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(N-nucl eocapsid profein phoprotei n, Mematri x protein,
mumps mfecnon are senous For example, mumps is the most common cause of

memngoencephahtls in children under 15 years of age in the UK, and a cause of
permanent sensorineural deafness in childhood. Although 30-40% of natural

10 - mumps infection are symptomless, the very fact that salivary gland involvement can
be unpleasant and that in the adult population mumps can cause 1st trimester
abortions and orchitis of men as well as the neurological complications noted above,
has led, in many countries, to the adoption of mass vaccination programs.

Mumps virus belonging to Paramyxoviridae is constituted by a single strand

15 genomic RNA of the minus sense and is about 15,3kb with the gene order 3' N-P-
M-F-SH-HN-L5' (N-nucleocapsid protein, P=phosphoprotein, M =matrix protein,
F=fusion protein, SH =potentially expressed as small hydrophobic protein, HN-
haemagglutinin neuraminidase, L =large protein). Among various mumps strains,
Jeryl-Lynn (B-level) is a live attenuated variant which has been characterised by

20  sequence analysis of the F,P,HN,M genes. _

Until recently, two mumps virus strains have been approved for vaccination
against Mumps. These are Urabe Am 9 and Jeryl-Lynn. However in September
1992 the Urabe strain was withdrawn following a reported incidence of
unacceptable level of side effects [European Journal of Pediatrics (1993) 152:387].

25 The Jeryl-Lynn strain has been sold commercially by Merck Sharp and
Dohme for many years under the trade name "MumpsVax". The Jeryl-Lynn strain
was obtained from a clinical sample of a patient suffering from mumps, by amniotic
inoculation into embryonated hen's eggs (Proc. Soc. Exptl. Biol. Med. 123 (3)
(1966)). '

30 Afzal gt af recently reported (J. of Gen. Virology 1993 74 917) that the
Jeryl-Lynn strain used in mumps vaccines in the UK is in fact a mixture of two
viruses, named JL-2 and JL-5.

Takeuchi et al Virology (1991) 181 p364-366 report that among different
mumps strains there can be substanual nucleotxde sequence variation at the SH gene

35 level Uy

Afzal et al have emphasised ihat the present commercially available vaccine

"MumpsVax" is made under carefully controlled conditions including a cell bank

and passage limits and which are likely to preserve the proportion of the two
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eacﬁmﬁport ion of the two
Accordingly the present inventors provide an attenuated Jeryl-Lynn mumps

strain containing the nucleotide sequence as set forth in Figure 1. This sequence
encodes the SH gene and the N terminus of the HN gene. The strain is herein
15  referred to as SBB JL-1.

are likely t o

In Figure 1 there is shown the c DNA séquence of the JL-1 mumps virus
isolate over the SH gene coding and SH-HN intergenic regions.

20 ‘The present invention also provides a mumps vaccine comprising a
substantially homogenous immunogenic Jeryl-Lynn isolate.
By substantially homogenous it is meant that the isolate is not contaminated
with more than 10%, and preferably less than 5% and most preferably less than 1%
of another Jeryl-Lynn isolate as defined by the sequence of the region set forth
25 above. In a preferred embodiment of the invention, the vaccine contains a pure
homogeneus Jeryl-Lynn isolate i.e. devoid of any contamination with other Jeryl- -
Lynn mumps isolates which differ within the region set forth in Figure 1.
In one embodiment of the invention there is provided a vaccine comprising
homogenous SBB JL-1 devoid of contamination with JL-2.
- 30 The pure isolate does not suffer from the disadvantages of potential batch to
batch variation between substrains and provides a product which is easier to ensure
will meet consistent quality guidelines .
Homogenous Jeryl-Lynn according to the invention may be obtained by
passaging commercially available MumpsVax on Chick Embryo Fibroblast (CEF)
35  cells, and selecting pure cultures by either limit dilution and examination of
resulting isolates or by individual plaque isolation . Other suitable cell lines include
Vero cells and MRCS cells. This requires that methods are available for detection
of minor proportions of a known variant virus within a population. Such
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mumps isolate would be formulated in a trivalent vaccine in an analogous manner to
those vaccines already available. Additionally or alternatively the vaccine of the
10  invention may contain a live Varicella Zoster attenuated virus for providing
protection against varicella (chicken pox) or Zoster (shingles). Ina preferred'
embodiment the Varicella Zoster virus will be the Oka strain as disclosed by Andre
F E Postgraduate MED J. (1985) 61(Suppl. 4), 113-120 or Veskari T et al Acta
paediatr. Scand. 80 : 1051-1057, 1991. Preferably the vaccine of the invention will

15 be quadrivalent and provide protection against mumps, rubella measles and varicella

zoster viruses.
The invention also provides a process for preparing a whole virus vaccine,

for example by freeze drying the virus in the presence of suitable stabilisers or

admixing the strain according to the invention with a suitable carrier or adjuvant.

20 It may also be advantageous to formulate the strain of the invention in liposomes or
with carrier particles. Alternatively or in addition immunostimulants such as 3 de-
O- acyl monophosphoryl Lipid A (Ribi Immunochem) or the saponin derivative
QS21 (Cambridge Biotech) may be-included in the formulation.

In a further aspect, the invention provides a method of treating mumps

25 infection in humans, which method comprises administering to a human subject in
need thereof an immunologically effective dose of the vaccine according to the
invention.

The mode of administration of the vaccine of the invention may be any
suitable route which delivers an immunoprotective amount of the strain and other

30 immunogenic component of the vaccine to the subject. However, the vaccine is -
preferably administered parenterally via the intramuscular or deep subcutaneous
routes. Other modes of administration may also be employed, where desired, such
as oral administration or via other parenteral routes, i.e., intradermally,
intranasally, or intravenously.

35 | The appropriaie immunoprotective and non-toxic dose of such vaccine can
be determined readily by those skilled in the art, i.e., the appropriate
immunoprotective and non-toxic amount of the strain of this invention contained in
the vaccine of this invention may be in the range of the effective amounts of antigen
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1) INITIAL SEQUENCING OF THE SH GENE

15 Commercial MumpsVax virus was passaged on confluent monolayers of
Vero cells grown in 25 cm? flasks with dMEM Biorich medium (50/50 v/v) with
0.5% foetal calf serum using about 3.0 log TCID50 as inoculum. The infected cells
were recovered after 7 days incubation at 34°C and the RNA extracted by the
method of Ferré and Garduno (Nucleic Acids Research 1989, 17; 2141) into 100

20  mcl of water treated with diethylpyrocarbonate for 5 minutes at 100°C. 5 mcl of
this extract was reverse transcribed by adding the following reagents: RNAsin 40
units (Boehringer Mannheim, Germany), 4 mcl of 5X concentrated reverse
transcriptase buffer (Bethesda Research Lébs,), 2 mcl of a mixture of the four
deoxynucleotide triphosphates at 10mM, 10 pmole of NH2 oligonucleotide primer,

25 1 mcl of Moloney murine leukemia virus (MMLYV) reverse transcriptase (Bethesda
Research Labs, 200 units per mcl) and water to a final volume of 20 mcl.
Oligonucleotide NH2 has homology to the F gene of the Urabe strain of mumps
virus. The mixture was incubated for 45 min at 37°C and then heated for 5 min at
95°C. The cDNA was then amplified by two successive rounds of PCR reaction

30 using oligonucleotides NH8 and NH14 as primers and using 1 mc! of a thousand
fold dilution of the first round reaction as starting material for the second round.
Each PCR round consisted of 25 cycles of heating at 94°C for 1 min, 53°C for 1
min, 72°C for 1 min. The PCR product corresponding to the SH gene was
sequenced in both directions after further PCR amplification in the presence of

35 fluorodideoxymucleotide terminators and either NH8 or NH14 as primers and
analysis of the products on an Applied Biosystems automatic (373A DNA
sequencer) sequencer according to the suppliers protocol and recommendations.
Ambiguities were observed at a number of positions in the sequence and confirmed
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PCR amplification with oligonucleotides NH30bis and NH31bis as primers.

10

2) CLONING OF THE SH GENE

MumpsVax virus was used to infect Vero cells and total RNA was prepared
as described above. The RNA was reverse transcribed using random primers and
PCR amplified using oligonucleotides NH22 and NH23 as primers. ( NH22

15  contains a HindII restriction site within the primer and NH23 contains a BamHI
restriction site within the primer to facilitate cloning of the amplified DNA
fragment). The amplified DNA was restricted with HindIII and BamHI
endonucleases and cloned into the vector pUCY. Eleven clones containing an insert
corresponding to the mumps SH gene region were recovered. All eleven had a

20  sequence corresponding to that of Takeuchi et al (loc cit). In addition five clones

' had a Ddel restriction site, absent in the six other clones. No insert corresponding
to the JL-5 sequence was recovered. This result and the sequencing ambiguities
suggested that the JL-2 variant virus defined by Afzal et al forms a substantial or
easily detectable proportion of MumpsVax virus.

25 |
3) PASSAGING DIRECTLY FROM MUMPSVAX

g MumpsVax virus was also passaged directly on Chicken Embryo Fibroblast
(CEF) cells. Virus was recovered at the third passage from 5 different lots including
the lot MJO5 used to prepare the lyophilized sample MJ05A42 for injection in

30  animals. The 5 virus preparations were used to infect Vero cells and RNA was
recovered and prepared for DNA sequencing by amplification with primers NH8
and NH14 table as described above except that random primers were used to prime
the reverse transcriptase reaction. All 5 lots of virus displayed a sequence identical
to that of JL-2 (Takeuchi et al) and without ambiguities.

35 To investigate this further the direct sequencing method on viral plaques
was used as described above. The 5 lots were used to infect Vero cell cultures and
obtain plaques which were processed for sequencing using NH30bis and NH31bis
as primers. Of a total of 26 plaques tested for the 5 lots, 13 gave a sequence
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incubated at 34°C . After 7 days incubation the viral plaques were visualized by
15 removing the superficial liquid medium and adding 0.03 % (w/v) neutral red
solution and allowing this to diffuse for 1 hour. The liquid and agar was then
removed and a dry nylon filter applied to the bottom of the dish with finger
pressure. The filter was then wet with a few drops of 2X SSC and lifted. Virus was
fixed to the filter by placing it on paper soaked in 2X SSC for 5 min and then on
20  paper soaked in 2X SSC, 0.2% (w/v) sodium dodecy! sulphate for 30 min and then
exposing the filters to UV light for three to five minutes. Twenty individual plaques
were cut from the nylon filters and the piece of membrane was immersed in 100
mcl of water and 1 mcl of RNAsin (Boehringer Mannheim, 40 units) was, added
before heating at 65°C for 30 minutes. The 100 mcl of liquid was transferred to a
25  fresh tube and the nucleic acids precipitated by adding 10 mcl of 3M sodium acetate
followed by 250 mcl of ethanol. The mixture was held overnight at -20°C or for 1
hour at -70°C before centrifugation. The pellet was then dried. The material was
then reverse transcribed by adding the following solutions to the pellet: 4 mcl 5X
concentrated reverse transcriptase buffer (Bef.hesda Research Labs,) 2 mcl of 0.1M
30 dithiothreitiol, 1 mcl of a mixture of deoxynucleotide triphosphates (Perkin Elmer -
Cetus, 10 mM concentration), 1 mcl of N6 random primer oligonucleotides (New
England Biolabs, concentration 100 mcg per mi) and 11 mcl of water. 1 mcl of
MMLYV reverse transcriptase was then added and the mixture incubated for 1 hour
at 37°C and then for 5 min at 95°C. The cDNA was then PCR amplified by taking
35 10 mcl of the above mixture and adding 500 ng of each of the oligonucleotide
primers NH30bis and NH31bis, PCR buffer and 1 mcl of Stoffel DNA polymerase
(Perkin Elmer - Cetus, concentration 10 ug mcl in 100 mcl final volume and heating
the mixture for 30 cycles of 1 min at 95°C, 1 min at 60°C and 1 min at 72°C. The
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the JL-5 sequence of Afzal et al (loc cit). One plaque gave a sequence with
ambiguities. This result suggested that MumpsVax may contain a variant or variants

10  which differ in this region from the dominant JL-5 strain found by Afzal et al. The
two bases differing between JL-5 and the plaques sequenced are at positions 270
and 279 and are located in the intergenic region between the SH and HN codmg
regions.

15 5) PLAQUE HYBRIDIZATION
To attempt to determine more directly the proportion of the JL-5 and JL-2

type variants in MumpsVax and derivative cultures a plaque hybridization method
was used. MumpsVax virus and the passaged virus of lot MJ05 were used to infect
Vero cell monolayers and obtain plaques which were then lifted onto nylon

20 membranes and the nucleic acids fixed as described above. The filters were
prehybridized for 3 hours at 65°C in 200 ml of the following solution: 5X SSC
(SSC is 0.15M sodium chloride 0.01M sodium citrate pH 7.2), (10X concentrated
Denhardts solution (10X concentrated Denhardts solution is: 0.2% w/v Ficoll 400,
0.2% bovine serum albumin, 0.2% polyvinyl chloride), 0.1% (w/v) sodium dodecyl

25  sulphate, Salmon sperm DNA 50 mcg per ml. The filters were then hybridized with
gentle agitation for 2.5 hours at 65°C in 50 ml of a solution with the same
composition as above and preheated to 65°C and with the addition of the
radioactive probe and cold competitor probe solution. The oligonucleotides used as
variant specific probes were BC252 which hybridizes with JL-5 variants and BC253

30  which hybridizes with JL.-2 variants. The oligonucleotides were labelled with
gamma 32P-ATP by kination in a solution of the following composition: 100ng of
the oligonucleotide to be labelled, 3 mcl of 10X concentrated kinase buffer (10x
concentrated kinase buffer contains: 0.5M Tris -HCI pH 7.6, 0.1M MgC12, 50mM
dithiothreitol, 1mM spermidine and ImM EDTA pH 8.0), 3 mcl of 32P- ATP

35 (Amersham International, 3000 Ci/nmole, 10 mCi/mcl) and 2 mcl of T4
polynucleotide kinase (Boehringer Mannheim,) made up to 30 mcl with sterile
water. This mixture was incubated for 30 minutes at 37°C and the reaction stopped
by heating for 5 minutes at 95°C. Cold competitor oligonucleotide was then added
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( Bet hesda Resé@&gaﬁ Egggey f°§§ﬁ“[?n‘f4“§}%§w“rr§$p %b;’dé\lxy%g%dwﬁ Cg’diﬁﬁlaﬁhﬁ@%feu @Eof
20 ntl. A i gofiltetsewenedbemifiedand exposedtpyXtmaytflim With andntefisifylieg strate Whemi n
of munps viru r?cﬂge hen
heated for 5 riﬂ/%ﬂé&f\/&?ﬁ&é féﬁ%ﬂﬁgﬁ?ﬁéﬁt&@%ﬁﬁﬁ?@é{m@ successi ve
rounds of PCRwitealigoouclastideyBGRS bmm@mlthm&ﬂmanucmecw thei ners and
using 1 Mgy OhyBridiPRiPRAnd with BC253. When lot MJOS was examinéd, although there

were approximately equal numbers of plaques hybridizing with both probes,

relatively more plaques hybridized with BC253 than with BC252.

6) ISOLATION OF PURE JERYL LYNN ISOLATES

15 To recover pure isolates of the JL-5 and JL-2 variants, a sample of
commercial Mumps Vax (lot 92A06 from Merck Sharp and Dohme deposited at the
Public Heath Laboratory Services, Porton Down, Wiltshire, UK under Accession
No. Jeryl-Lynn Mumps Strain: V93110585 on 5th November, 1993) at a stated titre
of 4-6 log TCID50 infections units was limit diluted and used to infect Chicken
20 Embryo Fibroblast cells in 96 well microtiter plates at an estimated inoculum of 0.1
infections units per well. The plates were incubated 11 days at 34° C to permit
development of the virus. Seventeen wells of a total of 192 inoculated showed a
cytopathic effect indicating viral growth and these were used to inoculate further
cultures of CEF cells. The identity of the virus isolated was determined on this
25 second passage material which titred about 4.9 log TCID50 by filtering the virus
preparations through a 0.8 um filter, centrifugation for 1 hour at 42,000 rpm and
resuspension of the viral pellet with 100 mcl H20. One mcl of RNase inhibitor
(Boehringer Mannheim, 40 units per mcl) was added and the mixture incubated for
30 minutes at 65° before addition of 1/10 volume 3 M Na Acetate (pH 4.5)
30 followed by 2.5 volumes of ethanol. The material was allowed to precipitate:
overnight at -20°C or for one hour at - 70°C before being centrifuged for 30

minutes at 4°C in an Eppendorf bench-top centrifuge and the pellet dried.
Viral RNA recovered was reverse transcribed by adding 20 mcl of the
following mixture to the pellet. 4 mcl of 5x core RT buffer (Bethesda Research
35 Labs), 2 mcl of 10 nM deoxynucleotide triphosphate mixture (Perkin Elmer,
Cetus), 1 mecl of random primers N6 (Biolabs, at 100 mcg/ML), 11 mcl of H20, 1
" mel of MMLYV reverse transcriptase (Bethesda Research Labs). This mixture was
mcubated for 1 hour at 37°C followed by 5 minutes at 95°C to inhibit the reverse
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foI d ‘dil uti.ongafsosse first round reaction as st AP tHas eenRe lac? or the
- Each PCR round consisted of 25 cycl at: 94[err]C
for 1 mn, 53[err]Cfor 1 mn, 72[err]C for 1m uct

second round.

correspondi ng to the SH gene was sequenced in both d| rectlons after further

PCR anplification in the presence of fluorodi deoxynucl eotide term nators

and either N

Hgrafscrigilsé. as 107 MFEr §f aRE A Shixedle WR MeAduabreRd & PCR

Appl i ed Biosyste aut opmat (37 DNA sequence sequencer. accor.

t he suppli er s 2pPHHGAAD %é%é&%‘nﬁ%‘ﬂd‘éﬂ Iy swi ‘ﬁn‘ﬁFcﬁﬂ’P‘F"é Nﬁgpeblét?é‘éd’\ygglé‘ts
number of posikingibe folldwiflg hestingy g’mﬂnﬁ:%fBO les-: 1 minute at 95°C, 1 minute
-5- on both st gqg@llThe Sgagﬁ’ﬁmf‘@ @. t ai n ffered from E_&%& of . Tak Chl
et al (Virol o8 {/ ute 6 eFBSt“ Iag’E’ﬁWﬁ vigre p Mg

i ncl udi ng § uPoaiegapatcoediag to iﬂammmmﬁsf otober. di ffered from part of

t hat obtai ned by

JL-5 isol ate

o o R'si lspfitesrtactaE bty Kty t&ﬁ?ﬁé giebi were drocuiy bfib Yelf' "

wer e al so obseelisedowbistnint Iplaguesre These were lifted onto nylon membranes and the

10

15

20

25

30

35

membranes hybridized with oligonucieotide BC252 and with oligonucleotide
BC253, both labelled with 32P by kination as described above. Hybridization was
done n 5x SSC at 65°C for 2.5 hours using about 100 ng of labelled
oligonucleotides and 10 mcg of cold competitor oligonucleotide in a volume of 50
ml. About 200 plaques were tested for each isolate and none reacted with the JL-2
probe (oligonucleotide BC253). All plaques reacted with BC252.

One virus isolate, originating from well 9H2A of the micro titre plate and
further identified as SBB strain JL-1 was taken through two further passages on
CEF cells. After the last passage (4 passages from the original Mumps Vax
material), the virus was used to infect Vero cells and to obtain plaques. These were .
lifted onto nylon membranes and tested by hybridization with oligonucleotides
BC252 and BC253 which had been labelled with 32P by kination. Over 2000
plaques were tested with the JL-2 specific probe BC253 and none was found to
react with this. A lesser number of plaques was tested with oligohucleotide BC252
and all gave a positive reaction. Sequencing was performed directly on the virus
pool of the JL-1 strain recovered at the fourth passage on CEF cells by
centrifugation and ethanol precipitation of the virus followed by reverse
transcription using random primers as described above. The cDNA was amplified
by PCR reaction using oligonucleotides NH14 and BC265 as primers and with the
following heating programme: 1 minute at 94°C, 1 minute at 60°C, 1 minute at 72°
C, for 30 cycles. The resulting DNA fragment was purified on a MagicPrep
column (Promega Biotech) according to the suppliers' instructions and sequenced on
an Applied Biosystems 373A automatic sequencer according to the manufacturers'
instructions and using oligonucleotides NH14, BC 265, NH 30bis and NH31bis as
primers. The sequence shown in Figure 1 was obtained. This sequence
surprisingly differs from that obtained by Afzal et al for their JL-5 isolate at six
positions in the intergenic region between the SH and HN coding regions as shown
in Figure 2. The JL-1 isolate therefore represents a further variant virus present in
the MumpsVax preparation.

_ A second virus isolate, identified as 10HSF which also reacted only with the
JL-5 probe was sequenced by infecting Vero cells with passage two virus, lifting a

-9-
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“after reverse transcription of viral RNA into ¢ prlmers

Tegion was segF d directly from4.0 to 5.0 LS meMmédax virus
.rectvered by racentrifugation, without prio m cells, and
[

foll owed by PCR anplification with oligonucl eot d NH31bi s as
primers. 2) CLONING OF THE SH GENE I\/UrrpsVax virus was used to

i nfect Vero c o P%?ﬂ’ﬁﬁ“ ofidNA
was reverse t@lahscgﬁtg dﬁ}ﬂgﬁ rimers é&g %ﬁéameﬁlfle L%l;fng

ol i gonucl eot i wsRg NEP W&sole@qycleﬁ@d@ as(prigpgrs. aamaaw sequeneg) identical
restriction s WOE'@HIA v@rﬂnﬁ‘ﬁ’i @’W% bgSthe - fideCBy @N
site V\A'thintﬁ:aﬁgrlrrer to acilit eci(?nlng ?Pbt Hg&g%plpﬁlteE% Y
fragment). Theasgw the;SHrHDmteEgenicaegipRct ed with H ndl 11 and BanHi

endonucl egses and cloned into the vector pUC. Eleven clones containing an
had & sequench DAMUEBSBHRNEITY: that o Takeuchi et al (loc ity In oo
addi tion five cl onfhe hftuAcddaRity'ofthe TICLL SRk Frioth ERBAFIBG Wik febedsh X ot her
o s Mo e BN GRS, L S A RPN B T
defined by Af palsagetfr@h MampsVax sdisdraesiédiftars easi gruwdﬁitéﬁzﬁ"&bdmcmt ion
of I\/UnpsW Vand'dt a dose of o'ﬁ%&lgghi%l% %sLJseﬁwmmume a group of four African
Green monkeys by subcutaneous injection. Three further groups of four monkeys
were injected with : (a) MumpsVax at a concentration of 4.3 log TCID50; (b) with
a lyophilized preparation, MJ21A42, at a concentration of 4.3 log TCID50 per
dose from virus harvested after 9 days growth at 32°C and derived from three
15  direct passages of MumpsVax on CEF cells; (c) with a lyophilized preparation,
MJ05A42, at a concentration of 4.2 TCID50 per dose from virus harvested after 7
days growth at 34°C and derived from three direct passages of MumpsVax on CEF
cells the passages being different from those for the MIJ21A42 preparation.
Blood samples were taken before injection on day 0 and on days 28 and 42
20  after vaccination and tested for the presence of IgG antibodies to mumps virus using
the commercial Enzygnost Anti-Parotitis Virus kit from Behring (Behringwerke
AG, Marburg, Germany) as described by the supplier. As shown in Table 1 the
preparation derived from the pure JL-1 strain induces a higher titre of anti-mumps
virus antibodies in the animals than the other preparations, including MumpsVax.
25 ° These sera were also tested at two-fold serial dilutions in a plaque reduction assay
using MumpsVax as test virus. The sera from the animals injected with lot
MJ11A42 gave a higher average reduction in the number of plaques compared to
the other sera.

30 8) CLINICAL STUDIES .

' The JL-1 strain was further tested in a clinical trial with seronegative
children of about 15 months of age. Trivalent measles, mumps and rubella vaccines
were formulated and Iyophilized using either pure JL-1 stain as the mumps

 component or with mumps virus derived by directly passaging Mumps Vax on CEF

35 cells as in Example 6 above. Commercial M-M-R®II vaccine produced by Merck
and Co Inc and obtainable from Merck Frossr Inc Kirkland, Quebec, Canada was
also included in the trial; it contains the Jeryl—Lynﬁ (B-level) strian as the mumps
components. '
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NUnpsvax V|rq§gm§g al so passaged dlrectly on Chi cken Enbryo Fi br obl ast
-(CEF) cells. Virus was recovered at the third passage from5 different lots
including the l'ot MIO5 used to prepare the |yophilized sanple MIO5A42 for
injection in animals. The 5 virus preparations were used to infect Vero
cells and RNA was recovered and prepared for DNA sequenci ng by
anplification with primers NH8 and NH14 table as described above except

t hat randomprlner reue‘to ripe,t reversetran cripta i on.
A5 Tore ob T uEhe s oSS uiths, B it Yiees AEEEE phprations §efé fuehifth
(Takeuchi et asl4.5 mgle@I]Didmsts foritheyvactinedot number mummmnmgtthc pure

above.  Tho 5 ot Sunly o 108G EpieRdor e Nabdtoe Rty MR CA2REPRERRE | (CC

whi ch wer & prthe passagedf Mumpsyax Nuusngndléxiwlygl\'mm desesfar thedatismber &QSDﬂrer S.

O a total of mfﬂ% ?@dlll e |l ots, 13 gave a sequence
- 6- identic ﬁqm gﬁ?ﬁ“’f he JL-2 sequence, 5 gave a sequence
very simlar to '

[@)]

Blood samples were taken from the children before vaccination and at 42
days post vaccination.

10
The presence of IgG antibodies to mumps virus was tested using the same
commercial kit described above in Example 6. As shown in Table 3 the pure JL-1
strain MMR vaccine induced both the highest seroconversion rate and gave the
highest geometric mean titre of the three preparations.
15
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JL-5 except for two base differences at positions 270 and 279 as shown in

,Flgure 2
m Xture of virus.

Vero cells

4) DI RECT SEQUENCI NG OF. VI RAL PLAQUES
di lutions of MunpsVax containing an estinmated 100, 50 and 10 virus
“particles per 0.5 m aliquot were used to infect confluent nonol ayers of
of the medi um and washi ng

in 5 cmPetri
with dMEM Biorich 50:50 v/'v nedium (Biorich) w thout serum Virus was

di shes after

r enoval

and 8 pl agues gave sequences with anbiguities indicating a
Thr ee

allowed to adsorb during 30 mnutes at 34[err]C. The cells were then
covered with 5 m of overlay agar

of dMEM Biorich nmediumw th 0.5% FCS and 2.5
After solidification the agar

t enper at ur e agar ose.

3 nm
34[err]C .
renovi ng the superficial

of dMEM Bi orich nmediumwith 0.5 % foetal
After 7 days incubation the viral

hel d at

solution and allowing this to diffuse for

42[err] C and containing 2.5 m
m

1 hour..

of 3 % (wWv)
| ayer was
calf serum and
pl agues were visualized by
i quid medi um and addi ng 0.03 % (w v) neutral

| ow gel |'i ng
covered with
i ncubat ed at

red

The liquid and agar was

then renoved and a dry nylon filter applied to the bottom of the dish with
finger pressure. The filter was then wet wth a femﬂﬂns Iﬁ&B&MRﬁﬁﬁmand
lifted. Virus was fixed to the filter by placing it in 2X
SSC for 5 min and then on paper soaked in 2X SSC, O.
dodecyl sul phate for 30 mn and then exposing the fllters ght for
three to five mnutes. Twenty individual plaques were cut. fron1the nyl on
filters and the piece of nmenbrane was imrersed in 100. ntl of water and 1
ncl of RNAsi n ( BoghHrRger—Naprhe-m—dorthi-t-s—was—added
g 7 '
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bef on.é heat i nB4505365[ err] C for 30 m nutes.

transferred
10 nctl

to a

of 3M sodi um acet ate

The 100 ntl
fresh tube and the nucleic acids precipitated by addi ng
foll owed by 250 ntl o

of liquid was

f ethanol. The m xture

was held overnight at -20[err]C or for 1 hour at -70[err]C before

centrifugati

on.

The pellet was then dried. The materi al
transcri bed byabléd ng the foll owing solutions to the pellet:

t hen reverse
4 ntl 5X

was

concentrated reverse transcri ptase buf fer (Bet hesda Research Labs ) 2 ntl

of 0.1M dit
tri phosphat g

1Ll O[nI‘EI[IOI

1 ”U[

a)

h

R

1L

=3

EUEL);,( (N

>

%ﬁﬁ!lubl UUL I UU
1

L0

|nn\ 1. ncl of N4

random pri ngrCade gonucl eo | des (New Engl arSéqﬁ’emh@'g )concent rati on 10Q ntg

per m) and
added and tHh
at 95[err]C
m xture and
and NH31bi s,
“Cet us, concq
m xture for

72[err] C. ThHe

| of wat
e mMXxture inc
NHe cDNA was

A0 ror oh S’f@@{‘f SALET AT
MNHa22 on 10 ug AGMWTGMGNB%CEMAW@AG@W
el es of Lc@@T@A & £TAETCr BTG FrPPATHET AT !
NH 30 ATC TCC TAG GGT CGT AAC
NH 31 TTT GGA TGC AGC TTG TTC
NH 30bis AAT CTC CTA GGG TCG TAA CGT CTC GTG A
NH31bis TTT GAA TGC AGC TTG TTC TAG CGT
]?C 265 CCG_ ACA TTA TGA ATA GTT TCG AGG GCT CC
BC 252 ATA TCG CAC CGC CGT CTT ATA GTIT AAT AGTC
BC 253 ATA CCG AAC CGC CGT ATT ATG GTT AAT GGTC

634 664 CL it 66

TG GRGRTEGIT AT BETHATRCng

vers
37[

e transcriptase was tlhen
err]C and then for 5fmn
10 ntl of the dbove

L de prinmers NH30bils
merase (Perkin El fer -
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. cultures a

Tesulting fr was purified using a MagicPrep kit (Pronega Biotech
A7170,) accor o the suppliers instructions. Sequenci ng was done after
"further asymmetric PCR anplification using either NH30bis or NH31lbis as
primers and fl uorodi deoxynucl eotide term nators by a non-radioactive nethod
on an Applied Biosystens (373A) automatic sequencer using the nmethods and
reactants of 4 mbngppI ier. O the twenty plaques from MinpsVax, 19 were
found to differ y 11 of 275 bases fromthe JL-2 sequence of Takeuchi et al
(loc cit) andb bases fromthe JL-5 sequence of Afzal et al (loc cit).
One pl aque gaSERQCGONVERSION ANDLGEQME MEAN TIEREI(GM T TOMIMPRa
MunpsVax may vagllN SERONEGATIVE SUBJBOTS which differ in this region from
the dom nant JL-5 strain found by Afzal et al. The two bases differing
between JC-5 and the plaques sequenced are at positions 270 and 279 and are.

| ocated in t enic region be 5)
ZésTheON d’rimjﬂ'g) atteﬁmm&rdeteriﬁmre di f6MTy the
the JL-5 gnd JL-2 typg variants i ety hd derivati
%ﬂt}rrps\éVaxqa/l

PLAQUE HYBRI
proportion
| aque hybri di zati on nmet hod was used rus and th
_05__me_r_e_u_s_eﬂ to infect Vero c :
erehen |iftédSonto nyl ohOmenbranes pnd the nucleic
dabape. The|fisl ters wer¢iprehybridi zeggg or 3 h

passaged vir
obt ai n pl aq
aci ds fixed jas descri bed

at 65[err]Cjn 200 mM of] the followjng solution] 5X SSC
MJR121C42 |pre 13 0 -
day 42 13 : 11 971
803910U pre 17 o -
day 42 17 16 1247
'\\
Tbﬁﬁlw '
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(SSC is 0. 15&4ﬁﬁ§%um chloride 0.01M sodiumcitrate pH 7.2), (10X
_concentrat ed dts solution (10X concentrated Denhardts solution is:
*0.2%w v Ficoll 400, 0.2% bovine serum al bum n, 0.2% pol yvinyl chloride),

0.1 % (w v) sodi um dodecyl sul phate, Sal non spermDNASW

filters were then hybridized with gentle agitation for 2.5 hours a

65[err]Cin 50 nl of a solution with th%wcﬁqhqppﬂdion J8 S
t

e
preheated to 65[err]C and with the addition of e radi.oac f ang ced
cold conpetitor probe solution. The oligonucl eotides used ' /
specific probes were BC252 which hybridizes with JL-5 variants

whi ch hybri di zes omrMeRall LeNFor@nzant S. The ol i gonucl eotides were | abel'l ed
wi th gammeg[err] P-ATP by kination in a solution of the follow ng
conposition: 100ng of _the oligonucleqgtide to be |abelled, 3 ncl of 10X

concentrated ki nasE!pfFFECANE 0 REHHEERE BaesBaRk i B{9LEI58Ff 42 contai ns: 0. 5M
Tris -HO pH 7.6, 0.1M Myd 2, 50mM dithiothreitol, 1nM sperm dine and 1nmM

EDTA pH 8.0), 3 ngli)otrtay bF pevdEirriofTevadrdaes nt er nati onal, 3000 G/ nnol e,
10 nCi/ntl) and 2 ntl of T4 pol ynucl eoti de ki nase (Boehringer Mannheim)
made up tf 30 ntl with sterile water. This m xture was incubated for 30
m nut es al037[ er Fid) JNO'BEROF SEEVENGESstBhped by heating for 5 mnutes at
95[err] C. Cold conpetitor oligonucleotide was then added

(iv) CQRRESPONDENCE ADDRESS:
(AR) ADDRESSEE: Smithkline Beecham
Corporate Intellectual Property
15 (B) STREET: SB House L/5 Great West Road
(C) CITY: Brentford
(D) STATE: Middlesex
(E) COUNTRY: United Kingdom
(F) ZIp: TW8 98D

20
{(v) COMPUTER READABLE FORM:
(A) MEDIUM TYPE: Floppy disk
{B) COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC-DOS/MS-DOS
25 (D) SOFTWARE: PatentIn Release #1.0, Version #1.25

(vi) CURRENT APPLICATION DATA:
(A) APPLICATION NUMBER:
(B) FILING DATE:
30 (C) CLASSIFICATION:

(viii) ATTORNEY/AGENT INFORMATION:
(A) NAME: Dalton, Marcus JW

35 (ix) TELECOMMUNICATION INFORMATION:
{A) TELEPHOMNE: 44 181 975 4093
{B) TELEFAX: 44 181 975 3688

40 (2) INFORMATION FOR SEQ ID NO:1:

{1) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 393 base pairs
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-8-.at a (w b‘w@g o of 100 to 1, that is 10 ncg of cold conpetitor
~oligonucl eoti added for every 100 ng of |abelled probe, before adding
the m xture to the hybridization solution. After hybridization the filters
wer e washed once for 30 minutes at 65[err]Cin 100 mM of a solution with
t he same conposition as the hybridization solution and then washed at 65C

i n two changes of 100 0 the foll owm ng conmposition: SSC
[ﬂsfﬁmﬁat {e{Lﬁr‘n Q?P‘Ft

5X, 0.1% sodi um dodecy ers were then dried and exposed
to X-ray filmwth an WEEScPEREE® When MunpsVax was exanined by
this technique a | argeﬂk)x@'@s@osfl plizgaes hybri di zed wth oligonucl eotide
BC252 specific for the JL-5 variant conpared to the hybridi zation found

wi th BC25 V\hen &%{]\ﬁ\% am.ne al though there were approxi mately
equal nun‘isers of 61 aques sng#z[gr% \(iﬁrh"%o h probes, relatively nore

pl aques hybridi zed with BC253 than with BC252. 6) | SOLATI ON OF PURE JERYL

LYNN | SOLATES  (iii) AYPOTBETRAL: MO e i sol ates of the JL-5 and JL-2
variants, a sanple of comrercial Minps Vax (lot 92A06 from Merck Sharp and

Dohne deposited 2\5”]3 th Laboratory Services, Porton Down,
Wltshire, UK ungztér cces gé%ér# Kg@ Jeryl -Lynn Munps Strain: V93110585 on 5th
Novenber, IC'1993) at a stated titre-

(vi) ORIGINAL SOURCE: . This Sheet Has BeenR laced "
(A) ORGANISM: Mumps Virus
(B) STRAIN: Jeryl lynn - 1
15
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:1:
TGAATCTCCT AGGGTCGTAA CGTCTCGTGA CCCTGCCGTC GCACTATGCC GGCAATCCAA 60
20.  CCTCCCTTAT ACCTAACATT TCTAGTGCTA ATCCTTCTCT ATCTCATCAT AACCCTGTAT 120
GTCTGGACTA TATTGACTAT TAACTATAAG ACGGCGGTGC GATATGCAGC ACTGTACCAG 180
CGATCCTTCT CTCGCTGGGG TTTTGATCAC TCACTCTAGA AAGATCCCCA ATTAGGACAA 240
25 .
GTCCCGATCC GTCACGCTAG AACAAGCTGC ATTCAAATGA AGCTGTGCTA CCATGAGACA 300
TAAAGAAARA AGCAAGCCAG AACAAACCTA GGATCATAAC ACAATACAGA ATATTAGCTG 360
30 CTATCACAAC TGTGTTCCGG CCACTAAGAA AAT 393

(2) INFORMATION FOR SEQ ID NO:2:

(i) SEQUENCE CHARACTERISTICS:
35 (A) LENGTH: 15 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

40 . (ii) MOLECULE TYPE: DNA (genomic)
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of 4-6 log T@480831i nfections units was limt diluted and used to infect

. Chi cken Enbryo Fibroblast cells in 96 well mcrotiter plates at an
estimated i noculumof 0.1 infections units per well. The plates were

i ncubated 11 days at 34[err]C to permt devel opnent of the virus. Seventeen
wells of a total of 192 inocul ated showed a cytopathic effect indicating
viral grow h and(ivheswrivseEssEis&d to i nocul ate further cultures of CEF
cells. The identity of the virus isolated was determ ned on this second
passage material , whi jitre ut 4.9 log TCID50 by filtering the virus
preparations thr8ﬁﬁh8§m§§¥1%¥ﬁggifiIter, centrifugation for 1 hour at.
42,000 rpm and resuspé&isiOBRANRESM: Rh2yiral pellet with 100 ncl Herr]Q One
ncl of RNRse inhibitor (Boehringer Mannheim 40 units per ntl) was added
and the m xture incubated for 30 mnutes at 65 before addition of 1/10
volume 3 M Na Acetate H4.5) followed by 2.5 volunes of ethanol. The
material was al | BdSEFHFEFBFCRIEEON 159 GRtNC48°- 20C or for one hour at -
70C before being centrifuged for 30 mnutes at 4C in an Eppendorf bench-top
centrifuge agdaddrerel Aricadri ed. Viral RNA recovered was reverse 1s
transcriﬂyd by adding 20 ntl of the followng mxture to the pellet. 4 ntl -
of 5x core RT buffer (Bethesda Research Labs), 2 ntl of 10 nM

deoxynucl eot i{dt PFECRIRSHaFR FER IR ¥OtPerkin El ner, Cetus), 1 ntl of random
primers N6 (Biolabs, at 100 ncg/ M), 11 ntl of H20%€£Jﬂﬂqjj_J@4JLiﬁmerse
transcriptase (BegjhessieRes eahehct=aRErrcsthi s m xture was incubated for 1
hour at 37[err]C foll PAVPMM ul %litsgspa%trs%[ err] C t @nik sHabtibiat BechBeplasefer se

S @ e e T

(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)
20 |
(vi) ORIGINAL SOURCE:
(A) ORGANISM: NHS

25 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:3:
TCTGTGTTGT ATTGTGATCC ' _ 20

(2) INFORMATION FOR SEQ ID NO:4:
30
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 21 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
35 (D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)
{vi) ORIGINAL SOURCE:

40 (A) ORGANISM: NH14

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:4:

-17-
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-9- transcrlptm 10 ntl of the heated m xture s _then subjected to PCR
anplification in 100 ncl final volume with the pr%ﬁ?ﬁm\&ﬁlm\l\l%lbl S
using the foll owi ng heading programme for 30 cycl esThissyaj, at 95[err]C,
1 mnute at 60[err]C, 1 minute at 72[err]C. The resu ﬁr tplagedner e

purified by Magic Prep (Pronega) according to thée ng ot ocol .
The six isol ates reacting only with the JL-5 probe onto

Vero cells to @&.ﬁgﬁg Jhese were lifted onto nyl on nenbranes and 2
t he nenbranes #Qgﬂ%i zed wth oligonucleotide BC252 and with
ol i gonucl eoti de BC253, both | abelled with 32P by kination as descri bed

above. Hybri di(2at INHPRMATINO AOR rBERXIBIO:at 65[err] C for 2.5 hours using
about 100 g of | abelled oligonucleotides and 10 ncg of cold competitor

ol i gonucl eotide in Emé?%ﬁ t 200 plaques were tested for
each isol ate and n&ﬂe éac &d lﬁs‘%gﬁ?_éjz probe (oligonucl eotide BC253).
Al'l plaques reacted w i BEYNGHH: 33 base ppirs,jrys jsolate, originating from

wel | 9H2A of the m cro(B) toveE plmicteindcidirt her identified as SBB strain
JL-1 was taken thr ough(@mmms@aggm on CEF cells. After the.l ast

passage (iopassages fr%n %gor%dyg' lneaQ/Urrps Vax

(ii) MOLECULE TYPE: DNA (genomic)
(vi) ORIGINAL SOURCE:
15 (A) ORGANISM: NH22
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:5:
20 CGGTAGAAGC TTGTCGATGA TCTCATCAGG TAC 3:
(2) INFORMATION FOR SEQ ID NO:6:
(i) SEQUENCE CHARACTERISTICS:
25 (A) LENGTH: 32 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

30 (ii) MOLECULE TYPE: DNA (genomic)

(vi) ORIGINAL SOURCE:
(A) ORGANISM: NH23

35
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:6:

CGCTGAGGAT CCTCTGTGTT GTATTGTGAT CC 32
40 (2) INFORMATION FOR SEQ ID NO:7:

'(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 18 base pairs

-18 - THIS SHEET HAS BEEN
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"material), the virus was used to infect Vero cells and to obtain plaques.

~ These were | i B4¥3ont o nyl on menbranes and tested by hybridization with

" oligonucl eoti des BC252 and BC253 whi ch had been | abelled with 32P by
ki nati on. Over 2000 plaques were tested with the JL-2 specific probe BC253

~and none was found to react with this. A |lesser nunber of plaques was
tested with oligonuclﬁﬁgiiﬁ% BC252 and ahl gave a positive reaction.
Sequenci ng was perfor F%C?Téﬁbﬁ‘¥ﬁé virus pool of the JL-1 strain
recovered at the fourt{§ pSERAYBEPNRSS CEANgEe| s by centrifugation and et hano
precipitation of the vp)usodonbéowRtndar reverse transcription using random
primers as described above. The cDNA was anplified by PCR reaction using
ol i gonucl eoti des NH14 and BC265 as riners,%nd with the foll ow ng heating
programme 1 ni ndfd) HOLEIPLE TFRE: PMA; (E8P8™LY’ 60[err]C, 1 minute at 72[err]
C, for 30 cycles. The resulting DNA fragnent was purified on a Magi cPrep
colum ( Pronega Bi9f esRthmaaceseidy to the suppliers' instructions and

sequenced on an Applig? Bi | 3A automati c sequencer according to
t he manufacturers' ins Ruéﬁlon%§g§g§ésing ol i gonucl eoti des NH14, BC 265, NH

30bi s and NH31bis as priners. The sequence shown in Figure 1 was obtained.
This sequeghce surprisingly differs fromthat obtained by Afzal et al for
their JL-5 isol atg; ptesdinn@d Btdaderd: sk idwergeni c region between the SH
and HN coding regions as shown in Figure 2. The JL-1 isolate therefore
represents a further variant virus present in the MinpsVax preparation.
A second vi r URTGTESTAE® STCERACI f i ed as 10HS5F which al so reacted only with
the JL-5 probe, was sequenced by infecting Vero cells with passage two

virus, lifdinga ypopMaTTON FOR SEQ ID NO:8:

e

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 18 base pairs \
(B) TYPE: nucleic acid . This SheetHasBeenR S
20 (C) STRANDEDNESS: single / /I /I// /’ I/f eplaged:
(D) TOPOLOGY: linearr' ' ; ///I /I//’I/ :

(ii) MOLECULE TYPE: DNA (genomic)

25 (vi) ORIGINAL SOURCE:
{A) ORGANISM: NH31

- (xi1) SEQUENCE DESCRIPTION: SEQ ID NO:8:
30

TTTGGATGCA GCTTIGITC 18

{2) INFORMATION FOR SEQ ID NO:9:

35 (i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 28 base pairs
{B) TYPE: nucleic acid
(C} STRANDEDNESS: single
{D) TOPOLOGY: linear
40
(ii) MOLECULE TYPE: DNA (genomic)

{(vi) ORIGINAL SOURCE:

-19 - _ THIS SHEET HAS BEEN
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- 10.- plaque pysog3a nyl on nmenbrane and perform ng sequencing after PCR
anplification using NH14 and BC265 oligonucl eotides as prinmers. This gave a
sequence identical to that for 9H2A above and differing fromthe published
JL-5 isol ate sequence by 6 bases in the SH HN intergenic region. 7)

| MMUNOGENI CI TY The i munogenicity of the JL-1 strain from Exanple 6
was tested in nonkeys. (A |ORGpIMISM: ZMHBOBES 1 virus preparation , called
MI11A42, at the fourth passage from MinpsVax and harvested after 6 days
growh at 34[err]C on CEF cells and at a dose of of 4.2 |log TCI D50 was used
to imunize a group of four African G een nonkeys by subcut aneous

i njection. Three %t FERURSCEUPRSCBIPTION: FHIRKRYEC¥ére injected with: (a)
MunmpsVax af§ a concentration of 4.3 log TCID50; (b) with a Iyophilized

preparation, | N2 dféancobecTRAE REf@diegn of 4.3 log TCI D50 per 2¢

{2) INFORMATION FOR SEQ ID NO:10:

10 * (i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 24 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single

(D) TOPOLOGY: linear //

15 ' Replaced
. Has Been £p!
(ii) MOLECULE TYPE: DNA (genomic) . Th‘\s\ii\e\e\“\‘ \“\\‘\\\\“\
(vi) ORIGINAL SOURCE:
(A) ORGANISM: NH31BIS :

20

(xi) SEQUENCE DESCRIPTION: SEQ ID 1;0:10:

TTTGAATGCA GCTTGTTCTA GCGT 2¢

25

(2) INFORMATION FOR SEQ ID NO:11:

(i) SEQUENCE CIIARJ}CTERISTICS:
(A) LENGTH: 29 base pairs
30 (B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear

{(ii) MOLECULE TYPE: DNA (genomic)

35 |
(vi} ORIGINAL SOURCE:
(A) ORGANISM: BC265
40 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:11:
CCGACATTAT GAATAGTTTC GAGGGCTCC : 2¢

-20 -
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dose from viruB430iB3vested after 9 days growth at 32[err] C and derived from
three direct passages of MunpsVax on CEF cells; (c) with a |yophilized
preparation, MJIO5A42, at a concentration of 4.2 TC D50 per dose fromvirus
harvested after 7 days growh at 34[err]C and derived fromthree direct
passages of MinpsVax on CEF cells the passages being different fromthose
for the MI21A42)pANFRRMALLCOM FOR SEQ IDBfQdd: sanpl es were taken before
injection .on day 0 and on days 28 and 42 after vaccination and tested for
the presence of Ig 9@/&&6 LS TMs [ US Using the conmmerci al
Enzygnost Anti-Parg%fE#E I rus |FmFron$é%hring (Behri ngwerke AG Marburg,
Ger many) as described HB§ t#&¥CT8pti B3se R&8i%%own in Table 1 the preparation
derived frémthe pure JB) ITYPEr anpusleimlacéd a higher titre of anti-nunps
virus antibodies in thgcpndriniSeonRag: tsh8gd her preparations, including
MunpsVax. These sera VWeLe @pﬁ&éﬁsiﬁge&t two-fold serial dilutions in a

pl ague reduction assay using )sVax as test virus. The sera fromthe
~animals injected with ot MI11A42 gave a hi gher average reduction in the
nunber of pl aques (fonMaLECULEOTYEE: DA dgesawiaz) 8) CLI NI CAL STUDI ES

The JL-1 qprain was further tested in a clinical trial with seronegative
children of about (15 npnths_of age. Trival ent neasl es, munps and rubella
vacci nes were forﬁiﬁaf@aGEﬁﬁ ??Hg%flized using either pure JL-1 stain as
the munps conponent or (& tORCANFEMS K¢A53s derived by directly passagi ng Munps
Vax on CEF cells as in Exanple 6 above. Commercial MMRerr]ll vaccine
produced by Merck and Co Inc and obtai nable from Merck Frossr Inc Kirkland,
Quebec,

C:i\gada vva? L
xi) SEQUENCE DESCRIPTION: SEQ ID NO:12:
ATATCGCACC GCCGTCTTAT AGTTAATAGT C ' SN

{(2) INFORMATION FOR SEQ ID NO:13:
20
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 31 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single “Ii‘l
25 (D) TOPOLOGY: linear

This Sheet Has Been Replaced

I

(ii) MOLECULE TYPE: DNA (genomic)

(vi) ORIGINAL SOURCE:
30 (A) ORGANISM: Bc253

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:13:

35 ATACCGAACC GCCGTATTAT GGTTAATGGT C 3

-21 -
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B <0.included in the trial; it contains the Jeryl- Lynﬂ?ﬁ <kd%ehhm%$&&%9
@e nmunps conponents.

PLACEVENT SHEET 'MJ&U The
tres of munps virus in the three vaccine preparations were

5 log TCILD doses for the vaccine | ot nunber MIR111D42 coptaining the_gure
-1 strain, 4.7 log TCID doses for the vaccine | ot nunber MIR121C42

ntai ning the passaged MunpsVax virus and 4.5 |l og TCI D doses for the | ot

nmber 80391 QU commercial MMR 1L vaccine Bl ood sanples were

ken fromthe children before vaccination and at 42 days post vacci nati on.
International Application No: PCT/ i
MICROORGANISMS

omsmm:mmmmmmmmumug.___a_.._.un.__ié.__ammmt

A. IDENTIFICATION OF DEPORIT $
Further deposits are identified on an additionsl sheet [ ]*
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PUBLIC HEALTH LABORATORY SERVICES
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Date of deposit ¢ Acceesion Number ¢
5 November 1993 38§{%B%§2n Mumps Strain:

B. ADDITIONAL INDICATIONS ? (lsave blank If not applicable). This information is continued on & separate attached nh_ut D

In respect of those designations in which a European
Patent is sought, a sample of the deposited micro-
organism will be made available until the publication

of the mention of the grant of the European patent or
until the date on which the application has been refused
or withdrawn, only by the issue of such a sample to an
expert nominated by the person requesting the sample.

C. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE ? (if the indications are not for all designated States)

0. SEPARATE FURNISHING OF INDICATIONS * (leave blank H not spplicable)

The indications listed ?o'l_w wil!",ln submitted 10 the {nternational Bursau later ¥ (Specify the general nature of the Indications e.g.,
of Dep . .
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{Authorized Ofiicer)

D The date of receipt (from the applicant) by the | I Bureau.1¢
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(Authorized Officer)
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. An attenuated Jeryl-Lynn mumps virus strain characterised by the SH gene and the N

terminus of the HN gene comprises the nucleic acid sequence as depicted in figure 1.

. A mumps vaccine comprising a substantially homogenous immunogenic Jeryl-Lynn

isolate.

. A mumps vaccine as claimed in claim 2 cdmprising a homogenous isolate of claim 1.

. A combined vaccine comprising a substantially homogenous immunogenic Jeryl-Lynn

isolate and one or more of attenuated measles virus, or attenuated rubella virus or
killed measles or rubella virus, or subunits of such viruses.

. A vaccine as claimed in claim 3 or 4 additionally comprising an agent for the

protection against varicella or zoster infections.

. A method of producing a substantially homogenous immunogenic Jeryl-Lynn isolate,

the method comprising:

passaging a Jeryl-Lynn preparation on a suitable cell line.
Selecting pure culture using the steps of either:

a) limit dilution; or

b) individual plague isolation.

. A homogeneous immunogenic Jeryl-Lynn isolate for use in medicine.

. A method of inducing immunity in a mammal susceptible to mumps infection

comprising the administration to the mammal of an effective amount of a vaccine
according to any of claim 2-5.

~23-
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. Abstract

A new mumps véccinc is presented, comprising a homogenous pure isolate
derived from the Jeryl-Lynn strain of mumps virus. Ina preferred embodiment of the
5  invention the vaccine produces higher seroconversion and antibody titres than known

commercial vaccines.
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- : OLI GONUCLEOTI DE UTI L:
sequénce (5'-3") NH 2 ‘GTA GCA CTG AT GGA NH8
TCTGIGTTGTATTGTGATCC NI . GIC GAT GAT CTC ATC AGG T2
CGG TAG AAG CTT GTC GAT:GAT CTC ATC A TAg_Ii\IH 23 CGC
GTG TTG TAT TGT GAT CC NH 30 ATC AG GGT CGT. AAC NH3
TTTGGATGC AGCTTGITC NH 30bis  AAT CTC CTA GGG T
NH31bis  Jerytiymvisolaes PNA sengenceoventbeSEF sere gsithe SH HNang
GIT TCG AGG GCT CC BC 252 ATA TCG CAC CGC CGT CTT ATA GTT AAT A
253 ATA CCG AAC CGC CGT ATT ATG GIT AAT GGT C "
TGAATCTCCTAGGGTCGTAACGTCTCGTGACCCTGCCGTCGCACTATGCC
GGCAATCCAACCTCCCTTATACCTAACATTTCTAGTGCTAATCCTTCTCT
ATCTCATCATAACCCTGTATGTCTGGACTATATTGACTATTAACTATAAG
ACGGCGGTGCGATATGCAGCACTGTACCAGCGATCCTTCTCTCGCTGGGG
TTTTGATCACTCACTCTAGAAAGATCCCCAATTAGGACAAGTCCCGATCC
GTCACGCTAGAACAAGCTGCATTCAAATGAAGCTGTGCTACCATGAGACA
TAAAGAAAAAAGCAAGCCAGAACAAACCTAGGATCATAACACAATACAGA
ATATTAGCTGCTATCACAACTGTGTTCCGGCCACTAAGAAAAT

O

-13- Tabl e 2
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- 14 - Tabl e 3 SEROCONVERSI ON AND GEOMETRI C MEAN Tl TRE (GMI) TO MJMPS

VI RUS | N SERONEGATI VE SUBJECTS  Vacci ne Ti m ng Nerrber '
Nurber GV . Seroc PKEHEAQMNT SHEET
MIR111D42 M 0 - ' day 42 —15-

15 VLEA2A Gdlaced PI e . 18 0 0 5 FEB 1997

\\ll\\\\\l\l\\\\\l\l\\l\\

Mumps is essentially a disease of childhood, which normally presents itself
with only minor symptoms. However, in certain cases the clinical consequences of
mumps infection are serious. For example, mumps is the most common cause of
meningoencephalitis in children under 15 years of age in the UK, and a cause of
permanent sensorineural deafpess in childhood. Although 30-40% of natural
mumps infection are symptomless, the very fact that salivary gland involvement can

 be unpleasant and that in the adult population mumps can cause 1st trimester
~ abortions and orchitis of men as well as the neurological complications noted above,
has led, in many countries, to the adoption of mass vaccination programs.

Mumps virus belonging to Paramyxoviridae is constituted by a single strand
genomic RNA of the minus sense and is about 15,3kb with the gene order 3' N-P-
M-F-SH-HN-L5' (N-nucleocapsid protein, P=phosphoprotein, M =matrix protein,
F=fusion protein, SH =potentially expressed as small hydrophobic protein, HN-
haemagglutinin neufaminidase L=large protein). Among various mumps strains,
Jeryl-Lynn (B-level) is a live attenuated variant which has been characterised by
sequence analysis of the F,P,HN,M genes.

Until recently, two mumps virus strains have been approved for vaccination
against Mumps. These are Urabe Am 9 and Jeryl-Lynn. However in September
1992 the Urabe strain was withdrawn following a reported incidence of
unzicceptable level of side effects [European Journal of Pediatrics (1993) 152:387].

The Jeryl-Lynn strain has been sold commercially by Merck Sharp and |
Dohme for many years under the trade name "MumpsVax". The Jeryl-Lynn strain
was obtained from a clinical sample of a patient suffering from mumps, by amniotic
inoculation into embryonated hen's eggs (Proc. Soc. Exptl. Biol. Med. 123 (3)
(1966)).

Afzal et a| recently reported (J. of Gen. Virology 1993 74 917) that the
Jeryl-Lynn strain used in mumps vaccines in the UK is in fact a mixture of two
viruses, named JL-2 and JL-5.

Takeuchi et al Virology (1991) 181 p364-366 report that among dlfferent
mumps strains there can be substantial nucleotide sequence variation at the SH gene
level.

Afzal et al have emphasised that the present commercially available vaccine
"MumpsVax" is made under carefully controlled conditions including a cell bank
and passage limits and which are likely to preserve the proportion of the two

THIS SHEET HAS BEEN
REPLACED
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variants from batch to batch. However with further passaging of the Jeryl-Lynn
strain there is o guarantee that this balance between the two variants will be
retained. Moreover it is difficult to assess the proportion of the two variants in any
given batch of vaccine.

The present inventors have surprisingly identified a yet further isolate which
differs from both JL-2 and JL-5 of Afzal et 3a]l. The difference was determined by
nucleotide sequence analysis of the SH gene and regions surrounding it, more
particularly the nontranslated intercistronic region 3' to the SH coding sequence and .
5' to the HN gene. This isolate in clinical trials induces a higher zero conversion
and have highest geometric mean titre of mumps antibody than the commercially
available mumps vaccine.

Accordingly the present inventors provide an attenuated Jeryl-Lynn mumps
strain containing the nucleotide sequence as set forth in Figure 1. This sequence
encodes the SH gene and the N terminus of the HN gene. The strain is herein
referred to as SBB JL-1.

In Figure 1 there is shown the ¢ DNA sequence of the JL-1 mumps virus
isolate over the SH gene coding and SH-HN intergenic regions.

The present invention also provides a mumps vaccine comprising a
substantially homogenous immunogenic Jeryl-Lynn isolate.

By substantially homogenous it is meant that the isolate is not contaminated
with more than 10%, and preferably less than 5% and most preferably less than 1%
of another Jeryl-Lynn isolate as defined by the sequence of the region set forth
above. In a preferred embodiment of the invention, the vaccine contains a pure
homogenous Jeryl-Lynn isolate i.e. devoid of any contamination with other Jeryl-
Lynn mumps isolates which differ within the region set forth in Figure 1.

In one embodiment of the invention there is provided a vaccine comprising
homogenous SBB JL-1 devoid of contamination with JL-2.

The pure isolate does not suffer from the disadvantages of potential batch to
batch variation between substrains and provides a product which is easier to ensure
will meet consistent quality guidelines .

Homogenous Jeryl-Lynn according to the invention may be obtained by
passaging commercially available MumpsVax on Chick Embryo Fibroblast (CEF)
cells, and selecting pure cultures by either limit dilution and examination of
resulting isolates or by individual plaque isolation . Other suitable cell lines include
Vero cells and MRCS cells. This requires that methods are available for detection
of minor proportions of a known variant virus within a population. Such
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I'NVENTI ON: Vacci nes (i11) NUMBER OF SEQUENCES: 13 V)
CORRESPONDENCE ADDRESS: (A) ADDRESSEE: Smithklin e BHER 1997
Corporate Intellectual Property (B) STREET: SB Hpuge L/5 G eat
West Road (© CdATY: Brentford (D) STATE: ™™ddtesex
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READABLE FORMamination methodsAncIngerhe\VITRE assay rpposdil Dy Chumakov eld
COVPUTER: | B R:e@ oIS vith€(WO 92/07958 and PNAS 1991,88; 199 - 203), and direct

sequencing of viral plaques and differential hybridization of viral plaques.

The vaccine of the invention may advantageously contain other components,
such as attenuated measles virus, and/or attenuated rubella virus, killed or subunits
thereof for providing protection against measles and/or rubella infections. Trivalent
mumps measles and rubella vactines are well known in the art and the present
mumps isolat¢ would be formulated in a trivalent vaccine in an analogous manner to
those vaccines already available. Addit_idnziliy or alternatively the vaccine of the
invention may contain a live Varicella Zoster attenuated virus for providing
protection against varicella (chicken pox) or Zoster (shingles). In a preferred
embodiment the Varicella Zoster virus will be the Oka strain as disclosed by Andre
FE Postgraduate MED J. (1985) 61(Suppl. 4), 113-120 or Veskari T et al Acta
paediatr. Scand. 80 : 1051-1057, 1991. Preferably the vaccine of the invention will
be quadrivalent and provide protecnon against mumps, rubella measles and varicella
zoster viruses.

The invention also provides a process for preparing a whole virus vaccine,
for example by freeze drying the virus in the presence of suitable stabilisers or
admixing the strain according to the invention with a suitable carrier or adjuvant.

It may also be advantageous to formulate the strain of the invention in liposomes or
with carrier particles. Alternatively or in addition immunostimulants such as 3 de-
O- acyl monophosphoryl Lipid A (Ribi Immunochem) or the saponin denvauve
QS21 (Cambridge Biotech) may be included in the formulation.

In a further aspect, the invention provides a method of treating mumps.
infection in humans, which method comprises administering to a human subject in
need thereof an immunologically effective dose of the vaccine according to the
invention. _ '

The mode of administration of the vaccine of the invention may be any
suitable route which delivers an immunoprotective amount of the strain and other
immunogenic component of the vaccine to the subject. However, the vaccine is
preferably administered parentérally via the intramuscular or deep subcutaneous
routes. Other modes of administration may also be employed, where desired, such -
as oral administration or via other parenteral routes, i.e., intradermally,
intranasally, or intravenously.

The appropriate immunoprotective and non-toxic dose of such vaccine can
be determined readily by those skilled in the art, i.e., the appropriate
immunoprotective and non-toxic amount of the strain of this invention contained in
the vaccine of this invention may be in the range of the effective amounts of antigen
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specific dose level for any particular patient will depend upon a variety of factors
including the age, general health, sex, and diet of the patient; the time of
administration; the route of administration; synergistic effects with any other drugs
being administered; and the degree of protection beirig sought. Of course, the
administration can be repeated at suitable intervals if necessary. Typically in a
monovalent presentation at least 3.7 log TC1D50 of virus and more generally 4.5
log TC1D50 will be present per dose. In a trivalent mumps, measles, rubella
vaccine the mumps component will be present at around 4.8 log TC1D50 to offset
the interference of the other two viral components.

Examples

1) INITIAL SEQUENCING OF THE SH GENE
Commercial MumpsVax virus was passaged on confluent monolayers of

Vero cells grown in 25 cm? flasks with dIMEM Biorich medium (50/50 v/v) with
0.5% foetal calf serum using about 3.0 log TCID50 as inoculum. The infected cells
were recovered after 7 days incubation at 34°C and the RNA extracted by the
method of Ferré and Garduno (Nucleic Acids Research 1989, 17; 2141) into 100

- mcl of water treated with diethylpyrocarbonate for 5 minutes at 100°C. 5 mcl of
this extract was reverse transcribed by adding the following reagents: RNAsin 40
units (Boehringer Mannheim, Germany), 4 mcl of 5X concentrated reverse
transcriptase buffer (Bethesda Research Labs,), 2 mcl of a mixture of the four
deoxynucleotide triphosphates at 10mM, 10 pmole of NH2 oligonucleotide primer,
1 mcl of Moloney murine leukemia virus (MMLYV) reverse transcriptase (Bethesda
Research Labs, 200 units per mcl) and water to a final volume of 20 mcl.
Oligonucleotide NH2 has homology to the F gene of the Urabe strain of mumps
virus. The mixture was incubated for 45 min at 37°C and then heated for 5 min at
95°C. The cDNA was then amplified by two successive rounds of PCR reaction
using oligonucleotides NH8 and NH14 as primers and using 1 mcl of a thousand
fold dilution of the first round reaction as starting material for the second round.
Each PCR round consisted of 25 cycles of heating at 94°C for 1 min, 53°C for 1
min, 72°C for 1 min. The PCR product corfesponding to the SH gene was
sequenced in both directions after further PCR amplification in the presence of
fluorodideoxynucleotide terminators and either NH8 or NH14 as primers and
analysis of the products on an Applied Biosystems automatic (373A DNA
sequencer) sequencer according to the suppliers protocol and recommendations.
Ambiguities were observed at a number of positions in the sequence and confirmed

2)
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on both strands. The sequence obtained differed from that of Takeuchi et al
(Virology1991,181; 364 - 366) for Jeryl Lynn at 17 of 361 bases including 4
unassigned bases. The sequence further differed from part of that obtained by Afzal
et al (J. Gen Virol. 1993, 74; 917 - 920) for their JL-5 isolate by 9 of 319 bases |
including 4 unassigned bases. Ambiguities were also observed when the same
region was sequenced directly from 4.0 to 5.0 log TCID50 MumpsVax virus.
recovered by ultracentrifugation, without prior passage on Vero cells, and after
reverse transcription of viral RNA into cDNA with random primers followed by
PCR amplification with oligonucleotides NH30bis and NH31bis as primers.

2) CLONING OF THE SH GENE

MumpsVax virus was used to infect Vero cells and total RNA was prepared
as described above. The RNA was reverse transcribed using random primers and
PCR amplified using oligonucleotides NH22 and NH23 as primers. ( NH22
contains a HindIII restriction site within the primer and NH23 contains a BamHI
restriction site within the primer to facilitate cloning of the amplified DNA
fragment). The amplified DNA was restricted with HindIII and BamFHI
endonucleases and cloned into the vector pUCY. Eleven clones containing an insert
corresponding to the mumps SH gene region were recovered. All eleven had a
sequence corresponding to that of Takeuchi et al (loc cit). In addition five clones
had a Ddel restriction site, absent in the six other clones. No insert corresponding
suggested that the JL-2 variant virus defined by Afzal et al forms a substannal or
easily detectable proportion of MumpsVax virus.

3) PASSAGING DIRECTLY FROM MUMPSVAX

~ MumpsVax virus was also passaged directly on Chicken Embryo Fibroblast
(CEF) cells. Virus was recovered at the third passage from 5 different lots including
the lot MJOS5 used to prepare the lyophilized sample MJO5A42 for injection in
animals. The 5 virus preparations were used to infect Vero cells and RNA was
recovered and prepared for DNA sequencing by amplification with primers NH8
and NH14 table as described above except that random primers were used to prime
the reverse transcriptase reaction. All 5 lots of virus displayed a sequence identical
to that of JL-2 (Takeuchi et al) and without ambiguities.

To investigate this further the direct sequencing method on viral plaques
was used as described above. The 5 lots were used to infect Vero cell cultures and
obtain plaques which were processed for sequencing using NH30bis and NH31bis
as primers. Of a total of 26 plaques tested for the 5 lots, 13 gave a sequence




. IKEPLACEMENT SHEET
(1i1) HYPOTHETI CAL: NO (1v) ANTI-SENSE: NO (vi '@ NAC
SOQURCE: (A) ORGANI SM Munps Virus (B) IS R%&Brwb-,
lynn - 1 (xi) SEQUENCE DESCRI PTION: SEQ I D NO 1: T T
AGGGTCGTAA CGTCTCGTGA CCCTGCCGTC GCACTATGCC GGCAATCCAA 8
CCTCCCTTAT ACCTAACATT TCTAGIGCTA ATCCT Tg:T CT ATCTCATCAT AACCQTGTAT 120

identical to Takeuchi et al for the JL-2 sequence, 5 gave a sequence very similar to
JL-5 except for two base differences at positions 270 and 279 as shown in Figure 2
and 8 plaques gave sequences with ambiguities indicating a mixture of virus.

4) DIRECT SEQUENCING OF VIRAL PLAQUES
Three dilutions of MumpsVax containing an estimated 100, 50 and 10 virus
particles per 0.5 ml aliquot were used to infect confluent monolayers of Vero cells
in 5 cm Petri dishes after removal of the medium and washing with dMEM Biorich -
50:50 v/v medium (Biorich) without serum. Virus was allowed to adsorb during 30
minutes at 34°C. The cells were then covered with 5 m! of overlay agar held at
42°C and containing 2.5 ml of dMEM Biorich medium with 0.5% FCS and 2.5 ml
of 3% (w/v) low gelling temperature agarose. After solidification the agar layer was
covered with 3 ml of dMEM Biorich medium with 0.5% foetal calf serum and
incubated at 34°C . After 7 days incubation the viral plaques were visualized by
removing the superficial liquid medium and adding 0.03% (w/v) neutral red
solution and allowing this to diffuse for 1 hour. The liquid and agar was then
removed and a dry nylon filter applied to the bottom of the dish with finger
pressure. The filter was then wet with a few drops of 2X SSC and lifted. Virus was
fixed to the filter by placing it on paper soaked in 2X SSC for 5 min and then on
paper soaked in 2X SSC, 0.2% (w/v) sodium dodecyl sulphate for 30 min and then
exposing the filters to UV light for three to five minutes. Twenty individual plaques
were cut from the nylon filters and the piece of membrane was immersed in 100,
“mel of water and 1 mcl of RNAsin (Boehringer Mannheim, 40 units) was, added
before heating at 65°C for 30 minutes. The 100 mcl of liquid was transferred to a
fresh tube and the nucleic acids precipitated by adding 10 mcl of 3M sodium acetate
followed by 250 mcl of ethanol. The mixture was held overnight at -20°C or for 1
hour at -70°C before centrifugation. The pellet was then dried. The material was
then reverse transcribed by adding the following solutions to the pellet: 4 mcl 5X
concentrated reverse transcriptase buffer (Bethesda Research Labs,) 2 mcl of 0.1M
dithiothreitiol, 1 mcl of a mixture of deoxynucleotide triphosphates (Perkin Elmer -
Cetus, 10 mM concentration), 1 mcl of N6 random primer oligonucleotides (New
England Biolabs, concentration 100 mcg per mi) and 11 mel of water. 1 mel of
MMLYV reverse transcriptase was then added and the mixture incubated for 1 hour
at 37°C and then for 5 min at 95°C. The cDNA was then PCR amplified by taking
10 mel of the above mixture and adding 500 ng of each of the oligonucleotide
primers NH30bis and NH3 1bis, PCR buffer and 1 mcl of Stoffel DNA polymerase
(Perkin Elmer - Cetus, concentration 10 ug mcl in 100 mec! final volume and heating
the mixture for 30 cycles of 1 min at 95°C, 1 min at 60°C and I min at 72°C. The




GICTGGACTA TATTGACTAT TAACTATAAG ACGGECGGTGC GATATGCAGC ACT
CGATCCTTCT CTCCCTGEEG TTTTGATCAC TCACTCTAGA AAGATCCCCA ATTA
GICCCGATCC GICACGCTAG AACAAGCTGC ATTCAAATGA AGCTGIGCTA CCAT
TAAAGAAAAA AGCAAGCCAG AACAAACCTA GGATCATAAC ACAATACAGA ATATTAGCIG 360

CTATCACAAC TGIGITCCGG CCACTAAGAA AAT _ 7 - 393
(2) | NFORMATI ON FOR SEQ I D NG 2: (i) SEQUENCE CHARA —ST-€ES
(A) LENGTH: res8ltingSfeagment svas purified using B)MagieRreprkit (Rromega Biptech 4.7 70,) (0

STRANDEDNESR:¢o34iA8 6 the suppliers instructions. Sequencing was done after further
asymmetric PCR amplification using either NH30bis or NH31bis as primers and
fluorodideoxynucleotide terminators by a non-radioactive method on an Applied
Biosystems (373A) automatic sequencer using the methods and reactants of the
supplier. Of the twenty plaques from MumpsVax, 19 were found to differ by 11 of
275 bases from the JL-2 sequence of Takeuchi et al (loc cit) and by 2 bases from
the JL-5 sequence of Afzal et al (loc cit). One plaque gave a sequence with
ambiguities. This result suggested that MumpsVax may contain a variant or variants
which differ in this region from the dominant JL-5 strain found bv Afzal et al. The
two bases differing between JL-5 and the plaques sequenced are at positions 270
and 279 and are located in the intergenic region between the SH and HN coding’
regions.

5) PLAQUE HYBRIDIZATION

To attempt to determine more directly the proportion of the JL-5 and JL-2
type variants in MumpsVax and derivative cultures a plaque hybridization method
was used. MumpsVax virus and the passaged virus of lot MJO3 were used to infect
Vero cell monolayers and obtain plaques which were then lifted onto nylon
membranes and the nucleic acids fixed as described above. The filters were
prehybridized for 3 hours at 65°C in 200 ml of the following solution: 5X SSC
(SSC is 0.15M sodium chloride 0.01M sodium citrate pH 7.2), (10X concentrated
Denhardts solution (10X concentrated Denhardts solution is: 0.2% w/v Ficoll 400,
0.2% bovine serum albumin, 0.2% polyvinyl chloride), 0.1% (w/v) sodium dodecyl
sulphate, Salmon sperm DNA 50 mcg per ml. The filters were then hybridized with
gentle agitation for 2.5 hours at 65°C in 50 ml of a solution with the same
composition as above and preheated to 65°C and with the addition of the
radioactive probe and cold competitor probe solution. The oligonucleotides used as
variant specific probes were BC252 which hybridizes with JL-5 variants and BC253
which hybridizes with JL-2 variants. The oligonucleotides were labelled with
gamma 3?P-ATP by kination in a solution of the following composition: 100ng of
the oligonucleotide to be labelled, 3 mcl of 10X concentrated kinase buffer (10x
.concentrated kinase buffer contains: 0.5M Tris -HC] pH 7.6, 0.1M MgCl12, 50mM
dithiothreitol, ImM spermidine and ImM EDTA pH 8.0), 3 mcl of 32P- ATP
(Amersham International, 3000 Ci/nmole, 10 mCi/mcl) and 2 mcl of T4
polynucleotide kinase (Boehringer Mannheim,) made up to 30 mcl with sterile
water. This mixture was incubated for 30 minutes at 37°C and the reaction stopped
by heating for 5 minutes at 95°C. Cold competitor oligonucleotide was then added
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at a (w/w) ratio of 100 to 1, that is 10 mcg of cold competitor oligonucleotide was
added for every 100 ng of labelled probe, before adding the mixture to the
hybridization solution. After hybridization the filters were washed once for 30
minutes at 65°C in 100 ml of a solution with the same composition as the
hybridization solution and then washed at 65°C in two changes of 100 ml of a
solution of the following composition: SSC 5X, 0.1% sodium dodecyl sulphate. The
filters were then dried and exposed to X-ray film with an intensifying screen. When
MumpsVax was examined by this technique a large excess of plaques hybridized
with oligonucleotide BC252 specific for the JL-5 variant compared to the
hybridization found with BC253. When lot MJO5 was examined, although there
were approximately eqﬁal numbers of plaques hybridizing with both probes,
relaﬁvely more plaques hybridized with BC253 than with BC252.

6) ISOLATION OF PURE JERYL LYNN ISOLATES

To recover pure isolates of the JL-5 and JL-2 variants, a sample of
commercial Mumps Vax (lot 92A06 from Merck Sharp and Dohme deposited at the
Public Heath Laboratory Services, Porton Down, Wiltshire, UK under Accession
No. Jeryl-Lynn Mumps Strain: V93110585 on 5th November, 1993) at a stated titre
of 4-6 log TCIDSO infections units was limit diluted and used to infect Chicken
Embryo Fibroblast cells in 96 well microtiter plates at an estimated inoculum of 0.1
infections units per well. The plates were incubated 11 days at 34° C to permit .
development of the virus. Seventeen wells of a total of 192 inoculated showed a
cytopathic effect indicating viral growth and these were used to inoculate further
cultures of CEF cells. The identity of the virus isolated was determined on this
second passage material which titred about 4.9 log TCIDS0 by filtering the virus
preparations through a 0.8 um filter, centrifugation for 1 hour at 42,000 rpm and
resuspension of the viral pellet with 100 mcl H70. One mcl of RNase inhibitor
(Boehringer Mannheim, 40 units per mcl) was added and the mixture incubated for
30 minutes at 65° before addition of 1/10 volume 3 M Na Acetate (pH 4.5)
followed by 2.5 volumes of ethanol. The material was allowed to precipitate
overnight at -20°C or for one hour at - 70°C before being centrifuged for 30
minutes at 4°C in an Eppendorf bench-top centrifuge and the pellet dried.

Viral RNA recovered was reverse transcribed by adding 20 mcl of the
following mixture to the pellet. 4 mcl of 5x core RT buffer (Bethesda Research
Labs), 2 mcl of 10 nM deoxynucleotide triphospbate mixture (Perkin Elmer,
Cetus), 1 mcl of random primers N6 (Biolabs, at 100 meg/ML), 11 mcl of H20, 1
mcl of MMLYV reverse transcriptase (Bethesda Research Labs). This mixture was
incubated for 1 hour at 37°C followed by 5 minutes at 95°C to inhibit the reverse



(vi )‘ ORI G NAL SOURCE: (A) ORGANI SM nh2 (XR)“:PLAQEM@H SHEET|

DESCRI PTI ON: SEQ I D NG 2: GTAGCACTGG ATGGA

15 (2) I NFORVATI ON FOR SEQ I D NO 3: (1) SEQUENCE Cl-hAﬁA@'EFHEB'Hm
(A) LENGTH 20 base pairs (B) TYPE: nucleic acid (O
STRANDEDNESS: si ngl e (D) TCP_%OC_;Y: | i near

trapscriptase. 10 mcl of the heated mixwmre was then subjeC
amplification in 100 mcl final volume with the primers NH30 bis and NH31bis
using the following heading programme for 30 cycles : 1 minute at 95°C, 1 minute
at 60°C, 1 minute at 72°C. The resulting fragments were purified by Magic Prep
(Promega) according to the manufacturers' protocol.

The six isolates reacting only with the JL-5 probe were inoculated onto Vero
cells to obtain plaques. These We:e lifted onto nylon membranes and the
membranes Bybridized with oligonucleotide BC252 and with oligonucleotide
BC253, both labelled with 32P by kination as described above. Hybridization was
done n 5x SSC at 65°C for 2.5 hours using about 100 ng of labelled
oligonucleotides and 10 mcg of cold competitor oligonucleotide in a volume of 50
ml. About 200 plaques were tested for each isolate and none reacted with the JL-2
probe (oligonucleotide BC253). All plaques reacted with BC252.

One virus isolate, originating from well 9H2A of the micro titre plate and
further identified as SBB strain JL-1 was taken through two further passages on
CEF cells. After the last passage (4 passages from the original Mumps Vax
material), the virus was used to infect Vero cells and to obtain plaques. These were’
lifted onto nylon membranes and tested by hybridization with oligonucleotides
BC252 and BC253 which had been labelled with 32P by kination. Over 2000
plaques were tested with the JL-2 specific probe BC253 and none was found to
react with this. A lesser number of plaques was tested with oligonucleotide BC252
and all gave a positive reaction. Sequencing was perforrhed directly on the virus

‘pool of the JL-1 strain recovered at the fourth passage on CEF cells by
centrifugation and ethanol precipitation of the virus followed by reverse

* transcription using random primers as described above. The cDNA was amplified
by PCR reaction using oligonucleotides NH14 and BC265 as primers and with the
following heating programme: 1 minute at 94°C, 1 minute at 60°C, 1 minute at 72°
C, for 30 cycles. The resulting DNA fragment was purified on a MagicPrep
column (Promega Biotech) according to the suppliers' instructions and sequenced on
an Applied Biosystems 373A automatic sequencer according to the manufacturers’
instructions and using oligonucleotides NH14, BC 265, NH 30bis and NH31bis as
primers. The sequence shown in Figure 1 was obtained. This sequence
surprisingly differs from that obtained by Afzal et al for their JL-5 isolate at six
positions in the intergenic region between the SH and HN coding regions as shown
in Figure 2. The JL-1 isolate therefore represents a further variant virus present in
the MumpsVax preparation. ' ) )

_ A second virus isolate, identified as 10HSF which also reacted only with the

JL-5 probe, was sequenced by infecting Vero cells with passage two virus, lifting a
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ORGANI SM NH8 (xi) SEQUENCE DESCRIPTION: SEQ ID NO3:| | T e
ATTGTGATCC | 2 5565?5 7
| NFORMATI ON FOR SEQ | D NO! 4: (i) SEQUENCE CHARACTERI STj ds:

(A) LENGTH. 21 base pairs (B); sTYPE: nucleic acid ' (O
STRANDEDNESS: _ si ngl e (D) TOPASY: 1 near

plaque onto a nylon membrane and performing sequencing after PCR amplification
using NH14 and BC265 oligonucleotides as primers. This gave a sequence identical
to that for 9H2A above and differing from the published JL-5 isolate sequence by 6
bases in the SH-HN intergenic region. |

7) IMMUNOGENICITY _

The immunogenicity of the JL-1 strain from Exampie 6 was tested in
monkeys. A lyophilized JL-1 virus preparation , called MJ11A42, at the fourth |
passage from MumpsVax and harvested after 6 days growth at 34°C on CEF cells
and at a dose of of 4.2 log TCID50 was used to immunize a group of four African
Green monkeys by subcutaneous injection. Three further groups of four monkeys
were injected with : (a) MumpsVax at a concentration of 4.3 log TCID50; (b) with
a lyophilized preparation, MJ21A42, at a concentration of 4.3 log TCID50 per

* dose from virus harvested after 9 days growth at 32°C and derived from three
direct passages of MumpsVax on CEF cells; (c) with a lyophilized preparation,
MJ05A42, at a concentration of 4.2 TCID50 per dose from virus harvested after 7
days growth at 34°C and derived from three direct passages of MumpsVax on CEF
cells the passages being different from those for the MJ21A42 preparation.

Blood samples were taken before injection on day 0 and on days 28 and 42

- after vaccination and tested for the presence of IgG antibodies to mumps virus using
the commercial Enzygnost Anti-Parotitis Virus kit from Behring (Behringwerke
AG, Marburg, Germany) as described by -the supplier. As shown in Table 1 the
preparation derived from the pure JL-1 strain induces a higher titre of anti-mumps
virus antibodies in the animals than the other preparations, including MumpsVax.
These sera were also tested at two-fold serial dilutions in a plaque reduction assay
using MumpsVax as test virus. The sera from the animals injected with lot
MJ11A42 gave a higher average reduction in the number of plaques compared to
the other sera. '

8) CLINICAL STUDIES
The JL-1 strain was further tested in a clinical trial with seronegative

children of about 15 months of age. Trivalent measles, mumps and rubella vaccines
were formulated and lyophilized using either pure JL-1 stain as the mumps

- component or with mumps virus derived by directly passaging Mumps Vax on CEF
cells as in Example 6 above. Commercial M-M-R®1I vaccine produced by Merck
and Co Inc and obtainable from Merck Frossr Inc Kirkland, Quebec, Canada was
also included in the trial; it contains the Jeryl-Lynn (B-level) strian as the mumps
components.
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The titres of mumps virus in the three vaccine preparations were measured
as 4.5 log TCID doses for the vaccine lot number MJR111D42 containing the pure
JL-1 strain, 4.7 log TCID doses for the vaccine lot number MJR121C42 containing
the passaged MumpsVax virus and 4.5 iog TCID doses for the lot number 80391
OU commercial M-M-R® II vaccine.

Blood samples were taken from the children before vaccination and at 42
days post vaccination.

The presence of IgG antibodies to mumps virus was tested using the same
commercial kit described above in Example 6. As shown in Table 3 the pure JL-1
strain MMR vaccine induced both the highest seroconversion rate and gave the
highest geometric mean titre of the three preparations.
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| NFORVATI ON FOR SEQ I D NO. 5:
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(Xi ) SEQUENCE DESCRI PTION: SEQ ID NO'5:  CGGTAGAAGC TTGTCGARERLACEMENPSHEET

TAC 32 (2) | NFORVATI ON FOR [SHOTDNO6:
(1) SEQUENCE CHARACTERI STI CS: (A) LENGTH 32 base [pqi rG;SF 199
(B) TYPE: nucleic acid (C) STRANDEDNESS: single %% /
TOPOLOGY: |inear

ORI G NAL SOURCE:

Table 2

(i) NL‘]_ECULE_TYIBE:_ DNA (genomi c) -

OLIGONUCLEOTIDE UTILISED
Code Sequence (5'-3")
NH 2 GTA GCA CTG GAT GGA
NH 8 TCT GTG TTG TAT TGT GAT CC
NH 14 GTC GAT GAT CTC ATC AGG TAC
NH 22 CGG TAG AAG CTT GTC GAT GAT CTC ATC AGG TAC
NH 23 CGC TGA GGA TCC TCT GTG TTG TAT TGT GAT CC
NH 30 ATC TCC TAG GGT CGT AAC
NH 31 TTT GGA TGC AGC TTG TTC
NH 30bis AAT CTC CTA GGG TCG TAA CGT CTC GTG A
NH31bis TTT GAA TGC AGC TTG TTC TAG CGT

1 BC 265 CCG ACA TTA TGA ATA GTT TCG AGG GCT CC

BC 252 ATA TCG CAC CGC CGT CTT ATA GTT AAT AGT C
BC 253 ATA CCG AAC CGC CGT ATT ATG GTT AAT GGT C




A .O?GANI SM  NH23 I ) SEQUENCE DESCRI PTI ON: - SEQ | Dj REF ]
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(2) 1 NFORVATION FOR SEQ I D NC. 7: (1) SEQJENCE CHARACTE SBIé:?EB 1997

(A) LENGTH. 18 base pairs
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Table 3

SEROCONVERSION AND GEOMETRIC MEAN TITRE (GMT) TO MUMPS
VIRUS IN SERONEGATIVE SUBJECTS

Vaccine Timing Number Number GMT
' seroconverting |
MIR111D42 | pre 15 10 -
day 42 15 | 15. 1434
MIR121C42 | pre 13 0o -
day 42 13 11 971
803910U pre 17 0 -
day 42 17 16 1247




- 19 - (B) TYPE: nucleic acid (©) STRA

(‘D) TOPOLOGY: i near
ORI G NAL SOURCE:

18

DESCRI PTION: SEQ I D NG 7: ATCTCCTAGG GICGTAAC

(i1) MOLECULE TYPE: DNA (genom c

TR

. (A) ORGANI SM NH30 (xi) S

- 15 -
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SEQUENCE LISTING

(1) GENERAL INFORMATION:

(i) APPLICANT: Smithkline Beecham Biologicals sa

(ii) TITLE OF INVENTION: Vaccines

(iii) NUMBER OF SEQUENCES: 13

(iv) CORRESPONDENCE ADDRESS :

(A)

(B)
(C)
(D)
(E)
(F)

ADDRESSEE: Smithkline Beecham
Corporate Intellectual Property
STREET: SB House L/S5 Great West Road
CITY: Brentford

STATE: Middlesex

COUNTRY: United Kingdom

ZIP: TW8 9BD

(v) COMPUTER READABLE FORM:

(A)
(B)
(<)
(D)

MEDIUM TYPE: Floppy disk

COMPUTER: IBM PC compatible

OPERATING SYSTEM: PC-DOS/MS-DOS

SOFTWARE: PatentIn Release #1.0, Version #1.25

(vi) CURRENT APPLICATION DATA:

(n)
(8)
(C)

APPLICATION NUMBER:
FILING DATE:
CLASSIFICATION:

(viii) ATTORNEY/AGENT INFORMATION:
(A) NAME: Dalton, Marcus JW

(ix) TELECOMMUNICATION INFORMATION:

(a)
(B)

{2) INFORMATION FOR SEQ ID NO:1:

TELEPHONE: 44 181 975 4093
TELEFAX: 44 181 975 3688

(i) SEQUENCE CHARACTERISTICS:

(A)

LENGTH: 393 base pairs




(2) | NFORMVATI ON FOR SEQ I D NO 8: (i) SEQUENCE CHARA
(A) LENGTH. 18 base pairs -(B) TYPE: nucleic acid
STRANDEDNESS: si ngl e (D) TOPOLOGY: |i near

TYPE: DNA (genonic) (vi) ORI G NAL SOURCE:

NH31 (xi) SEQUENCE DESCRI PTI ON: 4QEQ I D NO 8:

REPLACENENT SEEET)

\ ~7

1 eIRRRB7

(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
(1ii) BYPOTHETICAL: NO
(iv) ANTI-SENSE: NO
(vi) ORIGINAL SOURCE:

__(A) ORGANISM: Mumps Virus
(B) STRAIN: Jeryl lymn - 1

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:1:

TGAATCTCCT AGGGTCGTAA CGTCTCGTGA CCCTGCCGTC GCACTATGCC GGCAATCCAA 60
CCTCCCTTAT ACCTAACATT TCTAGTGCTA ATCCTTCTCT ATCTCATCAT AACCCTGTAT 120
GTCTGGACTA TATTGACTAT TAACTATAAG ACGGCGGTGC GATATGCAGC ACTGTACCAG 180
‘CGATCCTTCT CTCGCTGGGG TTITGATCAC TCACTCTAGA AAGATCCCCA ATTAGGACAA 240
GTCCCGATCC GTCACGCTAG AACAAGCTGC AHMTGA AGCTGTGCTA CCATGAGACA 300
TAARGAARAA AGCAAGCCAG AACAAACCTA GGATCATAAC ACAATACAGA ATATTAGCTG . 360

CTATCACAAC TGTGTTCCGG CCACTAAGAA AAT
(2) INFORMATION FOR SEQ ID NO:2:
(i) SEQUENCE CHARACTERISTICS: -
(A} LENGTH: 15 base pairs
(B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear

. (ii) MOLECULE TYPE: DNA (genomic)

{(iii) HYPOTHETICAL: NO

393




TTTGGATGCA GCTTGTTC

{(2) 1 NFORMATI ON FOR SEQ I D NO 9: (1) SEQUENCE CHARAQ
(A) LENGTH 28 base pairs : (B) TYPE: nucleic acid

STRANDEDNESS: si ngl e (D TOPOLOGY: |inear (
TYPE: DNA (genonic) (vi) ORI G NAL, SOURCE: :

- {iv) ANTI-SENSE: NO
(vi) ORIGINAL SOURCE:
(A) ORGANISM: nh2
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2:
GTAGCACTGG ATGGA
(2) INFORMATION FOR SEQ ID NO:3:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 base pairs
(B) TYPE: nucleic acid '
(C) STRANDEDNESS: single
{D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
(vi) ORIGINAL SOURCE:
{(A) ORGANISM: NHS
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3:
TCTGTGTTGT ATTGTGATCC
(2) INFORMATION FOR SEQ ID NO:4:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 21 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(r_:) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
(vi) ORIGINAL SOURCE:

{A) ORGANISM: NH14

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4:
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- 20- (A) ORGANI SM NH30BI S
SEQ ID NO 9:  AATCTCCTAG GGTCGTAACG TCTCGTGA
28 (2) I NFORMATION FOR SEQ I D NO 10:

- 18 -

GTCGATGATC TCATCAGGTA C
(2) INFORMATION FOR SEQ ID NO:S:

(i) SEQUENCE CHARACTERISTICS:
. (A) LENGTH: 33 base pairs
(B) TYPE: nucleic acid
(C} STRANDEDNESS: single
(D} TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

(vi) ORIGINAL SOURCE:
(A) ORGANISM: NH22

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:5:

CGGTAGAAGC TTGTCGATGA TCTCATCAGG TAC
(2) INFORMATION FOR SEQ ID NO:6:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 32 base pairs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

{vi) ORIGINAIL SOURCE:
(A) ORGANISM: NH23

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:6:

CGCTGAGGAT CCTCTGTGTT GTATTGTGAT CC
(2) INFORMATION FOR SEQ ID NO:7:

(i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 18 base pairs

(xi) SEQUE
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(1) SEQUENCE CHARACTERI STI CS: (A) LENGTH 24 base pairs

(B) TYPE: nucleic acid (C) STRANDEDNESS: single (D)
TOPOLOGY: |inear (ii) MOLECULE TYPE: DNA (genom c) %Ep | m SHEET
ORI G NAL SOURCE: (A) ORGANISM NH31BI S Ai : '
DESCRI PTION: SEQ | D NG 10: TTTGAATGﬁﬁigijTGNTCTA GCGT
24 (2) | NFORMATI ON FOR SEQ I D NO 11 0 S FEB 1997

(B) TYPE: nucleic acid

(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)
(vi)} ORIGINAL SOURCE:
(A) ORGANISM: NH30
(*i) SEQUENCE DESCRIPTION: SEQ ID NQ:7:
ATCTCCTAGG GTCGTAAC ) 18
(2) INFORMATION FOR SEQ ID NO:8:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 18 base pairs
(B) TYPE: nucleic acid
~ (C) STRANDEDNESS: single
{D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
{vi) ORIGINAL SOURCE:
(A) ORGANISM: NH31
{xi) SEQUENCE DESCRIPTION: 'SEQ ID NO:8:
TTTGGATGCA GCTTGTTC 18
{2) INFORMATION FOR SEQ ID NO:9:
{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 28 base pairs
(B} TYPE: nucleic acid
(C) STRANDEDMESS: single
(D} TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

(vi) ORIGINAL SOURCE:




(i).SEQUENCE CHARACTERI STI CS: (A) LENGTH 29 base pairs

(B) TYPE: nucleic acid -+ (©) STRANDEDNESS: si ngl ¢- (D)
TOPOLOGY: i near (ii) MOLECULE TYPE: DNA (genonic) {REFLACEMENT SHEET
ORI G NAL SOURCE: - (A) ORGANI SM BC265 Xi ‘

E)SSCRI PTION: SEQ I D NO 11: CCGACAT'I:AB oGA.\_ATAG'I' TTC (A X G5 FEB 99/

(A) ORGANISM: NH30BIS

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:9:
AATCTCCTAG GGTCGTAACG TCTCGTGA - 28
(2) INFORMATION FOR SEQ ID NO:10:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 24 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
{ii) MOLECULE TYPE: DNA (genomic)
(vi) ORIGINAL SQURCE:
(A) ORGANISM: NH31BIS

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:10:
TTTGAATGCA GCTTGTTCTA GCGT ' 24
{(2) INFORMATION FOR SEQ ID NO:11:

(i) SEQUENCE CHARACTERISTICS: -
" {(A) LENGTH: 29 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
{D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
(vi) ORIGINAL SOURCE: -
(A) ORGANISM: BC265

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:11:

CCGACATTAT GAATAGTTTC GAGGGCTCC ' ' 29



- 21 -

(2) | NFORMATI ON FOR SEQ | D NO 12:

CHARACTERI STI CS: (A) LENGTH. 31 base pairs
nucleic acid (C) STRANDEDNESS: single
| i near

- 21 -

(2) INFORMATION FOR SEQ ID NO:12:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 31 base pairs
(B} TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
(vi) ORIGINAL SOURCE:
(A) ORGANISM: bc252
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:12:
ATATCGCACC GCCGTCTTAT AGTTAATAGT C
(2) INFORMATION FOR SEQ ID NO:13:
(i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 31 base pairs
(B) TYPE: nmucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
(vi) ORIGINAL SOURCE:
(A) ORGANISM: Bc253

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:13:

ATACCGAACC GCCGTATTAT GGTTAATGGT C

(i) SEQUENCE |
(WREPLRCEMENT SFIERT|
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(i i)‘ MOLECULE TYPE: DNA (genonic) (vi) ORI G NAL SOURCE: (A

ORGANI SM  bc252 (xi) SEQUENCE DESCRI PTION: SEQ I D NO 12:
ATATCGCACC GCCGTCTTAT AGTTAATAGT C 31
(2) 1 NFORMATI ON FOR SEQ I D NO 13: (i) SEQUENCE CHARACTERI STI CS:
(A) LENGTH 31 base pairs (B)..TYPE: nucleic acid (O
STRANDEDNESS: si ngl e (D) TOPA20GY: | near
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ATACCGAACC GCCGTATTAT GGITAATGGT

- 23 - O 5 FEB 199/

Claims

1. An attenuated Jeryl-Lynn mumps virus strain characterised by the SH gene and the N
terminus of the HN gene comprises the nucleic acid sequence as depicted in figure 1.

2. A mumps vaccine comprising a substantially homogenous immunogenic Jeryl-Lynn

isolate.

3. A mumps vaccine as claimed in claim 2 comprising a homogenous isolate of claim 1.

4. A combined vaccine comprising a substantially homogenous irhmunogenic Jeryl-Lynn
‘isolate and one or more of atteruated measles virus, or attenuated rubelila virus or
killed measles or rubella virus, or subunits of such viruses.

5. A vaccine as claimed in claim 3 or 4 additionally comprising an agent for the
protection against varicella or zoster infections.

6. A method of producing a substantially homogenous immunogenic Jeryl-Lynn isolate,
the method comprising:
passaging a Jeryl-Lynn preparation on a suitable cell line.
Selecting pure culture using the steps of either:
a) limit dilution; or
b) individual plague isolation.

7. A homogeneous immunogenic Jeryl-Lynn isolate for use in medicine.
8. A method of inducing immunity in a mammal susceptible to mumps infection

comprising the administration to the mammat of an effective amount of a vaccine
according to any of claim 2-5.
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" YACCINE

Abstract

A new mumps vaccine is presénted, comprising 2 homogenous pure isolate
derived from the Jeryl-Lynn strain of mumps virus. In a preferred embodiment of the
invention the vaccine produces higher seroconversion and antibody titres than known
commercial vaccines. |

FIGURE 1
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Figure 1
Jeryl lynn isolate c DNA sequence over the SH gene and the SH HN intergenic regjon - ,

TGAATCTCCTAGGGTCGTAACGTCTCGTGACCCTGCCGTCGCACTATGCC
GGCAATCCAACCTCCCTTATACCTAACATTTCTAGTGCTAATCCTTCTCT
ATCTCATCATAACCCTGTATGTCTGGACTATATTGACTATTAACTATAAG
ACGGCGGTGCGATATGCAGCACTGTACCAGCGATCCTTCTCTCGCTGGGG
TTTTGATCACTCACTCTAGAAAGATCCCCAATTAGGACAAGTCCCGATCC
GTCACGCTAGAACAAGCTGCATTCAAATGAAGCTGTGCTACCATGAGACA
TAAAGAAAAAAGCAAGCCAGAACAAACCTAGGATCATAACACAATACAGA
ATATTAGCTGCTATCACAACTGTGTTCCGGCCACTAAGAAAAT

a
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1. Ap attenuated Jeryl-Lynn nunps virus strain characterised
.and the N term nus of the HN gene conprises the nucleic

as depicted in figure.1. 2.. A munps vacci ne conprising a spb
honbgenous i mmunogeni ¢ Jeryl -Lynn i sol at e. 3. A munps
claimed in claim2 conprising a honpgenohs=isol ate of claim
conbi ned vacci ne conprising a substantially honbgenous i nmun

Jeryl -Lynn i sol n Gmﬁ r ' e @i V¢ or
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subunits of such viruses. 5. A vaccine as clained in claim3 or 4

additionally conprising an agent for the protection against varicella

or zoster infectiMumps iSesséntiadlyradisedse jof ohiikdfiood, shinhmormaily présgnisdwseifienous

Seryl - Cynn' prEhépy e spBhf: Hawkif, ot CATP ticiial conoBBl 06 7

usi ng the stmywepsinfedtionare serious) Forrexamgpid, imumps ische mosbyommdn ¢auseaf pl ague
~isolation.  meningoencephalitis in children under 15 years of age in the UK, and a cause of

~ permanent sensorineural deafness in childhood. Although 30-40% of natural
mumps infection are symptomless, the very fact that salivary gland involvement can
be unpleasant and that in the adult population mumps can cause 1st trimester
abortions and orchitis of men as well as the neurological complications noted above,
has led, ih many countries, to the adoption of mass vaccination programs.

Mumps virus belonging to Paramyxoviridae is constituted by a single strand
genomic RNA of the minus sense and is about 15,3kb with the gene order 3' N-P-
M-F-SH-HN-LS' (N-nucleocapsid protein, P=phosphoprotein, M =matrix protein,

" F=fusion protein, SH=potentially expressed as small hydrophobic protein, HN-
haemagglutinin neuraminidase, L =Ilarge protein). Among various. mumps strains,
Jeryl-Lynn (B-level) is a live attenuated variant which has been characterised by
sequence analysis of the F,P,HN,M genes. ' e

Until recently, two mumps virus strains have been approved for vaccination
against Mumps. These are Urabe Am 9 and Jeryl-Lynn. However in September
1992 the Urabe strain was withdrawn following a reported incidence of
unacceptable level of side effects [European Journal of Pediartrics (1993) 152:387].

_ The Jeryl-Lynn strain has been sold commercially by Merck Sharp and

N Dohme for many years under the trade name "MumpsVax". The Jeryl-Lynn strain

was obtained from a clinical sample of a patient suffering from mumps, by amniotic
inoculation into embryonated hen's eggs (Proc. Soc. Exptl. Biol. Med. 123 (3)
(1966)). . .

Afzal et al recently reported (J. of Gen. Virology 1993 74 917) that the
Jeryl-Lynn strain used in mumps vaccines in the UK is in fact a mixmre of two
viruses, named JL-2 and JL-5.

Takeuchi et al Virology (1991) 181 p364-366 report that among different
mumps strains there can be substantial nucleotide sequence variation at the SH gene
level. ' |

Afzal et al have emphasised that the present commercially available vaccine
“MumpsVax” is made under carefully controlled conditions including a cell bank
and passage limits and which are likely to preserve the proportion of the two
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VACCINE AGAINST MUMPS CONTAINING A JERYL-LYNN VIRUS STRAIN

Abstract

A new mumps vaccine is presented, comprising a homogenous pure isolate
derived from the Jeryl-Lynn strain of mumps virus. In a preferred embodiment of the
invention the vaccine produces higher seroconversion and antibody titres than known

commercial vaccines.
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