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Summary. - The interaction between tick-borne encephalitis (TBE)
virus strain Hypr and mouse peritoneal macrophages was followed
in vitro. Macrophages from juvenile mice (8-11 days old) were more
permissive for virus infection than macrophages from adults (25-30
days old). Anti-TBE antibody in the subneutralizing dose increased
the number of infected macrophages as well as virus release into the
culture medium. Concanavalin A (con A), which bound to the virus
as well as to the surface of macrophages, increased the uptake of the
virus, but it neither enhanced the number of infected cells nor
increased the virus release into medium. Antibody and lectin can
modify the interaction between TBE virus and macrophages.
Nevertheless, the Fc receptor-mediated endocytosis seems to be
a necessary prerequisite for enhancing the effect of a ligand.
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Introduction

Macrophages are professional phagocytes which play a major role in defen-
ding the organism against foreign agents including viruses. However, in some
viral infections macrophages can replicate the virus and serve as the source of
infection in tissues and organs. This function can be enhanced by the action of
the antiviral antibody. The phenomenon called antibody-dependent enhance-
ment (ADE) involves the Fc receptor (Peiris et al., 1981) or complement
receptor (Cardosa et al., 1983) of macrophages acting in combination with anti-
viral antibody; it has been demonstrated with members of Flaviviridae family as
well as with other viral families (as reviewed by Porterfield 1985 and Brinton
1986). ADE phenomenon of TBE virus infected mouse macrophage-like cell
line P388D1 was described by Phillpotts er al. (1985).
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Table 1. Anti-TBE antibody dependent enhancement of TBE virus replication in macrophages

Days post-infection

Group

1 2 3
Without antibody 3* 11 3
With antibody 7 242 15

* Average numbers of IFA positive cells per slide

increased in the presence of anti-TBE antibody within 48 hr p. i. (Table 1 and
Fig. 1). Viral antigen-positive cells had always the morphology of macrophages.

The effect of antibody on infection of macrophages was compared with
action of con A which binds to the surface of living macrophages (Fig. 2) and
also to the viral envelope glycoprotein E (Grubhoffer et al., 1989). Both ligands
decreased extracellular virus titre at 24 hr p.i., but at 48 hr the virus titre was
higher in cultures with anti-TBE antibody in comparison with controls. The
virus titre in cultures with con A further decreased, so that the difference
between the extracellular virus titre in presence of antibody and the presence
of con A at 48 hr p. i. was 1.7 log,, (Fig. 3). But at 72 hr p. i. the virus titres
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Table 2. Combined effect of anti-TBE antibody and Con A on TBE virus infection of
macrophages from juvenile mice. Results at 48 hr post-infection

Extracellular Number of IFA
Group virus titre positive cells
(PFU/mI) per slide
Control 4.4 x 10? 2
Antibody 3.5 x 10° 17
Con A 2.0 x 10} -
Antibody + Con A 1.0 x 10° 13

virus infection with the resistance of macrophages has been observed with
several viruses (Gallili et al., 1967; Mintz et al., 1980). The resistance of juvenile
mice increased in some cases by adoptive transfer of macrophages from adult
animals (Hirsch et al., 1970).

In the present work macrophages from juvenile and adult mice were used to
study the immunological enhancement of virus infectivity. While the ADE
phenomenon has been proved in resident macrophages from juvenile mice, the
infection of macrophages from adult mice in the presence of antiviral antibody
was characterized by increased uptake of the virus by macrophages (decrease of
the extracellular virus titre at 24 hr p.i.), but the replication of the virus was not
enhanced and virus titres in culture media moved under the control level
during the whole period of the experiment. This data confirm the difficulties
with the approximation to the in vivo conditions of results obtained in macro-
phage cell lines. It has been proved, that the outcome of the interaction
between flaviviruses and macrophages depends not only on the. age of cell
donors, but also on the inbred mouse line used and the activation stage of
macrophages (Cardosa et al., 1985). Relatively low increase of virus titre (about
1log,,) in cultures with antiviral antibody consists with the results of Phillpotts
et al. (1985), who in a macrophage cell line P388D1 infected with TBE virus in
the presence of hyperimmune rabbit anti-TBE serum observed ninefold
enhancement as compared to the virus control with pre-immune rabbit serum.
Similar values of enhancement have been reported in other flaviviruses
(Halstead er al., 1980).

Immunological enhancement of flavivirus infection has been described for
cells bearing Fc receptor and complement receptor (Peiris and Portefield 1979,
Halstead et al., 1980; Cardosa et al., 1983). Opsonized virus particles bound
firmly to Fc or complement receptors on the surface of macrophages. The viral
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Fig. 3
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internalization pathway into macrophages was identical both in the presence
and absence of antiviral antibody. Much RNA escaped from internalized virons
into cytoplasm from endosomal prelysosomal vacuoles (Gollins and Porter-
field 1985).

One of the aims of the present study was to ascertain, if the mechanism of
enhancement consists in simple increase of virus attachment to macrophage
surface by means of a ligand. Con A has been used, which binds to both TBE
virus and the macrophage enhancing the ingestion of red blood cells by macro-
phages (Goldman and Cooper 1975). This lectin increased the virus uptake by
macrophages, but the virus did not replicate in such cells.

Ragarding the stimulatory effect of Con A on macrophages (Edelson and
Cohn 1974), the combined effect of both antibody and lectin was studied.
Provided that Con A could induce the enhancement of the resistance of -
macrophages to virus infection as it had been described for Japanese ence-
phalitis virus in vivo (Kelkar et al., 1987), the enhancing effect of antibody on
virus titres would remain on the level of cultures with Con A only.

The results provided evidence in favour for the competitive effect of both
ligands. The increased virus adsorption as described for Japanese encephalitis
virus and Con A-treated PS cells probably played a role in this process (Kelkar
1985). But TBE virus adsorbed in this way could not replicate in macrophages.

Differences in the efficiency of phagocytosis of erythrocytes opsonized with
a lectin from Botrylloides leachii or with an antibody have been observed by
Coombe et al. (1986). In spite of the fact, that the uptake of erythrocytes apso-
nized by both ligands was nearly the same, greater phagocytosis was mediated
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by antibody. It could be explained by different level of signals for the inducti
of phagocytosis or by different phagocytosis mechanism.

Our results confirmed that the interaction of TBE virus with mouse maci
phages could be modified by both antibody and lectin. The binding on the

receptor seemed to be necessary for the enhancing effect of a ligand on t
virus infectivity.
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