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Germinal centre
A highly specialized and 
dynamic microenvironment 
located in peripheral lymphoid 
tissues (for example, the spleen 
or lymph nodes). It is the main 
site of B cell maturation, 
leading to the generation of 
memory B cells and plasma 
cells that produce high-affinity 
antibody.

Figure 1 | Definition of acute HIV-1 infection. a | Recent analysis of samples from individuals early after infection with 
HIV-1 has revealed that the first weeks following infection can be divided into clinical stages that are defined by a stepwise 
gain in positivity for the detection of HIV-1 antigens and HIV-1-specific antibodies in diagnostic assays (in brackets)82. The 
time between infection and the first detection of viral RNA in the plasma is referred to as the eclipse phase. Plasma virus 
levels then increase exponentially, peaking at 21–28 days after infection, and this is followed by a slower decrease in plasma 
viral RNA levels. Patients can be categorized into Fiebig stages I–VI, which are based on a sequential gain in positive HIV-1 
clinical diagnostic assays (viral RNA measured by PCR, p24 and p31 viral antigens measured by enzyme-linked 
immunosorbent assay (ELISA), HIV-1-specific antibody detected by ELISA and HIV-1-specific antibodies detected by 
western blot). Patients progress from acute infection through to the early chronic stage of infection at the end of Fiebig 
stage V, approximately 100 days following infection, as the plasma viral load begins to plateau. b | Fundamental events in 
acute HIV-1 infection. Following HIV-1 infection, the virus first replicates locally in the mucosa and is then transported to 
draining lymph nodes, where further amplification occurs. This initial phase of infection, until systemic viral dissemination 
begins, constitutes the eclipse phase. The time when virus is first detected in the blood is referred to as T

0
; after this there  

is an exponential increase in plasma viraemia to a peak 21–28 days after infection. By this time, significant depletion of 
mucosal CD4+ T cells has already occurred. Around the time of peak viraemia, patients may become symptomatic and 
reservoirs of latent virus are established in cells that have a slower rate of decay than CD4+ T cells. The ‘window of 
opportunity’ between transmission and peak viraemia, prior to massive CD4+ T cell destruction and the establishment of 
viral reservoirs, is the narrow but crucial period in which an HIV-1 vaccine must control viral replication, prevent extensive 
CD4+ T cell depletion and curb generalized immune activation. Part a is modified, with permission, from REF. 12 © (2008) 
National Academy of Sciences, USA. Part b is modified from REF. 160. 
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Class switching
The somatic-recombination 
process by which the class of 
immunoglobulin is switched 
from IgM to IgG, IgA or IgE.

(FcR)-mediated and complement-associated anti-
HIV effector functions have also been reported dur-
ing primary infection126–128; however, further studies 
are required to define their role and capacity to select 
escape mutations. 

The range of epitopes bound by the first (specific 
to autologous virus) neutralizing antibodies in HIV-1 
clade C infection is narrow and epitopes are often 
restricted to certain virus isolates129. Similar to infec-
tions with clade B HIV-1, the initial autologous-virus-
neutralizing antibodies induced in clade C infections 
are induced with similar kinetics and are usually  
specific only for the initially transmitted Env variant116,117. 
Although the autologous-virus-neutralizing antibody 
response can control the virus quasispecies present 
when these antibodies appear in infections with HIV-1 
clade B or C viruses, the narrowness of the response 
allows rapid viral escape116,117 (K. Bar and G. Shaw,  
personal communication). 

Broad-specificity, neutralizing antibodies to conserved 
Env regions are rare. Interestingly, antibodies specific 
for the conserved regions of HIV-1 Env — such as 
the carbohydrate epitope recognized by the unique 
broad-specificity neutralizing monoclonal antibody 
2G12 (REF. 130), the CD4-binding site recognized by the 

monoclonal antibody 1b12 (REF. 131) and the membrane-
proximal region recognized by the monoclonal antibodies 
2F5, Z13 and 4E10 (REFS 132–134) — are rarely gener-
ated during HIV-1 infection; when they do occur, they 
develop only after ~20–30 months of infection57,119,120,135. 
These observations indicate that both genetic factors 
and maturation of the antibody response to HIV-1 are 
necessary for the generation of this rare, late, broad- 
specificity, neutralizing antibody response. Affinity mat-
uration through somatic hypermutation may be crucial 
for the generation of these neutralizing antibodies and 
may be delayed because of impaired CD4+ T cell help. 
Because the 2F5, 4E10 and 1b12 monoclonal antibodies 
have long hydrophobic complementarity-determining 
region 3 (CDR3) sequences and show polyreactivity 
for autologous molecules, it has been suggested that 
B cell regulatory mechanisms such as self tolerance may  
control their production136.

Early damage to mucosal B cell generative micro-
environments. Acute HIV-1 infection profoundly 
affects blood and tissue B cells123. HIV-1 induces early 
class switching in polyclonal B cells and is associated with 
marked increases in the number of blood and tissue 
memory B cells and plasma cells, as well as a decrease 
in the number of naive B cells123. In the mucosal B cell 

Figure 5 | Composite alignment of the earliest innate and adaptive immune responses detected after HIV-1 
transmission. The first systemically detectable immune responses to HIV-1 infection are the increases in levels of 
acute-phase proteins in the plasma, which are observed when virus replication is still largely restricted to the 
mucosal tissues and draining lymph nodes (eclipse phase). When virus is first detected in the plasma (T

0
), broad and 

dynamic increases in plasma cytokine levels are also observed. Within days, as plasma viraemia is still increasing 
exponentially, the first antibody–virus immune complexes are detected. Expansion of the earliest HIV-1-specific 
CD8+ T cell responses also commences prior to peak viraemia, followed by detection of the first free glycoprotein 
(gp)41-specific but non-neutralizing IgM antibodies. Complete virus escape from the first CD8+ T cell responses can 
occur rapidly, within 10 days of T cell expansion. By this time, viral reservoirs exist, possibly becoming established 
within days of infection. The earliest autologous-virus-neutralizing antibodies are detected around day 80 following 
infection, as viral loads are still declining prior to the onset of the viral set point. Antibody escape virus mutants 
emerge in the plasma within the following week.
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Acute retroviral syndrome and antiretroviral therapy initiation Gabert et al. 1105

Fig. 1. Number and type of acute retroviral syndrome signs and symptoms, and proprotion achieving viral load suppression over
48weeks, among Sabes study participants. (a) Sabes study schema. Participants were screend for HIV at enrollment, and only
those testing negative by Ab and RNAwere enrolled in the follow-onmonthly rescreening step. Thosewho tested positive for either
acute (HIV RNAþ/Ab") or recent HIV (Abþ with negative test within 3months) infection were enrolled in the treatment step
(n¼216) and randomized to begin ART immediately or defer ART initiation by 24weeks. At the first visit after HIV diagnosis,
participants answered questionnaires about acute retroviral syndrome (ARS) symptoms during the past 30 days, to cover the time
interval between the Estimated Date of Detectable Infection (EDDI) and the first post-HIV diagnosis visit (green shading).
Randomization to immediate vs. deferred ART intiation occurred at this visit (first virsit after HIV diagnosis). Participants started
ART per randomization and continued in the Sabes study for a total of 48weeks. A subset of participants (n¼105) continued under
research follow-up and continued to receive ART for at least 4 years after ART initiation (lavender shaded intervals). (b) Number of
acute retroviral syndrome signs/symptoms by interval from estimated date of detectable infection (EDDI) to treatment study
enrollment, and overall. The average number of symptoms among those who had at least one was 3.25, and the highest number of
symptoms reported by a single individual was 13. ARS prevalence differed by time from EDDI to enrollment in the randomized

Copyright © 2023 Wolters Kluwer Health, Inc. All rights reserved.
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HIV-1 Infection in Adults in Africa and Thailand

S2D in the Supplementary Appendix). Although 
the peak viral RNA level was nearly the same in 
Thailand and East Africa (Fig. 3F), the viral-load 
set point differed significantly between the two 
regions (Fig. 3G).

 Immunophenotype
Immunophenotyping of lymphocytes showed no 
change or a minimal variation from normal val-
ues at the first study visit after the onset of 
plasma viremia (Fig. 4A through 4D, and Fig. S3 
in the Supplementary Appendix). Subsequently, 
levels of both B cells and CD4+ T cells decreased 
sharply at the time of peak viremia, while levels 
of CD8+ T cells increased significantly. Changes 
in levels of natural killer cells during acute in-
fection were variable. After peak viremia, levels 
of CD4+ T cells increased and levels of CD8+ T 
cells decreased, but these levels never returned 
to a normal range.

Levels of CD4+ T cells and B cells were in-
versely correlated with contemporaneous viral 
RNA levels, whereas the increase in the number 
of CD8+ T cells was correlated directly with 
contemporaneous viral RNA levels in a model 
adjusted for geographic region and study visit. 
After adjustment for other cell counts, region, 
and visit, a 100-cell increase in the CD4+ T-cell 
count was associated with an average decrease 
of 0.1 in log10 viral RNA across visits. The nadir 
CD4+ T-cell count was correlated with the CD4+ 
T-cell count at 12 months (rho = 0.59, P<0.001).

 Clinical Presentation
A structured history was obtained and a physical 
examination was performed at study entry, every 
6 months, and every 3 or 4 days throughout the 
period of acute infection. Symptoms and signs 
were identified at least once during observation 
in 94% of the participants with acute HIV-1 in-
fection (88% reported at least one symptom and 
78% reported at least one sign). However, during 
the period of acute infection, in 367 of 518 visits 
in which participants underwent a physical ex-
amination (71%), participants reported no symp-
toms, and 50% of these participants had neither 
symptoms nor signs.

Fever, headache, and malaise were the most 
common symptoms, and tachycardia, lymphade-
nopathy, and other head and neck findings were 
the most common signs (Table S5 in the Supple-
mentary Appendix). The greatest number of 

symptoms was reported at the study visit before 
the peak viral RNA level (median, 1; range, 0 to 
15) and was reported at a median of two visits 
(Fig. 5A). Observed signs on physical examina-
tion peaked at the visit before the peak viremia 
(median, 1; range, 0 to 3) and were recorded for 
a median duration of three visits (Fig. 5B). Heat 
maps enumerating each volunteer’s symptoms 
or signs at each visit show that most findings 

Figure 5. Medical Symptoms and Signs before and after Diagnosis of HIV 
Infection in 50 Participants.

The symptoms reported from the medical history (Panel A) and the number 
of abnormal physical findings (signs) on examination (Panel B) are shown 
at study visits before, after, and at the time of peak viremia. The dashed 
lines indicate individual participants.
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The majority of participants reported receiving 
goods for sex (64%), having symptoms of a sexu-
ally transmitted infection (61%), or both (Table 
S1 in the Supplementary Appendix). Most par-
ticipants with acute HIV-1 infection in the three 
African sites were heterosexual women, where-
as most participants with acute infection from 
Thailand were homosexual men or transgender 
women.

To accurately define peak viremia, we restrict-
ed the analysis to the 50 participants in whom 
at least two large-volume blood samples showed 
detectable HIV-1 RNA and a nonreactive enzyme 
immunoassay, who had had at least one study 
visit before detection of viral RNA, and who had 
quantitative HIV-1 RNA data. Analysis of the 
viral-load set point in 45 participants who had 
not received antiretroviral treatment required 
two blood samples obtained after day 42. In 
these participants, a median of 4 days (range, 2 to 
162 days) occurred between the last negative 
sample and the first sample that was reactive for 
HIV-1 RNA.

 HIV-1 Viral Dynamics
Figure 2 shows HIV-1 viremia during the first 
100 days of HIV-1 infection, including the median 
days to the peak viral load, enzyme immuno-
assay reactivity, and early nadir viral load. The 
median initial viral RNA level was 4.0 log10 copies 
per milliliter (range, 1.3 to 7.3), and a median 
peak of 6.7 log10 copies per milliliter (range, 4.5 to 
8.5) was reached 13 days (range, 6 to 18) after 
the first sample showed reactivity for RNA on 
nucleic acid testing. A third-generation enzyme 
immunoassay was reactive at a median of 14 days 
(range, 8 to 48). The median early nadir viral 
RNA level, 4.3 log10 copies per milliliter (range, 
1.7 to 6.3), occurred at a median of 31 days 
(range, 18 to 42). The median viral-load RNA set 
point was 4.4 log10 copies per milliliter (range, 
2.5 to 6.0) (Tables S3 and S4 in the Supplemen-
tary Appendix).

The spline models showed a significant inter-
action between viremia and geographic region 
and indicated differences in viral RNA dynamics 
among regions. The models also showed that 
the viral-load set point was established at the 
conclusion of acute viremia and remained stable 
subsequently (Fig. S1 in the Supplementary Ap-
pendix). Peak viremia was positively correlated 

Figure 3 (facing page). Viral-Load Associations.

Spearman’s correlations of peak (Panel A) and nadir 
(Panel B) viremia with the viral-load set point in partic-
ipants from Thailand (black dots) and East Africa (red 
dots) are shown. Five participants were excluded be-
cause of missing viral-load data or the initiation of anti-
retroviral therapy. The early viremic nadir and viral-load 
set point were highly correlated (Panel B) and did not 
differ significantly (Panel C). A significant positive 
Spearman’s correlation of viral-load downslope with 
the viral-load set point was observed in 44 participants 
with acute HIV-1 infection (Panel D). Viral-load upslope 
did not show significant Spearman’s correlation with 
the viral-load set point in the overall sample (Panel E). 
Seven of 45 participants were excluded from the upslope 
analysis because the interval between the last test that 
was negative for HIV-1 RNA and the first test that was 
reactive for HIV-1 RNA was longer than 10 days. Com-
parisons with the use of a Wilcoxon rank-sum test did 
not show regional differences between East Africa and 
Thailand with respect to peak viral load (Panel F); how-
ever, the viral-load set point was higher in participants 
in Thailand, with a narrower range of values (Panel G). 
Sex, race or ethnic group, and HIV-1 subtypes also dif-
fered between the two groups.

Figure 2. Viral Loads over the First 100 Days of HIV-1 Infection in 50 Participants.

Longitudinal viral-load values are plotted against the number of days since 
the first blood sample was reactive for HIV-1 RNA in 33 participants from 
East Africa and 17 from Thailand who had two or more blood samples that 
were nonreactive on enzyme immunoassay (EIA) and were reactive on nu-
cleic acid testing. Day 0 is the day of the first positive nucleic acid test. The 
box-and-whisker plots show the median, interquartile range, and range for 
each variable. The vertical box plots show peak and nadir viral loads, and 
the horizontal box plots show the number of days from the first reactive re-
sult on nucleic acid testing to the peak viral load, to reactivity on the EIA, 
and to the nadir viral load. Median values are shown for each variable.
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downregulation of CD4 to prevent the
host cell immediately re-capturing virions
it produces.

HIV mutates rapidly as it replicates due
to the infidelity of reverse transcriptase,
which facilitates an essential step in the
virus life cycle by converting viral RNA
into DNA. While HIV transmission usually
occurs with a single HIV genotype, the vi-
rus rapidly diversifies as it replicates in the
new host, and by the chronic infection
phase many genetically distinct viruses
are present within the individual (a viral
quasispecies). The current study found
that most HIV-expressing cells in recently
infected individuals harbored a single HIV
envelope (env) sequence, which is ex-
pected given the short time the virus has
replicated since acquisition. To verify
whether the limited viral diversity was
due to independent infection events with
identical viruses, or infection of a single
cell followed by division of that cell,
the authors also performed host cell
TCR sequencing. This sequencing re-
vealed that most HIV-expressing cells
had unique TCR sequences (some pre-
dicted to be specific for common antigens
like Mycobacterium tuberculosis), indi-
cating that they did not arise through
clonal expansion of the infected host cell.

To evaluate whether cells latently in-
fected with HIV could be identified during
the acute phase of infection, the study
evaluated longitudinal blood samples

either before ART was initiated or after
96 weeks of suppressive ART. They found
that none of the participants who initiated
ARTduring acute infection had detectable
HIV protein expression during ex vivo
stimulation of CD4+ T cells at the 96-
week timepoint (Figure 1D). However,
molecular analysis of p24! cells (those
not expressing HIV) revealed the pres-
ence of rare, genetically intact, integrated
HIV genomes in a subset of cells both
pre- and post-ART. Intact ‘‘non-induced’’
HIV proviruses of this type have been
identified previously and are in some
cases capable of expressing virus upon
restimulation,10 suggesting that the intact
non-induced proviruses in the current
study might represent early seeding of a
‘‘deeply latent’’ reservoir. Near-full-length
HIV genome sequences of these intact
genomes were seldom identical in
different cells, suggesting that they were
also not generally formed by clonal
expansion of the host cells.
Overall, this study is important because

it defines the changing phenotype of in-
fected cells soon after a HIV acquisition
in exquisite detail and demonstrates that
clonal proliferation of HIV infected cells
is not a major driver leading to expansion
of either productively infected or ‘‘deeply
latent’’ host cells at this early time. The
work also highlights the formidable chal-
lenges for HIV cure efforts, which are
directed toward eliminating this remark-

ably durable latent viral reservoir that
is permanently established in the early
days and weeks after HIV acquisition.
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observations indicate that during acute infection, the majority of
productively infected cells are memory Th1-like T cells that
frequently express activation markers and the HIV co-receptor
CCR5 and do not display a cTfh or Tfh cell phenotype. Of note,
most productively infected cells do not express CD4, which likely
results from its downregulation from the cell surface by viral
accessory proteins.

The phenotype of infected cells changes over time and
varies between blood and lymph nodes
Wenext sought to compare the phenotype of p24+ cells between
blood and lymph nodes at all stages of HIV infection. A uniform
manifold approximation and projection (UMAP) analysis re-
vealed that infected cells were distributed in 8 cell clusters
(Figures 2A, S4A, and S4B). The clustering of p24+ cells was
consistent across different participants from a defined
Fiebig stage, although some interindividual variations at Fiebig
stages IV and V were noted in both blood and lymph nodes
(Figures S5A and S5B, respectively). The relative contribution
of each cluster to the overall pool of infected cells changed
rapidly during acute infection and differed between blood and
lymph nodes (Figure 2B). Proliferating T cells (Ki67+, clusters 2,
3, and 4) were the major contributors to the pool of productively
infected cells in both blood and lymph node during early Fiebig
stages (I and II). There was a rapid shift to non-proliferating cells

(clusters 5 and 6) in both blood and lymph nodes, some of which
expressed high frequencies of CCR5 (cluster 5), especially in
blood (Fiebig III, IV, V) (Figure 2C). During chronic infection, Tfh
(cluster 1) emerged as the major contributor to the pool of in-
fected cells in the lymph node, representing an average of
62% of all productively infected cells, while the phenotypes of
p24+ cells in the blood were more diverse. Altogether, these re-
sults indicate that the cell subsets that support productive HIV
infection rapidly change throughout acute HIV infection, differ
between blood and lymph nodes, and in contrast to chronic
infection, that Tfh cells marginally contribute to the dissemina-
tion of HIV during acute infection.

Proviral diversity is limited in productively infected cells
during acute infection
We then investigated if the diversity observed in the phenotype of
productively infected cells was accompanied by genetic diversity
in the proviral populations. We obtained env (C2-V5) sequences
from 542 single HIV-infected cells from n = 7 participants repre-
senting all stages of infection (Figure 3A). As expected in recently
infected participants, the majority of p24+ cells harbored a single
C2-V5 env sequence (all CCR5-tropic) that was shared between
blood and lymph nodes (mean, 87.4%) (Figure 3B). In sharp
contrast, only a small proportion of p24+ cells isolated during
chronic infection harbored identical proviral sequences (6.2%),

A B

C

Figure 2. Temporal changes in the cell subsets contributing to viral production during HIV infection
(A) p24+ cells’ phenotypic data were integrated in a UMAP analysis and generated 8 cell clusters.

(B) Dot plots of the UMAP analysis of all p24+ cells (in gray) as shown in (A), on which the p24+ cells by stage of infection and compartment are overlaid in colors.

Numbers of samples analyzed are indicated at the top of the dot plots.

(C) The frequency of each of these clusters among p24+ cells is depicted in bar graphs according to the stage of infection for both blood and lymph node.

Numbers of samples analyzed are as in (B). The table shows the phenotype of each cell cluster.
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Figure 3. Proviral diversity is low in productively infected cells during acute HIV infection
(A) Phylogenetic trees representing HIV C2-V5 env proviral sequences obtained from single-sorted p24+ cells from n = 7 participants (PID#18, PID#20 to #25).

Trees were rooted on a CRF01_AE consensus (gray square) and env sequences from each single p24+ cell are depicted in red or blue according to their

compartments (blood or lymph nodes, respectively). Identical sequences are shown as aggregated on the same branch of the tree.

(B) Pie charts representing the relative proportion of each C2V5 env sequence for each participant in both blood and lymph nodes. The numbers of p24+ cells

analyzed are indicated in the center of the pie. Identical sequences are depicted in color, whereas unique sequences are depicted in gray.
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Figure 5. Productive HIV infection is preferentially established in previously expanded and disseminated clonotypes
(A) Frequency of TRBV and TRBJ segment usage for the clonotypes identified by TCRb sequencing in p24+ cells and in total CD4+ cells in both blood and lymph

nodes from 17 participants. Significant differences between p24+ and total CD4+ T cells are highlightedwith a red or blue background depending on the trend (see

Figure S6C).

(B) Venn diagrams showing the numbers of unique and shared clonotypes in the four subsets: blood and lymph node total CD4+ T cells and p24+ cells for all

participants.

(C) Example (participant PID#11, data from other participants are shown in Figure S7D) of frequency distribution (based on bulk deep sequencing data and single-

cell sorting/Sanger sequencing) of the clonotypes corresponding to the clones that were found in a single subset (empty circles) and in multiple subsets including

p24+ cells (colored circles). Frequencies are shown as percentage of total reads for total CD4+ T cells and as the frequency of cells determined by HIV-Flow for

p24+ cells.

(legend continued on next page)
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syphilis. The CSF level of monocyte chemotactic protein
(MCP-1/CCL2) was measured using a multiplex assay on a
Quansys platform. CSF levels of neopterin and interferon
γ–induced protein (IP-10/CXCL10) were measured using a
standard enzyme-linked immunosorbent assay developed by
GenWay Biotech (San Diego, CA) and Life Technologies (for-
merly Invitrogen; Grand Island, NY), respectively.

Magnetic Resonance Imaging (MRI)/MRS
The same technician performed MRI/MRS prior to lumbar
puncture, using a 1.5T General Electric whole-body clinical
magnetic resonance scanner (software version 12x) with an
8-channel phased-array head coil for signal reception and
body coil for transmission. High resolution, multislice, axial
T1-weighted spoiled gradients-echo images were acquired and
used for 8-cm3 voxels placed in the middle frontal gray
matter, left frontal white matter, occipital grey matter at the
middle posterior cingulate gyrus, and basal ganglia, using the
automated Proton Brain Exam (PROBE-P) with an echo time
of 35 milliseconds, a repetition time of 1.5 seconds, and a pro-
tocol that minimized partial-volume effects [17]. We acquired
T2-weighted decay spectra of the fully relaxed unsuppressed
water free-induction decays, with a repetition time of 10
seconds and 9 different echo times (30, 35, 45, 65, 85, 120,
200, 500, and 1500 milliseconds). Quality assurance was per-
formed by scanning a gradient echo MRS phantom after each
examination. Images were electronically stored, anonymously
transferred, and processed by a single investigator (N. S.),
using a time domain fitting routine LCModel for spectral
quantification (available at: http://s-provencher.com/pages/
lcmodel.shtml). The metabolite concentrations were deter-
mined for myoinositol, N-acetylaspartate, choline, and crea-
tine. Relative levels of major metabolites were standardized to
total creatine.

Ethical Approval and Statistical Analyses
All subjects signed consent forms approved by human subject
review boards at Chulalongkorn University (Bangkok, Thai-
land), the Walter Reed Army Medical Center (Rockville, MD),
and the University of California at San Francisco. Descriptive
statistics were analyzed using common nonparametric tests or
t tests on log10-transformed HIV RNA in SAS v9.2 (SAS Insti-
tute, Cary, NC). We used PROC GLM to include age in the
models for MRS analyses.

RESULTS

Clinical Composition
Screening of 18 242 specimens between April 2009 and Sep-
tember 2010 identified 32 subjects with acute HIV infection
consistent with Fiebig stages I-IV. Of the 32, 25 (78%) agreed
to participation in the parent study. Three of these subjects
were excluded because of progression beyond Fiebig stage IV
prior to enrollment. One subject was excluded from the CNS
study because of neurosyphilis, and 1 subject who agreed to
participate was excluded because of incomplete participation.
Two subjects retained for the analyses were positive for hepa-
titis B virus surface antigen, and all were negative for hepatitis
C virus antibody. Our final sample of 20 subjects with acute
HIV infection were evaluated during Fiebig stages I (n = 3),
II (n = 4), III (n = 11), and IV (n = 2) and had a median esti-
mated duration since exposure of 14.5 days (Table 1). Eighteen
underwent lumbar puncture (2 declined because of fear about
potential adverse events), and 17 underwent MRS (1 was
claustrophobic and 2 had metallic dental braces). Lumbar
puncture was completed a median of 2 days after enrollment.
Individuals tended to be young MSM, and no subjects report-
ed injection drug use. The median blood CD4+ lymphocyte
count was 384 cells/mm3 (range, 218–740 cells/mm3). HIV
subtypes were CRF_01AE (n = 13), B (n = 1) and six cases
were indeterminate by MHAbce. Of the 15 subjects whose
samples could be amplified, plasma HIV tropism analysis,
using the Trofile Assay (Monogram Biosciences), revealed all
samples to be R5 tropic, except for 1, which was dually R5/X4
tropic.

Neurological Laboratory and Clinical Characterization
CSF sampling occurred a median of 17 days (range, 5–35
days) after estimated exposure and identified HIV RNA in
CSF as early as 8 days. Only 1 subject was sampled prior to
8 days, and CSF HIV RNA was not detected (Fiebig stage I;
4 days after estimated exposure; plasma HIV RNA load, 2321
copies/mL). There were 2 additional cases with undetectable
HIV RNA in CSF, with one at Fiebig stage II (10 days; plasma
HIV RNA load, 285 651 copies/mL) and the other at Fiebig
stage III (18 days; plasma HIV RNA load, 81 978 copies/mL).

Table 1. Demographic and Clinical Characteristics and Self-
Reported History of Risk Factors for 20 Study Subjects With
Acute Human Immunodeficiency Virus Infection

Characteristic Value

Male sex 90%
Age, y, mean (range) 31 (21–46)
Education, y, mean (range) 17 (6–23)
Risk factor
Male-male sex 85
Injection drug use 0
Heterosexual sex 15

CD4+ cell count, cells/mm3, median (range) 384 (218–740)
Infection duration, d, median (range)a 14.5 (4–31)

Data are no. (%) of subjects, unless otherwise indicated.
a Interval between estimated time of exposure and enrollment. If a range of
dates was provided, the mean was used.
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Eleven subjects underwent lumbar puncture on the same
day that plasma HIV RNA specimens were obtained. No CSF
specimen had an HIV RNA level that was greater than the
level measured in plasma. Overall, mean CSF HIV RNA level
was lower than mean plasma HIV RNA level (3.38 vs 5.53
log10 copies/mL, respectively; P < .001). With addition of cases
in which plasma HIV RNA specimens were not obtained on
the same day as lumbar puncture and use of entry plasma
HIV RNA values for these additional cases (median, 2 days
prior [range, 0–3 days prior]), there were still no cases in
which the CSF HIV RNA load was greater than that in plasma
(Figure 1). The mean CSF HIV RNA load was 2.42 log10
copies/mL lower than that measured in plasma (3.38 vs 5.80
log10 copies/mL; P < .001). The CSF HIV RNA level correlated
to that in plasma (r2 = .37; P = .007), and we found similar
CSF HIV RNA levels in Fiebig stages I/II (without plasma an-
tibodies to HIV, 2.78 log10 copies) and Fiebig stages III/IV
(with antibodies, 3.62 log10 copies; P = .15).

About one-half of subjects (11 of 20) experienced new
headache in the period prior to study enrollment but after the
estimated date of HIV exposure. No other new clinical neuro-
logical symptoms were reported. There were no differences in
mean HIV RNA levels between cases with and cases without
headache (plasma level, 6.02 vs 5.42 log10 copies/mL, respec-
tively [P = .19]; CSF level, 3.61 vs 3.11 log10 copies/mL, respec-
tively [P = .374]). All subjects were normal on the basis of
detailed neurological examination, except for one individual,

who had decreased pin prick sensation at the right hand to
the level of the wrist, known to be present prior to exposure.

CNS Inflammatory Findings
The mean CSF white blood cell (WBC) count was 14 cells/µL
(median, 0 cells/µL [range, 0–160 cells/µL]). Values were
above the normal range of 5 cells/µL in 4 subjects (22%), and
2 subjects had CSF protein levels above the normal range
(15–45 mg/dL) (Figure 2). Consequently, 5 of 18 subjects
(28%) had evidence of CSF inflammation or blood brain
barrier disruption, using common testing parameters. We did
not identify differences in CSF protein levels or WBC counts
between patients in Fiebig stages I/II and those in Fiebig
stages III/IV. The CSF neopterin level in many individuals was
elevated, compared with published parameters reported for US,
HIV-negative control subjects <45 years old (Figure 3; S. S.,
unpublished data from a previously published study [18]).
Fewer cases of elevated MCP-1/CCL2 and IP-10/CXCL-10
levels were noted. CSF neopterin levels were correlated with
plasma (r2 = .35; P = .009) and CSF (r2 = .36; P = .010) log10
HIV RNA loads. We identified a trend for CSF neopterin level
correlating with duration of infection (P = .051; r2 = .22), but
no difference was found when comparing CSF neopterin
levels between patients in Fiebig stages I/II and those among
patients in Fiebig stages III/IV.

We identified no structural or T2-weighted signal abnor-
malities on MRI. Our Thai subjects with chronic HIV infec-
tion were similar to acute cases in sex and age (data not
shown). HIV-negative Thai controls differed from the subjects
with acute infection with regard to male sex (43% and 90%,
respectively; P = .024) but were of similar age. The median
CD4+ lymphocyte count among chronic HIV-infected sub-
jects was 239 cells/mm3 (range, 19–426 cells/mm3), which dif-
fered from that among acute HIV-infected subjects (median,

Figure 1. Plasma (squares) and cerebrospinal fluid (CSF; circles)
human immunodeficiency virus (HIV) RNA levels, by infection duration.
Cases with plasma HIV RNA level measured on the same day as lumbar
puncture are represented by open squares, and cases with plasma HIV
RNA measured at enrollment are represented by solid squares (median
of 2 days before lumbar puncture).

Figure 2. Cerebrospinal fluid (CSF) protein levels (open circles) and
white blood cell (WBC) counts (solid triangles) in individuals with acute
human immunodeficiency virus infection, by infection duration.
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Eleven subjects underwent lumbar puncture on the same
day that plasma HIV RNA specimens were obtained. No CSF
specimen had an HIV RNA level that was greater than the
level measured in plasma. Overall, mean CSF HIV RNA level
was lower than mean plasma HIV RNA level (3.38 vs 5.53
log10 copies/mL, respectively; P < .001). With addition of cases
in which plasma HIV RNA specimens were not obtained on
the same day as lumbar puncture and use of entry plasma
HIV RNA values for these additional cases (median, 2 days
prior [range, 0–3 days prior]), there were still no cases in
which the CSF HIV RNA load was greater than that in plasma
(Figure 1). The mean CSF HIV RNA load was 2.42 log10
copies/mL lower than that measured in plasma (3.38 vs 5.80
log10 copies/mL; P < .001). The CSF HIV RNA level correlated
to that in plasma (r2 = .37; P = .007), and we found similar
CSF HIV RNA levels in Fiebig stages I/II (without plasma an-
tibodies to HIV, 2.78 log10 copies) and Fiebig stages III/IV
(with antibodies, 3.62 log10 copies; P = .15).

About one-half of subjects (11 of 20) experienced new
headache in the period prior to study enrollment but after the
estimated date of HIV exposure. No other new clinical neuro-
logical symptoms were reported. There were no differences in
mean HIV RNA levels between cases with and cases without
headache (plasma level, 6.02 vs 5.42 log10 copies/mL, respec-
tively [P = .19]; CSF level, 3.61 vs 3.11 log10 copies/mL, respec-
tively [P = .374]). All subjects were normal on the basis of
detailed neurological examination, except for one individual,

who had decreased pin prick sensation at the right hand to
the level of the wrist, known to be present prior to exposure.

CNS Inflammatory Findings
The mean CSF white blood cell (WBC) count was 14 cells/µL
(median, 0 cells/µL [range, 0–160 cells/µL]). Values were
above the normal range of 5 cells/µL in 4 subjects (22%), and
2 subjects had CSF protein levels above the normal range
(15–45 mg/dL) (Figure 2). Consequently, 5 of 18 subjects
(28%) had evidence of CSF inflammation or blood brain
barrier disruption, using common testing parameters. We did
not identify differences in CSF protein levels or WBC counts
between patients in Fiebig stages I/II and those in Fiebig
stages III/IV. The CSF neopterin level in many individuals was
elevated, compared with published parameters reported for US,
HIV-negative control subjects <45 years old (Figure 3; S. S.,
unpublished data from a previously published study [18]).
Fewer cases of elevated MCP-1/CCL2 and IP-10/CXCL-10
levels were noted. CSF neopterin levels were correlated with
plasma (r2 = .35; P = .009) and CSF (r2 = .36; P = .010) log10
HIV RNA loads. We identified a trend for CSF neopterin level
correlating with duration of infection (P = .051; r2 = .22), but
no difference was found when comparing CSF neopterin
levels between patients in Fiebig stages I/II and those among
patients in Fiebig stages III/IV.

We identified no structural or T2-weighted signal abnor-
malities on MRI. Our Thai subjects with chronic HIV infec-
tion were similar to acute cases in sex and age (data not
shown). HIV-negative Thai controls differed from the subjects
with acute infection with regard to male sex (43% and 90%,
respectively; P = .024) but were of similar age. The median
CD4+ lymphocyte count among chronic HIV-infected sub-
jects was 239 cells/mm3 (range, 19–426 cells/mm3), which dif-
fered from that among acute HIV-infected subjects (median,

Figure 1. Plasma (squares) and cerebrospinal fluid (CSF; circles)
human immunodeficiency virus (HIV) RNA levels, by infection duration.
Cases with plasma HIV RNA level measured on the same day as lumbar
puncture are represented by open squares, and cases with plasma HIV
RNA measured at enrollment are represented by solid squares (median
of 2 days before lumbar puncture).

Figure 2. Cerebrospinal fluid (CSF) protein levels (open circles) and
white blood cell (WBC) counts (solid triangles) in individuals with acute
human immunodeficiency virus infection, by infection duration.
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and CD4/CD8 ratio achieved a P value <.05. In the multivariable 
analysis, CD4/CD8 ratio was the only signi"cant factor, showing 
a positive correlation (P = .018, adjusted β coe$cient = 0.380).

Comparison of Cerebrospinal Fluid Immune Activation Markers 

According to Cerebrospinal Fluid Human Immunodeficiency Virus 

Detection and PCratio Status

We compared the levels of the 6 CSF biomarkers of immune 
activation (neopterin, sCD14, IL-6, CXCL10, CCL2, sCD163) 
in a subgroup of LP participants categorized by CSF HIV RNA 
and PCratio: CSF HIV RNA <80 copies/mL (lower limit of quan-
ti"cation) vs CSF HIV RNA level ≥80 copies/mL with PCratio 
>1 vs CSF HIV RNA level >80 copies/mL with PCrario ≤1 (out-
liers) (Figure 4). In general, all CSF immune activation mark-
ers increased with quanti"able CSF HIV RNA, and they were 

highest in the outlier group. In particular, the group of partici-
pants with CSF HIV RNA below quanti"cation had statistically 
lower levels of all CSF cytokines except sCD14 (all P < .05). &e 
outlier group, despite having similar Fiebig staging composition 
and plasma HIV RNA level to the group with PCratio >1, showed 
a signi"cantly higher CSF neopterin, sCD163, IL-6, and sCD14 
(all P < .05).

DISCUSSION

We have previously reported a high rate of CSF HIV RNA detec-
tion (15 of 18) in study participants with acute HIV infection, 
with detectable CSF HIV RNA as early as 8 days a'er estimated 
infection [3]. In the current analysis, the rate of HIV RNA above 
the lower limit of quanti"cation in CSF was 51% at Fiebig I and 
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Figure 2. Human immunodeficiency virus (HIV) ribonucleic acid (RNA) level by Fiebig stage (a) plasma and (b) cerebrospinal fluid (CSF). Median (solid line), interquartile 
range (extent of boxes), 1.5 times of interquartile range (whiskers), and outliers/extreme outliers (stars) are indicated. Number of participants by Fiebig stage (n): I (19); II (24); 
III (52); IV (15); V (7). A level of 80 copies/mL was assigned to those who had a CSF HIV RNA level below quantification.

Table 1. Demographic and Clinical Parameters According to CSF HIV RNA Detection Statusa

Characteristics <LOQ (n = 27) ≥LOQ (n = 90) P Value

Male, n (%) 26 (96) 87 (97) 1.00
Age (year) 26.0 (23–31) 27.5 (23–32) .902

CD4 T lymphocytes (cells/µL) 555 (354–699) 384 (280–506) .002

CD8 T lymphocytes (cells/µL) 442 (238–586) 624 (366–1013) .009

CD4/CD8 ratio 1.12 (0.59–1.57) 0.68 (0.38–0.95) <.001
Fiebig Stage
I and II, n (%) 21 (78) 22 (24)
III to V, n (%) 6 (22) 68 (76) <.001
Plasma HIV RNA (log10 copies/mL) 4.23 (0.92) 6.14 (5.48–6.83) <.001
CSF HIV RNA (log10 copies/mL) 1.90 (0.0) b 3.76 (2.81–4.82) <.001
Plasma-CSF HIV RNA Ratio (PCratio) (range, log10 copies/mL)c - 2.36 (0.10–4.40)
Presence of ARS, n (%) 14 (52) 77 (86) .001
Active syphilis, n (%)d 2 (7) 6 (7) 1.00

Abbreviations: ARS, acute retroviral syndrome; CSF, cerebrospinal fluid; HIV, human immunodeficiency virus; LOQ, lower limit of quantification (80 copies/mL); RNA, ribonucleic acid; RPR, 
Rapid Plasma Reagin; VDRL, Venereal Disease Research Laboratory. 
aResults shown are presented as median (interquartile range) unless specified.
bA level of 80 copies/mL was assigned to those who had a CSF HIV RNA level below quantification.
cPlasma-CSF HIV RNA Ratio (PCratio) = log10 plasma HIV RNA minus log10 CSF HIV RNA.
dDefined as positive Treponema pallidum hemagglutination and RPR/VDRL, with no treatment 3 months before the acute HIV infection diagnosis. 
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Correlation between cerebrospinal fluid HIV-1
RNA and pleocytosis
In the bivariate analyses, CSF WBC increased with
HIV-1 RNA in plasma (r¼ 0.304, P¼ 0.011) and CSF
(r¼ 0.596, P< 0.001). CSF WBC was higher in
participants who were in later Fiebig stages and
experienced ARS (P< 0.01). It increased with CSF
protein (r¼ 0.275, P¼ 0.021) but did not correlate with
CSF glucose (r¼"0.122, P¼ 0.315). CSF WBC
increased with blood CD8þ T-cell count (r¼ 0.434,
P< 0.001) and decreased with higher blood CD4þ T-cell
count (r¼"0.246, P¼ 0.040) and CD4þ/CD8þ ratio
(r¼"0.540, P< 0.001). It was not associated with
HIV-1 subtypes and positive results of anti-HCVAb and
TPHA/VDRL (P> 0.05) (Supplementary Tables 1 and
2, http://links.lww.com/QAD/D40).

In the multivariable analysis with log10 CSF HIV-1 RNA
as the dependent variable, (Table 2), the following were
independently associated with log10 CSF HIV-1 RNA:
CSF pleocytosis [adjusted coefficient (Beta): 0.79, 95%
confidence interval (CI): 0.41–1.14), P< 0.001], CD4þ/
CD8þ ratio (Beta: "1.14, 95% CI ("1.56 to "0.72),
P< 0.001] and plasma HIV-1 RNA (Beta: 0.73, 95% CI
0.58–0.88), P< 0.001]. In a separate analysis, higher CSF
WBC was associated with lower PCratio (Beta: "1.10,
95% CI "1.49 to "0.71, P< 0.001) (Supplementary
Figure 1c, http://links.lww.com/QAD/D40).

Discussion

This study aims to evaluate the relationship between CSF
pleocytosis and HIV-1 neuroinvasion, defined as the
detection of HIV-1 RNA in CSF during AHI. Despite
HIV-1 viremia and overt immune activation in the
systemic circulation [8], we found that levels ofCSFWBC,
glucose and protein were frequently within the normal

range during AHI. CSF pleocytosis was absent in all CSF
samples with undetectable HIV-1 RNA and all but one
sample with detectable but unquantifiable HIV-1 RNA.
The rate of CSF pleocytosis was 38% among the CSF
samples with detectable HIV-1 RNA. It remained below
50% during later Fiebig stages and among samples with
higher levels of CSF viremia ($3 log10copies/ml). The
findings indicate that CSF pleocytosis emerges temporally
after CSF viremia, but it is not universal during AHI.

Considering CSF pleocytosis as a distinct event during
AHI, the multivariable analysis showed an independent
association between CSF pleocytosis and higher levels of
CSF HIV-1 viral load after adjustment with collinearity.
Further, CSF pleocytosis was associated with a lower
PCratio, suggesting a greater degree of viral invasion from
the blood circulation into the CNS/CSF compartment in
connection with CSF pleocytosis [2]. The findings
question whether CSF pleocytosis mechanistically con-
tributes to HIV-1 CNS invasion, instead of a sole
consequence of immunological response against HIV-1.
Taking CSF cellular composition into perspective,
leukocytes that comprise CSF pleocytosis during AHI
may include considerable HIV-infected or HIV-suscepti-
ble cells such as CD4þ T cells in addition to HIV-specific
activated CD8þ T cells that emerge during later Fiebig
stages and increase with higher CSF HIV-1 RNA [9,10].
Future studies should characterize the cellular composi-
tion of CSF pleocytosis and investigate the underlying
mechanisms of pleocytosis development, namely to
differentiate between: increased migration of uninfected
HIV-susceptible cells across the blood–brain barrier
(BBB) with subsequent infection; increased migration of
HIV-infected cells across the BBB; and clonal expansion
of HIV-infected cells within CNS/CSF [11–13]. Such
interrogation, however, requires characterization of
plasma and CSF samples including flow cytometry,
single-cell sequencing, deep viral sequencing, and
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Table 2. Factors associated with CSF HIV-1 RNA, log10 cps/ml.

Univariate Multivariate

Factors Coefficient (95% CI) P value Adjusted coefficient, Beta (95% CI) P value

Age (years) "0.03 ("0.08 to 0.01) 0.155
Fiebig stage
I–II Ref.
III–V 1.67 (1.00–2.38) <0.001

Acute retroviral syndrome
No Ref.
Yes 2.20 (1.49–2.90) <0.001

CD4þ T-cell count (cells/ml) "0.003 ("0.005 to "0.002) <0.001 –
CD8" T-cell count (cells/ml) 0.001 (0.0003–0.0019) 0.007 –
CD4þ/CD8þ ratio "2.45 ("3.03 to "1.86) <0.001 "1.14 ("1.56 to "0.72) <0.001
Plasma HIV-1 RNA (log10 cps/ml) 1.03 (0.86–1.20) <0.001 0.73 (0.58–0.88) <0.001
CSF pleocytosis (CSF WBC >5)
No Ref. Ref.
Yes 1.63 (0.91, 2.35) <0.001 0.79 (0.41–1.14) <0.001

CSF glucose (mg/dl) 0.0007 ("0.0026 to 0.0039) 0.682
CSF protein (mg/dl) 0.01 ("0.03 to 0.06) 0.473

CI, confidence interval; CSF, cerebrospinal fluid; WBC, white blood cell.
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Depletion of CD4+ cells is particularly dramatic in the GALT
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the nearly complete depletion of CD4

 

! 

 

T cells in the GI
tract of SIV-infected macaques as early as 2 wk after infec-
tion (5, 6, 22, 23), or the loss of intestinal CD4

 

! 

 

T cells
from the early to later stages of HIV-1 infection (24–27).
Such lymphoid tissues are also likely to play an important
role in the maintenance of CD4 T cell numbers through-
out HIV infection. Indeed, the fibrosis and architectural
disorganization documented in LN biopsies from HIV-
infected individuals, which may reflect chronic inflamma-
tory responses associated with viral replication, are likely to
affect CD4

 

! 

 

T cell homeostasis. This is underscored by the
highly significant correlation between collagen deposition,
CD4

 

! 

 

T cell depletion (28), and CD4

 

! 

 

T cell repletion
(unpublished data) on antiretroviral therapy.

Collectively, these studies suggest that a full understand-
ing of the mechanisms relating to CD4

 

! 

 

T cell depletion
and disease progression will likely require direct analysis of
viral infection, the immune response, immune activation
and pathology in lymphoid tissue compartments, and the
relationship of the dynamics of infection in lymphoid tis-
sue to peripheral blood. However, to date there have been
no studies that directly compare T cell depletion, activa-
tion, or phenotypic composition in peripheral blood, LNs,
and the GI tract from HIV-infected and -uninfected indi-
viduals. Here, we recruited 14 treatment-naive, HIV-
infected individuals at different disease stages and 7 HIV-
uninfected individuals and sampled inguinal LNs, ileal
Peyer’s patches and lamina propria, and venous blood.
From each subject and within each compartment we ex-
amined (a) CD4

 

! 

 

T cell depletion; (b) relative levels of na-
ive, effector–memory and central memory CD4

 

! 

 

and
CD8

 

! 

 

T cells; (c) T cell activation based upon CCR5 and
Ki67 expression; (d) the magnitude of HIV-specific CD4

 

!

 

and CD8

 

! 

 

T cell responses; and (e) LN collagen composi-
tion. Taken together, our data reveal fundamental mecha-
nisms underlying T cell depletion and disease progression
in HIV-infected individuals.

 

Materials and Methods

 

Subjects.

 

14 antiretroviral therapy–naive, HIV-infected and 7
HIV-uninfected, sexually active subjects that were high risk of
becoming HIV

 

! 

 

were recruited for this study. Clinical details are
shown in Table I. HIV

 

! 

 

individuals were classified as “early”
based on HIV seropositivity for 

 

"

 

1 yr with maintained CD4
counts of 

 

#

 

300, “chronic” based on seropositivity for 

 

#

 

1 yr
with CD4 counts 

 

#

 

200, and “AIDS” based on a CD4 count of

 

"

 

200 regardless of the duration of infection. HIV

 

! 

 

individuals
were classified as long-term nonprogressors based on HIV infec-
tion of 

 

#

 

5 yr without declines of blood CD4

 

! 

 

T cell counts and
viral loads 

 

"

 

5,000 copies/ml of plasma. Viral load was deter-
mined using either the Roche Amplicor Monitor assay or the
Roche Ultradirect assay. The subjects all gave informed consent
in compliance with the appropriate institutional review boards.

 

Samples.

 

PBMCs were prepared from venous blood by den-
sity gradient centrifugation. Ileal Peyer’s patches and lamina pro-
pria samples were acquired by endoscopy and biopsy of the ter-
minal ileum. Patients received standard colonoscopy preparation
and were sedated with versed and fentanyl. A colonoscope was
passed through the large intestine and through the ileo–cecal

valve. At least 8–10 biopsy samples were obtained with cold for-
ceps using standard techniques. Four of the tissue samples were
placed into formalin for histopathologic analysis and the remain-
ing samples were placed into normal saline and kept on ice until
digestion. Inguinal LNs were obtained as described previously
(28). GI tract and LN samples were then dissected into 100-

 

$

 

L
fragments and were digested in Iscove’s media supplemented
with 2 mg/ml Type II collagenase (Sigma-Aldrich) and 1 U/ml
DNase I (Sigma-Aldrich) for 30 min at 37

 

%

 

C. After digestion,
samples were passed through a 100-

 

$

 

m filter and were washed
twice with RPMI media supplemented with 10% heat-inacti-
vated fetal calf serum (R10; Sigma-Aldrich).

 

Flow Cytometric Analysis.

 

Six-parameter flow cytometric
analysis was performed using a FACSCalibur flow cytometer
(Becton Dickinson). FITC, PE, peridin-chlorophyll protein (PerCP),
and allophycocyanin (APC) were used as the fluorophores. At
least 300,000 live lymphocytes were collected. The list-mode
data files were analyzed using FlowJo (Tree Star Inc.).

 

HIV-specific T Cell Assay.

 

Stimulation was performed on fresh
or frozen PBMCs as described elsewhere (29). Freshly isolated or
freshly thawed PBMCs were resuspended at 10

 

6

 

/ml in R10 sup-
plemented with 1 

 

$

 

g/ml anti-CD28 and anti-CD49d antibodies.
Peptides 15 amino acids in length, overlapping by 11 amino acids
and encompassing HIV-1 gag, pol, and env (corresponding to the
sequence of HXBc2), were used to stimulate HIV-specific T cells
in the presence of 1 

 

$

 

g/ml brefeldin A (Sigma-Aldrich) for 5 h at
37

 

%

 

C. All cells were surface stained for phenotypic markers of in-
terest and intracellularly stained for cytokines.

 

Table I.

 

Subject Cohort
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Monoclonal Antibodies, Tetrameric Complexes, and T Cell Pheno-
typing.

 

The following monoclonal antibodies were used for
phenotypic and functional characterization of T cell subsets: anti-
CD3 PerCP, anti-CD45RO FITC, anti-CD27 PE, anti-CD4
PerCP or PE, anti-CD8 APC or PerCP, anti-CCR5 PE, anti-
Ki67 FITC, and anti–IFN-

 

! 

 

APC and anti–IL-2 APC (Becton
Dickinson). As very few, if any, naive T cells express the activa-
tion markers Ki67 and CCR5, and as HIV-specific T cells are not
detectable in the naive T cell pool, we report these data as per-
centages of memory T cells. We first determine the percentage of
memory CD4

 

" 

 

and CD8

 

" 

 

T cells based upon characteristic ex-
pression patterns of CD45RO and CD27. We then separately
determine the percentage of CD4

 

" 

 

and CD8

 

" 

 

T cells that express
Ki67 or CCR5 or are HIV specific. The percentage of a defined
population that are memory T cells is calculated by dividing the

percentage of total T cells within that defined population by the
fraction that are memory. The following tetrameric complexes
were used to examine the frequency of HIV-specific CD8

 

" 

 

T cells:
HLA-B57 KAFSPEVIPMF, HLA-A2 SLYNTVATL, HLA-B8
GGKKKYKL, and HLA-B8 FLKEKGGL.

 

Collagen Deposition.

 

Levels of collagen deposition within in-
dividual LN samples were determined as described previously
(28). To identify collagen fibers, 5-

 

#

 

M sections were cut from
the baseline tissue and stained with a trichrome stain using the
Masson method. 18 images were obtained from the T cell zone
of each tissue sample and imported into Adobe Photoshop 6.0.
The color sampler tool was used to analyze representative shades
and hues of the blue-stained collagen tissue. The area of the field
containing collagen was selected and the background tissue was
removed from the image. Collagen tissue was translated into a
uniform color and the image was transferred into the Metamorph
software (Universal Imaging) program to determine the percent
area of tissue occupied by collagen as described previously (28).

 

Statistical Analysis.

 

Spearman’s rank correlation, Wilcoxon
matched pairs tests, and Mann-Whitney tests were performed us-
ing Prism 4.0 software.

 

Results

 

Comparative Analysis of CD4

 

" 

 

T Cell Percentages in the GI
Tract, LNs, and Peripheral Blood of HIV

 

" 

 

and HIV

 

$ 

 

Individu-
als.

 

As it has been shown previously that SIV infection
leads to preferential CD4

 

" 

 

T cell depletion in mucosal-
associated lymphoid tissue compared with peripheral blood
(6, 22, 23, 30), and early evidence suggests this holds for
HIV infection (16, 24–26), we initially examined how HIV
infection affects CD4

 

" 

 

T cell depletion in the GI tract,
LNs, and peripheral blood by simple analysis of CD4

 

" 

 

T
cell percentages in each tissue (Fig. 1). As expected, the fre-
quencies of CD4

 

" 

 

T cells from HIV-infected individuals
were significantly lower compared with HIV-uninfected
individuals in each anatomical compartment (Fig. 1 A).

We did not find that 

 

!% 

 

T cells affected the frequencies
of CD4

 

" 

 

or CD8

 

" 

 

&' 

 

T cells in the GI tract. Indeed, their
frequencies were always 

 

(

 

10% of the total T cells, consis-
tent with previous reports in humans (unpublished data;
reference 31).

Although the lower percentages of CD4

 

" 

 

T cells in the
GI tract of HIV-infected individuals (Fig. 1 B) are certainly
consistent with preferential depletion in this compartment,
preferential depletion cannot be established by simply com-
paring percentages of CD4

 

" 

 

T cells in each compartment
because the GI tract of HIV-uninfected individuals also
contained significantly lower percentages of CD4

 

" 

 

T cells
compared with either peripheral blood or LNs (Fig. 1 C).
Nonetheless, we were able to show that there is not only
extensive depletion of CD4

 

" 

 

T cells, but also preferential
depletion of particular CD4

 

" 

 

T cell subsets, including those
specifically targeted by HIV in the GI tract, in the studies
described next.

 

Endoscopic and Histological GI Tract Examination Suggests
Profound CD4

 

" 

 

T Cell Depletion.

 

In these studies we
sought additional measures of relative population sizes. In
the GI tract we evaluated lymphoid tissue populations by
endoscopy and immunohistology. Such analysis of subject

Figure 1. CD4" T cell percentages in the GI tract, LNs, and peripheral
blood. Lymphocytes from HIV" (A and B) and HIV$ (A and C) individuals
obtained from the blood, LNs, and GI tract were stained with anti-CD3
and anti-CD4 antibodies. The percentage of T cells that express CD4
represents lymphocyte and CD3" gated events that stain positively with
anti-CD4. p-values represent the results of Mann-Whitney statistical sig-
nificance calculations between sample cohorts (HIV" compared with
HIV$) or the results of Wilcoxon matched pairs for comparisons among
compartments for individual cohorts.
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1421 (an HIV-uninfected individual) shows the typical
gross anatomical appearance of terminal ileum with large
lymphoid aggregates clearly apparent (Fig. 2 A). Similar

lymphoid aggregates were observed in all seven healthy in-
dividuals. However, in subject 1329 (an acute HIV sero-
converter) the terminal ileum is striking in its almost com-

Figure 3. CCR5 expression by T
cells in the GI tract, LNs, and periph-
eral blood. GI tract, LN, and periph-
eral blood lymphocytes from subject
1425 (A and B, HIV!) and 1428 (C
and D, HIV") were stained with
anti-CD3, anti-CD4, anti-CD8, and
anti-CCR5 antibodies. Plots repre-
sent lymphocyte, CD3", and either
CD4" or CD8" gated events. Values
indicate the calculated percentage of
memory CD4" or CD8" T cells that
express CCR5 as described in Mate-
rials and Methods.

Figure 2. Endoscopic and his-
tological analysis of the GI tract.
Endoscopic photographs from
subjects 1421 (A) and 1329 (B)
were obtained by passing the
colonoscope past the ileo–cecal
junction into the terminal ileum.
Immunohistological staining for
CD4 was performed by section-
ing biopsies from ileal lymphoid
tissue, and then hematoxylin and
eosin staining followed by stain-
ing for CD4 (C and D).
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comparisons (Fig. 3b). Interestingly, LBP decreased again in most
animals 28–63 days post-SIV before returning to an increased level
later in chronic infection. Overall, these data provide evidence that
there is early damage to the epithelium in acute SIV infection,
potentially allowing microbial products to translocate, followed by
a time frame of partial recovery before succumbing to further
damage in chronic infection.

Peripheral and mucosal T-cell activation begins 3–14 days post-SIV
Peripheral T-cell activation as measured by the expression of
activation markers such as HLA-DR have been shown to be more
predictive of CD4+ T-cell depletion than viral load and also
correlate with systemic microbial translocation.19,20 However, the
kinetics of early systemic immune activation relative to epithelial
barrier damage remains unclear. In order to better elucidate this,
we evaluated peripheral and mucosal T-cell activation long-
itudinally post-SIV. We observed increased CD4+ T-cell activation
in peripheral lymph nodes, blood, and bone marrow beginning on

day 28 post-SIV (Fig. 4a). In contrast, CD8+ T cells in the blood and
bone marrow become activated 3 days post-SIV and remain
activated throughout infection (Fig. 4b), while activation of CD8+
T cells in peripheral lymph node (Fig. 4b) occurs on day 14 in
conjunction with peak viral load. Activation of CD4+ T cells in the
mucosal tissues began on day 28 in the colon, while activation of
CD4+ T cells in the rectum did not occur until day 63 (Fig. 4c).
Earlier activation of CD8+ T cells was observed in mucosal tissues
with activation in the colon and rectum beginning on day 14
(Fig. 4d). Therefore, CD4+ T cells in peripheral and mucosal tissues
become activated once virus set point is reached, while CD8+
T cells in the periphery and mucosa become activated earlier than
CD4+ T cells. Interestingly, the percentage of activated HLA-DR+
CD8+ T cells in the colon and rectum and HLA-DR+ CD4+ T cells
in the colon decrease 3 days post-SIV (Fig. 4c, d). This could be due
to an influx of CD4+ and CD8+ T cells that are not activated or do
not express HLA-DR in the tissues, as we observed a transient
increase in the frequency of total CD4+ and CD8+ T cells in both

Fig. 1 Dynamics of viral load and CD4+ T-cell depletion in rhesus macaques following intrarectal infection with SIVMac239x. a SIVgag RNA copies/
ml measured in plasma. b Blood CD4+ T-cell counts as measured by CBC (gray) as cells/μl and by flow cytometry (black) as a percentage of total
live, CD45+ leukocytes (c) CD4+ T cells as a percentage of total live, CD45+ leukocytes measured in whole bone marrow and peripheral lymph
nodes. d CD4+ T cells as a percentage of total live, CD45+ leukocytes isolated from colon and rectal biopsies. All data reported are individual
measurements for n= 6. Significant differences determined by ANOVA with a #p value < 0.05. Dunnett’s post hoc analyses were performed
comparing post-SIV time points to baseline with an adjusted *p value < 0.05, **p < 0.01, ***p < 0.001, and ****p < 0.0001
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in SIV infection 
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Blood CD4+ T cells declined markedly early in infection and 
significant depletion was reached 28 days post-SIV.

A loss of CD4+ T cells beginning 14 days post-SIV in the 
colon, although significant depletion was not observed until 
necropsy
A similar but less dramatic decrease was observed  in the 
rectum 



Intestinal damage precedes mucosal immune dysfunction 
in SIV infection 

Hensley-McBain T, t al. Mucosal Immunol 2018 

tissues (Fig. 1d, and data not shown). Importantly, uninfected
control animals demonstrated no significant variation in GI tract T-
cell activation due to longitudinal sampling (Supplementary
Figure 2B). Taken together, the data we present here demonstrate
that widespread systemic T-cell activation is not established until
14–28 days post-SIV.

Loss of peripheral and mucosal Th17 cells begins 14–28 days post-
SIV infection
Although Th17 cell depletion has been reported as early as
10–14 days post-SIV,14 studies assessing the kinetics of their
depletion in the mucosae relative to the onset of barrier
breakdown and microbial translocation post-SIV are lacking. In

Fig. 2 Epithelial barrier and immune proteins show distinct kinetics of alteration in the colon during acute SIV infection. Proteins altered in
colon tissue in rhesus macaques post-SIV as measured by mass spectrometry. a Left, large map: heatmap of all proteins differentially abundant
after SIV infection compared to pre-SIV (5% false discovery rate (FDR), n= 6). Right: proteins that were upregulated or downregulated 2.0-fold
at 14 days post-SIV compared to pre-SIV (n= 6; FC fold change). b Number of proteins changing post-SIV infection with roles in epithelial
barrier/structure and the immune response at each time point (p < 0.05, log2 fold change > 0.5, n= 6). c Top biological functions (DAVID)
associated with epithelial barrier/structural and immune proteins (b) altered during acute infection (n= 6; BH Benjamini–Hochberg)
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Early HIV infection features higher HIV DNA in the gut 

Tincati C, t al. AIDS 2024

through an IHC study of junctional complex proteins
(CDh-1 and ZO-1).

Both P-HIV and C-HIV displayed CDh-1 and ZO-1
protein expression preferentially located in lateral and
basal zones with respect to controls (Fig. 3a). However, a
trend to higher lateral and baso-lateral CDh-1 expression
and greater staining intensity was observed in P-HIV
compared with C-HIV (P¼ 0.12; Fig. 3b).

No significant differences were found between groups in
terms of ZO-1 expression (data not shown).

Microbial translocation is contained during acute
HIV infection
We then asked whether the partial preservation of
JCs proteins in P-HIV translated into the containment
of microbial translocation from the gut lumen to the
systemic circulation.

Overall, measures of microbial translocation and intestinal
barrier impairment were lower in P-HIV compared with
C-HIV. Indeed, the former displayed significantly lower
LPS [188.8 pg/ml (IQR 145.1–234.2) vs. 345.8 pg/ml
(IQR 216.4–368.3), P¼ 0.006] (Fig. 4a), sCD14

Primary HIV infection features colonic damage Tincati et al. 627

Fig. 1. HIV DNA quantification in gut biopsies.HIVDNA copies per 106 cells were quantified in gut biopsies from P-HIV (n¼10)
and C-HIV (n¼8) (a) and according to Fiebig stage (b; Fiebig II–III, n¼4; Fiebig IV–V, n¼6). Red dots indicate P-HIV individuals
in Fiebig stages II–III.
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PHI features comparable fibrosis, CD4+ T-cell depletion 
and neutrophil infiltration in colon biopsies as CHI

Tincati C, t al. AIDS 2024

628 AIDS 2024, Vol 38 No 5

Fig. 2. Collagen deposition, T-cell counts and neutrophil infiltration in gut biopsies. Representative sections from lamina propria
of healthy control (HC, left), P-HIV (middle) and (C-HIV) (right) were stainedwith trichrome to identify collagen fibres (a). Collagen
deposition was higher in the GALT of HIV-infected, compared with HC individuals. Magnitude of fibrosis (blue staining intensity)
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Microbial translocation is contained during primary HIV 
infection

Tincati C, t al. AIDS 2024

[1.58mg/ml (IQR 1.05–2.208) vs. 5.953mg/ml (IQR
3.95–11.17), P¼ 0.0002] (Fig. 4b) and I-FABP
[186.9 pg/ml (IQR 127.7–406) vs. 1210 pg/ml (IQR
367.4–1644), P¼ 0.03] (Fig. 4c). No differences
between groups were found in EndocAb levels
(P¼ 0.1; Fig. 4d).

No statistical correlation was found between plasma
biomarkers (IFABP, EndocAb, sCD14) and gastrointesti-
nal variables (collagen deposition, neutrophil infiltration,
E-cadherin, mucosal immune subsets) (Supplemental
Figure 2, http://links.lww.com/QAD/D58).

Mucosal gd T cells are linked with gut damage
and microbial translocation
To further comprehend the possible correlates of
preserved gut epithelial integrity and reduced microbial
translocation in P-HIV, we lastly investigated a subset of
mucosal-associated immune cells, Vd1/Vd2 gd T cells.

A trend to higher gut total gd T cells [P-HIV: 7.8 (IQR
6.4–10.0); C-HIV: 5.8 (IQR 4.8–7.0); P¼ 0.11)]
(Supplemental Figure 3A, http://links.lww.com/QAD/
D58) and Vd1 cells [P-HIV: 3.56 (IQR 2.36–3.76); C-
HIV: 2.95 (IQR 1.98–2.77); P¼ 0.28)] was observed in
P-HIV (Supplemental Figure 3B, http://links.lww.com/
QAD/D58), yet P-HIVand C-HIV displayed similar Vd2
[P-HIV: 1.2 (IQR 1.0–1.6); C-HIV: 1.2 (IQR 1.0–1.7);
P¼ 0.96] (Supplemental Figure 3C, http://links.lww.
com/QAD/D58). Total gd T cells and the Vd1 subset

Primary HIV infection features colonic damage Tincati et al. 629

was determined by using a semiquantitative score and themean percentage area that stained positive is shown in B (P-HIV, n¼10;
C-HIV, n¼5). The dotted line indicates the median value in representative HIV-uninfected controls (n¼5). Sections of colon
biopsy from HC (left) and P-HIV (middle) and C-HIV (right) individuals were stained with antibodies against CD4þ and images
were captured for quantitative image analysis (c). CD4þ and CD8þ T lymphocytes were determined by number of cells in 3 HPF of
gut lamina propria; the CD4þ/CD8þ ratio was calculated by dividing CD4þ by CD8þ (d) (P-HIV, n¼10; C-HIV, n¼ 5).
Representative zoom showing CD4þ (left, brown) and collagen colocalization (right, blue) in a representative C-HIV (e).
Representative sections from lamina propria of HC (left), P-HIV (middle) and (C-HIV) (right) were stained to detect neutrophil
infiltration by myeloperoxidase (MPO) (f). Magnitude of neutrophil infiltration (brown staining intensity) was determined by using
a semiquantitative score and the mean percentage area that stained positive is shown in G (P-HIV, n¼ 10; C-HIV, n¼5). The
dotted line indicates the median value in representative HIV-uninfected controls (n¼5).

Fig. 3. Tight junction protein expression in colon tissue of people with primary HIV and chronic HIV. Representative sections
from lamina propria of a heathy control (HC, left), P-HIV (middle) and C-HIV (right) were stained to identify E-cadherin (Cdh1,
brown) (a). The mean percentage area that stained positive for Cdh1 is shown in B (P-HIV, n¼ 10; C-HIV, df¼5). The dotted line
indicates the median value in representative HIV-uninfected controls (n¼5).

Fig. 4. Markers of microbial translocation and intestinal
damage in plasma. Markers of microbial translocation (LPS,
sCD14, EndoCAb) and intestinal damage (I-FABP) were mea-
sured in plasma samples from P-HIV (n¼ 8) and C-HIV (n¼8)
(a–d). The dotted line indicates median values in representa-
tive HIV-uninfected controls (n¼ 5).
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[1.58mg/ml (IQR 1.05–2.208) vs. 5.953mg/ml (IQR
3.95–11.17), P¼ 0.0002] (Fig. 4b) and I-FABP
[186.9 pg/ml (IQR 127.7–406) vs. 1210 pg/ml (IQR
367.4–1644), P¼ 0.03] (Fig. 4c). No differences
between groups were found in EndocAb levels
(P¼ 0.1; Fig. 4d).

No statistical correlation was found between plasma
biomarkers (IFABP, EndocAb, sCD14) and gastrointesti-
nal variables (collagen deposition, neutrophil infiltration,
E-cadherin, mucosal immune subsets) (Supplemental
Figure 2, http://links.lww.com/QAD/D58).

Mucosal gd T cells are linked with gut damage
and microbial translocation
To further comprehend the possible correlates of
preserved gut epithelial integrity and reduced microbial
translocation in P-HIV, we lastly investigated a subset of
mucosal-associated immune cells, Vd1/Vd2 gd T cells.

A trend to higher gut total gd T cells [P-HIV: 7.8 (IQR
6.4–10.0); C-HIV: 5.8 (IQR 4.8–7.0); P¼ 0.11)]
(Supplemental Figure 3A, http://links.lww.com/QAD/
D58) and Vd1 cells [P-HIV: 3.56 (IQR 2.36–3.76); C-
HIV: 2.95 (IQR 1.98–2.77); P¼ 0.28)] was observed in
P-HIV (Supplemental Figure 3B, http://links.lww.com/
QAD/D58), yet P-HIVand C-HIV displayed similar Vd2
[P-HIV: 1.2 (IQR 1.0–1.6); C-HIV: 1.2 (IQR 1.0–1.7);
P¼ 0.96] (Supplemental Figure 3C, http://links.lww.
com/QAD/D58). Total gd T cells and the Vd1 subset
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dotted line indicates the median value in representative HIV-uninfected controls (n¼5).

Fig. 3. Tight junction protein expression in colon tissue of people with primary HIV and chronic HIV. Representative sections
from lamina propria of a heathy control (HC, left), P-HIV (middle) and C-HIV (right) were stained to identify E-cadherin (Cdh1,
brown) (a). The mean percentage area that stained positive for Cdh1 is shown in B (P-HIV, n¼ 10; C-HIV, df¼5). The dotted line
indicates the median value in representative HIV-uninfected controls (n¼5).
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Total γδ T-cell (A), Vδ1 (B) and Vδ2 (C) subsets were measured by flow cytometry in P-HIV (n=5) 

and C-HIV (n=4). The dotted line indicates median values in representative samples from HIV-

uninfected controls (n=4). 

 



Inflammation in acute HIV infection

from median initial to median peak elevation was 5.5 days for
TNF-! and 5 days for IL-10.

Figure 4A illustrates the average change (relative to base-
line) in each analyte over time in the entire group of HIV-
infected subjects. Whereas the data in Fig. 2 and Tables 1 and
2 show subject-specific changes in plasma analyte levels, Fig. 4
depicts the group-specific changes in analyte levels, illustrating
the average dynamics with which plasma levels of each analyte
increased and decreased during acute HIV infection. The peak
group mean changes in analyte levels in Fig. 4A seem low given
the median highest recorded analyte elevations shown in Table

2, but this is because the latter displays cross-sectional data
from only those subjects with detectable elevations in each
analyte. In addition, for a few analytes, most notably IFN-",
there was considerable variation among subjects in the timing
of initial cytokine elevation, resulting in the group mean IFN-"
level undergoing an initially rapid increase followed by a grad-
ual rise over the time frame studied rather than reaching a
peak and decreasing again, as seen in individual subjects (Fig.
2). To summarize the kinetics and prevalence of elevations of
cytokine and chemokine levels in acute HIV infection in a
single graph, the proportional increase in plasma levels of a
subset of analytes was also plotted together (Fig. 5). In Fig. 5,
the peak heights for different analytes are scaled according to
the percentage of HIV-infected donors who exhibited an ele-
vation in levels of the analyte concerned. Together, Fig. 4A
and 5 illustrate group-specific features of elevations of plasma
cytokine levels in acute HIV infection, including the rapid and
transient elevations in levels of IL-15 and IFN-! that occurred
in the majority of subjects as viremia increased, the more
prolonged elevations in TNF-! and IL-18 levels that paralleled
viremia, and the later-peaking elevation in IL-10 levels.

Reduced and delayed elevations in cytokine and chemokine
levels in acute HBV and HCV infections. Elevations in cyto-
kine/chemokine levels were observed in a lower proportion of
individuals acutely infected with HBV and HCV than with
HIV, with the difference being particularly marked for HBV
(Table 1). For example, whereas rapid elevations in IFN-! and
IL-15 levels were observed in the majority of HIV-infected
plasma donors, elevations in the levels of these cytokines oc-
curred in !50% of the HBV- or HCV-infected subjects, and
when they did occur, they were typically of much lower mag-
nitude. There was a corresponding lack of detection of type I
IFN activity (data not shown), which is indicative of a block(s)
to acute-phase upregulation of innate cytokine production in
HBV and HCV infections. Furthermore, where elevations in
cytokine levels were observed in HBV- or HCV-infected indi-
viduals, they typically occurred with delayed kinetics compared
to those in HIV infection (Table 1 and Fig. 3C and D and E
and F, respectively). For example, although TNF-! levels be-
came elevated in the majority of HBV- and HCV-infected
subjects, the median day of first elevation in both these infec-
tions (12.5 days for HBV and 11 days for HCV) was signifi-
cantly later than that found for HIV infection (day 6) (P #
0.0399 and 0.0042 for the comparisons with HBV and HCV,
respectively).

HBV evoked the “quietest” acute-phase cytokine and che-
mokine response of the three infections studied: of the 30
analytes measured, only 3 had elevated levels in $50% of

FIG. 3. Timing of initial elevation in plasma levels of different cytokines and chemokines in groups of subjects acutely infected with HIV, HBV,
or HCV. Kaplan-Meier estimation was used to represent the distribution of time (relative to T0) of the initial elevation in levels of different analytes
in groups of subjects infected with HIV (A and B), HBV (C and D), and HCV (E and F). Each panel shows a composite of the results for 24
different analytes plotted as the cumulative proportion of the study population who had exhibited an elevation in plasma analyte levels over time
(days from T0). In A, C, and E, results for six cytokines are highlighted in color [lime green, IL-15; emerald green, TNF-!; orange, IFN-!; pink,
IL-5; purple, IL-12(p70); dark blue, IL-4] in a single panel, while results for other analytes are in gray. In B, D, and F, there are 24 small panels,
each of which shows the results for a single analyte highlighted in color, while results for other analytes are in gray. The panels in B, D, and F are
ordered (left to right across four rows) according to the timing of initial analyte elevation in the HIV-infected subject group, with the analyte most
rapidly elevated in 50% of subjects shown first.

TABLE 2. Median baseline and highest recorded level of each analyte
and median day at which the highest analyte level was recorded in

HIV-infected subjects with detectable elevations
in levels of analyte

Analyte

Lower limit
of assay

detection
(pg/ml)a

Median
baseline

level
(pg/ml)

Median
highest

recorded
level

(pg/ml)

Median day
of highest
recorded

level

IP-10 6.5 296.9 2204.9 9
IL-15 0.19 1.9 3.6 6
TNF-! 0.13 3.4 7.7 11.5
IFN-! 12.5 4.6 37.5 7
MCP-1 6.7 59.5 135.3 7
IL-1R! 1.4 140.4 310.5 9
MIP-1! 2.4 15.2 18.8 10.5
IL-10 0.13 10.3 54.4 12
IL-8 0.13 4.4 11.4 10
IL-17 0.2 3.9 16.6 8.5
IL-6 0.13 4.7 10 12
IFN-" 0.13 6 17.4 11
Eotaxin 14.60 97.1 149.6 9
IL-18 0.026 196.1 439.3 11.5
MIP-1b 1.1 66.5 92.2 9
VEGF 0.5 11.7 27.4 16
IL-4 0.13 10.1 22.6 15.5
FGF basic 6.8 72.8 108.7 10.5
G-CSF 1.1 59.6 71.2 13
IL-22 15.6 14.1 29 12
GM-CSF 0.13 2.3 4.8 18
IL-7 0.13 2.3 4.6 13
IL-9 0.7 84.3 129.4 14
IL-12(p70) 0.13 2.3 5.3 13.5
IL-2 0.13 2.2 9.2 16
IL-5 0.13 0.7 1.4 16
IL-13 0.13 2.9 14.9 18
IL-1% 0.13 0.6 2.3 16
PDGF-BB 1.00 636.6 1,395.2 14
RANTES 1.2 5,966.3 9,849.4 16

a Lower limit of analyte detection in Luminex assays as determined by the
assay manufacturer or bottom point on the standard curve for analytes measured
by ELISA.
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block transmission or blunt viral replication so that immuno-
pathological cytokine production is reduced or down-modulate
the cytokine response stimulated in the context of early viral
replication.

To inform vaccine design and identify the window of time
that a vaccine has to induce salutary secondary responses after
transmission, it is critical to define the nature and timing of the
early cytokine response in HIV-infected individuals. Several
groups have attempted to characterize the cytokine response
induced in acute HIV infection by analysis of plasma cytokine
levels or cytokine mRNA expression levels in peripheral blood
leukocytes. These studies have yielded somewhat conflicting
results, with some reporting the upregulation of cytokines and
chemokines including IFN-! (17, 47), tumor necrosis factor
alpha (TNF-!) (3, 20, 36, 39, 47), IFN-" (5, 20, 36, 42), inter-
leukin-1# (IL-1#) (42), IL-10 (20, 36), inducible protein 10
(IP-10) (40), and regulated on activation, normal T-expressed
and -secreted (RANTES) (31) and no change or a decrease in
levels of cytokines including IL-2, IL-4, and IL-6 (5, 20, 42),
while others have not observed these changes or have reported
opposing findings, e.g., reduced TNF-! levels (5). The discrep-
ancies may be due in part to differences in the assays used to
measure cytokine responses in different studies but likely also
reflect the dynamic nature of acute HIV infection and the
variation between studies in the timing of sample collection.
Many studies were cross-sectional, while others focused on
time points relatively late in acute infection.

In the current study, we constructed a comprehensive pic-
ture of the dynamics of systemic innate and initial adaptive
immune activation in the earliest stages of HIV-1 infection by
performing a kinetic analysis of 30 plasma cytokines and che-
mokines during the eclipse and viral expansion phases using
sequential samples, typically collected 2 to 5 days apart, from
plasma donors acquiring HIV-1 infection. For comparison, we
studied similar plasma panels from donors who acquired either

hepatitis B virus (HBV) or hepatitis C virus (HCV) infection.
We found that in contrast to HBV and HCV, acute-phase HIV
replication is associated with the activation of a dramatic cy-
tokine cascade, with plasma levels of some of the most rapidly
induced innate cytokines peaking 7 days after the first detec-
tion of plasma viremia and multiple other cytokines being
upregulated as viral titers increase to their peak.

MATERIALS AND METHODS

Plasma panels and viral load analysis. Sequential samples were obtained by
plasmapheresis from 35 plasma donors with acute HIV infection, 10 with acute
HBV infection, and 10 with acute HCV infection (Zeptometrix Corporation and
SeraCare Life Sciences) and were cryopreserved. These panels were collected
prior to the advent of FDA-approved viral load assays, so samples from each
donor were screened by serological assays. Donors who tested positive in these
assays were informed of their test results and counseled to follow up with local
health care providers, and no further plasma units were collected. The sample
time courses for each donor thus spanned time points from prior to plasma virus
detection through seroconversion. HIV viral loads were retrospectively analyzed
by Quest Diagnostics by using a Roche Amplicor HIV Ultra assay (sensitivity,
100 copies/ml). HBV viral loads were analyzed by Zeptometrix Corporation
using a Roche Cobas AmpliPrep TaqMan 48 (CAP-G CTM) HBV assay (sen-
sitivity, 70 copies/ml) or a Roche Monitor assay (sensitivity, 200 copies/ml). HCV
viral loads were analyzed using a Roche Amplicor-HCV Monitor assay (sensi-
tivity, 600 copies/ml).

Luminex cytokine assays. Thirteen cytokines/chemokines were measured us-
ing a high-sensitivity human cytokine Lincoplex kit (Millipore): IL-1#, IL-2, IL-4,
IL-5, IL-6, IL-7, IL-8, IL-10, IL-12(p70), IL-13, IFN-", granulocyte-macrophage
colony-stimulating factor (GM-CSF), and TNF-!. Thirteen additional factors
were measured by a Bio-Plex cytokine assay (Bio-Rad): IL-1R!, IL-9, IL-17,
fibroblast growth factor (FGF) basic, eotaxin, granulocyte colony-stimulating
factor (G-CSF), RANTES, IP-10, macrophage inflammatory protein 1! (MIP-
1!), MIP-1#, monocyte chemotactic protein 1 (MCP-1), platelet-derived growth
factor BB (PDGF-BB), and vascular endothelial growth factor (VEGF). Each
sample was assayed in duplicate, and cytokine standards supplied by the manu-
facturer were run on each plate. Data were acquired using a Luminex-100 system
and analyzed using Bio-Plex Manager software, v4.1 (Bio-Rad). Multiplex test kit
results were validated using high-sensitivity enzyme-linked immunosorbent assay
(ELISA) kits where the latter were available. In all cases tested, comparable

FIG. 1. Plasma viral titers in subjects acutely infected with HIV-1, HCV, and HBV. Longitudinal viral nucleic acid titers in plasma samples from
donors acquiring HIV-1 infection (A), HBV infection (B), and HCV infection (C) are shown. The sample time courses are aligned relative to a
T0, which is defined as the time point when the plasma viral load (VL) first reached detectable levels (100 RNA copies/ml for HIV, 200 DNA
copies/ml for HBV, and 600 RNA copies/ml for HCV). The smooth lines are spline estimates.
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The increase in plasma viremia in acute HIV-1 infection was found to be 
associated with elevations in IFN-alpha and IL-15 levels; a large increase in IP-10 
levels; rapid and more sustained increases in TNF-alpha and MCP-1 levels; more 
slowly initiated elevations in levels of additional proinflammatory factors including 
IL-6, IL-8, IL-18, and IFN-g; and a late peaking increase in levels of the 
immunoregulatory cytokine IL-10. 



Inflammation in acute pathogenic and non-pathogenic 
SIV infection
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induced after 2 weeks of infection, whereas IFNa/b was detected
already by week 1 [29]. While these studies provided seminal
observations, the i.v. route of infection used does not mirror the
predominant route of infection in humans where virus infection
and cytokine production start at mucosal tissues and spread
distally. Within 24 hours following mucosal infection, endocervical
epithelium produces MIP-3a (CCL20) [22], a chemokine involved
in recruitment of plasmacytoid dendritic cells (pDCs). Such sub-
epithelial pDCs are recruited and produce IFNa, IFNb, MIP-1a
(CCL3), and MIP-1b (CCL4) at day 1 of infection, which in turn
promote inflammation and recruit T cell targets for infection [22].

Subsequently, IL-8 and RANTES are detected in mucosal sites
and these further enhance local inflammation [22]. After the initial
mucosal infection, the virus spreads within days into the local
draining LNs and then subsequently to more distal LNs [30,31].
When cytokine mRNA expression was evaluated in vaginal
mucosal tissue, genital tract draining LNs, and distal LNs, MIP-
1a, TNFa, and IL-6 were detected at days 3–5 in all tissues. IFNb
was only detected in vaginal mucosa at these early time points [18]
(Figure 1A). IFNa was observed in all tissues at days 6–10, whereas
IL-12 and IFNc were detected in draining and distal LNs at days
3–5 and later at days 6–10 in the vaginal mucosa. Cytokine

Figure 1. Early cytokines determine pathogenesis of HIV/SIV infection. (A) Several cytokines are produced during acute SIV infection, either
at the site of initial viral exposure or in draining or distal lymphoid tissue (cytokine mRNA kinetics are adapted from [18,22]; scale depicts fold changes
over time for each individual cytokine). (B) Cytokines either increase (q) or decrease (Q) immune parameters or target availability and therefore
directly influence viral replication and viral set-point (effects of cytokines are adapted from [8,10,23,66,70]). (C) Pro-inflammatory and
immunoregulatory cytokines either negatively or positively modulate immune responses and viral replication and this determines viral set-points
and disease progression during chronic HIV/SIV infection.
doi:10.1371/journal.ppat.1002055.g001
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Effect of inflammation on HIV progression
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In conclusion, starting from M0, RP had a higher number of

elevated soluble factors than the other two patient groups (P and
SP).

Plasma IP-10 Concentrations in Primary Infection were
Different between Groups of Patients Progressing at
Distinct Rates

We then addressed the question of whether the concentrations
of these proteins differed between the patient groups. We first
analyzed the differences in protein concentrations by comparing
all three groups concurrently. The analysis was performed using
the Cuzick’s test, which allows multiple, ordered group compar-
isons. Two out of the 28 proteins showed increases over the groups
(from the lowest levels in the SP, followed by the P and highest in
the RP) at all time points (M0, M1, M6). These were IP-10
(p,0.007) and IL-10 (p,0.001) (Figure 3D for M0, and data not
shown for M1 and M6).

We further explored the differences by comparing the groups
two-by-two. Only for IP-10 there was a significant difference in the
cytokine concentration between two groups of patients (Figure 3D).
The concentrations of IP-10 were indeed different between RP
and P, and also between RP and SP (p,0.005). These differences
were observed at all time points (M0, M1, M6) (Figure 3D for M0,
and data not shown for M1 and M6).

IP-10, TGF-b1 and IL-18 in PHI were Associated with T Cell
Activation at Set-point

To analyze if the cytokine levels in PHI were associated with
markers of disease progression, we evaluated whether the
concentrations of one or more of the 28 proteins at M0 correlate
with viremia, CD4+ T cell counts and/or T cell activation levels at

set-point (M6). Three cytokines (IP-10, IL-18 and TGF-b1)
measured at M0 correlated positively with T cell activation at
M6 (Figure 4 B, C and D). Two cytokines (IP-10 and IL-10)
evaluated at M0 were negatively correlated with CD4+ T cell
counts at M6 (Figure 4A and Figure S2). IL-10 levels at M0 were
associated with VL at M6 (Figure S2).

Among all comparisons examined, the best correlations
(rho$0.5) were observed for IP-10, IL-18 and TGF-b1 (at M0)
with T cell activation (at M6).

IP-10 and TGF-b1 were Predictive Factors for Respectively
CD4+ T Cell Counts and T Cell Activation at Set-point

To analyze whether some of the inflammatory cytokines were
not only associated, but also predictive for one or more of the three
disease progression markers, we performed multivariate linear
regression analyses. After multiple adjustments, none of the 28
proteins in PHI was identified as a predictor for VL at M6. TGFb-
1 and IL-18 at M0 were both positively associated with T cell
activation at M6 (p,0.001 and p = 0.020, respectively). Their
concentration at M0 predicted as much as 74% (adjusted
R2 = 0.74) of the T cell activation values at M6, 66% being
predicted by TGF-b1 alone. IP-10 levels at M0 were negatively
associated with CD4+ T cell counts at M6 (p = 0.021). IP-10
concentration at M0 predicted 30% (adjusted R2 = 0.3) of the
CD4+ T cell count variation at M6.

Plasma IP-10 Levels in Primary Infection Predicted Rapid
Disease Progression

Next, we studied if the concentrations of one or more of the pro-
and anti-inflammatory proteins, increased in PHI, were predictive
of disease progression. Additionally, we aimed to compare the

Figure 1. Virological and immunological characteristics of the 46 HIV-1 infected patients with three distinct disease progression
profiles. (A) CD4+ T cell counts (left) and viremia levels (right) are shown over time for the 46 patients, who were divided into 3 groups: slow
progressors (in green, 11 patients), progressors (in blue, 19 patients), rapid progressors (in red, 16 patients). The data were determined in primary
infection (M0), as well as 1 month (M1) and 6 months (M6) later. The data of the patients are grouped together and the mean and SEM values are
shown for each analyzed time point (M0, M1, M6). (B) The CD4+ T cell counts (left) and viremia levels (right) are shown for each single patient
according to the estimated time post-infection.
doi:10.1371/journal.pone.0046143.g001
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being measured. Most subjects were enrolled within the first 6
months of the estimated time that HIV infection was acquired
(Table 1). The median plasma HIV RNA level at baseline was 4.6
log10 copies RNA/mL (interquartile range, 3.9 to 5.2), and the
median CD4! T-cell count was 512 cells/mm3 (interquartile range,
405 to 651). Most subjects were white men who had acquired HIV
through homosexual contacts.
Of the 151 enrolled subjects, 68 (45%) subjects chose not to

receive antiretroviral therapy for their acute infection (the
remaining subjects initiated therapy at or soon after their
baseline visit). There were significant differences between the
patients who chose to initiate therapy and the patients who chose
to remain untreated (Table 1). Patients who chose to initiate
therapy had higher levels of plasma HIV RNA (P " .0001),
lower CD4! T-cell counts (P # .006), and higher CD4! and
CD8! T-cell activation levels (P # .005 and P " .0001, respec-
tively). Patients who started therapy were more likely to have
been diagnosed prior to seroconversion. There were no clear
trends in sex or ethnicity between those who chose treatment
and those who did not choose treatment.

Association between symptoms of acute HIV infection
and T-cell activation

The median number of symptoms at study entry was 9 (interquar-
tile range, 3 to 11), with fatigue (71%), fever (67%), malaise (59%),
and night sweats (58%) being most common. Subjects who
initiated therapy had a greater number of symptoms than those who
chose not to initiate therapy (median, 10 vs 7; P " .01). In bivariate
analyses, the total number of symptoms correlated with viral load,
CD8! T-cell count, CD4! T-cell activation levels, and CD8! T-cell
activation levels, but not the CD4! T-cell count. In a multiple linear
regression using log10 transformation for all markers, only CD8!

T-cell activation was independently associated with the number of
symptoms (P # .006).

Correlation between viremia, T-cell activation, and CD4! T-cell
counts at study baseline

The relationship between viremia, T-cell activation, and CD4!

T-cell counts at study entry was examined using data from all 151
subjects. As expected, there was a negative correlation between
plasma HIV RNA levels and CD4! T-cell counts at study baseline
(Spearman rho# $0.39, P " .0001, n # 151). There was also a

positive correlation between plasma HIV RNA levels and both
CD4! T-cell activation and CD8! T-cell activation levels
(rho # 0.32, P " .0001 and rho# 0.69, P " .0001, respectively).
Finally, there was a negative correlation between CD4! T-cell
counts and the levels of CD4! and CD8! T-cell activation
(rho# $0.17, P # .001 and rho# $0.32, P " .0001, respec-
tively). Notably, CD8! T-cell activation levels appeared to remain
low as long as the plasma HIV RNA level remained below 10 000
copies RNA/mL; at plasma HIV RNA levels above this threshold
the level of CD8! T-cell activation increased dramatically (Figure
1). This association between viremia and CD8! T-cell activation
persisted among untreated patients after resolution of primary
infection symptoms (data not shown). T-cell activation declined
rapidly after the introduction of highly active antiretroviral therapy
(HAART), and remained low during subsequent observation
(Figure 2).

Longitudinal changes in viremia and activation markers among
untreated patients

The change in plasma HIV RNA levels, CD4! T-cell counts, and
activation markers during untreated HIV infection are shown in
Figures 2 and 3. The level of viremia increased gradually over
time (mean increase of !0.02 log10 copies RNA/mL per month;
95% CI # 0.01 to 0.03; P " .001), while the CD4! T-cell count
decreased (mean decrease of $8 CD4! T cells/mm3 per month;
95% CI # $11 to $6; P " .001). CD4! T-cell activation also
increased over time (relative increase of 1.3% per month,
P " .001). Although the level of CD8! T-cell activation in-
creased gradually, this change was not significantly different
from zero (relative increase of 0.4% per month; P # .12).

Table 1. Baseline characteristics
Characteristics Treated, n " 83 Untreated, n " 68 P

Age, y (IQR) 35 (30-40) 34 (30-41) .97
Sex, % 94 96 .73
Infection stage, % .001
Less than 30 d 24.1 2.9
1 to 6 mo 71.1 88.2
6 to 12 mo 4.8 8.8

Presence of one or more drug-resistance associated mutations, % 17.4 17.8 1.0
HIV risk factors, %
MSM 94.0 100 .07
Intravenous drug user 4.4 2.4 1.0

CD4! T-cell count, cells/mm3 (IQR) 484 (374-646) 539 (451-717) .03
CD8! T-cell count, cells/mm3 (IQR) 798 (572-1071) 817 (632-1086) .68
Plasma HIV RNA level, log10 copies RNA/mL 5.10 (4.18-5.63) 4.26 (3.36-4.70) " .0001
Baseline CD4! CD38, relative fluorescence units 33.2 (23.3-46.4) 19.7 (8.2-41.4) .004
Baseline CD8! CD38, relative fluorescence units 99.6 (39.6-256) 33.4 (9.8-67.6) " .0001

Median and interquartile ranges (IQRs) are shown. MSM indicates men who have sex with men.

Figure 1. The relationship between T-cell activation and plasma HIV
RNA levels (log10 transformed) in 153 individuals recently diagnosed
with HIV infection. A smooth line was generated by linear regression with
quadratic equations.
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The individual trajectories demonstrated substantial variability
in activation levels among a subset of patients during the first 8 to
12 weeks of observation (data not shown); however, after week 12
most subjects appeared to achieve a relatively steady-state level of
viremia, CD4! T-cell, and CD8! T-cell activation (Figures 2-3).
This level varied substantially between patients but remained
relatively stable within patients.

Effect of viremia and T-cell activation on CD4! T-cell decline

The effect of T-cell activation and viremia on time to immuno-
logic progression was determined using Kaplan-Meier tech-
niques. Since most clinical guidelines now recommend consider-
ing initiation of antiretroviral therapy at a CD4! T-cell count of
less than 350 cells/mm3, we used as an end point the time at
which individuals reached this level.37,38 Of the 68 individuals
who did not receive therapy, 15 eventually experienced a
decrease in CD4! T-cell counts to 350 cells/mm3 or less.
Individuals with higher baseline quartiles of CD8! T-cell
activation were more likely to have this CD4! T-cell count
decrease (P " .002 by the log-rank test; Figure 4). Similar
trends were observed for plasma HIV RNA levels (P " .004)
but not CD4! T-cell activation (P " .21; Figure 4). In univariate
analyses, both baseline quartiles of CD8! T-cell activation
(hazard ratio, 2.12; P " .006) and baseline quartiles of log viral
load (hazard ratio, 2.31; P " .003) were significant in predicting

time to CD4! T-cell count less than 350 (Table 2). In a
multivariate Cox proportional hazards model, no factor was
significant with P values less than .05.
To assess the role of activation and viral load in CD4 decline

over time, a mixed-effects analysis was performed with the log
CD4! T-cell changes over time as the primary outcome variable.
All available viral load and T-cell activation measurements were
considered in the final model. We allowed the predictor
variables—viral load and activation markers—to be time-
varying covariates. As expected, plasma HIV RNA levels, CD8
T-cell activation, and, to a lesser degree, CD4! T-cell activation
were all predictive of CD4! T-cell counts in univariate analyses
(Table 3). In a multivariate mixed-effects analysis including all
3 of these variables, both plasma HIV RNA levels and CD8!

T-cell activation remained predictive (Table 3).

Discussion

Although the role of immune activation in HIV disease pathogen-
esis has been extensively evaluated in chronically infected
patients, its role in primary infection remains poorly defined.
Using the density of CD38 expression on T cells as a measure of
T-cell activation, we assessed the role of immune activation on
disease outcome in acutely and recently infected adults, and

Figure 2. The median change in plasma HIV RNA
levels, CD4! T-cell count levels, and T-cell activation
levels in 68 recently infected individuals who did not
receive antiretroviral therapy and 83 recently in-
fected individuals who did receive antiretroviral
therapy.

Figure 3. Longitudinal changes in plasma HIV RNA levels, CD4! T-cell activation levels, and CD8! T-cell activation in antiretroviral-untreated recently infected
adults.Data are shown on all individuals who had a week-12 value and at least 24 weeks of observation (n " 41). The mean and standard error of the mean are shown in bold.
Both plasma HIV RNA levels and T-cell activation levels tended to be variable during the first 12 weeks of observation (data not shown), followed by the emergence of a
steady-state level.
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Monocyte perturbation during AHI

Cheng P Front Immunol 2017

FIGURE 1 | Perturbations of the three monocyte subsets in HIV-1-infected individuals. (A) The gating strategy for analysis of classical CD14++CD16−, 
intermediate CD14++CD16+, and non-classical CD14+CD16++ monocyte subsets is indicated. Frequencies of CD14+CD16++ (B), CD14++CD16+ (C), and 
CD14++CD16− (D) monocytes were analyzed by !ow cytometry in healthy controls (HC), the patients with acute HIV-1 infection (AHI), chronic HIV-1-infected 
cART-naïve patients (CHI&ART-), and chronic HIV-1-infected patients with undetectable viral load after cART (CHI&ART+). All p values were calculated using an 
ANOVA, Student’s t-test, or the Mann–Whitney U test, *p < 0.05, **p < 0.01. Correlations between the frequency of the CD14++CD16+ monocytes and CD4 T cell 
counts (E) as well as the CD4/CD8 ratio (F) calculated by the Spearman correlation test (HC, AHI, CHI&ART−, and CHI&ART+ groups).

4

Chen et al. Monocyte Subsets in HIV-1 Infection

Frontiers in Immunology | www.frontiersin.org March 2017 | Volume 8 | Article 272

The Association between Monocyte 
Subsets and IFN-γ, IL-4, IL-17, and TNF-α 
Producing CD4+ T Cells
!e gating strategy of the IFN-γ, IL-4, IL-17, and TNF-α produc-
ing CD4+ T cells is shown in Figure 4A. Compared with HC, 
chronic HIV-1-infected individuals without cART have a lower 
frequency of IFN-γ producing CD4+ T cells (Figure 4B) but a 
higher frequency of IL-4 producing CD4+ T cells (Figure 4C). 
!e frequency of IL-17 (Figure 4D) and TNF-α producing CD4+ 
T cells (Figure 4E) in chronic HIV-1-infected individuals without 
cART is higher than that in HC. !e frequency of IL-4 producing 
CD4+ T cells is negatively associated with CD4+ T cell counts 
(Figure 4F) as well as with the CD4/CD8 ratio (Figure 4G).

Next, correlation analyses are performed between monocyte 
subsets and the IFN-γ, IL-4, IL-17, and TNF-α producing 
CD4+ T cells in HIV-1-infected patients. !e frequency of the 
non-classical monocyte CD14+CD16++ subsets is positively 

associated with the percentage of IFN-γ (Figure 5A) and TNF-α 
(Figure 5B) producing CD4+ T cells, but the frequency of the 
classical monocyte (CD14++CD16−) subsets is negatively 
associated with the percentage of IFN-γ (Figure 5E) and TNF-α 
producing CD4+ T  cells (Figure  5F). In contrast to the non-
classical CD14+CD16++ and classical CD14++CD16− mono-
cyte subsets, the frequency of the intermediate CD14++CD16+ 
monocyte subsets is positively associated with the frequency 
of IFN-γ (Figure  5C) and IL-4 (Figure  5D) producing CD4+ 
T  cells. !e associations between monocyte subsets and the 
IFN-γ, IL-4, IL-17, and TNF-α producing CD4+ T  cells are 
further analyzed in AHI (Figure S1 in Supplementary Material), 
CHI&ART− (Figure S2 in Supplementary Material) and 
CHI&ART+ (Figure S3 in Supplementary Material) patients, 
separately. In AHI patients, the frequency of the intermediate 
CD14++CD16+ monocyte subsets is positively associated with 
the frequency of IL-4 (Figure S1D in Supplementary Material), 
whereas this subset is positively associated with the percentage of 



Acute & recent HIV infection
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ART initiation during acute HIV infection

• Decrease in duration/severity symptoms

• Enhances recovery of CD4 cell populations

• Decrease viral transmission (10-20x infectious in acute stage)

• Limit (not prevent) viral reservoir seeding and frequency of VL blip 

• Reduce CTL escape 

• Preserve immune function         better vaccine responsiveness?

• Higher chances to become PTC once ART is interrupted 
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Optimal Immunological Recovery
At the time of !rst-line regimen initiation, only 11 (3.4%) patients had optimal immunological 
status (ie, CD4 ≥ 500/µL plus CD4 ≥ 30% plus CD4/CD8 ratio ≥ 1). Of the remaining patients, 
187 (58.3%) had follow-up immunological data. Optimal immunological recovery was achieved 
by 95 (50.8%) patients during a median follow-up of 35 weeks (IQR 15-85), with an incidence of 
3.7 per 100 person-months of follow-up (PMFU). #e Early ART group had a higher probability 
of optimal immunological recovery; at Kaplan Meier analysis the estimated incidence of optimal 
immunological recovery at 48 weeks was 39% in the Early ART group vs 22.5% in the Late ART 
group (P = 0.002 at log rank test) (Figure 1A).

Enhanced immunological recovery with early start of 
antiretroviral therapy during acute or early HIV infection: 
INACTION Retrospective Study 

Predictors of time to optimal immunological recovery – Cox regression analysis
Predictors of time to optimal immunological recovery (n=187) Univariate analysis Multivariate analysis

HR (95% CI) p aHR (95% CI) p
Age, years (per 10 years increase) 1.079 (0.876-1.329) 0.475
Male gender 0.952 (0.530-1.712) 0.870
Risk factor: Heterosexual versus Homo/bisexual, IDU or 
Other/unknown Not Significant >0.05

HBsAg+ 0.447 (0.110-1.823) 0.261
HCV coinfection 0.737 (0.270-2.013) 0.551
Months from last negative HIV test, (per 1 month increase) 1.003 (0.997-1.010) 0.300

Fiebig stage: 
I
II
III
IV
V

1.144 (0.266-4.920)
2.378 (1.259-4.491)
2.569 (1.419-4.651)
2.067 (1.202-3.556)

Ref.

0.857
0.008
0.002
0.009

1.470 (0.326-6.631)
1.602 (0.821-3.124)
1.945 (0.969-3.905)
1.435 (0.789-2.607)

0.616
0.167
0.061
0.236

Symptomatic acute HIV infection 1.126 (0.675-1.876) 0.650
CDC Stage C 1.465 (0.202-10.607) 0.705
Early ART 2.076 (1.297-3.323) 0.002 1.846 (1.041-3.273) 0.036

First ART regimen including:
NNRTI
PI
InSTI
Entry inhibitor

0.827 (0.511-1.338)
1.017 (0.649-1.593)
1.960 (1.196-3.214)
1.369 (0.775-2.417)

0.440
0.941
0.008
0.279

First ART regimen >3 drugs 1.936 (1.230-3.048) 0.004 1.413 (0.844- 2.366) 0.188
Laboratory results at first ART initiation:

CD4, cells/mm3 (per 100cell/mm3 increase) 1.149 (1.061-1.243) 0.001 1.119 (1.018-1.229) 0.020
CD4% (per 1% increase) 1.064 (1.040-1.089) <0.001 1.042 (1.014-1.070) 0.003
CD8, cells/mm3 (per 100cell/mm3 increase) 0.981 (0.962-1.000) 0.053
CD4/CD8 >1 4.152 (2.005-8.599) <0.001 2.839 (1.165-6.914) 0.022
HIV-RNA, log10cps/mL (per 1log10cp/mL increase) 1.149 (0.918-1.437) 0.225

Year of diagnosis, 2012-2014 vs. 2008-2011 1.242 (1.081-1.427) 0.002 1.555 (0.902-2.681) 0.112
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HR (95% CI) p aHR (95% CI) p
Age, years (per 10 years increase) 1.079 (0.876-1.329) 0.475
Male gender 0.952 (0.530-1.712) 0.870
Risk factor: Heterosexual versus Homo/bisexual, IDU or 
Other/unknown Not Significant >0.05

HBsAg+ 0.447 (0.110-1.823) 0.261
HCV coinfection 0.737 (0.270-2.013) 0.551
Months from last negative HIV test, (per 1 month increase) 1.003 (0.997-1.010) 0.300

Fiebig stage: 
I
II
III
IV
V

1.144 (0.266-4.920)
2.378 (1.259-4.491)
2.569 (1.419-4.651)
2.067 (1.202-3.556)
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1.602 (0.821-3.124)
1.945 (0.969-3.905)
1.435 (0.789-2.607)
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0.061
0.236

Symptomatic acute HIV infection 1.126 (0.675-1.876) 0.650
CDC Stage C 1.465 (0.202-10.607) 0.705
Early ART 2.076 (1.297-3.323) 0.002 1.846 (1.041-3.273) 0.036

First ART regimen including:
NNRTI
PI
InSTI
Entry inhibitor

0.827 (0.511-1.338)
1.017 (0.649-1.593)
1.960 (1.196-3.214)
1.369 (0.775-2.417)

0.440
0.941
0.008
0.279

First ART regimen >3 drugs 1.936 (1.230-3.048) 0.004 1.413 (0.844- 2.366) 0.188
Laboratory results at first ART initiation:

CD4, cells/mm3 (per 100cell/mm3 increase) 1.149 (1.061-1.243) 0.001 1.119 (1.018-1.229) 0.020
CD4% (per 1% increase) 1.064 (1.040-1.089) <0.001 1.042 (1.014-1.070) 0.003
CD8, cells/mm3 (per 100cell/mm3 increase) 0.981 (0.962-1.000) 0.053
CD4/CD8 >1 4.152 (2.005-8.599) <0.001 2.839 (1.165-6.914) 0.022
HIV-RNA, log10cps/mL (per 1log10cp/mL increase) 1.149 (0.918-1.437) 0.225

Year of diagnosis, 2012-2014 vs. 2008-2011 1.242 (1.081-1.427) 0.002 1.555 (0.902-2.681) 0.112

Muscatello A, et al Pathog Immun 2020



Predictors of incomplete viral response in patients with 
acute and early HIV infection: INACTION Retrospective 
Study 

Taramasso L, et al HIV Medicine 2020

ANALISI MULTIVARIATA 
Univariate

analysis
HR (95% CI)

P

Multivariate 
analysis

aHR (95% CI)
P

CNS symptoms
No Ref Ref
Yes 3.06 (1.07-8.72) 0.036 4.70 (1.56-14.17) 0.006

Unknown 2.05 (0.79-5.30) 0.139 2.44 (0.90-6.61) 0.080
Backbone:
TDF+FTC Ref Ref
ABC+3TC 0.41 (0.06-3.03) 0.384 0.20 (0.03-1.55) 0.125

Other* 2.94 (1.15-7.56) 0.025 1.72 (0.62-4.78) 0.298
First ART 

recommended by 
current guidelines

0.64 (0.31-1.32) 0.227 0.40 (0.18-0.91) 0.029

CD4/CD8 (per 1 
point increase)

0.24 (0.07-0.85) 0.027 0.13 (0.03-0.51) 0.003



HIV-DNA decrease during treatment in primary HIV-1 
infection with 3 different drug regimens: INACTION trial 

Bruzzesi E, et al J Med Virol. 2023

log10 copies/10
6 PBMCs, without difference between groups. The

mean change was −0.912 (SD = 1.553) in group A, −0.267 (1.598)

in group B, and −0.988 (1.237) in group C, with a larger, still not

significant, average decrease of HIV‐DNA load in treatment groups

including DRV (groups A and C) compared with group B (Figure 2).

Of note, there were two subjects with the advanced Fiebig stage

(stage V) that had an HIV‐DNA level of zero at baseline on

repeated measures and positive values at weeks 12 and 48, with a

delta of around 4 log. In depth, comparing the very early Fiebig

stages I and II with subsequent stages III and IV and late stages V

and VI, we observed no statistical difference for HIV‐DNA at

baseline (p = 0.739). Interestingly, a trend of higher decrease of

HIV‐DNA was observed for the subjects starting treatment in

stages I and II, both at week 12 (p = 0.236) and, even steeper, at

week 48 (p = 0.068) (Supporting Information Table 1). However,

HIV‐DNA at the three time points was not statistically different

among treatment arms, both for Fiebig stages I and II (Supporting

Information Table 2) and for Fiebig stages III–VI (Supporting

Information Table 3).

Multivariable linear regression analysis performed on the

main endpoint at weeks 12 and 48 considered as covariates

treatment arm (A vs. C, B vs. C), age (per 10 years), Fiebig stage

(IV–VI vs. I–III), CD4+ cells count (per 100 cells/mm3), the CD4/

CD8 ratio (per unit), and HIV‐RNA (per log10 copies/mL). Factors

significantly associated with HIV‐DNA decrease were CD4+ cells

count and the CD4/CD8 ratio (Table 2); there was no difference

TABLE 1 Baseline characteristics of enrolled PLWH by treatment arm.

Factors Level/unit

Randomly assigned treatment arm

p*
TAF/FTC +DRV/
c N = 30 TAF/FTC +DTG N = 28

TAF/FTC +DRV/
c + DTG N = 20

Fiebig (%) 1 1 (3.3) 2 (7.4) 1 (5.6) 0.262

2 8 (26.7) 4 (14.8) 4 (22.2)

3 1 (3.3) 3 (11.1) 0 (0.0)

4 6 (20.0) 0 (0.0) 4 (22.2)

5 11 (36.7) 13 (48.1) 5 (27.8)

6 3 (10.0) 5 (18.5) 4 (22.2)

Gender (%) F 3 (10.0) 0 (0.0) 1 (5.0) 0.319

M 26 (86.7) 28 (100.0) 19 (95.0)

Transgender 1 (3.3) 0 (0.0) 0 (0.0)

Age (median [IQR]) 34.99 [29.17, 43.50] 32.76 [28.08, 41.16] 33.16 [26.66, 46.54] 0.832

Days from HIV diagnosis to ART
start (median [IQR])

12 [3, 34] 12 [6, 23] 13 [7, 18] 0.990

Risk factor (%) Bisexual 1 (4.3) 0 (0.0) 0 (0.0) 0.741

Hetero 1 (4.3) 2 (7.7) 1 (5.6)

Homo 5 (21.7) 9 (34.6) 4 (22.2)

Transgender 16 (69.6) 15 (57.7) 13 (72.2)

HCV (%) No 27 (96.4) 25 (96.2) 19 (100.0) 0.695

Yes 1 (3.6) 1 (3.8) 0 (0.0)

CD4 count (median [IQR]) Cells/mm3 547.00 [397.50, 669.50] 552.00 [394.00, 653.00] 474.00 [430.00, 584.00] 0.875

CD4 percentage (median [IQR]) % 23.10 [18.30, 27.65] 18.00 [11.30, 29.00] 19.00 [15.00, 27.60] 0.477

CD4/CD8 (median [IQR]) 0.47 [0.30, 0.59] 0.35 [0.17, 0.58] 0.33 [0.23, 0.50] 0.499

HIV‐RNA (median [IQR]) log10(copies/mL) 5.17 [4.40, 6.02] 5.43 [4.27, 6.04] 5.75 [4.83, 6.22] 0.708

HIV‐DNA (median [IQR]) log10(copies/10
6

PBMCs)
4.39 [4.08, 4.73] 4.53 [4.22, 4.83] 4.45 [4.11, 4.79] 0.600

Note: Comparison among treatment groups was performed using the Kruskal–Wallis test for continuous variables and the Chi‐square test for categorical
variables.

Abbreviations: DRV/c, darunavir/cobicistat; DTG, dolutegravir; FTC, emtricitabine; HCV, hepatitis C virus; IQR, interquartile range; PBMCs, peripheral
blood mononuclear cells; TAF, tenofovir alafenamide fumarate.
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HIV-DNA decrease during treatment in primary HIV-1 
infection with 3 different drug regimens: INACTION trial 

Bruzzesi E, et al J Med Virol. 2023

between treatment groups, but there was a trend of greater

HIV‐DNA decline in group C. Table 2 reports the results of

multivariable analysis at weeks 12 and 48.

Plasma HIV‐RNA decreased more rapidly in groups B and C,

which contained DTG. Figure 3 shows the percentage of

individuals with HIV‐RNA< 50 copies/mL at each time point.

The percentage of undetectable viral load was higher in groups B

and C until week 24 and reached similar values in group A at weeks

36 and 48. A continuous decrease in HIV‐RNA levels was observed,

with a significant difference between treatment groups on HIV‐RNA

change in time (repeated measures ANOVA p < 0.001, Figure 4).

No participants discontinued the treatment due to virological

failure.

CD4+T‐lymphocytes increased during treatment in all groups

(Figure 5). There was no treatment effect on CD4 change in time

(repeated measures ANOVA p = 0.644). The percentage of parti-

cipants reaching a CD4+/CD8+ ratio >1 at week 4 was higher in

groups B (24%) and C (26.3%) than in group A (12%); the

differences between groups were not observed at weeks 36 and

48 (Figure 6). We observed a high percentage of individuals

reaching CD4/CD8 > 1 at weeks 4 and 8 according to the Fiebig

stage; people treated during stages I–III reached ratio > 1 at week

4 (30% vs. 16.3% stages IV–VI) and week 8 (47, 6% vs. 16.7%

stages IV–VI).

Among randomized patients, 34 (43.6%) experienced adverse

events: 1 patient had six events, 5 had four events, 6 had

F IGURE 2 Change in HIV‐DNA from baseline to W12 (Panel 1) and from baseline to W48 (Panel 2). DRV, darunavir; DTG, dolutegravir;
PBMCs, peripheral blood mononuclear cells.

TABLE 2 Multivariable linear regression analysis investigating factors associated with HIV‐DNA change from baseline to 12 and 48weeks.

Variables
Change at week 12 (N = 62) Change at week 48 (N = 52)
Mean difference (95% CI) p Value Mean difference (95% CI) p Value

(Intercept) 0.181 (−1.818; 2.179) 0.857 0.088 (−4.207; 4.383) 0.967

Treatment arm A versus C 0.146 (−0.406; 0.698) 0.598 0.149 (−0.991; 1.289) 0.794

Treatment arm B versus C 0.473 (−0.079; 1.025) 0.091 0.952 (−0.185; 2.09) 0.099

Age, per 10 years −0.091 (−0.296; 0.114) 0.379 0.025 (−0.382; 0.433) 0.901

Fiebig IV–VI versus I–III 0.364 (−0.184; 0.912) 0.188 0.551 (−0.513; 1.616) 0.302

CD4+ per 100 cells/mm3 0.082 (−0.010; 0.174) 0.079 0.207 (0.041; 0.373) 0.015

CD4+/CD8+ per unit −1.226 (−2.237; −0.216) 0.018 −1.956 (−3.976; 0.063) 0.057

HIV‐RNA per log10(cp/mL) −0.082 (−0.309; 0.146) 0.475 −0.358 (−0.822; 0.105) 0.127

Abbreviation: CI, confidence interval.
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Rapid HIV RNA rebound after ATI in persons durably 
suppressed in Fiebig I acute HIV infection 

Colby DJ, et al Nat Med 2018
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load rebound resulted from production of viral particles from 
latently infected cells (Supplementary analyses), supporting the  
survival and/or clonal expansion of latently infected CD4+ T cells 
during ART8,9.

The frequencies of blood CD4+ T cells harboring total HIV 
DNA were low pre-ART (median 66 copies per 106 CD4+ T cells, 
interquartile range (IQR) 22–281) and pre-ATI (median 1 copy 
per 106 CD4+ T cells, IQR 1–3) (Fig. 2a). Prior to ATI, our partici-
pants had an estimated ~2 ×  106 CD4+ T cells that harbored HIV 
DNA in the whole body. Total HIV DNA increased to a median 
of 17 copies per 106 CD4+ T cells (IQR 6–60) at the time of ART 
resumption (P =  0.03 compared to pre-ATI). However, 6 months 

after resuming ART, total HIV DNA returned to a median of 3 
copies per 106 CD4+ T cells (IQR 2–10), similar to pre-ATI levels 
(P =  0.33) (Fig. 2a), and demonstrating safety of this ATI strat-
egy with a short duration of viremia. The total and integrated 
HIV DNA of individual participants showed similar patterns and 
returned to approximate pre-ATI values (Supplementary Fig. 5). 
Inducible HIV RNA by the Tat/rev Induced Limiting Dilution 
Assay (TILDA) showed pre-ATI levels below the detection 
limit of 1.4 cells producing tat/rev mRNA per 106 CD4+ T cells  
in all participants.

In this small study, there was no association between pre-ATI total 
HIV DNA and time to viral load rebound10 (Fig. 2b). Similarly, pre-
ATI integrated HIV DNA and 2-LTR (long terminal repeat) circles, 
which reflect HIV reservoir maintenance and putatively residual 
replication, respectively, did not predict time to viral load rebound, 
nor did any of the HIV reservoir markers (total and integrated 
HIV DNA, 2-LTR circles) assessed at pre-ART (Supplementary  
Fig. 6a–c). A very low frequency of HIV-infected memory CD4+ T 
cells at time of ART resumption was observed among the four partic-
ipants assessed, with LTR or gag RNA+ cells present at 0.001–0.01% 
(Supplementary Fig. 7a,b). HIV DNA content in mucosal mono-
nuclear cells from sigmoid tissue (n =  3) was also low at pre-ATI 
and at ART resumption (Supplementary Information). HIV RNA+ 
and HIV DNA+ cells in inguinal lymph node tissue were detected 
by in situ hybridization in participant 4,878, who consented to 
the biopsy both at pre-ATI and at ART resumption (vRNA+ cells 
1.8 ×  105 and 2.4 ×  105 cells per gram  and vDNA+ cells 4.2 ×  105 and 
5.1 ×  105 cells per gram, respectively) (Supplementary Fig. 8a–d). 
The finding of vRNA+ cells during suppressive ART suggests ongo-
ing virus production in the lymph nodes. HIV DNA content and 
Ki67+CD8+ T cells are shown in the Supplementary analyses and  
Supplementary Fig. 9a,b.

Reactivation of a single latently infected cell can lead to viral 
load rebound in the absence of ART. One mathematical model 
postulates that control of viremia may depend on the strength 
of cytotoxic T lymphocytes (CTLs) and the size of the HIV res-
ervoir11. We posit that the rapid viral load rebound observed 
in this study was due to the inability to achieve a small enough 
pool of latently infected cells12, particularly in lymphoid tissues13, 
and inadequate immune control11. The reservoir in acute HIV 
infection may also be enriched in replication competent viruses, 
facilitating viral rebound14. We previously reported that CTLs 
generated in Fiebig I are less abundant and differentiated than in 
later stages, but retain greater memory and survival potential6. We 
therefore investigated persistence and recall of memory immune 
responses during ART and post ATI. In three participants express-
ing HLA-A11, the memory HIV-specific CTLs quantified longi-
tudinally by tetramer staining6 persisted at low levels years after 
suppressive ART, and their expansion occurred faster following 
viral load rebound than in acute HIV infection (Supplementary 
Fig. 10a–d). In all participants, there was a rapid expansion of 
effector Ki67+CD8+ T cells at ART resumption (median 12.4%) 
to frequencies higher than those at baseline ATI (median 
5.4%, P =  0.01) (Fig. 2c). Env-specific immunoglobulin (Ig)
G level was higher at ART resumption than in acute infection 
in 7 of 8 participants (median 98 versus 34 µ g per ml, P =  0.04)  
(Fig. 2d). Four of these 7 had increased levels from baseline ATI 
to ART resumption (median 37.8 to 187.2 µ g ml–1, P =  0.07) and 
seroconverted after ATI (Supplementary Fig. 11), suggesting a 
memory B cell response. Prior to ART resumption, the highest 
observed plasma viral load levels were negatively associated with 
the frequency of effector Ki67+CD8+ T cells (r =  –0.83, P =  0.02; 
Fig. 2e) and Env-specific IgG levels (r =  –0.86, P =  0.01; Fig. 2f). It 
is therefore possible that pre-ATI immune responses were “too lit-
tle too late” to affect time to viral load rebound, but were sufficient 
to affect the magnitude of viremia once expansion of HIV-specific  
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Fig. 1 | Viral load rebound following ATI in eight Fiebig I acutely treated 
participants. a, Median (range) time to viral load rebound > 20 copies per 
ml was 26 (13–48) d. b, Pre-ATI peripheral blood CD4/CD8 ratio ≤ 1 was 
associated with faster time to viral load rebound > 20 copies per ml after 
ATI. c, HIV-1 phylogenetic trees based on pro-rt sequences sampled in 
acute infection (F, blue) and following viral load rebound (R, black).  
The number of mutations away from the founder consensus is figured  
as a suffix.

NATURE MEDICINE | VOL 24 | JULY 2018 | 923–926 | www.nature.com/naturemedicine924



HIV-1 persistence following extremely early initiation of 
ARTduring acute HIV-1 infection 

Henrich TJ, et al Plos Med 2018

219 after the initiation of PrEP, but a western blot was indeterminate (p24 weekly positive,
all other bands negative) on day 258.

Fig 1. Extremely early ART reduces HIV reservoir seeding. No HIV was detected in colorectal and lymph node tissues, bone marrow, CSF,
plasma, and very large numbers of PBMCs obtained longitudinally from Participant A (top panel) who started PrEP 10 days following HIV infection.
In contrast, low-level HIV RNA and DNA were intermittently detected in PBMCs from Participant B (bottom panel) who initiated PrEP 12 days
following infection prior to starting a 4-drug ART regimen. One of 10 humanized mice given 53 million input cells from Participant A developed low-
level HIV RNA in plasma (201 copies/mL), but sequencing of HIV from plasma was unsuccessful. Abbreviations: ABC, abacavir; CSF, cerebral
spinal fluid; ddPCR, droplet digital PCR; DTG, dolutegravir; FTC, emtricitabine; GALT, gut-associated lymphoid tissue; iSCA, HIV integrase single
copy plasma RNA assay; PBMC, peripheral blood mononuclear cell; PrEP, pre-exposure prophylaxis; qVOA, quantitative viral outgrowth assay;
RAL, raltegravir; r/DRV, ritonavir-boosted darunavir; TDF, tenofovir; TILDA, Tat/Rev Induced Limiting Dilution Assay; VOA, viral outgrowth assay.

https://doi.org/10.1371/journal.pmed.1002417.g001

Extremely early initiation of ART during acute HIV-1 infection

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1002417 November 7, 2017 8 / 22



HIV-1 persistence following extremely early initiation of 
ARTduring acute HIV-1 infection 

Henrich TJ, et al Plos Med 2018

days later (day 231) confirmed rebound with virus increasing to 77,397 copies/mL. He initi-
ated therapy (tenofovir/emtricitabine/ritonavir/darunavir/dolutegravir) on post-ATI day 231
prior to receiving the confirmatory test. He then had viral loads of 158 and 19 copies RNA/mL
on days 245 and 252, respectively. Subsequent plasma viral load testing revealed no detectable
HIV RNA, and he has remained clinically well. Single genome sequences of a 1,190 base-pair
region of HIV-1 Pol were monoclonal and identical to the PrEP baseline sequences. The level
of intra-sequence diversity was extremely low at both time points (<0.02%) but distinct from
the consensus ancestral subtype B sequence. HIV-1 envelope single genome (1,557 base-pair
region) analysis at the time of recrudescence revealed 2 unique but highly related sequences;
HIV envelope sequences were not obtained at PrEP baseline (S3 Fig).

Estimates of HIV reservoir size following extremely early initiation of ART

We used a collection of mathematical modeling approaches (see S1 Text) to better understand
the dynamics of reservoir seeding and rebound in these participants. For PrEP Participant A,
the estimated latent reservoir size immediately before treatment interruption, based only on
the observed time of rebound (226 days) [36] was 0.0020 [0.00045, 0.0063] infectious units per
million cells (IUPM) (brackets give 95% credible intervals). With this estimated reservoir size
(including uncertainty), about 1% of identical individuals (i.e., having similar restrictions in
reservoir size) would be expected to achieve lifelong (>70 year) ART-free HIV remission.
These results are consistent with estimates of reservoir size from various assays described in
Fig 1 and Tables 1 and 2. Based on the viral load level at initial diagnosis and a calibrated
model of reservoir seeding during acute infection [37], we estimate that the reservoir size prior
to the initiation of ART was 0.02 IUPM, with about 1 log uncertainty in either direction.
qVOA results on day 166 suggest that there is a 95% probability that the reservoir size is below
0.075 IUPM [38]. If we assume the positive outgrowth in the mVOA is a true positive signal,
then there is a 95% probability that the reservoir size is below 0.0057 IUPM. If we assume the

Fig 2. Summary timeline of plasma viral load and CD4+ T cell counts following analytical ART treatment interruption in Participant A.
Abbreviations: ART, antiretroviral therapy; ATI, analytical treatment interruption; c/mL, copies/mL.

https://doi.org/10.1371/journal.pmed.1002417.g002

Extremely early initiation of ART during acute HIV-1 infection

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1002417 November 7, 2017 11 / 22
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REBOUND DYNAMICS FOLLOWING IMMUNOTHERAPY WITH 
AN HIV VACCINE, TLR-9 AGONIST, AND BROADLY NEUTRALIZING ANTIBODIES

• Two participants experienced ALT elevations (Grade 3 and Grade 4) that were considered possibly 
related to the treatment regimen but ultimately attributed to external causes.

• 7/10 exhibited atypical rebound dynamics characterized by non-exponential growth and/or 
oscillations; 5/10 had set points < 1000 copies/mL and 7/10 < 5000 copies/mL (Fig 2). 

• Viral rebound occurred on average 15 weeks after ART interruption (Fig 3). Median ATI length was 37 
weeks.

• One individual did not rebound (18 months off ART), with low levels of non-intact provirus in gut tissue 
and intermittent detection below the quantification limit of HIV DNA and RNA in PBMCs during the ATI. 

• Higher bNAb exposure (AUC) was associated with a later time to rebound (p=0.054 and p=0.052 for 
VRC07-523LS and 10-1074, respectively), but bNAb levels at rebound were highly variable across 
participants (1.3-38.3 mcg/mL for 10-1074, 0.2-57.9 mcg/mL for VRC07-523LS). 

• The vaccine regimen increased the magnitude of IFNg+ CE-specific CD4+ and CD8+ T cell 
responses in all 10 participants between pre-vaccination and 2-weeks post-boost (Fig 4; median CD4: 
0.030% vs 0.341% [p=0.002]; CD8: 0.026% vs 0.158% [p=0.002]). 

• Phenotypic susceptibility to both 10-1074 and VRC07-523LS declined over time (Fig 5). 

• Neither antibody levels nor associated susceptibility could completely explain the different post-ART 
set points between the three non-controllers and the 7 with set points < 5000 copies/mL, suggesting 
the involvement of other factors.

0435

BACKGROUND
• Various anti-HIV immunotherapy strategies have been 

associated with ART-free control in non-human primates.1-3

• We sought to determine whether a combination of such 
strategies was safe and could affect virologic control in 
people with HIV (PWH) after ART discontinuation.

METHODS
• We performed a single-arm proof-of-concept study to 

evaluate the efficacy of a combination approach involving 
(1) Gag conserved element (CE)-targeted DNA+IL-12 
prime/MVA boost vaccination, followed by (2) a 
combination of two broadly neutralizing antibodies (bNAbs; 
10-1074, VRC07-523LS) and a TLR-9 agonist (lefitolimod) 
and then (3) two bNAbs given at the time of ATI. 

• ART restart criteria included plasma HIV RNA (copies/mL) 
>50,000 for 4 weeks, >10,000 for 6 weeks, >2000 for 12 
weeks, or >400 for 24 weeks.

• Seven of the 10 participants (9 cisgender men, 1 
transgender woman) had initiated ART within 6 months of 
HIV infection.

• We defined the set point as the median of all values off 
ART beginning 2 weeks after peak rebound. 

• We measured T cell responses prior to enrollment and 
after the vaccine boost by intracellular cytokine staining 
and bNAb sensitivity prior to enrollment and during 
rebound using the PhenoSense assay.

Fig 5. Evolving Phenotypic Susceptibility to bNAbs

Fig 4. Vaccine-induced T Cell Responses to Conserved Elements
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RESULTS, continued

CONCLUSIONS
• Seven of ten individuals exhibited evidence of at least 

partial virologic control post-ART. 

• Treatment-mediated virologic and immunologic factors may 
have contributed to this outcome.

• Ongoing work is evaluating changes in the characteristics of 
the reservoir and T cell responses prior to and during the 
ATI, including assessment of the vaccinal effect.

Acknowledgements: We are grateful to the study participants and for the input of 
our Community Advisory Board. Disclosures: All authors are employees of the 
organizations indicated in the affiliations. This work was supported in part by 
material and funding from provided by Gilead.

References: 1. Borducchi et al. Nature. 2016; 540: 284-287. 2. Borducchi et al. 
Nature. 2018; 563: 360-364. 3. Nishimura et al. Nature 2017; 543: 559-563.
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CONCLUSIONS
• Seven of ten individuals exhibited evidence of at least 

partial virologic control post-ART. 
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• Phenotypic susceptibility to both 10-1074 and VRC07-523LS declined over time (Fig 5). 

• Neither antibody levels nor associated susceptibility could completely explain the different post-ART 
set points between the three non-controllers and the 7 with set points < 5000 copies/mL, suggesting 
the involvement of other factors.
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BACKGROUND
• Various anti-HIV immunotherapy strategies have been 

associated with ART-free control in non-human primates.1-3

• We sought to determine whether a combination of such 
strategies was safe and could affect virologic control in 
people with HIV (PWH) after ART discontinuation.

METHODS
• We performed a single-arm proof-of-concept study to 

evaluate the efficacy of a combination approach involving 
(1) Gag conserved element (CE)-targeted DNA+IL-12 
prime/MVA boost vaccination, followed by (2) a 
combination of two broadly neutralizing antibodies (bNAbs; 
10-1074, VRC07-523LS) and a TLR-9 agonist (lefitolimod) 
and then (3) two bNAbs given at the time of ATI. 

• ART restart criteria included plasma HIV RNA (copies/mL) 
>50,000 for 4 weeks, >10,000 for 6 weeks, >2000 for 12 
weeks, or >400 for 24 weeks.

• Seven of the 10 participants (9 cisgender men, 1 
transgender woman) had initiated ART within 6 months of 
HIV infection.

• We defined the set point as the median of all values off 
ART beginning 2 weeks after peak rebound. 

• We measured T cell responses prior to enrollment and 
after the vaccine boost by intracellular cytokine staining 
and bNAb sensitivity prior to enrollment and during 
rebound using the PhenoSense assay.

Fig 5. Evolving Phenotypic Susceptibility to bNAbs

Fig 4. Vaccine-induced T Cell Responses to Conserved Elements

Fig 1. Study Schematic
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Fig 2. Rebound Dynamics
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RESULTS, continued

CONCLUSIONS
• Seven of ten individuals exhibited evidence of at least 

partial virologic control post-ART. 

• Treatment-mediated virologic and immunologic factors may 
have contributed to this outcome.

• Ongoing work is evaluating changes in the characteristics of 
the reservoir and T cell responses prior to and during the 
ATI, including assessment of the vaccinal effect.
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Primary HIV infection during chronic treatment with 
imatinib: impact on infection dynamics

The participant was put on treatment with imatinib at 100 mg/day in February 2019, for a myeloproliferative 
neoplasm with eosinophilia. 

In January 2022, following unprotected sexual intercourse occurred in December 2021, he experienced acute 
retroviral syndrome. 
He tested positive for HIV (Fiebig stage 5), 
HIV-RNA at diagnosis >10^7 copies/ml). CD4+ T-cell count at diagnosis was 427/mcL (28%, CD4/CD8 0.46). 

cART was started 7 days after diagnosis. 

Viral load was 10^2 at 1 month from cART start and reached undetectable levels by six months, 
CD4 count at six months was 1172/mcL (56%, CD4/CD8 2). 

Quantification of HIV DNA in isolated CD4+ T cells was performed via digital droplet PCR: 3.7x10^4 HIV-1 
DNA copies/10^6 CD4+ T cells before ART initiation and 6.6x10^2 copies/10^6 cells after one year of ART

Bozzi G, et al. submitted
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Conclusions

Events during acute HIV-1 infection may modulate the long-term course of HIV-1 disease.

Acute and early HIV-1 infection is a major contributor to the epidemic spread of HIV-1 and 
limiting this spread through “test and treat” strategies may require treatment of persons 
during the acute phase of infection.

The HIV-1 reservoir, which confounds efforts to cure infection, may be more responsive to 
antiviral therapy during acute HIV-1 infection than during chronic infection.

Intervention during AHI could dramatically reduce epidemic spread, reduce the size of the 
HIV-1 reservoir, and potentially achieve long-term control of plasma viremia without the use 
of long- term antiviral treatment
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