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embryos, chick embryo fibroblasts (CEF), and/or dog
kidney cells and human diploid cells produced the atten-
uated Edmonston A and B, Zagreb (EZ), and AIK-C
seeds (24,26,44). Edmonston-B was licensed in 1963 as
the first MV vaccine. However, because it was reacto-
genic it was abandoned in 1975. Further passages of Ed-
monston A and B on chick embryo fibroblasts produced
the more attenuated Schwarz, and Moraten vaccines (46).
Although all attenuated strains are highly homologous,
Moraten and Schwarz strain sequences have been shown
to be identical (39,40). Today, the Schwarz/Moraten,
AIK-C, and EZ vaccines are commonly used. MV vac-
cine induces a life-long immunity after a single or two
low-dose injections (24,26). Persistence of antibodies and
CD8 cells has been shown for as long as 25 years after
vaccination (37). MV vaccine is easily produced on a
large scale in most countries and can be distributed at
low cost. Because the attenuation of MV genome results
from an advantageous combination of numerous muta-
tions, the vaccine is very stable and reversion to patho-
genicity has never been observed (26). With regard to
safety, MV replicates exclusively in the cytoplasm, rul-
ing out the possibility of integration into host DNA.
These characteristics make live attenuated MV vaccine
an attractive candidate for use as a multivalent vaccina-
tion vector. By taking advantage of the existing technol-
ogy to produce and distribute large quantities of MV vac-
cine and by exploiting its capacity to induce efficient
immune responses, live attenuated MV could be used
as a multivalent pediatric vaccination vector to mass-
immunize children and adolescents against both measles
and other infectious diseases.

To this end, a reverse genetics system for MV was es-
tablished allowing the rescue of infectious MV from
cloned cDNA (43). Multiple cloning sites were intro-
duced into the MV genome that allows the addition of
foreign genes and their continuous expression by the
progeny. Initially, several marker genes (chlorampheni-
col acetyltransferase [CAT], Green fluorescent protein
[GFP], and B-galactosidase [B-gal]) were expressed.
Then, several genes or combinations of genes from he-
patitis B virus (HBV), simian or human immunodefi-
ciency viruses (SIV, HIV), mumps virus (MuV), West
Nile virus (WNV), and human IL12 were inserted at dif-
ferent loci in the MV genome (15,31,42,47-49,52). The
corresponding viruses expressed these genes in a stable
manner.

GENE EXPRESSION BY MV VECTOR

The MV vectors carrying either reporter genes at dif-
ferent sites or a combination of reporter genes are not
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only useful for developing MV vector but also find var-
ious direct applications. CAT expressing MV has been
useful for detection of MV spread from the site of inoc-
ulation (lung) to peripheral organs (kidney, spleen) in
transgenic mice (34). B-gal-expressing MV has also
proved invaluable for the straightforward monitoring of
MYV in the brain of intracranially infected mice. The GFP
reporter transgene has been inserted in one of three
genome positions (Fig. 1). As expected, the strongest ex-
pression was seen from the site upstream of the nucleo-
protein (N) reading frame, the lowest from the site down-
stream of the hemagglutinin (H) reading frame. These
MV recombinants allowed the direct time-lapse moni-
toring of details of MV spread in various cell cultures.
Curiously, it has been found that MV vectors infect sin-
gle cells around syncytia well before fusion ensues, in
contrast to mutants deficient in matrix protein (M) (10),
or undergo alterations in their glycoprotein tails, which
lead to direct and much more rapid cell fusion (11). A
“triporter” MV vector was constructed, carrying all three
reporter genes in the three defined genomic positions
shown in Fig. 1. This virus contains more than 5000 ex-
ogenous nucleotides, elongating the MV genome length
by more than 30%. In addition, double recombinants ex-
pressing SIV or HIV Env and Gag proteins cloned in po-
sitions 2 and 3 respectively, with approximately equal in-
sert size, were rescued easily and grew to relatively
similar titers as the parental vaccine (A. Zuniga et al.,
manuscript in preparation). Foreign viral antigens from
SIV or HIV proteins did not incorporate into the MV en-
velope, indicating suitability for expression without risk
of affecting the virus tropism.

Stability of gene expression. The heavily loaded
viruses multiply slightly more slowly than standard MV
but are produced at similar titers. Even more gratifying
was the observation that after 12 serial passages encom-
passing a total amplification of 10-20, more than 96% of
the syncytia formed stained positive for all three reporter
genes. The remarkable genetic stability of added, ex-
pressed ORFs, which has been observed also in other
members of the Mononegavirales (45), is difficult to un-
derstand in view of the fact that several plus-strand RNA
viruses with added genetic RNA segments often partially
or fully delete their inserts even after a few rounds of in-
fection in cell culture. The stability is likely due to the
fact that there is little constraint on genome size for pleo-
morphic viruses with a helical nucleocapsid. Other fac-
tors such as the viral polymerase complex may play an
internal proof-reading control.

Immune response to recombinant MV. To explore
the immunogenicity of expressed heterologous antigens,
transgenic mice were immunized with MV expressing B-
gal (35), and several HBV (48), HIV (31), or WNV (15)




























