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Summary. — Roles of cytokines in primary and secondary Dengue virus (DV) infections are not com-
pletely understood. In this study, we challenged mononuclear leukocytes (MNLs) obtained from non-immune
and DV-1-infected donors with DV-2 in vitro to mimic primary and heterologously secondary DV-2 infections,
respectively. We found that MNLs in response to DV-2 could release a large amount of interleukin-1 (IL-1f3)
and tumor necrosis factor alpha (TNFo). However, IL-13 and TNFa released by MNLs with primary or
heterologously secondary exposure to DV-2 were not significantly different. In contrast, MNLs with hetero-
logously secondary DV-2 infections produced significantly higher amount of interferon gamma (IFNY) than
those with primary DV-2 infections. These results suggest that IFNy, but not TNFe or IL-1B, may in part
participate in the pathogenesis of Dengue shock syndrome (DSS) frequently found in heterologously second-

ary DV-2 infections.
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Introduction

Primary Dengue fever is usually recognized as a benign
viral illness. Secondary DV infections with heterotypic
Dengue viruses are more frequently associated with seri-
ous complications such as DSS, which tends to have a higher
mortality (Halstead, 1989; Sangkawibha ef al, 1984). Al-
though Dengue fever and its severe form complication, DSS,
are prevalent mainly in Southeast Asia and South America,
people from Europe or North America who travel to tropi-
cal countries may also have an opportunity to get this dis-
case. Data from epidemiologic studies have indicated that
the highest risk factor for DSS is an infection with the se-
quence of DV-1 followed by DV-2 infection (Halstead, 1981;
Sangkawibha et al., 1984). The pathogenesis of DSS is not
completely understood. Circulating immune complexes had
been implicated in the activation of complement (C"), re-
sulting in the disturbance of coagulation and vascular per-
meability in patients with Dengue fever (Suvatte and
Longsaman, 1979; Suvatte, 1987), Immune complexes as
assessed by quantitative methods have been shown to be

not the major factor in the C’ activation of Dengue fever
(Malasit, 1987).

MNLs are the principal cells for DV replication (Theo-
filopoulos et al., 1976; Halstead, 1989) and are known to
secrete many proinflammatory cytokines such as TNFa
and IL-1p involved in many infectious shock syndromes
(Demetrief al., 1989; Fonget al., 1990; Tracey et al., 1988).
Furthermore, IFNyhas been reported to augment Fc gamma
(Fcy) receptor-mediated DV infections in monocytic cells
(Kontony et al., 1988). It is reasonable to propose that a
different cytokine profile may contribute to a different risk
incidence of DSS between primary and heterologously sec-
ondary DV-2 infections. It has been virologicaly confirmed
that an outbreak of DV-1 infections took place in southern
Taiwan from 1987 to 1991 (Liu et «l., 1989; Shaio et al.,
1992; Wu et al., 1993). Thus, it is our privilege to challenge
MNLs obtained from normal (non-immune) and previously
DV-1-infected donors with DV-2 to mimic primary and
heterologously secondary DV-2 infections and to study the
cytokine profiles in thein vitro DV-2 infections. Employing
ELISA, we measured cytokine releasing profiles including
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dromes including septic shock (Fong and Lowry, 1990,
Tracey et al., 1988). It remains uncertain whether cytokines
are also involved in DSS, which is more frequently associ-
ated with an infection with DV-1 followed by another se-
quential DV-2 infection (Sangkawibha ef al., 1984). In this
study, we exposed MNLs obtained from normal and previ-
ously DV-1-infected donors to DV-2 in vitro to mimic pri-
mary and heterologously secondary DV-2 infections, respec-
tively. The fact that production of TNForand IL-13 by MNLs
from previously DV-1-infected donors in response to DV-2
was not significantly higher than that from non-immune
donors suggests that proinflammatory cytokines may be not
directly involved in the pathogenesis of DSS. In contrast,
MNLs with heterologously secondary exposure to DV-2 sig-
nificantly augmented IFNy production in comparison to
those with primary exposure to DV-2, IFNY, but not IFNa.
or IFNB, is known as a cytokine that is not dircctly induced
by virus. The fact that MNLs in heterologously secondary
infections with DV-2 for 3 days released higher levels of
IFNy than those in primary infections with DV-2 suggests
that & memory immune response may be involved in the
augmentation of IFNy production. Another possibility is that
the heterologously secondary DV-2 infections may trigger
an immune response along Thl reaction, which tends to
release predominantly IFNYy, rather than Th2 reaction, which
tends to release less IFNy.

IFNyis known to inhibit viral replication and to augment
antibody-dependent cell cytotoxicity against virus-infected
cells. IFNy, however, could also prime monocytes/macro-
phages for Fey-receptor-mediated enhancement of DV in-
fection (Kontony ef al., 1988). Enhancement of Fey-receptor-
mediated phagocytosis may augment release of procoagulant
factors, amplify production of cytokines, and induce nitric
oxide production, resulting in DSS associated with extra-
vascular leakage, intravascular coagulopathy, hemorrhage,
and hypotension. To differentiate these two possibilities,
additional studies to measure 1FNYy levels in the sera ob-
tained from patients with and without DSS are needed.
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