
JOURNAL OF VIROLOGY, Apr. 1986, p. 220-222 Vol. 58, No. 1
0022-538X/86/040220-03$02.00/0
Copyright © 1986, American Society for Microbiology

Monoclonal Antibodies against the Fusion Protein Are Protective in
Necrotizing Mumps Meningoencephalitis
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A monoclonal antibody against the fusion (F) protein of mumps virus was found to confer nmarked protection
in mumps virus-induced encephalitis. Almost total prevention of extensive brain necrosis was found. This study
indicates that the virus F protein is directly involved in the pathogenesis of brain necrosis.

Monoclonal antibodies to specific antigenic sites on viral
surface proteins can identify immunogenic parts of proteins
essential for protection against infection. Surface proteins of
paramyxoviruses are the hemagglutinin-neuraminidase (HN)
and fusion (F) proteins. HN is responsible for hemaggluti-
nating and neuraminidase activities and for adsorption of the
virus to host cells (2). F is involved in viral penetration of
cells by causing fusion between viral envelope and cell
membrane (2). Monoclonal antibodies to certain sites on the
hemagglutinin glycoprotein of paramyxoviruses are neutral-
izing in vitro and protective in vivo (11, 12, 19). Also,
treatment with anti-H monoclonal antibodies can induce a
subacute persistent state of viral infection of the brain (15).
In pulmonary infection with Sendai virus, both anti-HN and
anti-F monoclonal antibodies significantly reduce viral titers
(12). In a recent extensive study on protection against
mumps meningoencephalitis with monoclonal antibodies, no
anti-F antibody clones conferred biologically important pro-
tection (19). The present study, however, demonstrates that
a monoclonal antibody against the F protein can be highly
protective in necrotizing mumps meningoencephalitis.
Two recently described antibody clones directed against

different sites of the F protein were tested (11). Monoclonal
antibody 5418 had hemolysis inhibition activity, but the
other one, 2159, did not. Antibody 5418 was of immunoglob-
ulin G subclass 2a, and 2159 was immunoglobulin G subclass
1. Neither had neutralizing effects in vitro. The antibodies
were determined to be directed against the F protein, and
their specificity was verified by radioimmunoprecipitation
assay (11). F(ab')2 fragments of antibody 5418 were gener-
ated by trypsin digestion (14). The protein content of the
(F(ab')2 material was determined to be 0.3 mg/ml, and its
purity was assessed by 10% sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis. Two derivatives of the
Kilham mumps virus strain were used (A. Love, R.
Rydbeck, A. Ljungdahl, K. Kristensson, and E. Norrby,
Microb. Pathogenesis, in press). These variants are desig-
nated RK and SK and have a high and a low capacity of cell
fusion in Vero cells, respectively. Both variants react
strongly with the antibodies in radioimmunoprecipitation
and immunofluorescence assays, and both are lethal when
injected intracerebrally into newborn hamsters. For animal
experiments, newborn (less than 24 h old) golden Syrian
hamsters were inoculated intracranially with 0.03 ml of virus
material with a titer of 5 x 10' PFU per ml. Simultaneously,
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the hamsters were treated subcutaneously with 0.04 ml of
antibody ascites or F(ab')2 fragment material. Control ani-
mals were either untreated or treated with monoclonal
antibody ascites against the nucleocapsid protein (NP) of
mumps virus. Every other day postinfection (p.i.), four or
five newborn hamsters were randomly picked and sacrificed,
and their brains were processed for viral titration (7, 18).
Survival was recorded by daily census (6). Histological
preparations from animals treated with antibody 5418 and
from nontreated controls were processed as previously
described (4). Distribution of viral antigen was determined
by use of the immunoperoxidase method (17).

Survival of the infected newborn hamsters was prolonged
by treatment with both anti-F antibodies (Fig. 1). Antibody
5418 had a much greater protective effect than 2159. All
infected animals treated with antibody 5418 died of obstruc-
tive hydrocephalus about 20 days after infection (3). Reduc-
tion of viral titers in the hamster brains was found only after
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FIG. 1. (A) Survival curves for RK virus-infected animals.
Symbols: Nontreated (0); treated with monoclonal antibodies 5418
(0) or 2159 (x) or with F(ab')2 fragments of antibody 5418 (El). (B)
Survival curves for SK virus-infected animals. Symbols: Nontreated
(0); treated with monoclonal antibody 5418 (x). Each group of
infected animals consisted of 20 to 30 animals except for the one
treated with the F(ab')2 fragments, which comprised 13 animals.
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antigen occurred in neurons to a similar extent in both
treated and nontreated animals.

Significant protection can, thus, be obtained in mumps
A encephalitis after passive administration of monoclonal an-
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FIG. 2. (A) Titration curves from RK virus-infected brains.
Symbols: Nontreated (O); treated with monoclonal antibodies 5418
(o) and 2159 (x). (B) Titration curves from SK virus-infected brains.
Symbols: Nontreated (0); treated with monoclonal antibody 5418
(x). All data points are average titers from four or five brains,
randomly picked from several litters except for the SK-infected,
nontreated sample at 16 days p.i., which is from a single survivor.

treatment with antibody 5418, using the highly fusing RK
variant for infection (Fig. 2). Treatment with F(ab')2 frag-
ments of antibody 5418 conferred no protection (Fig. 1A).
Histologically, the RK strain caused extensive necrosis of
almost the whole cerebral cortex within 4 days p.i. (Fig. 3A).
Necrotic neurons also occurred in the hippocampus, caudate
nucleus, and brainstem. After treatment with the 5418 anti-F
antibody, virtually no necrosis was seen at all (Fig. 3B). At
8 days p.i., infiltration of mononuclear inflammatory cells
was prominent in the leptomeninges and perivascularly in
the brain. Hydrocephalus had started to develop, but
neuronal necrosis was minimal. Large amounts of virus
antigen were present in neurons in both treated and un-
treated animals (Fig. 3C). Only minimal histological changes
were seen after infection with the SK variant, and viral
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FIG. 3. (A) Totally necrotic cerebral cortex 4 days p.i. with the
RK mumps virus variant. After treatment with anti-F antibody 5418,
the cortex is well preserved (B) in spite of the fact that large amounts
of viral antigen are present in a parallel section (C). Groups of six to
eight treated or untreated hamsters infected with either the RK or
SK variant were examined 4 days p.i. At 8 days p.i., similar size
groups of survivors were taken. Paraffin-embedded sections were
stained with hematoxylin-eosin for histology and incubated with
polyclonal mumps antiserum for the immunoperoxidase method to
detect viral antigen. Magnification, x 100.
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tibodies directed against certain sites of the F protein of
mumps virus. The different degrees of protection obtained
with the two monoclonal antibodies show that the antigenic
site against which the antibodies are directed is of consider-
able importance.
Treatment with neutralizing monoclonal antibodies

against the HN protein almost eliminates viral antigen in the
brain and protects against the disease (19). This is in contrast
to the present situation where anti-F monoclonal antibodies
protected against the disease but large amounts of viral
antigen were still present in the tissue. Nonneutralizi-
anti-F antibodies may inactivate viral spread and growth in
the brain by complement-dependent or antibody-dependent
cell-mediated lysis of virions or virus-infected cells (16). The
lack of effect of F(ab')2 fragments would then suggest an
important role of the Fc antibody fragment (5). However, the
viral titers were not reduced below levels which in previous
studies have been associated with brain necrosis (7), and in
the present study, areas with large amounts of viral antigen
showed only minimal cell damage in antibody-treated ani-
mals. F protein may directly be involved in cytotoxicity, as
F antibodies to specific sites inhibited the tissue destruction.
Active F protein not only can cause fusion of viral envelo- e
and cell membranes, but also can cause cell fusion with
formation of multinuclear giant cells. In addition, concen-
trated virions may cause damage to erythrocyte membrane
with consequent hemolysis (10), which can be prevented by
anti-F antibodies. F protein may therefore cause membrane
damage and also lysis of neurons. This may be accomplished
by active F protein on neuronal cell surfaces attacking
surrounding cells, by a high concentration of virions in the
tissue, and by F-containing membrane fragments released
from lysed cells. These mechanisms may explain the rapid
and complete tissue destruction presently observed. This
hypothesis is also supported by the finding that the low-
fusion-capacity strain (SK) caused only minimnal neuronal
necrosis.
Data on the alteration of the pathogenesis of viral brain

disease by monoclonal antibodies against surface proteins
are accunmulating also from other studies. For instance,
anti-H monoclonal antibodies convert an acute measles
encephalopathy in BALB/c mice to a subacute encephalitis
(15), and antibodies to distinct epitopes of the E2 glycopro-
tein of mouse hepatitis virus convert a fatal encephalomy-
elitis to a demyelinating disease in mice (1). Considering the
results of the present study, it is therefore apparent that the
balance between the antibody specificities in polyclonal sera
can be of crucial importance for both the course of disease
and tissue reaction (13). This study highlights the F protein
as a prominent pathogenetic determinant (8, 9). The rele-
vance of F antigen has to be strongly considered in devel-
opment of conventional or subunit vaccines against
paramyxoviruses and other viruses with fusion activity.
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