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Summary

Interferon (IFN)-a induced CD4+ T lymphopenia is a toxic effect of the
treatment of chronic hepatitis C virus (HCV) in human immunodeficiency
virus (HIV)-co-infected patients. To increase the knowledge about this sec-
ondary effect, we performed an analysis of the evolution of the T cell receptor
excision circles (TRECs), CD4+ and CD8+ T cells and of their CD45RO+ and
CD45RA+ subpopulations during the treatment of chronic hepatitis HCV
with peginterferon alpha (pegIFN-a) + ribavirin. Twenty HCV/HIV-co-
infected patients, with undetectable HIV load after highly active antiretroviral
therapy (HAART), were treated with pegIFN-a + ribavirin. TRECs were
determined using real-time polymerase chain reaction. CD4+ and CD8+ T cells
and their CD45RO+ and CD45RA+ subpopulations were analysed by two-
colour flow cytometry. Median baseline CD4+ and CD8+ T cells were 592 mm3

and 874 mm3, respectively. Median baseline CD45RO+ subpopulation was
48% for CD4+ T and 57% for CD8+ T lymphocytes. A progressive decrease in
both T cell populations, as well as of their CD45RO+ and CD45RA+ subpopu-
lations, was detected, with a difference between the baseline and nadir levels
approaching 50%. The evolution of T cell populations and TRECs was inde-
pendent of the response to the treatment. T lymphocytes and their subpopu-
lations returned to baseline levels at 24 weeks after the end of treatment, with
the exception of the T CD4+ CD45RA+ subpopulation. The ratio of CD4+

CD45RO+/CD4+ CD45RA+ increased from 0·89 (baseline) to 1·44 (24 weeks
after the end of the therapy). TRECs/ml did not return to the basal values. In
conclusion, a significant reduction of CD4+ and CD8+ T cells, and of their
CD45RA+ and CD45RO+ subpopulations, in HIV/HCV co-infected patients
treated with pegIFN-a was observed. Both subpopulations increased after the
suppression of treatment, but the CD4+ CD45RA subpopulation did not reach
the basal levels as a consequence, at least in part, of a decrease in thymic
production.
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Introduction

The combination of interferon (IFN)-a and ribavirin is the
accepted treatment for chronic hepatitis C. IFN-a-induced
CD4+ T lymphopenia is a toxic effect which is presumed to
be involved in the appearance of opportunistic infections
in patients with immunodeficiency [1,2]. This secondary
effect imposes a risk in the treatment of chronic hepatitis C
virus (HCV) in human immunodeficiency virus (HIV)-co-
infected patients [3–6]. Hypothetical mechanisms of action

include an inhibiting effect on different haematopoietic
growth factors [7–9] that could affect lymphoid differen-
tiation at an early stage [10], as well as changes in the cel-
lular distribution induced by IFN [5]. Ribavirin modulates
the cytokine-mediated lymphocyte response [11,12] and
produces mutations in RNA virus [13], but lymphopenia is
not an adverse effect attributed to this drug. However, a
profound analysis of the cellular modifications induced
by this combination (IFN-a + ribavirin) has not been
performed.
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In 1998, Douek et al. provided evidence for the existence
of a functional thymus in adults and suggested a reduced
thymic output in HIV infection [14]. Later, Nobile et al. [15]
and Franco et al. [16] demonstrate that de novo CD4 T cell
generation is preserved for a long time during the course of
HIV infection and it is even increased in young HIV-1-
infected patients during early-stage disease. At more
advanced stages of disease and in older patients, no such
increased T cell production could be observed. The determi-
nation of thymic output by quantification of T cell receptor
excision circles (TRECs) has been described recently. TRECs
are by-products of T cell receptor (TCR) gene rearrange-
ments, generated during lymphocyte maturation in the
thymus [14,17]. They are stable, not duplicated during
mitosis, and diluted rapidly in proliferating T cell
subpopulations. It has been shown that TREC levels are
increased after highly active antiretroviral therapy (HAART)
in adult patients [14,17], suggesting a renewed thymic
function.

The CD45RA and CD45RO isoforms have been consid-
ered to be markers of different stages of lymphocyte differ-
entiation [18,19]. CD45RA is detected on the cell membrane
after thymic differentiation and prior to confrontation with
the antigen (naive cells). After antigenic contact, usually in
the lymphatic nodes, CD45RA+ expression is lost and
CD45RO is detected on the membrane of T cells (memory
cells) [20,21]. Thus, in HIV/HCV co-infected patients, the
serial analysis of the TRECs and CD45 isoforms after treat-
ment with IFN-a and ribavirin could differentiate the modi-
fications of T cells as attributable to a decrease in the thymic
production or an effect of peripheral redistribution.

To gain further insight into the pathogenesis of decrease
and recuperation of CD4+ cell counts and the effect of anti-
HCV therapy in HIV-infected patients, with undetectable
HIV load after HAART, we designed a prospective study in
which we analysed: (1) the dynamic of naive and memory
CD4+ and CD8+ T cells by flow cytometric analysis; and (2)
the output of CD4+ and CD8+ from the thymus by TREC
analysis.

Patients and methods

Patients

We carried out a prospective study of 20 HIV/HCV
co-infected patients in the Hospital Universitario Puerta del
Mar (Cadiz, Spain). Patients were selected from those indi-
viduals attending the infectious disease unit. The inclusion
criteria were those used for standard treatment of chronic
HCV infection [22,23]: (1) HCV co-infection, defined as a
positive serology result by a second- or third-generation
enzyme-linked immunosorbent assay and the detection of
HCV-RNA; (2) a maintained increase of serum aminotrans-
ferase levels for at least 6 months was required; and (3)
finally, all had undergone an interpretable liver biopsy in the

last 6 months. A minimum fibrosis score � 1, according to
the histological index proposed by Knodell and modified by
Scheuer and Desmet [24], was the indication for therapy.

Exclusion criteria were the following: (1) clinical or bio-
chemical criteria of decompensated cirrhosis; (2) positivity
of hepatitis B surface antigen; (3) other infectious, auto-
immune, tumoral, biliary or vascular-associated liver
disease; and (4) active alcohol or drug dependence – for the
purpose of this work, alcoholism was defined as an enolic
ingestion greater than 50 g alcohol/day for at least 5 years; (5)
a Karnofsky index � 80; (6) absolute counts of neutrophils
of � 1500 cells/ml, platelets of � 90 000 cells/ml or haemo-
globin concentration of � 11·0 g/dl; (7) poorly controlled
psychiatric disease; (8) substantial co-existing medical con-
ditions; (9) inability to use contraceptive measures, for any
reason; and (10) previous IFN or ribavirin therapy.

It was assumed that the date of HIV and HCV infection
was the date of the first transfusion or of the first intravenous
drug use [25]. In four patients the date of acquisition
of the infection could not be determined reliably
(sex transmission).

All patients had been receiving HAART for at least the last
4 years and all of them had attained an HIV viral load in the
undetectable (� 50 copies/ml) range. CD4+ T cell count was
higher than 250 ml and no active opportunistic disease was
present. Indications for HAART were based on individual
clinical, immunological and virological status according to
the periodic Recommendations of the International AIDS
Society [26,27]. All patients reported therapy compliance of
95% or higher.

The study protocol was approved by the Institutional
Ethical Committee and all patients and controls gave their
informed consent.

Study design

Patients were selected to receive treatment with pegylated
IFN (pegIFN)-2a (Pegasys, Hoffman-La Roche, Nutley, NJ,
USA) at a dose of 180 mg, subcutaneously each week. Daily
dose of ribavirin was 800 mg. Treatment was continued for
48 weeks.

All patients were followed-up in a similar way, with a visit
for selection during the 35 days prior to the start of the
treatment. Once the patient had been selected, clinical and
analytical evaluations were performed at weeks 0, 4, 12, 24,
48 and 72. At each evaluation, anamnesis and physical
examination, complete blood counts, routine liver and renal
tests, determinations of HIV-RNA and HCV-RNA load and
CD3+, CD4+ and CD8+ T cells and CD45RO+ and CD45RA+

subpopulations were performed. At those evolution points,
peripheral blood mononuclear cells (PBMC) were isolated
and kept frozen in liquid nitrogen until further analysis of
TRECs.

Side effects and toxicity of therapy were classified accord-
ing to usual standards [23,28]. Colony-stimulating factors
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were not administered. Cotrimoxazole prophylaxis was
applied in those patients with less than 200 CD4+ T cell/ml
during the follow-up.

The criteria for interruption of the study were: (1) appear-
ance of opportunistic infections; (2) concurrent disease that
required the use of immunosuppressive therapy; (3) viro-
logical failure in the control of HIV infection; and (4) deci-
sion of the patient to not continue the treatment.

Routine laboratory determinations

Haemogram, routine biochemistry, coagulation tests and
elemental study of urine were performed by automated tests.
Sera reactivity for anti-HIV was performed by enzyme
immunoassay (EIA) (Abbott Laboratories, North Chicago,
IL, USA) and confirmed by Western blot (Pasteur Institute,
Paris, France). Plasma HIV viral load was quantified by
reverse transcription–polymerase chain reaction (RT–PCR)
(Monitor HIV, Roche Diagnostics, Basel, Switzerland). Anti-
HCV antibodies, as detected by both a second-generation
EIA (EIA-2) (Ortho Diagnostic System, Raritan, NJ, USA)
and a second-generation recombinant immunoblot assay
(RIBA-2) (Ortho Diagnostic System, Raritan, NJ, USA), were
present in every patient. Plasma samples were tested for
HCV RNA by RT–PCR (Monitor HCV, Roche Diagnostics,
Basel, Switzerland).

Flow cytometry

Lymphocyte populations and subpopulations were analysed
in complete blood samples containing ethylenediamine tet-
raacetic acid (EDTA). Previous studies have shown clearly
that CD45RA defines at least 95% of naive CD4 T cells.
Therefore, CD45RA is considered a valid marker of naive T
cells [29,30]. The analysis was performed by two-colour flow
cytofluorometry (FACScan, Becton Dickinson Co, San Jose,
CA, USA) using specific monoclonal antibodies against the
following antigens: CD3+, CD4+, CD8+, CD45RA+ and
CD45RO+ (Becton Dickinson Co, San Jose, CA, USA).

Quantification of TREC levels

TRECs were determined using RT–PCR using a LightCycler
(Roche Molecular Biochemicals, Mannheim, Germany) for
quantification of both the characteristic signal-joint
sequences harboured by TRECS and genomic porphobilino-
gen gene sequences (to normalize by DNA content) [15,31].
DNA was extracted from PBMC with the high pure PCR
template preparation kit (Roche Diagnostics, Mannheim,
Germany). RT–PCR was performed according to the manu-
facturer’s instructions. Extracted DNA (50 ng) was amplified
in a total volume of 20 ml, by using the Fast Start DNA
Master Plus HybProbe (Roche Diagnostics, Mannheim,
Germany) [16]. After an initial denaturation step at 95°C
for 10 min, amplification was performed by 45 cycles of

denaturation (95°C for 0 s), annealing (63°C for 40 s) and
extension (72°C for 40 s). A standard curve was made with
serial dilutions of a plasmid that included a 376-base pairs
(bp) fragment of the TREC sequence, provided by Dr Lissen
(University of Seville, Spain).

All follow-up samples from each individual were mea-
sured simultaneously in duplicate PCR reactions. All
samples available were PCR positive for TRECs, with a dis-
tribution of between 100 and 12 000 TRECs/106 PBMCs.

In addition to TRECss/106 PBMCs, the absolute counts of
TRECs/ml were derived from each sample. Because all the
TRECs in PBMCs are included inside the CD3+ subpopula-
tion [17], the TRECs/106 PBMC proportion was corrected by
the percentage of CD3+ cells found by flow cytometry in the
PBMCs, yielding the number of TRECs/106 CD3+ cells. This
proportion was then multiplied by absolute CD3+ cell counts
obtained by flow cytometry.

Statistical analysis

Quantitative variables are presented as mean � standard
deviation (s.d.) if they follow a normal distribution, accord-
ing to the Shapiro–Wilk test or, in the remaining cases, as
median and interquartile range (Q1–Q3). Qualitative vari-
ables are presented as absolute number and percentage. The
data from two independent groups were compared with the
Mann–Whitney U-test. The significance of the parameters
within each group was tested by the Wilcoxon matched-pairs
signed rank test. For qualitative variables, ¥2 with Yates’s
correction or Fisher’s exact test was used. Correlations were
assessed by Spearman’s rank method. A P-value lower than
0·05 was considered significant. Statistical analysis was per-
formed using the spss version 11·5 program (SPSS Inc.,
Chicago, IL, USA).

Results

Baseline characteristics of the patients

Twenty patients [median (Q1–Q3) age, 34 (33–39) years,
male sex: 15 individuals (75%), drug use as the risk factor for
HIV-1 infection: 15 patients (75%)] were included. Patients
had a median duration of HIV-1 infection of 16 years
(Q1–Q3 [14–19]) and had been receiving effective (as evi-
denced by the negativization of HIV-1 load) HAART at least
during the last 4 years (median (Q1–Q3) of HAART treat-
ment, 6 years, 5–8 years). Twelve (60%) patients were receiv-
ing zidovudine, lamivudine and lopinavir and eight (40%)
zidovudine, lamivudine and nelfinavir.

Before beginning HAART, the median HIV-1 load was
5·07 log10 copies/ml (4·32–5·41) and the median CD4+ T cell
count was 203 (60–388), with 50% of the individuals
(10 subjects) presenting with a count lower than 200 CD4+ T
cells/ml. At the beginning of the study, all patients presented
undetectable HIV load (lower than 50 copies/ml).
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At entry into the study, median CD3+, CD4+ and CD8+ T
cells were 1666 ml (Q1–Q3, 1182–2101), 592 ml (394–839)
and 874 ml (638–1522), respectively. Median baseline
memory subpopulations (CD45RO+) were 48% for CD4+ T
and 57% for CD8+ T lymphocytes. TRECs/106 CD3+ lym-
phocytes and TRECs/ml were 3841 (2057–6171) and 6050
(2909–13834), respectively.

At baseline, the thymic function-related markers were not
interrelated. Thus, the correlation between TRECs/106 CD3+

lymphocytes and both naive CD4+ (r = –0·126, P = 0·631)
and naive CD8+ (r = 0·190, P = 0·465) T cell counts was not
statistically significant.

With respect to chronic HCV infection, median HCV
RNA levels were 2·06 (0·43–10·0) ¥ 106 copies/ml; 55% of
the patients (11 cases) presented infection by HCV genotype
1. Median fibrosis detected at the liver biopsy was 2 (1–3).

Patients’ response to pegIFN and ribavirin

A maintained viral response (negativization of HCV-RNA 6
months after finishing the therapy) was detected in nine
patients (45%).

No significant change was detected in the values of
TRECs/106 CD3+ cells during treatment. By contrast, when
the absolute number of TRECs was considered (TRECs/ml)
there was a significant decrease in TRECs/ml for the overall
population after starting pegIFN + ribavirin. This thymic

function-related marker was already significantly decreased
versus baseline within 4 weeks (Wilcoxon’s signed rank test,
P = 0·031) and was maintained during the treatment
(Fig. 1).

A progressive decrease in both T cell populations, as well
as of CD45RO+ and CD45RA+ subpopulations, was detected,
with a difference between the baseline and nadir levels
approaching 50% in all populations and subpopulations
analysed (Table 1, Fig. 2). However, CD4+/CD8+, CD4+

CD45RA+/CD8+ CD45RA+ and CD4+ CD45RO+/CD8+

CD45RO+ ratios did not show significant changes during the
entire follow-up. The lowest CD4+ lymphocyte count was
attained at the 12th week, with a decrease of 41% with
respect to baseline count.

Analysis of these simultaneous decreases showed a direct
relationship between early changes in naive T cells and
TRECs/ml count. The change at week 12 (versus baseline) in
TRECs/ml counts was correlated significantly with changes in
naive CD4+ T cell (r = 0·565, P = 0012), naive CD8+ T cell
(r = 0·454, P = 0049) and the combined CD4+ + CD8+ naive
T cell counts (r = 0·508, P = 0026) counts. No more signifi-
cant correlation was present at 24, 36 or 48 weeks between
changes in TRECs/ml and naive T cells.

The evolution of TRECs and of T cell populations and
subpopulations was independent of the response to the
treatment. Every patient showed a decrease of all lymphocyte
populations and subpopulations. The decline was observed
in all populations and subpopulations of T cells. Nine
patients (45%) attained a CD4+ T cell count lower than
200 ml during the treatment period, and in these, prophylaxis
with cotrimoxazole was initiated.

Patients were classified into two groups with according to
whether or not their CD4+ T cells decreased under 200 CD4+

T cells/ml. Both groups presented several differential charac-
teristics: (1) patients who attained less than 200 CD4+ T
cells/ml presented a nadir value (previous to HAART) of
CD4+ T cells lower than 200 CD4+ T cells/ml with a higher
frequency than those who maintained their CD4+ T cell
count above that value; (2) patients who reached less than
200 CD4+ T cells/ml presented T cell counts lower than
500/ml at baseline; and (3) these patients also showed a lower
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Fig. 1. Evolution of the T cell receptor excision circles (TRECs)/ml

(a) and TRECs/106 CD3+ lymphocytes (b) during treatment with

interferon (IFN)-a and ribavirin of HIV/HVC co-infected patients.

Data are presented as median (interquartile range) values.

Table 1. Decrease of lymphocyte populations and subpopulations in

HIV/HVC treated with peginterferon + ribavirin.

Nadir/basal ratio (%)

(median, Q1–Q3)

TRECs/106 CD3 + cells 90 (59–179)

TRECS/ml 68 (32–86)

CD4+ T lymphocytes (cells/ml) 41 (39–49)

CD4+ CD45RO T lymphocytes (cells/ml) 44 (33–48)

CD4+ CD45RA T lymphocytes (cells/ml) 46 (30–52)

CD8+ T lymphocytes (cells/ml) 42 (35–55)

CD8+ CD45RO T lymphocytes (cells/ml) 48 (30–73)

CD8+ CD45RA T lymphocytes (cells/ml) 42 (34–58)

TRECs: T cell receptor excision circles.
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baseline (at entry into the study, prior to the beginning of
pegIFN + ribavirin) percentage of CD4+ CD45RA+ (Table 2).
The difference between groups of CD4+ T cell response did
not seem to be linked to various potential factors, such as
Centers for Disease Control (CDC) stage of the disease,
HAART regimen or HAART duration (data not shown).

Modifications in thymic function-related markers and
in lymphocyte subpopulations after finishing the
treatment with IFN + ribavirin

Twenty-four weeks after finishing the treatment, patients
were reassessed. At this visit, TRECs/106 CD3+ cells were

reduced significantly with reference to values at the end of
therapy (P = 0·036). Absolute TRECs/ml had not reached the
basal values (TRECs/ml at baseline versus TRECs/ml mea-
sured 24 weeks after finishing the treatment, P = 0045)
(Fig. 1). However, lymphocyte populations and subpopula-
tions attained the baseline levels, with the exception of the
CD4+ and CD4+ CD45RA+ T lymphocyte subpopulation
(Fig. 2). Two patients persisted with a CD4+ T cell count of
less than 200 ml.

Median baseline memory CD4+ CD45RO+ had been 48%.
Twenty-four weeks after finishing the treatment, this per-
centage had increased to 59%. Thus, the ratio of CD4+

CD45RO+/CD4+ CD45RA+ increased from 0·89 to 1·44.

Fig. 2. Evolution of CD4+ and CD8+ T cell

count during treatment with interferon (IFN)-a
and ribavirin of HIV/HVC co-infected patients:

(a) CD4+, overall; (b) CD4+ CD45RA+

subpopulation; (c) CD4+ CD45RO+

subpopulation; (d) CD8+, overall; (e) CD8+

CD45RA+ subpopulation; (f) CD8+ CD45RO+

subpopulation. Data are presented as median

(interquartile range) values.
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Table 2. Differential characteristics of HIV-HCV co-infected patients in function of the lymphocyte response to peginterferon (pegIFN) + ribavirin.

Patients whose CD4+

T lymphocyte count

decreased to less

than 200 cells/ml (n = 9)

Patients whose CD4+

T lymphocyte count

did not decrease to less

than 200 cells/ml (n = 11) P

Age (years) 34 (30–40) 33 (33–39) 0·891

Number and percentage of men 7 (78) 8 (73) 0·624

Estimated duration of HIV infection (years)* 15 (13–17) 17 (14–23) 0·219

Previous intravenous drug use (n, %) 8 (89) 7 (64) 0·086

Nadir CD4+ T cells/ml 118 (54–198) 296 (186–394) � 0·001

Maximal HIV RNA load (log copies/ml) 5·1 (4·6–5·7) 5 (4·0–5·6) 0·920

Duration of HAART therapy (years) 5 (3–6) 5 (3–6) 1·000

Baseline TRECs/106 CD3+ cells 4300 (1756–10507) 3840 (2336–5813) 0·815

Baseline TRECs/ml 8733 (2735–11789) 6060 (3029–8247) 0·219

Baseline CD4+ T cells/ml 351 (286–445) 754 (667–1058) � 0·001

Baseline CD4+ CD45RA+ T cells (% with respect to total CD4+ T cells) 12 (8–14) 18 (12–20) 0·045

Baseline CD8+ T cells/ml 874 (605–1622) 775 (628–1155) 0·550

Sustained HCV response to pegIFN + ribavirin (n, %) 4 (44) 5 (45)

*Estimated in 16 patients. HAART: highly active antiretroviral therapy; TRECs: T cell receptor excision circles.
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Interestingly, in the group of patients which did not reach
their baseline values after the end of the follow-up, a higher
proportion of patients showed basal counts of less than 500
CD4+ T cells/ml and CD4+ T cells lower than 200 ml during
the treatment with pegIFN + ribavirin.

The viral HIV load was undetectable during the study and
none of the patients developed an opportunistic infection
during the follow-up.

Discussion

Infection by HCV significantly increases overall mortality as
well as mortality from liver-related and AIDS-related causes
in HIV-co-infected patients [32]. Thus, a beneficial effect of
pegIFN + ribavirin, the accepted treatment for chronic hepa-
titis C, could be expected. However, a secondary effect is the
appearance of CD4+ T lymphopenia during therapy [33–35].
The IFN-induced decrease in lymphocyte count could be of
greater relevance in HIV-infected patients [36–38]. This
study has analysed the dynamic of changes in the popula-
tions and subpopulations of T cells in HIV-infected patients
receiving treatment for chronic HCV infection.

In our series, all patients showed a reduction in the count
of lymphocyte populations and subpopulations of about
50%. Forty-five per cent of patients attained a CD4+ T cell
count of less than 200 ml. Although no opportunistic event
was detected during follow-up, the low incidence of oppor-
tunistic infections if an undetectable HIV viral load is main-
tained and cotrimoxazole prophylaxis is applied does not
exclude risk [39].

It is remarkable that those patients who presented with
less than 200 CD4+ T cells/ml during anti-HCV treatment are
those with a nadir lower than 200 CD4+ T cells/ml prior to
HAART treatment. Moreover, although at least a partial
immune reconstitution was present at entry into the study
(all patients had more than 350 CD4+ T cells/ml), the baseline
CD4+ T cell count in this group was lower than 500 ml.
Additionally, in these patients, a lower percentage of naive
CD4+ T cells was detected when compared with those who
maintained their CD4+ T cell count of over 200 ml during
anti-HCV therapy. The difference between groups of CD4+ T
cell response did not seem to be linked to various potential
factors, such as CDC stage of the disease, treatment regimen
(e.g. zidovudine is known to have haematological toxicity
and/or to induce lymphocyte apoptosis [40], but it was being
used in all patients) or treatment duration. The observed
difference also did not seem to be associated with distinct
characteristics of HIV response to treatment, because plasma
viral loads were undetectable.

The effect of IFN on CD4+ T cell count has not been
explained clearly, although the reduction in numbers of this
lymphocyte subset has been linked to a redistribution [41].
The dynamic of the described changes could imply phenom-
ena of ganglionar sequestration and/or thymic suppression
from the beginning of the treatment with maintenance of

these effects during the full period of administration. In our
study, whereas median baseline memory CD4+ CD45RO+

was 48%, similar to the percentage reported in HIV-infected
patients without immunological impairment [42], 24 weeks
after finishing the treatment this percentage had increased.
After finishing the treatment, the appearance of CD4+

CD45RO+ in a higher proportion than that observed at base-
line, with an increased CD45RO/CD45RA ratio, supports the
return of previously sequestered CD4+ to the peripheral
blood. However, the absence of recuperation of CD4+

CD45RA+ additionally implies a diminution in the thymic
turnover, probably mediated by the effects of IFN on hae-
matopoietic growth factors [7–9,43]. Thus, in vitro IFN-a
inhibits the proliferation of peripheral T cells along the
interleukin (IL)-7–p27 axis. These molecules are also
involved in thymocyte proliferation [44].

To study the role of the thymus in the decrease of naive
lymphocyte T cells during therapy of chronic HCV infection
in HIV-infected adult patients, we have analysed the changes
in TREC levels in this group of individuals. Patients in treat-
ment with IFN + ribavirin presented a significant decrease in
absolute TREC levels after the beginning of the therapy.
Moreover, the diminution of absolute TREC levels correlated
significantly with that of naive T cells.

Several processes affect TRECs in a cell population.
TRECs measured in blood can increase due to the input of
TREC+ naive cells from the thymus or input of TREC+ cells
from an extrathymic source. Two processes lead to a decrease
in TRECs: dilution of TRECs due to proliferation (without
TREC replication) and loss of TRECs due to the death of
TREC+ cells [45]. Each of these mechanisms has a different
effect on absolute TREC values (TRECs/ml) and TRECs per
million cells [18,19,46]. The increase in absolute numbers of
TRECs needs an active output of TRECs to peripheral blood,
rather than a simple reduction in T cell division rates or the
elimination of TREC-negative, activated T cells (which can
alter TREC proportions). Consequently, although margin-
ation of naive lymphocytes is probable, our data suggest that
the decrease in CD45RA+ lymphocytes during therapy are, in
part, related to the inhibition of thymic function by
pegIFN + ribavirin.

Similarly, evaluation of T cell subpopulations and TREC
values were performed after finishing the therapy. In all
patients, absolute TREC values remained under the values
detected at baseline, suggesting a prolonged effect of
pegIFN + ribavirin on thymic function. In these patients, no
correlation was established between TREC levels and the
increase of CD4+ naive T cells. A homeostatic peripheral
expansion of naive T cells seems to be possible in HIV infec-
tion, being an alternative source of naive T cells [17]. Periph-
eral expansion of naive T cells will be in agreement with the
significantly lower TREC proportion per naive T cells
detected in this work. That this ratio actually did not increase
also reinforces the hypothesis that thymic regeneration is
impaired in treated patients.
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Previous studies [47,48] have demonstrated that thymic
output is more likely to affect TREC concentration within
CD4+ T cells than within CD8+ T cells. In fact, it was notable
that the naive CD8+ cell count, but not that of CD4+ T cells,
increases after finishing therapy, suggesting a more intense
and maintained effect on naive CD4+ T cells than on CD8+ T
cells. It must be stated that TREC levels were measured in
total PBMC, which makes it difficult to establish the rela-
tionship between changes in TRECs and in these cell
populations.

It is, however, important to underscore that the increase in
the de novo T cell generation could not be observed during
later stages of the HIV infection (e.g. CD4 T cell counts less
than 200) [15,49]. Based on these and our results, and
although our patients were followed-up for only 24 weeks
after finishing the treatment, T cell reconstitution in patients
with nadir CD4 T cell counts less than 200 ml who begin IFN
therapy may be hampered.

In conclusion, a significant reduction of CD4+ and CD8+ T
cells, and of their naive and memory subpopulations in HIV-
HCV co-infected patients treated with pegIFN and ribavirin,
was observed. Both naive and memory subpopulations
increase after treatment suppression but the CD4+ T lym-
phocytes and CD4+ CD45RA+ subpopulation did not recover
the basal levels 24 weeks after finishing treatment. This
adverse outcome must be weighed against the salutary effects
derived from the control of chronic hepatitis.

References

1 Guma M, Krakauer R. CD4+ lymphocytopenia in systemic lupus

erythematosus. Ann Intern Med 1994; 120:168.

2 Gergely P. Drug-induced lymphopenia. Drug Safety 1999; 21:91–

100.

3 Landau A, Batisse D, Doung Van Huyen JP et al. Efficacy and safety

of combination therapy with interferon-a2b and ribavirin for

chronic hepatitis C in HIV-infected patients. AIDS 2000; 14:839–44.

4 Pesce A, Taillan B, Rosenthal E et al. Opportunistic infections and

CD4 lymphocytopenia with interferon treatment in HIV-1 infected

patients. Lancet 1993; 341:1597.

5 Soriano V, García-Samaniego J, Bravo R et al. Efficacy and safety of

alpha-interferon treatment for chronic hepatitis C in HIV-infected

patients. HIV–Hepatitis Spanish Study Group. J Infect 1995; 31:9–

13.

6 Vento S, Di Perri G, Cruziani M, Garofano T, Concia E, Bassetti D.

Rapid decline of CD4+ cells after IFN alpha treatment in HIV-1

infection. Lancet 1993; 341:958–9.

7 Aman MJ, Keller U, Derigs G, Mohamadzadeh M, Huber C, Peschel

C. Regulation of cytokine expression by interferon-a in human

bone marrow stromal cells: inhibition of hematopoietic growth

factors and induction of interleukin-1 receptor antagonist. Blood

1994; 84:4142–50.

8 Carlo-Stella C, Cazzola M, Ganser A et al. Effects of recombinant

alpha and gamma interferons on the in vitro growth of circulating

hematopoietic progen cells (CFU-GEMM, CFU-Mk, BFU-E, and

CFU-GM) from patients with myelofibrosis with myeloid

metaplasia. Blood 1987; 70:1014–9.

9 Peschel C, Aulitzky WE, Huber C. Influence of interferon-a on

cytokine expression by the bone marrow microenvironment.

Impact on treatment of myeloproliferative disorders. Leuk Lymph

1996; 22 (Suppl. 1):129–34.

10 Lin Q, Dong C, Cooper MD. Impairment of T and B cell develop-

ment by treatment with a type I interferon. J Exp Med 1998;

187:79–87.

11 Scott LJ, Perry CM. Interferon-a-2b plus ribavirin. A review of its

use in the management of chronic hepatitis C. Drugs 2002; 62:507–

56.

12 Souvignet C, Zarski JP. Combination treatment for chronic hepa-

titis C. What is the role of ribavirin? Fundam Clin Pharmacol 2000;

14:321–5.

13 Lau JYN, Tam RC, Liang TJ, Hong Z. Mechanism of action of

ribavirin in the combination treatment of chronic HCV infection.

Hepatology 2002; 35:1002–9.

14 Douek DC, McFarland RD, Keiser PH et al. Changes in thymic

function with age and during the treatment of HIV infection.

Nature 1998; 396:690–5.

15 Nobile M, Correa R, Borghans JAM et al. Swiss HIV Cohort Study.

De novo T-cell generation in patients at different ages and stages of

HIV-1 disease. Blood 2004; 104:470–7.

16 Franco JM, Rubio A, Martínez-Moya M et al. T-cell repopulation

and thymic volume in HIV-1-infected adult patients after highly

active antiretroviral therapy. Blood 2002; 99:3702–6.

17 Zhang L, Lewin SR, Markowitz M et al. Measuring recent thymic

emigrants in blood of normal and HIV-1-infected individuals

before and after effective therapy. J Exp Med 1999; 190:725–32.

18 Cho BK, Rao VP, Ge Q, Eisen HN, Chen J. Homeostasis-stimulated

proliferation drives naive T cells to differentiate directly into

memory T cells. J Exp Med 2000; 192:549–56.

19 Horgan KJ, Tanaka Y, Shaw S. Post-thymic differentiation of CD4 T

lymphocytes: naive versus memory subsets and further specializa-

tion among memory cells. Chem Immunol 1992; 54:72–102.

20 Ozaki ME, Webb SR. Controlling mature CD4+ cell responses.

Immunol Res 2000; 21:345–55.

21 Rosemberg ES, Billingsley JM, Caliendo AM et al. Vigorous HIV-

1-specific CD4+ T cell responses associated with control of viremia.

Science 1997; 278:1447–50.

22 Laguno M, Murillas J, Blanco JL et al. Peginterferon alfa-2b plus

ribavirin compared with interferon alfa-2b plus ribavirin for

treatment of HIV/HCV co-infected patients. AIDS 2004; 18:F27–

F36.

23 Torriani F, Rodriguez-Torres M, Rockstroh J et al. Peginterferon

alfa-2a plus ribavirin for the chronic hepatitis C virus infection in

HIV-infected patients. N Engl J Med 2004; 351:438–50.

24 Desmet VJ, Gerber M, Hoofnagle JH, Manns M, Scheuer PJ. Clas-

sification of chronic hepatitis: diagnosis, grading and staging.

Hepatology 1994; 19:1513–20.

25 Martinez-Sierra C, Arizcorreta A, Díaz F et al. Progression to liver

fibrosis and cirrhosis of chronic hepatitis C in HIV co-infected

patients. Clin Infect Dis 2003; 36:491–8.

26 Yeni PG, Hammer SM, Carpenter CC et al. Antiretroviral treatment

for adult HIV-infection in 2002: updated recommendations of the

International AIDS Society-USA panel. JAMA 2002; 288:222–35.

27 Yeni PG, Hammer SM, Hirsch MS et al. Treatment for adult HIV

infection. 2004 Recommendations of the International AIDS

Society–USA panel. JAMA 2004; 292:251–65.

28 Fried WM. Side effects of therapy of hepatitis C and their

management. Hepatology 2002; 36 (5 Suppl. 1):S237–44.

M. Arizcorreta et al.

276 © 2006 British Society for Immunology, Clinical and Experimental Immunology, 146: 270–277



29 De Rosa SC, Herzenberg LA, Herzenberg LA, Roederer M.

11-Color, 13-parameter flow cytometry. identification of human

naïve T cells by phenotype, function, and T-cell receptor diversity.

Nat Med 2001; 7:245–8.

30 Sallusto F, Lenig D, Forster R, Lipp M, Lanzavecchia A. Two subsets

of memory T lymphocytes with distinct homing potentials and

effector functions. Nature 1999; 401:708–12.

31 Buckman JS, Bosche WJ, Gorelick RJ. Human immunodeficiency

type 1 nucleocapsid Zn2+ fingers are required for efficient reverse

transcription, initial integration proceses, and protection of newly

synthesized viral DNA. J Virol 2003; 77:1469–80.

32 Weis N, Lindhardt BO, Kronborg G et al. Impact of hepatitis C

virus coinfection on response to highly active antiretroviral therapy

and outcome in HIV-infected individuals: a nationwide cohort

study. Clin Infect Dis 2006; 42:1481–7.

33 Santin M, Shaw E, García MJ et al. Efficacy and safety of pegylated

interferon alpha-2b plus ribavirin for the treatment of chronic

hepatitis C in HIV-infected patients. AIDS Res Hum Retroviruses

2006; 22:315–20.

34 Arizcorreta A, Brun F, Fernández-Gutiérrez C et al. Modifications

of haematological series in patients co-infected with human immu-

nodeficiency virus and hepatitis C virus during treatment with

interferon and ribavirin: differences between pegylated and stan-

dard interferon. Clin Microbiol Infect 2004; 10:1067–74.

35 Peck-Radosavljevic M, Wichlas M, Homoncik-Kraml M. Rapid

suppression of hematopoiesis by standard or pegylated interferon

a. Gastroenterology 2002; 123:141–51.

36 Cummings K, Lee S, West E et al. Interferon and ribavirin vs inter-

feron alone in the re-treatment of chronic hepatitis C previously

nonresponsive to interferon: a meta-analysis of randomized trials.

JAMA 2001; 285:193–9.

37 García-Samaniego J, Soriano V, Miró JM et al. Management of

chronic viral hepatitis in HIV-infected patients: Spanish Consensus

Conference. HIV Clin Trials 2002; 3:99–114.

38 Sulkowski MS, Thomas DL. Hepatitis C in the HIV-infected

person. Ann Intern Med 2003; 138:197–207.

39 Paredes R, Mocroft A, Kirk O et al. Predictors of virological success

and ensuing failure in HIV-positive patients starting highly active

antiretroviral therapy in Europe: results from the EuroSIDA study.

Arch Intern Med 2000; 160:1123–32.

40 Benveniste O, Estaquier J, Lelievre JD, Vilde JL, Ameisen JC, Leport

C. Possible mechanism of toxicity of zidovudine by induction of

apoptosis of CD4+ and CD8+ T cell in vivo. Eur J Clin Microbiol

Infect Dis 2001; 20:896–7.

41 Soriano V, Bravo R, García-Samaniego J. CD4+ lymphocytopenia

in HIV-infected patients receiving interferon therapy for chronic

hepatitis C. AIDS 1994; 8:1621–2.

42 Spina CA, Prince HE, Richman DD. Preferential replication of

HIV-1 in the CD45RO memory cell subset of primary CD4 lym-

phocytes in vitro. J Clin Invest 1997; 99:1774–85.

43 Dion ML, Poulin JF, Bordi R et al. HIV infection rapidly

induces and maintains a substantial suppression of thymocyte

proliferation. Immunity 2004; 21:757–68.

44 Kolluri SK, Weiss C, Koff A, Gottlicher M. p27 (kip1) induction and

inhibition of proliferation by the intracellular Ah receptor in devel-

oping thymus and hepatoma cells. Genes Dev 1999; 13:1742–53.

45 Lewin SR, Ribeiro RM, Kaufman GR et al. Dynamics of T cells and

TCR excision circles differ after treatment of acute and chronic

HIV infection. J Immunol 2002; 169:4657–66.

46 Hazenberg MD, Otto SA, Cohen Stuart JW et al. Increased cell

division but not thymic dysfunction rapidly affects the T-cell recep-

tor excision circle content of Th naïve T cell population in HIV-1

infection. Nat Med 2000; 6:1036–42.

47 Douek DC, Betts MR, Hill BJ et al. Evidence for T cell turnover and

decreased thymic output in HIV infection. J Immunol 2001;

167:6663–8.

48 Ye P, Kirschner DE. Reevaluation of T cell excision circles as a

measure of human recent thymic emigrants. J Immunol 2002;

169:4968–79.

49 Hogg RS, Yip B, Chan KJ et al. Rates of disease progression by

baseline CD4 cell count and viral load after initiating triple-drug

therapy. JAMA 2001; 286:2568–77.

Effect of interferon on lymphocyte subpopulations

277© 2006 British Society for Immunology, Clinical and Experimental Immunology, 146: 270–277


