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I. Treatment and Treatment Interruptions
in Early HIV Infection
the interest in studies of structured treatment interruptions
(stis)—as a component of antiretroviral therapy started during acute or
early hiv infection—dates back to a preliminary evaluation conducted by
Dr. Eric Rosenberg and his colleagues at Massachusetts General Hospital
(Rosenberg, 2000). This small study followed eight patients who began
therapy during acute hiv infection and agreed to initiate sti after successful viral suppression, with the plan to restart therapy if viral load exceeded 5,000 copies/mL for three consecutive weeks or exceeded 50,000
copies/mL at any given time. Despite rebound in viremia, all eight patients were able to achieve at least a transient steady-state off therapy with
viral loads below 5,000 copies/mL. At the time the report was prepared
for publication in Nature, five out of eight subjects remained off therapy with viral loads less than 500 copies/mL after a median of six-and-ahalf months. Dr. Rosenberg’s group observed increased virus-specific ctls
and maintained hiv-specific cd4+ cells in all eight patients.
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More recently, the Massachusetts General group reported extended follow-up data regarding six of the original subjects, along with eight additional patients who underwent a similar sti process (Kaufman, 2004). All
14 patients were hiv-antibody negative or in early seroconversion and had
high hiv-rna levels prior to beginning treatment (all patients received either a nelfinavir [Viracept]- or indinavir [Crixivan]-based regimen). Prior
to initiating the first of up to four stis, patients maintained hiv-rna levels below 50 copies/mL for at least eight months while on treatment. And
much like the eight-patient pilot study, patients were required to restart
treatment if their viral load exceeded 5,000 copies/mL for three consecutive
weeks or if their viral load exceeded 50,000 copies/mL at any one time.
The 14 patients in this sti study were followed for a median of 5.3
years. Eleven of the 14 (79%) patients were able to achieve viral loads of
less than 5,000 copies/mL for at least 90 days following one, two, or three
interruptions of treatment. However, a gradual increase in viremia and
decline in cd4+ cell counts was observed in most individuals. By an intent-to-treat analysis, eight (57%), six (43%), and three (21%) of the 14
patients achieved a maximal period of control of 180, 360, and 720
days respectively, despite augmentation of hiv-specific cd4+ and cd8+
cell responses (see Figure 1). The magnitude of hiv-specific cellular immune responses before treatment interruption did not predict the duration of virologic control. The study authors also commented that the
small sample size, as well as the lack of concurrent untreated controls,
does not allow for the assessment of possible clinical benefit using
this approach.
“While these data suggest that stis after treatment of primary hiv
infection do not yield the level of dramatic control of viral replication suggested by the initial report, they raise some important questions,” Dr.
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there is still considerable controversy over appropriate clinical
management strategies for patients diagnosed with hiv during acute or
early stage infection. However, it is widely accepted that enrolling longitudinal cohorts to study such patients is vital. Long-term outcome studies of persons enrolled early in the course of injection continue to yield important data regarding transmission dynamics, disease progression, efficacy of treatment, and incidence and consequence of superinfection. Not
only are these studies helping to determine how best to clinically manage
patients diagnosed early in the course of hiv disease, they are contributing significantly to the research exploring virologic, immunologic, and
treatment questions in patients with chronic infection.
The Options Project, developed and conducted by the University of
California, San Francisco (ucsf) aids Program at San Francisco General
Hospital, is dedicated to the study of acute and early hiv infection. Dr.
Frederick Hecht, a co-director of the program, and his colleagues continue to make headway in exploring various pathogenesis- and treatmentrelated issues affecting newly infected patients. In October, Dr. Hecht returned to prn to provide members with an update on key data generated
by the project, along with the recent findings from Acute Infection
and Early Disease Research Program (aiedrp), a national, multisite
network consisting of research centers actively recruiting patients in the
early stages of hiv infection. Here we present the highlights of his
comprehensive talk.
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Hecht said. “First, why isn’t viral control maintained? Second, is there
a lower, but less dramatic difference in viral load set point? Figuring out
what’s going on, even on a cellular level, could be valuable.”

STI Data from the Options Project

AIEDRP Observational Treatment Analysis
the acute infection and early disease research program (aiedrp),
a national, multisite network consisting of research centers actively
recruiting patients in the early stages of hiv infection, is another source
of important data regarding the use of antiretroviral therapy in acute/early disease.
In one study, reported earlier this year at the 12th Conference on
Retroviruses and Opportunistic Infections (croi) in Boston, Dr. Hecht
and his aiedrp colleagues reported on the outcomes of antiretroviral therapy for acute/early hiv infection after treatment discontinuation (Hecht,
2005). Subjects had to be enrolled in the aiedrp cohort within six
months of hiv seroconversion. They were offered combination antiretroviral therapy immediately upon entry. However, the decision to
initiate therapy was voluntary, and those that chose not to start therapy
were followed in a manner identical to those that chose to start treatment.
A total of 58 patients were in the treatment group. They were required
to have remained on therapy for at least 12 weeks and were then asked to
stop treatment for at least four weeks. The data also included 337 patients
enrolled in the cohort not receiving treatment. Primary outcomes were
hiv-rna levels and cd4+ cell counts at 24, 48, and 72 weeks, measured
from the time of enrollment in the untreated group and after stopping antiretroviral therapy in the treatment group. The treatment group was
divided into two subgroups based on when antiretroviral therapy was started: two or fewer weeks from seroconversion (acute infection) or greater
than two weeks (early infection). Thirteen patients were in the treated acute
infection group; 45 patients were in the treated early infection group.
The baseline characteristics were similar among the groups, although the patients with acute infection undergoing treatment had
higher baseline viral loads (acute median log viral load = 5.8 log10
copies/mL in the acute hiv treatment group, 5.1 log10 copies/mL in the
early hiv treatment group, and 4.9 in the untreated hiv group) and tended to have lower baseline cd4+ counts (488 cells/mm3, 527 cells/mm3,
and 508 cells/mm3 respectively). Patients in the acute infection treatment
group stopped their antiretrovirals after an average of 83 weeks of
treatment. Patients in the early infection treatment group stopped their
antiretrovirals after an average of 88 weeks of treatment.
According to the data presented, patients that started antiretroviral
therapy within two weeks of seroconversion had viral load and cd4+ cell
count benefits that were statistically significant for at least 18 months
after stopping treatment. In contrast, patients that started antiretroviral
therapy between two and 26 weeks after seroconversion had a viral
load benefit at six months that was not sustained at later time points, and
a cd4+ cell count benefit that appeared to decline after 12.
These data, Dr. Hecht indicated, suggest a prolonged benefit of an-

to explore why viral suppression is lost, dr. hecht’s group turned
to its own sti study conducted as a component of the Options Project. In
this study, patients must have started antiretroviral therapy within six
months of seroconversion, have remained on therapy for at least 24
weeks, and have achieved viral suppression (less than 50 copies/mL) for
at least 16 weeks. If they meet these criteria, they are randomized to take
one of two sti paths. The first path involves a main sti sequence in which
treatment is resumed if the patient’s viral load is above 50,000 copies/mL
at week 4, above 20,000 copies/mL at week 8, above 10,000 between
weeks 9 and 24, above 200,000 copies/mL at any time point, or the
cd4+ falls below 350 cells/mm3 at any time point. The second sti path
involves a brief sti in which treatment is restarted if viral load is above
1,000 copies/mL for two consecutive weeks. Viral load must then remain
below 50 copies/mL for eight weeks, followed by a main sti sequence.
New data were presented at the 2005 Keystone Symposium on hiv
Pathogenesis in Banff, Canada (Schweighardt, 2005). At that time, Dr.
Hecht’s group had evaluated six subjects who had completed the above
protocol. Working closely with Dr. Douglas Nixon’s laboratory at the
Gladstone Institute of Virology and Immunology, Dr. Hecht’s group attempted to characterize T-cell adaptive responses to hiv during treatment interruption in these six patients. The viral load of five of these patients peaked within two to four weeks off treatment, but then quickly
declined, in some cases to less than 50 copies/mL.
The initial decline in viremia coincided with the development of high
levels of gag-specific cd8+ cells of an effector phenotype. In all five
subjects achieving low levels of viremia during early treatment interruption, there was viral rebound within 24 weeks. Viral mutations
within the targeted immunodominant gag epitopes were detected at the
time of viral rebound.
One sti patient who was unable to control viremia during sti had a
very narrowly-directed immune response against two gag epitopes,
elicited by cd8+ cells of a central memory phenotype. While Dr. Hecht’s
group did not detect mutations within these gag epitopes during sti, it
did detect multiple mutations in other regions of gag typically targeted
by individuals with the same haplotypes. It was suspected that this
patient was unable to control viremia due to the large number of immune escape mutations acquired before sti therapy.
These data indicate that sti can augment effective hiv-specific immune responses in infected individuals that initiate antiretroviral therapy during primary infection and that evasion
EAP for TMC-114 Now Open
of these immune responses by ctl escape may account for the
Tibotec has opened an expanded access program (eap) for tmc-114, its experiinability to permanently suppress viral replication. “Putting all
mental protease inhibitor. The program will provide free access to tmc-114 for
of this together,” Dr. Hecht added, “these data fit well with
hiv-positive individuals who have limited or no treatment options. The eap is
what we know about hiv biology outside of this kind of treatavailable to hiv-infected adults who: 1)are over 18 years of age; 2) have limited
ment setting. It looks as if we may be enhancing immune reor no treatment options due to virological failure or intolerance to multiple ansponse to the virus. Using this approach, we may be maxitiretrovirals regimens; 3) have received treatment from each of the three major
mizing the amount of [immune] pressure that the person’s imclasses of hiv drugs (pis, nnrtis, nrtis), including two different pi-based regmune system can put on the virus. How effective it is in conimens; 4) have a cd4+ cell count equal to, or less than, 200 cells/mm3; and 5) are
trolling the virus depends on which epitopes are targeted.
not eligible for participation in any other Tibotec-sponsored clinical trial. All U.S.In some people, it may have some modest effect on the virus
based healthcare providers may obtain more information by calling 1-866-899by forcing it to mutate more than it might otherwise, ulti2074, or by emailing tmc114-C226@i3research.com. Europe-based healthcare
mately affecting its replication capacity. But a central question
providers may obtain more information by emailing: earlyaccess@parexel.com.
remains: are we actually achieving better results?”
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tiretroviral therapy when initiated in acute hiv infection, and a more
transitory benefit when treatment is initiated later in early infection. “Patients interested in early treatment should be informed of the risks, benefits, and uncertainties,” he said. “Enrolling patients into studies is
certainly a worthwhile option to consider.”

II. The Role of T-Cell Activation in
Primary HIV Infection
the role of immune activation in hiv disease has been extensively
evaluated in chronically infected patients. Study data support the hypothesis that hiv causes disease progression as a consequence of generalized T-cell activation and that the continuous high turnover of T-cells,
along with the fact that the suppressed immune system is unable to regenerate new progenitor T-cells, eventually results in gradual loss of peripheral cd4+ T-cells. What has been missing, however, are data involving the role of immune activation in early hiv disease. This is an important piece of the puzzle, given that the immunologic and virologic
events that occur during the earliest stages of infection can have a significant impact on subsequent disease progression.
To investigate the role of immune activation in early hiv disease, investigators associated with the Options Project—this time under the direction of Steven Deeks, md—used the density of cd38 expression on
cd4+ cells and cd8+ as a measure of T-cell activation in 68 antiretroviral-untreated and 83 antiretroviral-treated acutely and recently infected
adults (Deeks, 2004).
Results of the study indicate that, at study entry, T-cell activation was
positively associated with viremia, with cd8+ cell activation levels
increasing exponentially at hiv-rna levels greater than 10,000
copies/mL. Among untreated patients, the level of cd8+ cell activation
varied widely between individuals but often remained stable within a
given individual. cd8+ cell activation and plasma hiv-rna levels over
time were independently associated with the rate of cd4+ cell loss in
untreated individuals.
Based on these data, a number of observations were made. “First,”
the authors write in the paper they published in Blood last year, “there
is a strong and consistent relationship between the level of viremia and
the level of both cd4+ and cd8+ cell activation during acute hiv infection. Second, most untreated patients reach a steady-state level of T-cell
activation in early hiv infection. This immunologic activation “setpoint” varies widely between individuals but is generally stable within
a given individual. Third, the cd8+ T cell activation “set-point” during
untreated hiv infection is a strong independent predictor of the rate of
cd4+ cell decline. Fourth, initiation of antiretroviral therapy during
early hiv infection dramatically reduces the level of cd8+ cell activation
and, to a lesser degree, cd4+ cell activation.”
Collectively, these data support the concept that the course of hiv
disease is not only dependent on the actual level of viral replication—the
viral load “steady state”—but also on the ability of the virus to cause sustained increases in cd8+ cell activation. Like many other relationships between hiv and the host, the association between the virus and the degree
of immune activation is established early in the course of hiv infection.
Might it be useful to limit immune activation in acute/early hiv infection? This is an important question that is being explored in an
aiedrp study (ai 501) using cyclosporine A.
Cyclosporine A (CsA) is an immunosuppressant that modulates
4

the activation of cd4+ cells. Specifically, CsA binds to cyclophylin (CpN)
in the cytoplasm of cells, forming a complex between CsA and CpN. This
CsA/CpN complex binds to and blocks the function of the enzyme calcineurin (CaN), which in turn blocks the transport of the nuclear factor
of activated T-cells (nf-atc) to the cell’s nucleus. If nf-atc does not reach
the nucleus, it cannot bind with the nuclear component of the nuclear
factor of activated T cells (nf-atn). It is this nf-atc/nf-atn complex that
is necessary to initiate interleukin-2 (il-2) production. Without sufficient il-2 production, cd4+ cells will not be activated, potentially reducing immune activation and the proliferation of viral replication.
The hypothesis supporting ai 501 is that CsA, given with antiretroviral therapy during acute hiv infection, will reduce the size of the
latent pool of hiv-infected cells and preserve both hiv-specific and
non-hiv-specific immunity due to sparing of cd4+ cells by preventing
activation and infection. Approximately 50 patients will be randomized in a 2:1 fashion. Patients must be eia negative or present with three
or fewer bands on a Western blot. Patients will also need to have hivrna levels in excess of 500,000 copies/mL. All patients will receive
lopinavir/ritonavir (Kaletra) plus abacavir/zidovudine/lamivudine
(Trizivir). Two-thirds of the patients will also receive CsA, 0.3 mg/kg
twice daily for four weeks. The primary endpoint is the level of proviral
dna at 48 weeks, and the secondary endpoints include absolute cd4+ cell
counts at various time points and measures of hiv-specific immunity.
There are ample data to back the rationale of ai 501. In one study, the
virologic and immunologic effects of immunomodulation during primary
simian immunodeficiency virus (siv) infection were examined in monkeys (Martin, 1997). The animals were treated with either cyclosporine
or placebo for 32 days, beginning five days before siv inoculation. Duration of antigenemia decreased in 5/7 treated monkeys, with two monkeys experiencing delayed onset and lower peak antigenemia. Proviral
dna levels in blood and lymph nodes, along with infected cell numbers
in lymph nodes, were also transiently decreased. What’s more, transient increases in cd4+ cell counts were seen in the cyclosporine-treated monkeys, compared to those in the control group.
Data are also available from a study involving humans with acute hiv
infection (Rizzardi, 2002). In this study, a Swiss team evaluated the safety and the immune-modulating effects of combining CsA (0.3 to 0.6
mg/kg every 12 hours) with antiretroviral therapy in nine patients with
primary hiv infection. After eight weeks of treatment, all patients discontinued cyclosporine but remained on antiretroviral therapy.
Viral replication was suppressed to a comparable extent in the CsAtreated patients and in 29 control patients whose primary infection was
treated with antiretroviral therapy alone. No differences in cell-associated
dna or rna were seen in the two groups. Patients in the CsA group experienced significantly higher cd4+ cell counts, both during the initial
eight-week regimen and up to a year later. What’s more, patients in the
CsA group had higher hiv-specific cd4+ccr7- cells—effector memory
cells—than those treated with antiretroviral therapy alone.

HIV Superinfection
hiv superinfection—sequential infection with variants of hiv—
has long been a source of debate and concern among clinicians and public health officials. The topic is of particular interest to researchers
involved in the study of primary hiv infection, given that the five case
reports published to date have involved individuals who were recently
infected or intermittently treated with antiretroviral therapy (Ramos,
2002; Jost, 2002; Altfeld, 2002; Koelsch, 2003; Smith 2004; Brenner,
2004). Studies of chronically infected patients have not shown evi-
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imen,” Dr. Hecht explained. “We conducted phylogenetic analyses to see if the subsequent viruses matched up with the viruses they first had.
When it looked like we had a possible superinfection case, we did a lot of retesting with specimens throughout the entire series of time points
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to see if we could support this finding and to
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look for exactly when superinfection occurred.”
Finally, to evaluate population dynamics, Dr.
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dated at 1.5% to 3.0% sensitivity for minor variSource: Schweighardt, 2005.
ants). “We can get down to pretty low quantities using these methods to look for evidence of
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risk cohort in San Francisco of hiv-negative individuals becoming infected with hiv,” Dr.
FIGURE 3. “Cody”: Replacement of mdr hiv with Wild-Type hiv
Hecht said. The heteroduplex assays confirmed
Source: Schweighardt, 2005.
the lack of second virus at baseline, indicating
that these were sequential infections.
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virus appear 16 to 44 weeks after
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infection (see Figure 2). “Looking at his hiv-rna
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levels, he appeared to be doing very well,” Dr.
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Hecht pointed out. “Around week 24, his viral
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crease in his viral load, spiking at around 10,000
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copies/mL. It was here that we noted that he
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had a different virus than the one he started off
FIGURE 4. “Jonah”: Virus 2 Appears with Diagnosis of Gonorrhea
with. His cd4+ cell count, which was initially
Source: Schweighardt, 2005.
doing well, started to decline rapidly. In fact, he
had to go on treatment within another few
months of follow-up.”
Another
interesting
case
is “Cody” (see Figure 3). A sharp increase in
dence of superinfection (Gonzales, 2003; Grant, 2004; Tsui, 2004).
his viral load occurred between weeks 43 and 53, before his second virus
“The fact that we’ve only seen case reports involving newly infected pawas detected. In this patient, multiple-drug-resistant virus was replaced
tients suggests that superinfection can occur before development of proby wild-type virus, which was associated with more rapid disease protective immunity,” Dr. Hecht commented. “Understanding superinfection
gression. His cd4+ count, reaching a high of approximately 900 cells/mm3
may be a key to understanding protective immunity and vaccine development. And it most definitely raises patient counseling issues.”
at week 35, fell to a low of approximately 300 cells/mm3 at week 79.
At the 12th croi in Boston, Dr. Hecht’s group—which included Dr.
With “Jonah,” the second virus appeared concomitantly with a diRobert Grant and his colleagues with the ucsf Laboratory of Clinical Viagnosis of gonorrhea, at week 168 (see Figure 4). “His viral load spiked
rology—presented data on the frequency of sequentially expressed dual
at 10,000 copies/mL at the time of the gonorrhea diagnosis and his cd4+
hiv infections (sedis) in the Options Project Cohort (Grant, 2005).
cell count began a rapid decline after this time point.”
“Leon’s” first virus was detected through to week 29. His second virus
Dr. Grant’s lab evaluated samples collected from all patients enrolled
was first detected at week 39. Around the time his second virus was
in the cohort that had been followed for at least 48 weeks and had redetected, his cd4+ count was approximately 700 cells/mm3. Around week
mained off treatment. “We first looked at the pol gene—using the sequencing performed when looking for drug resistance—and compared
48, his cd4+ count plummeted to 350 cells/mm3. After a transient increase,
their baseline specimen with their most recent available follow-up spechis cd4+ count fell below 100 cells/mm3 around week 100. “With this
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patient, the second virus appeared before rapid progression to aids.”
“All four patients saw increases in their viral loads with their second
viruses,” Dr. Hecht said. “The average increase was 1.4 log10 copies/mL,
compared to an average decrease of 0.24 log10 copies/mL in our
untreated cohort participants without superinfection.”
In summarizing these data, Dr. Hecht remarked that superinfection
appears to be relatively common in early hiv and may be associated with
increased viral load and more rapid disease progression. “What we’re
interested in finding out about now is the closing of the superinfection
window. Why do people stop becoming superinfected, at least from what
we think we’re seeing, after the first few years of infection? This question
remains unanswered.”
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ACUTE HIV INFECTION RESEARCH SITES IN THE U.S.
University of California, San Francisco
Options Study at ucsf
3180 18th Street, Suite 301, San Francisco, CA 94110
Site contact: Annie Boutelle (415/476-9296 ext. 341)

Harbor — University of California, Los Angeles
Harbor — ucla Medical Center
1124 West Carson St., Torrance, CA 90502
Site contact: Jacqui Pitt (310/222-3848)

NYU Medical Center
New York University Center for AIDS Research
462 First Avenue, New York, NY 10016
Site contact: Richard Hutt (212/263-8174)

University of Alabama at Birmingham
University of Alabama, Birmingham
908 20th Street South, Birmingham, AL 35294-2050
Site contact: Kerry Upton (205/975-9128)

Aaron Diamond aids Research Center
Aaron Diamond aids Research Center
455 First Avenue, New York, NY 10016
Site contact: Elizabeth Londono (212/327-7260)

Vanderbilt University
Vanderbilt University Medical Center aids Clinical Trials Center
345 24th Avenue North, Suite 105, Nashville, TN 37203
Site contact: Susan Bauman (615/467-0154 ext. 101)

suny Downstate
suny Downstate Medical Center
450 Clarkson Avenue, Box 1240, Brooklyn, NY 11203
Site contact: Gabriel Larson (718/270-4435)

Massachusetts General Hospital
Massachusetts General Hospital
Fruit Street, Founders 8, Infectious Disease, Boston, MA 02114
Site contact: Nicole Burgett (617/726-1475) or
Mary Johnston (617/724-0070)

Columbia University
Columbia University, hiv Prevention and Treatment Research
at cumc
722 West 168th Street, msph 7th Floor, Room 703,
New York, NY 10032
Site contact: Chrisa Hunnewell (212/305-6312)
University of California, San Diego
University of California, San Diego, Antiviral Research Center
150 West Washington Street, Suite 100, San Diego, CA 92103
Site contact: Jack Degnan or Jill Kunkel (619/543-8080 ext. 269)
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Community Research Initiative — New England
Community Research Initiative of New England—Boston
23 Miner Street, Boston, MA 02115
Site contact: Karlissa Foy (617/778-5454 ext. 249)
Community Research Initiative—Springfield
Community Research Initiative of New England—West
780 Chestnut Street Suite 30, Springfield, MA 01107
Site contact: Carol Kane (413/734-2264)
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