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were immunized sub cutaneously with 20 pg of protein in Incomplete Freund’s
Adjuvant.

The presence of MV-specific antibodies in the sera from the immunised
IFNAR/CD46 mice (6 pér test group and 3 for control group] was determined by
ELISA using 96-microwell plates, coated with Measles virus EIA bulk (ATCC VR-24);
for IgG antibédy detection. Protein was diluted 0.6 pg/ml with 0.05 M carbonate
buffer (pH 9.4), and 100 y per well was added to 96-well-microtiter plates. The plates
were incubated overnight at 4°C, washed with PBS/0.05% Tween 20 (PT) (ph 7.4},
incubated with PT (0.1 ml/well}-10% BSA for 60 min at 37°C, and washed again with
PT. Serial 2-folds dilutions of the tested sera were added (100 pl/well}, and the plates
were incubated fdr 60 min at 37°C. The plates were washed with PT and were
incubated with 100 pl of goat anti-mouse IgG HRP diluted 1:2000 in PT for 30 min at’
37°C. The plates were washed with PT and i;;éubatcd with 100 pl OPD {o-
Phenylendiamin, Fluka 78411). The reaction was stopped after 3-4 min. Plates were
read on a MicroElisa Reader at a wave length of 490 nm. Readings higher than three-

folds negative controls were scored as positive reaction.

The presence of MV-Malaria-specific antibodies in the sera of immunised CD46
mice {at least 10 per test group) was determined by ELISA assay. Briefly, 96-microwell
plates were coated 50 ng/ well MSP: 1-d42 3D7 strains, diluted with carbonate buffer
pH 9.4. The plates were incubated overnight at 4°C, washed with PBS/0.05% Tween
20 (PT). Subsequently, unspecific interaction were blocked with 10% defatted milk .
dissolved in PT for lhour at 37°C and wells were washed again with PT. The plates
were consecutively incubated with various dilutions of mouse sera (starting at 1:200,
followed by serial two-fold dilutions), peroxidase-conjugate goat anti-mouse IgG and
with OPD substrate. Optical density values were measured at 490 nm. Values above
the cut-off background level (mean value of sera from MV immunised mice multiplied
by a factor of 2.1} were considered positive. Titres were depicted as reciprocal end- -

dilutions.

The humoral immune responses against Measles are shown in Figure A& 42. The

humoral 30 immune responses against Malaria p42 are shown in Figure B 43.
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Figure A: Humoral response against Measles
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Figure By Humoral response against Malaria
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Example 12: Purification of recombinant measles virus expressing malaria
antigexis from Defecting Interfering Particles (DIs] by plaque purification.

It is known from literature that after a certain number of passages with
Paramyxoviruses, and in particular with measles virus, an accumulation of defective
interfering particles (DIs) will occur. (23, 24). It has been described that these Dis
develop various defects: negative impact on vaccine safety, negative influence on virus
yields in production, genome instability and suppression of immune reaction after
vaccination. In order to avoid such DIs with our new recombinant viruses, we have
applied the method of plaque purification as described in example 6 with the
exception that we use MRCS cell instead of 293T cells. After the formation of clear,
well defined syncytia we aspirated under the microscope with a micropipette such
material for further passaging in a fresh MRCS tissue culture.

Example 13: Purification of recombinant measles virus expressing malaria
antigens from Defecting Intexfering Particles {DIs) by. end point dilution.

The end point dilution technique was applied in microplates: in all wells a fresh
monolayer of MRCS cells had just developed. The virus suspension containing

- recombinant measles-malaria viruses was prepared in two fold dilutions. From the

well of the latest monolayer where a syncytia was detected the supernatant was
aspirated with a pipette. The supernatant was mixed with a suspension containing
MRCS5 cells. This mixture was incubated at 4°C for 1 hour. Finally, it was transferred
in a small Costar flask and incubated at 35°C/5%CO2 and harvested for purify

recombinant measles-malaria virus after ten days.
Example 14: Production of a combined measles-malaria vaccine

The v;rorldng seed of the described recombinant measles-malaria virus has been
incubated on MRCS cell monolayer in 1750cm? roller bottles at 35 °C for ten days.
The cells have been monitored every day for status of health and confluence. On day’
ten at highest level of syncytia formation, the supernatant was pumped in a steel
cylinder for storage in liquid nitrogen. The same procedure was repeated two days
later. After performing of all the tests {virus titer, genome stability, virus safety, cell
safety, chemical analysis, sterility and others}, the harvests have been thawed up and
mixed with stabilizer containing gelatine, sorbitol, amminoacids and other sugars to

. final dilution of 105. With a automated filling machine small lyo bottles (F3) have been

inoculated with 0.5ml each. A specially calculated lyophilisation program was used to
guarantee maxiinal survival of the product during the freeze-drying process.

33 31



10

15

20

25

30

35

BIBLIOGRAPHY

1. Fields Virology, fifth edition (2007), eds.-in-chief Knipe, D.M. &. Howley, P. M.
Lippincott Williams & Wilkins, Philadelphia PA 19106, USA.

2. Enders, J. F.,, and Peebles, T. C. (1954). Propagation in tissue cultures of
cytopathogenic agenis from patients with measles. Proc. Soc. Exp. Biol. Med., 86:
277-286.

3. Griffin, D. {2007) Measles virus. In: Fields Virology, fifth edition, eds.-in-chief
Knipe, D.M. &. Howley, P. M. Lippincott Williams & Wilkins, Philadelphia PA 19106,
USA. )

4. Parks, C. L., Lerch, R. A., Walpita, P., Wang, H. P., Sidhu, M. 8., and Udem, S. A.
{(2001). Analysis of the noncoding regions of measles virus strains in the Edmonston
vaccine lineage. J. Virol., 75: 921-933,

S. Parks, C. L., Lerch, R. A., Walpita, P., Wang, H. P., Sidhu, M. S., and Udem, S. A.
(2001). Comparison of predicted amino acid sequences of measles virus strains in the
Edmeonston vaccine lineage. J. Virol., 75: 910-920. .

6. Hilleman, M.R. (2002). Current overview of the pathogenesis and prophylaxis of

‘measles with focus on practical implications. Vaccine, 20: 651-665.

7. Ovsyannikova IG., Reid, K.C., Jacobson, R.M., Oberg, A.L., Klee, G.G., Poland, G.A.
{2003). Cytokine production patterns and antibody response to measles vaccine

Vaccine, 21(25-26): 3946-53.
8. Radecke, F., P. Spielhofer, H. Schneider, K. Kaelin, M. Huber, K. Détsch, G.

thrisﬁansen, and M. Billeter. {1995]}. Rescue of measles viruses from cloned DNA.
EMBO Journal., 14: 5773-5784.

9. Martin, A., Stacheli, P. and Schneider, U. (2006). RNA polymerase ‘II-controucd
expression of antigenomic RNA enhances the rescue efficacies of two different
members of the Mononegavirales independently of the site of viral genome replication
J. virol., 80: 5708-5715.

10. Radecke, F., and M. Billeter. (1997). Reverse genetics meets the nonsegmented
ncgauve-strand RNA viruses. Rev. Med. Virol., 7: 49»63

11. Singh M. R, Cattaneo, R., Billeter, M.A. (1999). A réecombinant measles virus
expressing hepatitis B virus surface antigen induces humoral immune responses in
genetically modified mice. J. Virol., 73: 4823-4828.

12. Wang, Z.L., Hangartner, L., Comu, T.I., Martin, L. R., Zuniga, A., and Billeter,
{2001). Recombinant measles viruses cxpressifxg Oeterologous antigens of mumps

and simian immunodeficiency viruses. Vaccine, 19: 2329-2336.

34 32




10

15

20

25 .

30

" 35

13. Dilraj, A., Cutts, F.T., de Castro, J.F., Wheeler, J.G., Brown, D., .Roth, C,
Coovadia, H.M., Bennett, J.V. (2000]. Response to different measles vaccine strains
given by aerosol and subcutaneous routes to schoolchildren: a randomised trial.
Lancet, 355(9206): 798-803.

14.- Holder A.A. and Freeman, R.R. (1984}. The three major antigens on the surface of
Plasmodium falciparum merozoites are derived from a single high molecular weight
precursor. J. Exp. Med, 160(2): 624-9.

15. Blackman M.J., Whittle H., and Holder A.A. (1991). Processing of the Plasmodium

Sfalciparum major merozoite surface protein-1: identification of a 33-kilodalton

secondary processing product which is shed prior to erythrocyte invasion. Mol
Biochem. Parasitol., 49(1): 35-44.

‘ 16‘._Remarque, E.J., Faber, B.W., Kocken, C.H.M., and Thomas, A.W. (2007). Apical

membrane anﬁgen 1: a malaria vaccine candidate in review. ;I‘rends Parasitol, 24: 74-

83.

17. Polley, S.D., Mwangi, T., Kocken, C.H., Thomas, A.W., Dutta, S., Lanar, D.E.,
Remarque, E., Ross, A., Williams, T.N,, Mwambingu, G., Lowe, B., Conway, D.J., and
Marsh, K. (2004). Human antibodies to recombinant protein constructs of
Plasmodium falciparum apical membrane antigen 1 (AMA1) and: their association with.
protection from malaria. Vaccine, 23: 718-728.

18. Cortés, A., Mellombo, M., Masciantonio, R., Murphy, V.J., Reeder, J.C., and
Anders, R.F. (2005). Allele specificity of naturally acquired antibody responseé
against Plasmodium falciparum apical membrane antigenl. Infect. Immun., 73: 422-

430.

19. Remarque, E.J., Faber, B.W., Kocken, C.H.M., and Thomas, A.W. {2008). A
diversity-covering approach to imununisation with Plasmodium falciparum AMAl
induces broader allelic recognition and growth inhibition responses in rabbits. Infect.

Immun.

20. Garcia, J.E., Puentes, A., and Patarroyo, M.E. (2006). Developmental biology of
sporozoite-host interactions in Plasmodium falciparum malaria: implications for
vaccine design. Clin. Microbiol. Rev., 19(4): 686-707.

21. Ballou, W.R., and Cahill, C.P. (2007). Two Decades of Commitment to Malaria
Vaccine Development: GlaxoSmithKline Biologicals. Am. J. Trop. Med. Hyg,
77(6_Suppl): 289-295. _ o

22, Girard, M.P, Reed, Z.H., Friede, M., and Kieny, M.P. (2007). A review of human

 vaccine research and development: Malaria. Vaccine, 25: 1567-1580.

35 33




23. Roux, L., Simon, A.E., Holland, J.J. (1991). Effects of Defective Interfering Viruses
on virus replication and pathogenesis in vitro and in vivo. Adv. Virus Res., 40: 181-

221,
24. Calain, P., and Roux, L. (1988). Generation of measles virus defective interfering
particles and their presence in a preparation of attenuated live-virus vaccine . J.

Virol., 62 (8):2859-2866.

a8 34



1o

15

20

25 -

30

35

40

We claim:

A combined measles-malaria vaccine comprising a recombinant measles
vaccine virus which express malaria antigens capable of eliciting immune
response and protection both against measles and malaria.

The combined measles-malaria vaccine as claimed in claiml wherein the
recombinant measles vaccine virus expresses single or different malaria
antigens.

The combined measles-malaria vaccine as claimed in claiml wherein the
recombinant measles vaccine virus expresses MSP1 malaria antigen.

The combined measles-malaria vaccine as claimed in claim1 wherein MSP1

malaria antigen is 190 to 200KDa (d190).
The combined measles-malaria vaccine as claimed in claim1 wherein MSP1

malaria antigen is d83-30-38.
The combined measles-malaria vaccine as claimed in claim1 wherein MSP1

malaria antigen is d42.

The combined measles-malaria vaccine as claimed in any preceding claims
wherein the recombinant measles vaccine virus expresses MSP1 malaria
antigen in both anchored and secreted forms.

The combined measles-malaria vaccine as claimed in any preceding claims
wherein the recombinant measles vaccine virus expresses MSP1 malaria
antxgen in both anchored and secreted forms 3D7 strain and MAD 20

’ preferably the FCB1 strain.

10.

11.

12.

13,

14.

The combined measles-malaria vaccine as claimed in any preceding claims
wherein the recombinant measles vaccine virus expresses MSP1 malaria
antigen in both anchored and secreted forms FCBI strain.

The combined measles-malaria vaccine as claimed in claiml wherein the

recombinant measles vaccine virus expresses Diversity Covering (DiCo)

AMA1 malaria antigen.
The combined measles-malaria vdccine as claimed in claiml wherein the

recombinant measles vaccine virus expresses DiCo-1 of AMAl malaria

antigen
The combined measles-malaria vaccine as claimed in claiml wherein the

recombinant measles vaccine virus expresses .DiCo-2 of AMAl malaria
antigen :

The combined measles-malaria vaccine as claimed in claiml wherein the
;'ecombinant measles vaccine virus expresses DiCo-3 of AMAI malaria
antigen

The combined measles-malaria vaccine as claimed in claiml wherein the
recombinant measles vaccine virus expresses DiCo-1, DiCo-2 and DiCo-3

of AMAIL malaria antigen
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15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

The combined measles-malaria vaccine as claimed in claim10 to claim 14
wherein the recombinant measles vaccine virus expresses Diversity
Covering (DiCo) of AMA1 malaria antigen in trans membrane and secreted
forms.

The combined measles-malaria vaccine as claimed in claiml wherein the
recombinant measles vaccine virus expresses CS malaria antigen

The combined measles-malaria vaccine as claimed in any preceding claims
wherein the malaria antigen is cloned between P and M or H and L protein

of recombinant measles vaccine virus.
A measles vaccine virus vector comprising the nucleotide sequence of

) antigen of malaria.

Thé vector as claimed in claim 18 wherein the nucleotide sequence is
selected from figure 26 to figure 35.

The vector as claimed in claim 18 and claim 19 wherein the measles
vaccine virus vector further comprises nucleotide sequence selected from
figure 24 to figure 25, :
The vector as claimed in claim 18 wherein the nucleotide sequence encodes
malaria antigens selected from d83-30-38 and d42 and d190 fragments of
MSP1 or Diversity Covering (DiCo} AMA1 or CS protein.

A host comprising the vector-of claim 18.

The host as claimed in claim 22 is selected from E.coli or mammalian cell
line, '
The combined measles-malaria vaccine as claimed in any preceding claims
wherein the recombinant measles virus originating from a vaccine strain
deﬁved from Edmoston Zagreb.

The combined measles-malaria vaccine as claimed in any preceding claims
wherein recombinant measles vaccine virus which expresses at least one
malaria antigens selected from d83-30-38 and d42 and d190 fragments of
MSP1 or Diversity Covering (DiCo) AMA1 or CS protein.

The combined measles-malaria vaccine as claimed in any preceding claims
wherein recombiriant measles vaccine virus which expresses two or more
malaria antigens selected from d83-30-38 and d42 and d190 fragments of -
MSP1 or Diversity Covering {DiCo} AMA1 or CS protein or combination
thereof,

The combined measles-malaria vaccine és claimed in any preceding claims
wherein recombinant measles vaccine virus comprises the following

sequences.
MSP-1 d-190-3D7 ANIOITE
MSP-1 d-190*-3D7 AN102TE
MSP-1 d-83-30-38-3D7 . AN103TE
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28.

29.

30.

31.

32.
33.

34.

35.

36.

37.
38.

39.

MSP-1 d-83-30-38*-3D7 AN104TE

MSP-1 d-42-3D7 AN10STE
MSP-1 d-42*-3D7 AN106TE
MSP-1 d-190-FCBI1 ANI107TE
cs AN108TE
DiCol-complete AN109TE

AN110TE

DiCol-ecto

The combined measles-malaria vaccine as claimed in any preceding claims
wherein recombinant measles vaccine virus encods in addition to the
malaria antigens protein with adjuvantic properties.

The vaccine as claimed in any preceding claims comprising recombinant
measles viruses encoding in addition to the malaria antigens an
interleukin, preferably interleukin 2.

The vaccine as claimed in any preceding claims comprises one of the

described recombinant measles malaria viruses or a mixture of two to

several such viruses.
The vaccine as claimed in any preceding claims wherein the described

recombinant measles malaria viruses or a mixture of two to séveral such

viruses devoid of defective interfering particles {DIs)
The vaccine as claimed in any preceding claims wherein the adventitiously

arisen DI particies have been elirinated by plaque purification.

The vaccine as claimed in any preceding claims wherein the adventitiously
arisen DI particles have been eliminated by end point dilution.

The vaccine as claimed in any preceding claims wherein the adventitiously
arisen DI particles have been eliminated by physical methods such as
differential centrifugation. .

The vaccine as claimed in any preceding claims being Aa component of a
combined vaccine where the other com;ﬁonents are rubella, mumps,
varicella or another life attenuated vaccine virus, naturally attenuated or
recombinant, alone or in combination.

The vaccine as claimed in any preceding claims comprises suitable
stabilizer, such as gé:latin and/or human serum albumin and sorbitol as
main components, ideal for parenteral application.

The vaccine as claimed in any preceding claims comprises with a suitable
stabilizer and/or adjuvant ideal for intranasal application.

The vaccine as claimed in any preceding -claims comprises suitable o
stabilizer and for adjuvant ideal for inhalation application.

The vaccine as claimed in any preceding claims comprises suitable

stabilizer and/or adjuvant ideal for oral application.
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41.

42.

The. vaccine as claimed in any preceding claims comprises suitable

stabilizer and/or adjuvant ideal for trans dermal application.
The vaccine as claimed in any preceding claims comprises suitable

stabilizer and/or adjuvant ideal for any suppository formulation.
A composition of combined measles-malaria vaccine comprising stabilizer

and/for adjuvant.
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