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Combined treatment with interferon alpha (IFN-α) and ri-
bavirin (RBV) can effectively cure HCV infection in a signifi-
cant proportion of patients, but effects of this regimen on
cellular reservoirs for human immunodeficiency virus type 1
(HIV-1) are unknown. Here, we show that treatment with
IFN-α/RBV led to a moderate but significant and sustained
decline of HIV-1 DNA in CD4 T cells from HIV-1/hepatitis
C virus–coinfected patients receiving highly active antiretro-
viral therapy (n = 12). However, in vitro experiments failed
to demonstrate an effect of pharmacological doses of IFN-α
on HIV-1 reactivation. Together, these data suggest that
treatment with IFN-α/RBV can moderately reduce the reser-
voir of HIV-1–infected CD4 T cells that persists despite sup-
pressive antiretroviral therapy.
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Interferon alpha (IFN-α) is a type I interferon with potent in-
hibitory activities against a range of viral pathogens. When
used in combination with ribavirin (RBV), pharmacological
dosages of IFN-α can cure hepatitis C virus (HCV) infection
in a significant proportion of patients, although treatment is
in many cases complicated by toxicities [1]. IFN-α also exerts
active antiviral activities against human immunodeficiency
virus type 1 (HIV-1) in vitro [2], and pharmacological
administration of IFN-α can reduce HIV-1 RNA loads in oth-
erwise untreated patients by approximately 5- to 10-fold [3].
Reduction of HIV-1 replication is also observed after adminis-
tration of IFN-α receptor agonists in animal models of simian
immunodeficiency virus infection [4]. Such antiviral activities
against actively replicating HIV-1 are likely related to the IFN-
mediated upregulation of a group of host genes that can restrict
individual viral replication steps in viral target cells [5].

Effects of IFN-α against HIV-1–infected cells in patients re-
ceiving suppressive antiretroviral combination therapy remain
less well defined. In such patients, the majority of HIV-1–
positive cells are latently infected, and do not actively transcribe
HIV-1 genes, although they can harbor replication-competent
virus in a transcriptionally silent form that contributes to viral
rebound after treatment discontinuation [6]. Treatment mo-
dalities that can specifically target such latently infected CD4
T cells are of critical interest for inducing a drug-free remission
of HIV-1 infection in a larger number of HIV-1 patients. In a
recent clinical trial, a reduction of integrated HIV-1 DNA in
CD4 T cells was noted in a group of patients after receiving
treatment with IFN-α [7], raising the possibility that IFN-α
may, at least in specific patients, reduce the quantity of latently
infected CD4 T cells. Here, we analyzed changes of the HIV-1
CD4 T-cell reservoir in a cohort of HIV/HCV-coinfected pa-
tients receiving highly active antiretroviral therapy (HAART)
and undergoing HCV treatment with IFN-α and RBV.

METHODS

Patients
Peripheral blood mononuclear cell (PBMC) samples were ob-
tained from HIV/HCV-coinfected patients who received sup-
pressive HAART and HCV treatment with IFN-α (180 μg/
week of pegylated IFN-α 2a [Roche]) and RBV (600 mg twice
daily for ≥75 kg body weight, 500 mg twice daily for ≥75 kg
body weight) at the Virgen del Rocio Hospital, Sevilla, Spain.
All patients had undetectable HIV-1 RNA in commercial poly-
merase chain reaction (PCR) assays for the entire time during
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which samples were collected for this analysis. Clinical and
demographical characteristics of the HIV/HCV-coinfected
study patients are summarized in Table 1. For viral reactivation
assays, PBMCs were collected from HAART-treated HIV-1–
infected persons at Massachusetts General Hospital; these indi-
viduals had suppressed viremia (<50 copies/mL) for a minimum
of 1 year. All patients gave written consent to donate samples for
research purposes. The study was approved by the local institu-
tional review boards in Sevilla and Boston, and conducted in
agreement with the Declaration of Helsinki.

Assessment of the Interleukin 28B Polymorphism
The interleukin 28B (IL-28B) polymorphism (rs12979860) was
analyzed according to standard protocols in commercial labo-
ratories.

Isolation of CD4 T Cells
CD4+ T cells were isolated by immunomagnetic enrichment
from 10 million PBMCs using an autoMACS Pro Separator
(Miltenyi) according to the manufacturer’s instructions. The
purity of the CD4+ T cells was >95% as assessed by flow cytom-
etry (data not shown).

Analysis of HIV-1 DNA
Isolated CD4 T cells were digested to extract cell lysates. We
amplified total HIV-1 DNA with primers and probes previously
described [8]. Integrated HIV-1 DNA was detected using nested
PCR with Alu-1/Alu-2 primers and HIV-1 LTR primer L-M667
for the first-round PCR, and LTR primer AA55M, Lambda T
primers, and MH603 probe for the second-round quantitative
PCR, as described previously [9]. Serial dilutions of HIV-1
DNA from cell lysates of the HIV-1–infected cell line 293 T
(provided by F. Bushman, University of Pennsylvania, Philadel-
phia) were used for reference purposes.

HIV-1 Reactivation Assays
PBMCs from HIV-1 patients on suppressive antiretroviral
therapy were seeded at a density of 1 × 106 cells/mL and incu-
bated with IFN-α (1000 units/mL), RBV (1 μg/mL), or panobi-
nostat (0.1 μM). Raltegravir (0.5 μM) and zidovudine (1 μM)
were added to the media to prevent further rounds of infection.
RNA from isolated CD4 T cells was harvested after 48 hours
and analyzed for induction of cell-associated HIV-1 RNA. For
this purpose, RNA was extracted (mirVana RNA isolation kit,
Life Technologies) and reverse transcribed according to stan-
dard protocols.HIV-1 complementaryDNAwas amplified using
TaqMan-based quantitative PCR as previously described [10];
transcripts encoding β-actin were used as reference genes, and
the final data were plotted as fold change compared to unstimu-
lated controls. Simultaneously, transcripts encoding for IRF-7
were amplified using commercial gene expression assays (TaqMan,
Life Technologies). To analyze cell-associated HIV-1 DNA, total

cellular DNA was harvested after 5 days of culture, and analyzed
for total and integrated HIV-1 DNA as described above.

Statistical Analysis
Differences were tested for statistical significance with paired
Wilcoxin signed rank test. Correlations were analyzed using
Spearman correlation coefficient.

RESULTS

To investigate effects of IFN-α/RBV treatment on the HIV-1
reservoir in CD4 T cells, we retrospectively analyzed total and
integrated cell-associated HIV-1 DNA in 12 HIV/HCV-coinfected
patients receiving therapy for HCV infection while being treated
with suppressive antiretroviral combination therapy. Patients’
clinical and demographic characteristics are summarized
in Table 1. Changes in HIV-1 DNA in isolated CD4 T cells
were analyzed in a time interval immediately preceding IFN-α/
RBV treatment (median of 51 weeks [range, 26–71 weeks]),
during the time of IFN-α/RBV exposure (median duration of
36.5 weeks [range, 9–82 weeks]), and during a time period after
completion of HCV treatment (median duration of 35.5 weeks
[range, 21–84 weeks]) (Figure 1A). Whereas HIV-1 DNA levels
remained essentially stable during the time preceding IFN-α/
RBV therapy (Figure 1B), there was a statistically significant,
approximately 2-fold decrease of cell-associated total and inte-
grated HIV-1 DNA in CD4 T cells during IFN-α/RBV therapy
(Figure 1C and 1E). This decrease in the viral CD4 T-cell reser-
voir persisted after discontinuation of IFN-α/RBV therapy, but
no further reduction of viral CD4 T-cell–associated DNA was
noticed when IFN-α/RBV treatment was stopped (Figure 1D
and 1E). The ratio between total and integrated HIV-1 DNA,
possibly indicative of ongoing HIV-1 replication [11], remained
unaffected by HCV treatment with IFN-α/RBV (data not
shown). Decreases of HIV-1 DNA during treatment with IFN-
α/RBV were highly variable among the analyzed study subjects,
but the degree of viral DNA reduction during IFN-α/RBV
treatment was not correlated to the duration of HCV treatment,
to the duration of prior therapy with antiretroviral agents, to
HCV treatment responses, or to IL-28B polymorphisms. We
observed a trend for an inverse relation between the reduction
of HIV-1 DNA in CD4 T cells and corresponding declines of
absolute CD4 T cells during treatment with IFN-α/RBV, indi-
cating that more pronounced decreases of HIV-1 DNA preferen-
tially occurred in patients who did not develop substantial
treatment-associated lymphopenia (Figure 1F); however, our
retrospective cohort study was too small to more definitively de-
termine factors associated with or predictive of the effects of
IFN-α/RBV on the HIV-1 reservoir in HAART-treated patients.
Together, these findings suggest that pharmacological adminis-
tration of IFN-α/RBV for HCV therapy can cause a moderate
but significant decrease of HIV-1 DNA in CD4 T cells from
HIV/HCV-coinfected patients.

1316 • JID 2014:209 (1 May) • BRIEF REPORT



Table 1. Clinical and Demographic Characteristics of HIV/Hepatitis C Virus–Coinfected Study Patients

Patient
Age,
y Sex Ethnicity

HCV
Treatment

Duration, wk

HCV
Treatment
Response

HCV Load

IL-28B
HCV

Genotype

CD4 Count, per µL

HAART
Regimen

Interval Duration, wk

Onset of
IFN-α/RBV

End of
IFN-α
/RBV

Onset of
IFN-α
/RBV

End of
IFN- α/
RBV

Before HCV
Treatment

After HCV
Treatment

1 48 Female White 52 NRa 1 573 549 515 941 CT 1A 466 189 FTC, TDF, NVP 52 21

2 41 Female White 62 SVRb 6 082 084 NDc CT 1B 336 327 DRV/r 76 32

3 54 Male White 67 NR 12 549 350 280 CC 1B 982 673 3TC, ABC, NVP 62 35
4 44 Male White 48 SVR 5 166 727 ND CT 1A 456 404 ETV, FTC, TDF 45 46

5 67 Male White 9 NR 23 500 000 9000 CT 1B 656 174 LPV/r, NVP 34 41

6 38 Male White 25 NR 4 910 000 3000 CT 1B 653 295 3TC, d4 T, EFV 29 36
7 50 Male White 25 SVR 181 886 ND CC 3A 519 477 3TC, ABC, NVP 66 24

8 42 Male White 13 NR 4 988 745 600 102 CT 1A 447 422 FTC, TDF, LPV/r 71 84

9 41 Male White 16 NR 24 612 29 570 CT 4 334 255 DRV/r, MRV, RAL 65 28
10 46 Male White 82 SVR 19 770 008 ND CC 1A 481 228 3TC, ABC, RAL 26 67

11 43 Female White 24 NR 885 381 NDc CC 3A 659 433 ABC, D4T, NVP 28 44

12 47 Male White 49 SVR 96 000 ND CC 1A 506 507 D4T, EFV, NVP 51 27

Abbreviations: 3TC, lamivudine; ABC, abacavir; d4T, stavudine; DRV/r, darunavir/ritonavir; EFV, efavirenz; ETV, etravirine; FTC, emtricitabine; HAART, highly active antiretroviral therapy; HCV, hepatitis C virus; IFN,
interferon; IL-28B, interleukin 28B; LPV/r, lopinavir/ritonavir; MRV, maraviroc; NVP, nevirapine; RAL, raltegravir; RBV, ribavirin; TDF, tenofovir.
a NR: no-response, detectable HCV load 24 weeks after the end of HCV therapy.
b SVR: sustained virological response, undetectable HCV load 24 weeks after the end of HCV therapy.
c ND: Not detected using commercial polymerase chain reaction assays.
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To explore mechanisms underlying the reduction of HIV-1
DNA during HCV treatment, we used in vitro experiments to
test whether pharmacological doses of IFN-α can effectively
reactivate HIV-1 replication in CD4 T cells. For this purpose,
we analyzed HIV-1 RNA transcription in CD4 T cells from
HAART-treated patients after ex vivo exposure to IFN-α, IFN-

α/RBV, or the potent histone deacetylase inhibitor panobinostat.
We observed that exogenous IFN-α upregulated the interferon-
stimulated gene IRF7, which is indicative of cellular responsive-
ness to IFN-α, but failed to reactivate HIV-1 gene expression
under conditions in which the histone deacetylase inhibitor
panobinostat was effective in increasing HIV-1 gene expression

Figure 1. Reduction of CD4 T-cell–associated human immunodeficiency virus type 1 (HIV-1) DNA during interferon alpha (IFN-α)/ribavirin (RBV) treat-
ment in HIV-1/hepatitis C virus (HCV)–coinfected patients. A, Time intervals during which changes in HIV-1 DNA were evaluated in HIV-1/HCV-coinfected
patients. B–D, Changes in total (left panels) and integrated (right panels) HIV-1 DNA in CD4 T cells from HIV-1/HCV-coinfected study patients during time
intervals I (B), II (C), and III (D). Amplification of integrated HIV-1 DNA was unsuccessful in 2 study subjects. Patient 1: ; Patient 2: ; Patient 3: ; Patient
4: ; Patient 5: ; Patient 6: ; Patient 7: ; Patient 8: ; Patient 9: ; Patient 10: ; Patient 11: ; Patient 12: . E, Fold change of HIV-1 DNA in indicated
time intervals. Data reflect median and range. F, Inverse association between maximum CD4 T-cell changes during HCV therapy and corresponding abso-
lute and relative changes in CD4 T-cell–associated integrated HIV-1 DNA. Spearman correlation coefficients are shown. G, Analysis of HIV-1 RNA and
total or integrated HIV-1 DNA in primary CD4 T cells from highly active antiretroviral therapy–treated patients after in vitro exposure to IFN-α, IFN-α + RBV,
or panobinostat. �P = .06 in comparison to untreated control. H, IRF7 mRNA expression in CD4 T cells after in vitro exposure to IFN-α, RBV or IFN-α + RBV.
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(Figure 1G and 1H). We also failed to notice an effect of IFN-α
or IFN-α/RBV on HIV-1 DNA levels during in vitro culture of
CD4 T cells from HAART-treated patients (Figure 1G). To-
gether, these findings suggest that the reduction of HIV-1 DNA
during pharmacological treatment with IFN-α/RBV is not due
to direct effects of IFN-α or IFN-α/RBV on HIV-1 gene tran-
scription or viral reactivation from latency.

DISCUSSION

To our knowledge, this work represents the first analysis of
changes in CD4 T-cell–associated HIV-1 DNA in HAART-
treated patients undergoing therapy with IFN-α and RBV. Our
data indicate that during combined treatment with IFN-α and
RBV, CD4 T-cell–associated total and integrated HIV-1 DNA
in HAART-treated patients can decline by approximately 2-
fold. Notably, these changes occurred selectively during HCV
treatment, and not during time periods immediately before or
after treatment with IFN-α and RBV, indicating that the ob-
served effects are associated with HCV treatment and do not
reflect a general decline of HIV-1 DNA that typically occurs
during early stages of suppressive antiretroviral therapy. More-
over, the modest decline of HIV-1 DNA during IFN-α/RBV
treatment in our relatively small study cohort is unlikely to
contribute to HIV-1 eradication in a clinically significant way.
In fact, recent estimates suggest that reduction of CD4 T-cell–
associated HIV-1 DNA by 100- to 1000-fold will likely be nec-
essary to approach viral eradication and induce an increased
ability to maintain a drug-free remission of HIV-1 infection
after discontinuation of HAART [12]. Due to limited sample
availabilities, we were unable to evaluate the frequency of cells
harboring replication-competent virus before and after HCV
therapy; however, total and integrated HIV-1 DNA in CD4 T
cells are acceptable biomarkers for the HIV-1 reservoir size in
clinical studies [13].

The mechanism of IFN-α–induced reduction of HIV-1
DNA in CD4 T cells from HAART-treated patients remains
uncertain. Notably, it is well recognized that IFN-α treatment is
associated with decreasing CD4 T-cell counts, raising the pos-
sibility that reductions of HIV-1 DNA during IFN-α/RBV
therapy may simply result from unspecific lymphocellular tox-
icity of this treatment regimen. However, our findings seem to
imply that during IFN-α/RBV treatment, HIV-1–positive CD4
T cells decline more substantially than HIV-1–negative CD4
T cells, consistent with some degree of selective pharmacological
activity against HIV-1–infected cells. In addition, reductions of
HIV-1 DNA in CD4 T cells were most pronounced in patients
with limited treatment-associated lymphopenia, suggesting that
effective reduction of HIV-1–infected cells during IFN-α/RBV
therapy may depend on preserved immune function of antiviral
effector cells. An IFN-α–dependent reactivation of HIV-1 gene
expression that would subsequently translate into selective

death of cells in which reactivation occurred is a less likely sce-
nario, given that we failed to observe any effect of IFN-α or
IFN-α/RBV on HIV-1 RNA reactivation in in vitro assays.
However, it is possible that IFN-α–mediated changes in CD4
T-cell immune activation or gene expression may have contrib-
uted to the observed findings. For instance, IFN-α is known to
upregulate intracellular sensors of microbial RNA such as RIG-
I, which can recognize HIV-1 RNA [14], and induce apoptosis
in cells upon binding to target viral RNA [15]. Therefore, treat-
ment with IFN-α may increase death rates in cells in which
HIV-1 reactivation occurs naturally. Further investigation of
the mechanisms underlying the reduction in HIV-1 DNA
during IFN-α/RBV therapy may be helpful for designing im-
proved clinical strategies to target HIV-1 reservoirs that persist
despite HAART.
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