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Summary. — Most adults are asymptomatically infected with Epstein-Barr virus (EBV). Primary EBV
infection is commonly associated with acute infectious mononucleosis (IM). T cell immune activation plays an
important role in EBV-associated diseases. IM shows a mainly Th1-type profile, so Thl-type cytokines such
as interleukin-2 (IL-2), interferon-y (IFN-y), and lymphotoxin (LT) are moderately enhanced. We measured
IL-2 and IFN-y in serum during acute phase of the disease and during convalescence. Sera were collected from
23 IM patients, 13 patients with similar clinical manifestations but without IM, and 10 healthy donors. The
levels of IL-2, IFN-y and IL-12 were significantly higher in patients with acute IM than in healthy individuals.
IL-2, IFN-y and IL-12 decreased during convalescence. These three cytokines may be useful as sensitive

markers of IM during severe illness and its later phases.
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Introduction

Symptomatic acute EBV infection in IM causes fever, hepato-
splenomegaly, lymphadenopathy, and an increase in the number
of activated CD8* T lymphocytes in peripheral blood (Callan
et al., 1996). These manifestations are due to the cytotoxic T
lymphocyte (CTL) response to polyclonal proliferation of EBV-
infected B cells (Rickinson et al., 1996). Subpopulations of
EBV-specific CD8* T cells from patients with IM express IFN-y
and macrophage inflammatory protein 13 (MIP-1[3) after
stimulation with antigen (Ohshima et al., 2003).

During acute phase of the disease, patients suffer from
lymphadenopathy, sore throat and fatigue, and the absolute
lymphocyte count usually exceeds 4,000 with 10% of
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Abbreviations: CTL = cytotoxic T lymphocyte; EBV = Epstein-
Barr virus; EBNA = Epstein-Barr nuclear antigen; IM = infectious
mononucleosis; IFN = interferon; IL = interleukin; LT = lym-
photoxin; MP1-1p = macrophage inflammatory protein 1f3;
VCA = viral capsid antigen

atypical forms. These patients have only a little increased
number of CD4-positive T cells, but a markedly elevated
number of CD8-positive cells. Usually patients have high
serum levels of IgM and IgG antibodies against viral capsid
antigen (VCA), and IgG antibodies to Epstein-Barr nuclear
antigens (EBNA). IM patients present a predominantly Th1-
type profile, which is consistent with Thl-type cytokine
secretion.

IL-12 is an important factor in controlling the differentiation
of Th cells (Hsieh et al., 1993), favoring the expansion of Th1
cells (Seder et al., 1993). Since it is largely accepted that
cytokines are involved in the pathogenesis of IM, the present
study was focused on the expression of the Th1-type cytokines,
namely IL-2, IFN-y and IL-12 in the sera of 23 patients with
IM during the acute phase and convalescence.

Materials and Methods

Patients. Blood samples were taken from 23 patients with cli-
nical symptoms of acute IM either during the acute phase or betwe-
en days 10 and 30 of convalescence (median day 20). Blood sam-
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Table 1. Serum IFN-y, IL-2 and IL-12 levels in healthy individuals, patients with IM, convalescing IM patients and positive control patients

Cytokine Healthy individuals IM acute phase patients Convalescing IM patients Positive control patients
IFN-y (IU/ml) 1.2+0.7 63 +2.7 14+0.7 6.35+2.7
IL-2 (pg/ml) 95+2.6 559+ 6.7 158 +23 35.87 4.7
IL-12 (pg/ml) 7.8 +£22 739 +35 233 +35 45.7+38

The results represent means + SD.

ples from 13 clinically symptomatic patients with negative or sli-
ghtly positive serological analysis were used as positive controls.
Samples from 10 young healthy adult donors were used as negati-
ve controls. Sera aliquots were stored at -20°C for laboratory as-
says. This study was approved by the Ethical Committees of the
institutions involved and informed consent was obtained from pa-
tients.

ELISA. Human cytokine ELISA systems (R&D Systems, USA)
were used to measure serum cytokine levels. Briefly, 100 pl of
serum and standard dilutions of the tested cytokine were added to
the test wells in duplicate. Each assay was carried out according to
the manufacturer's instructions. The absorbance was read within
15 mins at 405 nm for IL-2 and at 450 nm for IFN-y and IL-12
using a microplate autoreader (EL-800, Bioteck, USA). Results
are expressed in pg/ml for IL-2 and IL-12 and in [U/ml for IFN-y.
The intra-assay coefficient of variation was 8.5%.

Statistical analysis. Differences between cytokine levels in
patients during the early phase of disease or in convalescence,
healthy donors and positive controls were analyzed by the
ANOVA and Tukey-Kramer multiple comparison test. Differen-
ces with P below 0.05 were considered significant. Results are
expressed as mean + SD (GraphPad, InStat, USA).

Results

All IM patients recovered fully, with no specific therapy.
The ELISA was standardized to measure the lowest serum
level, i.e. 0.5 IU/ml of IFN-y and 1 pg/ml of IL-2 and
IL-12. The results are summarized in Table 1.

The levels of IFN-g were significantly higher in the patients
with acute IM than in healthy individuals or in the patients
during convalescence from IM. IFN-yreturned to normal level
during convalescence. IFN-y levels were almost the same in
the patients with acute IM and in those with similar symptoms
but no IM (positive controls). These patients all had
significantly higher levels of IFN-y than healthy individuals.

The IL-2 levels were significantly higher in the patients
with acute IM than in healthy individuals or patients
convalescing after IM. IL-2 dropped gradually during
convalescence to a level similar to healthy individuals. IL-2
levels in the patients with acute IM or in remission were
significantly different from positive controls with similar
symptomatology.

The IL-12 levels were significantly higher in the patients
with acute IM than in healthy individuals or patients
convalescing from IM. IL-12 levels in patients with acute IM

or in remission were significantly different from positive
controls with similar symptomatology. IL-12 dropped during
convalescence but was still higher than in healthy individuals.

Discussion

There is ample evidence that the synthesis of various T
cell-derived cytokines such as IFN-g, IL-2 and IL-6
influences the inflammatory response to EBV infection
(Attarbashi et al., 2003). In the present study, we investigated
the cytokine profile of the Thl-type subset in the patients
with symptomatic acute EBV infection. There was a clear
increase in IFN-y and IL-2 levels.

Serum cytokine levels may rise as a result of production
by EBV-infected cells (Andersson and Andersson, 1993),
monocytes (Hornef ez al., 1995) or activated T lymphocytes
(Tosato et al., 1990). There are various points in favor of
overproduction of cytokines in IM. High levels of TNF-q,
IL-1B, IL-6, IFN-y, and soluble IL-2 receptors (SIL-2R)
(Hornef et al., 1995) may be produced by stimulated peripheral
blood cells in IM, but they are not rescued in patients' sera.
Elevated concentrations of IL-2, IFN-y and the monocyte
activation factor neopterin have been reported in EBV
infection and in chronic fatigue syndrome (Linde ez al., 1992).
High concentrations of IL-6 have been found in several EBV-
related diseases (Shuster et al., 1993). Biglino et al. (1996)
have detected high serum levels of IL-2, IL-4, sIL-2R, and
TNF-a in IM patients. Wright-Brown et al. (1998) have also
found significantly increased levels of TNF-a and IL-6 in
most IM patients. Research on Th2-type cytokines such as
IL-10 points to elevated serum levels of this cytokine, which
may inhibit apoptotic cell death in IM (Taga et al., 1994, 1995).

In this study, we analyzed sera from IM patients with a
serologically and cytomorphologically confirmed diagnosis.
A VCA-IgM-positive and EBNA-negative serological
pattern is considered a marker of acute infection; antibodies
to EBNA are classically regarded as indicating resolution
of the infection because they are not initially present but
appear weeks or months later (Rea et al., 2002).

As negative controls we used sera from healthy donors
and patients who did not have IM but presented similar
symptoms. IFN-y, IL-2 and IL-12 levels increased
significantly in IM. They dropped during convalescence,
becoming similar to those in healthy individuals.
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It has been shown in vitro that IFN-y is important for the
blockade of EBV transformation (Gosselin et al., 1989); thus
it has probably an essential role in mechanisms of immune
response to EBV infection but may simultaneously contribute
to the appearance and maintenance of the symptoms of IM.
Cytokines such as IL-2 and IFN-y appearing in the cascade
of cellular activation induced by antigens can by themselves
induce many of the symptoms of infectious disease. It is not
clear, however, which cytokines are active in vivo in IM
(Browne et al., 1998).

The patients with IM showed a mixed pattern of up-
regulated expression of genes such as MIP-1a and MIP-1[3.
These are chemokine genes expressed by reactive T cells,
cytotoxic cells and Thl-type, but not Th2-type T cells. IM
therefore appears to have mainly the Thl-type profile
(Ohshima et al., 2003). Attarbashi ez al. (2003) have reported
a striking expansion of IFN-y-producing CD8+ T cells as a
key factor in clinically overt disease. In addition, CD§ T
cell clones may depend on cytokine stimulation for survival
(Macallan et al., 2003). Because CD8 T cell differentiation
needs Thl cells, whose development is driven by IL-12, our
data appear to suggest a Thl-type profile in acute EBV
infection with increased IL-12 serum levels. The role of IL-12
as a key cytokine in the development of Thl responses has
been elucidated in several models. IL-12 promotes Thl
differentiation through activation of the signal transducer
and activator of transcription 4 (STAT4) and triggers a
cascade of events including IFN-y production, potentially
leading to Th1 differentiation (Durali ef al., 2003). Only a
few studies deal with its effects in IM (Villacres-Eriksson et
al., 1997). Nevertheless IL-12 is known to induce IFN-y
production by T cells (Pulendran, 2004). An IL-12
pretreatment may result in endogenous IFN-y production
(Lesinski et al., 2004).

To the best of our knowledge, there are no previous reports
of plasma IL-12 levels in IM, except for a group that has
investigated serum levels of IL.-12 and IL.-10 in patients with
bacterial infections, mononucleosis and anaphylactoid
purpura (Katayama et al., 2000).

In conclusion, our findings suggest that IFN-y, IL-2 and
IL-12 have probably a pathophysiological role in IM. It is
therefore possible that molecules that suppress the biological
activity of these cytokines or inhibit the interaction with
their receptors will prove beneficial in the treatment of IM.
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