquely altered genes (region S1), with
~81% (289 genes) increased in expression. Fig. 2B shows the functional categories of 291
unique acute stage genes; the rest appear in supplemental Table I.

Immune activation accounted for ~40% (144 genes) of unique acute stage genes. Notable
are: 1) proinflammatory mediators (e.g., IL-32 and IL-1R antagonist); 2) signal transduction
molecules (e.g., the T cell-related gene calmodulin 3); 3) transcriptional regulators (e.g., T-
box 21 and the thymus hormone thymopoietin); 4) activators of cell proliferation (e.g.,
Ki-67 and proliferating cell nuclear Ag); 5) mediators of cell cycle progression (e.g.,
nucleophosmin/B23 and cell division-cycle-associated proteins); and 6) moderators of
pathologic processes associated with immune activation (e.g., metallothioneins and
thioredoxins to counter free radical damage).

Countering the predominance of increased expression of immune activation genes was an
apparent paradoxical increase in genes whose function is clearly immunosuppressive. This
may reflect a mechanism to balance the necessary activation of host defenses while avoiding
the immunopathologic effects of immune activation but also may be detrimental in
dampening the immune response in the face of continuing viral replication. Genes with
increased expression in the acute stage linked to immunosuppression included the C-type
lectin domain family 12, member B (CLEC12B), glycoprotein (transmembrane) nmb
(GPNMB), and galectin-3, all inhibitors of macrophage activation and inflammatory
processes, CD160, and LAG3), both negative regulators of T cell activation, ILT4, a
receptor involved in the tolerization of dendritic cells (DCs), and IDO, an enzyme with far-
reaching immunosuppressive effects regulating the immune system. The single
immunoregulatory gene decreased in expression was RANKL, implicated in the
maintenance and survival of DCs and peripheral CD4+CD25+ regulatory T cells.

Immune defenses accounted for ~7% (25 genes) of unique acute stage genes, representative
of a broad, innate immune response in which the IFN system is the most prominent
component of the host's response to HIV-1, e.g., increased expression of genes encoding
OAS2 and 3, myxovirus resistance 2, polynucleotide phosphorylase, IFN-induced
transmembrane protein 1 (9–27), and numerous others. Additional genes of innate immunity
included increased expression of three complement and FcR genes as well as a number of
antiviral molecules and pattern recognition receptors—genes coding for TLRs 7 and 8 and
the C-type lectin receptors Dectin-1 and mannose receptor, the cytoplasmic RNA helicase
proteins RIG-I and MDA-5, dsRNA-dependent protein kinase (PKR), and the APOBECs,
including not only the known suppressors of HIV-1 replication, APOBEC3G and -3F, but
also -3B. In addition, expression of four genes coding for cytotoxic effectors such as
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granzymes and killer-specific secretory protein of 37 kDa increased, consistent with innate
and adaptive defenses by NK cells and CTL.

Apoptosis accounted for ~4% (14 genes) of unique acute stage genes. Quite selectively,
among numerous canonical apoptotic pathways, only the Fas-Fas ligand-mediated cell death
pathway was activated (Fig. 3). Proapoptotic genes increased in this pathway included Fas
ligand, caspases 3 and 4, BH3-interacting domain death agonist (BID), and truncated BID,
highlighting the importance of the Fas-Fas ligand pathway in LT during acute stage
infection.

Finally, tissue repair/remodeling and metabolism accounted for, respectively, ~9% (33
genes) and ~24% (87 genes) of unique acute stage genes. Notable are chitinase 3 like-2,
decorin, and dermatopontin, genes that could be plausibly involved in collagen formation/
deposition, an important pathologic process observed in HIV-1 infection (8). Also, ~90%
(78 genes) of metabolism genes were increased in expression, suggesting accelerated cell
growth and turnover.

Asymptomatic stage
In contrast to the acute stage, the asymptomatic stage (region S2) had relatively few altered
genes (18 genes; Fig. 2C), reflecting a return to baseline levels of nearly all acute stage
genes and a major shift in host response to the virus. We return in the Discussion to the
mechanisms and significance of this striking change.

AIDS stage
Unlike the predominance of increased expression in the acute stage, genes unique to the
AIDS stage (region S3) were largely decreased, ~84% of 183 (Fig. 2D). These included
genes involved in immune activation, apoptosis, and tissue repair/remodeling. Interestingly,
a substantial number of decreased genes were involved in the CD28 T cell costimulatory
pathway, key molecules such as CD28, Txk (Tec family of nonreceptor tyrosine kinases),
the lymphocyte-specific serine/threonine kinase death-associated protein-related apoptotic
kinase 2 (DRAK2/STK17b), and the Ca2+-binding protein calmodulin, suggesting, in
addition to significant T cell loss, T cell stimulation may be compromised during AIDS.

The small number of AIDS stage genes increased in expression included the antiviral
chemokine MIP-1α, the innate antimicrobial molecule S100A9, the DCl and monocyte-
derived macrophage differentiation marker decysin, and the cell surface proteoglycan
syndecan-1.

Discussion
The major finding of this study is that there are stage-specific transcriptional signatures in
LTs during HIV-1 infection. These signatures identify constellations of gene expression
relevant to understanding the molecular mechanisms involved in the pathogenesis of each
stage.

In the acute stage of infection, the large number of altered genes, most of them increased in
expression (~81%), provides a signature consistent with the dramatic pace and magnitude of
events in this stage seen clinically, virologically, and immunologically. Although the
explosive replication of virus to peak levels in the first month of infection is known to elicit
immune activation and host defenses that partially control infection, the transcriptional
signatures now provide a comprehensive picture of the genes in LTs involved in immune
activation, partial control of infection, and moderation of the pathologic consequences of
immune activation.
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Another general feature of this acute stage transcriptional signature is that it is a mirror
image (opposite) of the transcriptional signature of infected individuals' treated with highly
active anti-retroviral therapy. In response to treatment and the control of viral replication,
genes related to immune activation and innate/adaptive defenses decreased, in contrast to the
increased expression in untreated acute infection shown here (i.e., immune defense genes
such as IFN-γ, OAS, MX2, IDO, RIG-1, granzymes and immune activation genes such as
STAT1, FGL2). This result supports a model proposed by Li et al. (7), namely, that
suppression of viral replication via treatment would relieve the stimulus driving gene
expression regulating immune activation and defenses that were partially controlling
infection, thus leading to decreased expression of these genes. The acute stage signature now
confirms that prediction.

Not surprisingly, the host rapidly responds to HIV-1 infection by increasing expression of a
large number of genes related to innate and adaptive defenses during the acute stage, such as
IFN-related genes and those associated with NK cell- and CD8+ T cell-mediated
cytotoxicity (Fig. 2B). However, what was surprising was the breadth and distinctive nature
of this response and its restriction to acute stage infection. For example, APOBEC3B, -3F,
and -3G were only increased during this stage. The potent anti-HIV-1 properties via cytidine
deamination-dependent (9) and -independent mechanisms (10) of APOBEC3F and -3G have
been well documented, but APOBEC3B, previously considered an intrinsic cellular defense
against endogenous retrotransposons (11), has only recently been shown to have anti-HIV-1
activity in vitro (12, 13). The transcriptional signatures now document in vivo deployment
of three of the APOBEC proteins as a first line of defense against HIV-1.

A number of key pathogen recognition receptors also were increased in expression only
during acute stage infection, e.g., RIG-I, MDA-5, PKR, and TLRs 7 and 8. These proteins
work in concert to detect and inhibit invading pathogens by recognizing various forms of
viral RNA, transducing a downstream signal that activates accessory proteins such as NF-
κB and IFN regulatory factor 3, leading to the production of proinflammatory cytokines and
type I IFN (14, 15). In addition to the production of type I IFNs, engagement of TLR7,
which is highly expressed in plasmacytoid DCs (16), can enhance HIV-1-specific T cell
responses (17) while TLR8 signaling can inhibit HIV-1 replication in susceptible target cells
(18). The restricted up-regulation of TLRs 7 and 8 in acute stage infection is consistent with
their importance in early detection of viral infection and the concept of robust expression of
sentinel-like molecules to create an antiviral state in the initial stages of HIV-1 infection.

Not surprisingly as well, the largest number of altered genes during acute infection were
related to immune activation, encompassing categories from cell cycle to proinflammatory
mediators to genes involved in the proliferation of cells. However, what the acute stage
signature surprisingly reveals is the distinctive nature of genes in LTs involved in immune
activation and their restriction to this stage. For example, among all of the potential
proinflammatory cytokines, we only observed increased expression of the gene encoding
cytokine IL-32.

IL-32 is an inflammatory cytokine induced by TH1-type cytokines in various cell types (19,
20) and has only recently received increased attention as an important component in
autoimmune and inflammatory diseases through induction of other proinflammatory
cytokines such as TNF-α (19–21), IL-1β (20, 21), IL-8 (19), and MIP-2 (19, 21).
Additionally, one report (22) has implicated IL-32 in activation-induced cell death in T cells.
This is the first study showing IL-32 expression in LTs in HIV-1 infection. IL-32 likely
contributes to the exacerbation of inflammation during HIV-1 infection and may have an
important, albeit heretofore unappreciated role in T cell death.
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Interestingly, a number of pattern recognition receptors recognizing microbial products were
also up-regulated during acute infection. Recent evidence has implicated microbial
translocation from the gastrointestinal tract during HIV-1 infection as a factor driving
systemic immune activation (23). The up-regulation of genes such as dectin-1 and galectin-3
may be key switches utilized by the host to recognize and alert the immune system to deal
with an increase in foreign microbial products. Dectin-1 plays a key role in recognizing β-
glucan-containing microorganisms and, once engaged, leads to the production of IL-23, a
key cytokine involved in the generation of anti-bacterial Th17 cells (24). Galectin-3 has
recently been shown to be a negative regulator of LPS-induced inflammation (25). The up-
regulation of these genes during acute infection suggests that the host may be responding to
an increased presence of bacteria, a compensatory mechanism to curtail aberrant immune
activation.

Among several apoptotic pathways, the acute stage signature strongly points to a principal
role for Fas-Fas ligand-mediated apoptosis in LTs of HIV-1-infected subjects during this
stage. Key apoptosis-related genes map strictly to the Fas-Fas ligand pathway, including
downstream effectors such as BID, truncated BID, and caspase 3, all increased in expression
(Fig. 3).

In the asymptomatic stage, the rapid return to levels of gene expression indistinguishable
from uninfected HIV-1 uninfected subjects and the paucity of altered genes unique to this
stage, 18 genes vs 358 unique acute stage genes, is remarkable, given evidence of ongoing
viral replication and lymphoid tissue damage during this stage despite its relative clinical
quiescence (6, 26). This transition begins in the acute stage with increased expression of
numerous immunosuppressive genes such as CLEC12B, ILT4, galectin-3, CD160, BCMA,
FGL2, LAG3, GPNMB, and IDO at a time of immune activation, consistent with a role in
moderating the immunopathological consequences of sustained immune activation and
thereby contributing to slow disease progression characteristic of HIV-1, SIV, and other
lentiviral infections. However, these moderating effects may come at a price, in dampening
the immune response to infection and, in the long term, contributing to a dysfunctional and
increasingly “exhausted” immune system (27).

The defining feature of the AIDS stage signature was decreased expression of most (~84%)
of the 183 unique genes. Although decreased expression could be due to loss of cells
expressing these genes, decreased expression in a particular cell type, or both, the net effect
is the same dysfunctional host defenses due to decreased expression of various genes, such
as: 1) CD244/2B4, a cell surface molecule expressed on NK and memory CD8+ T cells that
determines the level of activation or inhibition based on the degree of receptor expression
and extent of its ligation (28); 2) CCR7, the principal chemokine receptor responsible for
migration of naive and memory T cells and DCs into lymph nodes (29); and 3) a number of
genes involved in T cell activation/costimulation, most prominently the costimulatory
signal-transmitting receptor CD28 (30) and other molecules associated with this pathway
such as the T cell-specific tyrosine kinase Txk (31), DRAK2/STK17b, a serine/threonine
kinase expressed specifically in B and T cells that modulates the threshold required for
activation/costimulation (32), and Ca2+/calmodulin-dependent protein kinase IV, a key
kinase likely involved in signal transduction events downstream of Txk (33).

Some of the changes in gene expression during AIDS may also contribute to CD4+ T cell
depletion and limit reconstitution through the microenvironment-impairing deposition of
collagen (8), such as increased expression of the gene encoding a cell surface proteoglycan,
syndecan-1, which colocalizes with fibrosis-promoting-TGF-β in fibrotic and inflamed areas
of cirrhotic human liver (34).
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We interpret the small number of genes with altered expression common to all stages as
evidence that there is a key set of genes required by the host to partially contain the virus.
Many of the altered genes that are common to all stages of infection are related to immune
activation and immune defenses, most prominently, CD38, a known marker for immune
activation and poor prognosis when highly expressed in HIV-1 infection (35, 36), and genes
encoding products associated with NK cells, IFNs, CD8+ T cell-mediated cytotoxicity, and
antiviral chemokines. Altered expression of these genes highlights the importance of innate
immunity and the IFN system throughout HIV-1 infection.

Our microarray study revealed very little overlap (<5%) with recent small interfering RNA-
knockdown screens (37–39) designed to identify important host factors required for HIV-1
infection. This is likely due to differences between in vitro systems utilizing laboratory-
adapted strains of virus and cell lines vs biopsied lymph nodes from HIV-1-infected
individuals. Moreover, microarray assays measure change at the mRNA level and would
thus not detect posttranscriptional changes in gene expression.

This microarray study is a descriptive approach to glean key insights into systems biology.
The genes we identified in stage-specific, transcriptional signatures are a good starting point
for further investigations of their roles in HIV-1 pathogenesis using in situ technologies to
identify the types of cells in which gene expression has been altered and
immunohistochemistry to identify potential changes in protein expression. In addition, it will
be fruitful to examine the relationships between gene expression and infected cells, CD4+ T
cell depletion, and collagen deposition, one pathological consequence of infection.
Ultimately, these studies may be used not only to better understand viral pathogenesis
during the various stages of HIV-1 disease but also to identify adjunctive approaches to
improving treatment and immune reconstitution.
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FIGURE 1.
Classification of altered genes in LT from HIV-1-infected patients into disease stages and
representative hierarchical clustering reveals stage-specific gene signatures. Genes with
altered expression (≥1.7 times the level at uninfected baseline, p < 0.05) at the three stages
of HIV-1 infection were characterized as the following: unique to the acute stage (S1),
asymptomatic stage (S2), or AIDS stage (S3); C1, common to all stages; C2, common to
acute and asymptomatic stages; C3, common to asymptomatic and AIDS stages; and C4,
common to acute and AIDS stages. A, Hierarchical cluster analysis of altered genes from
HIV-1-infected subjects (stage indicated at the bottom). Green, red, and black areas indicate,
respectively, decreased, increased, and no significant change in expression compared with
uninfected controls. B, Venn diagram depicting the number of genes with altered expression.
The size of each region is proportional to the number of altered genes. Green and red
numbers indicate, respectively, decreased and increased expression.
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FIGURE 2.
In human LT of HIV-1-infected subjects, the general functional categories of genes with
altered expression (≥1.7 times the level at baseline, p < 0.05). A, Common to all stages (C1);
B, unique to the acute stage (S1); C, unique to the asymptomatic stage (S2); and D, unique
to the AIDS stage (S3). Green and red letters indicate, respectively, decreased and increased
expression. The size of each sector in a pie diagram is proportional to the number of genes
in its category (in parentheses). All genes and their names derived from abbreviations can be
found in supplemental Table I.
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FIGURE 3.
Illustration of altered genes in the acute stage related to canonical apoptotic signaling
pathways reveals activation of the Fas-Fas ligand pathway. Ingenuity Pathways Analysis
software was used to identify altered genes related to canonical apoptotic pathways; red
indicates genes significantly increased in expression and black indicates no significant
change in gene expression.
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Table I

Clinical characteristics of study subjects

Patient Disease Stage Gender Age (years) Race Blood CD4+ T Cell Count
(cells/μl)

Plasma HIV-1 RNA Level
(copies/ml)

1476 Uninfected Female 28 Hispanic 704 Undetectable

1472 Uninfected Female 52 Caucasian 837 Undetectable

1442 Uninfected Female 45 Caucasian 485 Undetectable

1452 Uninfected Male 40 Hispanic 742 Undetectable

1467 Uninfected Male 26 Caucasian 326 Undetectable

1324 Acute Male 41 Caucasian 494 14,696

1430 Acute Male 26 Caucasian 683 3,610

1458 Acute Male 51 Caucasian 400 439,000

1329 Acute Male 59 Caucasian 370 484,694

1389 Acute Male 32 Caucasian 824 32,173

1449 Acute Male 30 Caucasian 333 >100,000

1435 Acute Male 42 Caucasian 410 >100,000

1391 Acute Male 37 African American 414 24,718

1455 Acute Male 23 African American 209 19,400

1463 Asympt
a Male 23 African American 259 27,200

1335 Asympt Male 32 Caucasian 400 15,284

1431 Asympt Male 34 Caucasian 333 71,200

1464 Asympt Male 34 Caucasian 202 122,000

1456 Asympt Male 49 Caucasian 478 174,000

1408 Asympt Male 39 Caucasian 685 20,014

1436 Asympt Male 63 Caucasian 248 46,400

1407 Asympt Male 35 Caucasian 372 31,922

1459 Asympt Male 36 Caucasian 286 >100,000

1438 AIDS Male 49 Caucasian 147 4,960

1406 AIDS Male 45 African American 188 10,684

1462 AIDS Male 43 Caucasian 81 35,000

1327 AIDS Female 40 African American 112 12,046

Note. Undetectable, assay limit of detection (50 copies/ml).

a
Asympt, Asymptomatic stage.
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