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Background. Untreated human immunodeficiency virus type 1 (HIV) infection is associated with persistent im-
mune activation, which is an independent driver of disease progression in European and United States cohorts. In
Uganda, HIV-1 subtypes A and D and recombinant AD viruses predominate and exhibit differential rates of disease
progression.

Methods. HIV-1 seroconverters (n = 156) from rural Uganda were evaluated to assess the effects of T-cell acti-
vation, viral load, and viral subtype on disease progression during clinical follow-up.

Results. The frequency of activated T cells was increased in HIV-1–infected Ugandans, compared with commu-
nity matched uninfected individuals, but did not differ significantly between viral subtypes. Higher HIV-1 load, sub-
type D, older age, and high T-cell activation levels were associated with faster disease progression to AIDS or death.
In a multivariate Cox regression analysis, HIV-1 load was the strongest predictor of progression, with subtype also
contributing. T-cell activation did not emerge an independent predictor of disease progression from this particular
cohort.

Conclusions. These findings suggest that the independent contribution of T-cell activation on morbidity and
mortality observed in European and North American cohorts may not be directly translated to the HIV epidemic
in East Africa. In this setting, HIV-1 load appears to be the primary determinant of disease progression.
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Since the discovery of human immunodeficiency virus
type 1 (HIV), we have improved our understanding of

the complexities of viral transmission and subsequent
disease progression. CD4 molecules on the surface of
T-lymphocytes render these cells the primary targets of
HIV-1 infection, and the absolute count of CD4 T cells
in peripheral blood defines the extent of disease pro-
gression [1, 2]. HIV-1 load has a strong inverse relation-
ship with CD4 T-cell absolute counts. While the
introduction of combination antiretroviral therapy
(cART) can reduce viremia to levels below detection, it
does not eradicate the virus [3]. Strategies to achieve a
cure require a deeper understanding of factors contribut-
ing to disease progression.
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One key feature of HIV-1 immunopathogenesis is aberrant
T-cell activation, and several studies indicate that chronic
immune activation predicts the course of disease progression
better than plasma viral load [4–6]. The prototypical marker
of T-cell activation is CD38, which is used in combination
with other phenotypic markers, such as HLA-DR, to improve
the prognostic sensitivity and specificity of these biomarkers
in HIV-1 disease [7]. Programmed death 1 (PD-1; also known
as CD279), a receptor associated with decreased functionality
and considered a negative regulator of T-cell activation, has
been associated with disease progression [8–10]. Evidence
shows that CD279 in conjunction with CD38 and HLA-DR
identifies unique subsets of T cells, which are highly correlated
with viral load and disease progression [11–13]. Driving forces
behind T-cell activation may include persistent viral antigen,
innate cytokines, and soluble factors such as type I interferon,
microbial translocation, bystander activation, and coinfections
[5, 11]. Cellular immune activation has been studied in greatest
detail in US and European populations with HIV-1 subtype B
infection. Comprehensive analyses of T-cell immune activation
in sub-Saharan populations infected with non–subtype B virus-
es have been limited.

East Africa exhibits some of the greatest HIV-1 genetic diver-
sity globally, which may account for the differential rates of
transmission and disease progression observed in this region
[14]. In Uganda, subtypes A and D predominate, with increas-
ing proportions of intersubtype recombinants and dual infec-
tions [15–18]. HIV-1 subtype D, recombinant infection, and
dual infections are associated with more-rapid decline in the
CD4 T-cell count and faster progression to AIDS-defining
events, compared with subtype A [19–22]. In this study, we
evaluated the relative contribution of HIV-1 load, viral subtype,
and T-cell immune activation to the progression to AIDS and
death in a rural Ugandan setting. The well-characterized
Rakai Community Cohort Study (RCCS), with 13 years of clin-
ical follow-up, allowed assessment of the contributions of these
virologic and immunologic parameters to disease outcome.

METHODS

Study Design and Participants
The study population was 156 HIV-1 seroconverters, identified
by the RCCS during annual serosurveys between 1997 and 2002.
Time of HIV-1 infection was estimated as the midpoint between
the last seronegative and the first seropositive sample. HIV-1
load set point was estimated as the median viral load after the
initial stage of infection. Seroconverters were followed longitu-
dinally in a separate study, the Molecular Epidemiology Re-
search (MER) study, with sample collection between 1999 and
2004 [19, 23]. Long-term follow-up generating outcome data
was conducted annually through 2010, as previously described
[24], and the median follow-up duration per participant was 10

years. The study population was chosen on the basis of avail-
ability of cryopreserved peripheral blood mononuclear cells
(PBMCs) and HIV-1 subtype data, and 13 individuals were ex-
cluded from disease progression analysis because of loss to fol-
low-up. cART was not available in Rakai at the time of this
study [19]. Twenty-two HIV-1–uninfected individuals from
RCCS were used as community matched controls. Baseline
characteristics were similar between the subgroup of sero-
converters in this study and the broader MER cohort for age
(P = .209, by the χ2 test), sex (P = .387, by the χ2 test), and
HIV subtype distribution (P = .876, by the χ2 test). The study
was approved by institutional review boards of Uganda’s Na-
tional Council for Science and Technology, the Uganda Virus
Research Institute’s Science and Ethics Committee, the Human
Subjects Protection Branch at the Walter Reed Army Institute
of Research, and the Johns Hopkins Bloomberg School of
Public Health. All study participants provided written informed
consent.

Procedures and Laboratory Measurements
Venous blood was collected from participants at the first visit
following detection of seroconversion and then 3, 6, and 12
months and annually thereafter. At each study visit, plasma
and PBMCs were stored as previously described [25]. Viral
RNA was quantified from plasma, using the Roche 1.5 Ampli-
cor test (Roche Diagnostics, Manheim, Germany), with a lower
detection limit of 400 copies/mL. HIV-1 subtype, recombi-
nants, or dual infection was previously determined using a mul-
tiplex hybridization assay that was specially designed for this
region [18, 26]. A total of 15.4% of the infections were subtype
A, 62.2% were subtype D, and 22.4% were recombinant or dual
infections. Absolute CD4 T-cell counts were determined at each
study visit, using either the FACS MultiSET System or the
FACSCount system (Becton Dickinson, San Jose, California).
The time to AIDS was defined as the time between the estimated
date of seroconversion to either a CD4 count <250 cells/µL or
onset of AIDS defining diseases meeting World Health Organi-
zation clinical stage 4 criteria. Time to death was calculated as
the interval between the estimated date of infection and the date
of death.

For the assessment of T-cell immune activation and exhaus-
tion, cryopreserved specimens were thawed and washed with
Roswell Park Memorial Institute 1640 medium supplemented
with 10% fetal bovine serum, 2% HEPES, 2% L-glutamine,
and 1% penicillin/streptomycin. Cell counts and viabilities
were determined using Guava ViaCount and Guava PCA tech-
nology (Guava Technologies, Hayward, California), and the vi-
ability of all thawed samples was >80% as previously described
for this cohort [25]. PBMCs were then distributed into a 96-well
U-bottomed plate, washed, and stained for 30 minutes at 4°C in
the dark. Monoclonal antibodies included anti-CD3 (clone
SK7) conjugated to peridinin chlorophyll A protein (PerCP),
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anti-CD4 (clone SK3) and anti-CD8 (clone SK1) fluorescein
isothiocyanate (FITC), anti-CD38 (clone HB7) R-phycoery-
thrin (PE), and anti-HLA-DR (clone L243) and anti-CD279
(PD-1, clone M1H4) allophycocyanin (APC), all from BD Bio-
sciences (San Jose, California). Cells were washed with phos-
phate-buffered saline/bovine serum albumin/NaN3 buffer and
fixed in 2% formaldehyde before data acquisition using a
dual-laser FACSCalibur (BD Biosciences). Analysis was per-
formed using FlowJo software, version 8.5 (Tree Star, Ashland,
Oregon). Percentage of parent populations was used to quantify
the frequency of T-cell populations expressing receptors alone
or in combination, whereas the geometric mean was used to de-
termine the mean fluorescent intensity (MFI) for individual
proteins expressed on T-cell subsets, corresponding to the
quantity of a receptor expressed on the surface of the cell.

Statistical Analyses
Statistical Analysis System (SAS) v9.2 was used for analysis.
Two end points were considered—death or progression to
AIDS. Nonparametric Spearman rank correlations were calcu-
lated between visit viral load/set point viral load and each of the
T-cell immune activation measurements. Correlations between
visit viral load and T-cell immune activation were considered
statistically significant for P values of <.05. Kaplan–Meier sur-
vival analyses and univariate Cox proportional hazard models
were used to explore the relationship between viral load, sub-
type, and immune activation on study end points. Hazard ratios
(HRs) were adjusted for set point HIV-1 load. The log-rank test
was used to detect the equality across strata. Quartiles were used
to categorize continuous variables, such as viral load and all im-
mune activation phenotypes, to select possible influential covar-
iates and illustrate the relationship between variable and

outcome. If the P value yielded by the log-rank test was <.2,
then this variable was considered as a potential covariate for
multivariate Cox proportional hazards regression models.

RESULTS

Population Characteristics
To examine the relative contribution of viral load, subtype, and
T-cell immune activation on HIV-1 disease progression, we
chose Rakai district, Uganda, to investigate these factors in a
population with HIV-1 subtype A infection, HIV-1 subtype D
infection, dual-subtype infection, or recombinant infection. De-
mographic characteristics for the 156 HIV-1–infected partic-
ipants and 22 uninfected control subjects are shown in
Table 1. No differences were observed in age and sex between
HIV-infected and uninfected participants. A total of 64% of
the HIV-1–infected participants were women, with a median
age of 28 years at seroconversion. The time point chosen for vi-
rologic and immunologic assessment was a median of 584 days
(interquartile range [IQR], 541–794 days) from the estimated
day of seroconversion and was selected on the basis of the ear-
liest cryopreserved PBMCs available. The median HIV-1 load
and CD4 T-cell absolute counts, at the immunologically evalu-
ated time point, were 35 351 copies/mL (IQR, 10 478–111 333
copies/mL) and 519 cells/µL (IQR, 374–761 cells/µL), respec-
tively. There were no differences in CD4 T-cell absolute counts
or time from seroconversion between men and women (data
not shown). However, there was a trend toward higher viral
loads in men, among whom the mean viral load (±standard de-
viation [SD]) was 61 718 ± 255 826 copies/mL, compared with
25 726 ± 146 244 copies/mL among women (P = .061). HIV-1
subtypes were similarly distributed between women and men

Table 1. Demographic and Human Immunodeficiency Virus Type 1 (HIV-1)–Associated Characteristics of Study Participants, by HIV-1
Status and Subtype

Characteristic HIV-1 Negative (n = 22)

HIV-1 Positive, by Subtype (n = 156)

A (n = 24) AD (n = 35) D (n = 97)

Sex, participants, no. (%)

Female 13 (59) 16 (67) 19 (54) 65 (67)

Male 9 (41) 8 (33) 16 (46) 32 (33)
Age, y, mean ± SD 31 ± 8 26 ± 8 27 ± 7 28 ± 7

Time from seroconversion, d NA 564 (327–1356) 581 (322–1270) 588 (209–2054)

CD4 T-cell absolute count, cells/μLa 731 (708–938) 694 (245–1281) 509 (270–1492) 495 (98–1484)
HIV-1 load, copies/mL NA 25 692 (2148–427 096) 28 555 (839–761 664) 41 713 (262–1 330 850)

Study end point reached, participants, no.

AIDS NA 7 14 48
Death NA 3 12 25

Data are median value (range), unless otherwise indicated.

Abbreviations: NA, not applicable; SD, standard deviation.
a No. of individuals used for CD4 T-cell absolute counts: HIV-1 subtype A, 12; subtype AD (recombinant/dual infection), 16; and subtype D, 46.
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(P = .897). There were no differences in CD4 T-cell count
(P = .417), HIV-1 load (P = .240), or time from seroconversion
(P = .395) across subtype A, subtype D, or dual and recombinant
infections (Table 1).

T-Cell Activation and Exhaustion in HIV-1 Subtype A, Subtype D,
and Recombinant AD Infection
T-cell expression of CD38 and HLA-DR, biomarkers associated
with T-cell activation, or CD38 and CD279, corresponding to
deregulated activated T cells with potentially impaired function,
were assessed by flow cytometry (Figure 1). CD38, HLA-DR,
and CD279 expression alone or in combination were elevated
in HIV-1–infected subjects, compared with controls (Supple-
mentary Table 1). Despite dynamic ranges, most T-cell pheno-
typic measures did not differ statistically between the 3 HIV-1
subtype categories (Table 2). The exception to this was CD38
mean fluorescence intensity (MFI) on CD8 T cells, which was
modestly higher in HIV-1 subtype D and recombinant or dual
infections, compared to HIV-1 subtype A infection (P = .030).
HIV-1 load was positively correlated with the frequency of CD4
T cells coexpressing CD38 and HLA-DR (ρ = 0.433; P < .001;
Figure 1B), as well as CD38 and CD279 (ρ = 0.350; P < .001; Fig-
ure 1C). Additionally, HIV-1 load was positively correlated with
the frequency of CD8 T cells coexpressing CD38 and HLA-DR
(ρ = 0.421; P < .001; Figure 1E) or CD38 and CD279 (ρ = 0.280;
P < .001; Figure 1F). Similar positive correlations were observed
between HIV-1 set point viral load and the frequency of T cells
with an activated or exhausted phenotype (data not shown).
These data indicate that T-cell activation levels in this cohort
show similar cross-sectional relationships with viral load, as ob-
served in cohorts from developed countries. Furthermore, viral
subtypes appear to be only modestly, if at all, associated with
differences in activation levels.

T-Cell Activation, HIV-1 Subtype, Viral Load, and HIV-1 Infection
Progression to AIDS or Death
Kaplan–Meier survival analyses were performed to determine
relationships between T-cell activation, viral load and subtype,
and clinical progression to AIDS or death (Figure 2). The fre-
quency of CD4 T cells coexpressing CD38 and HLA-DR was
associated with faster progression to death, but this relationship
did not reach statistical significance for CD38 and CD279
(P = .004 and P = .081, respectively, by the log rank test). The
frequency of CD4 T cells coexpressing CD38 and HLA-DR or
CD38 and CD279 was associated with faster progression to
AIDS (P < .001 and P = .005, respectively, by the log rank
test). The frequency of CD8 T cells coexpressing CD38 and
HLA-DR (Figure 2A) but not CD38 and CD279 was associated
with a shorter time to AIDS-defining events (P = .014 and
P = .191, respectively, by the log rank test). CD8 T-cell coexpres-
sion of CD38 and HLA-DR (Figure 2B) but not CD38 and
CD279 were associated with a shorter time to death (P = .001

and P = .156 respectively, by the log rank test). With regard to
HIV-1 subtype, we observed a trend toward faster progression
to AIDS (P = .051, by the log rank test; Figure 2C) and death
(P = .078, by the log rank test; Figure 2D) for subtype D or re-
combinant/dual infections, compared with HIV-1 subtype A
infection. Analysis of quartiles of viral load revealed that higher
quartiles of viremia were associated with faster progression to
AIDS (P < .001, by the log rank test; Figure 2E ) and death
(P < .001, by the log rank test; Figure 2F).

We next analyzed possible associations between T-cell activa-
tion, viral subtype and viral load, and the clinical follow-up data
(Table 3). Examining quartiles of CD38 and HLA-DR coexpres-
sion as a percentage of CD4 T cells demonstrated a HR of 5.85
(95% CI, 1.68–20.32), adjusted for set point HIV-1 load, for ex-
pression levels of >10.5%, compared with levels of <4.8%, for
disease progression to death and an adjusted HR of 2.58 (95%
CI, 1.16–5.74) for progression to AIDS. Similarly, for the fre-
quency of CD38 and HLA-DR coexpression of >61.6%, com-
pared with levels of <39.3%, on CD8 T cells the adjusted HR
was 4.82 (95% CI, 1.62–14.31) for disease progression to
death. However, despite a trend, there was no significant asso-
ciation between CD8 T-cell activation (CD38 and HLA-DR co-
expression) and progression to AIDS. The highest quartile of
CD38 and CD279 coexpression on CD4 T cells was associated
with an adjusted HR of 2.66 (95% CI, 1.28–5.51) for progression
to AIDS but was not significantly associated with time to death.
CD8 T-cell simultaneous expression of CD38 and CD279 was
not significantly associated with time to AIDS or death. These
data indicate that an increased frequency of T cells expressing
an activated phenotype was associated with faster progression
to AIDS or death.

Relative Effect of HIV-1 Load, HIV-1 Subtype, and T-Cell
Activation on Disease Progression
We first compared the individual contribution of demographic,
immunologic, and virologic parameters to the rate of disease
progression (Table 4), to select possible influential covariates
and down-select parameters for multivariate Cox proportional
hazards regression models (Table 5). The full multivariate anal-
ysis is shown in Supplementary Table 2 for progression to AIDS
and in Supplementary Table 3 for death. In the final multivar-
iate model, HIV-1 AD recombinants were associated with
shorter time to death (adjusted HR, 3.77; P = .044). Log10
viral load was a strong predictor of death (adjusted HR, 3.09;
P < .0001), and older age at seroconversion showed a trend to-
ward predicting death due to HIV-1 infection (adjusted HR,
1.04; P = .0522). Use of progression to AIDS as an end point re-
vealed that HIV-1 subtype AD recombinant (adjusted HR, 3.11;
P = .016) and log10 viral load at visit (adjusted HR, 2.75;
P < .0001) were significant factors, but age at seroconversion
was not. The Cox models did not significantly violate the
assumption of proportionality, using AIDS or death as an end
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Figure 1. Characterization of immune activation and relationship to human immunodeficiency virus type 1 (HIV-1) load. Phenotypic markers of immune
activation were enumerated from cryopreserved peripheral blood mononuclear cells, using flow cytometry. Lymphocytes were identified on the basis of size
and granularity scatter profiles. A, Pseudo-color histogram of CD3-PerCP expression in combination with CD4-FITC identified helper T cells on a represen-
tative HIV-infected donor. CD38-PE and HLA-DR-APC, associated with activated phenotypes, or CD38-PE and CD279-APC, corresponding to activated T cells
with potentially impaired function, were calculated. B and C, Relationship to HIV-1 load was determined for CD38-PE and HLA-DR-APC (B) and CD38-PE and
CD279-APC (C), where positive Spearman correlations were observed. D, Pseudo-color histogram of cytotoxic T cells identified from CD3-PerCP expression
in combination with CD8-FITC from a representative HIV-1–infected donor. CD38 and HLA-DR or CD279 in combination were evaluated. E and F, CD38-PE
and HLA-DR-APC (E ) and CD38-PE and CD279-APC (F ) showed a positive relationship to HIV-1 load using a spearman correlation.
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point (P = .113 and P = .523, respectively). These data indicate
that in this rural Ugandan cohort, HIV-1 load is an indepen-
dent strong predictor of disease progression, as is infection
with AD recombinant virus. Surprisingly, however, the frequen-
cy of T cells expressing an activated or exhausted phenotype did
not emerge as an independent predictor of disease progression
from this particular cohort.

DISCUSSION

HIV/AIDS-related mortality ranked as the sixth leading cause
of death globally in 2010, accounting for >10% of deaths in in-
dividuals aged 15–49 years, and remains the leading cause for
years of life lost in areas of sub-Saharan Africa [27]. Factors
contributing to HIV-1 disease progression include host genet-
ics, viral diversity, and coinfections endemic to resource-limited
tropical settings. We used multivariate regression to assess the
complex associations between immunologic and virologic fac-
tors contributing to AIDS and death. Viral load and subtype
were the strongest predictors of HIV-1 disease progression. De-
spite significant associations in univariate analysis, a number of
immunologic variables, including T-cell activation, did not
emerge as independent predictors of disease progression and
mortality in the subgroup of seroconverters studied from this
particular cohort.

Cellular immune activation, commonly characterized by
receptors on the surface of T cells, is considered to be of great
importance to the prognosis of untreated HIV-1 infection.

Treatments that prevent or limit immune activation are being
explored [28]. Chloroquine administered in chronic untreated
HIV-1 infection lowered T-cell activation levels with no clear
effect on HIV-1 load [29]. Contrary to this report, hydroxy-
chloroquine, an analogue of chloroquine used in treatment of
systemic lupus erythematosus, showed no changes in T-cell ac-
tivation and, in fact, suggested advanced disease progression in
the treatment arm of this study [30]. Another study examining
an HMG-CoA reductase inhibitor with antiinflammatory prop-
erties showed modest reductions in T-cell immune activation
but had no effect on viral load [31]. In Ethiopia, successful treat-
ment of intestinal parasitic infections was associated with a
minor reduction in T-cell activation in HIV-1–negative individ-
uals but not in HIV-1–positive individuals [32]. It is clear that
patients initiating cART experience a lowering of HIV-1 load
and subsequent reductions in T-cell immune activation during
immune reconstitution [33, 34]. Interestingly, persistent CD8 T-
cell immune activation has been associated with mortality after
initiation of cART in virologically suppressed Ugandans [35]. In
addition, cART initiated during acute HIV-1 infection does not
resolve T-cell activation to levels observed in HIV-1–uninfected
healthy individuals [36, 37]. Together, these data may suggest
that while T-cell immune activation is integrally linked to
HIV-1 load, different treatment regimens may reduce levels of
immune activation without corresponding reductions in viral
load.

Our data support a model in which reduction in HIV-1 rep-
lication remains the primary rationale for treatment. It is

Table 2. T-Cell Phenotypic Changes in Subtype A, D, and Recombinant AD Human Immunodeficiency Virus Type 1 (HIV-1) Infection

Variablea

Mean Value ± SD, By Subtype

P ValuesbA (n = 24) AD (n = 35) D (n = 97)

CD8 T cells
CD38+, % 72.3 ± 12.5 74.8 ± 14.6 76.4 ± 13.7 .313

CD38+, MFI 123.2 ± 46.1 131.9 ± 56.9 153.0 ± 60.4 .030

CD279+, % 30.3 ± 15.3 29.8 ± 17.1 31.3 ± 13.6 .541
HLA-DR+, % 57.0 ± 13.4 59.4 ± 13.5 58.6 ± 14.4 .794

CD38+HLA-DR+, % 47.3 ± 13.3 50.6 ± 15.1 51.2 ± 15.6 .426

CD38+CD279+, % 26.9 ± 13.7 27.2 ± 15.9 28.4 ± 12.8 .555
CD4 T cells

CD38+, % 52.2 ± 16.4 51.7 ± 16.9 56.0 ± 14.3 .243

CD38+, MFI 112.5 ± 32.5 119.5 ± 48.1 132.3 ± 44.3 .058
CD279+, % 14.2 ± 13.4 15.5 ± 15.2 14.3 ± 9.0 .393

HLADR+, % 13.0 ± 8.1 14.5 ± 8.4 13.7 ± 7.8 .666

CD38+HLA-DR+, % 7.6 ± 5.1 9.0 ± 6.2 9.0 ± 5.8 .359
CD38+CD279+, % 9.9 ± 9.9 11.7 ± 12.2 10.4 ± 6.2 .156

Data are mean value ± SD.

Abbreviations: MFI, mean fluorescence intensity; SD, standard deviation.
a Percentages denote the percentage of the T-cell subset expressing the specified marker.
b By the Kruskal–Wallis test.
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important to note that our data represent heterosexually trans-
mitted infection in a rural sub-Saharan setting and may not ex-
tend to other regions or populations. It is also important to note
that the current study may be confounded by patient follow-up.
In African cohort studies, it has been shown that mortality is
underestimated because of loss to follow-up [38]. We conducted

a sensitivity analysis and found that if all participant loss to fol-
low-up was due to mortality, higher CD38 expression on CD8 T
cells (as measured by MFI) emerged as a weak independent pre-
dictor of HIV-associated death. However, in this simulated
model, viral load and subtype remained the strongest predictors
of HIV-1 disease progression.

Figure 2. Kaplan–Meier estimates to AIDS or death by T-cell activation, human immunodeficiency virus type 1 (HIV-1) subtype, or viral load. Kaplan–
Meier estimates are presented, comparing the time to AIDS, as defined by CD4 T-cell counts of <250 cells/µL of whole blood, or the time to death for T-cell
activation, HIV-1 subtype, and viral load. A and B, Individuals were stratified into quartiles on the basis of the percentage of CD8 T cells coexpressing CD38
and HLA-DR from lowest frequency (first quartile; blue) to the highest frequency (fourth quartile; brown) for time to AIDS (A) or time to death (B). C and D,
Kaplan–Meier estimates for HIV-1 subtype A (blue), recombinant/dual infections (red), and subtype D (green) are displayed for time to AIDS (C) or time to
death (D). E and F, Individuals were stratified into quartiles on the basis of HIV-1 load from lowest frequency (first quartile; blue) to highest frequency (fourth
quartile; brown) for time to AIDS (E ) or time to death (F ). All P values were calculated with the log-rank test.
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Table 3. T-Cell Phenotype Survival Statistics

T-Cell Subset, Phenotype, Event, Quartilea Events, No. Events/1000 Person-Years (95% CI) Adjustedb HR (95%CI) P Values

CD4 T cells

CD38+HLA-DR+

Death

1st (1.47–4.76) 3 11.0 (2.3–32.2) Reference .030

2nd (4.76–6.7) 10 36.6 (17.5–67.2) 2.85 (.78–10.38)

3rd (6.7–10.5) 11 53.7 (26.8–96.2) 4.20 (1.15–15.41)

4th (10.5–28.7) 16 79.4 (45.4–128.9) 5.85 (1.68–20.32)

AIDS

1st (1.47–4.76) 10 39.9 (19.2–73.5) Reference .020

2nd (4.76–6.7) 22 87.7 (54.9–132.7) 2.03 (.96–4.31)

3rd (6.7–10.5) 21 135.6 (83.9–207.2) 3.39 (1.56–7.39)

4th (10.5–28.7) 16 111.0 (63.4–180.2) 2.58 (1.16–5.74)

CD38+CD279+

Death

1st (1.49–5.61) 6 22.4 (8.2–48.8) Reference .101

2nd (5.61–8.27) 11 46.2 (23.1–82.7) 2.06 (.76–5.58)

3rd (8.27–12.6) 8 35.8 (15.5–70.6) 1.27 (.43–3.77)

4th (12.6–56.1) 15 67.2 (37.6–110.9) 2.88 (1.11–7.44)

AIDS

1st (1.49–5.61) 12 47.4 (24.5–82.7) Reference .013

2nd (5.61–8.27) 16 75.5 (43.2–122.6) 1.65 (.77–3.50)

3rd (8.27–12.6) 22 124.8 (78.2–189.0) 2.89 (1.42–5.86)

4th (12.6–56.1) 19 119.5 (72.0–186.7) 2.66 (1.28–5.51)

CD8 T cells

CD38+HLA-DR+

Death

1st (14.2–39.3) 4 14.9 (4.1–38.2) Reference .012

2nd (39.3–50.6) 6 24.1 (8.9–52.5) 1.62 (.46–5.75)

3rd (50.6–61.6) 11 53.7 (26.8–96.1) 3.24 (1.03–10.20)

4th (61.6–90.7) 19 82.4 (49.6–128.7) 4.82 (1.62–14.31)

AIDS

1st (14.2–39.3) 11 44.2 (22.1–79.2) Reference .062

2nd (39.3–50.6) 23 106.1 (67.3–159.2) 2.36 (1.14–4.86)

3rd (50.6–61.6) 17 100.3 (58.4–160.6) 2.23 (1.03–4.83)

4th (61.6–90.7) 18 108.7 (64.4–171.9) 2.66 (1.25–5.67)

CD38+CD279+

Death

1st (4.39–18.7) 7 28.3 (11.4–58.2) Reference .248

2nd (18.7–27.4) 9 42.3 (19.3–80.2) 1.33 (.48–3.68)

3rd (27.4–34.4) 8 32.6 (14.1–64.2) 0.90 (.33–2.51)

4th (34.4–84.6) 16 65.1 (37.2–105.6) 1.96 (.80–4.78)

AIDS

1st (4.39–18.7) 15 66.1 (37–109) Reference .598

2nd (18.7–27.4) 12 71.6 (37–125.1) 1.47 (.68–3.17)

3rd (27.4–34.4) 26 125.2 (81.8–183.5) 1.51 (.79–2.87)

4th (34.4–84.6) 16 80.7 (46.1–131.0) 1.19 (.58–2.41)

Abbreviations: CI, confidence interval; HIV, human immunodeficiency virus; HR, hazard ratio.
a Values in parentheses denote the percentage of the T-cell subset with the specified phenotype.
b Adjusted for set point HIV-1 load.
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The observation that T-cell immune activation was similar
between subtype A, subtype D, and subtype D–containing re-
combinants was surprising because of literature that indepen-
dently link both subtype and activation to HIV-1 disease
progression [4, 6, 19, 22]. There are limited data examining
T-cell immune activation in HIV-1 subtypes circulating in Af-
rica, compared with HIV-1 subtype B infection, and those data
that exist are conflicting [34, 39]. This is most likely because of
difficulties in controlling for biological and technical differenc-
es. Uganda presents a unique opportunity to compare activation
across HIV-1 subtypes, within a single cohort. We have previ-
ously shown a differential loss of T-cell subsets with regulatory
functions between subtype A and D infection [40]. Bousheri
et al have shown that HIV-1 subtype D infection is associated
with increased CD4 T-cell apoptosis, compared with HIV-1
subtype A, despite similar T-cell activation levels [12]. Although
our data is consistent with regard to T-cell activation, we did not
see measurable differences in PD-1, which could be due to dif-
ferences in reagents, urban and rural differences between
Kampala and Rakai, or HIV-1 disease state. In addition, in
our study, enumeration of subsets expressing both PD-1 and
CD38 were predictive of disease progression to AIDS and
death in univariate but not multivariate analyses. Thus, our
data suggest that HIV-1 disease progression to AIDS or death
in this East African cohort is primarily dependent on viral
load, rather than T-cell activation.

Several factors may influence the differential associations
with disease progression observed in the present study and in
previous studies based on cohorts from developed countries.
The present study evaluated a heterosexual transmission
group, predominantly female, whereas previous studies report-
ing the independent association of T-cell activation with disease
progression were based on primarily male cohorts of homosex-
ual transmission or injection drug use [4, 6]. In HIV-1 subtype B
infection, risk factors associated with disease progression vary

Table 4. Univariate Analysis for Modeling

Parameter
P

Valuesa HR (95% CI)

Univariate analysis results for AIDS
CD8 T cells

CD38+ (10% increment) .0018 10.33 (10.12–10.54)

CD38+ (MFI) <.0001 1.009 (1.005–1.013)
CD279+ (10% increment) .5155 10.05 (9.89–10.22)

HLADR+ (10% increment) .0655 10.16 (9.99–10.33)

CD38+HLA-DR+ (10%
increment)

.0047 10.22 (10.07–10.38)

CD38+CD279+ (10%
increment)

.1492 10.13 (9.95–10.32)

CD4 T cells

CD38+ (10% increment) .0485 10.16 (10.00–10.33)

CD38+ (MFI) .0007 1.009 (1.004–1.014)
CD279+ (10% increment) .1660 10.13 (9.95–10.32)

HLADR+ (10% increment) .0034 10.46 (10.15–10.79)

CD38+HLA-DR+ (10%
increment)

.0012 10.65 (10.25–11.06)

CD38+CD279+ (10%
increment)

.0170 10.30 (10.05–10.55)

Age at SC (10 year increment) .5333 10.10 (9.79–10.42)

Set point VL (log10) <.0001 2.062 (1.478–2.878)

Visit VL (log10) <.0001 2.791 (1.944–4.008)
HIV-1 Subtype (AD) .0222 2.916 (1.165–7.300)

HIV-1 Subtype (D) .0342 2.362 (1.066–5.231)

Sex (female) .4978 1.194 (0.715–1.992)
Univariate analysis results for death

CD8 T cells

CD38+ (10% increment) .0049 10.42 (10.13–10.73)
CD38+ (MFI) <.0001 1.01 (1.006–1.014)

CD279+ (10% increment) .0369 10.18 (10.01–10.35)

HLADR+ (10% increment) .0016 10.38 (10.14–10.62)
CD38+HLA-DR+ (10%

increment)
.0003 10.38 (10.17–10.60)

CD38+CD279+ (10%
increment)

.0043 10.28 (10.09–10.47)

CD4 T cells

CD38+ (10% increment) .0685 10.2 (9.98–10.42)

CD38+ (MFI) .003 1.009 (1.003–1.015)
CD279+ (10% increment) .0933 10.16 (9.97–10.34)

HLADR+ (10% increment) .0006 10.59 (10.25–10.93)

CD38+HLA-DR+ (10%
increment)

.0001 10.85 (10.41–11.31)

CD38+CD279+ (10%
increment)

.012 10.31 (10.07–10.55)

Age at SC (10 year increment) .077 10.34 (9.96–10.74)

Set point VL (log10) .0049 1.863 (1.208–2.871)

Visit VL (log10) <.0001 3.117 (1.887–5.149)
HIV-1 Subtype (AD) .032 4.058 (1.128–14.593)

HIV-1 Subtype (D) .0866 2.854 (0.86–9.469)

Sex (female) .2108 0.667 (0.354–1.258)

Abbreviations: CI, confidence interval; HIV, human immunodeficiency virus;
MFI, mean fluorescence intensity; SC, seroconversion; VL, HIV-1 viral load.
a By χ2 analysis.

Table 5. Multiparameter Regression Analysis to AIDS or Death

Parameter HR (95% CI) P Valuesa

Maximum likelihood estimates (AIDS)

HIV-1 Subtype AD 3.11 (1.23–7.82) .016
HIV-1 Subtype D 1.91 (0.85–4.26) .117

Visit VL (log10) 2.75 (1.91–3.94) <.0001

Maximum likelihood estimates (death)
HIV-1 Subtype (AD) 3.77 (1.04–13.73) .044

HIV-1 Subtype (D) 2.36 (0.71–7.89) .163

Visit VL (log10) 3.09 (1.87–5.10) <.0001
Age at SC 1.04 (1.00–1.09) .052

Abbreviations: CI, confidence interval; HIV, human immunodeficiency virus;
HR, hazard ratio; SC, seroconversion; VL, HIV-1 viral load.
a By χ2 analysis.
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on the basis of sex and race [41–43]. Moreover, HIV-infected
women maintain lower HIV-1 loads than men but experience
accelerated rates of disease progression [44–46]. Furthermore,
sex differences in innate signaling pathways may impact HIV-
1 disease progression rates [47]. Additionally, host immunoge-
netics are probably different between the Rakai, Uganda, cohort
and participants from previous studies characterizing HIV-1
subtype B. Two gene families, KIR and HLA, are critically
involved in immunologic processes, highly polymorphic, and
associated with HIV-1 disease outcome [48, 49]. There is con-
siderable variability in KIR/HLA loci between African popula-
tions and cohorts in the United States and Europe [50]. Other
factors may also contribute to immunological differences be-
tween East Africa and Europe and the United States, including
climate, diet, and endemic diseases, such as malaria, tuberculo-
sis, and helminthic infections. The extent to which all of these
factors combine to influence the HIV-1 disease course remains
unclear.

Although immune activation is strongly associated with dis-
ease progression in HIV-1 subtype B infections, our data sug-
gest that the rate of viral replication is the primary driver of
HIV-1 disease in Uganda. This striking observation strongly
suggests that renewed studies of HIV-1 immunopathogenesis
are needed and furthermore indicates that immunopathogene-
sis may be critically influenced by the local conditions under
which an infected individual is living.
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