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Abstract

Objective: To immunophenotype CD4* and CD8* T cell sub-populations in HIV-associated immune reconstitution
inflammatory syndrome (IRIS).

Design: Nested case-control immunological study.

Methods: ART-naive HIV-infected patients were prospectively observed for IRIS during the first 6 months of ART.
Twenty-two IRIS cases and 22 ART-duration matched controls were sampled for T cell immunophenotyping.

Results: IRIS cases demonstrated significantly lower CD4 cell counts compared to controls (baseline: 79 versus 142, p
= 0.02; enrollment: 183 versus 263, p = 0.05, respectively) with no differences in HIV RNA levels. Within CD4*T cells,
cases exhibited more of an effector memory phenotype compared to controls (40.8 versus 27.0%, p = 0.20), while
controls trended towards a central memory phenotype (43.8 versus 30.8%, p = 0.07). Within CD8* T cells, controls
exhibited more central memory (13.9 versus 7.81%, p = 0.01, respectively) and effector (13.2 versus 8.8%, p = 0.04,
respectively) phenotypes compared to cases, whereas cases demonstrated more terminal effectors than controls (28.8
versus |5.1%, p = 0.05). Cases demonstrated increased activation of CD8* T cell effector memory, terminal effector, and
effector subsets than controls (p = 0.04, 0.02, and 0.02, respectively).

Conclusion: CD4* and CD8* T cell subset maturational phenotypes were heterogeneous among IRIS cases and
controls. However, IRIS cases demonstrated significant increases in activation of CD8* T cell effector subpopulations.
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Background

The immune reconstitution inflammatory syndrome
(IRIS) or immune reconstitution disease (IRD) is a clinical
deterioration occurring in the first few weeks following
the introduction of antiretroviral therapy (ART) [1,2]. This
clinical deterioration is due to immune restoration and a
subsequent inflammatory response to a wide variety of
intact subclinical pathogens and/or residual antigen[3].
Incidence estimates of the syndrome vary depending on
the population studied and case definitions used, but sug-
gest IRIS affects a significant proportion (10-32%) of
patients initiating ART [2,4-7].

It is speculated that IRIS results from the restoration of
immunity to pathogen-specific antigens present at the
time of ART initiation. Following ART, a quantitative
increase in peripheral T cells occurs which partially
restores activity to recall antigens as a result of suppression
of HIV viral replication in lymphoid tissue and reductions
in immune activation [8,9]. Furthermore, restoration of in
vitro rtesponses to common infectious antigens and
improvement in delayed type hypersensitivity has been
significantly associated with increases in memory CD4 T
cells following ART [10].

Although the immunopathogenesis of the syndrome
remains largely unknown, these observations have
resulted in the hypothesis that IRIS results, at least in part,
from the restoration of immunity to pathogen specific
antigens present at the time or ART initiation and from
redistribution of antigen-specific memory T cells with tis-
sue-specific localized inflammation [3,11]. This theory is
further supported by the observation of an exuberant pro-
inflammatory Th1 response to mycobacterial antigens in
IRIS patients independent of the degree of absolute CD4
cell recovery [12]. To date, studies have suggested a pre-
dominance of memory phenotype CD4+ cells in localized
inflammatory tissue [11]. However, these results are diffi-
cult to interpret given the lymphocyte redistribution fol-
lowing ART in all HIV-infected subjects and the lack of
non-IRIS patients for comparison.

In order to test the hypothesis that IRIS results, in part,
from the peripheral redistribution of a greater number of
T cells with a predominant memory phenotype, we per-
formed immunophenotyping to characterize T cell popu-
lations in IRIS and non-IRIS subjects. We also examined
differences in immune activation between groups in an
attempt to understand the immunopathogenesis of the
syndrome.

Methods

Study Population

Participants consisted of confirmed IRIS cases and con-
trols selected from an HIV-infected ART-naive adult (>18
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years) cohort who participated in a prospective surveil-
lance study to examine the incidence of IRIS in Sub-Saha-
ran Africa between January 6, 2006 and July 7, 2007 [5].
ART initiation criteria were in accordance with the South
Africa National ART Program and included a CD4 count
<200 cells/mm3 or WHO stage IV AIDS-defining illness
irrespective of CD4 count. Patients received scheduled
clinical assessments, including at least one pre-treatment
assessment, one treatment commencement assessment,
and regularly scheduled assessments at weeks 2, 4, 8 and
every 3 months thereafter [13]. Enrollment into the
nested case-control study required participation in the
prospective surveillance cohort, a pre-treatment CD4
count and HIV RNA level, and willingness to provide writ-
ten informed consent for an additional blood draw and
sample storage.

In general, IRIS is clinically defined as a paradoxical clini-
cal worsening due to a subclinical opportunistic pathogen
("unmasking" IRIS) or previously known treated (com-
pleted or ongoing) opportunistic pathogen ("paradoxi-
cal" IRIS) in the setting of an adequate response to ART
[14-16]. For the "unmasking" form of IRIS, a new local-
ized infection was required from a focal inflammatory
process (suppurative lymph node, pulmonary infiltrate,
positive CSF culture, etc.) in a patient who, prior to ART,
exhibited no signs or symptoms of disease and in whom
adequate OI screening and clinical assessment had been
performed (i.e. negative pre-ART sputum AFBs in the case
of "unmasking" pulmonary TB). For organisms for which
cultures or diagnostic studies were available (i.e. TB, Cryp-
tococcus) demonstration of the organism or a pathologi-
cal process characteristic of the organism (i.e. caseous
necrosis, granulomatous inflammation) were required.
For the "paradoxical" form of IRIS, a patient required the
diagnosis and treatment initiation of an OI prior to ART
initiation with a positive clinical response. Following
ART, the patient experienced a new inflammatory process
(worsening lymphadenopathy or suppuration, expansion
of Kaposi's lesions, recurrence of meningeal signs and
symptoms) at the original or new site of infection accom-
panied by systemic symptoms (fever, loss of weight, ele-
vated white blood cell count). For all cases, no other
identifiable pathogen could be present after thorough
diagnostic evaluation.

For this immunological analysis, only confirmed IRIS cases
were examined. These consisted of subjects who: 1) exhib-
ited symptoms consistent with an infectious or inflamma-
tory condition while on ART which could not be
explained by the expected clinical course of a previously
recognized infectious agent or by side effects of therapy,
and 2) whose treatment led to a 21 log,, drop in HIV RNA
at time of IRIS diagnosis, and 3) whose treatment resulted
in adequate immune reconstitution 6 months post ART,

Page 2 of 9

(page number not for citation purposes)



AIDS Research and Therapy 2009, 6:16

defined as a 21 log;, drop in HIV RNA or a CD4 count
equal to or above the pre-treatment baseline value.
Peripheral blood sampling was performed at the time of
IRIS diagnosis for IRIS cases and at study enrollment for
matched controls. Eligible control subjects were matched
on ART duration within + 2 weeks in a 1:1 ratio. The study
protocol was reviewed and approved by all participating
institutional review boards.

CD4 cell count and HIV RNA level measurements
Longitudinal CD4 and CD8 cell counts were measured as
previously described [17]. Plasma samples were assayed
for HIV-1 RNA levels using the Amplicor polymerase-
chain reaction test (Roche Diagnostics, Switzerland).

Cell isolation, storage, and thawing

Peripheral blood mononuclear cells (PBMCs) were iso-
lated from sodium heparin anticoagulated human blood
by density centrifugation (Histopaque, Sigma, Germany).
PBMCs were harvested, washed using Hanks Balanced Salt
Solution (H9394, Sigma, Germany), and centrifuged at
400 g for 10 minutes. PBMCs were then resuspended in
Hanks Balanced Salt Solution and counted using an auto-
mated cell counter (Guava Technologies, USA). After
counting, 10 million PBMCs/ml were cryopreserved using
1 ml of 10% Dimethyl Sulfoxide (Sigma, Germany) and
90% Fecal Calf Serum (Sigma, Germany) cryopreserva-
tion solution. Samples were rate-controlled frozen to -
80°C, stored overnight, and then transferred into liquid
nitrogen at -180° C until analysis.

Culture medium (R10) was prepared by adding HEPES
buffer (1 M), penicillin-streptomycin (1%), sodium pyru-
vate (100 mM), L-glutamine (200 mM) and heat-inacti-
vated fetal bovine serum (10%) (Sigma, USA) to RPMI
1640 medium (Sigma, Germany). PBMC vials were
thawed in a 37°C water bath and 1 ml of R10 with 50 U/
ml benzonase (Novagen, Denmark) was added, after
which cells were resuspended to 8 ml using R10. Cells
were centrifuged for 10 minutes at 250 g, resuspended
and washed again using R10. Cells were then counted
(Guava Technologies, USA) and rested overnight in a
37°C 5% CO, atmosphere.

Cell surface staining and measurements

Following overnight rest, 1.0-2.0 x 10°¢viable PBMC were
stained as previously described[18] using the following
optimally titrated monoclonal antibody conjugates in a
single tube 9-color panel: HLA-DR APC-Cy7 (L243);
CD38 PE Quantibrite (HB7); CD8 Alexa700 (RPA-T8);
CD27 APC (L128); CD57 FITC (HNK-1); CD3 AmCyan
(SK7); CD4 PerCP Cy5.5 (SK3) (BD Biosciences, CA,
USA); CD45RO ECD (UCHL1, Beckman Coulter, France)
and vAmine (LIVE/DEAD® Fixable Violet Dead Cell Stain,
Invitrogen, USA). An additional 9-color tube consisted of
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isotype controls for HLA-DR and CD38 using mouse IgG1
APC-Cy7 isotype (X40) and mouse IgG1 PE isotype (X40)
(BD Biosciences, USA).

All data were immediately acquired using an LSRII flow
cytometer (BD Biosciences, USA) within 4 hours of stain-
ing. Between 500,000 and 2 million events were acquired
per sample. Compensation was performed daily digitally
using FACSDiva software (version 5.0, BD Biosciences,
USA) by staining compensation beads (anti-mouse Igk,
BD Biosciences, USA) with the antibodies described with
the exception of vAmine which was substituted with
CD14 Pacific Blue (BD Biosciences, USA). PMT voltages
were checked daily through gating of peak 8 beads (Sphe-
rotech, Il, USA). CD38 PE quantitation was performed
using CD38 PE Quantibrite and Quantibrite PE Beads
(BD Biosciences, USA) according to manufacturer recom-
mended procedures [19].

List mode data were analyzed with Flow]Jo v8.5 (Treestar).
Initial singlet gating used a forward scatter width (FSC-W)
versus height (FSC-H) plot. Events were then gated
through a CD3+ versus vAmine to identify a minimum of
10,000 viable CD3+ lymphocytes and sequentially gated
on CD4+ and CD8+* populations. Maturational subsets
were defined for CD4+and CD8* populations as follows:
naive (N) (CD45RO-CD27+), central memory (CM)
(CD45RO*CD27+), effector memory (EM) (Effector
Memory; CD45R0O+CD277), E (Effector;
CD45RO+*CD57+), & TE (Terminal Effector; CD45RO-
CD57+) [20,21]. Focusing on cells co-expressing CD38
and HLA-DR antigens, cellular activation was measured
quantitatively by the number of CD38 PE antibodies
bound per cell (ABC), which reflects the density of CD38
antigen on the surface of activated T cells [19]. Cellular
activation was measured for each respective CD4+ & CD8+
maturational subset. Figure 1 is an example of gating
methods employed for all samples.

Statistical analyses

Group comparison of baseline clinical and immunologi-
cal data were performed using the Wilcoxon rank sum and
Fisher's exact tests (Stata v10, College Station, USA),
where appropriate, with an a priori definition of <0.05
considered significant. Group comparisons (IRIS vs. non-
IRIS controls) of CD4+and CD8+T population subset per-
centages were performed using the Wilcoxon-Mann-Whit-
ney test. The activation markers CD38 and HLA-DR were
gated from CD4+ and CD8+* cells their subsets in which
quadrant gates, using an isotype control, were used to
define positive and negative populations. For the meas-
urement of CD38 PE ABCs, a minimum of 50 CD38+
HLA-DR* events were required within each T cell popula-
tion maturational subset for statistical analysis.
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T cell population maturation and activation profiles for an IRIS case and control subject. (A). The IRIS case dem-
onstrates greater proportions of CM, TE, and E CD8* T cell maturational phenotypes compared to the control, which mani-
fests a predominate N and CM phenotype. (B). Differences in CD38 PE expression (activation) within EM, TE, and E subsets
between an IRIS case (red line) and respective control (blue line). N: Naive; CM: Central Memory; EM: Effector Memory; TE:

Terminal Effector; E: Effector.

Results

Cohort characteristics and clinical outcomes

As reported previously [5], in brief, among the 423 obser-
vational cohort patients enrolled, 44 (10.4%) developed
IRIS. Clinical manifestations included TB (18/44, 41%),
cryptococcal meningitis (3/44, 6.8%), herpes simplex
infection (4/44, 9.1%), varicella zoster infection (6/44,
13.6%), molluscum contagiosum (3/44, 6.8%), and
Kaposi's sarcoma (2/44, 4.5%), and infectious dermato-
logical manifestations (8/44, 18.2%). With the exception
of cases being younger than controls (31 versus 38 years,
respectively, p = 0.02), baseline demographics and clinical
history were similar between groups (Table 1). The major-
ity (39/44, 89%) were initiated on stavudine/lamivudine/
efavirenz.

Immunovirologic outcomes

Of the 44 cases, 22 IRIS cases and 22 matched controls
met enrollment criteria for the immunological nested
case-control study. Reasons for failure to enroll in the

immunological study were prisoner status (n = 2), patient
refusal (n = 3), missing baseline or follow-up CD4 count
or viral load (n = 4), and failure to enroll patient within
two weeks of IRIS identification (n = 13). The median
interval of time between ART initiation and the develop-
ment of IRIS was 38 days (Interquartile range (IQR): 24,
56), with immunological sampling occurring one week
later after IRIS diagnosis and clinical evaluations were
complete (45 days, IQR: 27-59). Cases demonstrated sig-
nificantly lower baseline CD4 cell counts compared to
controls (79 versus 142 cells/mm?3, respectively, p = 0.02)
with similar baseline HIV RNA levels (Table 1). This
observation persisted at IRIS diagnosis and control enroll-
ment (183 versus 263 cells/mm3, respectively, p = 0.05)
with a continued, but nonsignificant trend by after 6
months of ART (161 versus 277, respectively, p = 0.10).
Absolute and percentage changes in CD4 cell count at IRIS
diagnosis (for cases) or control enrollment (for matched
controls) and at 6 months follow-up were not significant
between cases or controls (data not shown). At IRIS diag-
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Table I: Demographic and longitudinal immunologic data for IRIS cases and matched controls

Characteristic* Controls (n = 22) Cases (n = 22) p-value*
Black race 22 (100) 22 (100) 0.99
Age (years), median (IQR) 38 (34, 47) 31 (29, 39) 0.02
Female sex 16 (73) 15 (68) 0.99
Duration since HIV diagnosis (months), median (IQR) 5.1 27,21.2) 2.7 (1.2,26.8) 0.13
No. previous OI/HIV-related illnessest
0 4 (18) 8 (36) 0.23
I 10 (45) 8 (36)
2 5(23) 6 (28)
3 3(14) 0(0)
TB status at ART initiation
No history of TB 10 (46) 15 (68) 0.26
Therapy completed before ART initiation 6 (27) 2(9)
Therapy ongoing at ART initiation 6 (27) 5(23)
Baseline immunovirologic data
CD4 cell count 79 (17, 140) 142 (67, 198) 0.02
CD#4 cell percentage 7.0 (3.4,9.0) 7.2 (4.6, 13.6) 0.51
HIV RNA, log,, copies/ml 5.4 (4.6,59) 5.4 (45,59 0.77
Immunovirologic data at IRIS diagnosis/control enrollment
CD4 cell count, cells/mm3$ 183 (66, 252) 263 (152, 337) 0.05
CD4 cell percentage 13.5 (10.4, 20) 14 (10.2, 20.4) 0.96
CD8 cell count, cells/mm3 578 (239, 1006) 875 (623, 1487) 0.02
CD8 cell percentage 55 (49, 57) 57 (50, 62) 0.15
CD4:CD8 cell ratio 0.28 (0.19, 0.39) 0.32 (0.14, 0.34) 0.64
HIV RNA, log,, copies/ml 2.6 (2.6,2.7) 2.6 (2.6, 2.6) 0.42
Immunovirologic data at 6 months
CD4 cell count, cells/mm3§ 161 (99, 294) 277 (158, 372) 0.10
CD#4 cell percentage 13.9 (9.8, 20.7) 13.7 (10.2, 21.0) 0.96
HIV RNA, log,, copies/ml 2.6 (1.6, 2.6) 2.3 (1.6,2.6) 0.26

*Data are no. (%) of patients or medians (IQR), unless otherwise indicated. * p-values for comparison of case/control groups using Wilcoxon rank

sum and Fisher's exact tests, where appropriate; <0.05 considered significant.
#As listed by the WHO (Reference number: WHO/HIV/2005.02). $Missing value for | IRIS case.

nosis or control enrollment, controls demonstrated
higher absolute CD8 cell counts than cases (875 versus
578 cells/mm3, p = 0.02), but no difference in CD8 cell
percentage (57 versus 55%, p = 0.15) or CD4:CD8 cell
ratio (0.32 versus 0.28, p = 0.64). Response to ART was
similar between groups, with no differences in HIV RNA
levels at enrollment or at 6 months.

CD4 and CD8 T cell subset phenotyping

Of the 44 immunologic samples, 3 cases and their respec-
tive controls were excluded from flow cytometric analyses
secondary to poor cell viabilities and insufficient cell data.
Within CD4+T cells, no significant differences in subset
percentages between cases and controls were observed
(Table 2). However, both cases and controls demon-
strated a predominant CD4+ memory phenotype. Cases
trended towards more of an effector memory (EM) phe-
notype compared to controls (40.8 versus 27.0%, p =

0.20), while controls demonstrated a trend towards an
increased central memory (CM) subset (43.8 versus 30.8,
p=0.07).

Within CD8+T cells, the overall percentage of CD8+T cells
was similar between groups, but subset maturational pro-
files were heterogeneous. Controls again exhibited signif-
icantly higher percentages of central memory (CM)
compared to cases (13.9 versus 7.81%, p = 0.01) and
exhibited more of an effector (E) phenotype compared to
cases (13.2 versus 8.8%, p = 0.04). On the other hand,
cases demonstrated an increase in terminal effectors (TE)
compared to controls (28.8 versus 15.1%, p = 0.05).

CD4 and CD8 T cell activation profiles

T cell activation, as measured by the number of CD38 PE
ABCs on respective CD38+* HLA-DR* T cell subsets, dem-
onstrated significant differences between IRIS cases and
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Table 2: Summary of CD4 and CD8 T lymphocyte subset percentages for 19 IRIS cases and 19 matched controls at the time of
diagnosis (IRIS cases) or enrollment (controls matched on ART duration)

T cell subset Controls (n=19) Cases (n=19) p-value*

CD4 T lymphocytes*
CD4+ 21.8 (17.2-325) 21.0 (144 -25.5) 0.38
CD27+ CD45RO- (N) 10.5 (8.44 — 25.3) 15.3 (3.07-25.8) 0.90
CD27+ CD45RO+ (CM) 43.8 (31.3-55.7) 30.8 (13.9 - 50.0) 0.07
CD27- CD45RO+ (EM) 27 (13.2-42.8) 40.8 (23.9 - 58.9) 0.20
CD57+ CD45RO- (TE) 0.37 (0.1 — 1.4) 0.38 (0.18 — 2.76) 0.58
CD57+ CD45RO+ (E) 3.99 (1.94-10.7) 6.03 (2.63 -22) 0.17

CD8 T lymphocytes*
CD8+ 70.2 (60.1 - 77) 68.3 (60.5-77.4) 0.90
CD27+ CD45RO- (N) 133 (9.9-17.9) 18.5 (10.3 —26.6) 0.23
CD27+ CD45RO+ (CM) 13.9 (10.4 - 22.6) 7.81 (3.46 —12.7) 0.01
CD27- CD45RO+ (EM) 29 (22.7 - 36.1) 20.2 (9.0-31.7) 0.08
CD57+ CD45RO- (TE) I5.1 (12.1 —30.8) 28.8 (18.0 — 42.0) 0.05
CD57+ CD45RO+ (E) 13.2 (7.6 — 24.5) 8.8 (5.5-10.7) 0.04

All values determined by manual gating as detailed in methods. All values expressed as median percentage (Interquartile Range) unless otherwise
noted. * p-values for comparison of case/control groups using Wilcoxon rank sum test; <0.05 considered significant. *N: Naive; CM: Central

Memory; EM: Effector Memory; TE: Terminal Effector; E: Effector

matched controls (Figure 2). Within CD8* subsets, but
not within CD4 subsets, cases tended to have more acti-
vated CD8+T cells, demonstrating significantly higher lev-
els of activated effector memory (CD27-CD45RO%),
terminal effectors (CD57+CD45R0O-), and effector
(CD57+CD45RO*) subsets (p = 0.04, 0.02, and 0.02,
respectively) and tended to have higher activation levels
of central memory subsets (CD27+*CD45RO+) (p = 0.10).

Discussion

In one of the first attempts to prospectively examine the
immunopathogenesis of IRIS, we observed phenotypic
heterogeneity across maturational subsets of CD4+ and
CD8* T cells. Interestingly, the surface density of CD38
antigen, a measure of cellular activation previously associ-
ated with HIV pathogenesis, was significantly elevated
among IRIS subjects. Specifically, IRIS subjects were char-
acterized by higher activation levels of all CD8+ effector
subsets (effector memory, terminal effector, and effector).

CD38 and HLA-DR cells surface markers are up regulated
upon antigenic stimulation and are used as markers of T
cell activation. Varying fluorescence intensity of CD38
expression has been documented in HIV-infected patients
prior to commencing therapy [22]. Additionally, CD38
antigen expression levels are correlated with HIV RNA lev-
els and beneficial responses to ART or relapses in therapy
[18,22-24]. Increased expression of HLA-DR and CD38
on CD4+T cells has also been demonstrated in coinfected
HIV-infected patients compared to uninfected patients
[25]. Although our findings favored activation within
CD8+* T cells, these investigators noted similar trends in
the CD4+ population. Together with the finding of

increased expression of HLA-DR on CD4+ T cells in
patients experiencing TB-IRIS [12], our data suggest that T
cell activation markers may be indicative of an underlying
opportunistic infection and may prove a useful biomarker
for identifying patients with activated immune systems
and who are at risk for IRIS. Our observation of increases
in T cell activation markers in IRIS cases despite similar
HIV RNA levels between cases and controls may suggest
that immune activation is driven by other factors such as
coinfection in addition to HIV RNA levels. How coinfec-
tions act synergistically with HIV to drive immune activa-
tion and whether T cell activation markers are elevated at
baseline in IRIS patients versus non-IRIS patients remain
to be fully elucidated.

Increases in activation markers among effector CD8 T cell
populations may provide insight into the immunopatho-
genesis of IRIS. Effector CD8 T cells exhibit specialized
functions such as cytotoxicity, antiviral cytokine produc-
tion, telomerase activity [26,27] and production of
cytokines such as IL-2, IFN-y, TNF-q, perforin, and
granzymes A/B/C/K [28,29]. Of these, IFN-y is known to
be increased in response to mycobacterial antigens in
patients experiencing TB-IRIS [12,30]. Effector memory
cells localize predominately to inflamed non-lymphoid
and peripheral tissues where they exhibit immediate effec-
tor functions, while central memory T cells express CD62L
and CCR7 and localize to lymphoid tissues [31-33].
Because of their peripheral distribution and immediate
effector function, effector CD8 T cells may mediate imme-
diate but unsustained responses to peripheral antigens
[34,35]. Given that IRIS usually occurs within the first few
weeks after ART initiation in patients with lower CD4 cell
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Figure 2

(A) CDA4 T cell CD38 activation patterns between IRIS cases and matched controls. Insufficient number of events
for analysis of TE subset. (B) CD8 T cell CD38 activation patterns between IRIS cases and matched controls. *p-values for
comparison of case/control groups using Wilcoxon rank sum test; <0.05 considered significant; £N: Naive; CM: Central Mem-
ory; EM: Effector Memory; TE: Terminal Effector; E: Effector.
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counts and often involves peripheral tissues such as the
lung, a very early and unregulated effector memory
response may play a pathogenic role in the syndrome.

The predominance of a CD4+ memory cell phenotype in
both cases and controls is in agreement with observations
of phenotypic profiles following initiation of ART [8,9].
Although it has been hypothesized that the immun-
opathogenesis of IRIS may lie within the CD4+ memory
cell population [11], we observed no significant pheno-
typic differences in the percentage of memory cell pheno-
types or their activation markers. This may have been due
to our limited sample size, peripheral blood compartment
sampling, and selection of HIV-infected patients with
CD4 cells counts <200 cells/mm3. Alternatively, this
observation supports the increasing opinion that the
manifestations of IRIS due to a variety of pathogens pos-
sess distinct immunopathological etiologies. Examples
include the role of cytotoxic CD8 T cells in cases of vari-
cella zoster virus IRIS and delayed-type hypersensitivity
(DTH) reactions in cases of mycobacterial IRIS [36,37]

The present study had a number of limitations. First, the
immunological phenotypes reported here span patients
presenting with a wide range of infectious causes of IRIS.
While the common cause of IRIS, regardless of the patho-
gen, may be due to restoration of an antigen-specific
response, the immunopathogenesis of specific forms of
IRIS, such as TB-IRIS, may be unique. Second, the diagno-
sis of IRIS is difficult. Although we used a strict definition
for IRIS requiring the use of HIV RNA to objectively verify
a positive response to ART, no gold standard definition or
immune marker to define IRIS presently exists. Third, as
with most immunological IRIS studies to date, ours was
limited to the analysis of peripheral blood mononuclear
cells with the assumption that the tissue-level immune
response in IRIS is similar to that observed in the periph-
eral blood compartment. Future tissue-level IRIS immu-
nology studies are needed, given others have
demonstrated that non-IRIS HIV-infected patients on ART
possess differences in immune activation patterns
between tissue and peripheral blood [8]. Lastly, despite
being one of the largest prospective immunological IRIS
studies to date, the limited sample size and the low
median CD4 cell count in our population may have lim-
ited our ability to examine immunological differences
within T cells subsets, particularly within CD4+ T lym-
phocyte subpopulations. Furthermore, this prospective
study examined immunological difference between sub-
jects after ART at the time of IRIS diagnosis and did not
match subjects on baseline CD4 count. Thus, whether a
difference in activation profiles exists between IRIS and
non-IRIS subjects with similar baseline HIV RNA levels
and CD4 cell counts remains to be determined.

http://www.aidsrestherapy.com/content/6/1/16

In summary, in this prospective immunological study of
IRIS in Sub-Saharan Africa, we observed heterogeneous T
cell maturation among individuals experiencing IRIS and
ART-matched controls and significant increases in activa-
tion markers in CD8+T cell effector subpopulations. These
findings may therefore be useful in the development of
future studies aimed at identifying patients at risk for the
development of IRIS. Future prospective pathogen-spe-
cific IRIS immunological studies will likely require collab-
orative approaches and include measurement of effector
CD8+*and CD4+ subpopulations, cytokine responses, and
activation profiles in order to increase our understanding
of its pathogenesis and identify potential biomarkers for
the disease.

Authors' contributions

DM and MS carried out the flow cytometry studies and
drafted the manuscript. PM coordinated laboratory inves-
tigations. JO, DG, WS, and KW supervised laboratory
efforts, provided technical laboratory expertise, and con-
tributed to manuscript writing. DM, WDFV, AVR and CF
conceived of the study and participated in its design and
coordination and helped draft the manuscript. All authors
read and approved the final manuscript.

Conflict of interests
The authors declare that they have no competing interests.

Acknowledgements

Sources of support: The University of North Carolina at Chapel Hill,
Center for AIDS Research, National Institutes of Health (NIH) funded pro-
gram |P30 Al 50410; The Duke Center for AIDS Research, NIH funded
program P30 Al 64518; NIH funded ICOHRTA program D71 TW06906;
PEPFAR Agreement No. 674-A-00-08-00005-00. The project described
was supported by Grant Number KOITWO008005 from the Fogarty Inter-
national Center. The content is solely the responsibility of the authors and
does not necessarily represent the official views of the Fogarty International
Center or the National Institutes of Health.

We wish to thank all of the patients who agreed to participate in this study.
We thank the Johannesburg Hospital Area 556 staff, the Johannesburg Hos-
pital Department of Haematology, members of the Reproductive Health &
HIV Research Unit (RHRU), and Dr. Emily Wong for their help in making
this study possible. We also wish to thank Jennifer Enzor, the Duke CFAR
Flow Core Facility, and the laboratory personnel of Wendy Stevens for
their help with the laboratory investigations and data analysis.

References

l. Shelburne SA 3rd, Hamill R}, Rodriguez-Barradas MC, Greenberg SB,
Atmar RL, Musher DW, Gathe JC Jr, Visnegarwala F, Trautner BW:
Immune reconstitution inflammatory syndrome: emer-
gence of a unique syndrome during highly active antiretrovi-
ral therapy. Medicine (Baltimore) 2002, 81:213-227.

2. French MA, Lenzo N, John M, Mallal SA, McKinnon EJ, James IR, Price
P, Flexman JP, Tay-Kearney ML: Immune restoration disease
after the treatment of immunodeficient HIV-infected
patients with highly active antiretroviral therapy. HIV Med
2000, 1:107-115.

3. Murdoch DM, Venter WD, Van Rie A, Feldman C: Immune recon-
stitution inflammatory syndrome (IRIS): review of common

Page 8 of 9

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11997718
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11997718
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11997718
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11737333
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11737333
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11737333
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17488505
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17488505

AIDS Research and Therapy 2009, 6:16

20.

21.

infectious manifestations and treatment options. AIDS Res
Ther 2007, 4:9.

Jevtovic DJ, Salemovic D, Ranin J, Pesic |, Zerjav S, Djurkovic-Djakovic
O: The prevalence and risk of immune restoration disease in
HIV-infected patients treated with highly active antiretrovi-
ral therapy. HIV Med 2005, 6:140-143.

Murdoch DM, Venter WD, Feldman C, Van Rie A: Incidence and
risk factors for the immune reconstitution inflammatory
syndrome in HIV patients in South Africa: a prospective
study. Aids 2008, 22:601-610.

Ratnam I, Chiu C, Kandala NB, Easterbrook PJ: Incidence and risk
factors for immune reconstitution inflammatory syndrome
in an ethnically diverse HIV type I-infected cohort. Clin Infect
Dis 2006, 42:418-427.

Shelburne SA, Visnegarwala F, Darcourt J, Graviss EA, Giordano TP,
White AC Jr, Hamill RJ: Incidence and risk factors for immune
reconstitution inflammatory syndrome during highly active
antiretroviral therapy. Aids 2005, 19:399-406.

Bucy RP, Hockett RD, Derdeyn CA, Saag MS, Squires K, Sillers M, Mit-
suyasu RT, Kilby JM: Initial increase in blood CD4(+) lym-
phocytes after HIV antiretroviral therapy reflects
redistribution from lymphoid tissues. | Clin Invest 1999,
103:1391-1398.

Autran B, Carcelain G, Li TS, Blanc C, Mathez D, Tubiana R, Katlama
C, Debre P, Leibowitch J: Positive effects of combined antiret-
roviral therapy on CD4+ T cell homeostasis and function in
advanced HIV disease. Science 1997, 277:112-116.

Wendland T, Furrer H, Vernazza PL, Frutig K, Christen A, Matter L,
Malinverni R, Pichler W]: HAART in HIV-infected patients: res-
toration of antigen-specific CD4 T-cell responses in vitro is
correlated with CD4 memory T-cell reconstitution, whereas
improvement in delayed type hypersensitivity is related to a
decrease in viraemia. Aids 1999, 13:1857-1862.

Race EM, Adelson-Mitty |, Kriegel GR, Barlam TF, Reimann KA, Letvin
NL, Japour AJ: Focal mycobacterial lymphadenitis following
initiation of protease-inhibitor therapy in patients with
advanced HIV-1 disease. Lancet 1998, 351:252-255.

Bourgarit A, Carcelain G, Martinez V, Lascoux C, Delcey V, Gicquel
B, Vicaut E, Lagrange PH, Sereni D, Autran B: Explosion of tuber-
culin-specific Thl-responses induces immune restoration
syndrome in tuberculosis and HIV co-infected patients. Aids
2006, 20:F1-7.

South African Department of Health: Full Report of the Joint
Health and Treasury Task Team Charged with Examining
Treatment Options to Supplement Comprehensive Care for
HIV/AIDS in the Public Health Sector, November 2003.
[http://www.gov.za/issues/hiv/careplan | 9nov03.htm]. last accessed 5
June 2007

French MA, Price P, Stone SF: Immune restoration disease after
antiretroviral therapy. Aids 2004, 18:1615-1627.

Lawn SD, Bekker LG, Miller RF: Immune reconstitution disease
associated with mycobacterial infections in HIV-infected
individuals receiving antiretrovirals. Lancet Infect Dis 2005,
5:361-373.

Shelburne SA 3rd, Hamill RJ: The immune reconstitution inflam-
matory syndrome. AIDS Rev 2003, 5:67-79.

Glencross D, Scott LE, Jani IV, Barnett D, Janossy G: CD45-assisted
PanLeucogating for accurate, cost-effective dual-platform
CD4+ T-cell enumeration. Cytometry 2002, 50:69-77.

Wellons MF, Ottinger ]S, Weinhold K], Gryszowka V, Sanders LL,
Edwards L), Gooding ME, Thomasch JR, Bartlett JA: Immunologic
profile of human immunodeficiency virus-infected patients
during viral remission and relapse on antiretroviral therapy.
J Infect Dis 2001, 183:1522-1525.

lyer SB, Hultin LE, Zawadzki JA, Davis KA, Giorgi JV: Quantitation
of CD38 expression using QuantiBRITE beads. Cytometry
1998, 33:206-212.

Betts MR, Nason MC, West SM, De Rosa SC, Migueles SA, Abraham
J, Lederman MM, Benito |M, Goepfert PA, Connors M, Roederer M,
Koup RA: HIV nonprogressors preferentially maintain highly
functional HIV-specific CD8+ T cells. Blood 2006,
107:4781-4789.

Casazza JP, Betts MR, Price DA, Precopio ML, Ruff LE, Brenchley |M,
Hill B}, Roederer M, Douek DC, Koup RA: Acquisition of direct
antiviral effector functions by CMV-specific CD4+ T lym-

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.
33.

34.

35.

36.

37.

http://www.aidsrestherapy.com/content/6/1/16

phocytes with cellular maturation.
203:2865-2877.

Glencross DK, Janossy G, Coetzee LM, Lawrie D, Scott LE, Sanne |,
Mclintyre JA, Stevens W: CD8/CD38 activation yields important
clinical information of effective antiretroviral therapy: find-
ings from the first year of the CIPRA-SA cohort. Cytometry B
Clin Cytom 2008, 74(Suppl 1):S131-140.

Chun TW, Justement S, Sanford C, Hallahan CW, Planta MA, Loutfy
M, Kottilil S, Moir S, Kovacs C, Fauci AS: Relationship between the
frequency of HIV-specific CD8+ T cells and the level of
CD38+CD8+ T cells in untreated HIV-infected individuals.
Proc Natl Acad Sci USA 2004, 101:2464-2469.

Ondoa P, Dieye TN, Vereecken C, Camara M, Diallo AA, Fransen K,
Litzroth A, Mboup S, Kestens L: Evaluation of HIV-1 p24 antigen-
emia and level of CD8+CD38+ T cells as surrogate markers
of HIV-1 RNA viral load in HIV-I-infected patients in Dakar,
Senegal. | Acquir Inmune Defic Syndr 2006, 41:416-424.

Eggena MP, Barugahare B, Okello M, Mutyala S, Jones N, Ma Y, Kityo
C, Mugyenyi P, Cao H: T cell activation in HIV-seropositive
Ugandans: differential associations with viral load, CD4+ T
cell depletion, and coinfection. | Infect Dis 2005, 191:694-701.
Hathcock KS, Kaech SM, Ahmed R, Hodes RJ: Induction of telom-
erase activity and maintenance of telomere length in virus-
specific effector and memory CD8+ T cells. | Immunol 2003,
170:147-152.

Kaech SM, Hemby S, Kersh E, Ahmed R: Molecular and functional
profiling of memory CD8 T cell differentiation. Cell 2002,
111:837-851.

Grayson JM, Murali-Krishna K, Altman JD, Ahmed R: Gene expres-
sion in antigen-specific CD8+ T cells during viral infection. |
Immunol 2001, 166:795-799.

Peixoto A, Evaristo C, Munitic |, Monteiro M, Charbit A, Rocha B,
Veiga-Fernandes H: CD8 single-cell gene coexpression reveals
three different effector types present at distinct phases of
the immune response. | Exp Med 2007, 204:1193-1205.

Lim A, D'Orsogna L, Price P, French MA: Imbalanced effector and
regulatory cytokine responses may underlie mycobacterial
immune restoration disease. AIDS Res Ther 2008, 5:9.
Lefrancois L, Marzo AL, Masopust D, Schluns KS, Vezy V: Migration
of primary and memory CD8 T cells. Adv Exp Med Biol 2002,
512:141-146.

Lefrancois L, Masopust D: T cell immunity in lymphoid and non-
lymphoid tissues. Curr Opin Immunol 2002, 14:503-508.

Sallusto F, Lenig D, Forster R, Lipp M, Lanzavecchia A: Two subsets
of memory T lymphocytes with distinct homing potentials
and effector functions. Nature 1999, 401:708-712.

Hikono H, Kohlmeier JE, Ely KH, Scott |, Roberts AD, Blackman MA,
Woodland DL: T-cell memory and recall responses to respira-
tory virus infections. Immunol Rev 2006, 211:119-132.

de Bree GJ, van Leeuwen EM, Out TA, Jansen HM, Jonkers RE, van
Lier RA: Selective accumulation of differentiated CD8+ T
cells specific for respiratory viruses in the human lung. | Exp
Med 2005, 202:1433-1442.

Domingo P, Torres OH, Ris J, Vazquez G: Herpes zoster as an
immune reconstitution disease after initiation of combina-
tion antiretroviral therapy in patients with human immuno-
deficiency virus type-| infection. Am | Med 2001, 110:605-609.
French MA, Mallal SA, Dawkins RL: Zidovudine-induced restora-
tion of cell-mediated immunity to mycobacteria in immuno-
deficient HIV-infected patients. AIDS 1992, 6:1293-1297.

| Exp Med 2006,

Page 9 of 9

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17488505
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15807721
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15807721
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15807721
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18317001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18317001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18317001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16392092
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16392092
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16392092
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15750393
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15750393
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15750393
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10330421
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10330421
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10330421
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9204894
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9204894
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9204894
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10513643
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10513643
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10513643
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9457095
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9457095
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9457095
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16511406
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16511406
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16511406
http://www.gov.za/issues/hiv/careplan19nov03.htm
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15280772
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15280772
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15919622
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15919622
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15919622
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12876896
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12876896
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12116348
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12116348
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12116348
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11319689
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11319689
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9773881
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9773881
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16467198
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16467198
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17158960
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17158960
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17158960
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18228566
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18228566
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18228566
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14983032
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14983032
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16652048
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16652048
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16652048
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15688282
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15688282
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15688282
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12496394
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12496394
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12496394
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12526810
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12526810
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11145652
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11145652
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17485515
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17485515
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17485515
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18442415
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18442415
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18442415
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12405198
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12405198
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12088686
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12088686
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10537110
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10537110
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10537110
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16824122
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16824122
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16301748
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16301748
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11382367
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11382367
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11382367
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1472334
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1472334
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1472334

	Abstract
	Objective
	Design
	Methods
	Results
	Conclusion

	Background
	Methods
	Study Population
	CD4 cell count and HIV RNA level measurements
	Cell isolation, storage, and thawing
	Cell surface staining and measurements
	Statistical analyses

	Results
	Cohort characteristics and clinical outcomes
	Immunovirologic outcomes
	CD4 and CD8 T cell subset phenotyping
	CD4 and CD8 T cell activation profiles

	Discussion
	Authors' contributions
	Conflict of interests
	Acknowledgements
	References

