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AN A.TI'ENUATED JAPANESE ENCEPHALITIS VIRUS 

ADAPTED TO VERO CELL AND 

A JAPANESE ENCEPHAUTIS VACCINE 

BACKGROUNDO~THEINVENTION 

FIELD OFTBE INVENTION 

The present invention relates to an attenuated Japanese encephalitis virus 

adapted to Vero cell by passages on Vero cell and a Japanese encephalitis vaccine 

comprising said attenuated vims. 

DESCRIPTION OF THE PRIOR ART 

Japanese encephalitis (JE) is a mosquito-borne arbovinldisease of maj orpublic 

health ~portance in Asia. More than 3S,OOO cases and 10,000 deaths are reported 

annually from that continent, but official reports undoubtedly-underestimate the.true 

number of cases (Okuno, T. World Health Stat Q. 3: 120-31, 1978; Umenei, T. et al. 

20 Bull World Health Org. 63: 625-31, 1985).-The illness may be manifested by a febrile 

headache syndrome, aseptic meningitis, or encephalitis and about half of the sUIViwrs 

tend 10 have permanent neurologic and psychiatric sequelae (Burke, D.S. et al. The 

Arbovirus: Epidemiology_ and Ecology 3:63-~4 1988; Monath, T.P. Virology 763-814, 

1990). 

25 

JE vims is one of 66 Flaviviridae, enveloped, positive-sense, single stranded 

RNA viruses that largely are vector-borne (Chambers, T. J. et al. Ann. Rev. Microbiol. 

44:649-88, 1990). Morphologically, flaviviruses are spherical, approximately 40 nm in 

diameter, are composed of a lipid bilayer surrounding aneucleocapsid containing 11-kb 

30 genome complexed with a capsid (C) protein (Rice, C. M. et al. Science 229:726-33, 

1985). Surface projections on the membrane are composed of glycosylated envelope (E) 
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and membrane (M) proteins. A pre-M glycoprotein, present in intracellular nascent 

virioms, is cleaved to the M protein, fo'Ulld in ·mature extracellular viriOD$. Important 

physiological activities are assdciated. ~ith the 53-kd E protein, including hema­

gglutination, viral neutrali7ation, virion assembly, membrane fusion, and viral binding 

S to cellular receptots (K.osbini, E. et al. Yirol.188:714-20, 1992). 

TherearethreeJEvaccinesforhumam (fsai, l. eta/. Vaccines 671-713, 199)). 

Of 1b.e three, only imctivated JE vaccine produced in mouse brain is ~vailable 

internationally. One man.ufacturer, the Research Foundation for Microbial Diseases of 

10 Osaka University (Biken) produces most of the inactivated JE vaccine distributed 

internationally; that vaccine was.licensed.in 1992 in the USA where it is distributed by 

Connaught Laboratories, Inc., as JE-V AXTM. Inactivated and live attenuated JE VclCcine 

prepared in primary hamster kidney {PHK.) cells are distributed solely in China 

15 Inactivated J:E "8Ccine produced in mouse brains was licensed in Japan in 1954. 

Because it is· produced by cerebral injection of infant mic~, ~t is laboriow; to 

manufacture and concerns about the possibility of vaccine-related neurological side 

effect we.re raised. Though successive te:finements in the manufacturing process have 

increased its purity and potency (Oya,A. Vaccination Theory and Practice 69-82, 1975; 

20 Oya, A.ActaPediatr.,Pn. 30:175·-84, 1988; Takaku, IC. BikenJ. 11:25-39, 196&), a 

moderate freq~cy of local and mild systemic reactions have been reported until 

recently Qiok~ C.H. et al. New EnglJ Med. 319:608-14, 1988; Poland~ J.D. et al J 

llefect Dis. 161:878-82, 1990; Sanchez, J.L. et al. Lancet 335:972-73, 1990). Local 

tendemess, redness, and/or swelling at the injection site occur in 20 % of vaccines.Mild 

25 ~c symptoms, chiefly headac~ low-grade fever, myalgias, malaise, and 

gastrointestinal symptoms:> are reported by 10 to 30 %. of vaccines. An apparently new 

pattern of adverse reactions including urticaria, angioedema, respiratory distress, 

erythema multiforme, erythema nosodum and severe neurological disorders have been 

reported since 1989, principally among travellers vaccinated in Australia, Europe, and 

30 North America (Anderson, M.M. et al. Lancet. 337:1044, 1991; Ruff, T .A. et al. Lancet 

228:881-2, 1991). In addition, in 1992 and 1995 Ohtaki reported seven children with 
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acute disseminated encephalomyelitis (ADEM) with changes on magnetic resonance 

images (MR.I) after JE vaccination (Ohtaki, E. et al. Pedialr Ne11rol. 8:137·9., 1992; 

Ohtaki, E. et al J Neurol Neurosurg Psychiatry 59:316-7, 1995). Also of note is that 

vaccination with rabies vaccine containing animaJ brain tissue bas C811sed severe 

S neurological complications (Plotkin, SA et al. Vaccines 661-2, 1994). ·For these 

reasons, the WHO bas designa~ JE vaccine development as a high priority. 

More recently, inactivated and live attenuated JE vaccine of China have proven 

to be effective, eliciting high titers of virus-neutralizing antibody and conferring solid 

10 protection (Tsai,. T. et al. Vaccines 611-113, 1993). However, PHK. cells in which 

Chinese vaccine were prepared are not approved by the World Health. Orgmmation 

(WHO) for viral vaccine production· or licensed for human use by the developed 

countries. The principal disadvantage in using primary hamster cells for the prodUction 

of vaccines is the uncertainty with regard to the quality of vaccine. Even if specific 

IS pathogen free hamstCis are used, animals can unexpectedly become infected, being 

problematic for vaccine prodUction. Occasionally an infection of this type could be 

undetected for along time. With these criticisms, further controlled studies of the safety 

of the vaccine are required tQ allow confidence regarding its widespread use. Another 

disadvantage of the vaccine production from primary cells is the low rate of harvest of 

20 the virus and high cost without allowing mass production. 

In view of the above, there is a need for new JE vaccine which is produced in 

standard cell lines such as Vero or human diploid cells that have been accepted as 

human vaccine substra~ with good cost effectiveness. Vero cells are transformed but 

25 non-tum.origenic cells derived from monkey kidney. The Vero cell line is more 

advantageollS than any other standard cell line in that Vero cells are more readily 

adaptable to large scale cell culture and as a transformed cell bas an infinite life time. 

It has now been· found that ffi virus can be grown in Vero cell culture. 

30 CollSidemble efforts bad been made in the field of JE vaccine to produce vaccine in 

standard cells which pennit effecting cell cultmes at a large volume. Nevertheless, virus 
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characterization including genetic stability, yield and process necessary for vaccine 

commercialization through cultivation with Vero cells had never met the requirements 

of human vaccine. Owing to these facts and to the difficulties of transposillg a 

knowledge acquired in other virus cultures to. JE virus, the prior art had not achieved 

s success in the development of JE virus vaccine which is genetically stable and bas a 

high ~unogenic character from continuous cell lines. Among all these researches, 

none had resulted up to the present time in a new vaccine production. which satisfies the 

criteria mentioned in this back.ground. 

10 

15 
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The present invention suggests a development and a propagation of JE vims in 

continuous ~I line, Vero cells for vaccine production which overcome pre'Vious 

problems in~ virus produce~ in mouse brain or primary cell lines. 1'he present 

invention also identifies methodology developed to cultivate the JE virus and a 

downstream process for vaccine production with cost-effectiveness. 

In additi~ns the present invention identifies methodology improved upon the 

previously commercialized JE vaccines in the foUowing ways. 

1. Safety: The invented virus did not acquire the virulence through the Vero cell 

c'ultivation, reducing the hmuds of production and affording an additiorial level 

of safety to recipients beyond that furnished by stringent control over the 

virus-~vation process. This advantage bas never been provided by the 

previously commercialized JE vaccines. 

2. Increased supply in safer production substrate: The JE vaccine of the present 

invention is produced in the absence of bovine serum, making high yields and 

inexpensive and scalable production which are not achieved in the the 

previously commercialized JE vaccines. 

3. Less reactogenicity: No gelatin stabilizer is incorporated into the JE vaccine 

of the present invention, reducing the risk of vaccine reactions like those seen 



s 
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W.tb 1he existing vaccine (Saskagucbi M. et al. Vaccines 68-69, 1998). In 

addition, undesllable _bovine-derived components, incotp0rated in the ~sting 

JE vaccines are effectively eliminated. Conclusively, this safety point of the 

present invention bas never been provided by the previous JE vaccine. 

4.Increased potency: The success of scalable production with Vero cells and the 

absence of supplements for production, as well as the effective purification,: 

permits the fust use of potentadjuvams in fonnulating theJE vaccine. Although 

the use of the adjuvants in the vaccine formulation has been applied in other 

vaccine, transposing this knowledge to the JE vaccine bas been in difficulty 

since none of the existing JE vaccines assure it's safe production. 

In conclusion, none bad resulted up to the present time in a new vaccine which 

satisfies the af~rementioned adVan.tages in the commercialization of JE vaccine. 

Therefore, an object of the present invention is to provide a safe ·and effective 

JE vaccine produced in standard cell snbstrate to increase its acceptability in many 

countries. A further object of the invention is to provide an effective process for 

producing a highly purified stable vaccine and formulating a vaccine which has·a high 

20 immunogenic character with a small antigen amount. 

SUMMARY OF THE INVENTION . 

In one aspect, the present invmtionprovides an attenuated Japaneseencephaliti~ 

25 virus .adapted to Vero cell by passages on Vero cell.The attenuated Japanese 

encephalitis virus of the present inventiOJl, which is referred to as CJ50003 herein, was 

deposited atthepennanent collection of the K.orean Culture Center ofMicroorganisms, 

Seoul, Korea, on April 20, 1998 under the Bud~ Treaty of the international 

recognition of the deposit of microorganisms for the purpose of patent procedure, and 

30 a subculture thereof can be obtained from th.e repository under the accession number 

K.CCM-10125. 
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In another aspect, the present invention provides aJapmese encephalitis vaccime 

comprising an attenuated Japanese encephalitis virus adapted to Vero cell by passages 

on VerocelL 

S BRIEF DESCR.IPTION OF mE DRAWINGS 

10 

These and other features, aspects, and advantages of the present invention will 

become better understood.with regard to the following description, appended claims, 

and accompanying drawings as follows: 

Figure 1 sho~ passages and adaptation of JE virus SAl 4-14-l(PDK) in Vero 

cells. Virus passage 1 was harvested at S days after inoculation ofV ero cell monolayer 

with 0.1 nioi ofSA14-14-2(PDK) strain. TheJE virus titer was measured by plaque 

assay performed on Vero eell monolayers. Subsequent serial passages were conducted 

1 S to 30 passages with ·virus passage I virus as starting material by successive virus 

infection and titmtion as described in Example 1. 

Figure 2 showsmultipletimeharvestofJE virus CJS0003 in a roller bottle every 

other day from 3 to 17 days post infection. Vero cell monolayer were infected.at a mc>i. 

20 of 0.01 plaque forming unit (pfu) per cell. Virus was allowed to adsorb for 2 hn at 

25 

. . 

3s·c, then cells were washed with PBS three times, fed with 100 ml of serum-free 

EMEM and incubated at 35·c. Every 48 hrs from 3 days to 17 days post inoculatio~ 

culture supematants were replaced with fiesh serum-free EMEM. Vims infectivity 

1itrations of the harvests were performed by plaquing on Vero-cell monolayers. 

Figure 3 shows an analysis of JE virus CJ50003 purified by sucrose gradient 

ultracentrifugation by SDS .. PAGE and Western blotting. Sixty ml of concentrated 

culture supernatant was applied to a forty ml of 15-6()0/f, sucrose gradient and 

cen1rifuged in a 4S Ti rotor at 22,000 rpm, 18 hrs., 12·c. Two ml samples were 

30 collected from the bottomofthetubeandsubjected to4-20%gradientSDS-PAOE and 

the resolved proteins were transferred to Nitrocellulose membranes. Proteins were 
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vismJized by stailling with Coomassie brilliant blue (Panel A) or silver nitrate (Panel 

B), and antigens were visualized by reaction with monoclonal antibody reactiv~ against 

JE 'Viral E protein (Panel C). Lane I, pre-stained protein stan~s (Novex Seeblue™) 

representing molecular weights of250, 98, 64, SO, 36, 30, 16, and 6 kDa from the top; 

S . Lane 2-10, fraction No. 3-11 from the bottom after ul1raeentrifugation; E, envelope 

protein; C, capsid protein; M, membrane protein. 

Figure4 mows formaldehyde inactivation kinetics of purifiedJE vims CJ50003. 

Purified JE virus preparations were inactivated with 0.018 % formaldehyde at 4•c or 

JO 22·c. Samples taken at the indicated times were titrated for their residual infectious 

vims bydirectplaquing on Vero cell monolayers. Additionally, amplification assay was 

done to detect low levels of virus as follows. Duplicate flasks containing Vero cell 

monolayers were inoculated with samples· from virus-inactivation time points. After a 

2 br adsorption period at 35•c, cells were refed and incubated at 35•c. Cells were refed 

15 at 7 days and at 14 days post-infection. The culture media were harvested and plaqued 

to detect infectious virus. Inactivation time points from two separate experiments are 

shown: 4 ·c (filled rectangle), 22·c (filled· circle). Thermal inactivation (no 

fcmnaldehyde) con1r0ls (open rectangle for 4•c and open circle for22·c) were done in 

parallel. 

20 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to a JE virus strain which has desirable properties 

forthe preparation of theJE vaccine. Said virus is an attenuated virus and can propagate 

2S in the continuous cell line, Vero which is admitted by WHO as cell substrate for human 

vaccine production. Thus it is expected that said virus can be used for the preparation 

of more safe inac1hated and live JE vaccines than current vaccines. 

The prCscnt invention provides a vaccine that satisfies the present need. A JE 

30 virus has been adapted to Vero cell by serial passages at no higher than 35•c. Continued 

passages in Vero cell resulted in increase in virus titer, over 107 pfu per ml of culture 
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supema1ant and reduced culture time to show peak virus titer. 1he invention concerns 

the development of a multiple· time harvesting process with no serum requirement as 

supplement resulted in high yield of Virus productivity, which is commereially·feasible 

properties for the large-scale production of said vaccine with cost-effectiveness. 

S According to the invention, the multiple harvesting process in virus cultivation is 

responsible for the reduced degree of cytopathie effect (CPE) of :infected Cells. The JE 

vaccine of the present invention contains an extremely small quantity of residual cell 

derived components owing to the reduced level of CPE. In addition, JE vaccine of the 

present invention is expected 10 afford enhanced immunogenicity and greater protection 

10 against disease than current JE vaccines. The purified JE vaccine· of the present 

invention has a major advantage over cmrent 'Vaccines in that the purified viruses ftom 

the cultured Vero cells meet the develoi>ment requirements-for human vaccine. 

The ]>resent invention also relates to the methods for the preparation of said 

15 vaccine. The methodScan provide high productivity, purityand potency of said vaccine. 

The JE virus CJS0003 is obtained by subjecting JE virus SA14-14-2(PDK) to 4 

passages or more of adapting in the Vero tissue culture cells at temj>em.tures no higher 

than 35•c and selecting the cultured virus while monitoring the virus propagation based 

on the number of foci which were fonned in Vero and/or LLC-MK2 cells. The virus 

20 obtained ·from that adaptation has a peak titer of at least lxl07 pfu/inl of culture 
supernatant in Vero cell culture and reduced· incubation period for harvest. The JE virus 

SA 14-14-2 is an attenuated strain which is obtained by adapting a wild type JE virus 

SA:l4 :fiorn· mosquitoin·the Primary Hamster Kidney (PHK) tissue culture cell and the 

Primary Dog Kidney (PDK) tissue culture cell (Kenneth H. Eckels, et al. Yaccine 6 513-

25 518, 1988). But the PHK. and POK cells are not admitted by WHO, so they are not 

suitable for preparation of vaccines applicable to humans. The Vero cell is admitted by 

WHO for human use, so the Vero adapted JE virus strai~ 050003, is a good basis for 

production of vaccine for humans. 

30 It is known that SA14-14-2(PDK) virus belongs to flaviviridae and bas the 

following physicochemical properties: single-stranded, positive-sense RNA genome 
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With 5' methylated end and 3' end with no poly A structure. The size of RNA genome 

is approximately 11 kb an~ the genome is in a combined state with nucleocapsid (C) 

protein of 13,500 Da. The vhusis· additionally comprised of membrane (M) protein of 

l,700Da, envelope (B) protein of 53,000 Da and non-structural proteins NSl~ 2a, 2b, 

s 3, 4a, 5 and the like. 

10 

The Vero adapted JE virus strain, CJ50003 was passed in Vero cell over 30 

passages. The virus titer and the morphology··of plaque were not varied through 

passaging, suggesting that the virus has stable phenotypic character.· 

To get an insight into the molecular basis for the biological characteristics of JE 

· 'Virus- CJ50003; the physicochemical properties of the virus were analyzed. The 

sequence of the bases of the viral genome was determined by cDNA cloning and 

sequencing. As a result, it was discovered that three· adenine bases of the·-i 032, 1506, 

1 S and 1704 positions, and a guanine base. of the 1.769 position of E protein gene of JE 

SA14-14-2(PDK.) vims were replaced by three guanines and a thymine in JE CJ50003 

'Virus, respectively. Accordingly, the amino acid sequence.of E protein. was changed 

. . :from threonine of the 19 position, threonine of the 1 n position, lysine of the 243 

position and glutamine of the 264 position to alanine, alanine, glutamate and histidine, 

20 respectively. The amino acid changes on the E protein were maintained through 

passaging the virus in Vero cell as long as our investigation lasted. 

The JE virus CJ50003 did not kill mice when the viruses which have different 

n~ of passages in Vero cells, were injected to young· mice inttacerebrally. 

25 Accordingly, it can be said that the Vero adapted JE virus CJ50003 is an attenuated and 

stable vims strain which has no or little neurovirulence. It is one of the critical points 

to use said virus for the live JE virus vaccine and/or inactivated vaccine. 

The present invention also provides a method for purifying virus from cell 

30 culture without freezing the crude or interim purity materials. Said method comprises 

the steps of removing cell debris, concentrating the virus,. purifying the virus by 
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precipitation of the materials of cell origin and sucrose gtadient ultlacentritugation, 

ftactionating the gradients and assaying the fractions for virus. More specifically, the 

present invention provides a method .for 1he produc1ion of pmified JE virus, by 

. propagating virus to high titer in continuoui cell lines, in 1he presence e>r absence of 

s serum protein supplements, purifying the vims by ultracentrifugation, mid pooling the 

virus-positive fractions. 

The said virus is pn>pagated in Vero tissue culture cells. The confluently grown 

Vero cells in roller bottles are infected 8!ld incubated with the. CJ50003 vims. 

10 Harvesting the vims can be done by the mtJltiple harvesting method. The harvest of· 

culture supernatant was started at the point of 2 or 3 days post infection according to 

moi ofinfection,and the freshmeditmfwas refed to the culture. After'2 day incubation 

of the .refed culture, the culture supernatant was harveSted again. Harvesting can· be 

repeated.up to 41imes.by 8 or 9 days post infection with the virus titer maintained· over 
1 S 107 pfu/ml of culture. suPematant. The multiple harvesting method gave a high yield of 

virus per unit roller bottle, so it makes this invention more compatible with the laws of 

market. Furthermore,- the-process is responsible for the reduced degree. of CPE of 

infected cells. lhe reduced level.of CPE.contdbutes.to.extremely low level of residual. 

cell de.rived components in JE vaccine of the present invention. The harvested culture 

20 sup~ can be stored at-4•c untilthe·pmijication started. The·clarifi.cation of the 

harvested culture supematantscan be accomplished by common methodSknown. in the 

art including low-speed centrifugation, for example, at 1500 g for 10 min, and/or by 

~on through a filter of pore size of0.45. The harvested culture fluid is stored at 4•c 

until concentration. For the collCelltration of tb.e virus, the culture fluid is ultrafil.trated 

25 and the ietentate is collected. In another method for concentration, the polyethylene 

glycol (PEG) 8000 is di!solved in the cultme fluid up to 10% and the precipitate is 

dissolved in a proper buffer, for example phosphate-buffered saline (PBS, pH 7 .0). The 

protamine sulfate precipitation is petfonned for removing DNA or other materials 

which originated from the cell, which can be accomplished by addition of pro1am.ine 

30 sulfate to concentrated virus solution and high speed centrifugation, for example, at 

12,000 g, for S min. For further purification of the virus, density gradient 
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ultracentrifugation is performed on 1S-60%continuous or multi-step sucrose gradients. 

The sucrose gradient is fractionated and the fractions are assayed for the virus. h1ethods 

for assaying for virus J)ositive :fractions. include plaque assay, bemagglutination assay, 

polyacrylamide gel electrophoresis, and antigen assays such as immunoassays. The 

5 :fractions for further processing are pooled on the basis of high virus titer and low level 

of other impurities. The purity of the pooled purified virus was estimated by testing for 

Vero cell originated chromosomal DNA and protein. The results showed that conteats 

of host cellular DNA and protein are as low as 2.5 pg and 2 ng per S µg of purified JE 

virus, respectively, which demonstrated the purification methods described above 

10 effectively removed other impurities from viral antigen. JE vims yield from 1 L of 

infected culture fluid is estimated to be about 2.3 milligrams. 

The present invention also provides a method ofinactivating JE virus to destroy 

its infectivity while preserving its antigenicity. Said method comprises adding an 

1 S effective qlJailtity of formaldehyde and incubating said virus with said agent in certain 

conditions such that said virus is inactivated. S~ifically, the fraction pool was·diluted 

to appropriate protein concentratio11 with· a ·proper buffer such ·as PBS and the 

formaldehyde was added to thedilutedftaction pool. Tue incubation with formaldehyde 

was performed at 22·c or 4 ·c. At least 4 or46 days were required to ruily destroy viral 

20 infectiVity without loss of viral antigenicity at 22·c or 4·c, respectively. 'The 

inactivation process of JE virus at 22·c was preferably. chosen. for simplicity in large 

scale culture and incubation time was extended to 7 days for a safety margin. However, 

examples of inacti"8ting agents which were effective include but ·are not limited to 

formaldehyde. In general, this can be achieved by chemical or physical means. 

25 Chemical inactivation can be effected by treating the viruses,· for example, with 

enzymes, ~-propionlactone, ethylene-imine or a derivative thereof, and an organic 

solvent such as Tween,. Triton, sodiumdeoxycholate, and sulphohetain. If necessary, the 

inactivating substance is neutralized afterwards; material inactivated with fonnaldehyde 

can, for example, be neutralized with 1hiosulpbate. Physical inactivation can preferably 

30 be carried o\lt by sµbjecting the viruses to energy-rich radiation, such as UV light, 

X-radiation or gamma-radiation. 
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The JE vaccines are prej,ared as injectables, either as liquid solution or 

suspension. It is possible to add a stabilizing agent such as carbohydrates (sorbitol, 

mannitol starch, ·sucrose, dextra:n," glucose, etc), proteins (albumins, casein, etc), an 

agent containing proteins (bovine serum, skim milk, etc) and buffers (such as alkali 

S metal phosphate). The preparation can be lyophilized after adding a stabilizer and it can 

be vacuum or nitrogen stored. If desired, one or more compounds with an adjuvant 

action can be added.. Suitable compounds for this purpose are, for example, aluminum 

hydroxide, phosphate or oxide, mineral oil (such as Bayol, Marcol 52) and saponins. In 

addition, if desired, one or more emulsifiers, such as Tween and span, is also added to 

10 the virus materials. 

The effectiveness of an adjuvant was determined by measuring the- amount of 

neutralizing antibodies directed against the virus resulting from administration of the 

inactive virus in vaccines which are also absorbed to an adjuvant. Examples of adjuvant 

1 S which was effective include but is not limited to alum hydroxide. The obtained vaccine 

was investigated for efficacy by the plaque reductioQ neutralization test (PR.NI) with 

the sera of said Vaccine immunized mice and direct· challenge of immunized mice with 

a neµrovirulent virus. As a result, it was shown that the Said vaccine had the same as or 

better eflicacy·of eliciting neutralizing antibody than comparable "VaCCines. 

20 

To investigate possible changesinimmunogenicityofV ero adapted viruses with 

different passage numbers, the vaccines were prepared indifferent passage numbers and 

the efficacy of each vaccine was compared. There -was no remarkable difference in 

efficacy among the vaccines p~ from viJUses with different passage nmnbers in 

25 spite of successive passµig in Vero cell. Thus it can be said that the Vero adapted JE 

virus strain, CJS0003. has stable imnnmogenicity. 

The following examples illustrate the attenuated JE virus adapted to Vero cell 

according to the present invention and the JE vaccine comprising said attenuated virus 

30 _according to the present invention. From the foregoing description and the following 

examples, it is believed that those skilled in the art would be able to carry out the 
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· inventian to the fullest extent. 

EXAMPLEl · 

Adapation of SA14-14-2(PDK) virus in Vero cell 

JESA14-14-2 (PDK}, SA14-14-2 vinJs in dog kidneyeell culture passage 8 was 

used to initiate serial passages in Vero cell culture. The Vero cell monolayers were 

inoculated with JE SA14-14-2 (PDK) at an moiofO.l pfu per cell. The infected cell 

cultures were grown in 2S cm2 culture flasks containing S ml of nu1rient media 

l O consisting of Eagle's minimal essential media supplemented with 10 % fetal bovine 

serum in m atmosphere of about S % C~ in air and at a temperature no higher than 

about 35·c, typically at from about 32·c to about 3s·c, with about 35·c being 

preferred. Viml growth was monitored:by.miaoscopic observation of cytopathic effect 

(CPE) and various assayforthepresenceofViialantigen including hemadsorption assay 

1 S (HA1 plaque assay, aiid enzyme linked immunoadsorbant assay (ELISA}. JE virus was 

harvested at day S post infection when the culture showed peak of virus titer,. clarified 

by centrifugation. The single plaque was pwified from the clarified supernatant and 

amplified in Vero cells. The amplified .virus was re-infected to Vero cell for further 

passages. Subsequent serial passages were conducted up to 30 passages by successive 

20 virus iiifection, titration, and plaque-purification as described above. As shown· in 

Figure l, 1he virus titers reached about 4Xl 07 p:fu· per ml of culture supernatant with 4 

passages in Vero cells and maintained close to this level in further passages. Besides, 

the optimal period for viral harvest was n:duced from S days at passage 1 to 2 - 3 days 

at passage 4. A significant increase in virus yield, about 1 OS pfu/ml to over I 07 pfu/ml 

2S and a decrease in incubation time resulted in the selection of the JE passage 4 in Vero 

cells as starting material of choice for the preparation of a candidate JE vaccine. The JE 

passage 4 in Vero cells was labelled as CJS0003 (Vero, PS4). Abbreviation PS means 

virus passage nQmber in designated cell. 

30 EXAMPLE? 

Characterization of CJ50003 vins; Sequencing of the envelope gene and 
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neurovirulence study 

As an effort to. give an might into the molecular basis for the biological 

characteristic of CJ50003 strain, the lSOO nucleotide sequence encoding the 

S envelope(E) gene which possesses major neutmli2ing epitopes were determined and 

compared with those of the parent vaccine strains, SAl 4-14-2(PDK), SA14-14-2(PHK) 

and an wild type SA14 virus(Aihira, S. et al. Yirus Genes, 5:95-109, 1991; Ni, H. et 

al. J Gen Yirol. 76:401-407, 199S; Ni, H. el al. J Gen Jlirol. 76:409-413, 1995; 

Nitayapban, S. et al Virology 177:541-542, 1990). CJS0003 virus (Vero, PS4) was used 

10 for sequence analysis. This revealed that the C-terminal region (amino acid 280-500) 

sho~ complete conservation, while the N-tennimal :region (amino acid 1-279) shows 

sequence variation among the virus strains. Mutations in the N-terminal region are 

almost evenly distributed. Nucleotide sequence of the E protein gene of CJS0003 

differedfromSA14/CDCby8nucleotidesand7aminoacidswhereasSA14-14-2(PDK) 

15 differed from SA14/CDC by 7 nucleotides and S amino acids. The results were 

summariz.ed in Table 1. 

The sequence of CJ50003 virus differed .from 1he published sequence of 

~~14-14-2(PDK) virusatS positions: nucleotide changes at positions I 032, 1506, 1704 

20 and 1769'resulted in4 amino acid differences between SA14-14-2(PDK.) and CJSOOOJ 

viruses: nucleotide cbanges at position 989 did not result in amino acid substitution. 

Higher passages of CJS0003 ~ i.e. passage 15 and 30 revealed no additional 

n\JCleotide changes. There were, therefore S distinct nucleotide and 4 amino acid 

changes between CJS0003 and parent vims, SAi 4-l 4-2(PDK) and these changes were 

25 stable on passage of this virus in cell culture. The Lys residue at 243 in the 

SA14-14-2(PDI<.), which is uniquely different compared with other attenuated JE 

viruses Were substituted with Glu residue in CJS0003. 

CJS0003 sequence also differed from the published sequence of 

30 SA14-14-2{PHK)virus(Aihira, S.etal. V°ll'UBGenes,5:95-109, 1991). Thenucleotide 

difference at 1032 caused amino acid difference at position E 19 but the change at 
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nucleotide position 989 did not result in amin:o acid substitution. Nucleotides at 1 506 

and 1704 in CJS0003 virus were the same as those present in the SA14-14-2Q>HK.) at 

these positions while· different-from ~e SA14-14-2(PDK) at those positions. The 

pattern of substitutions through the N-terminal region of the CJ50003 and 

S SA14-14-2{PHK) E gene is almost same except for amino acid substitution at E19. 

SA14--14-2(PHK.), SA14-14-2(PDK) and CJS0003 vil1lses have 4 identical 

amino acid substitutions compared with the sequence of the parent SA14 virus at 

position El 07, El38, El 76 and E279. Of those the amino acids at position El38 and 

10 El 76(Ni. H. et al J Gen Virol. 76:409-413-, 1995), which were known to contribute to 

attenuation were still conserved after Vero adaptation, suggesting that CJS0003 did not 

lose it's attenuated character. 

lS 

20 

25 

30 
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· CJS0003 and the parent SA14-14-:2(PDK) were tested for their mice 

ncuro"Viiulence by intracerebral (i.e.) injection into the 4-week-old BALB/c ~ce. The 

results are shown in Table 2. ~ l~ity for young adult mice is not significantly 

differmt between SAi 4-14-2(PDK) and CJS0003 viruses which is very low compared 

S to that of wild i,pe SA14 virus. Th1JS it seems to be that the introduction to the Vero 

ceD SUbstrate did not provide a neurovirulent phenotype to the SAl 4-14-2(PDK) and 

CJS0003 virus still has attenuated character. 

10 

IS 

20 

Table 2. Intracerebral virulence of 4-week-old miee inoculated with Vero-passaged 

CJS0003 viruses. PS represents passage in PDK or Vero cell. 

Virus · PFU Inoculum log LD50 mt·• LD,JPFU ratio 

SA14(PDK, PSJ) 2 x.10(7) 6.S 0.1']-

SA14-14-2(PDK,PS8) 1.3 x 10(6). <I.Sb <0.00002• 

CJSOOOJ(Vero, P.S6) 3A x 10(7) <I.Sb <0.000001 

CJS0003(Vero, PSIS) 3.2 x 10(7) <I.Sb <0.000001 

CJS0003(Vero, PS30) 3.6x 10(7). <I.Sb <0.000001 

a: Kenneth H. Eckels et al (Vaccine 6:513-S 18, 1988). 

b:. 0/10 mice died after inoculation with undiluted virus. 

The v~lume of inoculum for i.e. injection is 0.03 ml per mouse. 

EXAMPLE·3 

Virus growth and purification 

The production seed was prepared in virus passage S in Vero cell [CJ50003 

2S (Vero, PSS)]and stored in deep-freezer. Vero cells were grown in Eagle's minimal 

essential medium(EMEM, Gibco) containing 100.4 fetal bovinesemm (FBS, Gibco). 

Roller bottle cultures of Vero cell monolayers were.infected with production seed virus 

at an moi of0.01 to 0.1 pfu per cell. After2 hours of virus adsorption. the cultures were 

washed 3 times with PBS and fed with EMEM not containing serum and incubated at 

30 35•c. In infected Vero cell cultures, virus reached titers of around 107 to lO~pfil/ml at 

2 or 3 days post infection~ While virus harvests were taken 4 times at 2 day intervals 
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until 8 or 9 days post infection starting from 2 or 3 days post infection, virus titers were 

still maintained over 107 pfu/ml with very weak CPE. But after 9 days post infection, 

the titers were under 107 pfu/ml (Figure 2). The pooled harvests were centrifuged at 
. . 
8,000rpm for 15 minutes and supematants were filtered through a0.45 µm filter. Virus 

S culture supematants were concenttated by ultrafiltration (Ultras~ Filtron, lOOk) or 

precipitation with PEG. The virus precipitated by PEG was collected by centrifugation 

and suspended in PBS or STE (10 mM Tris pH 72, 1 mM EDTA, 150 mM NaCl) 

buffer. Retentate after ultratiltration was concentrated to 250 ml and the cassette was 

washed with 100 ml of PBS. Virus concen1rates were chilled in the ice for 2 hours after 
· 10 adding 0.5 -2 mg/ml ofprotamine sulfate and the supematants obtained by centrifuging 

at . 10,000 rpm for S minutes. The ~centrated viruses were purified by ultra­

centrifugation on sucrose gradients. The ul1racentrifugation was carried out at 38,000 

g for 18 hours. Fractions. were subjected to electrophoresis on polyacrylamide gels 

containing the detergent sodium dodecyl sulfate (SDS-PAGE). The nucleocapsid 

1 S protein (C, 13,500 Da), membrane protein (M, 8, 700 Da) and envelope protein (E, 

53,000 Da) bands were seen in the SDS-PAGE (Figure 3, panel A). Envelope antigens 

(E) .were detected by Western blotting with mouse anti.-JE vims monoclonal antibody 

(Figure 3, panel C). Virus positive :fractions, ftaction Nos.4 to 9, in which.other protein 

bandS except viral proteins were not apparent in silver stained gel (Figure 3, .. panel B) 

20 were pooled, and assayed for protein concentration by Lowry method. Detailed results 

are shown from two purifications ftom infected Vero cultures either concentrated with 

tangential flow ultmtiltration or by PEG8000 precipitation (Tables 3 and 4). Purified 

vims was diluted with two volumes of PBS,. added to the final 0.01% ofTweenSO, and 

fdteied tbrough a 0.22 µm filter. 

2S 

Table 3. PtJrification of JE virus by concentration with tangential flow ultrafiltration. 

Total Total Specific 
Total %Yield %Yield 

Sample Volume protein Activity 

(ml) 
pfu (pfia) 

(mg) 
(protein) 

{pfu/mg) 

Pooled culture 
10,000 4.4xton 100 600 100 7.3x107 

SUpemll1ant 
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Filbon 

concentrate 

Sacrose gradient 

pool 

022 µ filtration 

200 4.0xl011 

500 3.BxIO" 

so 2.4x1011 

90 280 47 l.4xl01 

86 42 7 9.DxIO' 

SS 23 3.8 1.0xl010 

Table 4. Purification of JE vims by concentration with PEGSOOO precipitation 

Total Total Spi=eific 
%Yield %Yield 

Sample Volume Total pfu protein Activity 

(ml) 
(pfu) 

(mg) 
(protein) 

(pfillmg) 

J>oolecl culture 
4.4xl011 10,000 100 600 100 7.3xJ07 

Sllpematant 

PEC precipitate 200 2.7x10u 61 40 6.7 6.8xl09 

Sucrose gradient 
soo 2.5xl011 56 15 2.S 1.7x1010 

pool 

0 22 µ filtration so 1.6xl011 41 12 2 1.3Jt1010 

The virus prepuations were compared for relative purity using specific activity 

measurements (i.e., pfulmg protein). Virus purified from concentrate bY ultrafiltration 

had about the same activity as virus pmified from concentrate by PEG8000 

precipitation. Also the purity of the pooled purified viruses was estimated by ~g for 

Vero cell originated chromosomal DNA and protein. The results showed that contents 

of host cellular DNA and protein are as low as 2.S pg and 2 ng per 5 µg of purified JE 

vims respectively regardless of method of concentration, which demonstrated that both 

pmification methods described above effectively removed other impurities from viral 

anti.gen. However in tenns of protein yield of purified virus, the purification method 

2S using ultrafiltration is 2-fold better than the purification method involving PEG8000 · 

prc;cipitation 

EXAMPLE4 

Virus inactivation 
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Purified virus was either directly used for preparation of live attenuated vaccine 

ai\er dialysis with PBS or iJlllctivated with fonnaldehyde for preparation of inactivated 

vaccine. Inactivation· with 0.018% fonnaldehyde was· carried out at 22·c or 4·c. 
Samples were taken at regular intervals and assayed directly for infectious virus by 

S plaque titration (Figure 4). Samples which were negative by direct plaque assay were 

subjected to blind passage on Vero cell monolayers in order to amplify low levels of 

"Virus and then re-plaqued. It was found that 4 days at 22·c or 46 days at 4 ·c were 

iequlled for complete inactivation of infectivity {Tables S and 6). The antigenicity of 

the virus was monitored dllring inactivation by testing samples with the antige11 spot 

1 O blot assay and polyclonal antisera. By this assay there appeared to be no detectable 

losses in antipicity after exposme to 0.018% formaldehyde for up to 10 days at 22·c 

or 15 days at 4·c. 

lnactivation with fonnaldehyde under these conditions was carried out for at 

15 least 7 days at 22·c or 60 days at 4 ·c, giving a margin of safety~ After inactivation, free 

formaldehyde in the samples was neutralized by the addition of 0.038% of sodium 

metabisultite. Dialysis was camed out concum:ntly with PBS and then filtered through 

a 0.22 µm filter. 

20 Table s: Formaldehyde inactivation of JE virus. CJS0003 at 4•c 

Day JE virus (-HCHO)· JE virus (+HCHO) ~plification 

0 3.2 x 101 32x 101 + 

o.s 2.6 x 101 3.2x106 + 

1 1.52 x 101 7.9x 10' + 

25 1.5 2.4 x 101 4.8 x 10' + 

2 2.8 x 1<>8 6.4x104 + 

3 2.6 x 101 4.3 x 1<>3 + 

4 1.9x 1<>8 1300 + 

s 2.4 x 101 285 + 

30 6 2.8 x 101 480 + 
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20 

25 

7 I.S x: 101 200 + 

11 LS x 101 0 + 
.. 

22 1.4 x 10' 0 + 

32 1.2x101 0 + 

46 1.0 x 101 0 

60 1.0 x 101 0 

Table 6. Formaldehyde inactivation of JE virus at 22·c 

Hour JE virus (-HCHO) JE virus {+HCHO) Amplification 

0 3.2x Uf 3.2x101 + 

3 3.0x 101 1.3 x 106 + 

6 2.7 x 101 1.1x105 + 

12 2.5 x 101 3.5 x lOS +. 

24 1.2x 101 140 + 

36 1.2 x 101 0 + 

48 l.2x 101 0 + 

72 1.1x101 0 + 

96 1.1x101 0 

-360 1.0 x 101 0 

EXAMPLES 
Immuoogenicity of CJS0003 purified, inactivated virus (PIV) and live aUenuatecl 

'Virus (LAV) in mice 

The imm1D1ogenicitiesofLA V mdPIV were then tested in mice with previously 

commercialized Biken inactivated vaccine. Groups of 20 six-week-old BALB/c mice 

were immunized intraperitoneally (i.p.) with three kinds ofimmunogen. lmmunir.ation 

was done with two inoculations without an adjuvant at intervals of2 weeks. Two weeks 

post second immunization sera were obtained from each group of mice, pooled and 

30 subsequently tested for1he presence of neutralizing antibodies by PRNT method (fable 
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7). As shown in Table 7, there was no significant difference in neutrali2ing antibody 

titer between groups which received three kinds of immunogen. 

Table 7. Induction of neutralizing antibodies in mice immunized with PIV or LAV 

Jmmunogen Dose Titers of neutralizing antibodies • 

PIV Sµg 1:320 

PIV lOµg 1:320 

LAV Sµg 1:320 

LAY IOµg 1:640 

Biken vaccine b 1 dose 1:320 
a: nter of neutralizing antibody is defined as the reciprocal of senm dilution resulting 

in 50% reduction of mouse brain passaged Naka~ virus plaques . 

b: Biken vaccine I dose contains 5 µg of.viral protein (TCA-precipitable) according to 

the manufacturer. · 

The lmmunogenicity of PIV wasfllrthcrtested in mice. Adult, inbred mice weie 

immunized with·various dilutions ofinactivated virus with orwithoutan alumadju.vant. 

Groups of 20 six-week-old BALB/c mice were immunized subcuumeously with SOO, 

SO, and S ng of PIV either in saline or saline with aluminum hydroxide (Rehydmgel). 

20 Mice received two inoculations spaced 3 weeks aparL Sera were pooled from each 

group of mice at 3 weeks post second immunimtion, and tested for the presence of 

neutralizing antibodies with mouse brain passaged Nakayanastr&in as neutralized vims 

(Table 8). PIV was better than Biken vaccine in all doses and adj11vaot significantly 

improved the immune response of mice to SO and 500 ng of PIV about 4 and 8 fold, 

25 respectively. 

Table 8. Comparison of the titer of neutralizing antibody in mice immunized with PlV 

with or without alum hydroxide. 

Immunogen Dose 
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PIV 500ng 1:160 

PIV SOng 1:40 

PIV Sng 1:20 

PIV+alum SOOng 1: 1210 

s PIV+alum SOng 1: 160 

PIV+alum Sng 1:20 

Biken vaccine l/lOdose l~ 80 

Biken vaccine l/lOOdose 1: 10 

Biken vaccine 1/lOOOdose 1: 10 

10 a: Titer of neutralizing antibody is defi~ as the reciprocal of~ dilution tesulting 

in 50% reduction of mouse brain passaged Nakayama vims plaques. 

b: Biken vaccine 1 dose contains S µgofviral protein (fCA-precipitable) according to 

the manufacturer. 

15 The in vivo protective efficacy of PIV was tben tested in BALB/c mice. For 

protection assays,.. gr.cups of . .10 three-week-old BALB/c mice were inCJClllated 

subcutaneously in the hindquarters with inactivated JE viruses in saline or saline with 

. aluminum hydroxide (Rehydragel). Age-matched controls were inoculated with PBS or 

non-specific. antigens.in alum. Mice were boosted with an equivaleatdose thtee weeks 

20 later. The mice were challenged at 3 weeks post immunization by intracranial 

inoculation vvitb SOO pm of the mouse neurovirulent JE virus (Nakayam~ mouse brain 

adapted) contained in 30 µl of PBS. Challenged mice were monitored daily for 

morbidity and mortality for up to twenty-one days. As shown in Table 9,. mice 

immunized with SO ng of PIV showed 9()0A of· protection. Flll'thennore, mice 

25 immunized with 50 ·and S ng of PIV mixed with alum showed 100% and 70% 

protection, respectively while 1/100 dose of Biken vaccine protected just S<JG/O of 
immunized mice. ln comparisonp all mice in the control group became sick and.died 

beginning at five to seven days post-challenge. 

30 
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Table 9. Protection of vaccinated mice against challenge 

with Nakayama v:mis- Immunogen 

Immunogen Dose Survivors 

Control b NIA 0/10 

PIV SOOng 10/10 

PIV SOng 9/10 

PIV Sng 3/1() 

PIV+alwn SOOng 10/10 

PIV+alum SOng 10/10 

PIV+alum Sng 7110 

Biken vaccine c 1/10 dose 10/10 

Bjken vaccine 1/100 dose 5110 

Biken vaccine 111000 dose 3/10 

a: Mice immunized with 2 inoculations of test vaccines spaced 3 weeks apart, then 

15 challenged with 500 pfu of mouse-neurovirulent Nakayama vims. 

20 

b: Age-matched controls were inoculated with PBS or non-specific· antigens in dum 

c: Biken vaccine 1 dose contains S µ.g of viral protein (TCA-precipitable) according to 

the manufacturer. 

To investigate immunologic stability ofCJ50003 virus over Vero cell. passages, 

viruses with various passage numbers in V erocell were independently purified and the 

immunogenicities 'WCJe evaluated by the method as described in Table 8. As shown in 

Table 10, there was no remarkable difference in the ability to elicit neutralizing 

antibodies among vaccines prepared from the viruses with different virus passage 

25 numbers in Vero cell, indicating that CJS0003 virus is veiy stable over Vero cell 

passages in-terms of immunogenicity. 

30 
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Table 10. Vaccine potencies prepared with JE viruses with different virus passage 

nmnbers in Vero cells 

Immunogen• Dose 
Titers of neutmlizing 

S.d.c 
antibodies' 

PIV- 4ps O.Sµg 1:150 20 

s PIV- 6ps O.Sµg 1:145 15 
~!·• 

PIV- lSps O.Sµg 1:130 28 

PIV-20ps 0.Sµg 1:140 18 

PIV - 30ps O.S µg 1:160 13 
a: lmmunogen (PIV -Xps); purified inactivated vaccine prepared with CJ50003 virus 

10 of which passage number in V em cells is X. 

b: Titer of neutralizing antibody is defined as the reciprocal of serum dilution resulting 

in SOOA. reduction of mouse brain passaged Nakayama virus plaques and mean values 

of results from three separate experiments ere taken. 50% endpoint is determined by 

Reed and Muench method. 

1 S c: Standard deviation 

The results presented here suggest that both an inactivatedJE virus vaccine and 

live attenuated vaccine using CJ50003 strain sbow promise. Relatively fast and . . 
efficient processes were developed for growingJE virus in Vero cell, concentra1ingand 

20 · purifying them to a degree which may be suitable for human use and inactiva1ing them 

without measurable loss in antigenicity. These preparations "\VCfC found to be 

immunogenic and protective in mice. 

25· 

30 
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WHAT IS CLAIMED IS: 

1. An attenuated Japanese encephalitis virus adapted to Vero cell by passages on Vero 

cell. 

2. The attenuated Japanese encephalitis virus according to claim 1 chamcterized in 1hat 

multiplicity is more than lxl 0(7) PFU/ml in Vero cells and LD,Jpfu for yOUn.g adult 

mouse is less than 0.000001. 

10 3. The attenuated Japanese encephalitis virus·acconfing to claims I or 2 wllerein is 

tJS0003. 

15 

4. A Japanese encephalitis vaccine comprising the attenuated Japanese encephalitis 

virus according to claim 1. 

S. The vaccine according to claim 4 wherein the viros is inactivated by an i.nacti vating. 

agent. 

. . 
6. The yaccine according to claim 4 wherein the virus is live-attenuated. JE virus 

20 untteated by an ~vating agent. 

25 

30 

7. The vaccine according to claims 4, S or 6 which further comprises pharmaceutically 

acceptable additives. 
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