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PURI FYI NG VI RUSES BY CHROVATOGRAPHY The invention relates
to the field of purification of viruses, and nore particularly to
the 5 purificatwmwrenio6243ises obtai ned by culturing on ®REIT/FRI6/01964.
Harvests of viruses obtained fron1cu|turing on cell lines such as Vero
cells contain not Ofm% ﬁGVv&ﬂﬁgﬁsbﬂit GARGMRTEERARY and DNA
originating 10 fromthe culture cel However, when the viruses are
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obt ai ned frem cputinlieasi eidobetverapesi dbtalindd nes. culturing on Metlfiods
for purifying v%ruses are known in the prior art. Thus, US patent
4,664, 912 di scl 088%%I n particular a nethod for purifying rabies virus
by zone 20 centrifugatiaavests sficvbsesgsadbeatinegiofevrr culdueching on
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15 amount of cellular DNA in vaccines comprising products
obtained from continuous and heteroploid cell lines.

Methods for purifying viruses are known in the
prior art. Thus, US patent 4,664,912 discloses in
particular a method for purifying rabies virus by zone

20 centrifugation in a sucrose gradient. However, such a
method has the drawback of being difficult to automate;
in addition, a prior inactivation step is necessary,
which may lead to interactions between the virus and
the cellular DNA which then make the step for removal

25 of this DNA more difficult. )

This reference also discloses a purification
method combining a step of gel filtration and a step of
ion-exchange chromatography. However, such a
purification method does not allow maximum removal of

30 the cellular DNA.

One aim of the invention is thus to propose a
novel method for purifying viruses in very high yield
which is easy to automate.

Another aim of the invention is to propose a

35 purification method which allows whole, non-degraded
viruses to be obtained.

To achieve these aims, the subject of the
invention is a method for purifying wviruses obtained
from a cell 1line culture, this method consisting in



35 purifi.cation nmethod which allows whole, non-degraded viruses to

be obt ai ned. . To achi eve these ains, the subject of the
i nvention is a nethod for purifying viruses obtained froma cell line
culture, this method consisting in -2 - -2-
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The invention will be beld@rdinder P0oth ONpart i €B&H NJehbEadRéRt) edthe
description which fol] ows. The viruses_to be purified according
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cell lines, in paftagdlialtgontirvieitogaaghietiey opletiad cheXstior i n@kuswhi ch
are thus llﬁgle'éﬁ% bgmgggggnqa m&%@idual DNA are truly reduced to a

minimum.

According to another preferred embodiment, the
method according to the invention also consists in
carrying out all the chromatography steps at the same

20 pH value. It is thus possible to automate the method
easily and to reduce its costs appreciably, while at
the same time maintaining its efficiency.

The invention will be better understood on
reading the detailed description which follows.

25 The viruses to be purified according to the
method of the invention are viruses obtained by means
of cell lines, in particular continuous and heteroploid
cell lines, which are thus liable to be combined with
cellular DNA. These may be, 1in particular, rabies

30 wvirus, Japanese encephalitis wvirus or influenza virus.
These viruses to be purified may have been obtained by
culturing on Vero <cells on microsupports. This
concerns, for example, rabies virus obtained by
culturing, as is described in US patent 4,664,912,

35 The viral Tharvest 1is filtered and then
processed, according +to the invention, by anion-
exchange chromatography and by cation—-exchange
chromatography.



cellular DNA. These may be, in particular, rabies 30 virus, Japanese

encephalitis virus or influenza virus. These viruses to be purified may
have been obtai ned by culturing on Vero cells on mcrosupports.
Thi s concerns, for exanple, rabies3wirus obtained by

culturjng, as ts descrijfed in.US patent 4,664 912, 35 e i ral
harvest is filtered ‘Qﬁed NS excgﬁpggesgléﬁ?ma%%%%?%%g &% -g'?hea}(l
i nvention, by exrliange chrameditmmgehy ofr oemtkogndping camgiedpput, for
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E. Merck. AlthdugH&Hi%s i 81HReubnfdhsSf dfF ORE rARRE LoT 5PenFeMevVéLaci ds,
i‘tl : s preferredof nwskic ddiafy, at als prefexchange wiech atrong ahibhe

ol  owi ng gel s: Hi,gh el sold b I,0- , .Sephar,qse ol d,by
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as is the ggse r'Fn l\%fli'l\%&%\lé?rkg;m%% b%\é?c', whi ch has 15 chains of 15 to 25
units of the foll ow ng Mondsterthese geleHcany echsadH inCldsr Prifferr PR err]

(CHerr])[err] in phosphate BufEball VagReodidikity tBe g8t hod ofysllae 20
I nvention, the step of_cation- exchange chr omat ogra%hy s preferably
carried out usifRE@ getloWs cBraftogyallability Of the cationic group,

as is the case in EMD TMAE from E. Merck, which has
15 chains of 15 to 25 units of the following monomer:

CH,=CHCONH (CH;) oN* (CH3) 3

Similarly, according to the method of the
20 invention, the step of cation-exchange chromatography
is preferably carried out using a gel which allows
great accessibility of the anionic group, as is the
case in EMD S0s; sold by E. Merck, which has chains of

15 to 25 units of the following monomer:

25
CH,=CHCONH-C (CH3) 2CH,S03"
This gel can also be equilibrated using Tris
buffer or phosphate buffer.
30 According to a preferred embodiment of the

invention, the anion-exchange chromatography is carried

out before the cation-exchange chromatography, the

eluate from the first chromatography being, after

optional dilution, introduced directly into the second

35 chromatography column. This order of operation allows

optimization of the removal of the cellular DNA to be
obtained.

The viral suspension obtained by elution of the

cation-exchange chromatography column has a degree of



great accessibility of the anionic group, as is the case in EMD SO err]

sold by E. Merck, which has chains of 15 to 25 units of the follow ng
nononer: 25 CH err]=CHCONH-C (CH err])[err]CH err] SO err]

This gel can also be equilibrated using Tris- buffer or phosphate
buffer. 30

. . Accor.din t a_. preferred, enbod]ren h
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t he second 35 chromat ography cofun. his order of operation allows
optim zation of the renBeaEVeE t BecesPinpatoDNAPEefpEred epbpdifeqyt of
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Ho ...according ta,a preferred enbo
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can be carried out using an agarose gel as chelation Support, 10 “such
as the Sephardemeciia,FrRhichehasi ke §ellowbng spwuctureshar naci a, which
has the follow ng structure:

H OH CH,-COOH
(Sepharose 6FF) -o-cn,zl-xcn,-o-(cn,).-om,-éu-cn,-u/
NcH,-CoOH

According to the method of the invention, this

15 chelation step is performed in line with the previous

two ion-exchange chromatography steps, the eluate from

the cation exchanger being introduced directly into the
chelation chromatography column.

During this step, the cellular DNA remains

20 bound whereas the virus passes through the gel without
being retained.

This additional step makes it possible to bind
at least another half of the residual DNA which is,
admittedly, already in very low amount but which is, on

25 the other hand, at this stage, very difficult to
remove.,

The viral suspension thus purified is diluted
with a stabilizer and then inactivated according to any
known method of the prior art, for example with

30 pB-propiolactone, before being concentrated and freeze-
dried, so as then to be mixed with the other harvests
obtained from the same Vero cell culture and which will
constitute the same manufacturing batch.

The vaccines manufactured from such viruses

35 were injected into humans and were well tolerated. In
addition, their protective activity in animals was



(Sepharose 6FF) [err] According to the nethod of the
I nvention, this 15 chelation step is perfornmed in line wth the previous

two i on- exchange chronat ography steps, the eluate from the cation
exchanger bei'ng introduced directly into-tge- chel ati on chromat ogr aphy
col umm. th| ste th enal 0 nd
wher eas t he V|ru§r6§g§ Pgﬁb %: EeS?hSH%QEe e£ng%rg®a%ﬁedggy
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of which were positive. Accordiing to the I nvention,
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entire purificatiigapde ORISR Erddcdpye anda verdl Bk alledhge same
pH, which nakes the nethod si npl e,

15 Example 1
An anion-exchange chromatography column 1is

prepared by introducing EMD TMAE gel sold by E. Merck
into a column, through which 1 M sodium hydroxide NaOH
is first passed for the purposes of disinfection. The

20 column is then equilibrated with 20 mM Tris buffer at
pH 7.5.

A cation-exchange chromatography column is
prepared by introducing EMS SO; gel sold by E. Merck
into a column, through which 1 M sodium hydroxide 1is

25 also passed, followed by 20 mM Tris buffer at pH 7.5.

A metal-chelation affinity chromatography
® FF
chelating gel sold by Pharmacia into a column, through

column is prepared by introducing Sepharose

which is passed 1 M sodium hydroxide and then water,

30 followed by loading it with CaCl, at 3 g/l; the column
is then rinsed with water, after which 0.5 M NaCl 20 mM
Tris buffer at pH 7.5 is passed through.

Example 2

35 A harvest of rabies wvirus cultured on Vero
cells is filtered wusing a membrane whose cutoff
threshold is 0.65 pm and then on a membrane whose
cutoff threshold is 0.45 pm.



easy to automate and reliable; it is especially possible to carry out

the entire nmethod under good conditions of sterility. 10 By
virtue of this purification nethod, whole, non- degraded viruses are
obt ai ned whose spicules are vi si bl e bysel ectron mcroscopy, in a very
hi gh degree - of puri I %E change
chr omat ogr dphy col um |%Hls h% g% gg%Sl?%?r88UC|nlr§&D Eggéﬁésgﬁh by
E. Merck |nCOlaucelmﬁd;umhabaghcmmpch81n@1seaiuhahyBNbxadeWNQQHas is

first passed fo ﬁ,ﬁgggugﬂ gﬁgﬁh@%&éﬁf&keﬂ tﬁgev@o cehyan a'n%i 1%
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fc i s passed 1 M sodj cﬂ_romde and _th mq%gr 30
fol l owed by | oa@Phbeht ot 1PXY [BPFFORES2 g1 el bimtinsePs Wi
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threshold is 0.4Ral§¢féMstic peak for the viruses has passed. The
eluate from the first column is diluted to 1/4 in line
with 20 mM Tris buffer at pH 7.5 and then introduced

15 1into the cation-exchange chromatography column prepared
according to Example 1.

The non-bound part of this second column is
collected for assay purposes. When all of the eluate
from the first column containing the virus has passed

20 through the second column, it is rinsed with 0.1 M NaCl
20 mM Tris buffer at pH 7.5 and the bound viruses are
then eluted by passing 0.5 M NaCl 20 mM Tris buffer
through until the characteristic peak for the wviruses
has passed.

25 The eluate from this second column 1is
introduced directly, without dilution, into the metal-
chelation affinity chromatography <column prepared
according to Example 1. This time, the DNA complexes
with the Ca™ ions present in the column, whereas the

30 virus passes through the column and is collected at the
outlet in order to be combined with a stabilizer and
inactivated. The DNA complexed with the Ca™ ions is
eluted by passing 50 mM EDTA solution through the
column.

35 The ion-exchange chromatography columns are
regenerated by passing 1 M NaCl 20 mM Tris buffer at
pH 7.5 through and are disinfected with 1 M sodium
hydroxide before being used for the purification of the
other harvests originating from the same culture, which



- 6- . Thi s harvest consists of a viral suspension in culture
medi um al so conprising cellular DNA as well as proteins originating
both fromthe Vero cells and from the culture medium The filtered
crude harvest’ is 5 passed through the anion-exchange chromat ography col umm
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proteins and assay pur

The colum is ribaged.with 0.1 MNad 20 nmM Tris buffer at pH 7.5 and
the bound 10 viruses are then eluted by passing 0.4 M NaC 20 mM Tris
buffer at pH 7.5 through the colum until the characteristic peak for
the viruses hasE¥38®d@ 3The eluate fromthe first colum is diluted to
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col um  prepar e?ri_eldsa‘ife‘}r Hitp 1 EXSd0H ecd1tdFd Shatv@st | NexpPNbs §@dphexes
with the Ca[err] ions, present in the colum, ereas the 30 virus. passes
through the col mraRidial cHereentdds: 1o eacho @t eithen BFeRS ©F bERe
conbi ned wi th apsfrdlfiilcbzébnandthod, i aaét ayatellowdie DNA conpl exed with the
Calerr] ionscis eluted by passing 50 mM EDTA solution through

t he col %n. 35 Fhe—ton—exchanrge—ehrorategraphy—ecoloms are

regener at ed by pa;sing Yiblahk) 20 nNITris Eutaanua Tqtidl/ prottediosgh and

are disinfected w.th 1 _Msodl um hydr ¢xi de sbetore geing useg for the
purification ofé@ﬁgn exgkgggg ﬁglumn . 0.%5 3.95& e,

g

whi ch Cation-exchange column 27 25
Metal-chelation affinity 80
column

Overall, by means of the purification according
to the invention, only 0.004% of the cellular DNA and
1.4% of the proteins present in the crude harvests

20 remain.

The purification carried out is thus entirely
satisfactory.

The infectivity of the viruses obtained is also
verified at each step, by means of measuring their

25 infectious titre in CCIDsp and observation by electron
microscope. It is observed that the integrity of the
viruses is well conserved throughout the method.

When the viruses thus produced are used in the
manufacture of vaccines against rabies, it is possible

30 to prepare doses containing not more than 30 to
40-107'? g of cellular DNA per dose, which 1is a
considerably smaller amount than the standard of
100-107* g.
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are dssayed for each harvest, ft'er " each* chr omat ogr aphy st ep.
The total protewnssaresaasayed by neans of gt he Low yp&®) sl Aotoéd e
total DNA is assayed using the 10 Threshold nmachi ne from Ml ecul ar Devi ce.
The results obtained, taking an average %kt@e yi el ds per step for each
culture harvest, expressed as a res#@bé#Lpercentage for each of the
steps of the purification method, are as follows: 15 Yield

9 Total DNA I t g1 : ney AR QN8 XC . u
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0.0 : . . s .
thal-chelationcﬁiiin??%ﬁure' ghich Egnghfts in separatdper aby, ignmeans
of the purif3 catkohangeor dhﬁ@n?]togwpwe d:lﬁ’é/en\friﬂibeé)tn'hﬁ’r&n Ogé%hofcéﬂie 20
cel lular DNA an 1. 4% of , t rotei,ns present pn e crude harvests
renai n. 8r°t?ﬁ%spurainﬂ caﬁ"ngn SAHEERIaE s’%’f%s é’fﬁ‘?i r efytture,
satisfactory. characteriz&feinntiestiittyomprides vit Usesstohimd netkg ofl so
verified at eac D n | their 25 jnfectious titre in
CCl D50 and obse?egéﬁo%x%a%?%ctﬁpg%mgggagh%ggs@Ié%e.or}e[ Fte%bg Ve S the
integrity of thexchangerghkeematogriphyxonserved throughout the nethod.

10 2. Method according to Claim 1, characterized in
that the anions are strong anions.
3. Method according to either of the preceding
claims, characterized in that the cations are strong
cations.

15 4. Method according to one of the preceding

claims, characterized in that the cation exchange is

carried out after the anion exchange.

5. Method according to one of the preceding

claims, characterized in that it also comprises a step
20 of affinity chromatography by metal chelation.

6. Method according to the preceding claim,

characterized in that the metal chelation is carried

out using calcium ions.

7. Method according to one of the preceding
25 claims, characterized in that the viruses to be

purified are obtained by culturing on continuous and

heteroploid cell lines.

8. Method according to one of the preceding

claims, characterized in that the viruses to be
30 purified are obtained by culturing on Vero cells.

9. Method according to one of the preceding

claims, characterized in that the viruses to be

purified are rabies viruses.

10. Method according to one of Claims 1 to 9,
35 characterized in that the viruses to be purified are

Japanese encephalitis wviruses.

11. Method according to one of Claims 1 to 9,

characterized in that the viruses to be purified are

influenza viruses.



When the «wiruses thus produced are used in the manuf act ure of vacci nes
agai nst rabies, it is possible 30 to prepare doses containing not

nore cthan 30 °to 40. 10[err] g of cellular DNA per dose, which

i's a considerably small er anmount tharg the standard of 100. 10[ err]
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