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Abstract

To understand the extent of immune dysregulation in primary HIV infection (PHI) and the impact
of antiretroviral therapy (ART) on restoring these abnormalities, we longitudinally evaluated 52
subjects {Acute Treated (AT); Early Treated (ET); Early Untreated (EU)) for markers of activation,
proliferation, and function on T cells. ET and AT patients differed by 0.54 log viral load (VL) at
baseline but did not differ thereafter by more than 0.34 log10 VL. AT subjects had higher CD8+ T
cell counts and expression of markers indicative of CD8+ T cell activation (CD38), and proliferation
(Ki67), at baseline, than ET subjects but were not different post-48 weeks of ART. Although acute
PHI is marked by higher level of immune activation than early PHI, virologic and immunologic
responses were similar post-ART, suggesting that the extent of immunologic recovery is not
negatively impacted by a delay of treatment beyond the acute stage of disease.
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Background

Primary HIV infection (PHI) refers to a series of events occurring within the first three months
of an individual's initial exposure to HIV. These events are marked by rapid virologic and
immunologic alterations. Specifically, within days to up to three weeks of initial exposure,
there is a burst in viremia that can reach levels exceeding one million copies/ml [1]. This high
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magnitude of viral titer accelerates the dissemination and seeding of HIV to various tissue
compartment, most significantly in gut-associated mucosal tissue [2-4]. Tissue dissemination
of HIV is accompanied by direct HIV-mediated cytopathic effects on CD4+ memory T cells,
leading to their loss, as was evident in acute Simian Immunodeficiency Virus (SIV) infection
[5]. Coinciding with this viral burst are also HIV-specific immunologic responses, such as
HIV-specific CD4+ and CD8+ T cell responses that are associated with viral control and may
dictate the viral set point [1,6,7]. This viral set point is correlated with the rate of disease
progression [8] but host factors that contribute to controlling the viral set point are still not
clear but most probably involve components of both the innate and adaptive immune system
[7,9-12].

Significant immunologic dysregulation is documented in primary HIV infection that persists
and/or worsens in chronic HIV infection. Most notably, acute decreases in CD4+ T lymphocyte
number, diminished or absent T-helper cell and CTL responses to HIV and other antigens, and
immune activation as measured by increased expression of HLA-DR+CD38+ T cells [6,
13-20]. It is unclear if antiretroviral therapy (ART) intervention during primary HIV infection
may reverse some of these abnormalities [18].

To understand the extent of immune dysregulation and to evaluate the impact of ART on
immune reconstitution in primary HIV infection, we evaluated a large breath of
immunophenotypic markers indicative of cellular activation, proliferation, and function within
CD4+ and CD8+ T cell subsets over time in subjects who initiated ART vs no treatment in
acute or early primary HIV infection.

Materials and Methods

Study design and definitions

Patients were enrolled into a phase Il open-label, pilot study of the safety and efficacy of ART
Vs. no treatment in patients with primary HIV infection. The patients elected to start or not start
ART. Patients received the following oral treatment regimen: ddI-EC* 400 mg QD + d4T 40
mg BID + BMS-232632 600 mg QD. For subjects weighing < 60 kg, the dose of ddI-EC was
250 mg QD and the dose of d4T was 30 mg BID. Patients in acute primary HIV disease were
those having detectable plasma HIV-1 RNA > 2000 copies/ml by reverse transcriptase
polymerase chain reaction (RT-PCR) within 14 days before study entry and one of the
following inclusion criteria: 1) A negative ELISA within 14 days of study entry; 2) Positive
ELISA but negative or indeterminate Western blot (< 2 bands) within 14 days of study entry;
or 3) Positive ELISA and Western blot within 14 days of study entry but with documented
negative ELISA or plasma HIV-1 RT-PCR (< 2000 copies/mL) within 30 days prior to study
entry. Patients in early primary HIV infection were those having a positive ELISA and Western
blot (> 2 bands) within 14 days of study entry but with documented negative ELISA or plasma
HIV-1RT-PCR (<2000 copies/mL) within days 31 to 90 prior to study entry or positive ELISA
and Western Blot within 14 days of study entry but with a non-reactive 3A11-LS ELISA
documented within 14 days of study entry (as performed either at the center for disease control
(CDC, Atlanta, GA) or by a CDC-certified laboratory. The study was approved by the
respective institutional review boards.

Viral load and T cell measurements

Plasma HIV RNA was measured using the Amplicor HIV-1 Monitor test or the Roche
Ultrasensitive assay (Roche Diagnostics Corporation, Indianapolis, IN). Absolute CD4 and
CD8 T cell counts were determined by standard flow-cytometric techniques.
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Immunofluorescence staining and flow cytometric analysis

Whole blood was immunostained with antibodies conjugated to flourochromes, including an
isotype control. Activated cells were defined as HLA-DR+CD38+, naive T cells were defined
as CD45RA+CD62L+ and memory T cells defined as CD45RA-CD62L - or CD45RA-
CD45R0+. Ki67 expression was measured by intracellular immunostaining, as described by
the manufacturer (Caltag Laboratories). QuantiBRITE Beads (BD) were used to measure the
number of CD38, CXCR4, and CCR5 molecules on T cells using fresh blood.

Statistical analysis

Results

All analyses assumed a two-sided test of hypothesis with an overall significance level of 0.05.
Analyses are considered hypothesis generating and no corrections were made for multiple
comparisons. Longitudinal outcomes were modeled using the mixed procedure in SAS (SAS
Institute, Inc., Cary NC). A random intercept was included in all models and a random slope
was considered based on a likelihood ratio test. Under the full model, a likelihood ratio test
was used to determine the covariance structure (unstructured or variance components). Plasma
HIV-1 RNA concentrations were modeled as smooth functions of time using natural cubic b-
splines [21] and Akaike's Information Criterion (AIC) to determine the final model [22].
Absolute CD8+ T cell count was analyzed using a 1og10 transform and then back-transformed
for interpretability.

Baseline and demographic characteristics of the participants

Fifty-five patients were enrolled in this study. Twelve were in acute primary HIV infection
who went on to be on ART, these patients are denoted as acute-treated (AT), 25 were in early
primary HIV disease and went on ART, these patients are denoted as Early Treated (ET), three
were in acute primary HIV disease and not on ART, denoted as acute untreated (AU), and
fifteen were in early primary HIV disease and not on ART, denoted as Early Untreated (EU).
Because of the low number of AU (n=3) patients, they were excluded from the analysis.
Baseline and demographic characteristics of the cohort is summarized in table 1. The median
age of AT, ET, and EU patients was in the mid-thirties, with the age ranging from 20-59 years.
The majority of AT, ET, and EU patients were white (>70%), not reporting ever using injection
drug use (>85%), and acquiring HIV through sex with men (>90%). In order to control for
differences across groups (ET, AT and EU), all outcomes were adjusted for baseline Logqg
HIV RNA, CD4+ T cell count, and age. For all groups, results from these adjusted models are
plotted assuming the average baseline values for Logig HIV RNA at4.51 (HIVV RNA = 32,000),
baseline CD4+ T cell count at 629 cells/mms3, and baseline age at 32.6 years.

Comparison of viral load and absolute CD4+ and CD8+ T cell counts between acute- and
early- treated patients

To evaluate potential benefits to ART in acute rather than early primary HIV disease, we
examined longitudinal alterations in viral load, CD4+, and CD8+ T cell counts at baseline and
in response to 48 weeks of ART in patients that were in acute vs. early primary HIV disease.
The CD4+ and CD8+ models were adjusted for baseline viral load and age. CD8+ T cell count
was also adjusted for baseline CD4+ T cell count. As seen in Fig. 1, although estimated viral
load at baseline was higher in AT patients by 0.54 logs in comparison to ET patients (p=0.04),
the difference through 48 weeks of ART between the two groups did not exceed 0.34 logs.
Viral dynamics through week 48 were different between AT and ET subjects (p=0.02) (Fig.
1). The estimated log 10 viral load at baseline was lower for EU than any ET or AT (3.58 vs.
4.69 and 5.23, respectively; p<0.001). EU subjects demonstrated a gradual increase in log10
viral load of 0.13 (p=0.05) for every 100 days on study.
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Baseline CD4+ T cell counts were not statistically different between the 3 groups (p=0.24)
(Fig.2a). At baseline the adjusted ET and AT CD4+ T cell count was 606 cells/mm? and 569
cells/mm3, respectively. By week 4, we estimate an initial rise of 105 cells/mm? (p<0.001)
above baseline in the treated groups. Subsequently, CD4+ T cell count increased through week
48 to 801 cells/mm?3 (p=0.04) and 826 cells/mm?3 (p=0.007) for the ET and AT subjects,
respectively. The ET and AT population curves intersect around day 200, although the rate of
change was not significantly different, nor were the week 48 estimates (p>0.07) (Fig 2a). The
estimated CD4+ T cell count at baseline, for the EU group was 739 cells/mm? after which they
demonstrated a decline of 46.5 cells/mm3 per 100 days (p=0.003) resulting in a week 48
estimate of 583 cells/mm?3. The adjusted baseline absolute CD8+ T cell count was significantly
higher among the AT, 1349 cells/mm?3 than ET 871 cells/mm3 group (p=0.003; Fig.2b). By
week 4, there was an initial decrease of 501 and 2031 cells/mm? in the ET and AT groups,
respectively (p<0.001). After week 4, there was no change in absolute CD8+ cells over time
(p=0.74) and the response to ART was similar with estimates of 655 and 667 for the ET and
AT groups, respectively. Absolute CD8+ T cells were constant over time in the EU group with
an estimate of 912 (Fig.2b). These data indicate the absolute CD4+ and CD8+ T cell counts
are not clinically different between the AT and ET subjects at week 48.

Evaluating the extent of Ki67 expression in the CD4+ and CD8+ T cell compartments between
acute- and early-treated patients

Given that Ki67 is an indicator of cell cycle entry and that it was recently linked to HIV gag -
specificity [23], we evaluated its expression in CD8+ and CD4+ memory and naive T cells. A
log10 transformation was required to normalize Ki67+ expression data and, due to the presence
of zeros, 0.5 was added to all values. Percent expression of CD8+Ki67+ memory T cells at
baseline was higher among AT than ET patients (p=0.001) (Fig. 3a). By week 4, among treated
subjects we estimate an initial drop of 0.56 (p<0.001) logs below baseline. At week 48 percent
CD8+Ki67+memory T cells had declined to 0.38 and 0.55 for the AT and ET groups (p=0.16),
respectively, and consequently we observe a more rapid decline in CD8+Ki67+ memory T
cells among the AT than ET group per 100 days (0.20 vs. 0.07, p=0.003) (Fig. 3a). This same
trend was observed in the percent expression of CD8+Ki67+ naive T cells. Percent expression
of CD8+Ki67+ naive T cells at baseline was higher among AT than ET patients (1.03 vs. 0.72,
p<0.001) (Fig.3b) and by week 4, among treated subjects we estimate an initial drop of 0.34
logs below baseline (p<0.001). At week 48 percent CD8+Ki67+naive T cells had declined to
0.11 and 0.26 for the AT and ET groups (p=0.24), and consequently we observe a more rapid
decline in the AT than ET group per 100 days (0.17 vs. 0.04, p=0.006) (Fig. 3b). Percent
expression of CD4+Ki67+ memory cells tended to be higher in the AT than ET group at
baseline with estimates of 1.09 and 0.88, respectively (p=0.06); although this difference was
highly significant in the unadjusted model (p=0.006). By week 4, among treated subjects in
the adjusted model we estimate an initial drop of 0.16 logs below baseline (p<0.001) + and at
week 48 1og10 percent expression of CD4+Ki67+memory T cells was significantly lower in
the AT than the ET group (0.33, vs. 0.54; p=0.04) (Fig. 3c). There were no statistically
significant differences between ET and AT groups in the percent expression of CD4+Ki67
+naive T cells in both the unadjusted and adjusted model (p>0.21; data not shown). Expression
of the co-stimulatory molecule, CD28 on CD4+ T cells remained stable over time on study for
all groups (p=0.96) with estimates of 90%, 96%, and 86% for the ET, AT and EU groups,
respectively with the EU and AT groups being significantly different (p=0.01; data not shown).
There were also no statistically significant differences in absolute naive and memory CD4 or
CD8+ T cells, percent CD4+ or CD8+ HLA-DR+CD38+ T cells, or percent expression of CD4
+ or CD8+ CD28+ T cells, nor in serum IL-7 levels among the AT and ET groups (data not
shown).
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Density of CD38 expression on CD8+ T cells and CCR5 and CXCR4 on CD4+ T cells

Because CD38 expression is correlated with disease progression [24-29], we evaluated the
density of its expression on CD8+ T cells from acute and early primary HIV infected patients,
using QuantiBRITE bead analysis. At baseline, the density of percent CD38 expression on
CD8+ T cells was higher among AT than ET patients (p<0.001) and both AT and ET were
higher than EU patients (p<0.05; Fig.4). By week 4, there was an initial decrease of 0.30 and
0.63 1og10 CD38 molecules on CD8+ T cells in the ET and AT groups, respectively (p<0.001;
Fig.4). The response to ART in CD38 molecules on CD8+ T cells was similar at week 48
between the AT and ET (p=0.77), but remained elevated among EU above both treated groups
(p<0.001; Fig.4).

Given that chemokine co-receptor expression is critical for HIV infection, we also evaluated
the density of CCR5 and CXCR4 expression on CD4+ T cells in acute and early primary HIV
disease. At baseline the density of CCR5 was not different for the ET and AT groups (p=0.81)
and the EU group demonstrated an elevated density above both the ET (p=0.004) and AT
(p=0.02) groups (Fig. 5a). CCRS5 densities remained relatively constant through week 48 in
the AT and ET groups and increased in the EU group , such that differences with the treated
groups became more significant (p<0.001). Interestingly, the unadjusted model demonstrated
no difference between the 3 groups at baseline (p=0.49) of CCR5 molecules on CD4+ T cells
for the ET, AT and EU groups, respectively; although differences between EU, ET, and AT
groups were significant at week 48 (p<0.003; Fig. 5b). The baseline densities of percent
CXCR4 expression on CD4+ T cells are not different at baseline with ET, AT and EU (p=0.49;
data not shown). By week 4, among treated subjects we estimate an initial drop of 0.07 logs
(p=0.04) of CXCR4 molecules on CD4+ T cells below baseline bringing them closer to the
EU group values. As there were no additional changes over time (p=0.31), ET, AT and EU
estimates remained non-significant (p=0.94; data not shown).

Discussion

ART Intervention in primary HIV disease may protect HIV-specific T helper responses
[30-32] but likewise treating patients in chronic HIV disease with CD4+ T cell count > 500
cells/mm3, also preserved CD4+ HIV-specific T-helper immune responses [33]. Hence, it is
still not clear if there is an added benefit for treating acutely infected HIV+ patients[18]. We
evaluated the dynamics of T cell immunophenotypic alterations in ART-treated and untreated
patients with acute and early HIV Infection. We observed an elevation in viral load among
acute treated patients in comparison to early treated patients, which did not exceed 0.3 logs
post-ART. A few patients with viral load slightly higher than 100 copies/ml at week 48 may
drive this small difference. It remains to be established if this small difference in viral load will
have a biologically relevant impact over disease progression between the two groups. CD4+
T cell counts were neither different at baseline nor post- week 48 of ART between the two
groups. Absolute CD8+ T cell counts, while higher in acutely infected patients, responded
similarly to treatment. Based on these clinical outcomes, these data suggest that efforts to
capture and treated patients pre-HIV sero-conversion may not add any substantial clinical
benefits once they initiate ART. However, larger cohorts of blinded/randomized trials are
warranted to carefully assess this question

Ki67 is widely used as a marker for cell turnover. In the context of HIV, this may not be the
case. We previously shown that Ki67 immunostaining and tracking of actual cell division
through Carboxyfluoresccin Diacctate Succinimidyl Ester (CSFE) dye do not correlate in HIV
+ cells [34]. HIV infected CD4+ T cells stained strongly for Ki67 but there was no detectable
cell division among cells productively infected by HIV [34]. This observation is consistent
with a paucity of data implicating HIV Vpr in causing cell cycle arrest [35]. Therefore, Ki67
expression in the context of HIV may best represent activation/entry into the cell cycle rather
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than turnover. We demonstrate here that at baseline in acutely infected patients there is an
increase in the percent of CD8+ Ki67+ memory or naive T cells in comparison to patients in
early HIV disease. But again the response to ART at week 48 was not statistically different
between patients treated in acute or early primary HIV disease. The reported rapid decline in
percent expression of CD4+Ki67+ memory or naive T cells among the acute-treated patients
may be an indication of their higher expression of this marker at baseline and therefore a faster
drop post-ART intervention. Given that percent expression of CD4+Ki67+ memory T cells
was higher at baseline in acute than early treated patients in the unadjusted model, which was
lost after adjusting for age, viral load, and CD4+ T cell count, suggest that it is most probably
the viral load that is driving the increase in the expression of Ki67 in CD4+ memory T cells,
especially since the viral load was slightly higher (no more than 0.5 log at baseline) in acute
than early treated patients. Ki67 up-regulation is observed in acute SIV infection, where within
approximately 10 days of SIV inoculation, CD4+Ki67+ T cells are up-regulated and home to
lymphoid tissues [36]. Ki67 up-regulation is also observed during acute cytomegalovirus and
Epstein Barr virus infections and these Ki67+ T cell subsets are antigen-specific [37,38].

CCR5 expression is critical for M-tropic HIV entry into susceptible cells, it is up-regulated in
response to T cell activation [39], and is up-regulated on CD4+ antigen-specific T cells [40,
41]. Given that we observed elevated expression of CCR5 on CD4+ T cells of early untreated
patients, who had a lower viral load that allowed them to opt out of ART intervention, suggest
that this CD4+ T cell population with elevated CCR5 expression may be antigen-specific and
driving the lower/ contained viral load of these patients. Understanding the factors that lead to
a lower viral set point among the acute untreated and acute or early treated patients will be
critical in devising therapeutic and/or vaccine strategies for HIV.

CD8+ T cell responses are well correlated with containment of wide spread HIV replication
in primary HIV infection and with establishing the viral set point, which determines the rate
of disease progression [42] [43] [11]. Most of the immunophenotyping changes that were
higher in acute than early treated HIV+ patients were within the CD8+ T cell compartment,
suggesting that alterations in acute primary HIV infection may be more prevalent within the
CD8+ than CD4+ T cell compartment. As no difference was observed in the two treated groups,
immune damage may have occurred before therapy, as early as two weeks post- infection. This
may be inferred from SIV infection, where CD4 CCR5 memory cells in gastrointestinal tract
are destroyed within the first week of infection Based on CD4+ T cell count and viral load
changes post-ART between acute- and early-treated HIV+ patients suggest that delaying
treatment beyond the acute stage of HIV disease to early sero-conversion may not negatively
impact these two clinical outcomes. However, benefits in intricate immunologic changes can
be observed with initiating treatment in acute primary HIV disease, the significance of these
alterations to long-term clinical outcome still needs to be investigated. Finally, given the issue
of self-selection, evaluation of these immunophenotypic changes which may reflect differences
in immune responses pre-and post-HIV sero-conversion needs to be assessed in a randomized
trial.
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Figure 1.
Plasma viral load measurements. Plasma viral load was measured at baseline and through week

48 post-ART. Patients were self-selected into Early Treated (ET), Acute Treated (AT), or Early
untreated (EU) groups.

Clin Immunol. Author manuscript; available in PMC 2009 June 29.




Page 11

Al-Harthi et al.

Absolute CD4+ T Cells

O

== BT Bs==ine
= AT Bazelie

Emaly Tresled
o

= AuleTresled

= Embylnirzaied

]
w5
i

Do ot
Oy 4 Ab0o g n_,n...ﬂ
" Mg U
m | ° m -ﬂ
UH Ll .,H.,r X
= g 4
al o0, 4 -]

200

Day

1ag

NIH-PA Author Manuscript

+F0:0 SN0y

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Clin Immunol. Author manuscript; available in PMC 2009 June 29.



1duosnuey JoyIny vd-HIN 1duosnuey JoyIny vd-HIN

1duosnue\ Joyiny Vd-HIN

Al-Harthi et al.

fbsolutie COB+T Callg

£400

T 1500 2000 Jid

allll

Figure 2.

Page 12
Absolute CD8+ T Cells
L e = = * —— EBTBaswine
W — 0 T & m— T BEnR
“ == Ewmbliti=ated
[ =] _ & o
[ =] - (]
E n
i Fs F-a =
E- a l'- o oo e o & .
e L o YT - . o
E : ) = = .3 ’ Lt-' i
o, - “
|-: 4|LT' -
o Bﬂ_—} og T e
o | e b = R
- ' .ﬁ% L oo O
. (= - Y o~ I-"'I'_';-I
E o o =
o
[ & o
0 100 200 o
Lay

Alterations in absolute CD4+ and CD8+ T cell counts. Absolute CD4+ T cell counts (a), and
absolute CD8+ T cell counts (b) were measured at baseline and through week 48 post-ART.
Patients were self-selected into Early Treated (ET), Acute Treated (AT), or Early Untreated
(EU) groups. Dots at baseline denote changes in expression occurring within the first 4 weeks
post-ART. ET and AT CD8+ T cell counts were significantly different at baseline (p=0.003).
The analyses were adjusted for baseline viral load, CD4+ T cell count (CD8+ only), and age,

with similar findings to the unadjusted model.
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Figure 3.

Alterations in expression of Ki67 in CD4+ memory and CD8+ memory and naive T cells. Log
percent expression of CD8+Ki67+ memory T cells (a), log percent CD8+ Ki67+ naive T cells
(b), and log percent CD4+ Ki67+ memory T cells (c) were measured by immunostaining and
flow cytometry at baseline and through week 48 post-ART. Dots at baseline denote changes
in expression occurring within the first 4 weeks post-ART. ET and AT subjects are significantly
different at baseline for both the CD8+Ki67+ memory and naive T cells (p<0.001). The
analyses are adjusted for baseline viral load, CD4+ T cell count, and age, with similar findings
inaand b. In (c) Log percent CD4+Ki67+ memory T cells the ET (0.88 percent log) and AT
(1.09 percent log) were significantly different in the unadjusted analysis (p=0.008), but failed
to achieve significance in the adjusted analysis (p=0.06). The AT was significantly different
from ET at week 49 (p=0.04).
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Figure 4.

Density of CD38 expression on CD8+ T cells. Number of CD38 molecules on CD8+ T cells
was measured by QuantiBRITE beads analysis at baseline and through week 48 in the three
patient groups. Dots at baseline denote changes in expression occurring within the first 4 weeks
post-ART. The AT and ET groups were significantly different at baseline (p=0.001). The
analysis is adjusted for baseline viral load, CD4+ T cell count, and age, with similar findings
to the unadjusted model.
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Figure 5.

Expression of CCR5 on CD4+ T cells: Number of CCR5 molecules on CD4+ T cells were
measured by QuantiBRITE beads analysis at baseline and through week 48 in the three patient
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groups. Unadjusted analysis for CCR5 density on CD4+ T cells is shown in (a) and adjusted

analysis for viral load, CD4+ T cell count, and age is shown in (b). Dots at baseline denote
changes in expression occurring within the first 4 weeks post-ART.
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Baseline and Demographic Characteristics of Cohort
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Characteristic Acute On:_lt_udy Drug Early OnES_}_udy Drug Early Not (?EnUStudy Drug
Patients Registered 12 25 15
Absolute CD4+ T Cells™ (28‘31,7334) (174?015111) (47;216194)
Absolute DB+ T Cells” (63411,25(3)77) (2948,3125368) (4178,715955)
Viral Load ™ = 146500 = 59756 = 4280
copies/mL (= 15866, = 2230000) (= 744, =1080000) (=226, = 133000)
Reported Mode of Transmission as MsMm™™ 92% 92% 93%
Reported 1V Drug Use History as Never * 100% 100% 87%
Male™™ 100% 100% 93%

Age” (2314'2?7) (203 159) (193238)
White™™ 92% 76% 73%

*
Median (range)

Fk

Percent based on patients registered

AT= Acute Treated; ET= Early Treated; EU= Early Untreated
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