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Studies examining the effect of coinfection with human immunodeficiency virus (HIV) and hepatitis C virus
(HCV) on the HCV-specific immune response in acute HCV infection are limited. This study directly com-
pared acute HCV-specific T-cell responses and cytokine profiles between 20 HIV/HCV-coinfected and 20
HCV-monoinfected subjects, enrolled in the Australian Trial in Acute Hepatitis C (ATAHC), using HCV
peptide enzyme-linked immunospot (ELISPOT) and multiplex in vitro cytokine production assays. HIV/
HCV coinfection had a detrimental effect on the HCV-specific cytokine production in acute HCV infection,
particularly on HCV-specific interferon γ (IFN-γ) production (magnitude P = .004; breadth P = .046), which
correlated with peripheral CD4+ T-cell counts (ρ = 0.605; P = .005) but not with detectable HIV viremia
(ρ = 0.152; P = .534).

Coinfectionwith human immunodeficiency virus (HIV)
and hepatitis C virus (HCV) has detrimental effects
on HCV disease progression, including increased
HCV RNA levels, promotion of viral persistence in
primary infection, and faster progression to cirrhosis
and hepatocellular carcinoma [1]. HIV/HCV coinfec-
tion has also been associated with a significant reduc-
tion in the response to HCV antiviral treatment [2].
Individuals with primary HCV infection who undergo
spontaneous clearance have an initial robust CD4+

helper cell response, whereas those who develop viral
persistence have a poorer response, which diminishes
overtime [3]. However, studies addressing the impact

of coinfection on the effector function of HCV-
specific T cells in acute HCV infection are limited.

A small study by van den Burg et al reported a valu-
able role for HCV-specific CD4+ T-cell responses tar-
geting HCV nonstructural (NS) proteins in reduction
of HCV RNA (n = 2) and resolution of HCV (n = 1) in
subjects with acute HIV/HCV coinfection [4]. Schnur-
iger et al demonstrated a similar finding, wherein
HCV-specific proliferative responses (particularly
against NS4) were associated with lower HCV RNA
levels and spontaneous clearance of HCV in HIV/
HCV-coinfected subjects [5]. Interestingly, IFN-γ re-
sponses were not associated with HCV clearance or
with CD4+ T-cell counts [5]. More recently Thomson
et al reported a trend for spontaneous clearance of
acute HCV infection, in HIV-positive men, associated
with higher CD4+ T-cell counts and stronger T-cell re-
sponses within the first 3 months of HCV infection [6].

Even fewer studies, have directly compared acute
HCV-specific T-cell responses between HIV/HCV co-
infection and HCV monoinfection. Danta et al dem-
onstrated a lower frequency of HCV-specific IFN-γ
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production in HIV/HCV-coinfected subjects compared with
internationally recruited HCV-monoinfected controls, al-
though there was no difference in the magnitude of IFN-γ
production between the cohorts [7].

These studies raise the question of whether the detrimental
effects of HIV/HCV coinfection on HCV clearance could be
attributed to a lack of CD4+ T-cell help, which is important in
the generation and maintenance of CD8+ T-cell responses [8],
to an altered cytokine environment, or both. Our objective was
to determine whether the magnitude and breadth of the HCV-
specific cellular immune responses in acute HCV infection is
affected by HIV/HCV coinfection by directly comparing HCV-
specific T-cell responses in subjects with acute HCV infection
with or without HIV infection, recruited simultaneously within
the Australian Trial in Acute Hepatitis C (ATAHC).

MATERIALS AND METHODS

Study Design
The ATAHC was a multicenter, prospective cohort study of
the natural history and treatment of recent HCV infection
(2004–2007 [9]). All study participants provided written in-
formed consent. Both HIV-negative and HIV-positive individ-
uals were eligible for enrollment. The study protocol was
approved by St Vincent’s Hospital, Sydney Human Research
Ethics Committee (primary study committee) and local study
sites. The study was registered with clinicaltrials.gov registry
(NCT00192569) and conducted according to the Declaration
of Helsinki and International Conference on Harmonisation
(ICH)/WHO Good Clinical Practice standards guidelines.

Virological Testing
HCV RNA assessment was performed with a qualitative
HCV-RNA assay (TMA assay, Versant; detection limit, 10 IU/
mL); if HCV RNA was detected, a quantitative assay was per-
formed (Versant HCV RNA 3.0; detection limit, 615 IU/mL).
HCV genotypin (Versant LiPa2) was performed on partici-
pants with detectable HCV RNA at screening. Interleukin 28B
genotyping was performed as described elsewhere [10].

HCV Peptides
Immunological assays were performed using peptides (18
amino acids in length, overlapping by 11 amino acids) based
on the HCV genotype 1a sequence (National Institutes of
Health [NIH] AIDS Reference and Reagent Program, Division
of AIDS, National Institute of Allergy and Infectious Diseases;
HCV 1a H77 Peptides) covering the entire HCV coding
region. Peptides were used at 1 µg/mL, grouped into 10 pools
for ELISPOT assays (core, E1, E2, p7, NS2, NS3, NS4a, NS 4b,
NS5a, NS5b) and 3 pools for multiplex in vitro cytokine
assays (core-p7, NS2–3, NS4–5) owing to restrictions in avail-
able cell number.

ELISPOT IFN-γ and Interleukin 2 Assays
ELISPOT assays were performed largely following the manu-
facturer’s protocol (Mabtech) with the exception of the
coating antibody concentration (5 µg/mL). Peripheral blood
mononuclear cells (PBMCs) were added to triplicate wells
(1 × 105/well; described elsewhere [11]), and plates were incu-
bated at 37°C and 5% carbon dioxide for 24 hours. Spot-
forming cells (SFCs) were evaluated using an automated
ELISPOT reader (AID version 3.2.3). Positive responses were
at least twice background levels with a threshold of ≥50 SFCs/
106 PBMCs, previously determined using 15 seronegative
blood donors [11].

Multiplex In Vitro Cytokine Production
Multiplex in vitro Th1 and Th2 cytokine assays (interleukin 2
[IL-2], interleukin 4, interleukin 5, interleukin 10 [IL-10], in-
terleukin 12p70, interleukin 13, IFN-γ, tumor necrosis factor
α, and granulocyte-macrophage colony-stimulating factor
[GM-CSF]) were performed largely according to the manufac-
turer’s protocol (Bio-plex Human Cytokine Assay; Bio-Rad),
described elsewhere [11]. Briefly, PBMCs were cultured in
384-well microplates (7.5 × 105/well), stimulated with HCV
peptide pools or controls. Cells were incubated at 37°C for 48
hours, before 50 µL of supernatant was assayed in a bead-
based enzyme-linked immunosorbent assay.

Statistical Analysis
Nonparametric analyses were performed using Mann-
Whitney tests and Fisher exact test or χ2 test for categorical
analyses, as appropriate. Correlations were performed with
Spearman’s statistic (Stata/IC 10.0 for Windows). A signifi-
cance level of .05 was used.

RESULTS

Study Subjects
A total of 163 participants were enrolled in ATAHC; 69%
were HCV monoinfected (113 of 163), and 31% HIV/HCV
coinfected (50 of 163) [9]. The first 20 HIV/HCV-coinfected
and HCV-monoinfected subjects enrolled with acute HCV in-
fection (≤26 weeks; HCV RNA positive at screening) were in-
cluded in this study. Immunological assays were performed on
screening samples before the initiation of HCV treatment.

The cohorts were similar in HCV clinical characteristics
and demographics, except that the HIV/HCV-coinfected
cohort had more male subjects (P = .020) and was older
(P = .026) (Tables 1–3). Despite trends toward different modes
of HCV acquisition (sexual exposure, 8 of 20 coinfected vs 2
of 20 monoinfected subjects [P = .041]; injection drug use, 8
of 20 coinfected vs 17 of 20 monoinfected subjects [P = .041]),
this difference did not reach statistical significance (P = .054).
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In the HIV/HCV-coinfected cohort, 60% were receiving
highly active antiretroviral therapy (HAART) at screening,
91% of whom had an HIV viral load (VL) of ≤50 copies/mL
(median HIV RNA level, 50 copies/mL; interquartile range
[IQR], 50-50). Of those not receiving HAART, the median
HIV VL was 18 318 copies/mL (IQR, 1576–58 325 copies/mL).
The median CD4+ T-cell count was 597 cells/mm3 (IQR,
454–818 cells/mm3); 75% of subjects had CD4+ T-cell counts
>500 cells/mm3, and none <300 cells/mm3 (Table 1). The
nadir CD4+ T-cell count was <200 cells/mm3 in 5 subjects
and 200–350 cells/mm3 in 8.

HCV-Specific IFN-γ and IL-2 ELISPOT Responses
Fewer HIV/HCV-coinfected subjects (6 of 20) had detectable
HCV-specific IFN-γ responses compared with HCV-

monoinfected subjects (12 of 20; P = .055). These responses were
significantly lower in magnitude (mean, 98 ± 116 SFCs for coin-
fected vs 205 ± 207 SFCs for monoinfected subjects; P = .042)
and breadth (median, 0 pools positive for coinfected vs 1 pool for
monoinfected subjects; P = .046) (Figure 1A and B); the magni-
tude was also lower for individual peptide pools (NS2, P = .037;
NS4b, P = .030; NS5b, P = .024).

A lower magnitude of HCV-specific IL-2 responses was also
detected in HIV/HCV-coinfected subjects (mean, 44 ± 49
SFCs for coinfected vs 74 ± 89 SFCs for monoinfected sub-
jects) (Figure 1C), with similar breadth between the 2 cohorts
(median, 0 pools positive) (Figure 1D). The specificity of the
IL-2 response was directed to E2, NS3, and NS4a/b.

The IFN-γ responses in HIV/HCV-coinfected subjects were
lower in magnitude and breadth despite the greater number of

Table 1. Demographic and Clinical Characteristics From 20 Human Immunodeficiency Virus (HIV)–Infected Subjects With Acute Hep-
atitis C Virus (HCV) at Screening

Subject
(Study ID) Age, y Sex

HCV
Genotype

Duration of
HCV

Infection, wk
HCV Clinical
Symptomsa

Mode of
HCV

Acquisition

HCV
RNA, log10

IU/mL
ALT,
IU/L

CD4+ T-Cell
Count, Cells/

mm3 HAART
During
Study

HCV
Virological
Study

OutcomecScreen Nadirb

Co1 (101) 35 Male 1a 10 Yes (3) IDU 4.98d 52 437 238 Yes Unknown

Co2 (102) 34 Male 1a 16 Yes (4) IDU 6.33 1066 630 448 No NR
Co3 (113) 42 Male 1a 6 Yes (3, 4) IDU 5.28d 630 650 189 Yes SVR

Co4 (116) 36 Male 1a 8 No Sexual 6.75d 762 342 291 Yes NR

Co5 (117) 43 Male 4e 20 No Other 3.35 29 840 555 No Persist
Co6 (119) 55 Male 3a 8 No Sexual 4.83 764 644 292 Yes SVR

Co7 (120) 38 Male 1a 9 No Sexual 3.51 41 840 281 Yes SVR

Co8 (126) 42 Male 1a 6 Yes (1, 2) IDU 6.57d 2840d 924 598 Yes SVR
Co9 (127) 23 Male 1a 25 Yes (2) Sexual 6.42 333 828 880 No NR

Co10 (626) 47 Male 3a 7 No IDU 5.91d 334 400 361 Yes SVR

Co11 (628) 49 Male 1a 12 No Sexual 3.83d 315 642 56 Yes NR
Co12 (633) 32 Male 1a 17 Yes (1) IDU 3.93 124 791 482 No SVR

Co13 (635) 36 Male 3a 25 Yes (3–5) Sexual 1.00–2.97 217 506 8 Yes Clear

Co14 (636) 39 Male 3a 17 Yes (1–3, 5) Sexual 5.75d 2936d 554 260 Yes SVR
Co15 (644) 29 Male 1a 16 No IDU 1.00–2.97 145 391 312 No SVR

Co16 (648) 46 Male 1b 15 Yes (1–3) IDU 6.03 181 565 54 No SVR

Co17 (810) 44 Male 2a/c 26 No Sexual 6.51d 112 340 203 Yes Reinfect
Co18 (2402) 45 Male 1a 15 Yes (1–5) Other 3.44d 82 1090 10 Yes Clear

Co19 (2403) 52 Male 1b 16 Yes (3) IDU 5.61 420 510 476 No SVR

Co20 (2602) 44 Male 1a 8 No IDU 5.25 560d 510 342 Yes NR

Abbreviations: ALT, alanine aminotransferase; HAART, highly active antiretroviral treatment; ID, identification number; IDU, injection drug use; NR, nonresponder;
SVR, sustained virological responder.
a Specific clinical symptoms are indicated numerically: 1, jaundice; 2, nausea; 3, abdominal pain; 4, fever; 5, hepatomegaly.
b Nadir CD4+ T-cell counts were defined as the lowest CD4+ T-cell count after HIV infection, obtained historically from the patient’s treating physician and/or
clinical notes.
c Outcomes were defined as follows: clear, untreated subject with HCV clearance; NR, treated subject with viral persistence; persist, untreated subject with viral
persistence; reinfect, subject who was reinfected; SVR, treated subject with HCV clearance who remained HCV negative; unknown, subject lost to follow-up
before a study outcome was established.
d Peak RNA and ALT levels.
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genotype 1 subjects in this cohort (70% vs 40% for subjects
with HCV monoinfection); there were no significant difference
in HCV-specific cytokine production between genotype 1 and
non–genotype 1 subjects in either cohort (P > .500) (Figure 1I
and J).

Interestingly, IFN-γ responses to non-HCV antigens were
significantly higher in the HIV/HCV-coinfected subjects
(mean cytomegalovirus, Epstein-Barr virus, and flu virus
[CEF] peptide response, 828 ± 744 SFCs) than in HCV-mono-
infected subjects (mean CEF, 77 ± 107 SFCs; P = .022)
(Figure 1H), with similar high-magnitude Th1 responses to
anti-CD3 and PHA in both cohorts (P > .150; all >1000 SFCs/
106 PBMCs). This indicated that the difference in cytokine
production between cohorts was HCV specific.

HCV-Specific Multiplex In Vitro Cytokine Production
HIV/HCV-coinfected subjects had a lower magnitude of Th1
and Th2 HCV-specific cytokine production from PBMCs than
HCV-monoinfected subjects, with mean levels of IL-10 and

GM-CSF significantly lower in coinfection (IL-10, 139 ± 110
pg/mL; GM-CSF, 25 ± 74 pg/mL) than in monoinfection (IL-
10, 532 ± 648 pg/mL, GM-CSF, 88 ± 114 pg/mL; P < .01) (Sup-
plementary Figure 1). Cytokine responses to non-HCV anti-
gens were similar in both cohorts (P > .05).

Cytokine Correlations With Clinical Parameters
There were no significant correlations between the magnitude
or breadth of cytokine production and HCV RNA level, alanine
aminotransferase (ALT) level, age, or interleukin 28B genotype
in either group (Spearman P > .05), with the exception of GM-
CSF levels, which were positively correlated with ALT levels in
HIV/HCV-coinfected subjects (ρ = 0.466; P = .038).

In the HIV/HCV-coinfected group, screening CD4+ T-cell
counts were positively correlated with HCV-specific IFN-γ re-
sponses (ELISPOT IFN-γ magnitude, ρ = 0.605 P = .005; IFN-γ
breadth, ρ = 0.613 P = .004), as were nadir CD4+ T-cell counts
(ELISPOT IFN-γ magnitude, ρ = 0.52 P = .020) (Figure 1E,
F, and H), with a similar trend for IL-2 responses (multiarray

Table 2. Demographic and Clinical Characteristics From 20 Subjects With Acute Hepatitis C Virus (HCV) Monoinfection at Screening

Subject
(Study ID) Age, y Sex Genotype

Duration of
HCV

infection, wk
HCV Clinical
Symptomsa

Risk
Factor

HCV RNA,
log10 IU/mL ALT, IU/L

HCV
Virological
Study

Outcomeb

Monoinfection

Mo1 (104) 30 Female 2a/c 12 Yes (2) Sexual 3.04 223 Persist

Mo2 (106) 25 Male 3a 7 No IDU 5.03c 1235c Clear
Mo3 (109) 34 Male 1a 14 No IDU 4.76 281c NR

Mo4 (110) 17 Male 2 9 Yes (3) IDU 4.68 468c NR

Mo5 (118) 42 Male 1a 15 Yes (3, 4) Sexual 6.05c 355c SVR
Mo6 (201) 48 Male 3a 17 No IDU 6.40 155c Persist

Mo7 (202) 43 Male 3a 18 No IDU 4.40c 45c SVR

Mo8 (205) 38 Male 1a/3a 24 No IDU 4.55 129 SVR
Mo9 (302) 47 Male 1 21 No Other 3.59c 59 SVR

Mo10 (307) 28 Female 1a/b 11 No IDU 3.46 39 Clear

Mo11 (308) 25 Male 1 14 Yes (1–3) IDU 1.00–2.97c 104c Clear
Mo12 (502) 51 Male 1b 19 Yes (1–3) IDU 5.80 353c SVR

Mo13 (604) 36 Male 3a 7 Yes (1–5) IDU 6.02c 1302c SVR

Mo14 (606) 18 Female 3a 22 Yes (2, 4) IDU 5.84 273 NR
Mo15 (610) 45 Male 1a 25 Yes (1–3) IDU 1.00–2.97c 29 SVR

Mo16 (614) 24 Female 3a 24 No IDU 4.04 139 Persist

Mo17 (639) 24 Female 3a 24 Yes (2–4) IDU 3.31 33 SVR
Mo18 (806) 23 Male 1b 17 No IDU 5.01 486c SVR

Mo19 (1101) 28 Male 3a 25 No IDU 4.89c 135c Reinfect

Mo20 (1603) 35 Female 3a 19 Yes (1, 2) IDU 3.77 174 NR

Abbreviations: ALT, alanine aminotransferase; ID, identification number; IDU, injection drug use; NR, nonresponder; SVR, sustained virological responder.
a Specific clinical symptoms are indicated numerically: 1, jaundice; 2, nausea; 3, abdominal pain; 4, fever; 5, hepatomegaly.
b Outcomes were defined as follows: clear, untreated subject with HCV clearance; NR, treated subject with viral persistence; persist, untreated subject with viral
persistence; reinfect, subject who was reinfected; SVR, treated subject with HCV clearance who remained HCV negative; unknown, subject lost to follow-up
before a study outcome was established.
c Peak RNA and ALT levels.
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Table 3. Statistical Comparison of Clinical Characteristics Between Cohorts

Clinical Characteristic HIV/HCV Coinfection (n = 20) HCV Monoinfection (n = 20) P

Sex

Male 20 (100) 14 (70) .020a

Female 0 (0) 6 (30)

Age, mean (SD), y 41 (8) 34 (10) .026a

Ethnicity
White 19 (95) 17 (85) .605

Other 1 (5) 3 (14)

Mode of HCV acquisition
IDU 10 (50) 1 (85) .054

Sexual 8 (40) 2 (10)

Other 2 (10) 1 (5)
Estimated duration of infection, wk

Median (IQR) 15 (8–17) 18 (13–23) .095

Mean (SD) 14 (6) 17 (6)
Presentation of recent HCV

Acute clinical (symptomatic) 11 (55) 10 (50) .137

Acute clinical (ALT >400 IU/mL) 7 (35) 3 (15)
Asymptomatic seroconversion 2 (10) 7 (35)

HCV RNA

Median (IQR), log10 IU/L 5.26 (3.59–6.26) 4.62 (3.49–5.61) .234
<400 000 IU/mL 11 (55) 15 (75)

>400 000 IU/mL 9 (45) 5 (25)

ALT
Median (IQR), IU/L 324 (115–729) 164 (70–354) .239

<100 IU/L 5 (24) 6 (29)

>100 IU/L 16 (76) 15 (71)
HCV genotype

1 14 (70) 8 (40) .100

2 1 (5) 2 (10)
3 4 (20) 9 (45)

4 1 (5) 0 (0)

Mixed 0 (0) 1 (5)
IL-28B genotypeb rs8099917

TT 13 (65) 10 (50) .730

GT 5 (25) 7 (35)
GG 1 (5) 0 (0)

IL-28B genotype rs12980275

AA 9 (45) 9 (45) 1.000
GA 9 (45) 8 (40)

GG 1 (5) 0 (0)

IL-28B genotype rs12989860
CC 10 (50) 7 (35) 1.000

CT 7 (35) 3 (15)

TT 1 (5) 2 (10)

Abbreviations: ALT, alanine aminotransferase; HCV, hepatitis C virus; HIV, human immunodeficiency virus; IDU, injection drug use; IL-28B, interleukin 28 B; IQR,
interquartile range; SD, standard deviation.

Unless otherwise indicated, data represent No. (%) of subjects.
a Boldface P values indicate positive P values.
b Favorable IL-28 genotypes are in boldface type. Percentages of IL-28B genotype do not add up to 100% because of untypeable subjects in each cohort.
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Figure 1. Magnitude and breadth of HCV-specific interferon γ (IFN-g) and interleukin 2 (IL-2) enzyme-linked immunospot (ELISPOT) assay responses
to 10 HCV peptide pools (core, E1, E2, p7, NS2, NS3, NS4a, NS4b, NS5a, and NS5b) from the screening time point in subjects coinfected with human
immunodeficiency virus (HIV) and HCV (n = 20) or monoinfected with HCV (n = 20). A, HIV/HCV-coinfected subjects had significantly fewer HCV-specific
IFN-γ–producing cells at screening (black squares) than HCV-monoinfected subjects (black triangles) (range, 0–350 vs 0–800 summed spot-forming cells
[SFCs]/106 peripheral blood mononuclear cells [PBMCs], respectively; Mann–Whitney test, P = .042, ). B, HIV/HCV-coinfected subjects also had a signifi-
cantly lower breadth of HCV-specific IFN-γ responses at screening than HCV-monoinfected subjects (median, 0 vs 1 pool positive, respectively;
P = .046). C, HIV/HCV-coinfected subjects had lower HCV-specific IL-2 responses at screening than HCV-monoinfected subjects (range, 0–210 vs 0–370
summed SFCs/106 PBMCs, respectively; P = 0.294). D, The breadth of IL-2 responses was similar in the 2 cohorts (median, 0 pools positive for both;
P = .383). For A–D, each square or triangle represents an individual subject’s response, and the horizontal black lines represent median responses;
*P < .05. E, Correlation of HCV-specific IFN-γ cytokine production with CD4+ T-cell counts in HIV/HCV-coinfected subjects from the ELISPOT assay at
screening. High-magnitude IFN-γ production was significantly correlated with CD4+ T-cell counts (Spearman correlation ρ = 0.61; P = .005). F, A similar
trend was seen for broad IFN-γ responses associated with higher CD4+ T-cell counts (ρ = 0.40 P = .084). G, HCV-specific IFN-γ cytokine production from
the ELISPOT assay at screening also correlated with nadir CD4+ T-cell counts in HIV/HCV-coinfected subjects (Spearman correlation for IFN-γ magni-
tude, ρ = 0.52 P = .020). H, IFN-γ responses to non-HCV antigens, gytomegalovirus, Epstein-Barr virus, and flu virus peptides were significantly higher in
coinfected subjects than in monoinfected subjects (range, 0–2000 vs 0–420 SFCs/106 PBMCs, respectively; Mann-Whitney test, P = .022, ). *P < .05 I,
Distribution of HCV genotype between cohorts. There was no significance difference in the distribution of genotypes between the cohorts (Fisher exact
test, P = .285), nor between the number of genotype 1 subjects in each cohort (Fisher exact test, P = .100). J, Although the HIV/HCV-coinfected cohort
included more genotype 1 subjects, the magnitude of IFN-γ responses was lower in this cohort. There was no significant difference in HCV-specific
cytokine production between genotype 1 and non–genotype 1 subjects in either cohort (P > .500).
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ρ = 0.400; P = .080). CD4+ T-cell counts were not correlated
with HCV RNA level, HIV VL, ALT level, or levels of non-
HCV antigens (P > .05).

HIV VL was not correlated with HCV-specific cytokine pro-
duction, nor was there any difference in magnitude or breadth
of HCV-specific cytokine production between subjects with HIV
viremia (>50 copies/mL) or HIV VL ≤50 copies/mL (P > .05).

DISCUSSION

Few studies have investigated the effect of HIV/HCV coinfec-
tion on the cytokine production and effector function of HCV-
specific T cells in acute HCV infection, and fewer studies have
been able to directly compare findings with those in subjects
with acute HCV monoinfection. The present study demonstrat-
ed that, despite similar HCV disease characteristics, HIV/HCV-
coinfected subjects had significantly lower magnitude and
breadth of HCV-specific IFN-γ production than HCV-
monoinfected subjects. The IFN-γ responses to non-HCV anti-
gens were just as high if not higher in HIV/HCV-coinfected
subjects, indicating that the reduction in IFN-γ was HCV
specific.

This decrease in HCV-specific cytokine responses in HIV/
HCV-coinfected subjects could be attributed to a reported
reduced frequency of HCV-specific CD4+ [12] and CD8+

T cells [13] in the periphery of HIV/HCV-coinfected subjects.
Interestingly, our study showed a positive correlation between
CD4+ T-cell counts and the magnitude of HCV-specific IFN-γ
production in HIV/HCV-coinfected subjects, suggesting that
HCV-specific cytokine production is related to the level of
immune deficiency.

CD4+ T cells play a vital role in viral clearance through
the direct activation of macrophages, dendritic cells, and
antigen-specific B cells and the cytokine-dependent activation
of CD8+ T cells [14]. Cytokines produced largely by CD4+

T cells, such as IL-2, are required for sustained expansion of
CD8+ T cells, and CD4+ T-cell help is required for the acti-
vation and maintenance of CD8+ T-cell responses [8]. Thus,
the reduction in CD4+ T cells in HIV/HCV coinfection may
contribute to the detrimental effects of coinfection on HCV
disease progression.

It is unclear whether a decline in the total number of CD4+

cells in HIV/HCV coinfection is associated with a reduction
in the number of HCV-specific T cells or the magnitude of
the HCV-specific cytokine response. In chronic HIV/HCV,
Harcourt et al did not find a correlation between CD4+ T-cell
count and HCV-specific IFN-γ production [12], whereas Kim
et al demonstrated peripheral CD4+ T-cell counts correlated
with the magnitude and breadth of the HCV-specific CD8+

IFN-γ+ T-cell response [15]. Another hypothesis for the

Figure 1 Continued.
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reduction in HCV-specific T cells in the periphery, which we
cannot discount, is that they may be compartmentalized in
the infected liver [15].

Our study is the first to illustrate a positive correlation
between HCV-specific IFN-γ production and CD4+ T-cell
counts in acute HIV/HCV coinfection. The majority of our
HIV/HCV-coinfected subjects had CD4+ T-cell counts within
the normal range (>500 cells/mm3). This indicates a possible
impairment in CD4+ T-cell function in acute HIV/HCV coin-
fection, wherein the loss of CD4+ T-cell help has detrimental
effects on the generation of effector and memory CD8+ T-cell
responses and the production of HCV-specific cytokines.

In conclusion, HIV/HCV-coinfected subjects showed an as-
sociation with lower magnitude and breadth of HCV-specific
T-cell responses, particularly Th1 cytokine responses. Interest-
ingly, the HCV-specific IFN-γ response correlated with CD4+

T-cell counts indicating a possible mechanism of impaired
priming and proliferation of the CD4+ T cells, potentially re-
ducing proliferation, activation and differentiation of CD8+ T
cells. This finding highlights the importance of functional
HCV-specific Th1 CD4+ and CD8+ T cells early in HIV/HCV
coinfection. An increased understanding of the cytokine envi-
ronment in acute HIV/HCV coinfection is likely to be impor-
tant when considering the timing of current treatments to
assist clearance of HCV.
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