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Abstract

Perturbations of plasma IL-10, IL-12, IL-13, TNF-a, and IFN-y were measured longitudinally in
HIV-1 se-roconverting plasma donors and were compared to subjects with symptomatic primary
HIV-1 infection. Control groups included uninfected patients with symptoms and risks for primary
HIV-1, healthy controls, and asymptomatic plasma donors with primary HCV. IL-10, TNF-a, and
IFN-y rapidly rose in acute HIV-1 infection, while IL-13 predominated in acute HCV. Subjects with
symptomatic primary HIV-1 had higher cytokine levels than asymptomatic subjects, statistically
significant for TNF-a. Cytokine alterations occurred within 7 days of detectable HIV-1 viremia,
emphasizing the need to study the earliest events of infection.

INTRODUCTION

Primary HIV-1 infection represents a period of intense viral replication followed bi/
stabilization of viral load at a setpoint level that is maintained for months to years. 2 Events
occurring at the earliest points of infection may determine the rate at which infected subjects
progress to AIDS. Study of the earliest stages of HIV-1 infection is difficult, as only those
individuals who present with symptomatic primary HIV-1 are generally available for
observation.

A number of investigators have studied cytokine levels in HIV-1 infection. Interleukin (IL)-6
is elevated at all phases of chronic infection.3 IL-10, tumor necrosis factor (TNF)-a, and
interferon (IFN)-y are also elevated in chronic infection, while IL-2 and IL-4 are not.4-7
Individuals identified during symgtomatic primary HIV-1 infection show elevations of IL-10,
TNF-a, IFN-y, IFN-a, and IL-1p. -13 Normal or decreased levels of IL-2, IL-4, IL-6, IL-10,
IL-12, tumor growth factor (TGF)-8, and TNF-a have been reported in primary HIV-1.89,
11,13 of note, data are conflicting as to whether or not IL-10 and TNF-« levels are elevated
in primary HIV-1. Additionally, the macaque model has revealed early increases in IL-6 with
most studies also documenting elevations in IL-14, IL-10, IFN-y, and TNF-q.14-18

To address the relationship between cytokine secretion and HIV-1 replication at the earliest
point of infection, we identified a group of plasma donors at the time of conversion to HIV-1
RNA® status who claimed to be asymptomatic and were documented to be afebrile at each
visit. Cytokine profiles and viral loads were measured over 12-32 days after the first HIV-1
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RNA™ specimen, and these parameters were compared with those of symptomatic primary
HIV-1-infected subjects identified through the HIV Options project at the University of
California, San Francisco (UCSF). Additional control populations included both symptomatic
and asymptomatic HIV-1 seronegative subjects and plasma donors identified at the time of
conversion to hepatitis C virus (HCV) RNA* status. We found significant correlations between
viral load and 1L-10, TNF-a, and IFN-y at the earliest phase of infection (in plasma donors),
and higher levels of these cytokines in symptomatic compared to asymptomatic acutely HIV-1-
infected subjects.

MATERIALS AND METHODS
Study subjects

Five groups of individuals were studied for correlation of cytokine profiles and disease status.
For subjects whose gender was known (n = 32), all but two were male. These included plasma
donors who became infected with either HIV-1 (n = 12) LorHev (n= 6),19 symptomatic
subjects presenting with primary HIV-1 infection (n = 10),20 and both symptomatic (n = 10)
and asymptomatic (n = 2) HIV-1 seronegative individuals, with five temporally distinct
samples drawn from each asymptomatic seronegative individual. Symptomatic patients with
primary HIV-1 infection were all febrile at presentation, a median of 11 days (range 7-14) after
onset of fever. Symptomatic, seronegative, HIV-1 RNA negative individuals were drawn from
a cohort of men with risk factors and symptoms consistent with primary HIV-1 infection.

Viral load and antibody testing

Symptomatic subjects’ viral load was determined by bDNA amplification (Bayer Diagnostics,
Tarrytown, NY), while plasma donors’ viral load was measured using National Genetics
Institute (NGI, Los Angeles, CA) SuperQuant HIV-1 reverse transcriptase polymerase chain
reaction (RT-PCR). HIV-1 antibody testing was performed with an HIV-1/2 third generation
assay (Abbott Diagnostics, Abbott Park, IL or Genetic Systems/Bio-Rad, Hercules, CA).
Detuned HIV-1 antibody testing was performed using a 20,000-fold dilution of plasma in a
less-sensitive enzyme-linked immunosorbent assay (ELISA) format with the Vironostika kit
(Biomerieux, Hazelwood, MO) as previously described.21 HCV viral load testing was
performed by RT-PCR (UltraQual, NGI).

Cytokine testing

Cytokine measurements were performed on previously frozen plasma samples using kits
according to manufacturer’s instructions. IFN-y was quantitated using Biotrak kits (Amersham
Pharmacia, Piscataway, NJ), while IL-10, IL-12, IL-13, and TNF-o were measured using
Quantikine HS kits (R&D Systems, Minneapolis, MN).

Statistical analysis

The mean change in each cytokine level for each 10-fold increase in viral load was calculated
using generalized estimating equation regression for panel data within each infection cohort
(Stata 8.0SE software, Stata Corp., College Station, TX). We used robust standard errors to
account for multiple observations per subject. The p-value listed for each graph in Fig. 2 is a
measure of the overall association between each cytokine and log of the viral load. We also
compared the mean cytokine levels for the first observation of each subject in the HIV-1
symptomatic group to the last observation in the HIV-1 asymptomatic (plasma donors) group
using unpaired t-tests for the equality of the means assuming unequal variances.
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Plasma donors who developed either HIV-1 or HCV presented a unique opportunity to examine
the dynamics of viral replication and cytokine evolution at the earliest stage of infection. In
the plasma donor industry, collections are routinely held for 60 days before release to ensure
that subsequent donations remain negative for viral pathogens such as HIV and HCV. If adonor
becomes acutely HIV or HCV infected, the frozen plasma aliquots are not released for clinical
use, though a limited number of such seroconversion panels have been aliquoted for research
use. Plasma donors identified as HIV or HCV positive were informed of their diagnosis by the
local plasma collection center and instructed to obtain medical follow-up with a physician.
Follow-up samples from these patients were not available beyond the seroconversion period
as plasma collection ceased at that point. Samples were obtained from 9 to 19 days prior to the
first HIV-1 RNA* sample. Consistent with the lack of symptoms or fever in this cohort,
cytokine levels were low during the initial phase of infection. IL-10, TNF-a, and IFN-y levels
rose by 2 weeks (Fig. 1, top row). Three individuals exhibited delayed expansion of HIV-1
after the first detectable viremia. For these individuals only IFN-y was measured, and the rise
in IFN-y levels lagged those with a more rapid rise in viremia. The results for acute HIV-1
contrasted with the course of acute HCV infection, where strong IL-13 secretion was noted
(Fig. 1, middle row). Cytokine elevation in acute HCV infection preceded detectable viremia
by 1-2 weeks, again in contrast to acute HIV-1 infection.

Symptomatic subjects with primary HIV-1 infection were recruited through the Options project
at UCSF. Subjects are eligible for enroliment in the Options study if they present with a positive
HIV-1 RNA test and are either seronegative on a standard HIV-1/2 antibody test or have a
negative “detuned” anti-HIV-1 antibody test, indicative of recent infection with HIV-1.2L All
of the selected subjects were febrile within 14 days of presentation. The most common
additional symptoms were nonspecific and included anorexia, fatigue, headache, myalgias, and
diarrhea, each present in more than 80% of the subjects enrolled in this study. Each of the
symptomatic patients with primary HIV-1 infection was started on highly active antiretroviral
therapy (HAART) soon after presentation. HAART led to diminution of cytokine levels over
time in symptomatic subjects (Fig. 1, bottom row).

To determine the statistical significance of the longitudinal trends, cytokine levels were
correlated to viral load. During the period of rising viral load in HIV-1, significant correlations
were seen between viral load and IL-10, IFN-y, and TNF-a (p = 0.0023, 0.0075, and <0.0001,
respectively), with TNF-a associating most strongly (Fig. 2, top row). During acute HCV,
IL-13 correlated strongly with viral load (p < 0.0001, Fig. 2, middle row). During the
posttreatment phase of acute HIV-1, TNF-a significantly correlated with viral load (p = 0.0023,
Fig. 2, bottom row), though not as strongly as earlier in infection.

We hypothesized that subjects with symptomatic primary HIV-1 infection would have higher
levels of TNF-a secretion than asymptomatically infected subjects, potentially biasing the
immune system to poorer control of HIV-1 replication. The latest timepoint for plasma donors
was compared to the earliest measured timepoint for the symptomatic subjects. While not
identical, these timepoints were at similar points in viral infection. Two of 11 plasma donors
were past the peak viral load at the last timepoint measured and at least 1 of 10 symptomatic
primary HIV-1-infected patients were caught prior to the peak of viral replication. Seven of
11 plasma donors at the last time-point and 5 of 10 symptomatic primary infection subjects at
the first timepoint were HIV-1 antibody positive by third generation EIA testing. Mean IL-10,
TNF-a, and IFN-y levels (pg/ml) were calculated at the earliest timepoint for symptomatic
subjects and at the last timepoint for asymptomatic subjects with acute HIV-1 infection, in
HIV-1-seronegative and plasma HIV RNA-negative subjects with viral syndrome symptoms,
and in healthy controls (Fig. 3). While there was a trend to higher levels of each of the cytokines
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measured in symptomatic vs. asymptomatic subjects with primary HIV-1 infection, the changes
were only statistically significant for TNF-a (p = 0.02). Interestingly, IL-10, TNF-a, and IFN-
y levels were not statistically significantly different between HIV-1-infected subjects and
subjects presenting with acute viral syndrome who were not HIV-1 infected. Cytokine levels
were also measured in healthy controls for IL-10 (1.2 + 0.4), IL-12 (0.2 £ 0), IL-13 (12.7 +
13.1), and TNF-y (1.0 = 0.1). IFN-y levels were not measured, though normal levels supplied
by the kit manufacturer ranged from 0 to 2.6 pg/ml.

DISCUSSION

These studies of patients at the earliest timepoints of HIV-1 infection confirmed the high levels
of IL-10, TNF-a, and IFN-y seen later in infection22 and contradict studies that have shown
normal or low levels of I1L-108 and TNF-o2 in primary infection. The levels of these cytokines
correlated with temporal evolution of viremia. Surprisingly, a comparison arm following
primary HCV infection revealed a strong predominance of IL-13 secretion early in infection
without elevated levels of IL-10 or TNF-a.

In the preseroconversion phase of HIV-1, TNF-a levels showed the tightest correlation with
viral load, possibly consistent with the proinflammatory, HIV-1-inducing effect of TNF-a.
22-25.-10 and IFN-y levels also correlated with viral load during the same period. IFN-y has
synergistic HIV-1 inducing activity with TNF-a in vitro.26 HIV-1 and TNF-a may exert a
positive feedback loop on each other, leading to elevated levels of infection during primary
infection. This notion is supported by massive levels of CD4* T cell infection in primary SIV.
27,28 .12 levels were very low during the earliest period of HIV-1 infection, consistent with
a prior report.13 The influence of Thl (e.g., IL-12) vs. Th2 (e.g., IL-10) biasing cytokines
would appear to favor Th2 development at the earliest phase of HIV-1. Also of particular
interest were the three plasma donors who showed delayed ramp-up in HIV-1 after the first
detectable viremia. The viral dynamics of these subjects have been characterized,! and the
demonstration that IFN-y secretion is also delayed in these patients implies that the initial low
level viremia may be immunosilent. The relatively small number of cytokines measured in the
current study precludes a definitive conclusion, and these data will need to be extended using
a larger panel of cytokine analyses.

Early HCV infection showed a strong correlation of 1L-13 with viral load and time of infection.
IL-13 levels began rising as early as 18 days before viremia was detected, likely reflecting both
the relatively high threshold of 600 copies/ml plasma for the RNA detection assay and potential
local replication in the liver prior to dissemination in the bloodstream.1® The strong elevation
of IL-13 in all the observed acute HCV subjects is interesting given the propensity of HCV to
cause chronic, fibrotic liver disease. IL-13 has been implicated in the pathogenesis of fibrosis
in a schistosomiasis model of hepatic injury.29 Blockade of IL-13 prevents hepatic fibrosis
without increasing parasite or egg burden when given during acute or chronic infection.30;
31 The finding that IL-13 is selectively elevated in early HCV infection provides a potential
clinical target to prevent one of the most troubling outcomes of chronic HCV infection.

To measure whether cytokine levels correlated with presence of symptoms in primary HIV-1
infection, we compared the cytokine profiles for the final timepoint of the HIV-1 plasma donor
panels with the first available timepoint of the symptomatic primary HIV-1 infection subjects.
These timepoints were similar, though a higher proportion of asymptomatic subjects was
preseroconversion and still in the ramp-up phase of viremia. IL-10, TNF-«, and IFN-y levels
were all higher in the symptomatic subjects, with the differences statistically significant only
for TNF-a. The lack of statistical significance for IL-10 and IFN-y may have been due to the
relatively small numbers of subjects in the current study. Symptomatic HIV-1 infection has
been linked with a worsened prognosis.32'3 It was not possible to determine if the elevated
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cytokine levels seen in symptomatic patients independently affect viral load in the current
study; this would require larger cohorts. Given the positive effect of activation on viral
replication, it is tempting to speculate that early elevated cytokine levels, particularly TNF-y,
could provide a target for immune therapy during acute HIV-1 infection.
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FIG. 1.

Cytokine levels were measured sequentially during the ramp-up phase of HIV-1 (top row) and
HCV (middle row) and during resolution of acute HIV-1 in symptomatic patients treated with
HAART (bottom row). Time is listed as days from first PCR-positive sample for HIV-1 and
HCV ramp-up phases and days from onset of fever for HIV-1 resolution. The final HIV-1
ramp-up timepoint roughly correlates with the first timepoint of symptomatic patients in the
bottom row. Notably, the scale for cytokine levels was changed for HIV-1-infected subjects
in the resolution phase due to higher cytokine levels in this group. Patient symbols are
consistent across rows, and not all cytokines were measured on every patient.
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FIG. 2.

Correlation of cytokine levels with viral load during the ramp-up phase of HIV-1 (top row)
and HCV (middle row) and during resolution of acute HIV-1 in symptomatic patients treated
with HAART (bottom row). Only data points obtained before the peak of viremia are shown
for HIV-1 and HCV in the ramp-up phase. p-values represent the overall association between
each cytokine and log of the viral load. Significant p-values are highlighted in bold. Patient
symbols are consistent with those shown in Fig. 1.
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FIG. 3.

Cytokine levels at the first timepoint for symptomatic HIV* subjects were compared to those
at the last timepoint for plasma donors. Only TNF-a showed a statistically significant elevation
in symptomatic compared to asymptomatic subjects. Levels were also measured in high-risk
HIV-1 seronegative and RNA negative subjects with viral syndrome symptoms and in normal,
healthy controls. ND = not done.
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