
Memoranda/Memorandums

Current status of respiratory syncytial virus
(RSV) and parainfluenza virus type 3 (PIV3)
vaccine development: Memorandum from a Joint
WHO/NIAID meeting*

A Joint WHO/National Institute of Allergy and Infectious Diseases (NIAID) meeting on the current status of
respiratory syncytial virus (RSV) and parainfluenza virus type 3 (PIV3) vaccine development was held in
Bethesda, MD, from 30 September to 1 October 1996. The meeting summarized the worldwide impact of
RSV and PIV3; presented the current status of development of RSV and PIV3 vaccines; and examined the
applications of recombinant DNA technology to the development and characterization of vaccines and to the
understanding of viral pathogenesis.

Worldwide impact of RSV and PIV3
Published information and ongoing epidemiological
studies on the impact of respiratory syncytial virus
(RSV) and parainfluenza virus type 3 (PIV3) in
South America, Africa, South-east Asia and the
Western Pacific Region were reviewed. RSV is the
major viral respiratory tract pathogen responsible
for infants and children coming to hospital in these
regions, with annual epidemics occurring during the
winter months. It is also regularly responsible for
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over 20% of hospitalizations for serious lower re-
spiratory tract disease - bronchiolitis and pneumo-
nia being the major presenting illnesses. In contrast,
PIV3 is an endemic virus infection and can be iso-
lated during most months of the year. PIV3 has a
more variable impact, being responsible for 3-10%
of hospitalizations - bronchiolitis, pneumonia, and
croup being the major presenting illnesses. Both
RSV and PIV3 cause serious disease during the first
6 months of life, with the incidence of RSV illness
peaking early in the first 3 months and steadily de-
clining from a high level thereafter. PIV3 illness is
more evenly distributed with a broad peak at 4-12
months of age.

Vaccines for PIV3
Bovine PIV3
Bovine PIV3 (BPIV3) was chosen as a candidate
live-virus vaccine to protect against infection with
human PIV3 (HPIV3) because it is closely related
antigenically to the latter, induces resistance to
HPIV3 challenge, and is attenuated in nonhuman
primates. In humans, replication of BPIV3 is re-
stricted, and it is poorly infectious and totally
avirulent in both seropositive children and adults.
In contrast, among seronegative vaccinees BPIV3 is
highly infectious but nonreactogenic. Despite repli-
cating at a level about 100-fold lower than HPIV3
in seronegative children, BPIV3 induced an immune
response to HPIV3 in a majority of infants. Addi-
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tional studies indicated that the live BPIV3 vaccine
is attenuated, infectious, immunogenic, poorly trans-
missible, and phenotypically stable. The BPIV3 vac-
cine strain is safe in seronegative infants and children
aged 2-36 months.

Live, attenuated, cold-adapted human PIV3

The results obtained with the cold-adapted JS strain
of human PIV3 were summarized. Cold-passage (cp)
PIV3 mutants were selected by serial passage of the
JS strain of wild-type human PIV3 in cell culture at
successively lower temperatures down to 20°C or
22°C. Three mutants that were selected at passage
12, 18, or 45 (cpl2, cpl8, and cp45, resp.) possessed
the desired properties of cold adaptation (ca), tem-
perature sensitivity (ts), and attenuation (att) for ro-
dents and nonhuman primates. The cp45 mutant was
the most promising candidate vaccine strain, as indi-
cated by its high level of attenuation in the upper and
lower respiratory tract of chimpanzees and rhesus
monkeys; also, it maintained its ts and att phenotypes
following replication in the respiratory tract of
these nonhuman primates. The cp45 candidate vac-
cine virus, grown in FRhL-2 (fetal Rhesus lung-2)
cells, was highly infectious, satisfactorily attenuated,
immunogenic, poorly transmissible, and genetically
stable during replication in seronegative infants and
young children. It was safe for the five seronegative
young infants (<6 months of age) studied. The virus
replicates in Vero cells (a continuous cell line of
simian origin that is licensed for use in human
vaccines) maintained as microcarrier cultures with-
out losing its ts, ca, and att phenotypes. The Vero
cell-grown cp45 was highly attenuated in the lower
respiratory tract of rhesus monkeys and was similar
to its FRhL-cell-grown counterpart. Each of the viral
isolates that was recovered retained the ts and ca
phenotypes. Studies in humans have been initiated
with Vero-cell-grown cp45.

Vaccinia recombinants
The results of evaluating the immunogenicity and
efficacy of a new generation of vaccinia-PIV3 re-
combinant viruses were summarized. The highly at-
tenuated, host-range restricted, modified vaccinia
virus Ankara (MVA) strain was used to express the
fusion (F) or the haemagglutinin-neuraminidase
(HN) glycoprotein of PIV3. This vector was chosen
because it grows efficiently in a licensed cell
substrate (chick embryo fibroblasts obtained from
specific-pathogen-free embryonated eggs) but pro-
duces very little infectious virus in most mammalian
cells. Therefore, it should, unlike conventional
vaccinia virus, be completely safe in humans, espe-

cially for the expanding population of immuno-
compromised individuals infected with human
immunodeficiency virus (HIV). Cotton rats and
rhesus monkeys inoculated by the intramuscular,
intratracheal, or intranasal route with recombinant
MVA expressing F or HN developed high levels of
PIV3 antibodies and were highly resistant to chal-
lenge with wild-type PIV3.

Subunit vaccines
A trivalent PIVl-, PIV2-, and PIV3-purified HN and
F glycoprotein subunit vaccine has been developed
using proteins purified from virus replicated to
high titre in Vero cells grown in microcarrier cul-
ture. The monovalent PIV-1 and PIV-2 HN and
F glycoprotein preparations efficiently induced
haemagglutination inhibition (HAI) and neutraliz-
ing antibodies in rodents, with amounts of protein in
the range 0.1-10 tg. A trivalent PIV1-3 subunit vac-
cine was comparably immunogenic, inducing levels
of antibodies for each component that were equiva-
lent to those in rodents immunized with the indi-
vidual components alone. The PIV3 subunit vaccine
has previously been shown to be efficacious in ro-
dents, but this was not evaluated for the PIV1 and
PIV2 components. The monovalent PIV3 vaccine is
safe in adult seropositive human volunteers.

Vaccines for RSV
Cold-adapted mutants of RSV antigenic
subgroup B
A summary was given of the development and
characterization of a live, attenuated subgroup B
RSV candidate vaccine. The virus was derived by
low temperature passage of a wild-type subgroup B
strain of RSV (termed 2B) and identification of
clonal populations that had acquired the ts pheno-
type. A mutant (clone 2B33F) was identified that
was ts at 39°C, moderately cold-adapted, and highly
attenuated in the upper and lower respiratory tract
of cotton rats and African green monkeys. Evidence
of loss of ts phenotype occurred in vivo and in vitro,
indicating that this phenotype was somewhat unsta-
ble. It was concluded that the 2B33F mutant would
serve as a useful substrate for the introduction of
additional ts or other attenuating mutations.

Live attenuated, subgroup A and
B mutants of RSV

A series of subgroup A candidate vaccines has been
produced using one or two cycles of chemical
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mutagenesis and plaque isolation to introduce one or
more attenuating ts mutations into the incompletely
attenuated cold-passaged RSV (cpRSV) mutant.
Three cpts mutants of subgroup A RSV (cpts248/955,
cpts53011009, and cpts248/404) are attenuated and
protective in chimpanzees and have been evaluated
in adults, seropositive children, or seronegative in-
fants and children. Subgroup B RSV candidate
vaccines have similarly been developed by passaging
the RSV B-1 wild-type strain in tissue culture at low
temperature followed by chemical mutagenesis;
three subgroup B RSV vaccine candidates were iso-
lated (cp52, cptsl76 and cptsl761427) that were
attenuated in cotton rats and were subsequently
evaluated in humans.

The cpRSV mutant of the A2 strain RSV sub-
group A is attenuated for adult volunteers, as indi-
cated by decreased infectivity, decreased frequency
of virus shedding, decreased level of virus re-
plication, and decreased frequency of illness. This
suggests that cpRSV contains non-ts-attenuating
mutations operative in the upper respiratory tract of
humans. The cpts2481955 mutant is incompletely
attenuated for seronegative infants. The cptsS30I
1009 virus exhibits a greater degree of restriction
of replication than cpts2481955 in seropositive and
seronegative children. Full analysis of the efficiency
of plaque formation at three restrictive temperatures
of virus shed by cptsS30I1009- or cpts2481955-
seronegative vaccinees did not detect a significant
drift in the level of temperature sensitivity of the
mutant. Both cptsS30/1009 and cpts2481955 spread to
a contact control from whom ts virus was isolated.
The cpts2481404 mutant has been evaluated in over
25 seronegative infants and young children and
found to be safe, phenotypically stable, poorly trans-
missible, and reasonably immunogenic. The level
and rate of viral replication of the cpts2481404 vac-
cine candidate are lower than those of the other two
cpts mutants. These findings in the aggregate are
encouraging and demonstrate for the first time that it
is possible to develop a live, attenuated subgroup A
RSV vaccine that is stable phenotypically and that
appears, in the limited number of seronegative sub-
jects tested, to exhibit the proper balance between
attenuation and immunogenicity.

The RSV Bi wild-type virus has been confirmed
to be virulent for human adults and the attenuating
effect of mutations introduced by cold passage or
mutagenesis has been evaluated. The RSV B1 cp52
virus was unable to infect adults, indicating that it
had acquired host-range attenuating mutations for
humans. The more attenuated derivatives of cp52
virus (i.e. cptsl76 and cptsl76/427) were over-
attenuated for seronegative subjects; cp52 infected
2 of 5 seronegative vaccinees at a dose of 105 0 and

was shed at a relatively low level indicating that
it is indeed attenuated for this population.

The nucleotide sequences were described for
three ts mutants (tslA, tsJB, and tslC), which repre-
sent successive steps of chemical mutagenesis and
plaque isolation of an RSV subgroup A wild-type
virus. The three mutants, which had been previously
evaluated for safety and immunogenicity in adults,
possess multiple nucleotide and amino acid changes
that could have contributed to the ts or att pheno-
types. However, the tslA and tslB mutants differ by
only one amino acid (in the L protein), suggesting
that it is responsible for the phenotypic differences
between the two viruses.

Subunit vaccines
Studies were summarized on the purified RSV F
glycoprotein, alum-adjuvanted, vaccine candidate
(PEP-2), which is being developed to protect the
newborn via maternal immunization and to augment
immunity in seropositive individuals who are at
high risk for severe RSV disease, i.e. elderly adults
and persons of all ages with compromised car-
diopulmonary function. The majority of a study
group of elderly adults, children with cystic fibrosis,
and young women of child-bearing age immunized
with 50 tg of F glycoprotein experienced an increase
in neutralizing antibody titre. Surveillance of
vaccinees during the ensuing RSV season suggested
that potentiated disease did not accompany subse-
quent RSV infection.

The development of a chimeric protein that con-
tains a bacterial albumin-binding protein fused to
amino acid residues 130-230 of the RSV attachment
(G) glycoprotein was described. This chimeric protein,
purified from Escherichia coli on an albumin column,
was immunogenic and efficacious in BALB/c mice.

Vaccinia recombinants
The poxvirus-RSV recombinant viruses ALVAC
(an avian poxvirus) and NYVAC (a vaccinia virus
derivative), which express the F glycoprotein of
RSV, are immunogenic and efficacious in mice. In-
fection of mice with the ALVAC-RSV recombinant
also resulted in the induction of an RSV-specific cel-
lular (CD8+ CTLs) response.

Infectious virus from cDNA
Recently, several laboratories have independently
described the successful recovery of infectious virus
from cDNA for the following non-segmented, nega-
tive strand RNA viruses - Rhabdoviridae (rabies
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and vesicular stomatitis viruses), Paramyxoviridae
(Sendai and measles viruses), and RSV. This pro-
vides the first available method for direct genetic
manipulation of this type of virus.

Basic systems used for "rescue"
Progress was described for four "rescue" systems:
vesicular stomatitis virus (VSV), Sendai virus (SeV),
measles virus (MeV), and RSV. In each case, cDNA
has been constructed to express a full length,
positive-sense copy (representing a replicative inter-
mediate RNA or antigenome) of the viral genome.
Synthesis of the antigenome is controlled by a pro-
moter for T7 RNA polymerase, and the downstream
end of the antigenome is produced by a self-cleaving
ribozyme. A common strategy is used to recover
VSV, SeV, and RSV: the antigenome plasmid is
transfected into tissue culture cells together with T7
expression plasmids encoding the subset of viral pro-
teins required for transcription and RNA replica-
tion. For VSV and SeV, the required proteins are the
nucleocapsid (N) protein, the phosphoprotein (P)
and the large polymerase subunit (L). In addition to
these proteins, transcription by RSV requires the
22kDa M2 protein (a transcription processivity fac-
tor) expression of which is necessary for recovery of
RSV. In these systems, T7 RNA polymerase was
supplied by a vaccinia virus recombinant. The strat-
egy for recovery of MeV was somewhat different: a
cell line was established that constitutively expresses
the T7 RNA polymerase and the MeV N and P
proteins - this line was transfected with plasmids
encoding the MeV antigenome and the MeV L pro-
tein. This approach obviates the need for the
vaccinia-T7 recombinant virus and probably would
be advantageous for the recovery of debilitated vi-
ruses. For all of these viruses, the basic concept was
that coexpression of these components would gener-
ate antigenome nucleocapsid; which would then be
replicated into genomic nucleocapsid and in turn ini-
tiate a productive infection. Each of these systems
produces recombinant virus reasonably reliably. SeV
and MeV recombinants were recovered only when
the nucleotide length of the genome was an even
multiple of six, which confirms the "rule of six" de-
scribed previously by Roux et al. using defective in-
terfering (DI) genome replicons. This rule is thought
to arise because of a nucleocapsid structure in which
each N protein monomer associates with six
nucleotides; however, no comparable rule appears to
exist for Rhabdoviridae or for RSV.

Expression of foreign genes
One application of this "rescue" technology is to use
negative-strand RNA viruses as expression vectors

for foreign genes. Different viruses might have dif-
ferent advantages; for example, VSV has a broad
host range and extremely high levels of replication
and gene expression, whereas SeV or RSV would be
appropriate for targeting expression to the respira-
tory tract. VSV, MeV, and RSV are each capable of
expressing a foreign translational open reading
frame (ORF), which was placed under the control of
viral transcription signals, inserted into the genome,
and expressed as a separate mRNA. Initial studies
have involved marker proteins such as chloram-
phenicol acetyl transferase (CAT), luciferase, or
green fluorescent protein. VSV also has been
used successfully to express the MeV H protein,
MeV F protein, CD4, or CD4 containing the cyto-
plasmic and transmembrane domains of the VSV
G protein.

The foreign proteins have been expressed at
levels comparable to those of the other viral pro-
teins; the level of expression depends on the position
of insertion into the transcriptional map, consistent
with the polar nature of transcription. Studies with
VSV produced the surprising finding that each of
the expressed foreign transmembrane proteins was
packaged in the virion at levels up to 62% of the
coexpressed VSV G protein; the foreign proteins
appeared to be filling free space in the virion enve-
lope rather than displacing the G protein. The level
of cell surface expression of the heterologous protein
also influences its level of incorporation into virions.
The upper limit for insert size remains to be deter-
mined; the 11.2kbp VSV genome can accommodate
at least an additional 3.2 kbp. Interestingly, increases
in VSV genome length are associated with propor-
tional increases in virion length. The foreign inserts
have little or no effect on the replication of VSV or
MeV. In contrast, insertion of the small CAT gene
into RSV significantly retards virus growth and re-
duces production of infectious virus, and thus consti-
tutes an attenuating mutation.

Remarkably, the foreign genes are usually
maintained with a high degree of stability. For exam-
ple, when the VSV-CAT virus was passaged ten
times and plaques were assayed by CAT-specific
immunofluorescence, every plaque expressed CAT.
With MeV, a similar passage series resulted in some
isolates in which expression was lost or reduced.
None the less, the level of stability of the foreign
genes in these recombinants, as well as in the RSV
recombinants, seems to be much greater than ob-
served with positive-sense RNA viruses. Sequence
analysis of VSV, MeV, and RSV recombinants indi-
cates that the foreign gene slowly accumulates point
mutations, but the virus does not appear to delete
the foreign sequence. In one case (VSV bearing the
MeV F protein), the foreign protein appears to inter-
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fere with viral replication, and mutations in which
expression is silenced are quickly selected.

Viral molecular biology
The "rescue" systems also have been used to investi-
gate basic features of viral molecular biology. For
example, MeV recombinants have been constructed
in which the V or C protein ORFs are silenced indi-
vidually. Remarkably, knockout of either gene did
not affect virus growth in tissue culture. Effects
in vivo remain to be investigated. The recombinant
virus is based on the tissue-culture-adapted Edmon-
ston vaccine strain, and such knockouts may lack
effect for this reason. Interestingly, MeV lacking the
M gene also is successfully produced from cDNA,
although it appears to be debilitated in virion forma-
tion and is mostly cell associated. In contrast, the
MeV mutants, which lacked most of the cytoplasmic
tails of F or HN or carried a heterologous tail, grew
to relatively high titres. MeV mutants were con-
structed in which the F and H coding regions were
mostly or completely replaced by those of the VSV
G protein, which presumably changes the method of
entry from surface fusion to endocytosis followed by
pH-activated entry; these chimeric viruses grew effi-
ciently in a variety of human and rodent cell lines.
Such studies indicate that negative-sense RNA vi-
ruses can tolerate considerable genetic manipula-
tion, including drastic reduction or exchange of
envelope components.

In the case of SeV, the 3' leader region of the
genome has been deleted and replaced with a com-
parably sized piece from the 3'-end of the anti-
genome. This generates a full-length SeV genome
(called rSeV-GP42), whose termini are exactly com-
plementary and thus mimic those of the "copy-back"
type of DI particle genome. Whereas the natural
SeV genome has terminal complementarity only for
approximately 12 nucleotides, the GP42 genome has
exact complementarity for 42 nucleotides. This virus
is non-cytopathic in tissue culture, perhaps because
of a failure to induce apoptosis; it does not form
plaques, but instead establishes a persistent infec-
tion that can be maintained indefinitely. Despite its
apparent growth restriction and reduced levels of
gene expression, the GP42 virus was dominant over
the wild-type virus and eliminated it during mixed
infection. These data demonstrate the capacity of
genetic engineering to alter profoundly the growth
properties of a non-segmented negative strand RNA
virus.

The function of the SeV C protein has been
investigated with cDNA-encoded DI genomes
whose replication is complemented by viral protein
expressed from co-transfected plasmids. One type of

DI genome was of the copy-back variety described
above and the other was an internal-deletion type
that retained the normal 3' genome end. The C pro-
tein mediates promoter-specific, negative regulation
of RNA replication, inhibiting the genomic pro-
moter (as in the internal-deletion DI RNA) but not
the antigenomic promoter (as in the copy-back DI).
This was confirmed with the wild type and GP42
recombinant viruses: the former, but not the latter,
being inhibited by C protein. This explains the domi-
nance of the GP42 virus over the wild type since it is
free of such negative regulation. The same explana-
tion accounts for the dominance of the copy-back
type DI genome: it too, is free of such negative re-
gulation. Other studies with SeV have focused on
mapping the sequences at the 3'-end of the genome
responsible for RNA replication. Essential sequence
elements therefore lie within the upstream non-
translated region of the N gene in addition to the
leader region. Thus, the genomic promoter and ac-
cessory sequence elements are much more extensive
than had been expected.

Development of RSV and PIV3 vaccines
The ability to introduce predetermined changes into
infectious virus provides an important new capability
for the development of live, attenuated vaccine virus
and is of particular importance for RSV and PIV3.
In this connection, the results of sequence analyses
of the cpRSV, cpts248, cpts2481404, cpts530, and
cptsS301009 viruses were reported. The cpRSV con-
tains five point mutations (each encoding an amino
acid difference) relative to the wild-type parent, and
each of the subsequent derivatives contains one or
two point mutations. Each result in an amino acid
change, mostly in the L protein, except for a single
change in the transcription start signal of the M2
gene.

Studies are being carried out to insert systemati-
cally these mutations into wild-type recombinant
RSV to identify the phenotype associated with each
mutation and thereby prepare a list of RSV attenua-
tion mutations. For example, a point mutation that
was identified in the L protein of cpts530 RSV has
been found to confer temperature sensitivity to the
wild-type recombinant virus. The cpts2481404 virus is
currently being reconstructed as a recombinant by
inserting one or more mutations from the 530 lineage
to further attenuate it. Thus, this methodology offers
the capability of combining desirable mutations from
different viruses.

The "rescue" methodology should have other
uses in vaccine development. DNA represents a sta-
ble vaccine seed. In many cases, mutations can be
stabilized against reversion by choosing codons that
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differ from the wild-type assignment at more than
one nucleotide. Vaccine virus can be modified to
accommodate antigenic drift. It might also be possi-
ble to replace the surface antigens of an attenuated
subgroup A virus with those of a subgroup B virus,
thereby creating an attenuated subgroup B vaccine
virus. In addition, the expression of protective anti-
gens by a vaccine virus might be increased by genetic
engineering; for example, by removing alternative
reading frames or changing gene order. Vaccine vi-
ruses might be improved by coexpression of one or
more cytokine genes, such as IL-2 (to broadly stimu-
late immunity), or IL-12 (to enhance a Thl-type
response).

PIV3 has not yet been recovered from cDNA,
although a complete cDNA has been assembled, and
a minireplicon system established and used to con-
firm the functionality of the N, P, and L cDNAs.
When the method of recovery has been established
for PIV3, it will be used to characterize the muta-
tions of the cp45 virus and to construct PIV1 and
PIV2 vaccines by replacing the cp45 HN and F genes
with those of PIV1 and PIV2.

In summary, the recovery of infectious engi-
neered virus from cDNA will be an important part of
future studies of molecular biology, pathogenesis,
and vaccine development for the nonsegmented
negative-strand RNA viruses. These viruses appear
to be surprisingly tolerant of genetic engineering and
the insertion and expression of foreign sequences,
perhaps because of the modular nature of the viral
genome.

Resume
Etat d'avancement des vaccins contre le
virus respiratoire syncytial (RSV) et le
virus parainfluenza type 3 (PIV3):
Memorandum d'une reunion conjointe
OMS/NIAID
L'OMS et le National Institute of Allergy and Infec-
tious Diseases (NIAID) ont parraine une r6union
conjointe sur l'6tat d'avancement des vaccins
contre le virus respiratoire syncytial (RSV) et le
virus parainfluenza type 3 (PIV3), qui s'est tenue
a Bethesda, MD, les 30 septembre et ier octobre
1996. La r6union avait pour principaux objectifs de
faire le point sur l'impact mondial du RSV et du
PIV3, d6crire l'etat actuel du d6veloppement des
vaccins dirig6s contre ces virus, et examiner les
applications du genie g6n6tique au developpement
et a la caract6risation des vaccins ainsi qu'a l'6tude
des mecanismes de la pathogenicit6 des virus. Le
RSV et le PIV3 sont, a l'echelle mondiale, les deux

principaux agents pathogenes des voies respira-
toires. Deux vaccins vivants att6nu6s- lun a base
de PIV3 bovin antig6niquement apparente et l'autre
a base de PIV3 humain adapte au froid - ont
satisfait aux essais de phase I chez des sujets
seron6gatifs. De plus, un vaccin candidat a base
de virus de la vaccine recombinant, fond6 sur la
souche modifi6e Ankara de virus de la vaccine,
restreinte par la gamme d'h6tes, qui exprime les
antigenes protecteurs du PIV3, a induit une r6sis-
tance a une infection d'6preuve chez des rongeurs
et des primates. Un vaccin sous-unite trivalent
PIV1, PIV2, PIV3 - consistant en hemagglutinine-
neuraminidase (HN) et en glycoprot6ine de fusion
(F) purifi6es de chaque PIV, s'est montre efficace
lors d'essais sur I'animal.

Un mutant thermosensible vivant attenu6,
adapt6 au froid par passages successifs, d'un RSV
humain de sous-groupe A a 6galement satisfait aux
essais de phase I chez des sujets s6ron6gatifs. Le
ph6notype de ce mutant etait stable apres r6plica-
tion chez des sujets seron6gatifs, et les sujets
vaccin6s pr6sentaient des titres mod6r6s d'anti-
corps neutralisants. On n'a pas encore trouve
d'6quivalent vivant att6nu6 immunogene pour le
RSV humain du sous-groupe B. Huit vaccins
vivants attenu6s contre le RSV ont 6te s6quenc6s
et un menu de mutations att6nuantes est en cours
d'assemblage. Une ou plusieurs mutations issues
de ce menu sont introduites dans le virus infectieux
grace a une technique innovante de genie g6n6-
tique. Une preparation vaccinale consistant en
glycoprot6ine F purifiee de RSV, adjuv6e par l'alun
(PEP-2), en cours de mise au point pour prot6ger
le nouveau-ne par vaccination de la mere et pour
renforcer l'immunit6 chez les sujets s6ropositifs a
haut risque d'infection grave par le RSV, a savoir
les personnes agees et les sujets de tous ages dont
la fonction pulmonaire est affaiblie, est immuno-
gene chez I'homme. Un autre vaccin candidat a
base d'une prot6ine chimere compos6e d'une pro-
teine de liaison a l'albumine bacterienne fusionnee
avec les restes 130-230 d'acides amin6s de la
glycoprot6ine d'attachement (G) du RSV, a induit
une r6sistance a une infection d'epreuve chez la
souris.

Grace aux techniques de gen6tique inverse,
il est maintenant possible d'obtenir des RSV et
d'autres paramyxovirus recombinants infectieux
a partir de constructs d'ADNc par co-expression
du genome complet ou de l'antig6nome d'ARN et
du sous-ensemble de proteines virales n6cessaires
pour la transcription et la replication. 11 est possible
d'introduire des mutations dans ces constructs et
d'obtenir des virus porteurs de ces mutations en
vue de la caract6risation ult6rieure de leur ph6no-
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type. On a egalement reussi a ins6rer et exprimer
des genes 6trangers, et a retirer des genes acces-
soires de virus infectieux. Outre les etudes sur la
virologie mol6culaire et sur la pathogenie des para-

myxoviroses, cette nouvelle technique est utilis6e
pour identifier les mutations att6nuantes dans les
vaccins candidats anti-RSV vivants attenues et pour
developper de nouveaux vaccins experimentaux.
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