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Background of the Invention

This invention relates to the detection and prevention of infection

by newly discovered etiological agents for non-A, non-B (NANB) hepatitis.

In particular this invention is concerned with making vaccines and con-

ducting inramoassays for these agents or their antibodies.

NAN3 hepatitis is defined as clinical hepatitis which cannot be

attributed to Infection by cytcrsgalovirus ,
Epstein-Barr virus, or hepa-

titis A or B.

NANB hepatitis was first identified in transfused individuals.

Transmission fron man to chimpanzee end serial passages in chimpanzees

provided evidence that NANB hepatitis is due to an infectious agent or

agents. NANB hepatitis represents up to 90S of post-transfusion hepa-

titis cases since hepatitis B antigen - positive blood is no longer

15 used for transfusion. The risk of contracting NAI-3 hepatitis after

blood transfusion has been estimated to be close to 103 in the U.S.

Therefore, it is important to screen the blood of potential donors to

detect NANB hepatitis. Further, use of donors vaccinated against NAT©

hepatitis would serve to reduce the probability of transmitting serum

20 hepatitis.

NANB hepatitis is associated with a variety of virus-like particles

found in serum and tissue extracts. Kollinger et al., in "Proc. Second

Symposium on Viral Hepatitis" (San Francisco), p. 699, (1978) report

the previous work of others in locating 20-22 in and 60-80 nm particles

25 associated with NANB hepatitis. Other particles which have been reported

to be associated with NANB hepatitis are (a) small spheres and filaments

15-25 nm in diameter, (b) 35-40 nm diameter virions which resemble the

hepatitis B DANE particle, (c) a 27 nm virus-like particle identified in

lots of antihemophilic factor and liver tissue fron chimpanzees infected

30 after administration of antihemophilic factor ("Morbidity and Mortality

Weekly

identified in hepatocytes of infected animals (Shindzu et al. ,
"Science"

205:197-200 [1979]). In addition, antigen-antibody systems not linked

to a definitive particle have been identified as associated with NANB

35 hepatitis (Kabiri et al., "lancet", August H, 1979, PP- 221-22*; Vitvitski

OMPI
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et al., "Lancet", Eecez^er 15, 1979, pp. 1263-1267; Dienstag et al.,

"Lancet", June 16, 1979, PP- 1265-1267; and Shirachi et al., "Lancet"

October 21, 1978, pp. 853-856.

'

Cbjects of the Invention

5 * A principal object of this invention is to locate and isolate virus

particles which are etiological agents for NAK3 hepatitis.

An additional object is to purify the particles without altering

their antigenic characteristics.

A further object is to prepare vaccines fraa the particles.

10 Another object is to elicit or harvest antibodies against the

particles for administration as therapeutic ganzn globulin or for use

in inEunoassays for detecting the particles.

A further object is to produce water insoluble particles and antigens

thereof, and insolubilized antibodies capable of binding the particles

15 antigens, for use in immunoassays or far affinity chromatographic puri-

fication of the particle antigens or antibodies.-

A still further object is to provide labelled, particularly enzyme

or radiolabelled, particle antigens or antibodies.

3hese and other objects of the invention will be apparent frcm

20 consideration of this specification as a whole.

Sunroary of the Invention

Applicants have discovered two unique viral particles which are

associated with NA233 hepatitis. Ihese particles are principally dif-

ferentiated on the basis of their size, although other characteristics

are helpful in classifying them.

Hie first particle rese±les a togsvlrus. It is a spherical,

coated virus having an outer diameter of 50-60 nm and a core having a

diameter of about 40 nc. Heating an aqueous suspension of this virus

at 25°C for extensive periods or exposing the virus to ether causes

it to lose its infectivity for tissue culture. It has been recovered

frcm the plasna or urine of patients suffering free KA23 hepatitis.

Pour sacples have been placed an deposit at the Atlantic T$pe Culture

Collection (ATCC): 73-2011, VR-2012, VR-2013 and VR-2014. Biis virus

will be referred to herein as a togavirus-like particle.

flAD ORIGINAL
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The second particle resembles an enterovirus. This enterovirus-

lUce particle is spherical, having a diameter of about 27 nm; exhibits

a buoyant density of 1.36 in isopycnic density-gradient centrifugation

with cesium chloride; loses its tissue culture infectivlty upon heating

in aqueous suspension for 3 hours at 98°C, but not after 10 hours at

56°Cj it is insensitive to ether; and its genetic material is positive

to a histochendcal stain for RNA. A sample has been deposited In the

ATCC as VR-2015- ,

The objects of this invention are achieved In part by novel expo-

sitions made possible by the discovery of the above deposited virus

particles as well as the parallel discovery that both may be cultured

in vitro . The compositions comprise
~~

(a) ^ purified virus particles or their antigens, particularly

those substantially free of primate protein such as human serum protein;

(b) the viral particles rendered biologically noninfectious or

their antigens for use as a vaccine;

(c) primate lnrunoglobulln which is substantially free of. ether

primate proteins and which is capable of binding at least one antigen

of the virus particles;

(d) nonprijnate antibody which is capable of binding an antigen

of the virus particles;

(e) the particles and their antigens or antibodies made water

insoluble substance for use in Ussjnoassays or chromatographic separ-

ations; and

(f) the particles and their antigens or antibodies bound to a

detectable label for use in imnunoassays.

Further, the above objects are achieved by providing methods for

making the expositions; immoassays comprising detecting or deter-

mining an antigen of the viral particles; immunoassays comprising

detecting or determining antigens present .in the core of the togavirus-

liice particle or antibodies to the particle core; immunoassays com-

prising detecting or determining Jgi capable of binding an antigen of

the viral particles; a method for recovering NAK3 hepatitis antigens,

• comprising separating the togavirus-Ute NANS hepatitis virus fro, urine;

a method for detecting KAK3 hepatitis which comprises assaying urine

for the presence of a togavirus-UXe hepatitis particle antigen;

and a method for propagating KA!E hepatitis virus comprising culturing

^ORIGINAL
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the virus In a diploid cell culture.

Detailed Description of trie Invention

Unless further qualified, the term "particle" henceforth refers

to the above five AICC deposits, collectively and individually, since

for sane purposes the togavirus and entercvirus-like particles nay be

considered interchangeable. "Particle" is net intended to describe

the physical state of the virions.

A particle antigen is defined as a substance, normally a protein,

containing at least one epitqpic site of one of the deposited particles.

Thus, "particle antigen" includes antigens which are present in par-

ticles otherwise insunologically distinct free the particles as de-

posited. A particle antigen may also be present on a viral fragment

or in solution, in both cases being free of any other antigenic sites

otherwise present cn the cccplete deposited particles.

Particle antibody is defined as an antibody capable of binding

a particle antigen, regardless of the origin of the. antibody. Such

antibody may be obtained frcn convalescent sensn or by active iranuni-

zatian of humans or lower animals with particle antigen as is more fully

described below. Also, either particle antibody or antigen may be

purified or in association with other substances, e.g. stabilizers,

carrier's, serum and the like, unless such substances are specifically

excluded.

The deposited samples of togavirus-like particle were discovered

by electronnicroscopy in the urine of four patients in the acute phase

of NA23 hepatitis during a hepatitis epidesic in Algeria. The particle

was also detected by electrcraicroscapy in the urine of five other NA>3

hepatitis patients out of a total of ten patients whose urines were

inspected for the particle. Additionally, three of the five urine

samples were infectious in tissue culture. Paradoxically, none of

the particles could be detected by electroericroscopy in the sera,

of ten acute NAK3 hepatitis patients. Nonetheless , the particle has

been detected in the sera of NK3 hepatitis-infected patients : Out

of eigfc hsKxiialysis patients whose serua glutamate-pyruvate trans-

aminose activity (SG?T) was elevated above nerval, the send of one

patient taken at the peal-: of SGrT activity contained the particle as

revealed by electromzicrcscapy. Finally, the particle has been observed
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in a sample of commercial AEF protein fraction concentrate
which had been linked to serum hepatitis infection in those
to whom it had been administered.

The enterovirus-like particle was obtained from the

5 stool of an acute phase NANB hepatitis patient. A chimpanzee

inoculated with an extract of feces of an acute hepatitis

patient developed a NANB biological hepatitis. The particle
was observed later in samples of the chimpanzee's liver.

The particles* were found to clump upon mixture with convales-

10 cent sera from 4 out of 14 NANB hepatitis patients tested

,

as visualized by immune electron microscopy. Thus these two

particles are implicated in a significant proportion of

NANB hepatitis cases.

Either particle may be cultured in vitro in tissue

15 culture. Surprisingly, the enterovirus-like particle is

particularly prolific in different diploid cell types and
culture media. ' While tissue culture is a well-known and
conventional art for growing many viruses, hepatitis-

*

associated viruses have proven to be generally difficult to

20 culture in vitro . Although earlier reports to the contrary
do exist, Cossart (Virus Hepatitis and its Control , Bailliere
Tindall, London, p. 40) observed in 1977 that the viral
agent for hepatitis B had eluded all efforts to cultivate it
in vitro . Applicants 1 method for culturing the particles

25 has facilitated the manufacture of vaccines and immuno-
assays as will be further described below.

The principal variables in the tissue culture method
of this invention are cell source, culture medium, temperature
and the timing for inoculation and virus harvest. Unless

30 described below to the contrary, none of these variables is

critical within the limits one skilled in the art would
ordinarily place in general on the tissue culture of a

virus. Selection and optimization of each parameter will be
within the skill of the ordinary artisan even though some

35 routine experimentation will be required. It is important
to note that applicants' principal contribution lies not so
much in the selection of conditions and reagents as in the

* A similar enterovirus-like particle was observed in
the stool of an acute phase :;ai;b patient.

SUBSTITUTE SHEET BAD ORIGINAL
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discovery that- these heretofore unknown particles can be
cultured in vitro at all.

The cells used in the culture must be diploid cells,
but otherwise the source is not significant. Fresh cultures
of cells prepared in conventional fashion from adult or
fetal organs, e.g. lung, kidney or liver, may be used, but
it is more convenient and manufacturing is better controlled
by cell cultures stable to indefinite replication, i.e. cell
lines. Representative examples of suitable cell lines are
MRC-5 and Wi-38, all of which are available from depositories
The cells are preferably primate although other animal cells
suffice.

Any culture medium conventionally used to grow and main-
tain the susceptible cell line is satisfactory for initially

15 culturing and then sustaining the cells during viral
replication. The preferred medium is disclosed by Morgan
et al., -Proc. Soc. Biol. Med." 73:1 (1950). It is supple-
mented with antibiotics and a small proportion, usually
about from 5%- to 15% by volume,- of human or animal serum.
If human serum is used it should obviously be free -of anti-
bodies to the particles. Air is a suitable atmosphere; the
culture container should be ventilated in a sterile fashion.

The cultivation temperature is lower than the biological
inactivation temperature of the particle in tissue culture,
readily determined by cultivating the particle over a range
of temperatures. The togavirus-like particle is biologically
inactivated at temperatures above about 25°C upon one passage
through tissue culture, but the enterovirus-like particle is
considerably more stable. Generally, this particle may be
cultured through a large number of passages at up to about

40 c, ordinarily about from 3 0-4 0°C. - Optimal cultivation
temperatures will vary depending primarily upon the cell
source and growth medium composition.

The tissue culture is allowed to grow to confluence on
the surfaces of a conventional culture chamber, so as to
maximize the population of susceptible cells. Innoculation
with particles should then follow pronptly, especially if a
stable cell line is not being used. An inoculum containing
about from 1 X 10

5
to 1 x 10

8
particles/ml may be used,
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ordinarily from prior culture although pathological samples

may be used so long as they are pretreated to remove sub-

stances which are toxic to the cell culture. It is not

necessary to exchange the tissue culture medium for brief

5 cultivation periods. However/ waste product buildup can

interfere with cell survival and viral replication after about

2 days, so a medium exchange may be desirable.

The culture should continue for about from 1 to 7 days

to achieve maximum particle yields* This period will vary

10 considerably and should



WO 82/02774 PCT/US82/00166

35

be determined for each set of conditions.

Yields of the enterovtrus-like particle are high, an the order
a

of 1 X 10^ particles/ml. Shese particles are Infective for further

tissue culture, and have remained so for over 20 passages. The par-
* *

5 tides are recovered from the culture by sicply decanting and combining

the spent media from the culture container and then purifying them

using one or more of the procedures described below. Hie purified

particles are preferably frozen in a c-edium consisting of 50? of

the growth medium without serum and 50% glycerol by volume.

10 The first subculture of the togavirus-like particle will produce

about from 1 X 10** to 1 X 105 particles/fal. Ihese particles are not

infective far further culture and are therefore believed to have be-

come attenuated as a result of replication under the conditions des-

cribed. As will be described below, such particles may be useful as

15 vaccines

.

Hie particles may also be reproduced in vivo by infecting a

. chimpanzee with pathological material. - The animal is 'monitored for

hepatitis symptoms. Plasmapheresis can then be used to recover large

quantities of infected plasma during the acute phase. Antibody can

20 also be secured frcn this plasna. Alternatively, the animal may be

sacrificed and the liver excised and homogenized as a source of particles.

It may be desirable for a variety or reasons to purify the parti-

cles present in pathological material such as tissues, urine and blood

fractions, or which are obtained through tissue culture. For exaaple,

25 if the particle is to be treated and employed as a vaccine or In an

inmmoassay, there ordinarily should be as little in the way of extra-

neous protein contamination as possible, dhus, the particle or its

antigens should be substantially free of primate proteins. Die term

substantially free does not mean that the particle antigen is devoid

30 of proteins present in its natural environment which are noncovalently

bound or adsorbed thereto, e.g., antibodies. However, the tens does

mean that all but trace concentrations of the unbound proteins nor-

mally associated with the particle or particle antigen in the patho-

logical material or tissue culture supernatant have been reaoved,

e.g., normal huraan serun proteins, urinary albumin and cellular proteins.

BAD ORIGINAL f __OMH
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Particle antigens are purified by first being separated

from water insoluble contaminants having greater dimensions or

different densities. Such contaminants may include animal

cell debris , e.g., from tissue culture; cellular svicro-

5 organism, e.g., bacteria inurine; or chylomicra in sera.

This gross separation is generally accomplished by low speed

centrifugation or filtration, the parameters of which will

obviously vary depending upon the nature and degree of con-

tamination and can be determined by routine experimentation.

10 Filtration is preferred as an initial step in processing

large volumes of particle suspension. Ordinarily, filters

having an average pore diameter of 0.8 micron may be used to

retain gross contamination and pass the particles.

The antigens may be separated from undesired materials

15 after gross contamination is removed. Suitable techniques
include precipitation, ultrafiltration and ultracentrifugation,

.
all of which are capable of distinguishing particles and
particle fragments or antigens from relatively lower molecular
weight, water soluble contaminants such as proteins and salts.

20 For example, a gross filtrate such as described .above may be
ultrafiltered with a membrane having a molecular weight cut-
dff intermediate the approximately 50 million of the particle
and the nearly 1 million of, most commonly encountered protein
contaminants* The retentate is washed with a buffered solution,

25 the washed retentate recovered and then mixed with buffers
and stabilizers such as hydroxy! compounds, e.g., sugars,
glycerol or carbohydrates; sulfhydryl compounds such as

cysteine; and proteins such as serum albumin.

It may be more convenient to precipitate the particles

30 or their large molecular weight fragments using one or more
various well-known floculating or protein precipitating agents,

particularly salting out agents or floculating polymers.

Examples include polyethylene glycol and amnonium sulfate.
The precipitating agent may be readily removed from the pre-

35 cipitate by dialysis and the particles resuspended in buffered
stabilizer solutions for* further purification or use.

The concentration of polyethylene glycol to be used will

depend upon which particle is to be purified, whether or not the particles

are intact, the electrolyte ccnstitutents of the san=le, tbs terceratrx-e
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the molecular weigjit of the polyethylene glycol and the particle con-

centration. In general, polyethylene glycol of average molecular 6000

may be added to serum to a concentration of about from 10 to 20% by

weight at a temperature of about from 1° to 5°C to precipitate the

5 particles. Precipitation from urine may not require as much polyethy-

lene glycol as with serum.

Ihe acnonium sulfate concentration to be used is dependent upon

the factors noted above for polyethylene glycol, except that the

molecular weight of the precipitant is obviously not a variable.

10 Generally, amnonium sulfate at about from 12 to 18? of saturation is

satisfactory to precipitate the particles.

• Continuous ultracentrifugation is preferred far making vaccines

as It is a physical process that introduces no potential contaminants

and can- be practiced economically in large scale. Other methods which

15 can be used to purify the particles or their antigens include centri-

fugal sedimentation in a sucrose or cesium chloride gradient, zone

• electrophoresis, or Ion exchange, gel or affinity chromatography.

Chromatography Is a versatile method since It may be readily

scaled up for commercial manufacture of the particles. Gel chroma-

20 tographic systems using cross-linked dextran beads are preferred due to

the comparatively low cost. A colunn of suitable gel can be selected

which will permit diffusion of proteins and la* molecular weight sub-

stances into the void volirre of the gel beads, thereby retarding the

progress of these contaminants througi the column, while allowing the

25 particles to pass through virtually unimpeded. The gel which is select-

ed will thus be a matter of routine exper1rrtHritation.

Any of the above methods may be combined as desired. For example,

gel chromatography of contaminated serjm an Hiogel A5M and subsequent

isopycnlc centrlfugation in cesium chloride is effective in removing

30 human serum proteins.

If a large proportion of the particle antigens present in a sanple

are particle fragments or water soluble protein antigens, thai the most

expeditious technique for separating thee may be affinity chromatography.

Antibodies capable of binding the particle antigens are covalently

35 linked or absorbed to an insoluble support using conventional procedures.
t.

The insoluble antibody is placed in a eclurr* and the sanple is passed
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through. Immunologically-bound antigen is washed with buffer

and then released by changing the ionic strength or pE of the

wash buffer. Generally, acid pH is effective at releasing the

bound antigen. Antigen prepared in this fashion is essentially

5 free of contaminant proteins.

The contaminating substances which may be removed from

pathological samples include cellular microorganisms, urea,

bilirubin, uric acid, albumin, mucins, electrolytes such as

calcium, iron, sodium, potassium, magnesium, chloride, phosphate,

10 ammonia and sulfate, cholesterol, fatty acids, proteins such as

albumin, (^-globulins , c^'^obnlins , B-globulins, fibrinogen,

and lipoproteins.

serum or urine may be immunologically complexed with antibody,

15 but antigens essentially free of adherent antibody are desir-

able for use as reagents in immunoassays.

•Such purified particles or their antigens may be made free

of primate proteins, including any particle-bound antibodies,
by tissue culture as described above but in a culture medium

20 free of undesired proteins, e.g. ceils growing in a culture
medium containing no human protein. Even if the original
pathological sample is primate, after several passages through
tissue culture the initial contaminants are diluted to unde-
tectable concentrations.

25 Purified antibody to particle antigen is also useful in

immunoassays. The impure antiserum source may be the sera of
patients convalescing from a NANB hepatitis infection or an
animal which has been immunized against the particle antigens.

The immunized animals may be nonprimates, generally guinea pigs,

30 rabbits, goats or horses, which are not susceptible to hepatitis

and thus can be injected with particles which would otherwise
be infective and potentially lethal.. The antibody-containing
gamma globulin fraction may be purified by any conventional
protein fractionation procedures previously employed to separ-

35 ate gamma globulin from plasma, e.g., alcohol, polyethylene
glycol or ammonium sulfate precipitation.

The degree of antibody purity desired will depend upon the
source and intended use. Gamma globulin for therapeutic or
prophylactic administration in the treatment or prevention of

The particles obtained from pathological sources such as
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NANB hepatitis should be of human origin and should be of as
high degree of purity as commerically feasible. Usually,
this at least entails removing the other desirable fractions of
human plasma, e.g., antihemophilic factor or prothrombin

5 complex, from the donor plasma.

Vaccines can be made from either the togavirus-liJee or
enterovirus-like particles, fragments and water soluble
antigens thereof . Intact particles are preferred >,»ac?riig? they neces-

sarily comprise the complete spectrum of antigenic determinants
10 and will confer the highest degree of immunity. It is also

desirable that the vaccines be free of non-human proteins from
such sources as the nutrient medium, cell lines or tissues in
which the virus is cultured. Intact particles meeting this
requirement may be made by culturing the viruses on human cells

IS in a medium which contains only human protein or a protein
substitute such as synthetic, low molecular weight peptides.

Intact particles for use as vaccines must be attenuated
or inactivated to eliminate biological infectivity. This may
be accomplished by treatment with an agent such as formalin
that will not significantly affect the "immunogenic or antigenic
characteristics of the preparation. A satisfactory procedure
entails adding formalin to the particle-containing solution or
suspension and incubating under conditions which will destroy
the

Q
Ctivity of the composition, usually incubation at about

from 25 to 40 C for about 1 to 5 days, or by heating under the
inactivation conditions for the two particles as described above.

Formalin is removed or neutralized after inactivation, al-
though a bacteriostatically effective amount of formalin, e.g.,
10 ug/ml, may be left in the vaccine. The viral particle count

30 is adjusted to about from 1 X 10
7

to 1 X TO
11

by the addition
of a physiologically acceptable carrier such as saline, by re-
moval of excess diluent through ultrafiltration, or by lyo-
philization and reconstitution to the desired concentration.
An adjuvant may also be added.

35 . Vaccination may be conducted in conventional fashion, for
example by subcutaneous administration of 1 ml amounts of the
vaccine at one month intervals for a total of three immunizations.
A booster at one year may be required.
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Any of the inrnunoassay methods heretofore disclosed in the art may

be used to determine particle antigens or antibodies. Tr.e following

disclosure is generally expressed in terrs of dstennining antigens.

However, antibodies may be determined using the same methods,

5 The analytical methods described herein far assaying particle

antigens or antibodies should not be construed as requiring the deter-

mination of all of the particle antigens or epitopic sites- Similarly,

it is not necessary to assay for all of the antibodies which can bind

the population of epitopic sites presented by the particle. The reason

10 for this is that mutations and varieties of viruses are frequently found

in nature. Bius, sane antibodies originally obtained by ircnunizlng an

animal against particles may not bind, or may bind very -weakly to

related NANB hepatitis strains. Fortunately, either of the viral par-

ticles described herein contain so many epitopic sites that the failure

15 of sane antibodies to bind variant sites will not significantly affect

imnunoassay effectiveness; a sufficient proportion of the antibody

population will remain capable of binding antigens cccrm to both the

immunizing and test viruses. It is even possible to base the imnuno- .

assay upon two or, in sane cases, one epitopic site. &e antibody

20 used in detecting particle antigens may be raised by indenization

against applicants' deposited particles, against strains newly iso-

lated frcra nature containing cross-reacting antigens, or against a

fragrant of those strains or new isolate. Similarly, particle anti-

gens used in immunoassays for antibody may be derived froci the

25 deposited particles, a new isolate of a virus containing a cross-

reacting antigen or a fragrant of either the deposited particles

or new isolate. A cross-reacting particle antigen is oci-e which binds

an antibody produced against an antigen of another virus with at

least about ^0? of the avidity as the antibody binds the antigen of

30 the innunizing virus.

The togavirus-like particle is unique in that its antigens

may be divided into two groups, surface and cere antigens. Surface
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antigens are those which are expressed by the intact particle.

These antigens are generally those viral proteins which are exposed

to the environment en the surface of the lipid-containing envelope.

• They are the antigens of greatest interest in diagnosis and imnuniza-

5 ticn because the intact particle is most likely to be infective

and is generally found in early states of the disease.

Incomplete particles may consist of the 40 nm diameter core only.

Such particle fragments may arise Tram stress which destroys the en-

velope or as a result of incomplete synthesis of the particle. The

10 core antigens may be determined in the same fashion as the surface

antigens. Core antigen may be prepared frcra intact particles by

contacting the particles with a detergent such as sodium dodecyl sul-

fonate which ruptures the envelope. The core may be readily separated

from the residual disrupted envelope by conventional procedures such

15 as ultracentrifugation or precipitation. The separated core or envelope

antigens may be labelled or insolubilized as described below or used
i

• as innunogehs to prepare antibodies.

Antibodies to either or both of the population of surface or core

antigens may be assayed. Such antibodies will generally fall into two

20 diagnostics11y interesting classes, imaune globulins G (IgG) and M

(IgM). It is preferred to assay IgJ4 as it is the antibody ftiaw which,

first appears during the course of infection, when Igp synthesis may

not yet have been initiated. However, IgG assays may be material for -

governmental regulation because this particular fraction is detectable

25 for many months after infection, thus demonstrating that a potential

blood donor has at one time been exposed to the particle antigen even

though the donor* may no longer be infectious.

Many suitable methods for determining IgG or Igpl exist. For exarsple,

the Igj and I&[ fractions of a test sanple may first be separated by

30 conventional procedures, most conveniently by specifically absorbing

either fraction to an insoluble surface. For exanple, insoluble

anti-Igp or antl-lgj-l antibodies may be produced in 3. first animal

species against the IgG or 1^1 of another arrLnsl species. Alternatively,

Bqyle et al., (
nJ. Immunological Ifethods 11 32 (l):51-8 [1980]) disclose
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that inmobilized staphylococcal Protein A and concanavalin A will

bind IgG or IgM antibodies, respectively. Thus , any of the foregoing

specific adsorbents may be employed to separate IgG free Ig*I. Then

a conventional imnuncassay may be used to determine the separated

5 globulin fraction.

Either heterogeneous or homogeneous ijmunoassay techniques are

satisfactory for determining particle antigens or antibodies.

Heterogeneous assays are preferred in determining intact particles or

large antigenic fragments . Heterogeneous methods all include a step

10 of separating a solid phase with bound analyte frare an aqueous

phase. In such assays an antigen or antibody is first

insolubilized, as for example by adsorption onto plastic

beads or the inner wall of a plastic test tube, by covalent linkage .

to an insoluble substance or by binding to a specific binding partner

15 already so adsorbed by linking.

One heterogeneous assay is the "competitive" method. Here, un-

labelled sanple analyte, e.g. antigen or antibody, and labelled

analyte analogue cenpete far a United nurAer of insoluble sites capable
*

of binding the analyte. lhen the insoluble, bound analyte is separated

20 frcm the free analyte and the distribution of labelled analyte deter-

'

mined. This method is preferred for the assay of particle antibodies.

In such a case, the particle antigen is insolubilized, and labelled and

sanple particle antibody cenpete far limited antigen sites.

Hie "sandwich" heterogeneous method is also suitable far deter-

25 mining particle antigen or antibody, preferably for determining particle

antigen"as Intact particles or large fragments. The method cccprises

adsorbing the sanple analyte onto Insoluble binding partner, removing

the residual sanple, adsorbing labelled binding partner onto the now

insoluble analyte, removing excess labelled binding partner and deter-

30 mining the distribution of label, usually by assaying tl-^s amount of

label bound to the solid phase. The insoluble binding partner is pre-

ferably particle antibody. A variant of this method cccprises directly

adsorbing antigen frcm the sample onto a nonspecific adsorbent, e.g.,

a polyolefin, followed by labelled particle antibody cr, sequentially,

35 particle antibody and labelled antigen.
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Another suitable technique is sequential saturation. As with
the sandwich method, a surplus of insoluble binding partner to analyte
is used to bind the sanple analyte, if any. However, rather than next
contacting the insoluble analyte with labelled binding partner, label-
led analyte analogue is added to occupy the remaining insoluble binding
sites. Unbound labelled analyte is removed and the label content of 01

of the separated phases is

Homogeneous immunoassay methods may also be employed to advantage.
Diese methods have in ccnaon the elimination of. the above-described
Phase separation; the complete detensination can be conducted entirely
with water soluble reagents. Che such method for determining particle
antigen comprises labelling particle antigen with an enzyme to form a
conjugate, following by admiring the conjugate, sample and antibody
to the antigen, and finally determining the change in enzyme
activity brought on by binding of the conjugate with antibody not
occupied by antigen in the sample (U.S. Patent 3,817,837, incorporated
herein by reference)

.

Another homogeneous assay, which may also be used in a heterogen-
eous mode, is disclosed in U.S. Patent 3,935,071, also incorporated
by reference. In an embodiment of this method for determining an
antigen, a conjugate is formed by covalently linking the antigen with
a detector ligand. Antibodies to both the antigen and detector ligand
are then mixed with the conjugate and sample. Then the usual practice
is to measure the residual, unbound antibody to the detector ligand;
it will be found in inverse relation to the amount of particle antigen.

Other suitable assay systems are disclosed In U.S. Patents 4,006,-
360; 4,134,792 and 3,996,3*5; Yorde et al., "Clinical Chemistry" 22
(8): 1372-1377 (1976) and U.S. Patent application serial mrfter 572,008,
all of which are incorporated by reference.

Ute labels to be used in the above methods are well-known. Examples
include radioisotopes, enzymes, coenzymes, enzyme modulators, stable
free radicals, and fluorescent and luminescent groups. Preferred
labels are radioisotopes, particularly 125

I, or enzymes.
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The particle antigens or antibodies may be labelled with
radio-iodine in any conventional manner. Suitable methods
use chloramine-Tor lactoperoxidase, e.g., as disclosed by
Derroody et al., "Clinical Chemistry" 25 (6):989-995 (1979) or

5 Parsons et al., "Analytical Bio-chemistry" £5:568-574 (1979),
externally radio-iodinated small molecules such as (

125
I)

iodohydroxyphenyl propionate-N-hydroxysuccinimate ester
(Bolton et al., "Biochem. Journal" 133:529-533 Q97j] ) , (

12S
I)

diiodofluorescein isothiocyanate (Gabel et al. , "Analytical
10 Biochemistry" 86:396-406 [T97J ), tertiary-butoxycarbonyl-

L-( I) iodotyrosine-N-hydroxysuccinimide ester (Assoian
et al., "Analytical- Bio-chemistry". 103 :70-76 [19851 )r or IC1
(Montelaro et al., "Analytical Biochemistry" 99:92-96(19791 ).
While the chloramine-T method is preferred for radiolabelling

15 antibody or the core of the togavirus-like particle, the
technique disclosed by Montelaro et al. is preferred for
labelling the surface of either particle.

• The invention will be more fully understood by reference
to the following contemplated examples.

*

2o
Example 1

Urine collected from a hospitalized patient diagnosed to
be in the acute phase of NANB hepatitis is first centrifuged
at 8500 X g for 10 min. 1 ml of the supernatant is layered in
a 4 ml gradient of sucrose (10-20%) , then ultracentrifuged

25 for 3 hours at 240,000 X g using an SW 50 rotor in a Beckman
L5.65B centrifuge. The pellet is resuspended in 50 to 100 ail
of 0.01 H tris saline buffer at pH 7.2. The specimen is «pgTiori

to carbon grids, negatively stained with 1% uranyl acetate
and examined in a Jeol 100 electronmicroscope. A serum sample

30 from an acute phase haemodialysate patient is treated in the
same manner. Toga-virus-like partic-les are observed in both
samples. In both instances the particles had an outer dia-
meter of 54-57 nm and a core of about 40 nm.-

Example 2

35 A urine sample in which the togavirus-like particles des-
cribed in Example 1 had been visualized is centrifuged at 8500
g for 10 min. An equal volume of 28% polyethylene glycol (average nole-
e^lar weight 6000) solution is added to the supernatant. I^s resulting

SL'SCTiTUTa SHEET f OMH



WO 82/02774
PCT/US82/00166

10

15

20

- 17 -

precipitate is centrifuged at low speed until the suspension is clarified,

The pellet is dissolved in tris buffer, sufficient ammonium
sulfate added to produce a concentration of 15% of satura-
tion, the resulting precipitate centrifuged until the sus-

5 pension is clarified, the pellet dissolved in tris buffer
and lyophilized or frozen for storage at -70°C.

Example 3

A urine sample containing the togavirus-like particles is
purified by filtering the tris suspended pellet described in
Example 1 through a Amicon-filter membrane having an average
pore diameter of 0.8 microns, followed by ultrafiltration
with a Milipore PTHK membrane having a retention capability
for molecules of molecular weight greater than about 100,000.
The ultrafiltration is conducted at a slow rate so as to

*

minimize damage to the particles by fluid shear at the mem-
brane. After three volumes of tris buffer are passed
through the retentate, thereby washing, the particles free of
lower molecular weight proteins; the retentate is ultra-
filtered to one-tenth of the applied sample volume, the mem-
brane briefly back-flushed with tris buffer, the retentate
recovered and lyophilized or frozen at -70°C.

e 4

25

30

Either the togavirus-like or enterovixns-like particles
nay be radioiodinated by the following method. The particles
are suspended in phosphate buffered saline at pH 7.4. A stock
solution of IC1 is prepared by diluting 0.56 g XI, 0.33 mg
Nal0

3 , 29.2 g NaCl and 210 ml of concentrated HC1 to 250 ml
with distilled water. Immediately before use, this stock
solution is extracted several times for 2 min. with 3 ml of
chloroform until the chloroform is no longer colored pink.
Residual chloroform is removed from .the IC1 stock by bubbling
water saturated air for 5 min. Finally, 1 ml of IC1 stock
is thoroughly mixed with 10 ml of 2M NaCl. J}.1 ml of
particle suspension is diluted with an equal volume of 1 M

35 glycine buffer (pH 8.5) and mixed with 1 mCi of Xa125 l in 0.1 .

ml of the final ici preparation and allowed to proceed for
5-10 seconds. The product is rapidly separated from unre-
acted I by gel filtration through a colurn (0.9 X 15 cm)
of Sephadex G-25 beads and eluted with phosphate buffered saline
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Example 5

A vaccine may be made by adding formaldehyde to a purified

suspension of either the togavirus-like or enterovirus-like
9

particles (1 X 10 /ml in phosphate buffered saline) to a final

5 concentration of 1:4000 and the mixture incubated with con-

tinuing agitation for 1 day at 37^C and then 5 days at 4^C.

The reaction mixture is partially neutralized with sodium bi-

sulfite to leave a final concentration of lOug/ml formaldehyde.

The vaccine is stored at 4°C.

animals for 14 weeks to demonstrate the potency of the vaccine*

For culture of either virus, the culture medium of Morgan

et al. f ("Proc. Soc. Exp. Biol. Med. n
, 73^ 1 D.95fi] ) is mod-

15 ified by adding 10% foal serum, 50 ug of dihydrostreptomycin/

ml and 100 units- of benzylpenicillin/ml. The medium is

sterilized by filtration through a 0.22 micron filter.. An

aliquot of the medium is placed into a plastic Falcon flask,

followed by an inoculum of WI38 human diploid cells. The

20 inoculated medium is incubated at 37°C until cellular con-

fluence is achieved. A urine sample containing togavirus-

like particles at a concentration of about 1 X 10
7 particles/

ml is added to the medium in a volumetric proportion of 1:75.

The culture is incubated at 37°C while maintaining the pH at
25 about 7.4 with dilute NaOH or HC1 as appropriate* After about

7 days of incubation, cytotoxic effects on the tissue culture

were noted, particularly conversion of the fibroblast cell line

into substantially spherical, birefringent cells and, ultimate-

ly, cell lysis.

30 The particles are harvested from the culture by decanting

the supernatant from the cell culture flask, centrifuging at
low speed to remove cell debris, precipitating the virus by adding

polyethylene glycol 60.00 to a concentration of about 15% and
centrifuging. The pellet is resuspenced in a conposition

35 Consisting of one half part by volume of the culture medium
without foal serum and one half part glycerol. The particles
are dtable in this composition when stored at -20°C.

Example 7

10 The vaccine is subcutaneously administered to experimental

Example 6

The process of Example 6 is repeated with the following
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modifications: The inoculum is about 1 X 10 /ml of ATCC
VR-2015 in a solution containing one half by volume of the

culture medium without foal serum and one half part glycerol.

The cell culture is a monolayer of MRC-5 diploid cells.

5 When the population of virus particles reaches about 1 X 10
9
/ml

in the supernatant culture medium, accompanied by cytotoxic
changes in the cell monolayer, the culture is decanted,

centrifuged at 1500 X g to remove cell debris and harvested
by continuous ultracentrifugation. The population of re-

10 covered particles was adjusted to aboue 1 X 10
11
particles/ml

by dilution into the suspending medium of Example 6-

Example 8

The purified togavirus-like particles or ATCC VR-2015 re-
covered in Examples 6 or 7 are emulsified in an equal volume

15 of Freund's complete adjuvant in accordance with known pro--
cedures. The antigen is then injected into the peritoneum of
a rabbit, followed by an intramuscular booster at 6 weeks.
After 14 weeks, serum is harvested from the- animal and the
globulins precipitated with 40% ammonium sulfate. The pre-

20 cipitate is dissolved and dialyzed overnight against 200
volumes of 0.04 M phosphate buffer (pH 7.2).

25 J." 89:114-123 (1963). The labelled IgG is separated from
free radioiodine by passage through a column of Sephadex G-50.
The labelled IgG is diluted to about 3 uCi/ml in a diluent of

Example 9

50ug aliquots of the antibody fraction of Examale 8 are
125

~

radiolabeled with I following Greenwood et al., "Biochem.

50% calf serum, 5% human serum negative

SUBSTITUTE SHEET



WO 82/02774

20

PCT/US82/00166

for antibody to particle antigen and 0.15 KaJJ^ . Uiis preparation is

stored at 4°C.

Example 10

The antibody to the enterovirus-like particle is purified by affinity

5 chranatography . The purified particle obtained in Example 7 is bound

to charcoal as follows : prev,*ashed, sorbent carbon is packed into a

column. The particle suspension* is introduced into the column at a flow

rate of approximately 200 ml per hour and recirculated until the column

is saturated, i.e., until no further decreases in particle titer occur

10 upon passage through the column. Residual nonspecific binding sites

are saturated by passing normal rabbit senrs through the coIicti, followed

by washing with 0.04 M phosphate buffer, pH 7.2 (PES). Rabbit serum

is chosen because a rabbit is the animal irruziizec with the enterovirus-

like particle in Exarple 8. Die collected rabbit ser-jn is diluted into

15 PBS 1:2 and added to the tarnuno-adsorbent colirm at a flow rate of about

100 ml per hour. Hie colvcn effluent is assayed far particle antibody
*

in accordance with the method of Exanple 13. Sens: irput is stopped

when particle-specific antibody begins to appear in the effluent.

The column is washed with P3S until the TTfrr*77sn effluent

20 protein content is reached as measured by ultraviolet adsorption. A

5 M Nal solution is passed througi the column at about 100 ml per hour

to elute the antibody from the particles. The collected effluent is

ultrafiltered using an Aslccn casette and 0.01 K sodiuz phosphate to

remove Nal and concentrate the solution. The solution is then filtered

25 through a 0.22 micron mecbrane and stared frozen at -?0°C until used.

Examole U-

The unlabelled antibody solution prepared in Exarpie 10 may be label-

led with an enzyme. Many suitable, well-known zsthocs exist for accom-

plishing such labelling. Die following method,, based on U.S. patent

30 Re. 29,169 is satisfactory:

5 mg of antibody and 20 rcg of horseradish peroxidase (HR?) are

dissolved in 2 nl of 0.05 K phosphate buffer of pH 6.2. *J0 ul of 255

glutaraldehyde is added and the solution shaken at rooo, tenperature

for 2 hours. Dien the nlxrure is dialyzed against PES containing 0.001

35 Mg*+ to remove glutaraldehyde , centrifuged at 250 xg, diluted in 0.05 M

m

/ nxror \
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tris (hydroxyraethyl) aminomethane buffer (pH 8), IS nonral human .albumin

0.02? NaN^ and 0.001 M MgClg- The residual unlinked enzvae may be re-

moved by gel chromatography in conventional fashion.

Other enzymes which nay be coupled to the antibody include dehydro-

5 genases such as alcohol, glycerol, L-lactate, malate, glucose 6-phos-

phate and manrdtol 1-phosphate dehydrogenase; oxidases such as glucose,

galactose, L- or D-anrLno acid, polyphenol or ascarbate oxidase; catalase;

cholinestease ; alkaline phosphatase; 3-glucuronidase; aldolase; and

histidase. Considerations In selecting the enzyme include cost, capacity

10 to be bound to the antibody, enzyme assay convenience, enzyme stability

and absence of the enzyme In the biological fluids to be assayed.

Example 12

1 ml of unfractioned guinea pig serum obtained in substantially, the

same fashion as described in Exanple 8 with respect to rabbits is coated

15 onto the inner surface of a polypropylene test tube in accordance with

U.S. Patent 3,646,346. 0.1 ml of a urine specimen free an acute NANB •

hepatitis patient and 0.1 ml of a control specimen known to be free of

'

the particles are then placed into coated tubes and incubated for 12

hours. The unbound eleraents of the sanple are washed fraa each tube with

20 water, labelled antibody of Examples 9 or U added to each tube and

Incubated for 12 hours, unbound labelled antibody washed free the tube

with water and the radioactivity or peroxidase activity bound to the

tube determined. The particle antigens could be satisfactorily detected

by determining the extent of bound radioactivity or peroxidase activity

25 in the assay tube cccpared to the central tube. The procedure of this

Example is effective far either particle and for serum rather than urine

samples/

Example 13

Ihis method is representative of techniques for assaying anti-

30 viral antibodies. Solutions of rabbit antihuman irnune globulin

were prepared at 1:1000 in 0.Q1 K tris buffer, pH 9.0- Following the

.procedure of U.S. patent 3,645, 3^6, 1 ml aliquots of the solution

are placed into snail, disposable polypropylene test tubes and allowed

to coat overnigit. The tubes were then washed and air-dried.
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A serum sample and negative control is diluted 1,000 fold into

50? calf serum, 0.2% TWeen-20 and 0.005 M ZDTA in F3S. Duplicate

0.2 ml aliquots of the test samples are incubated overnight in the

coated test tubes and then washed twice with 5 ml of water. 0.2 ml of

5 the radiolabelled enterovirus-like particle made in accordance with

Example 4 is added to each tube and incubated overnight. 3he label is

decanted and the tubes are washed twice with 5 ml of water. The tubes

are then counted in a gansa counter. Die averaged count rates are

compared with the negative control to determine whether or not the test

10 * sample is antibody positive.

If the test tube is initially coated with rabbit anti-human tnrzjae

globulin which is specific far human IgG (prepared in known fashion),

then the assay will be directed only to the feajigiia globulin portion of

the test sample which is specific far the particle. Similarly, rabbit

15 anti-IgM can be used to produce an assay specific for anti-particle IgM.
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What Is claimed is:

1- A method which cotprises

VR-2015 antigen.

assaying a biological sanple for ATCC

2. A method which ocvipp t gg?

5 body to ATCC VR-2015 antigen.

assaying a biological sanple for anti- 1

3. She method of clain 2 wherein the antibody is IgG.

4. The method of claia 2 wherein the antibody is I&l.

5. A method which casprises culturing ATCC VR-2015 In vitro in cell
culture.

10 6. Hie method of claim 5 wherein the culture is WI-38 or K3C-5
diploid cells.

<

7. Tne method of elate 1 wherein the sa=>le Is assayed far said

.
antigen by contacting the sanple with water Insoluble antibody to said
antigen, removing the sanple, contacting the Insoluble antibody with

15 labelled antibody to said antigen, removing unbound labelled antibody
from the insoluble antibody ana assaying the label In either the bound
or unbound fractions.

8. The method of claim 2 wherein the sanple Is assayed for
antibody by contacting the sarnie with water Insoluble specific binding

20 partner for the test sample antibody, contacting the Insoluble antibody
with a labelled ATCC VR-2015 antigen, removing the unbound specific
binding partner from the Insoluble antibody and assaying the label in
either the bound or unbound fractions.

9- The method of clair 8 wherein the specific binding partner
25 is staphylococcal protein A or an antibody.

10. The method of cla±= 9 wherein the binding part:

is specific for IgG or Trf-T.

r antibody

BAD OBIG1NAW
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11. The method of claim 2 wherein the ssnple is assayed for 'said

antibody by contacting the sarple with water insoluble ATCC VR-2015

antigen and labelled antibody to said antigen, removing said sarnie

and unbound labelled antibody from the insoluble antigen, and assaying

5 the label in either the bound or unbound fractions •

12. A carposition ccrprising an antigen of ATCC VR-2015 which is

substantially free of private proteins.

13. Hie ccrposition of claim 12 wherein the antigen is a con*-

ponent of an Intact ATCC VR-2015 particle.

10 14. A sterile ccrposition ccnprising ATCC VR-2015 antigen in a

pharmaceutical^ acceptable carrier.

15. lhe ccnposition of claim 14 wherein the antigen is present

as a cccponent of biologically noninfectious ATCC VR-2015 particles.

16. lhe composition of claims 14 or 15 which is dry*

15 17. A ccnposition ccnprising primate innunoglobulln which is sub-

stantially free of other primate proteins and contains antibody for

binding an antigen of ATCC VR-2015.

18. A ccnposition cccprising nanprimate antibody far binding an

antigen of ATCC VR-2015.

20 19. A ccnposition cccprising ATCC VR-2015 antigen bound to a

detectable label or a water Insoluble carrier.

20. Hie conoosition of claim 19 wherein the label is an enzyme,

radioisotope, fluorescent group, luminescent group, coenzyme, enzyme

modulator or stable free radical.
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21. A composition comprising antibody to ATCC VR-2015 antigen which

is bound to a detectable label or a water insoluble carrier,

22. The composition of claim 19 wherein the carrier is a polyolefin

surface to which the antigen is adsorbed.

5 23. The cccpositicn of clain 21 wherein the carrier is a polyolefin

surface to which the antibody is adsorbed.

24. A conpositian cccprising sterile gassa globulin to ATCC VR-2015

antigen, which globulin is essentially free of antihessphilic factor

and prothrombin cccplex.

10 25. The cocposition of clain 2k vhich is dry.

OMPI



INTERNATIONAL SEARCH REPORT
International Application No PCT/CS82/00166

I. CLASSIFICATION OF SUBJECT MATTER (If tevtral cUasfflcstlon ymbolt ippfy, Indicatt all) 1

According to International Patent Classification (IPC) or to both National Claealflcatlon and IPC

U.S. CL. 435/7
INT. CL.3 GOIN 33/54

II. FIELDS SEARCHED
——— —

—

_ .

Minimum Documentation Searched *

Classification Systim Classification Symbols

U.S. 435/7,68,188,240,241; 424/12,86,89,90

Documentation Searched ether than Minimum Documentation

to the Extent that such Oocuments are included in the Field* Searched *

INDEX MEDICUS 1978-DATE, HEPATITIS, VIRAL, HOKAN

III. DOCUMENTS CONSIDERED TO BE RELEVANT

"

Category * Citation of Document, » with Indication, where appropriate, of the relevant passages if
| Relevant to CZaJm No. "

A US,A, 4,196,265, PUBLISHED 01 APRIL 1980,
K0PR0WSKI ET AL.

1-4,7- 11,17-25.,

A US,£, 29,169, PUBLISHED 05 APRIL 1977,SCHUURS ET AL* 1-4,7- 11,11-23
j

X,P US,A, 4,217,145, PUBLISHED 02 JUKE 1981,WANDS ET AL.- 1-25

A LANCET, 8217, 24 JANUARY 1981, SHU ET AL,"SPECIFICITY
OF AN IMMUNOPRECEPITIN TEST...", PAGES 178-180*

*

1-25

" A LANCET, 8154, 15 DECEMBER 1979, VITVTTSKI ET AL,
"DETECTION OF VIRUS ASSOCIATED...", PAGES 1263-1267.

1-25

A LANCET, 8095, 21 OCTOBER 1978, SHIRACHI ET AL,
"HEPATITIS "C" ANTIGEN..."

1-25
»

e> 1

A LANCET, 8189, 09 AUGUST 1980, MORI ET AL, "VIRUS-LIKE
PARTICLES...", PAGE 318.

m

1-25

A SCIENCE, 205, 13 JULY 1979, SHIMI2U ET AL, "»0N-A,
NON-B HEPATITIS...", PACES 197-200.

1-25

A JOURNAL OF GENERAL VIROLOGY, 48, 1980, NEURATH ET AL,
"AN ANTIGEN DETECTED...", PAGES 285-295.

1-25

* Special catsgorfee of cited documents: **

"A" document defining the oeneraJ ctaie of the art

"E" earlier document but pubOahed on or after the international
filing data

IT document cfted for special reason other than those referred

to In the other categories

"O" document referring to an oral disclosure, use, exhibition or
other means

"P" document published prior to the mtaxnaHonal fifing data but
on or after the priority data claimed

*T* later document published on or after the International filing
date or priority data and not In eonfftct with the application,
but cited to understand the principle or theory underlying
the Invention

"X" document of particular relevance

IV. CERTIFICATION

Date of the Actual Completion of the International Search 1

18 MAY 1982

Date of Mailing of this International Seared) Report *

2 6 f>'AY 1982

International Searching Authority *

ISA/US .

Signature of Authorized Officer ,0
.

JOHN E

of Authorized Officer ™ s; -

Form PCT/1SA/210 (second sheet) (October 1977)



(
Intamaifonal Application Ha. PCT/US82/00166

FURTH1* INFORMATION CONTINUED FROM TMI SSCONO SHOT

VQ OMIHVATIOWa WHIM ClfTTAJM CLAIMS WtRl FPUNO UN1EAWCHABU " .

This totamatfonal March rtpcrt has not baan astaoHshad Is raapact of earbtfn claims under Artfefa 17GQ (a) forth* following nuont:
iQ Claim numbara^__ bacausa thay raiata to aubfact mattaru not roquirad to ba M«rch«d by thia Authority, nama*: •

Osfmnumbar* .b«**wthay raUtatopartoofthalittarrart^^ raqufca-
mants to attch an axtafit that no masfltegfiil IntsniajtfofiaJ aaareh can bo carrtad out **§ apactflcsilyi

Vtg] OMlWVATtONSWHlJtt UNITY OF INVENTION IS LACKING U

Thta Urtamattonaf 3—fchinq Acthortft found mcttpla to—nUoua to thta InlaraattonaJ

CLAIMS 1-4, 7-11 AND 19-23
CLAIMS 5-6 AND 12-16
CLAIMS 17, 18, 24, 25

application aa foDowa:

tlmor/ paid by tha applicant, this tatamstkuisl aaareh raport
lj3 AoaBfaqulradaaoitfonalaaarch

of tha International application.

iQ Aa cnry aoma of tha raquirad addBionaJ aaareh faaa wara tfowfy paid by tha applicant, thla IntsmaflofiaJ aaareh
thoaa cUtma of tha tetamafionai appOcstton for which faaa war* paid, apacmcaily claims*

aaarchabia claims

only

&O rsQolfad addtfional aaareh faaa wara timaly paid bytha applicant Conaaquaciby, thla tntamathuial aaareh roport ta raatrtctad to
tha (nvantten flnrt manttonad to tha claims: It Is covarad by data!

Ramsrk on Protaat

n Tha addRtonal aaareh faaa wara accompanted by appOcantfa protaat

Q No protaat aecompanlad tha paymant of additional aaareh faaa.

Form PCT/tSA/210 (aupplamanttl ahaat CQ) (October 1077)


