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Abbreviations

Abbreviations used in this thesis are as laid down in the
Biochemical Journal Instructions to Authors (revised 1978) with the

following additions.

Ara~C l=B=D=arabinofuranosylcytosine
BUAR S=Bromodeoxyuridine

cpe Cytopathic effect

DNase Deoxyribonuclease

FA Fluorescent antibody

FUAR 5=Fluorodeoxyuridine

HA Haemagglutination

HAT Haemagglutination inhibition
hpi Hours post-infection

MM Minute Virus of Mice

pfu Plague forming units

PBS Phosphate buffered saline

FPLO Pleuropneumonig=like organisms
RF Replicative Form

RNase Ribonuclease

SDS Sodium dodecyl sulphate

SV40 Simian virus 40

TdR Thymidine
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Summaxry

Virus specific deoxyribonucleic acid (DNA) synthesis in
BHK-21/015 cells infected with the autonomous Parvovirus Minute
Virus of Mice (MVM) can first be detected 8-10 hour post infection
(hpi) and reaches a maximum rate of DNA synthesis between 14=16 hpi.
Viral DNA was extracted from infected cells, between 16-18 hpi,
using a method which preéerved protein and DNA interactions. The
mechanisms of viral DNA replication and the assembly process were

studied, under these conditions. -

A method was developed which quantitively. and selectively
extracted viral DNA from infected cells. This method relies on
lysis of infected cells with the non-ionic detergent, NP40, followed
by separation of the cells into cytoplasm and nuclei. The muclei
were then treated with various NaCl concentrations. Optimal release
of viral DNA, without release of cellular DNA, occurred at a final
concentration of 0.,5M NaCl. The optimal pH for the extraction

conditions was pH T.0.

Two nucleoprotein complexes were detected. A fast
sedimenting, approximately 1008, nucleoprotein complex, designated CI,
was present in the cytoplasmic extract. CI had a buoyant density in
CsCl slightly greater than that of mature virus and a sedimentation
coefficient slightly less than mature virus. Mature MVM sediments at
110s. CI is 20% sensitive to micrococcal nuclease digestion. The
second nucleoprotein complex, designated CII, sedimented at 225 with
a leading edge towards higher sedimentation values. CII was located
in the nucleus and constitutes the major viral DNA species in the

infected cell. Protein was shown to be associated with the DNA by




the change in sedimentation coefficient upon digestion with SDS and
pronase, the increased sensitivity of the DNA to digestion with
DNase I after treatment with agents which destroy protein and DNA
interactions, and the association of 3SS—L—methionine labelled
protein with the DINA. Reconstruction experiments have indicated
that the association of protein with the DNA is not due to an

artefact of the extraction procedure.

The DNA components in the nucleoprotein complexes were
analysed by neutral and alkaline agarose gel electrophoresis, Nal
buoyant density analysis, sensitivity to digestion with S1 nuclease
and hybridisation analysis. CI was shown to consgist of single
stranded DNA of the same molecular weight as MVM viral DNA. The
DNA was demonstrated tp be the viral strand and not the complementary
strand by hybridisation with duplex MVM DNA synthesised in vitro
from MVM viral DNA using DNA polymerase I. The main band of CIIT
consisted of a duplex DNA molecule twice the molecular weight of MVM
viral DNA and therefore represents monomer replicative form (RF) DNA.
When analysed under alkaline conditions the DNA contained molecules
up to twice genocme length. This indicated that some of the DNA in
the duplex consisted of covalently linked viral and complementary
strands. Confirmation of this was obtained by the observation that
some of the CIT DNA molecules were capable of spontaneous renaturation.
The fast-sedimenting region of CII contained DNA twice and four times
the length of monomer RF DNA, but, only contained DNA up to twice
genome length under alkaline conditions. CII was shown to be viral

in origin by displacement hybridisation.

Pulse~chase experiments revealed that CII was a precursor

to CI although no replicative intermediate could be isolated.



Preliminary electron microscopic studies revealed that
the major DNA species was a linear double stranded DNA molecule of
genome length, Potential replicative intermediates were identified

by electron microscopy but no confirmatory data was obtained.

In coneclusion, viral DNA replication occurs in the form
of nucleoprotein complexes and a ﬁutative maturation product was

identified.

The mechanisms of Parvovirus DNA replication and assembly

are discussed.



1, Introduction



l.l Nature of Viruses

Viruses were originally identified as causative agents of
infectious diseases during the late part of the 19th Century and
‘ the early part of the 20th Century. At that time it was not
possible to define in biochemical terms the nature of viruses,
although Beijerinck in 1898 noted of Tobacco Mosaic Virus "a possibly
water soluble molecule, able to replicate, but only when incorporated
into the living protoplasm of the cell, into whose reprcduction it is,
in a manner of speaking, passively drawn." Since then more refined
statements of this basic thought have been expressed. Iuria and
Darnell (1967) defined viruses as entities whose genomes are elements
of nucleic acid, either DNA ox RNA, that replicate inside living
cells using the cellular synthetic machinery and causing the synthesis
of specialised elements, the virions, that can transfer the viral
genome to other cells. There are four processes, after penetration
and uncoating, which are essential to the replication of all viruses:
transcription of the genome to mRﬁA; translation of the messages into
virus specific proteins; wreplication of the genome; and virus
assembly and re;ease. Distinguishing features that contribute to
animal virus diversity are the kind of genome (DNA or RNA), the size
and informational content of the genome, and the cellular sites of
mRNA transcription and of gehome replication (Bachrach, 1978). The
classification of animal viruses is founded on the above facets of

the replication cycle and alsc the morphology of the virion.

1.2  TheParvovirus Group

l.2.1. Classification

The generic designation,Parvoviridae, was first proposed by




Lwoff and Tournier (1966) and finally accepted by the Vertebrate
Virus Subcommittee of the Intermational Committee on Nomenclature
of Viruses (ICNV) in 1970 (Andrewes, 1970). This group is
characterised by possessing small (15-24 nm in diameter), non-
enveloped, icosahedral particles composed of one to three proteins
and a molecule of linear single stranded DNA. The viruses multiply
in the cell nucleus. The virions are heat stable and ether
resistant and have a relatively high buoyant density in caesium
chloride (approximately 1.4 g/cms) owing to their high content of
DNA (Wildy, 1971).

The family Parvoviridae can be separated intoc three genera

(Table 1):

CA) Viruses of the largest subgroup, the genus Parvovirus, are the
non-defective or gutonomous Parvoviruses, in that, to elicit a
productive infection they do not usually require the aid of a helper
virus. Members of this subgroup package one unique strand of DNA.
The term Parvovirus can be used to describe the entire family and

not only this genus. In these circumstances the members of this
genus would then be denoted as the non-defective or autonomous Parvo-
viruses. |

(B) The genus Adeno Associated Virus (AAV). The viruses in this
subgroup all require the aid of a helper virus in order to produce
progeny virions. As the name implies the helper virus is usually an
Adenovirus. A further difference is that members of this group
package approximately equal numbefs of complementary single strands
in seﬁarate virions.

(C) 'The genus Densovirus. Unlike the previous two subgroups which

contained only vertebrate Parvoviruses, this subgroup only contains




Table 1

The Parvovirus Group

Acronym

Full Name

2536383 5%

GHV

AAV1
AAV2
AAV3
AAV4
A4

AAAY
CRAV

DNVL
DNV2

Nondefective Subgroup (Genus Parvovirus)

Kilham Hat Virus

Lum - Schreiner virus
Haemorrhagic Encephalopathy
virus of Rats

Feline Panleukopenia Virus
(or Leopard Virus)
Mink HEnteritis Virus

Porcine Parvovirus

Minute Virus of Mice
Bovine Parvovirus (Haden)

Minute Virus of Canines

Goose Hepatitus Virus

Defective Subgroup (Genus Adeno-Associated Virus)

Adeno Associated Virus type 1
Adeno Associated Virus type 2
Adeno Agsociated Virus type 3
Adeno Associated Virus type 4
Bovine Adeno Associated Virus
Avian Adeno Agsociated Virus

Canine Adeno Associated Virus

Anthropod Subgroup (Genus Densovirus)

Densonucleosis Virus 1
Densonucleosis Virus 2

a Brackets include antigenically cross-reacting viruses.

b These cross-react antigenically and are probably the same

virus.

Adapted from Tattersall and Ward (1978).




anthropod farvoviruses. Densonucleosis viruses one and two {DNVL
and DNV2), which are the sole members of this group, replicate
without the aid of a helper virus, but the individuwally packaged
single strands are complementary. Verylittle is known concerning
the replication of this group and therefore this thesgis will concen-—

trate on the mammalian Parvoviruses.

1.2.2 Biology

When KRV was first isolated by blind passage from tumour
tissue it was thought likely that it may be the causative agent of
these tumours. However, upon injection of KRV into adult animals
no tumours or indeed any apparent disease developed (Kilham and
Oliver, 1959).

The probable nature of Parvoviral infection was elucidated
when hamsters were injected with H=l either in utero or within 3 days
of birth. The animals developed a mongoloid type deformity which
was characterised by small size, flat face or microcephalic domed
head, protiuding eyes and tongue, abnormal teeth or absence of teeth,
and bone fragility (Toolan, 1960a,b). A similar result was demon-
strated for ﬁRV;in that, KRV was détermined t0 be infectious for
suckling hamsters if inoculated from 1 to 4 days of age but two paths
were open to the infection. In high doses, acute illness and death
between 3 to 6 days, whereas, in low doses the animal survives but
develops the "mongoloid type" deformity (Kilham, 1961). Further
experiments with KRV demonstrated that when injected into newborn
hamsters it was possible to produce cerebellar ataxia due to the
virus selectively destroying the external germinal layer of the cere-

bellar cortex (Kilham and Margolis, 1964). -




MVM can also produce these effects when incculated into
newborn hamsters. The hamsters were usually dead or moribund 6
days later but occasional hamsters surviving the effects of a low
dose of MVM have had features of the mongoloid deformity described
for KRV and H=l (Kilham and Margolis, 1970). MVM will not infect
rats and will only produce a mild infection in mice whose only
apparent clinical sign is stunted growth. The cerebgllum of
susceptible animals was a special target for MVM but high titres
were algo found in urine and the gut (Kilham and Margolis, 1970)

The basic histoPathplogical changes upon Parvovirus
infection are a highly localiged attack focussed upon germinal
centres high in replicate activity of the neonate, particularly in
the cerebellar external germinal layeg-and a more diffuse and wide-
spread attack upon replicating supporting structures in the neo-
natal nervous system, particularly upon vascular endothelium. The
effects of Parvoviral infection are, however, pantropic rather than
merely neurotropic (Margolis and Kilham, 1970).

H=-1 injected intravenously, in high titre, into pregnant
hamsters, resulted in a marked embryocidal effect and a wide spectrum
of congenital malformations suggesting that the placenta is permeable
to virus (Fennand Kilham, 1965). In g similar study using Lulll it
was shown that the foetus was most susceptible to virus infection if
the mother was injected between the eighth and tenth day of the
gestation period (Soike et al, 1976). Toolan (1978) confirmed these
results, with H~l, but also noted a second peak of sensitivity to
infection a} day 13 of the 16 day gestation period, and suggested that
there may be a correlation between the level of maternal hormones at

the time of infection and a successful infection. The cause of this




biphasic distribution appears to be an alteration in the ability of
the virus to cross the placenta, since H=1 is only detected in the
foetuses, by cell culture analysis, at the most susceptible times
(Toolan, 1979). In all of these experiments the mother did not
show any significant signs of disease.

The adult animal is normally resistant ‘o Parvovirus
infection, but, if damage is done to a tissue which has the ability
to regenerate then it is possible that a Parvovirus infection could
result, Such a case was illustrated, whereby the partial hepatectomy
of a normally resistant adult rat resulted in growth of the injected
Parvovirus H-1 in the liver, causing hepatitis. Only the liver of
the animal was affected (Ruffalo et al, 1966). The interaction of
Parvoviruses with rapidly growing tissues, e.g. propensity to
proliferate in the uterus, placentas and especially foetugses of
pregnant animals, as well as regenerating tissue correlates with an
interesting observation on the effect of H-l on tumour production.
Toolan (1967) noted that in "mongoloid type" deformed H-1 infected
hamsters the natural occurrence of ftumours was 23/10,000 whereas in
uninfected animals tﬁe ocourrence was 500/10,000. This prompied a
more detailed study on the effects of H-l on tumour production using
the oncogenic virus, Adenovirus, to produce tumours in the hamsters
(Toolan and Ledinko, 1968). H-l hamsters which had survived the
original H=l infection either as mongoloid or non-mongoloid, but all
with high titres of HAT and neutralising antibodies, had a much
reduced level of tumour formation, i.e. 28% when compared to the 67%
of control animals. The deformed H-1 infected animals had a 13%
tumour incidence whereas the non~-deformed H~l infected animals had a

36% tumour incidence. The significance of these results on the



apparent reduction in tumour rate (whether spontanecus or induced
by oncogenic viruses) and any similar effects in the natural popu-
lation is unknown.

The ability of Parvoviruses to cause or at least be
strongly implicated as the causative agent of still births and
abortions in pigs and cattle correlates with their known laboratory
effects (Cartwright et al, 1969; Lucas et al, 1974). Recently a
posgible role of Parvoviruses in inducing abortions or still births
in humans was proposed. It is based on a statistically significant
difference (P < 0.001 of the population being the same) of the
occurrence of antibodies against H-l and X-14 in women with repeated
abortions or still births compared with levels in women with normal
births. The percentages were for H-l and X-14, respectively, 13.71%
and 9.14% in women with repeated abortions or still births and 2.66%
and 1.66% in the control sample (Guglielm.gt’ml, 1978).

The defective Parvovirus group, the Adeno Associated Viruses,
have not been implicated in any known disease, although serological
studies indicate the presence of AAV types 1, 2 and 3 in man (Blacklow

. et al, 1968a; Hoggan, 1966; Blacklow e al, 1968b).

1.2,3 Virion Morphology

The size and structure of a virion is a further determinant
in the classification of viruses into groups. Parvovirus virions
consist of small, non-enveloped, icosahedral particles. Table 2
illustrates the range in particle dimension of a selected number of
Parvoviruses. As one can see the reported size range of these
particles is between 16=30 nm, however, this may not reflect a real

difference in the size of the particles but may be due to the different




Table 2

The size of a selection of mammalian Parvoviruses

max 21

g SIZE (rm) REFERENCE
H=1 30 Chandra and Toolan (1961)
B-1 24=25 Toolan et al (1964)
H-1 30 McGeoch et al (1970)
H-l 21.5 Karasaki (1966)

KRV 28 McGeoch et al (1970)
KRV 16 Delton et al (1963)
KRV 19 Karasaki (1966)

MVM 26 Crawford (1966)

MVM 19 Crawford (1966)

MM 28 McGeoch et al (1970)
He3 19 Karasaki (1966)

HT 21.5 Karasaki (1966)

HB 19 Karasaki (1966)

PRV 20-22 Mayr et al (1968)
AAVX, 22 | Luchsinger et al (1970)
AAAY le-21 Yates et al (1973)
AAV~L 28 Crawford et al (1969)
AAv min 18 Smith et al (1966)




methods of size determination. An indiecation that this is the case
is given by the fact that the size of H=l is reported as being between
21,5 and 30 nm and the size of KRV is reported at between 16 and 28 nm.
These size differences may arise through two basic problems (Hoggan,
197L). Firstly, the method of measurement of particles which are

not spherical. Smith et al (1966) observed for AAV that the virions
were not circular and thus expressed their data as a set of two
measurements, These measurements were the minimum and maximum
dimengion of each particle. Secondly, the method of sample prepara-
{tion, since the stain used may affect the apparent size.

The elucidation of the fine structure of the virion has been
hampered by their extremely small size. The basic method used to
deduce the fine structure has been to compare negatively stained virus
preparations, observed in the electron microscope, to various
geometric models., It is agreed that the particles are naked, i.e.
they do not contain a lipid envelope (Smith et al, 1966; Mayor and
Mlenick, 19663 Karasaki, 1966) as has been confirmed by their
resistance to lipid solvents (Kilham and Margolis, 1964; Atchison
et al, 1965; Hoggan et al, 1966; Binn et al, 1970; Storz and Warren,
19703 siegl et al, 1971). Vasquez and Brailovsky (1965) suggested
that the virion structure of ¥RV could be represented by a pentagonal
dodecahedron (a dodecahedron whose faces are all pentagonal pyramids)
with thirty-two capsomeres. Karasaki (1966) for KRV, H-1, H=3, HT
and HB proposed that the virions have 32 capsomeres arranged as an
icosahedron or a pentagonal dodecahedron. The position with the AAV
group is less clear, although AAV-4 and AAAV appear to possess icosa—
hedral symmetry (Mayor et al, 1965; Yates et al, 1973), AAV has been
reported as possessing a network-like arrangement of protein fibres

(Smith et al, 1966). The final resolution of the capsid configuration

must, however, await future studies.
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l.2.4 Buoyant Density

All Parvoviruses have, for viruses, a comparatively high
bucyant density in caesium chloride which is due to the high ratio
of DNA to protein (e.g. approximately 133, DNA:protein, by weight,
for MVM, Tattersall et al, 1976). The detailed buoyant density
analysis of Parvoviruses has proved to be more complex than original
observations implied.

Payne et al (1964) studying the morphology of the Parvovirus,
X-14, reported two peaks of haemagglutinating activity when banded in
caesium chloride. The densities of the bands were at 1,40 g'/cm3
and 1.31 g/cm’ of which only the 1,40 g/om’ band was infectious.
They suggested that the 1.40 g'/cm3 band consisted of full particles
and that the 1.31 g'/cm5 band consisted of empty particles. TUsategui~
Gomez et al (1969) for H-l also observed two peaks of haemagglutin-
ating (HA) activity at 1.39 g/cm3 and 1,30 g/cmB. However, three
peaks of HA activity were observed for MVM (Crawford, 1966) and KRV
(Robinson and Hetrick, 1969). For MVM the densities were 1.43 g/cmB,
1.38 g'/cm3 and 1,35 8/cm3 and for KRV, l.43 g/cmB, 1.38 g'/cm5 and
l.32 g/cm3. Similar results were also presented for three Parvoviruses
which were isclated as contaminants of permanent human cell lines.
These viruses, KBSH, LuIIIl and TVX displayed two major peaks of HA
activity at 1.39 g/cm3 and 1,31 g/cma, with a minor peak at l.35 g/cm3
(siegl et al, 1971). Siegl (1972) analysed this property in more
detail and showed that the particles banding at 1,39 g/om’ and 1.35 g/om”
had different DNA contents. The DNA from the 1,39 g/cm’ band had a
homogenous sedimentation profile in neutral sucrose gradients with
a sedimentation coefficient of 24.7 s 0.558, whereas, the particles

banding at 135 g/cm3 contained DNA which was smaller than genome size
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and sedimented heterogenously in sucrose gradients with a peak at
approximately 10S. The lw55g/cm3 band wgs.not infeetious. The buoyant
density for the infectious‘particles of the Adeno Associated Virus
group ranged between 1,388 to 1.445 g/cm3 for AAV types 1 to 4,

AAV-2 being the lightest and AAV-4 the heaviest (Hoggan, 1971).

A further interesting feature concerning the buoyant density
profile was noted for PPV, in that the buoyant density of the full
particles was 1.38 g/cm3 but some full particles banded at a density
as high as l.44 g/cm’. These Tesults which indicated full virus
particles having a much higher buoyant density than the major band
were observed for other autonomous Parvoviruses. Haden (Johnson and
Hoggan, 1973), InIII (Gautschi and Siegl, 1973), H-1 (Rhode, 1974e).and
MVM (Clinton and Hayashi, 1975) all had full intact virus particles
of much higher buoyant density than the main infectious band. This
phenomenon was also observed for the defective AAV group.  AAAV had
a main band buoyant density of 1.39 g'/cm3 Qith some particles as dense
as l.42 8/cm5 (Yates et al, 1973) and AAV X7 had a main band buoyant
density between 1,37 to 1.38 g/cm3 with a minor band at l.43 g/cmB.

Clinton and Hayashi (1975) for MVM studied the relationship
between these particles. They fractionated infected cell extracts
on sucrose density gradients and noted the presence of two main peaks
of HA activity sedimenting at 708 and 110S. The 1108 particles were
shown to incorporate 3H thymidine and when banded to equilibrium in
caesium chloride gradients they separated into two peaks, at 1.42 g‘/cm3
and 1l.47 8/cm3- The particles were shown to contain the same ratio
of DNA to protein. The light particle has a fivefold to tenfold
greater HA activity than the heavy particle (Clinton and Hayashi, 1975)

and also has a greater affinity to bind to the presumptive infective
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cells than the heavy particles (Clinton and Hayashi, 1976). Con-
sistent with this data is that the heavy particles are a precursor
to the lighter particles (Clinton and Hayashi, 1975). An analysis
of the protein composition of the virions at these two densities
indicated that the major protein in the heavy species was protein B
whereas the major protein in the lighter species was protein C
(C;inton and Hayashi, 1975; -Tattersall et al, 1976). See section
l.2,7 for a definition of the virion proteins. The heavy particles
could be converted in vitro, to the lighter particles'by treatment
with 3 day old infected cell medium (Clinton and Hayashi, 1976) but
although protein B could be converted to protein C, in vitro, by
treatment of the denser virions with trypsin this did not alter the
buoyant density of the particle (Clinton and Hayashi, 19763 Tatter-
sall et al, 1977). Indeed, trypsin was not able to convert protein B
in the empty particle to protein C (Tattersall et al, 1977). This
suggests that although the processing event of the denser full virion
to the lighter full virion is a proteolytic cleavage it is also
dependent on a structural arrangement of the denser virion. Identical
results on the kinetic relationship between heavy and light full
particles have been obtained with H-1 (Kongsvik et al, 1978).
Recently, the non-ionic buoyant density medium, metrizamide,
has been used to study the composition of the heavy and light full
particles of H=l (Kongsvik et al, 1979). On banding in metrizamide
of both the heavy and light full particles, partially purified in
caesium chloride gradients, they both formed into two main peaks, at
l.32 g'/om3 and 1.20 g/cmB, separated by a heterogenous region, which
may be empty virus particles. Both peaks contained full length viral
DNA and the 1,20 g/om3 particle was sensitive o micrococcal nuclease,

The significance of this separation is unclear.
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1.2,5 Haemagglutination

The original isolates of Parvoviruses were demonstrgted
to haemagglutinate various species of red blood corpuscles (Kilham
and Oliver, 1959; Crawford, 1966). However, a comparison of
haemagglutination results from laboratory to laboratory is not
meaningful since the extent of haemagglutination will depend on the
quantity and type (with regard to the density of the particle in
caesium chloride buoyant density gradients) of virus particles and
the condition of the red blood corpuscles (RBC's). For these reasons
the most informative study would be that presented by Hallauer et al
(1972), in which 10 Parvovirus strains were tested for haemagglutin-
ation activity against 16 different species of RBC's (Table 3).

Some tentative general conclusions may be drawn from these results:~-

(1) all virus strains react strongly with human (group 0) and rat
erythrocytes (as well obviously as guinea pig RBC's, since the viruses -
were all initially adjusted to give a HA titre of between 1:4096 to
1:8192 when measured against guinea pig RBC's) and also, though in
some cases 10 a lesser degree, with mouse and hamster REC's.
(2) wvirus strains KBSH and PPV (which belong to the same serotype)
and MVM (serologically distinet) either failed to react or did so only
very weakly with sheep, horse, pig, cat and dog RBC's, while TVX, LuIII,
RTV (not serologically related) and the hamster osteolytic viruses
(-1, H=-3, KRV, X14) show a much stronger reaction when tested with
the same RBC's.
(3) all strains either failed to react or only did so very weakly
with cattle and rabbit RBC's.

Hallauer et al (1972) noted that for all virus strains the

haemagglutination reaction was temperature (between 400 and BTOC) and
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Table 3 Haemagglutination Spectra of selected Parvovirus Strains

groloe  KBSH VK IuIIT RW PR E-l E-3 KRV Xl4 MVM
RBC species

Human (0) 4+ 4+ e R A AR e e e
Monkey = =+ ++ ++ +; ++ ++ -

Guinea Pig 44+  +++ e el o o T I G = s = =
Mouse + + - +~+ + =+ ++ 44 ++ ++
Rat I = s I = v S A s s T = = T =
Hamster (+)  (+) -+ o+ (+) A+ A A+
Rabbit - - - - - - (® - ) -

Sheep (+)  ++ + O 5 + + + -

IHorse - s = A (+) -+ o+ 4t -

Cattle - (+) (+) - - - - - - -

Pig -+ + o= o o (+) o+ -

Cat (+) ++ - ++ + ++ 4+ + + -

Dog (+)  +++ o () + + +
Chicken =+ 4 =+ o+ (+) (#) (=)
Goose ++ ++ ++ ++ + ++ + - - (+)
Frog _ - - NT NT NT ++ + NT - NT

Bach virus strain was adjusted to a similar haemagglutination titre
(1:4906 to 1:8192) for Guinea Pig REC's. The degree of haemagglutin-
ation is expressed as -the virus dilution giving partial (approximately
50%) haemagglutination:  ::: (1:1024-8192)3 ++ (1:128=512);

+ (1:16=64); (+) (L:2=8); = (no reactivity in indicated range o<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>