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An 1ideal HIV vaccine would provide a complete and
long lasting protective response against all forms of
HIV, and would be simple and cost effective in

- production and administration.

‘However, despite vaccine development being a top
'priority of AIDS research since 1984, this ideal has yet
to be realised. In fact, it is considered by some to be
beyond reach, at least in the short term (Bolognesi,
1991). Other scientific opinion ranges frdm'"Development
of a safe vaccine against HIV is likely to-be_a very
difficult task" (Desrosier et al., 1989) through "It is
unclear whether any vaccine will be effective against a
virugs which attacks some of the most important cells of
the immune system" (Durda et al., 1990) to "A vaccine is
perhaps thé besé hope'for the next century not for this
one" (Rees-Mogg, 1991).

Such views arise because the lentiviruses, such as
HIV, have'developed very successful methods to evade the
immune reéponse, such as latency and antigenic
variability. For example, HIV was the first human
lentivirus to be isolated, and is characterised by a
unigue morphology of an inner vase-like structure
containing the diploid RNA genome, surrounded by an
icosahedron core composed of protein sub-units,
contained by a lipid membrane through which protrude

glycoprotein spikes.
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contained by a |ipid nenbrane through which protrude gl ycoprotein spikes.
2 As aresult of this evasion, full recovery frominfection is never
obfserved in a natural situation and viral persistence results, making the
devel opment of a vaccine that conpletely prevents or elimnates infection
extremely unlikely. In the past, successful vadécines have all owed sone
infection to occur but still prevented di sease. Thi's:.may al so be acceptable
in an AIDS vaccine. The problemwould then lie in establishing what |evels,
if any, of infection could acceptably be tol erated wi thout progression to
clinical disease. FundggeatpéstiDrtbe €R$s08veEiaen, AERPLV2E6bGELYS fFRom
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i nf ormati on on t heextremelyfunrhikeékynune response to HV and on the
i mportant antigenic characteristics of the virus. Despite this know edge,

researchers are still sone . .
In the past, successful vaccines have allowed some

infection to occur but still prevented disease. This
may also be écceptable in an AIDS vaccine. The problem
would then lie in establishing what levels, if any, of
infection could acceptably be tolerated without
progression to clinical disease.

- Fundamental to the design of an AIDS vaccine is a
knowledge of the protective components of the immune
response against HIV and of how they can be stimulated.
Studies on sera and peripheral'blood mononucleocyte
cells (PBMN) from HIV+ patients (Devash, 1990), and on
responses to various peptides in HIV and HIV+ individuals
and in animals (Mills, 1990; Zarling, 1986; Durda, 1990)
have yielded a wealth of information on the nature of
the immune response to HIV and on the important
antigenic characteristics of the virus.

Despite this knowledge, researchers are still some
way from understanding which responses are necessary for
elimination or suppression of virus, and which are
potentially enhancing or even immunosuppressive.

Research has been slowed by'the lack of good
experimental models for testing potential vaccine
candidates. Although chimpanzees can be routinely
infected with the virus, they do not develop an
AIDS-like disease and, therefore, are not ideal for HIV
challenge experiments. Also, the chimpanzee model
suffers from problems of cost, welfare and availability
of both animals and facilities (Gardener and Luciw,
1989).
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way from understandi ng which responses are necessary for elimnation or
suppr.ession of virus, and which are potentially enhancing or even

i Arunosuppr essi ve. Research has been slowed by the | ack of good
experinmental nodels for testing potenti al vaccBne candi dat es. Al t hough
chi npanzees can be routinely infected with the“virus, they do not devel op
an AIDS-1ike disease and, therefore, are not ideal for HV challenge
experiments. Al so, the chinpanzee nodel suffers from probl ens of cost,

wel fare and availability of both animals and facilities (Gardener and
Luciw, 1989). 3 O heeEhprninoyardefdsdeneyr vdgusesucisush ase thierisdmian
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successful results to the human situation. 1In any
event, any promising vaccine tested in animals will
ultimately still have to undergo rigorous trials in
humans, a situation which could present ethical
problems, and a posgsible shortage of volunteers
(Matthews and Bolognesi, 1988).

In general, then, it is preferable to try to employ
derivatives of the human virus, rather than rely on
results from animals. Some advantages and disadvantages
of HIV AIDS vaccine design are as follows.

Live recombinant vaccines would be simple to
prepare, but safety would be a major concern, especially
as there is low immunogenicity requiring a high
antigenic load, adjuvants and mnltiple doses.
Accordingly, this approach is considered unlikely to
provide any future vaccine.

A sub-unit vaccine, comprising either native or
recombinant sub-units might be safe, but would be
limited because of the choice of sub-units and low
immunogehicity. Synthetic peptides suffer from similar
problems, and this applies even more to chimeric
vaccines with HBs or Polio, for example, where there is
a choice of epitope.

Because of their complete safety, sub-unit vaccines
can be used directly in human trials (Koff and Hoth,
1988, Dolin et al., 1991), and are an important research
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(Matthews and Bol ognesi, 1988). In general, then, it is preferable to try
to enploy derivatives of the human virus, rather than rely on results from
anfmal s. Sonme advant ages and dlsadvantages of H'V AIDS vacci ne design are
as follows. Live reconbinant vaccines would be sinple to prepare, but
safety woul d be a major concern, especially as there is | ow i mrunogenicity
requiring a high antigenic |oad, adjuvants and multiple doses. Accordingly,
this approach is considered unlikely to provide any future vaccine. A
sub-unit vaccine, conprising either native or reconbi nant sub-units m ght
be safe, but woul d teoliint invésecbigaeing the htmaneimhunebraspbasendol ow
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Neveitheless, most attentidn has so far been focused
on the external envelope glycoprotein, either native
(Arthur et al., 1987), recombinant (Anderson et al.,
1989; Page et al., 1990; Smith and Volvovitz, 1990;
Dolin et al., 1991) or synthetlc (Ciba-Geigy Ltd,
Sw1tzerland)

Whole virus vaccines have been tried in the simian
model (Marx et al., 1986; Desrosier’s et al., 1989;
Murphey-Corb et al., 1989; Stott et al., 1990), and
found to be relatiwvely successful, but this approach is
not preferred'because of the potential dangers. |

‘Scientific opinion on the whole virus vaccine
approach in HIV ranges from "Using antigenic sub-units
rather than the pathogen itself would be preferable
because they eliminate the threat of inadvertent
infection", (Matthews and Bolognesi, 1988) through
"Immunlsatlon with killed preparatlons of whole HIV or
sub units thereof may not be safe or practical”,
(Berzofsky, 1988) to "Little serious consideration has
been given'to using preparations containing the virus as
a vaccine. A vaccine must consist of sub-units", (Gallo
and Montagnier, 1988), and "It must be emphasised that a
disrupted, inactivated virus preparation would not be
practical for use in humans", (Desrosier, 1989), as well
as "A killed virus vaccine is unlikely because it is
difficult to ensure that virus is completely
1nact1vated" (Minor, 1989).
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man and ani nal s (Arthur et al., 1987, Dolin, 1991), but challenge
experinments with chinpanzees have not shown conpl ete protection (Berman et
als.,, 1988; Bernman et al., 1990). Neverthel ess, nost attention has so far
been focused on the external envel ope glycoprotein, either native (Arthur
et al., 1987), reconbinant (Anderson et al., 1989; Page et al., 1990; Smith
and Vol vovitz, 1990; Dolin et al., 1991) or synthetic (C ba-Ceigy Ltd,
Switzerl and). Wol e virus vacci nes have been tried in the siman nodel
(Marx et al., 1986; Desrosier's et al., 1989; Mirphey-Corb et al., 1989;
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(Gallo and Montagnier, 1988), and "It nust be enphasised that a dlsrupted,

i nactivated virus prepamélaalmﬁébn@f HEcRI ACHrE6PlemOwaySEitBt hvgaDSSed

(Desrosier, 1989), t é|1950 's when an incompletely inactivated batch of
the pollo vaccine was released for use (Nathanson and
Langmuir, 1963). Although the importance of removing
virus aggregates prior to chemical inactivation had
already been highlighted (Gard, 1960), it was probably
failure of the inactivating agent to penetrate clumps of

virus that led to this incident.

Traditionally, inactivated vaccines have been
produced with formaldehyde alone, as with the polio
vaccine referred to above, and this method has been used
in most of the SIV studies (Gardener, 1990).

The active component of aqueoué formaldehyde,
methylene glycol, reacts with both nucleic acids and
protelns, primarily through exposed amino and imino
groups and purines and pyrimidines. These interactions
can lead to crbss-linking of proteins, or tanning, which
is thought to "lock up" the membrane, thereby
restricting access to the susceptible nucleic acid
(Gard, 1960).

A derivative of formaldehyde commonly used in
routine inactivation of viruses is glutaraldehyde.
Because of its highly reactive polar groups, it is
active against enveloped viruses (Grint and Turner,
1990). However, this agent, when employed at the
concentrations used routinely (2% by volume), is not
ideal for vaccine preparation, as it has some effect on



as "A killed virus vaccine is unlikely because it is difficult to ensure
that virus is conpletely inactivated", (Mnor, 1989). 5 Thus, the main
reason for reluctance to investigate the use of inactivated HHV virions is
one of safety. Although safer than live attenuated vaccines, there is

al ways the possibility that an inactivated-virigon vaccine would contain
sone infectious virus which evaded the inactivation process. The exi stence
of such a problemwas first realised in the 1950's when an inconpletely

i nactivated batch of the polio vaccine was rel eased for use (Nat hanson and
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An.alternative inactivating agent, now used in
influénza, rabies and FMDV vaccine production, is
B-propiolactone (BPL), the properties 6f which are
outlined in Supplementary Example A. One of the major
advantageslof this agent is that it is completely
hydrolysed to a non-toxic degradation'product normally
found in the body. |

BPL has a long history of use as a viral inactivant
for vaccine production (LoGrippo, 1960) and as a
sterilant for plasma, whole blood (Hartman et al., 1954)
and hospital equipment (Hooper, 1961). BPL reacts with
electron dense atoms such as nitrogen in amines, amino
acids and nucleic acids, causes mispairing, extensive
cross linking and eventual breakage of DNA or RNA
chains. A number of studies have shown that
inactivation with pg-propiolactone does not impair
antigenicity or interfere with haematological,
‘biochemical or serological investigations (Fellows,
1966; Chaplin et al., 1989; Ball and Griffiths, 1985;
Ball and Bolton, 1985, Dooley et al., 1985; Freeman et
al., 1982).

Examples of RNA viruses which have been inactivated
with p-propiolactone include:
Polio'I; II, III, 0.02% BPL, 2hrs, 37°C;
HIV-1, 0.14% BPL, 4hrs, RT;
Coxackie virus, 0.25% BPL, 1lhr, RT; :
Lassa fever virus, 0.2% BPL, 18hrs at 4°C/30mins at 37°C;
FMDV, 0.05% BPL, +/- UV, >20hrs, 23°C. |
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groups and purines and pyrimdines. These interactions can lead to
cross-linking of proteins, or tanning, which is thought to "l ock up" the
nefbrane, thereby restricting access to the susceptible nucleic acid (Gard,
1960). A derivative of formal dehyde comonly used.in routine inactivation
of viruses is glutaral dehyde. Because of its highly reactive polar groups,
it Is active against envel oped viruses (Gint and Turner, 1990). However,
this agent, when enployed at the concentrations used routlnely (2% by
vol une), is not ideal for vaccine preparation, as it has some effect on

6 the antigenicity and structure of the virions. |Indeed, although it is
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t he body. this problem by incorporating UV light into the
;nactivatlon_system which gave rapid and complete
inactivation.but which impaired immunogenicity to a
greater extent, and also required that the virus be
exposed to the UV in thin films, a method unsuitable for
bulk production. -

Lloyd et al., (1982) demonstrated that the
B -propiolactone reaction is much more effective at
37°C, at which temperature Lassa fever virus was reduced
from 107 TCID 50 to undetectable levels in under 30
mins. ' However, because hydrolysis of B-propiolactone
to its non-toxic derivative is also rapid at this
temperature, there is still a possibility of undetected
infeCtious virus remaining. For this reason, it is now
common for the inactivation step with p-propiolactone
" to be repeated in most inactivation protocols.

'An alternative to formaldehyde and
f-propiolactone, with a long history of use in animal
vaccines, is the ethylenimines (EI), the properties and
uses of which are exemplified in Supplementary Example B.

RNA Viruses which have been inactivated with
ethylenimines'(AEI - acetyl-ethlenimine, or BEI - binary
ethylenimine) include:

FMDV, AEI, 0.05%, 37°C, 4hrs;

FMDV, BEI, 0.01M, 37°C, 24hrs;

‘Pseudorabies (DNA), BEI, 0.001M, 37°C, 6hrs;
Maedi-visna, BEI, 0.2%, 24°C, 24hrs;

VSV, BEI, 0.001M, 37°C, 8hrs;

Bovine Rhinotracheitis (DNA), BEI, 0.001M, 37°C, 8hrs;

ﬁ:
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BPL has a long history of use as a viral inactivant for vaccine production
(LoGi ppo, 1960) and as a sterilant for plasma, whole blood (Hartman et
al % 1954) and hospital equi pnent (Hooper, 1961). BPL reacts with electron
dense atons such as nitrogen in am nes, am no acgids and nucl eic acids,
causes m spairing, extensive cross |inking and Bvent ual br eakage of DNA or
RNA chains. A nunber of studies have shown that inactivation with

p- pr opi ol act one does not inpair antigenicity or interfere with

haemat ol ogi cal , bi ochem cal or serological investigations (Fellows, 1966;
Chaplin et al., 1988ndBall and Giffiths, 1985; Ball and Bolton, 1985,

Dool ey et al ., 1985R%g&§§ﬂgFr§5 abEI 1888lybﬁéggele§ggg.RNA Vi ruses whi ch

have been inactivate rrf-propiolac inélu Polio I, Il, IlI,
0.02% BPL, 2hrs, 37[err]C, H V-1, 0.14% BPL, 4hrs, RT; Coxackie virus,

0.25% BPL, 1lhr, RT; Lasﬁéh{r@éﬁﬁ.m‘ihéﬁs mac%%vEEb vi%%%sabﬁkéﬁ&%§0W1%% at
37[err]C FNDV 0. 05@6BPL >20hr. 23[err] C pite. ts

advant ages, the usenBFIFéFr?gbgﬁpFBIécﬁéﬁétaPSQSISF?PFtHSFdéLFﬁghl and
possibility of resisgball i v989i;r Bahhef@hhl, ngoghher Brawh wad orickel(1959)
(1966) showed that these compounds produce vaccines far

' superior in safety and antigenicity than those
inactivated with formalin, and ethylenimines have since

. been used for worldwide production of FMDV vaccines.
Originally, acetyl-ethylenimine (AEI) was used but, as
it is unstable, has a very low boiling point (Fellows,
1966) and is very toxic, it was replaced by the more

stable, less toxic binary-ethylenimine (Bahnemann 1975).

Binary-ethylenimine (BEI) is formed by the
cyclisation of 2-haloalkylamines under alkaline
cdnditions,'which reaction can be carried out either in
the virus suspension, or separately, prior to addition.
As Bahnemann (1975) showed that the latter method gave
more raﬁid inactivation and that binary ethylenimine
could be étored at 20°C for 2 months without loss of
activity,'this is the currently preferred method.

Other inactivating agents have been used, either
alone, or in combination with those above, but generaliy
as a measure to combat the interfering effects of
proteins in plasma and sera where these products need to

. be rendered free of virus before undergoing biological
| assays. The combihation of UV light and
B-propiolactone has been described above.

Another effective combination used against enveloped
viruses is that of solvents and detergents such as
tri(n-butyl)phosphate and sodium cholate (Edwards et

gl., 1987) which have very little effect on proteins.
Such double combinations have been used in vitro for a
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denonstrated a "tailing off" curve for FMDV inactivated with 0.05%
[err]-propiolactone at 23[err]C. Fell ows overcane this problem by

i ncbrporating UV light into the inactivation system which gave rapid and
conpl ete inactivation but which inpaired i munogenicity to a greater
extent, and also required that the virus be expdsed to the UV in thin
filnms, a nmethod unsuitable for bulk production. Lloyd et al., (1982)
denonstrated that the [err]-propiolactone reaction is nuch nore effective
at 37[err]C, at which tenperature Lassa fever virus was reduced from
10[err] TCI D 50 to ahmultangpus efect,i fousndbange mhes oviawddeet fisamys®f
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0.01M 37[err]C, 24and; npsdeder asids SEOMELUrBEl , 0. 001M 37[err]C, 6hrs;

 Useful components involved in the preparation of
vaccines are not necessarily associated with preparation
of the antigenic component, ' In particular, it is often
useful to employ an immunopotentiating agent, or
adjuvant, to enhance the antigenic effect. The most
efficient immunopotentiating agent in experimental use
is Freund’s complete adjuvant (FCA), consisting of a
water-in-oil emulsion of mineral oil, with mycobacteria
suspended in the oil phase. This is not suitable for
inclusion in human vaccines because of the various
associated adverse side-effects, such as granuloma
formation.

'The-only adjuvant licenced for use in humans is
‘aluminium salts’ (alum). However, alum is ineffective
with influenza HA and several other antigens, and does
not consistently elicit cell mediated immunity. There
is, therefore, a need to develop adjuvants with the
efficacy of FCA but without the side effects.

'Thué, there has been a substantial investigation
into satisfactory alternatives. In particular, the
adjuvant activity of mycobacteria in FCA has been
localised to the peptidoglycan components of the cell
wall, and can be reproduced with the synthetic analogue

. muramyl dipeptide (MDP) (Ellouz et al., 1974). 1In the
aqﬁeous phaée this component only elicits a humoral
response - to stimulate delayed type hypersensitivity,



Maedi -vi sna, BEI, 0.2% 24[err]C, 24hrs; VSV, BElI, 0.001M 37[err]C, 8hrs;
Bovi ne Rhinotracheitis (DNA), BEI, 0.001M 37[err]C, 8hrs; 8 and Rabi es
virrus, BEl, 0.01M 37[err]C, 2hrs. Ethylenimnes inactivate viruses by
reacting with nucleic acids in a first order reaction (Larghi and Nebal,
1980; Bahnemann, 1974). Brown and Crick (1959Pi§homed'that t hese conpounds
produce vaccines far superior in safety and antigenicity than those

i nactivated with formalin, and ethyl eni mnes have since been used for
wor | dwi . de production of FMDV vaccines. Originally, acetyl-ethylenimne
(AEl) was used but itaneeds S$oubst formullased widlty drowidos Ivetgiqliee nt A
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. are surface active compounds, such as the quaternary

amine dimethyl dioctadecyl ammonium bromide (Snippe et

al., 1977), or the triterpene glycoside saponin
(Thibault and Richon, 1936; Scott et al., 1984).

- The adjuvanticity of these compounds can be
amplified by a variety of approaches, such as
co-entrapment of antigen and a synergistic mixture of
adjuvants in liposomes (phospholipid vesicles). A
similar strategy is to form regular, multimeric
immunostimulating complexes (ISCOMS) with antigens and
lipids (Morein, 1988). ISCOMS have now been used widely
as experimental adjuvants and, in Sweden, they are
authorised for use in an influenza vaccine for horses.
Saponin naturally forms particulate structures with
proteins from enveloped viruses.

Saponin was first used as an adjuvant by Thibault
and Richon (1936). The saponin, known as Quil A, was
derived from the bark of the South American tree

'Qgi;;gig saponaria and has been found to be most
effective as an adjuvant. Quil A is a triterpene with 2
sugar chains attached. Other saponins may have a
variety of giycoside structures and attached sugars, and
most are a mixture of different molecular species. The
toxicity of different saponins also varies, and it
appears that the greatest toxic effect is related to the
impurities in the preparation and also the experimental
animal used.
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O her inactivating agents have been used, either alone, or in conbination

with those above, but generally as a neasure to conbat the interfering

ef fects of proteins in plasnma and sera where these products need to be

rendered free of virus before undergoi ng biol ogi cal assays. The conbi nation

of UV light and [err]-propiol actone has been dektribed above. Anot her

ef fective conbi nati on used agai nst envel oped viruses is that of solvents

and detergents such as tri(n-butyl)phosphate and sodi um chol ate (Edwards et

al ., 1987) which have very little effect on proteins. Such double

conbi nati ons have been Tlsediden of tISCOME greatDysreadiitesevhs eéfrettremént

enhance the overall f'gﬁgy. fg | i | aragj qgquenti al

use of two agents hfa':g'I bée dl'ergc]f%;l Bg%b%]%g%\déﬁédé%egﬁﬁ i%é‘g?t %ﬁe‘%‘grh FMDV

was stabilised by frG8detidicerpeninents tepsugaesontbit acheyadjuvant

et hyl enimine as an jdaghisatd 9hé§5£§ $+8:{8L&1 {n PERLE b PR clgi id

structure. Useful conpongﬁfs ?nvo ve&min.t%eégrepgéation g? vggc%nggggﬁe

not necessarily asRRIIAVARM t¢PblRpAbEROIRI 1t r18A1 eBBANESBoNpOnent, | n

pgfthU|ar, It hs Gfii%FéﬁéﬁdénﬁF&ﬁﬂ?ﬁﬂﬁyﬁn %ﬁ@ynspgéeﬂéﬁﬁalﬂﬂaﬁgent1 or

adj uvant, to en am%iélé%éggéfgigéiéhigciipgéghggséccompanying KLH
immunisation did not inhibit the adjuvant effect of

saponin, although its toxicity was neutralised.

We have discovered that the disadvantages of the
-prior art can be overcome by the use of a multistage
inactivation procedure, carried out in the correct
sequencé, which can inactivate virions in such a manner
that the possibility of contamination is effectively
eliminated,

In a first aspect, the present invention provides a
process for the preparation of virus particles for
vaccinés, comprising, in order, the steps of:

a} Treating the virus with a general inactivating agent;
b) Deaggregating the virus with a suitable solvent or
detergent;

c) Treating thé virus with an RNA and/or DNA
inactivating agent; and

d)} Stabilising the virus with a suitable cross-linking
agent. | ' '

Thus, an advantage of the present invention is that
there is provided a safe vaccine against AIDS comprising
inactivated whole virus.

It will be appreciated that the present invention is
applicable to any wvirus, particularly the enveloped
viruses. However, where a virus is either not
particularly dangerous in itself, or can efficiently be
inactivated by an alternative one-step procedure, then

Iy
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ef fi ci ent | mmunopot enti ati ng agent in experinental use is Freund's conplete
adj uvant (FCA), consisting of a water-in-oil emulsion of n1nera| oil, wth
nmytobacteria suspended in the oi | phase. This.is no

such as granul ona fornation. The onIy adjuvant Fece ced fREPUAﬁEDln hu

Is alumniumsalts (alum. However, alumis ineffectTv

and several other antigens, and does not consistently eI|C|t cel | nedlated
imunity. There is, therefore, a need to develop adjuvants with the

ef fi cacy of FCA butiwi wirold nbe gederallycbe.a@bneprﬁheeetbaasbeeheamethod

substantial investi ftt ng tiﬁLgﬁEQééAelternatives. In particular,

t he adj uvant act|V| erla I'n has been | ocalised to the
pepti dogl ycan conponents of the cell wall, and can be reproduced with the
synthetic anal ogue nur agy¥bogdiPs 1yd61£N?B) EEkéeyédeanhse Eﬁé4heth6dtB%
aqueous phase this conponent on[y eligits a huporal response - to stimulate

del ayed type hyper sengiPFEPeHt lnv?EtFPnnEGHstFS BEePBratiaRe@twith an oily
vehicle. A conmer Clpérﬁieﬁaaﬂyoﬁaﬁgéﬁbﬁé)vﬁ.ﬁhséln andwhayar aIv1986) cak
threonyl MDP in an Qil.in water. Lﬁ g
_ various s ralns ereo are especially preferred In
addition, particularly heat and/or chemical resistant
virusesg, such as scrapie and BSE, may be used in

vaccinesa, if prepared by the method of the invention.

In addition, as it known that there exists a number
of antigenic variants of HIV, it is preferred to apply
the process of the invention to a representative
selection of strains. 1In particular, enough strains
should be chosen such that an immune response raised
from the resulting vaccine will be suitable to target
any infectious strain of HIV.

Selecting various appropriate strainsg of HIV can be
done by any appropriate method known in the art. In.
particular, it may be appropriate to compare the gpl20
protein, ome of the major antigenic targets of any
immune response against HIV.

The method of the present invention may be applied
directly to a mixed batch of strains as described above,
or may be applied individuaily to batches of single
strains, and the results mixed. '

B -Propiolactone provides a useful initial
inactivant, allowing safe handling and concentration of
the virus, without altering its antigenic properties.

However, the initial treatment of the virus with a
general inactivating agent may be with any appropriate
inactivating agent but, for the purposes of the present

T,
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squal ene with the spreadi ng agent pluronic 121 has been used extensively in
trials (Sujupto et al., 1990; Desrosier's et al., 1989). O her effective
nol ecul es are surface active conpounds, such as the quaternary am ne

di net hyl di octadecyl ammoni um brom de (Sni ppe e% al ., 1977), or the
triterpene glycoside saponin (Thibault and Rich %, 1936; Scott et al.,
1984). The adjuvanticity of these conpounds can be anplified by a variety
of approaches, such as co-entrapnent of antigen and a synergistic mxture
of adjuvants in |iposones (phospholipid vesicles). Asimlar strategy is to
formregul ar, nulti¥rertioRunbstisprefegrednphakesuchSTEREE ®Bt h anti gens

and lipids (Morein, %ioimhaV'?héoﬁ‘kQﬁézﬂeﬂéeﬁiﬁ‘hdﬁ’l-%rlé%%ﬁiﬁélibﬁsm al

adj uvants and, in den, they are authorised for_use In a uenza

vacci ne for horses.MaARMi H0 rBARYr$4152Pbe nB2RaeT | kRpwRctar AGRiGVEs with
proteins from envelimpet IWdthes, H0PONAY BESCALESEdUSEE 26 BOwadkbmB¥anhtlYes
Thi bault and Richon:é 934) ., The sagonin, kqgmn.aﬁ gpil A, _was derived from
the bark of the Sout Hﬂéﬁi%ﬁﬁp?¥% UrgPy | 3rd eihBRE, 98ReRACHAS been found
to be nost effectiVi-@popichagionatin hé Peasthon)i derpeirgvptre-grepased
chains attached. OQ/her.. | y have yety.o | SLLu res
and attached sugaré?%%% |€¥§£§E€§é n?%t%?%ggéiﬂi¥?e;%g%¥%§§gg§?aégs%é§ies.
The toxicity of di fB%e wrreRaRMAi hsprPBiclactene ahdhighapptarperaturese

greatest toxic effefichSadeiP@lorsb®€. also, at ‘such high temperatures,
it is preferred to repeat the treatment with
p-propiolactone before proceeding to the next stage.
A suiltable concentration of ﬁ-propiolactone is
0.1% v/v.

This first inactivation stage may be conducted on
purified wvirus, but this is not generally necessary, and
may be conducted on crude culture supernatant fluid.
However, after such treatment, it is then preferred to
purify the virus, and this may by done by any suitable
technique, such as by spinning the virus on a sucrose
cushion.

 After purification of the virus, the next stage is
to deaggregate the virus. As described above, this is
particularly important for a dangerous virus, as any
Virus which escapes the inactivation is potentially
infectious. | '

-De&ggregatidn can be achieved by methods known in
the art, and suitable solvents and detergents have been
described above. The only speéific requirement is that
as many clumps of virus are broken up as possible. It

- will be appreciated that it is not possible to guarantee
that all clumps are broken up, but it is preferred to
use such agents as will ensure maximum disruption of the .
clumps. In particular, it may be preferable to use a
combination of solvents and detergents to .maximise the
effect.

@
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Impurities in the preparation and al so the experinental animal used. The
use of | SCOM5 greatly reduces the requirenent for saponin in vaccine
preparation. Scott et al., (1985) did experinments to suggest that the
adjuvant activity of saponin resided in the effect on antigen presenting
cells, although it al so enhances T-independent iggunity. They al so found
that chol esterol-lecithin |iposonmes acconpanyi ng KLH i nmuni sation did not

i nhibit the adjuvant effect of saponin, although its toxicity was
neutralised. W have discovered that the di sadvantages of t he prior art can

be overcone by the use [ |ed out
in the correct sequenceoﬁhvé:l (E%i%éé@gcéfl va% @%r‘?%rlfg g %nég ﬂ%rh? at
the possibility of cﬁﬂﬂ&hﬁ#mh¢ﬂ#fi@#a#fQ&i¢v@¢§e@¢1nlnathdt theastbstances
aspect, the present jduentd %IP{&Yé dopi & Péé’&fésaié’é %@Edpésp&i?ﬁgi phe

virus particles for vaccines, q?r|5|n in ord
Treating the virus WhmHsy Jones ?%E&t%%a%?ﬂ%tﬁﬁ%ﬁ%onb) E%Eﬁﬁ?égaF fg the

virus with a sui tab|cﬁam‘;ﬂiumﬁ @Isdleléa@em "6all668ingY bhechervsris! hwAiich
RNA and/or DNA |nact|£§g$é1 Egg ofiother substances to the viral core
'

which would otherwise be protected. "Ballooning" is
thought to entail expansion of the viral envelope
wiﬁhout.actually destroying the envelope, thus creating
pores through which other substances can freely pass.
Under seiected_circunStances, such as those described
herein, ballooning is reversible, insofar as the

envelope substantially readopts its original proportions.

_ Once the viruses have been ballooned, the genetic
material can be inactivatéd.'_As has been described
above, there are various techniques for inactivating RNA
and DNA, and it is preferred to use, in accordance with
the present invention, an ethylenimine, such as binary
ethyleniﬁiné or acetyl-ethylenimine, and, in addition,
‘ah RNAse and/or DNAse.

‘Because of its superior penetrating properties
(Fellows, 1966) and its first order inactivation
kinetics, binary ethyleniminé is an ideal second stage
inactivant to back up the action of g-propiolactone.

After this stage, the virus may then be stabilised
with a suitable substance, such as formaldehyde or
‘glutaraldehyde. Any other suitable substances may also
be used, the purpose being to present, as far as
possible, a more morphologically intact virus. More
particularly, the intention is to present a virus which
is as similar as possible- to the original wvirus, but
which is completely inactivated.

£
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d) Stabilising the virus with a suitable cross-linking agent. Thus, an
advantage of the present invention is that there is provided a safe vaccine
agai nst Al DS conprising inactivated whole virus. It will be appreciated
that the present invention is applicable to any,&irus, particularly the
envel oped viruses. However, where a virus is either not particularly
dangerous in itself, or can efficiently be inactivated by an alternative
one-step procedure, then 9604956 -4 it would not generally be
appropriate to use the nethod of_.the present inventjon.,Accordjggly, it is

preferred to use the mASTENRF AhERR SQPRCIH f i APIRAR (IR p} &P dAEFeDN of
particul arly dangerugpodirtiicns, wad MV&&tﬂ%ﬁ&ﬁ@ﬁmﬂ&BﬂﬁHﬁﬁ% :
!
@p le

th f i al ly. f ed. 1 n additi ficularly,

chem onl 1 est ot ant AR SL i Rotly 08 i o A Tt il 1

net hod of the inverfidum.of rd iagfic gnigm,, wes foundiovin tpuce 1 invinarexexpar tment s,
number of anti geni G Al ik 1ffeddol dich UMM GHIEL 10 AR ntliGemECCSS

of the invention to a representative se ) rains, In particular
enough strains shoWigFuse suosisred aftenatecsiving eoneijrormle guaatities

(100mg/kg) of digitonin, without ill effect.

We have also discovered that digitonin is a
partidﬁlarly'useful adjuvant, and this forms a preferred
aspect of.the'présent invention, either in combination
with the process of the invention, or otherwise. If
used alone, digitonin may be used as a conventional
adjuvant to enhance the immune response génerated by a
vaccine. . For example, digitonin may be of particular
use in influenza vaccines, and need only be added to the
vaccine, although it may be incorporated in such a
manner as to ensure that it is incorporated into the
viral coat, for instance. '

. Thus, it is a further advantage of the present
invention that there is provided a useful adjuvant for
vaccines, especially those of the invention, which has
similar or better activity than FCA.

In the context of the process of the invention,
digitonin may be incorporated at any useful stage, but
it is preferred to incorporate it after inactivation of
the genetic material, and before stabilisation of the
reaggregated virus.

" The result of using digitonin at this stage is that
it is incorporated into the viral envelope, serving
further to disiupt the envelope and also to provide an
adjuvant in situ.

Py
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fromthe resulting vaccine will be suitable to target any infectious strain
of HV. Selecting various appropriate strains of HV can be done by any
appropriate nethod known in the art. In particular, it rmay be appropriate
to conpare the gpl20 protein, one of the nmajor antigenic targets of any

i mmune response agai nst H V. The nethod of the peesent invention may be
applied directly to a m xed batch of strains-as described above, or may be
applied individually to batches of single strains, and the results m xed.
[err]-Propiolactone provides a useful initial inactivant, allow ng safe

handiing and concentr at heRegf aapﬁv&hﬁ;%s malf BIYY 1 a1 ad %ﬁ}tdr%g’qtfe

properti es. However, the I ni_tial treatnen the virus ‘wt

i nactivating agent FHFRLBSWFCR:akf &B&r&ﬁﬁc&P@ ﬁﬁaé@ﬂVé@Mﬁ?%ﬂﬁﬁﬂt%ﬂn tS or
the purposes of theapifagst Fo323huﬂ1b.@1map@l,1datti|o‘ilsgr aflq&ﬁ:ﬁ%ashaie UHes.

agent is [err]-proppolactone.  The a W, t h l.act one nmay be
in any suitable manhg? knﬁﬁndﬁgcﬂ'heg/ §ct| F{Bg gea %%&3’1&3 toM8&d
out at | ow tenperat utherosulitgbl’eespbs&hmm,, auntieialshoDRyeRfiol iax) threonyl

[err]- propiolactoneMbPhtgg e g@&haﬁiogf Wit egrgﬁﬁf%&ﬁpaEﬁq such as

[err]-propiol act one gener I'S” pre
squalene, and if required, a spreading agent, such as

Pluronic 121.

Where appropriate, it may also be desirable to
enhance the adjuvanticity with, for example, ISCOMS.
Further, it may be appropriate to employ saponin as an
adjuvant, especially where this cah be effected in
combination with cholesterol-lecithin liposomes.

In order to enhance the safety of the vaccines of
the present invention, it is generally desirable to
assay the various stages of the preparation. Suitable
assay procedures include the rapid syncytium assay,
.which may be applied after the initial inactivation step.

‘Other safety assays include tésting of the vaccine
| preparation for residual non-inactivated virus by
co-cﬁltivation with human PBMN cells. The preparations
may also be assayed for any residual intact DNA or RNA.
- This may be done by any methdd known in the art, such as
by PCR. '

It may also be approprlate to test any vaccine
prepared to ensure that the full range of antigens is
present in the wvaccine. This,may be done by testing in
an animal, for example, and then challenging the
animal. However, this tends to be rather empirical, and
'is not preferred. A more preferred technique would be
to provide an ELISA test, where antibodies against all
of the desired antigens are provided. Other appropriate
tests will be apparent to those skilled in the art, and



pre-prepared [err]-propiolactone at higher tenperatures, such as 37[err]C
or 40[err]C.- Also, at such high tenperatures, it is preferred to repeat the
treatnment with [err]-propiol actone before proceeding to the next stage. A
sui tabl e concentration of [err]-propiolactone is 0.1%v/v. This first

Il nactivation stage may be conducted on purifLeH7virus, but this is not
general ly necessary, and nay be conducted on crude cul ture supernatant
fluid. However, after such treatnent, it is then preferred to purify the
virus, and this may by done by any suitable technique, such as by spinning
the virus on a sueuude masts amy Alncludely | fofadxanpbé, t htmynébbot £ heg next
stage is to deaggregate the virus. As described above, this is particularly
i nportant for a dangerous virus, as any virus which escapes the

i nactivation is potentThe [prepeérations mdyaksedes | standardisedhfeved by
met hods known in tjhe el (S ef.er v n
descri bed above. 1?%%65%%%e§rf%€%€%€%%%? ?ésp‘f%aﬁﬁa%@nia%yg% ﬁ?r%ggof
virus are broken Jdpheratsysy primaks,iif drsiggdeciated that it is not
possible to guarantee that all clunps are broken up, but it is preferred to
use such agents as wl ] ensure nmaxi mum di sruption of the clunps. In
particular, it may be %@%#JHHHT F é“%?"cci%fﬁ#%ﬁ?% ‘?}Fb%%:l-‘gg‘ﬁ? sOfnkhe

detergents to naxiprementhelmfdmrion is as follows: "

1) Adaptation of ’‘street’ viruses to continuously
propagated T-cell line such as CEM or H9.

2) Inactivation of crude culture supernatant fluid with
2 stages of p-propiolactone (0.1% v/v each at 40°C for
18hrs)

2a) Subsidiary testing for infectious virus by rapid
gyncytium assay in cell culture.

3) Centrifugation'at 19000rpm for 1lhr onto a sucrose
cushion, to achieve virus purification. Virus should be
morphologically intact.

4) Deaggregatién,'ballooning and further inactivation
"of virus with 0.05% cholate.

'5) Inactivation of "opened" cores (wherein the term
"opened" is used to denote cores which are accessible
because the envélope is ballooned) with binary
ethylenimine (0.01M at 37°C for 18hrs). |

6) Inactivation of viral RNA and contaminating host
cell DNA with RNAse and DNAse.

7) "Adjuvanting" (treating so as to provide an adjuvant
effect in the final vaccine) and further virus
disrupti-n and inactivation, followed by "reaggregation"
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14 The deaggregation of the clunps of virus also has another beneficial
side-effect, in that the substances used to achieve this result also tend
to disrupt the virus, which helps in inactivation. Further, the conpounds
al so lead to "ballooning” of the virus, which allows access of other
substances to the viral core, which woul d ot het#i se be protected.
"Bal | ooning" is thought to entail expansion of the viral envel ope w thout
actual |y destroying the envel ope, thus creating pores through which other
substances can freely pass. Under sel ected circunstances, such as those

descri bed herein, baévep8aDlofSbakiobaihge, abndebaribedt Aboery¢el afieh
substantially readggtS'its original proportions. Once the viruses have been
bal | ooned, the gen PEEAB#Brial can be inactivated. As has been descri bed
above, there are various techniques for inactivating RNA and NA, and it is

preferred to use, j 1 h kh LRvVEat.L :
et hyl eni m ne, suchégsa%?%ég§ﬂégﬁ¥#énPﬁi%ggg§§§§éfep-2?%§PgﬁL%?Eg,mé%g; I n
addition, an RNAseferuabdehxdecorpaiutiasastehydes fePplr opedser &0rnghrs) .
properties (Fellows, 1966) and its first order inactivation kinetics,

binary ethylenimne is an ideal second stage inactivant to back h
actio% of {err]-pr%bioTﬁEFSﬁE.Of vaccgne P eparat%h% for %es?%ua&p the

non-inactivated virus by co-cultivation with human PBMN
cells for 6 weeks.

10) Analysis by polymerase chain reaction (PCR) for
residual prbviral DNA and viral RNA (additional step of
reverse transcription to c¢DNA) using primers specific
for viral reverse transcriptase and integrase.

11) Standardisation of vaccine by ELISA and
immunoblotting with human post infection antisera, to
ensure antigenic survival.

12) Standardisation of immunogenicity by vaccination
tests in small or large laboratory animals.

Administration of the vaccines and treatments
according to the present invention will vary according
to the circumstances, taking into account such factors
as age, weight and general condition of the patient.

The vaccine may be administered as one
self-sufficient dose or as a series of doses over a
period of time.

Repetition of dosing either to boost or maintain
immunity is also generally desirable at a later time,
conveniently about 3 months later, but such booster
dosing may be given earlier or at any time during the
remainder of the life-time of the patient, and on as
many occasions are necessary.
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After this stage, the virus may then be stabilised wth a suitable
substance, such as fornal dehyde or gl utaral dehyde. Any other suitable
subst ances may al so be used, the purpose being to present, as far as
possi bl e, a nore norphologically intact virus. Mre particularly, the
intention is to present;  a virus which is as simlSar as possible to the
original virus, but which is conpletely inactivated. 15 Because of the
toxicity of saponin and its m xed conposition, we investigated the

i mmunostimul atory action of digitonin. Using a highly purified, soluble

formof digitonin, we feuadmaicduRi@alMgiaide SEEHTRES be Mfedl 4 4 WL R
with digitonin-treated influenza virus survived after “receiving

consi der abl e quant | tPePTCYiGey Ak HLrpledVGiacd®ier, HAWRNRT i 14t e aftey be
have al so di scover egrifairréditioRige adjavidaitd ,C Wiy \ag siddriagéidivant, and
this forns a preferégd aspect of ‘the present invention, either in

conbination with th eﬁF&@ OVE* the.invention, or otherwise. If used al one,
digitonin may be used as a conventional adjuvant to enhance the inmune

response generated by ajyaggi For,,e %ggi égi ' ' Jﬁiég

particular use in infl uelezég\lxl%%g‘lldeg,n )aén r‘ll%él S%%,Q%e%é%g‘é‘d‘ 0 %de tog;j-_ther

vacci ne, al though i withy the vacsiper atiey the sase ©r different preparations,
or separately, at a time different from that of the
administration of the vaccine.

Vaccines according to the present invention will
usually be administered byfa'conventional route such as,
for example, by injection by the intravascular,
intraperitoneal, intramuscular or subcutaneous routes.
Other suitable routes may comprise intradermal
inoculation or administration via particulate aerosols.

Such vaccines will normally comprise a
pharmaceutically acceptable carrier and optionally an
adjuvant, substances to render the vaccine isotonic with
the body fluids and such flavourings, emulsifiers and
other ingredients as may be required.

Such vaccines as described above may be sub-divided
for separate.administration,'whether simultaneously or
over a period of time, suitably weeks.

In general, it will be Appreciatéd that the type of
vaccine and its ingredients will be determined by the
virus concerned, and will often correspond to existing

-.vaccines, the advantage lying in the safety of the
preparation. .

- Thus, it will be appreciated that the present
invention provides a unique combination of steps
en;bling a safe vaccine to be prepared from highly
dangerous viruses. Of course, it will be appreciated
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manner as to ensure that it is incorporated into the viral coat, for

I nstance. Thus, it is a further advantage of the present invention that
there is provided a useful adjuvant for vaccines, especially those of the

i nvention, which has simlar or better activity_ than FCA. In the context of
t he process of the invention, digitonin may be ? corporated at any useful
stage, but it is preferred to incorporate it after inactivation of the
genetic material, and before stabilisation of the reaggregated virus. The
result of using digitonin at-this stage is that it is incorporated into the
viral envel ope, semhag)anvamnime)Qﬁmrh@tabael@hebYo@@anadteééo butptbei de

an adjuvant in'sit reseﬂ@ ?&ﬂﬁg vacc e I5&?¥a3$§8cﬁﬁeUﬁﬁgseaﬁeneflts far

appropriate, such as mnistratron to anima
For hunman appl|caI|QRE¥3%9¢LEH$WBDEEP§E§kIr¥§%% as described above, it may
be possible to use other sU|tabIe substances such as MDP, such as threonyl

NDP, i i ti it |
ol rad e g S #%ﬁ’a#coa ggﬁsgnggpwsp?raesdurs

may al so be.desireﬂﬁdrtproduc1ng a whole HIV vaccine are:

1) To incorporate a "cocktail”, or selection, of
vituses selected to match circulating wild type or
"street" viruses on the basis of epidemiological
features and antigenic and nucleotide sequence analysis
of gpl20 loop regions. Alternatively, fewer but
"archetypal“ (strains carrying selected distinctive
viral characteristics) virus strains may be used.

2) To inactivate the viruses completely using a unique
multistage chemical and biological process which will
still'maintain the structural integrity of the virus and
hence the major antigenic determinants of both
extérnally gsituated glycoproteins and core proteins.

3) To ensure appropriate immunogenicity of the
inactivated vaccine preparation and to compare the
immune response;in laboratory animal models with the
standard immune response following HIV infection of
humans.

4) To adjuvant the vaccine. .

5) To formulate the vaccine for both intramuscular and
oral administration.

The combination of steps in the correct order is
unique, as is the use of detergent ballooning and
adjuvant (digitonin) incorporation into the virion
lipid. The most important novel features of our
procedure are probably: '



enhance the adjuvanticity with, for exanple, |SCOVS. Further, it may be
appropriate to enploy saponin as an adjuvant, especially where this can be
ef f.ected in combination with cholesterol-lecithin |iposomes. In order to
enhance the safety of the vaccines of the present invention, it is
generally desirable to assay the various stagedf the preparation.

Sui tabl e assay procedures include the rapid syncytium assay, which nmay be
applied after the initial inactivation step. Qther safety assays include
testing of the vaccine preparation for residual non-inactivated virus by

co-cultivation with)humaltRBYE GeldctivEte di epaspy | Oturdsnd| S de wisay ed
for any residual intact, DNA_or %;'A ‘g;i s .may he qglfnel'gévqan 4 net hod known in
the art, such as bY2PER1EF 3t kilded ¥ %S § SFPRER i 3T
prepared to ensuremeithod Heellllly narigd sefs dtitviegdnsispermierenindat ivetion
vacci ne. This may ne ,b 130 . n ' ‘) r hen .
chal I enging t he an%(t::e %ﬁ‘é\lé\l/u;e?ﬁtd[aﬁ.l g@eﬁdﬁ%&%lﬁgéqhee?%g&lfﬁ ccgfln,cmgfh%pilss
not preferred. A mindiyiduadlad abdehtiqqudamiiivatse the priousie an ELI SA
test, where antibodies against all of the desired antigens are provided.

O her appropriate tests will be apparent to those skilled in the art, and
17 2) Correct sequence of chemicals - The order of

inactivating steps is particularly important.
Inactivating agents each have a specific'target (virus
protein, nucleic acid, virus envelope) and need to be
used in the correct sequence, which we have established
experimentally. For example, in the only published
paper (Rowlands, 1972) a reverse sequence of tﬁo of the
agents was used.

3) New Adjuvants - Digitonin, a saponin-like molecule,
disrupts the lipid membrane of retroviruses. Digitonin
in the virus preparation both disrupts and inactivates

virus, while also enhancing immunogenicity.

4) Virus deaggregation and ballooning by cholates - The
use of detergents (eg cholates), not to totally disrupt
virus, but to deaggregate them and cause ballooning,
hence allowing access of nucleic acid inactivating
agents such as binary ethylenimine, is a preferred
aspect of the invention. We have shown that
RNA-containing viruses with lipid envelopes may be
uniquely ballooned with the correct concentrations of
detergent.

5) Nucleic acid destruction - Incorporation of RNAse
and DNAse steps to inactivate contaminating proviral DNA
from virus infected cells and virion RNA.

6) Enhanced penetration of inactivating agents - The
further partial disruption of the virus by digitonin and
disturbance of the lipid bilayer allows enhanced



such tests may include, for exanple, immunoblotting. The preparations nmay
al so be standardi sed for inmmunogenicity by vaccination tests in small or
| arge | aboratory aninals, if desired. Accordingly, the nost preferred
enbodlnent of the present invention is as follows: 1) Adaptation of
'street' viruses to continuously propagated T2&el| |ine such as CEM or H9.
2) Inactivation of crude culture supernatant fluid wwth 2 stages of
[err]-propiolactone (0.1%v/v each at 40[err]C for 18hrs) 2a) Subsidiary
testing for infectious virus by rapid syncytiumassay in cell culture. 3)

Centrifugation atpéf@@@apivhobflbinaitoethyienagineyshi on, to achieve virus
purification. Virus should be norphologically intact. 4) Deaggregation,

bal | ooni ng and further inactivation of virus with 0. 05@6cholate. 5)

| nactivation of "@pené@teseneativheshbperheot ehe i 'syistensed to denote

whi ch X h_bi
cthyl eni m ne. (0. OLRF A aoEae) A Bi1iCeTiLE %ﬁﬁe@&ga APRSAHy o® R’
and cont anm nat i ngPrg8sengariopNafnant igEnse iana DNKS@Ct?anagemmamuwmg
(treating so as: tQhﬁ?é‘“ Q‘Eh@”3aghﬂléﬁgﬁoﬁ5&e%bn'f%ﬁr§%1foh'3.§.| FEATES) F¢ne

further virus dlsrugulon and | nactivation rea%pregatlon
s are substantially the same as untrea ed virus) for

recognition by the immune system.

The following Examples illustrate the invention, and
are not intended to limit the invention in any manner
whatsoever.

Example 1
Adijuvant activity of Digitonin

The following experiment is based on the assumption
that a single dose of influenza vaccine would not induce .
protective immunity. Accordingly, if immunity can be
demonstrated after the administration of only one dose,
then it is extrémely likely that any additional
‘substance that had been incorporated into the vaccine
has acted as an adjuvant.

Digitonin was tested for adjuvant activity in an
experimental protocol, using'the known adjuvant,
alhydrogel, for comparison. Digitonin and alhydrogel
were included in influenza vaccine preparations to
investigate whether the combination could enhance
immunity to a protective level. 14g Balbc mice were
immunised i.p. with a subunit influenza vaccine at 4 and
0.4 ug per mouse. Four weeks post immunisation,
approximately SOLD50 of the homologous influenza virus
was administered to each mouse, intranasally under light
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18 (reversal of ballooning, as described above), with digitonin. 8)
Stabilisation of reaggregated virions with mld formal dehyde or
gl.ut ar al dehyde (0.05% on ice for 4hrs). 9) Testing of vaccine preparation
for residual non-inactivated virus by co-cultivation with human PBWN cells
for 6 weeks. 10) Analysis by pol ynerase chain22action (PCR) for residual
proviral DNA and viral RNA (additional step of reverse transcription to
cDNA) using prinmers specific for viral reverse transcriptase and integrase.
11) Standardisation of vaccine by ELISA and i munobl otting with human post

infection antiseratHey %@ﬁ&sﬁ:k@gi&e”'mrﬁi{n‘&ﬁd&ﬁse&%ﬂlcﬁ Geeched di v b il s

i munogeni city by vaccination tests in small 1l arge laboratory aninmals.
Adnmi ni stration of COREBRAE ndeaths wakg rﬁ';crﬂrse%&%ﬁf]dfﬂg Resules RER cyhoWn

i nvention will varwy @@rﬁmﬁ@fl@ cramaE st ances, taking into account.
such factors as age, weight and general condition of the patient. The
vacci ne nmay be adm nistered as one self-sufficient dose or as a series of
doses over a period of tinme. Repetition of dosing either to boost or

maintain imunity is g.gq dengrally odfsgdm& AnA Y Jdfine versus

infection with leth influenza virus

Vaccine preparation ' No. of dead mice

(5 mice per cage)

Subunit vaccine alone 4ug .-
Subunit wvaccine alone 0.4pg'
Subunit vaccine plus alhydrogel 4ug
Subunit vaccine plus alhydrogel 0.4ug
Alhydrogel alone
Digitonin (0.1%) alone
. Digitonih (0.01%) alone
Subunit vaccine plus digitonin (0.1%) 4ug
Subunit vaccine plus digitonin (0.1%) 0.4ug

O O O Ul b b W EH B

Subunit vaccine plus digitonin (0.01%) 0.4ug

The results'clearly demonstrate that one dose of
non-adjuvanted vaccine offers no protection against
infection. -Alhydrogel had little or no adjuvant
activity with the lower dose vaccine, and could not save
all mice even at the higher dose. By contrast,
digitonin saved all mice at all concentrations tested,
even with the 0.4 pg vaccine.
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conveniently about 3 nonths |ater, but such booster dosing may be given
earlier or at any tine during the remainder of the l[ife-tinme of the
patient, and on as many occasions are necessary. 19 Pharmaceutical grade
saline may be used as a carrier to provide a S|nple vacci ne. However, it

- may often be preferred to use adjuvants, such?4s described herelnabove In
general, an adjuvant nmy be adninistered together with the vaccine, in the
sanme or different preparations, or separately, at a tine different from
that of the administration of the vaccine. Vaccines according to the
present invention will usually be adm ni SERAMHLBY2a conventi onal route such
as, for exanple; by injection by the intravascular, intraperitoneal,

i ntramuscul ar or subcut aneous routes Qt her SU|tabIe routes nay conprlse

i ntradermal i noculms 2t ian ] Bebapy agta s

vacci nes w | | norg@ﬂ#ygﬁg%%é%se a pharnaceutlcally acceptable carrier and
optionally an adj ances to render the vaccine isotonic with the
body fluids and such flavourings, enulsifiers and other ingredients as may

be required. Suchryeréipes psadeseatbed aboventBitlareabudvvivded
g-propiolactone.

Virus was concentrated by PEG precipitation to give a
high titre. Virus was treated with various
concentrations of p-propiolactone at room temperature
for 24 hours then assayed for residual infectivity.

Log 10 TCID of virus per ml Concentration of BPL

8.0 0.0%
5.0 0.01%
2.0 : ~ 0.05%
1.0 0.5%
0.0 : 1.0%
0.0 2.0%

Table 2: Inactivation of unconcentrated HIV by
' p-propiolactone.

Virus in tissue culture supernatant was treated with
various concentrations of p-propiolactone at room temp
for 24 hours then assayed for residual infectivity.
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~for separate adm nistration, whether simultaneously or over a period of
“tinme, suitably weeks. In general, it will be appreciated that the type of
vaccine and its ingredients will be determ ned by the virus concerned, and
will often correspond to existing vaccines, the_ advantage lying in the
safety of the preparation. Thus, it will be a Peciated that the pr esent

i nvention provides a unique conbination of steps enabling a safe vaccine to
be prepared from hi ghly dangerous viruses. O course, it will be

appr eci at ed 20 that no vacci ne can be absol utely guaranteed, but the
present invention AGIE £ ovigusips bnefit n i PL
potential risks. In general, prefgerred objectives of our precggyre for
produci ng a whole H V vaccine are: 1) To incorporate a "cocktall", or

sel ection, of viruses selected 4P match circulating wild type0®2%"street"”
viruses on the basis of epidemp|@gical features and antigegigoaed

nucl eoti de sequence anal ysis of 120 | oop regions. Alternativel¥, f ewer
but "archetypal" (strains carr@gﬁg sel ected distinctive vi?a?qs
characteristics) virus strains orgy be used. 2) To inactivate.obesviruses

conpl etely using a uni que 0.0 0.03125%

.0625%
.125%
.25%

O O O ©C O O
0o O O O O O
N B O O O O
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Table 3: Time course of inactivation of HIV with
g -propiolactone.

Concentrated HIV was treated with 0.2% p-propiolactone
and the reaction stopped at various time internals by
incubation at 37°C for 30 mins to hydrolyse the

B -propiolactone.

Log 10 TCID of virus/ml Time (hours)
8.0 '
6.0
5.0
4.0
2.0
2.0
1.0
0.0

O Ul WO O



mul ti stage chem cal and biol ogi cal process which will still maintain the
structural integrity of the virus and hence the major antigenic

determ nants of both externally situated glycoproteins and core proteins.
3) To ensure appropriate i munogenicity of the inactivated vaccine :
preparation and to conpare the i mmune respons2é6in | aboratory ani mal nodel s
with the standard i mrune response followng H YV infection of humans. 4) To
adj uvant the vaccine. 5) To formulate the vaccine for both intramnuscul ar
and oral adm nistration. The comnbination of steps in the correct order is
uni que, as is thep eOLd?i&é@@feﬁéﬂ%{%oee'ﬁﬂvaﬂ@tﬁdwﬂaw égh?!l.taﬁ'ﬂin@he.

i ncorporation into the virion I'fpid. e nost inportant novel Teatures of
our procedure are probably: 21 1) Multiple inactivation steps Current

!gacltivat e'd| Yaccicgwcéieﬁgééagﬂva&ag Ei‘éﬂtédcb@ﬁhcahfgéeﬁh&: OlJr met flmd
ideally utilises five independent _inactivatjon.steps al._an

bi ol ogi cal ) each Qﬁﬁpﬁﬁtﬁﬁgiﬂn?soFng?Q?HﬂaFF YﬁSPéR%Bgiﬁgc??bgtgofhg4virus.
2) Correct sequerigéupsd.Chresidbal-bihargr dehybéniminei wasi ngusrapdsed
particularly 'npqﬁiéﬂtSOdium thiosulphate and the virus tested for
infectivity.

Log 10 TCID of virus/ml angengrggion of BEI (mM)

8.0 0
8.0 0.1
7.0 0.5
4.0 5
0.0 10
0.0 20

0.0 50

‘Table 5: Time course of inactivation of HIV with binary
ethylenimine.

Concentrated HIV was treated with 10mM binary
ethylenimine. Aliquots were taken at various time
intervals, neutfalised with sodium thiosulphate and
assayed for residual infectivity.

L TCID of viru | Tim hour
8.0
6.0
5.0
4.0
3.0
2.0
1.0
0.0
0.0

0~ 6 B b W N BHE O



I nactivating agents each have a specific target (virus protein, nucleic
acid, virus envelope) and need to be used in the correct sequence, which we
have established experinentally. For exanple, in the only published paper
(Rowl ands, 1972) a reverse sequence of two of the agents was used. 3) New
Adjuvants - Digitonin, a saponin-like nnleculé?7disrupts the I'ipid nenbrane
of retroviruses. Digitonin in the virus preparation both disrupts and

i nactivates virus, while al so enhancing i munogenicity. 4) Virus
deaggregati on and bal |l ooning by cholates - The use of detergents (eg
cholates), not to totally disrupt virus, [BKAMBLElehggregate them and cause
bal | ooni ng, hence allow ng access of nucleic acid inactivating agents such
as binary ethyleninmne, is a preferred aspect of the invention. W have
shown that RNA- codmaumogendia Stadigds h | i pi d envel opes may be uni quel y
bal | ooned with the correct concentrations of detergent. 5) Nucleic acid
destruction - Incorporation of RNAse and DNAse steps to inactivate

contami nating provir alPASATHIRRY istidied Qi ddhe Tungaeri¢ion ehuths)

Enhanced penetrat vaitciind sdd \GRidrieRRiY sin daws f Whiiesa pRids adnd
di sruption of the vE&Fi.by.digitonin and di sturbance of the lipid bilayer
al | ows enhanced Tabbits. - . :

‘Animals were intravenously immunised with 100 ug
(total protein in 0.5 ml PBS) per animal of either:-

_1) B-propiolactone inactivated virus
or | .

2) Virus inactivated by the full vaccine production
prbcess.

Animals were boosted on days 10 and 60 ahd serum
samples were taken on days 0, 19, 52 and 72. Serum
antibodies were assayed by solid phase ELISA to whole
virus and gp120 and by radioimmunoassay to gpl20 derived
peptides.

Table 6: Serum responses to whole HIV RF and HIV IIIB
derived gpl20 (expressed as endpoint titres).

'/ ine Animal Antibody titre ITIB gpl20
Whole RF
Rat 1 45,000 1,000
Rat 2 400,000 1,200
Rat 3 400,000 1,000
Vaccine 1 Rat 4 ‘ 100,000. : >10,000
(BPL only) Guineapig 1 700,000 25,000
Guineapig 3 74,000 25,000
Guineapig 4 74,000 1,800
Rabbit 1 20,000 20,000

Rabbit 2 74,000 >25,000



22 penetration of binary ethyleninine. 7) "Presentation shape" to the

i mune system - Formal dehyde or mld glutaral dehyde fixation allows
presentation of antigens in a correct "presentation shape"” (the

3-di nensi onal conformational features of the virus are substantially the
same as untreated virus) for recognition by tR& i mune system The
foll ow ng Exanples illustrate the invention, and are not intended to limt -
the invention in any nmanner whatsoever. Exanple 1 Adjuvant activity of
Digitonin The foll ow ng experinment is based on the assunption that a single
dose of influenza vacci ne wouRgdgngt induce pggbggbove i mmunity400
Accordingly, if inmmunity can be denonstrated_after the adm nis{ration of
only one dose, then it is extF@ﬁegy Iikely”tﬁgp'gﬂg additionalagﬁbstance

t hat had been incorporated inRatthe vacci ne has080ted as an adpilvaf0o
Digitonin was tested for adju tgactivity igasan perimental pLat |,
usi ng the known ég?geﬁﬁ?,aalh§§?08el,.for coﬁggfpggn. Di gitoni%lgdg%%

al hydrogel were ifcomgddten i Ghlineapagvacci nd0pP8PBarations to BnPddtigate
whet her the conbi ' oul dag8 i ni t protectivesl lo 149
Bal bc m ce were iﬁgéﬁgggg i.pgﬁ&??ﬁﬁggsggﬂni?hpﬁppgenza vaccingsgP%g and

0.4 [err]g per nouse. Four we€R&nga®igdi funi 4801989 10,000
Guineapig 8 80,000 3,600
Rabbit 3 74,000 6,000

Radio immunocassay studies on the guineapig sera showed
responses to the V2 and V3rldop areas of HIV RF gpl20 in
both groups of animals (vaccine 1 and vaccine 2).

SUPPLEMENTARY EXAMPLE A
PROPERTIES OF BETA- PROPIOLACTONE

i) Synonyms - BPL; Hydracrylic acid p-Lactone;
2-Oxetanone; Propanolide; 3-hydroxypropionic acid
g-Lactone; p-propiolactone; Betaprone

ii) Empirical formula - CBH492, mol. wt. 72.1
iii)Melting point - -33.4°C; Boiling point - 162°C

iv) Solubility - 37% v/v at 25°C in water (slowly
hYdrolyses). Miscible with ethanol (reacts), acetone,
‘ether, chloroform, and probably most polar organic
solvents and liquids.

v) Stability - polymerises on storage, hydrolyses to
3-hydroxy propionic acid, a non-toxic derivative,
approx. 18% per hour at 25°C, more rapidly at elevated
temperatures.



approximately 50LD[err] of the honol ogous influenza virus was adm ni stered
to each nouse, intranasally under |ight 23 et her anaest hesi a.

Non-i muni sed m ce were included as controls. Deaths were scored daily.
Results are shown in the acconpanying Tabl e. }gble Ef fect of subunit

I nfl uenza vacci ne versus infection with |ethal*”i nfl uenza virus Vacci ne

preparation No. of dead mce (5 mce per cage) Subunit
vacci ne alone 4[err]g . ' 4 Subunit vaccine al one
O0.4[err]g .4 Subunit vacci ne plus al hydrogel 4[err]g

1 Subunit vaccine plus al hydrogel SURPAREMENTARY EXAMPLERBA| hydr ogel

al one 4 DL ' '

4 Digitonin (0.01% al one PRopERTTRS OF EHhvy u uﬁ vacci ne plus
di gitonin (0.1@6 4[err]g 0 Subunit vaccine plus digitonin (0.1%
O0.4[err]g O Subunit vaccine plus digitonin (0.01% O0.4[err]g 0 The

results clearly deﬂn tratg}that ose _of. non-a uvanteﬂ vacci ne offers
st

no protection agat +AFALLROHLE |H?gﬁ6g8PdhEFSF|FFﬁ€%ﬁC ant

activity with the | ower dose vaccine, and could not save all mice even at
the higher dose' ?X)CﬁﬁhﬁagEructure_quantitatively opened by thiosulphate.

iii)Substitution of alkyl groups at one of ring carbon
atoms increases rate of ring opening.

iv) Substitution at ring nitrogen decreases rate.of ring
opening unless alkyl group contains an electronegative
group (e.g. acetyl) when rate is increased.

v) Common derivatives have low boiling points e.g.
56.7°C for EI. Vapour pressure high enough to be an
inhalation hazard.

vi) Ammonia-like odour.

vii)Ethylenimine is known to react with « and epsilon
amino, imidazole, carboxyl, sulphydryl and phenolic
groups of proteins, inorganic phosphate, glycero and
hexose phOsphates and amino groups of adenine and
thiamine.

viii)EthYlenimine can be prepared by the cyclisation of
bromoethylamine hydrobromide under alkaline conditions:-
BrCHzNH + NaOH ---> CH2---CH2

x /
NH.HBr

2



digitonin saved all mice at all concentrations tested, even with the 0.4
[err]g vacci ne. 24 EXAMPLE 2 Inactivation of H'V with Betapropiol actone
and Binary ethylenimne Table 1: Inactivation of concentrated HV with
[err]-propiolactone. Virus was concentrated by PEG precipitation to give a
high titre. Virus was treated with various conggentrations of
[err]-propiolactone at roomtenperature for 24 hours then assayed for

residual infectivity. Log 10 TCID of virus per m Concentration of BPL
8.0 0.0%5.0 _ 0.01%2.0
0.05% 1.0 0.5%0.0 1. 0%
0.0 REFERENCES ,2.0% Tabl e 2: Inactivation of unconcentrated

HI'V by [err]-propiolactone. Virus in tissue culture supernatant was treated
then hesayed for RASPARGP L debi Wiy gl vattddd (AP, 24 Rours
' 2) Anderson, K.P., et al., J. Inf. Dis. (1989), 160(6
960; :
3) Arthur, L.O., et al., Proc. Natl. Acad. Sci. USA
(1987), 84, 8583-87;
4) Bahnemann, H.G., Vaccine (1990), 8, 299-303;
5) Bahnemann, H.G., Arch. Virol. (1975), 41, 47-56;
6) Bahnemann, H.G., J. Clin. Micro. (1976), 3(2),
209-210;
7) Ball, M.J., and Bolton, F.G., Lancet (1985), II, 99;
8) Ball, M.J., and Griffiths, D., Lancet (1985), I, 1160;
9) Bolognesi, D., Annals of Internal Medicine (1991),
114(2), 161; '
10) Brown, F., and Crick, J., J. Immunology (1959), 82,

[

444-447;

11) Chaplin, A.J., et al., J. Clin. Path (1989), 42,
318-321; .

12) Cutlip, R.C., et al., Vet. Microbiol. (1987), 13,
201-204;

13) Desrosier’s, R.C., et al., Proc. Natl. Acad. Sci.
(1989), 86, 6353-6357;

14) Dolin, R., et al., Annals of Internal Medicine
(1991), 114(2), 119;

15) Dooley, B.J., et al., Med. Lab. Sci. (1985), 42, 318;
16) Durda, P.J., et al., AIDS Res. and Human
Retroviruses (1990). 6(9), 1115; _

17) Edwards, C.A., et al., Vox Sang. (1987), 52, 53-59;
18) Fellows, O.N., J. Immunology (1966), 95(6), 1100;
19) Freeman, R., et al., Lancet (1982), May 8., 1048-49;
20) Gallo, R., and Montagniér, L., Scientific American
(1988), 259(4), 25; |

21) Gard, S., Ann. N.Y. Acad. Sci. (1960), 83, 638;

22) Gardener, M.B., and Luciw, P.A., The FASEB Journal
(1989), 3, 2593; o

23) Gardener, M.B., AIDS Res. and Hu. Retroviruses



25 Log 10 TCID of virus per mi Concentration of BPL 5.0

0.00% 4.0 0.002% 2.0

0.004% 0.0 0.008% 0.0

0.016% 0.0 0.03125%0.0

0.0625% 0.0 _ 0.125% 030 _

0.25%0.0 : ©0.5%0.0 ' 1. 0%
0.0 2.0% Table 3: Tine course of inactivation of

HV with [err]-propiolactone. Concentrated HV was treated with 0.2%
[err]-propiol act ongrsewl) | he(TEaCc8s®p stopped at various tinme internals by

Lo ey STh et d) Sl Phe % T "Snd OrliALR) Y80St Mpbgi Ll BREPWE135H3"
0 6.0 Principles of Ba&térflology, Virology and Immunit§ 4.0
220 (1990), Eight édition, vol. 4, p42, Eds Parker, M.T.,
and Collier, L.H.;
25) Hartman, F.W., et al., Am. J. Clin. Path. (1954),
24, 339;
26) Hooper, S.H., Amer. J. Hosp. Pharmacy (1961), 18
July, 388-391; -
27) Koff, W.C., and Hoth, D.E., Science (1988), 2451,
426-432;
28) Larghi, O.P. and Nebal, A.E., J. Clin. Micro.
(1980), 11(2), 120-122; |
29) Lloyd, G., et al., Lancet (1982), May 8, 1046-48;
30) LoGrippo, G.A., Annals N.Y. Acad. Sci. (1960), 83,

578; :
31) Marx, P.A., et al., J. Of Virology (1986), 60(2),
431-435;

32) Matthews, T.J., and Bolognesi, D., Scientific
American (1988), October, 98;

33) Minor, P.D., J. Of Antimicrobial Chemotherapy
(1989), 23 sup A, 55-62;

34) Murphey-Corb, M., et al., Science (1989), 246, 1293;
35) Nathanson, N., and Langmuir8r, A.D., Am. J. Hyg.
(1963), 78, 16; '
36) Page, M., et al., Vaccine (1990), 2, 47; |

37) Prince, A.M., et al., Cancer Res. (1985), 45s,
45928-45948; - “

38) Rowlands, D.J., et al., Archiv. fur die gesamte
virusforghung (1972), 39, 274-283;

39) Sanger, D.V., et al., J. Gen. Virol. (1973), 21,
399-406; |

40) Schultz, P., et al., J. Immunology (1957), 79,
497-507; ’

41) Smith, G., and Volvovitz, F., VI International Conf.
on AIDS Abstract S.A. (1990), 76, 114;

42) Sonigo, P., et al., Immunology Today (1990), 11(12),



2.0 4 1.0 50.0

6+ 26 Table 4: Inactivation of HHV with binary ethyl enimne. Concentrated
HV was treated with different concentrations of binary ethylenimne at
37[err]C for 24 hours. Residual binary ethylenimne was neutralised with
sodi um t hi osul phate and the virus tested for iARectivity. Log 10 TCI D of

virus/m Concentration of BEIl (mMV 8.0 0 8.0
0.17.0 . 0.5 4.0 _ 50.0
10 0.0 20 0.0 50 Tabl e 5:

Time course of inagébyation of HV wth bi nafy et hyl eni m ne. Concentrated
HV was treated w 1 iLhary ethylenimpe. Aiquots_ were taken at
various tine i nter{llg? s,gg%/lgﬁ?‘f"al %sedggoi Fﬁr'sogﬂfmgt“ ozullpAAtd radd adddydds:
for residual infecé#Vi8yottogETCLD ef mirystahcet (1990), 336, TsIB-@hqurs)

45). Sun, I.L., et al., J. Clin. Micro. (1978), 8(5),
604-611.



8.0 0 6.0 15.0

2.4.0 ,,///f” 3 3.0 - 420

5 1.0 .6 0.0 - 7 0.0

8 27 EXANPLE Studles Prelimnary -studies on the

i nmunogeni ci t m were carried out3?n rats, gui nea pigs and
rabbits. Ani ne Wntravenously I mmuni sed Wi t

protein.in 0.5'm PBS) per aninal of either:- 1) |[&HSSHEESHAS a@gu)ﬁe
i nactivated virus or 2) Virus inactivated by the {ful | RERINOFD prodJction
process. AnlnaIS\ﬁmmJMEmsted on days 10 and 60 and serunrsampres—here
taken on days 0, 19, 52 and 72. Serum anti bodi es were assayed by solid

phase ELI SA to whol e virus and qngO and by radi oi munoassay to gp120
deri ved | 1. A process for the preparation of virus particles for

vaccines, comprising, in order, the steps of:

a) treating the virus with a general inactivating ageht;
b) deaggregating the virus with a suitable solvent or
detergent}

c) treating the virus with an RNA and/or DNA
inactivating agent; and

d) stabilising the virus with a suitable cross-linking
agent.

2. A process according to claim 1, for the preparation
of dangerous viruses.

3. A process according to claim 2, wherein said wvirus
is selected from the group consisting of HIV and strains
thereof.

4. A process according to claim 2, wherein said virus
is selected from the group consisting of heat and/or
chemical resistant viruses.

5. A process aééording to claim 4, wherein said virus
is selected from the group consisting of scrapie and BSE.

6. A process according to any preceding claim, wherein
said virus comprises a representative selection of
strains of said virus.

7. A process accordlng to claim 6, wherein said

representatlve selection of strains is .so selected that

any strain of said virus will be affected by an immune
-response raised from a vaccine prepared from said virus
; particles. __.m“ﬂ__ﬂ—~ﬂ——”~W““
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pepti des. Table 6: Ser responses to whole HV RF and HV I 11B derived

gpl20 (expressed as endp0| n “ VaCCI ne Ani mal Ant i body

titre [11B gp120 \ ‘“ 45, 000 1,000 Rat 2

ég?,goo 100 OOD 5 400, 000 1,000 Vaccine 1
_ >10, 000 (BPL3%nNlYy HE

700, 000 25, 000 Gui neapig 3 74,000 THISS E DA B EN

Qui neapig 4 74, 000 1,800 Rabbit 1 °ﬁ B

20, 000 Rabbit 2 74,000 >25, 000 28 Rat 5

450, 000 - 40 7

1500 8 >18\ Ooocs/éascsmancecordﬁg’ Q:Qoany precedln%ﬁé’lf@th wherein

>10, 000 (conpletesa¥§u%ﬂ§ﬂﬁkY3¥1ngJig?ﬂﬁ)°f step a) c@@ﬁ%&??ﬁocess)
Qui neapig 6 10Q,-H¥bpiolactone. 25, 000 Gui neapig 7 450, 000
10, 000 Cui neapig 8 80, 000 3,600- Rabbit 3 74,000
6, 000 Radi o i nmunoassay studi es on the gui neapig sera showed
9. A process according to claim 8, wherein treatment

with B-propiolactone is repeated.

10. A process according to claim 8 or 9, wherein
B-propiolactone is employed at a temperature between
about 37°C and about 40°C.

- 11. A process according to.claim 8, 9 or 10, wherein
8 -propioclactone is employed at a concentration of
about 0.1% v/v. '

12. A prdcess according to any preceding claim, wherein
said virus is purified after step a).

13. A process according to any preceding claim, wherein
an ethylenimine is used in step c¢), in addition to an
RNAse and/or DNAse.

14. A process according to claim 13, wherein said
ethylenimine is acetyl-ethylenimine or
binary-ethylenimine. ' '

15. A process according to claim 13, wherein said
ethylenimine is binary-ethylenimine.

16. A vaccine comprising virus particles prepared in
accordance with any preceding claim, in association with
a pharmaceutically acceptable carrier therefor.

17. A vaccine comprising digitonin in sufficient
quantity to act as an adjuvant. .. — -
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reéponses to the V2 and V3 | oop areas of H'V RF gpl120 in both groups of
ani mal s (vaccme_ul._and—v&eekﬁe—z% SUPPLEMENTARY EXAMPLE A PROPERTIES OF
BETA- PROPI C]_ACTC]\IE | S no mm‘ PL; Hydracrylic aci d [err] Lact one;

2- Oxet anone; Tmn oxypr opi oni ¢ acid [erﬂh n Replaced
[err]-propiol act i) Enpirical f&5mwula - err],
nmol . w. 721||| I\/bltlng point - -33.4[err]C BoiI,ing ‘nm ﬁrr]C
iv) Solubility - 37%v/v at 25[err]Cin water (slowy hydrolyses). Mscible
wi th ethanol (reacts), acetone, ether, chloroform and probably nost polar
organi ¢ sol vents ang.l Aquiadeine) a&‘o@ltldllrfgyto wlla)merl@e&xﬁrtkﬁxorcaﬂ@nsm
hydr ol yses to 3-hydrox rop|0n| non Qxl c derlvatlve a f%w
per hour at 25[err?&91§‘8 A1 AR (?I"‘quC :ljérﬁ)&oa ﬁojuvan
SUPPLEMENTARY EXAMPLE B PROPERTI ES OF ETHYLENIM NE i) NlSCIb|e with water
and nost organic |i gw g PxJolc)Eslgl gl% #glgu S % tdg Q:Il OREN d4 by

thi osul phate. iii) ubs utron o r oups t one"of Tl ng car on at ons
i ncreases rate of Wheyedpedigdtonin S@baddﬁsi adren inaek ivatriegeridddreases

rate of ring ~ genetic material, and before stabiligation of the
reaggregated virus. -

20. A process for the preparation of HIV particles for
vaccines, comprising, in order, the steps of:

a) adapting viruses taken from an infected population to
a continuously propagated T-cell line;

b) inactivation of crude culture supernatant fluid with
two stages of p-propiolactone;

- ba) subsidiary testing for infectious virus by ré.pid
syncytium assay in cell culture;

c) centrifugation onto a sucrose cushion, to achieve
virus purification;

d) deaggregation, ballooning and further inactivation
- of virus with cholate;

e) inactivation of opened cores with binary
ethylenimine;

£) i'na_ctivati,on_ of viral RNA and contaminating host
cell DNA with RNAse and DNAse;

g) adjuvanting and further virus disruption and
inactivation, followed by reaggregation with digitonin;

~ h) stabilisation of reaggregated virions with mild
' formaldehyde or glutaraldehyde;
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'opéning unl ess al kyl group contains an el ectronegative group (e.g. acetyl)
whén rate is increased. v) Common derivatives have |ow-hoiling points e.g.
56.7[err] C for El. Vapour pressure high enough to be an i nhal ati on “hazard.

vi) Amoni a-like odour. vii)Ethylenimne.is known to rjﬂ’

epsilon am no, imdazole, carboxyl, sulphydryl 3nd phe ’wm"””ﬂr
proteins, inorganic phosphate, glycero and hexose phosphatés and® am n@
groups of adenine and thiam ne. viii)Ethyleninmne can be prepared by the

cyclisation of bronoethyl am ne hydrobronide under al kali ne conditions: -

BrCHerr] NH err] +1Na0éesuh %ﬁ'erﬂaﬂéﬂﬁ for 3&.&1%1%&5'\'055 1)
Amadori, M, et al., Vaccine g}987 , 2 Anderson, K P., et al.
Inf. Dis. (1989), DEBCAPACSAY: Kritrﬁ’l?r by ag- Ctéttlé{athw cYbltmdearAcad

Sci. USA (1987), 8#er8pberdi, b&bo&ih@ﬁmﬁﬂmlddc@te g eEdd WGeelks;
299- 303; 5) Bahnemann, H. G, Arch. Virol. (1975), 47, 47-56; 6) Bahnemann,
HG, J. din. Mcro. (1976), 3(2),

j) analysis by polymerase chain reaction for residual

proviral DNA and viral RNA using primers specific for
viral reverse transcriptase and integrase;

- : k) standardisation of vaccine by ELISA and
immunoblotting with human post infection antisera, to
ensure antigenic survival; and

1) standardisation of immunogenicity by vaccination
tests in small or large laboratory animals.

21) Use of a virus particles prepared in accordance with
any preceding claim in the manufacture of a vaccine for
the treatment or prophylaxis of a viral infection.
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2Q9-210; 7) Ball, MJ., and Bolton, F.G, Lancet (1985), II, 99; 8) Ball,
M¥J., and C?lfflths, D., Lancet (1985), I, 1160; 9) Bolognesi, D., Annals
of. Internal Medicine (1991), 114(2), 161; 10) Brown, F., and Crick, J., J.
| munol ogy (1959), 82, 444-447; 11) Chaplin, A J., et al., J. din. Path
(1989), 42, 318-321; 12) Cutlip, RC, et al. 7Vet M crobiol. (1987), 13,
201-204; 13) Desrosier's, RC., et aI., Proc. Natl. Acad. Sci. (1989), 86,
6353-6357; 14) Dolin, R, et._al., Annals of Internal Medicine (1991),
114(2), 119; 15) Dooley, B.J.; et al., Med. Lab. Sci. (1985), 42, 318; 16)
Durda, P.J., et al., AIDS Res. and Human Ragggracwses (1990). 6(9), 1115;
17) Edwards, C. A, et al., Vox Sang. (1987), 52, 53-59; 18) Fellows, O N.,
J. I munol ogy (1966), 95(6), 1100; 19) Freenan R, al al., Lancet (1982)
May 8., 1048-49; 20) Gal | vacgé ¢ : , PRODUC TADMN

(1988), 259(4), 25; 21) Gard, S., Ann. N Y Acad. Sci . (1960) 83, 638; 22)
Gardener, MB., and Luciw, P.A , The FASEB Journal (1989), 3, 2593; 23)
Gardener, MB., AlDS Fhe.puesent. imvensipnureiates to the production of

vaccines having improved safety, particularly to a
process therefor which allows even an AIDS vaccine to be
manufactured ‘comprising in order, the steps of:

a) treating the virus with a general inactivating agent;
b) deaggregating the virus with a suitable solvent or

detergent; :

c) 'treéting the virus with an RNA and/or DNA
inactivating agent; and

d)' stabilising the virus with a suitable cross-linking
agent.
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The present invention relates to vaccines for AIDS
. which comprise prepared whole virus, methods for the
production of such vaccines, and useful adjuvants.

An jdeal HIV vaccine would provide a complete and
long lasting protective response againat all forms of
HIV, and would be simple and cost effective in’
production and administration.

However, despite vaccine development baing a top
priority of AIDS research asince 1984, this ideal has yet
to be realised. In fact, it is congidered by some to be
beyond reach, at least in the ghort tezm {Bolognesi,
1991) . Other acientific opinion ranges from "Davelopment
of a safa vaccine against HIV is likely to be a very
difficult task" {(Desrosier gt 3l1., 1989) through "It is
unclear whether any vaccine will be effective against a
virus which attacks some of the most important cells of
the immune system" (Durda at al., 1990) to "A vaccine is
perhaps the hest hopa for the next century not for this
one" (Rees-Mogg, 1991).

Such views arise because the lentiviruses, such as

HIV, have developed very successful maethods to evade the
immune responsge, such as latency and antigenic
variability. For example, HIV was the first human
lentivirus to be isclated, and is characterised by a

- unique moxphology of an inner vase-like structure
containing the diploid RNA gencme, surrounded by an
icosahedron core composed of protein sub-units,
contained by a lipid membrane through which protrude
glycoprotein apikes.
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36) Page, M, et |3EP%%£§§3¥ ki D0 9, 47; 37) Prlnce et al.,

Cancer Res. (1985}, 453 4592s- 45945; 38) Fbmﬁands et aI , Archiv

~ fur die gesante vilrysfd 221N amﬁﬁ of2), 39, 27A4& 283; nger
al., J. Gen. Viroll. {(1973), 21_ 399}406: 40) Schul ;g
1 rmunol ogy (1957), , 497-507; 41)|Smth, G, and

| nternational Confl._on AlDS. Abstraed S A (1990), 76, 114 42) Sonlgo P”
et al., | munoiagwoliddayotl yENeralllyl He appﬂﬁ:ﬂhfﬂazl&) Ssepthae, méthodt

?llébo;/?xsgg?glégglggl)E§%£§ Aq‘f’g‘%tflﬁﬁ > Otg. cE:I'f]n. " c?lo(&ggg)et 8(5),
604-611. 33 CLAIMS 1. A process for the preparation of virus particles
for vaccines, CO”prhih@%d'iéﬁyckﬁu ii“béﬁf%?%é& ‘to use the method of
‘the present invention for the preparation of
particularly dangerous viruses, of which HIV and che
various strains cthereof are especially preferrad. In
additicn, particularly heat and/cr chemical resistant
viruses, may be used in vaccines, if prepared by the
method of the invention.

In addition, as it kaown that there exists a number
of antigenic variants of EIV, it is preferred to apply
the process of the invention to a represencative
selection of strains. Ia particular, enough strains
should be chosen such that an immune regponse raised
from the resulting vaccize will be suitable to target
any Lnfeqticus straian of HIV.

Selﬂct ing variocus appropriate strains of HIV can be
done by any appropriate method known in the art. 1In
particular, it may be appropriate to compare the gpl20
protein, one of the major antigenic targets of any
immune response against HIV.

The mecthod of the present invention may be applied
directly to a mixed batch of strains as described abave,
or may be applied individually‘tb batchas of single
strains, and the results mixed.

8 -Propiclactone providas a useful inicial
inactivant, allowing safe handling and conceacration of
the virus, without altering its antigenic properties.

Hcwevar, the initial treatment of the virus wi
general inactivating agent may be with any appropriac
inactivatiag agenc bu;, for the purposes of the presentc



a) treating the—wifus-whth--a-general inactivating agent; b) deaggregating

the virus with a suitabl e solvent or detergenti cJ FEaLl T,
an RNA and/ or Dt\’ﬁm wllLu HIIHume_nt; andy§l) stg‘bci“lﬁ‘asg‘lﬁ’ ?ﬁ"@% i
suitabl e cross-| i : A process acgofding to clain1l

- - - * .
preparation of particles of éangerous Vi ruses.
claim2, wherein said virus is selected fromHj

process'accogﬁhﬁgﬁio claim 2, :wherein said virgs
or

resi stant an chemical resistant- viruses. 5
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representative seléction of strains.is so selected that any strain o? sai d

virus will b&aFFRe%d IRFRFEFHRENciRcIFi#Ee F88 sTeRPS0RTA vacci ne prepared
fromsaid virds pegddelng che FirdsPWiERSs GeSerdll NfniOravitRRGCadLR ;

claim wher el saigd 2acli YAl 820 g il Pa Uu

- propi ol acto
detexgent;

c) treating the virus with an RNA and/or DNA

ipactivating ageat; and

£OIB1 £°8810ent or

d) stabilising the virus with a'sui:able crosa-linking

agent.

2. A process according to claim 1, for the preparation

of particles of dangerous viruses.

3. A process according to claim 2, wherein said virus
'is selected from HIV or strains thereof.

-

4. A process according to claim 2, wherein said virus
is selected from.heat_resistant and/or chemical resistant

viruses.

. 5. A process according to any preceding claim, wherein
said virus cocmprises a representative selection of

strains of said virus.

6. A process according to claim 5, wherein said
reprasentative selection of strains is so selected that
any strain of said virus will be affected by an immune

response raised frem a vaccine prepared from said virus

particles.



8. A process according to cIa|m7 wherein treatment with

[err] - proplolactone Ls repe
wherein [err]-propiol actone fB‘“S &%&gﬂgé

g& accw-d-l-n.g.-.t_o_c.l_al-m_?_pr )
" fenpen aRERIACEMENR IHEEPOt 37C

andaabou 'mmum“m'“ ocess t ¢ claijmr7—8-or——wherpin
[err]- Io‘ dat a conce t4rat|on of vi 11. A
process ac‘cor‘dl hg Yo &ny preceding claim V\/nerel n sali d%‘?r“{ﬁ&@éypwi f i ed
after step a). 12. A process according to any prec¢ding.claim_wheleln an
ethylenimne is used in step ¢), in addition to an RNAse and/or DNAse. 13.

A process according to ctaim12 erein said eth T ;
acetyl - et hyl enr7 ng prosPad: 9"“&‘%1‘\%99 Y PxXe M@éé%cmﬁ%u%o
claim 12, V\herea_ﬁdsﬁnglceibate&gnwgedgsdﬁ me a)hyeeipirligess 15. A vaccine
conpri sing vi ry Jf) % eﬁﬁérepared i n accordance with any preceding claim
in associ ati on® WPTH¥ % ASFREGsut i cal | y acceptable carrier therefor. 16. An
I nfl uenza VaCCI ne corrprl sing digitonin in sufficient quantity to act as an

adj uvant. gﬁ?h@g a&%%@dlgx Qo | AlalTl 3, UH%J@{:: PR o

digitonin in SuffICI uantity ct as an adj'u
with f#- prom.olact:one is :epea.t:ed.

:9. A process according te claim 7 or g, wherein

g-propiolactone is employed at a temperature between
about 37°C and about 40°C.

10. a procésé according to.claim 7, 8" or 9, wherein
g -propiolactone is employed at a concentration of
about 0.1% 'v/\_r.

11. A process according to any preceding claim, wherein
said virus is purified after step a).

12. A process according to any preceding claim, wherein
an ethylenimine is used in step c), in addition to an
RNAse and/or DNAse. '

13. A process according to claim 12, wkerein said
ethylenimine is acetyl- echylenimine or
binary-ethylenimine.

14. A process according to claim 12, wherein said
ethylenimine is binary-echylenimine.

15. A vaccine comprising virus particles prepared in
accordance with any preceding claim, in associaciom with
a pharmaceutically acceptable carrier therefor.

16. A vaécine.ccmprising digitonin in sufficient
quancity to act as an adjuvant. e

I
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18. A process according to any of clains 1 to 13, wherein digitonin is
added after inactivation of the genetic material, and before scabilisation
of the*reaggregated virus. 19. A process for the preparation of HV

Bf‘iELZLGfaLZLHlllmﬂllﬁllluﬁﬁlﬂ’ﬂ " opul &t 0gg L0’ a Conti nuousl y pi opaght ed
T-cell Iine; i facti vati®on*of crude cu?ture supernatant fluid with two

st ages of [err] pr.opi ol act one;- ba) subsidiary testing for infectious virus
by rapid syncytiumassay in cell culture; c) centrifugation onto a sucrose

cushi on, hieve virus purifi.catign; _d). gg i.on, bal l.oqQni ng and
further |naé?;vd}fYﬁF?ﬁnﬁl$ﬁ§°ﬁ?fﬁgcﬁ8lﬁgéfm ?@ é%??bﬁFISHmEF *3389ed cores
with binary eidytenini fe; sbffickentvauanbicy vorattRAB andadguwvamenat i ng
host cell DNA with RNAse and DNAse; g) adjuvanting and further virus

di sruption and inactivation, followed by rqugregatlon wi th-digitonin: h)
stablI|satlonaofArpagge!ga!gqcvﬂlﬂ9n§0mﬂnﬁ | eladmgakd&ydad or

gl utaral dehyggareini a;gieaimg 18f aMaea AerBEePARALLQBLEON OFSicgieal
genetic material, and before scabilisation of the
reaggregated v;:us.

19. A process for the preparation of HIV particles for
vaccines, comprising, in order, the steps of:

a) adapting viruses taken from an infected popula:zon to
a contxnuously prcpagated T-cell line;

p) imactivation of crude culture supermatant fluid with
two stages of §-propiclactone;

ba) subszd;ary teating for infectious virus by rapid
syncytium assay in cell culture,

c) centrifugacion onto a sucrose cushion, to achieve
virus purification;

d) deaggregation, ballooning and further inactivation
of virus with cholate;

e) inactivation of opened cores with binary
ethylenimine;

f) inactivation of viral RNA and contaminating host
cell DNA with RNAse and DNAse;

g)  adjuvanting and further virus disfuption and
inactivation, followed by reaggregation with digitonia;

h) stabilisation of reaggregatéd virions with mild
formaldehyde or glutaraldehyde;



non-inactivated virus by co-cultivation with human peri pheral bl ood
nmononucl eocyte cells for 6 weeks; j) analysis by polynmerase chain reaction
for residual proviral DNA and viral RNA using primers-specific for viral

reverse transcriptase and integrase; k) standardis y ELI SA
and i munobl otting wth human post i nfect |3331 ant I 53 B{m lﬂ“l‘mm‘l EIFI genic
survival ; and 1) standardisation of i nmugeni aeCl matsonstests in

small or large |laboratory animals. 20) LBe of a virus particles prepared in

accordance with any preceding claimin the manufacture of a vaccine for the

treatment or RrOpQﬁlgxng'%k;%ﬁgéfﬂeiégéﬁéfééxon £or resicdual
non-inactivated virus-by co-cultivation with human
peripheral blood mononucleocyte cells for & waeeks;

j) analysis by polymerase chain reaction for residual
proviral DNA and viral RNA using primers specific for
viral reverse transcriptase and integrase;

k} standardisation of vaccine by ELISA and
immuncblotting with human post infection antisera, to
ensure antigenic survival; and

1) standardisation'of'immuncgegicity by vaccination
tests in small or large laboratory animals.

20) Use of a virus particles prepared in accordance with
any preceding claim iz the manufacture of a vaccine for
the treatment or prophylaxis of a viral infection.
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7. A process according to any preceding c¢laim, wherein
said inactivating agent of step a) comprises
6 -propiolactone.

8. A process according to claim 7, wherein treatment
with g-propiclactone is repeated.

' 9.. A process accorxding to claim 7 or 8, wherein

f-propioclactone is employed at a temperature between
about 37°C and about 440°C.

10. A process according to.claim 7, 8 or 9, wherein

g -propiolactone is employed at a concentration of
about 0.1% v/v.

11. A process according to any preceding claim, wherein
gsaid virug is purified after step a).

12. A process according to any preceding claim, wherein
an ethylenimine is used in step ¢}, in addition to an
RNAse and/or DNAse.

13. A process according to claim 12, wherein said
ethylenimine is acetyl-ethylenimine or
binary-ethylenimine. ' :

14. A process according to claim 12, wherein said
ethylenimine is binary-ethylenimine.

15. A vaccine compriging virus particles prepared in
accordance with any preceding claim, in association wicth

a pharmaceutically acceptable carriex therefor.

16. An influenza vaccine comprising digitonin in sufficient
quantity to act as an adjuvant.
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