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The relative contribution of measles virus hemagglutinin (H)- or fusion protein (F)-specific antibodies to
virus neutralization (VN) has not been demonstrated. We have depleted these specific antibodies from sera
collected from young adults, who had been vaccinated during childhood, by prolonged incubation with viable
transfected human melanoma cells expressing H or F. Simultaneous depletion of antibodies of both specific-
ities completely abrogated VN activity. Depletion of F-specific antibodies only had a minimal effect, whereas
removal of H-specific antibodies resulted in almost complete reduction of VN activity. These results demon-
strate that measles virus neutralizing antibodies are mainly directed to the H protein.

Measles virus (MV) is a member of the family Paramyxoviri-
dae, genus Morbillivirus. 1t is transmitted via the respiratory
route and has an incubation phase of 9 to 19 days (7). Whereas
the cellular immune response is thought to be crucial for clear-
ance of infection, virus-neutralizing (VN) antibodies are an
important correlate of protection (4). VN antibody levels of 0.1
to 0.2 international units (IU) per ml, equivalent to titers of
approximately 1:8 to 1:16, have been shown to protect from
disease (2, 10) and interfere with the efficacy of live-attenuated
measles vaccines (6, 14). VN antibodies are exclusively di-
rected to the hemagglutinin (H) or fusion protein (F) and
mostly recognize conformational epitopes (1). It has been sug-
gested that H-specific antibodies are the major contributors to
VN activity (1), but this has never formally been demonstrated.

We have recently developed a fluorescence-activated cell
scanner (FACS)-measured immunofluorescence assay for the
detection of MV H- and F-specific antibodies, using the stably
transfected human melanoma cells Mel-JuSo/MV-H or Mel-
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JuSo/MV-F as target cells (3), and used this assay for the
detection of specific antibodies in humans and experimentally
infected animals (5, 8, 12). Here, we have used the same cells
to deplete H- or F-specific antibodies from polyclonal sera.
Interactions between antibody and antigen result in an equi-
librium between bound and unbound antibody. For depletion
of unbound antibodies the antigen/antibody complexes should
be removed from the system. We achieved this by culturing H-
or F-expressing cells in medium supplemented with 10% of the
test serum.

From our serum bank we selected 160 samples collected in
2002 or 2003 from healthy subjects born in the period 1980 to
1985. Measles vaccination was introduced in The Netherlands
in 1976 and was replaced by vaccination with measles-mumps-
rubella in 1987 (15). The subjects included in this study there-
fore most likely received a monovalent measles vaccination at
the age of 14 months and a measles-mumps-rubella vaccination
at the age of 9 years. Measles has become a rare disease in The
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FIG. 1. Depletion of MV glycoprotein-specific antibodies from polyclonal serum by prolonged incubation with viable transfected human
melanoma cells expressing the MV H or F protein. Serum samples collected from healthy young adults (n = 10) vaccinated during childhood were
heat inactivated and diluted 1:10 in culture medium. The resulting media were used to grow the human melanoma cell line Mel-JuSo (square
symbols) or stably transfected Mel-JuSo cells expressing the MV-Edmonston H (triangles) or F (circles) protein. Supernatants were collected on
days 0, 1, 2, and 3 and tested for the presence of H- or F-specific IgG antibodies by a FACS-measured immunofluorescence assay (left and right
panels, respectively). Results are shown as means *+ standard errors and are expressed in arbitrary fluorescence units (AFU).

* Corresponding author. Mailing address: Department of Virology,
Dr. Molewaterplein 50, 3015 GE Rotterdam, The Netherlands. Phone:
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FIG. 2. H-speciifc IgG antibody levels (expressed in AFU) after two consecutive 3-day culture periods on Mel-JuSo cells either expressing or
not expressing MV glycoproteins, as compared to the levels in untreated sera. Serum samples collected from healthy young adults (n = 96)
vaccinated during childhood were heat inactivated and diluted 1:10 in culture medium, referred to as condition 0. Subsequently, Mel-JuSo cells
were cultured in these media for two consecutive periods of 3 days each. In condition 1 (no depletion) the samples were incubated twice on
Mel-JuSo/wild-type cells, in condition 2 (H depletion) the samples were first incubated on Mel-JuSo/MV-H and next on Mel-JuSo/wild-type cells,
in condition 3 (F depletion) the samples were first incubated on Mel-JuSo/MV-F and next on Mel-JuSo/wild-type cells, while in condition 4 (H
and F depletion) the samples were first incubated on Mel-JuSo/MV-H and next on Mel-JuSo/MV-F cells.

Netherlands, with sporadic outbreaks in communities with low
vaccination coverage. Therefore, the majority of these subjects
was probably never exposed to wild-type MV. Since samples
with low MV-specific antibody levels were considered of lim-
ited use for this study, the sera were first tested in an in-house
MV-specific immunoglobulin G (IgG) enzyme-linked immu-
nosorbent assay. The 64 samples (40%) with the lowest signals
in this test were excluded from further analysis. The remaining
96 samples were heat inactivated (30 min, 56°C) and tested
anonymously.

Mel-JuSo cells expressing the MV H or F protein or the
untransfected parental cell line (Mel-JuSo/wt) were seeded in
96-well flat-bottom plates in RPMI 1640 medium supple-
mented with antibiotics and 10% fetal bovine serum (FBS).

When monolayers were nearly confluent, supernatants were
replaced with medium containing 10% of the different test sera
(150 pl/well). Supernatants were collected after 0, 1, 2, or 3
days of culture for 10 different samples and were tested for the
presence of H- or F-specific IgG as previously described (3)
after 1:10 dilution in phosphate-buffered saline (PBS) supple-
mented with 3% FBS. After 3 days of culture on H-expressing
cells, H-specific IgG antibodies were efficiently depleted while
F-specific antibody levels remained unaffected (Fig. 1). The
inverse pattern was observed for sera incubated on F-express-
ing cells, while incubation on the untransfected cell line left
both H- and F-specific antibody levels virtually unchanged
(Fig. 1).

Next, H- and/or F-specific antibodies were removed sequen-
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FIG. 3. F-specific IgG antibody levels (expressed in AFU) after two consecutive 3-day culture periods on Mel-JuSo cells, as described in the

legend to Fig. 2.

tially and VN activity of the resulting samples was determined.
Mel-JuSo cells were grown in medium supplemented with 10%
of the test serum for a period of 3 days (round 1). Supernatants
were then transferred to freshly seeded Mel-JuSo cells and
cultured for another three days (round 2). To make certain
that all samples had a comparable culture history, samples
from which no or only a single specific antibody was depleted
were also cultured on untransfected Mel-JuSo cells. Four con-
ditions were used: condition 1 (no depletion), Mel-JuSo/wt
(round 1)—Mel-JuSo/wt (round 2); condition 2 (H depletion),
Mel-JuSo/MV-H (round 1)—Mel-JuSo/wt (round 2); condi-
tion 3 (F depletion), Mel-JuSo/MV-F (round 1)—Mel-JuSo/wt
(round 2); and condition 4 (H and F depletion), Mel-JuSo/
MV-H (round 1)—Mel-JuSo/MV-F (round 2). All assays were
also performed on the original sera (referred to as condition
0).

As shown in Fig. 2 and 3, this protocol was successful in
depleting H- and/or F-specific IgG from the polyclonal test

sera. Virus neutralization was measured by endpoint titration
as previously described (12) and expressed in international
units (IU) per milliliter, using the international reference se-
rum for measles (serum 66/202; 5 IU per ml; World Health
Organization International Laboratory for Biological Stan-
dards, National Institute for Biological Standards and Control,
Hertfordshire, United Kingdom). Effective depletion was con-
firmed by showing that depletion of both H- and F-specific
antibodies resulted in complete abrogation of the capacity to
neutralize MV strain Edmonston (Fig. 4). Depletion of F-
specific antibodies only had a minimal effect on the VN titers
of the serum, whereas depletion of H-specific antibodies re-
sulted in an almost complete reduction of VN activity (Fig. 4).

We hypothesize that the depletion of specific antibodies in
this protocol is the result of internalization and degradation of
bound antibodies by the H- or F-expressing cells. Since new
recombinant protein is continuously produced, expressed on
the cell surface, and available for binding antibody, this even-
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FIG. 4. MV-specific VN antibody levels after two consecutive 3-day culture periods on Mel-JuSo cells, as described in the legend to Fig. 2. VN
antibody levels were determined by endpoint neutralization of a 50% cell culture infectious dose of 60 MV-Edmonston (12) and are expressed in

international units (IU) per ml.

tually depletes unbound antibodies from the sample without
affecting antibodies with other specificities. Protein-specific an-
tibodies in sera with VN antibody levels up to 10 IU/ml were
effectively depleted (Fig. 4), demonstrating that the depletion
assay had a dynamic range with a relatively high upper limit.

The effectiveness of this approach would be expected to
depend on the avidity of the serum. This was confirmed by
preliminary depletion studies using a limited number of early-
convalescent-phase sera collected from patients infected with
wild-type MV from which H- or F-specific antibodies could not
effectively be depleted (results not shown). However, in the
present study all sera were collected several years after vacci-
nation and thus may be expected to have contained only high-
avidity antibodies. Another prerequisite is the absence of tox-
icity: a few (3 out of 96) serum samples in our study did not
accommodate growth of the Mel-JuSo cells, resulting in incom-

plete depletion (these samples were excluded from the final
analysis).

Genetic variability of the virus under investigation may also
play an important role. Although MV is a monotypic virus,
some genetic variability exists, with the highest level in the H
gene (16). In the present study we have used a homologous
system: both the vaccine and the genes used for transfecting
the cells belonged to clade A. It has been suggested that ge-
netic variability of wild-type MV strains could in part be due to
positive selection of viruses less susceptible to neutralization by
vaccination-induced antibodies (9, 11). Therefore, depletion of
H- and F-specific antibodies induced by infection might not
completely remove the capacity to neutralize the wild-type
virus. To test this hypothesis we are currently collecting late-
convalescent-phase serum samples from subjects infected with
recent wild-type strains.
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Finally, wild-type MV strains use the signaling lymphocyte
activation molecule (SLAM; CD150) as a cellular receptor,
while MV-Edmonston and MV vaccine strains can use both
SLAM and CD46 (13). The neutralization assay used in the
present study is based on MV Edmonston infection of Vero
cells, which is completely dependent on CD46 as a receptor. It
would therefore be interesting to study the effect of depletion
of H- and F-specific antibodies induced by infection on neu-
tralization of wild-type MV strains in SLAM-expressing cells.

In conclusion, we have depleted H- and/or F-specific anti-
bodies from polyclonal sera collected from young adults more
than 10 years after measles vaccination. Successful depletion
was demonstrated by the loss of protein-specific IgG fluores-
cence signals and by the complete abrogation of VN activity in
samples from which both H- and F-specific antibodies were
depleted. The results described indicate that H-specific anti-
bodies are the main correlate of vaccination-induced MV neu-
tralization. Studies on monitoring vaccination efficacy in rela-
tion to newly emerging MV genotypes should therefore largely
focus on the H protein, which could ultimately have conse-
quences for the design of new generations of measles vaccines.
Finally, the depletion assay used may also be of value for
determining the role of protein-specific antibody responses in
other virus infections.

We thank Ann Vossen and Hans Kruining for their contributions to
this study.
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