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PR S PACS.

In the search for greater accuracy in the

detection and titration of viruses, any new

technique whioh promises to eliminate the delays

and uncertainties of animal inoculation deserves,

and usually receives, intensive study.

Two of the most important virus "indicators"

used in laboratories today are virus haemagglutina-

tion and the production by viruses of degenerative

changes in cultured tissues. Rot only do these

techniques provide accurate methods for titrating

virus and specific antibody but they are also

valuable for the study of many aspects of virus

action on the host cell.

The similarity between the absorption of haem-

agglutinating virus on to a red cell and the first

stage in the infection of a susceptible cell suggested

that substances found to inhibit haemagglutination

would prove to be of value as therapeutic agents in

the treatment of the corresponding viral infection.

In Part I of this thesis an apparently adequate

explanation for the mechanism of haemagglutination
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inhibition by a group of bacterial polysaccharides

has been presented. This mechanism was such that

any correlation between inhibition of haeraagglutina-

tion and multiplication was extremely unlikely and

indeed none was demonstrated.

Part II is concerned with the adaptation of

tissue culture methods to the specific needs of the

virus worker in a laboratory which has limited animal

facilities. The use of human tissue has been inves¬

tigated as a source of host cells for the propagation

of the viruses of poliomyelitis. Tonsil provided

the most readily obtainable tissue and a suitable

technique was devised to utilise this tissue for the

provision of ne./ cells capable of supporting the

growth of poliomyelitis viruses. Using this tech¬

nique it was possible to isolate poliomyelitis

viruses from faeces and also to assay neutralising

antibody in serum.

The growth of several strains of Newcastle

disease virus in tissues derived from chicken embryos

has also been studied.



PART I



I H TRQDUOTI 0 fl.

The discovery of virus haemagglutination.

The independent discoveries by Hirst (1941)

and M'Clelland and Hare (194i) that allantoic fluid

from chicken embryos infected with influenza virus

can agglutinate fowl red blood cells, led to the

investigation of suspensions of other viruses for this

property. It was rapidly established that muraps and

Newcastle disease viruses agglutinated red cells in a

manner comparable to that of influenza virus. Members

of this group of haemagglutinating viruses are char¬

acterised by their power to dissociate spontaneously

from the red cell and to destroy progressively the

"receptors" on its surface.

Many other viruses have been found to agglutinate

suspensions of red cells. In general, it may be said

that these reactions differ in several significant

respects from those caused by the influenza - mumps -

Newcastle disease virus group, and since in many

instances, demonstration of haemagglutination requires

precise conditions of temperature, pH, ionic concen¬

tration and selection of susceptible red cells,

haemagglutination is rarely used as a means of titration.

These viruses may be subdivided into two groups.

Group I includes the viruses of variola, vaccinia,
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ectromelia and jneningopneumonitis, and it is interest¬

ing that only this group of comparatively large viruses

produce an active principle which is completely separ¬

able from the virus particle. Stone (1946 a and b)

has presented evidence that suggests the haemagglutinin

is a lecithin liise phospholipoid. Group II is a

heterogeneous group of viruses in which union with the

red cells is a reversible equilibrium. The most impor¬

tant members include the viruses of Japanese and St.

Louis encephalitis, foot and mouth disease and fowl

plague.

The mechaniam of haema.^glutination by the influenza

group of viruses.

Anderson (1947) showed that Newcastle disease

virus treated cells reached an equilibrium with virus

particles still attached to the cell. He farther

showed that these virus treated cells were capable of

producing agglutination of untreated red blood cells,

thus lending support to the hypothesis that virus

haemagglutination, in this case at least, is due to

red cell - virus - red ceil linlcs being formed. The

appearance of virus treate red cells when studied by

electron-microscopy (Heinmets 1948) also suggests that

agglutination is brought about by multivalent virus

acting as the linK in the formation of a red blood

cell lattice.
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Haemagglutlaatioa as a model of the first stage of
vix'us invasion of susceptible cells.

Pro® the foregoing remarks it is clear that as a

model for the study of the first step in a virus's

invasion of a susceptible cell, the type of haem-

agglutination prouucea by the influenza group of

viruses is the most amenable to study.

Hirst (1943 a and b and 194-8) has shown that the

haemagglutinins of influenza, virus-infected fluids

are intimately associated with the virus particles and

that a close correlation exists between the infective

and haemagglutinatlon titres of fresh influenzal

materials. Hirst (1943) has also shown that when

excised ferret lungs are washed to remove the blood

and then filled through the bronchi with fluids con¬

taining influenza virus the viru3 is rapidly absorbed

by the cells of the lung. Following incubation at 37°G
the virus is eluted. Stone (1948 ) has demonstrated a

very similar sequence of adsorption and elution of

influenza virus in the allantoic cavity of the chick

embryo after the oella lining the cavity have been

killed with formalin. Only dead susceptible cells

show elution comparable to that observed with red cells,

since with living cells virus absorption is followed

by invasion.
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Virus elation and enzymic action.

Hirst sad also Buraet et al.(1946) showed that

after elutioa of virus from red oell3 the cells were

incapable of being agglutinated again by the homologous

virus. This suggested a destructive process involving

certain groups ("x'eceptors") on the surface of the red

cells. Hirst then put forward the theory that the

destruction of these ''receptors" is due to a virus

enzyme active against a substrate possessed by the cell.

It also became clear that following elution the virus

was not detestably altered, a fact which supported the

ensymic concept of the action. Since no other theory

was forthcoming to explain the phenomenon, and the

facts fitted in neatly, a host of workers turned their

attentions to the study of the enzymie aspects of virus

haemagglutiaaticn.

Investigation of human red blooa cells on which

viruses of the influenza- mumps - Newcastle disease

group of viruses had been adsorbed and subsequently

eluted, revealed changes which in all cases could be

readily explained by hirst's enzyme theory. Thus

Hanig (1948) and Ada and Stone (1950) showed that the

electrophoretic mobility of virus treated red cells

was decreased. Burnet and Anderson (194'/) showed that

a new "T" antigen appeared on the red cells which upon

injection into rabbits produced "T" agglutinins for

virus treated red cells. Perhaps the most revealing
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observation was that made by Burnet et al.(1946).

They showed that virus treated cells were agglutinable

by low dilutions of normal serum. This recalled the

phenomenon of panagglutination discovered by Thomsen

(1926) and Friedenrich (1927). The latter showed that

filtrates of various bacterial cultures, notably

diphtheroid bacilli, rendered human red cell3 agglu¬

tinable by any human serum. Thus it seemed that some

bacteria produced an enzyme similar in action to that

possessed by the influenza viruses. Burnet and his

co-workers then screened many bacterial culture

filtrates for this property and found one of the most

ctive was produced by Vibrio cholerae. The active

principle, which he called "receptor destroying enzyme

(RDfi)" was capable of rendering red cells iuagglutinable

by all members of the influenza group of viruses.

That the action of 3XD3 is in fact due to a single

enzyme has not yet been proved, but appears highly

probable since reactions regarded as specific are given

by purified material (Ada and French 1950).

Although virus treated calls were found to be

resistant to agglutination by homologous virus,

Burnet (1942) showed that such cells were not always

inagglutinable by other viruses of thi3 group. In

this way a "receptor gradient" exists ou which the

position of a virus determined the degroe of "receptor"
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destruction it inflicted on the cell "receptors.' The

position of any one virus on the receptor gradient was

closely correlated with its position on the gradient

representing the amount of reduction the virus produced

in the eleotrophoretic mobility of the red cells from

which it had eluted (Ada and Stone, 1950).
i

The characterisation of the virus substrate.

The study of the viral enzyme was paralleled by

the study of the viral substrate. The latter aspect

of the problem received its greatest stimulus when

Francis (194?) showed that all normal sera contained

a substance which inhibited haeraagglutination by heated

influenza B virus. When influenza B infected allantoic

fluid was heated at 55°0 for 30 minutes the haem-

agglutination titre was undiminished but the virus had

lost the power to elute from the red cell. When this

heated or "indicator" virus was used to titrate normal

or immune sera using a haemagglutination inhibition

technique such as had been developed by Hirst (1944a)

or Salfc (1944) very high inhibition titres were

obtained. Anderson (i>48) showed that the non-specific

inhibitor could be destroyed by RDfi and b.y active

influenza virus thus demonstrating the presence in

normal serum of a soluble substrate for the virus.

These discoveries resulted in a search for other

inhibitors of heated virus haemagglutination. The
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object was to obtain a suitable substrate on which to

study the viral enzyme action. Inhibitors similar to

that found in normal serum (Francis, 1947) have been

demonstrated in extracts of red Gells of various

species (Friedewald, Miller and Whatley, 1947,

Bovarnick and de Burgh, 1947, and de Burgh, Yu, Howe

and Bovarnicic, 1948), ovarian cyst contents (Burnet,

1948a), egg white (Lanni and Beard- 1948), embryonated

egg allantoic rluia (Beveridge and Lind, 194C, and

Svedtoyr, 1948), aqueous extracts of many human tissues

(Friedewald, Miller and Whatley, 1947), blood group A

substance (Burnet 1948b) and many other animal body

fluids and tissue extracts.

Indirect evidence tended towards the conclusion

that the viral substrate was a mucoprotein, but since

none of these substances described are electro-

phoretically homogeneous this point remained unproved.

Nevertheless all inhibitors of this type were found

to contain complex carbohydrate-amino acid compounds

and were degraded by periodic acid, a substance which
I l

primarily attacks -C—links found in carbohydrates.
OH OH

Gottschalk. and Lind (1S49) found that the water

insoluble mucoid of egg white, although not eatirely

pure, provided a suitable substrate. They showed that

in the diaiysable product of virus action there were

amino acids and a reducing sugar. One year later

Tama and iiorsfall (1950) succeeded in obtaining a very
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active inhibitor of haemagglutination by heated virus.

It was obtained from normal human urine and was an

eleotrophoretically homogeneous mucopolysaccharide.

Gottschalt (1951) has identified the split product,

resulting from virus action, to be a N-substltuted

isohexosamine very similar to that obtained from egg

whits mucoid. Since the urinary mucoid is homogeneous

the residue of virus enzyme action can also be studied

and used to provide information on the chemical nature

of the inhibitor.

In a later paper, Tamm and Horsfall (1952)

described various properties of this urinary inhibitor.

It was found that at room temperature, inhibition

tltres were low when untreated viruses were used. The

only two untreated viruses which gave high inhibition

titres at room temperature were swine influenza and

mumps. It appears from enzymic experiments carried

out by Tamm and Horafall that swine influenza and

mumps viruses were the only viruses among those tested

which were incapable of reducing the inhibitory

capacity of urinary mucoprotein in five hours at room

temperature. Assuraiug that at 4°G the rate of enzymic

activity of viruses is greatly reduced it would be

expected that untreated viruses should be inhibited

by urinary mucoprotein at this temperature. They

showed that this was generally the case but that

influenza B (Lee) and Newcastle disease viruses afforded
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striking exceptions. Anderson (1948) has made similar

observations with regard to influenza B (Lee). The

low inhibitory activity at this temperature may be due

to a greater affinity of untreated Lee virus for fowl

red cells than for inhibitory raucoprotein and that

after heating the relationship is probably changed so

that the affinity for mucoprotein is increased.

The biological significance of dit- vira^ enzyme.

It seams clear that haemagglu tination and subse¬

quent red cell "receptor" destruction by the influenza

group of viruses is a manifestation of the absorption

and action of a viral mucopolysaccharidase. What is

not clear is why the virus possesses such an enzyme.

It seems unlikely that a highly specialised parasite

such as the influenza virus would possess such a

versatile enzyme unless it was vital for its mainten¬

ance or multiplication, a lively explanation of its

function is that the enzyme plays some part in the

destruction of the outer layers of the susceptible

cell and allows the virus to invade (Hirst, 1943).
On the other hand the enzyme may be necessary to free

the virus from combination with mucopolysaccharides in

the body fluids preliminary to cell penetration. Sonie

evidence to support this hypothesis has been brought

forward by yazekas do St. Oroth (I960)* He showed that

in the acute stages of human influenza, the nasal

secretion shows a change in its inhibitor quality which



12

probably represents come modification of the muco¬

polysaccharide content by the infecting virus. It is

also possible that the enzyme may have some function

intraeellul^rly in the production of new virus.

Whatever its function it is significant that no one

has succeeded in inactivating the receptor destroying

power of a virus without also destroying the ability

of the virus to infect.

Inhibition of virus action by plant polysaccharides.
i- ii~ ii— ■' f «■ ' hi T" rr'ii ni»' ii II ■< ! ■'! • i 1.11. •,— i-i - *i ~t*— -| it 1t - 11 tit it n-t>m I' mil i iii n.rm himi^iihi mi m » i«»———

In the course of woric, mainly by Green and Woolley

(1947), on the action of inhibitors of virus haem-

agglutination and multiplication, a group of inhibitors

were discovered with properties different from those

possessed by mucopolysaccharides of the type first

described by Francis. The members of this new group,

derived mainly from plant and bacterial polysaccharide

extracts, were not inactivitated by active virus or

receptor" destroying enzyme. Green and Woolley argued

that if one assumes, as Hirst does, that influenza

virus in causing haemagglutinatlon may be liicened to an
possessed

enzyme attaching a specific substrate/by the red cell,

then this activity may be inhibited by adding a suit¬

able analogue of the substrate. That is, the mech¬

anism of inhibition is a competitive adsorption and

prevention of receptors/virus union (woolley, 1949) as
is the case with indicator virus and mucopolysaccharide
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inhibitor. Green ana nQQliey'e investigation followed

the discovery by Hirst (1948) that low concentrations

of perlodate made red cells inagglutinable by influenza

virus. Hirst's discox'ery suggested that at least part

of the red cell'receptor was composed of polysaccharide.

Prior to this study by Green and Woolley there

existed very little literature on the inhibitory

effect of polysaccharides of plant origin on virus

action. Armstrong (19-38) showed that intranasal

inoculation of certain bacteria made mice less

susceptible to intranasal inoculation of either St.

Louis encephalitis virus or influenza A virus. In

retrospect it appears possible that the active agent

was polysaccharide in nature since it was present in

sterile culture filtrates and withstood heating at 74°G
for 45 minutes. Perhaps the first demonstration of the

effect of polysaccharide on virus action was by Levine

and Frisoh (1932 and 1933). They showed that some

bacterial extracts were capable of inhibiting the

lysis of the corresponding bacteria by bacteriophage.

Burnet (1934) and Gongh and Burnet (1934) confirmed

this and showed that the material bringing about

inhibition was a polysaccharide. Maurer and Woolley

(.1948) have also shown that the lysi.s of bacteria

after they have been infected with bacteriophage may

be inhibited by citrous pectin. The inhibitory effect

is not. confined to animal and bacterial viruses.
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Johnson (1941) has described the inactivation of

tobacco mosaic and several other plant viruses by-

extracts of Aerobaoter aerogenes as well as a variety

of other micro-organisms. Taicahashi (1942 and 1946)
has shown that a polysaccharide extracted from yeast

has the capacity to inactivate tobacco mosaic virus.

Green and Woolley (194?) discovered that several poly¬

saccharides, among them citrous and apple pectin, were

capable of inhibiting haeraagglutination by influenza A

(PR9). The chemical composition and homogeneity of

such materials as apple and citrous pectin are not

sufficiently established to justify exact conclusions

as to the nature of the structures bringing about the

inhibitory action. Woolley states that of the sub¬

stances he tested the most active were polygalactur-

onide3 but those containing glucuronic acid and

mannuronic acid had some activity. Alginic acid, which

is largely composed of manauronic acid was almost with¬

out activity. Green and tfoolley also showed that

relatively large amounts of apple pectin ( 25 - 50 mg. )
if injected into ttie allantoic cavity of a chick; embryo,

either before or one hour after inoculation with

influenza a (PR8) virus, inhibited to some extent the

multiplication of the virus.

although the working hypothesis which pictures

the inhibitory action of pectin as being due to com¬

petition with a structurally similar substance on the
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red cell has led to the facts which Woolley (1949)

described, some other mechanism might exist which

would explain these facts.

However this hypothesis appeared to be more

acceptable following the results of later experiments

by Woolley (1949). He purified a substance from red

cells which antagonised the inhibitory effect of apple

pectin on influenza virus haemagglutination. This

material was destroyed in vitro by highly purified

preparations of the virus.

It seems clear however that the hypothesis

proposed by Green and Woolley does not hold in a number

of cases where inhibition is brought about by bacterial

polysaccharides and is clearly due to some effect on

the red cell. Thus Keogh, North and darburton (1947)

have shown that red cells treated with a polysaccharide

containing fraction from Haemophilus influenza.

resisted agglutination by influenza virus- Kozidsiti

(1951) obtained similar results with polysaccharide

containing autolysates from several strains of

3almonella typhi.

The most intensive investigation on thi3 type of

inhibitor followed the discovery by Horsfall and

McCarty (1947) that certain polysaccharides of

bacterial origin can inhibit multiplication of the

pneumonia viru3 of mice (PVM), in the lung of the

mouse. Ginsberg et al.(1948a and l94ob) followed up
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this discovery by studying the effect of these poly¬

saccharides on mumps virus multiplication and haem-

agglutination. They found that polysaccharides

derived from type specific Friedlander bacilli cause

inhibition of the multiplication of the mumps virus in

the allantoic sac of the chick-embryo, and that this

and other polysaccharides bringing about the effect

may or may not cause inhibition of haemagglutination.

Ginsberg, Goebel and Horsfall (1948&) believe that

bacterial polysaccharides inhibit virus multiplication

by an intracellular action. They contend that the

virus can enter the cell but cannot multiply there

because the presence of intracellular polysaccharide

blocks an enzyme system essential for viral prolifera¬

tion. Moreover they are of the opinion that inhibition

of virus multiplication and haemagglutination are not

closely related phenomena. In support of this belief

they bring forward the fact that Friedlanaer type B

polysaccharide when treated with hydroxyl ions loses

its inhibitory power with respect to viral multipli¬

cation without markedly diminishing the capacity of

the carbohydrate to inhibit viral haemagglutination.

Other alternatives, such as treatment with periodate,

almost eliminate inhibitory activity with respect to

haemagglutination, but leave unaffected the capacity

to inhibit multiplication of the agent.
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Later Ginsberg and Horsfall (19494 presented

further evidence which they maintain supports their

idea that intracellular metabolic systems of the host,

not merely cell surface reoeptors'i are the factors

influencing inhibition and multiplication. It has

been shown that a pre-existing infection of mumps or

PVM virus does not prevent multiplication of the virus

of influenza A or B in the same tissue. Similarly a

pre-existing infection with influenza A or B does not

prevent the multiplication of mumps virus or PVM in

the same tissue. Ginsberg and Horsfall proposed that

since a few micrograms of Friedlander polysaccharide

inhibits the growth of mumps and PVM in the egg and

not influenza A or B, these facts, allied with the

phenomenon described above, suggest that the two groups

of viruses require the presence of different factors

within the host cells in which they multiply. Ginsberg

and Horsfall (1949b) also found that serial passage of

mumps virus in the presence of inhibitory quantities of

the capsular polysaccharide of Friedlander type B

results in the appearance of a variant strain of the

virus. If inhibition of mumps virus multiplication is

in fact due to bloctcage of an essential cellular meta¬

bolic step by polysaccharide then it could be predicted

that the resistant variant either mates use of some

metabolic step other than that affected by the poly¬

saccharide of PriedlSnder bacilli or does not require

that step.



18

Theoretically there are two stages in the cycle

of viral multiplication where the use of muco¬

polysaccharides or polysaccharides may interfere and

assume the role of therapeutic agents. Intracellularly

they may act in the manner outlined above by Ginsberg

to explain the action of Friedlander type B poly¬

saccharide on mumps virus multiplication. In the

extracellular position mucopolysaccharides of the

Francis type could combine with the virus and prevent

the linking of the virus with the "receptors" of sus¬

ceptible host cells. It would be necessary to alter

these mucopolysaccharides in some way which makes

their combination with the virus permanent. Without

this alteration these substances would be of little

value since the virus can free itself by enzymically

destroying them.

It is debatable whether a substance acting extra-

cellularly would be of value therapeutically since it

seems that at the stage when the first symptoms of

infection appear in an animal the majority of cells

are infected and the inactivation of virus subse¬

quently liberated from infected cells would have

relatively little effect on the course of the disease.

The use of substances which probably act intra¬

cellularly hold9 more hope of success and Ginsberg and

Horsfall (1951) found that by intranasal injection of
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type specific polysaccharide derived from Friedlander

type B, the course of the aisea3e caused by pneumonia

virus of mice could be favourably altered in mice even

2 or 3 days after infection.

It is clear that the polysaccharides studied by

Ginsberg et al. inhibit haemagglutination and multi¬

plication by mumps virus by means of some effect they

have on the red cell and host cell respectively.

Ginsberg et al. have provided a theory based on enzyme

inhibition to explain the mechanism of inhibition of

multiplication, but do not venture a theory on the

nature of haemagglutination inhibition by these poly¬

saccharides. They have established for Priedlander type

B polysaccharide that inhibition of haemagglutination

and multiplication are not closely related phenomena.

It remains to be discovered why this type of poly-

, saccharide inhibits haemagglutination. It was with

this purpose that a group of polysaccharides derived

from Klebsiella aerogenes and cloacae was studied in

this thesis. The effects these polysaccharides have

on viral multiplication jLn ovo and in tissue culture

was also studied and their action compared with a group

of plant polysaccharides, several of which are Known

inhibitors of viral haemagglutination and multiplication.
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VIRUSES

The following viruses were chosen as being

representative of the influenza - mumps - Newcastle

disease group of haemagglutinating viruses. They were

used in the form of allantoic fluid or dilutions of

allantoic fluid in buffered saline.

Influenza A - PR8 strain (Francis, 1954)

Influenza A (Prime) - Barclay strain (Swain, 1949)

Influenza B - Lee strain (Francis 1940)

Newcastle disease virus (NDV) of fowls - Herts strain

Mumps virus - Enders strain

All strains have been maintained by regular pass¬

ages in the allantoic cavity of embryonated hens' eggs.

Infected allantoic fluids were stored in sterile

screw capped vials with black rubber washers. Allan¬

toic fluids used for haemagglutination titrations were

stored at about -30°G in a dry-ice cabinet or more

recently in an electric deep freeze at the same tempera¬

ture. Immediately before use the frozen fluid was

thawed in a water bath at 57°G. The requisite volume

of fluid was then removed aseptically and the vial

returned to the deep freeze without delay. Pools of

virus infected allantoic fluids used for egg infectivity

titrations were prepared by adding 10 per cent sterile

glycerol to selected fluids of high haemagglutination

titre. These fluids were stored in sealed ampoules at
0 '

-76 G by immersion in a dry ice/ethanol mixture in a

vacuum canister.
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CULTIVATION OF VIRUSES

Fertile brown Leghorn eggs were managed before

inoculation according to the methods described by

Beveridge and Burnet (1946) and with a few minor

alterations the method used for intra-allantoic

inoculation of viruses was the same as that described

by these authors.

A 1:1000 dilution of infective allantoic fluid

was prepared in sterile buffered saline (pH 7.0) and

0.1 ml. of this dilution was used as an inoculum.

TABLE I gives the times and temperatures used for

the incubation of the various virus strains.

TABLE I

Age of
Virus Embryos Incubation Duration of

inoculated Temperature incubation

PR8 11 days 36°C 2 days
Barclay 11 " 36°C 2 "
Lee 12 " 35°G 2 »

Mumps 8 " 35o2 5 "
NDV 11 " 36 0 2 ■

By candling inoculated embryos after 24 hours

incubation, those wnich had died were determined and

discarded. Such deaths (which were infrequent) were

presumed to be due to bacterial contamination or

trauma produced as a result of inoculation. In all

cases infected allantoic fluids were harvested after

q
preliminary chilling at 4 C for 6 hours or overnight,
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preferably the latter. This procedure kills the

embyros and facilitates the collection of allantoic

fluid free from blood.

All infected allantoic fluids were tested for

sterility by spreading several drops on the surface

of a blood agar plate and incubating aerobically at

37 G for at least 48 hours. Occasionally thioglycolate

broth was the medium used for sterility tests.

CONCENTRATION OF VIRUSES

In experiments where a highly concentrated sus-

pension of virus was required or where the presence of

allantoic fluid was undesirable, the following method

of concentrating the virus was used.

Washed fowl red cells were made up into 20 per

cent suspensions in infected allantoic fluid at 4°q.
After holding the suspension at this temperature for

1-^ hours with occasional shaking, the red cells were

packed by centrifugation in the cold at 2,000 r.p.m.

for 5 minutes. The supernatant was discarded. Depend¬

ing on the concentration of virus required an aliquot

of buffered saline was added to the red cells ana the

suspension incubated at 37°C for 1 hour. The red cells

were again packed by centrifugation and the supernatant

constituted the concentrated virus suspension.

FOWL RED CELLS

Blood was collected from the wing vein of Brown

Leghorn cockerels. Enough 10 per cent sodium citrate
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solution was present in the syringe to give a final

concentration of 0.5 per cent citrate when 10 ml. of

blooa were withdrawn. The cells were washed 4 times

in 10 ml. aliquots of buffered saline. After the

first centrifugation any small clots were removed from

the supernatant by means of a small pleget of cotton

wool wrapped around the end of a glass rod. Red cells

were stored in the packed form at 4°C. On the day of

the experiment the red cells were re-suspended in 10 ml.

of buffered saline and centrifuged at 2,500 r.p.m. for

4 minutes. The required concentration of red ceils

was then prepared in buffered saline from the seaimented

cells. Cells used were never more than 4 days old.

HUMAN RED CELLS

Human group "0" cells were used and were obtained

through the courtesy of the authorities of the blood

bank in The Royal Infirmary, Edinburgh.

SHEEP RED CELLS

Sheep cells preserved with 0.1 per cent formalde¬

hyde (Burroughs Wellcome and Co.) were useu.

Both human and sheep cells were washed and suspen

sions were prepareu using the same method described

above for fowl cells.

LA1ED FOWL RED CELLS

Fresh fowl blood was washed twice and then re-

suspenued to its original volume in 0.9 per cent NaCl.

To each 10 nil. of suspension 0.5 ml. of 0.11M phosphat
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buffer PH 6.S - 7.0 containing 0.03 gin. purified

saponin was then aaaed. The cells were left at room

temperature for approximately 5 minutes thus ensuring

complete laking. The laked cells were then washed free

of haemoglobin by centrifuging and re-suspending about

10 times in 0.03 M phosphate buffer (pH 6.7). Care was

taken to re-suspend the sedimented cells very gently

in fresh buffer by slowly sucking in and out with a

Pasteur pipette. Laked cells could be stored at 4"C

for 14 days with the addition of 100 units of Strepto¬

mycin and penicillin. The method described above is

adapted from that described by Dawson and Elford (1949).

SALINE

Except where otherwise stated saline used in all

tests was 0.85 per cent NaCl in distilled water and

buffered at pH 7.0 with 0.01M phosphate with the

addition of 0.38 ml. 1M Ga Clg / 100 ml. (Woolley,1949)

VIRUS INESCTIVITY TITRATIONS

Serial tenfold dilution of infected allantoic

fluid were made in buffered saline. 0.1 ml. of the

desired dilution of virus was inoculated through a

small drill hole in the shell airectly above the

embryo and clear of large blood vessels. Six embryos

were inoculated with each dilution. The incubation

temperatures and times were the same as described above.

The allantoic fluid was tested for its capacity to cause

haemagglutination of fowl cells. End points (E.I.50)
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were calculated according to the method of Reed and

Muench (1938).

TUBES

For virus haemagglutination titrations and

titrations in the presence of polysaccharide, tubes

7 cm. x 1 cm. were used. These tubes had uniformly

curved bottoms free from bead mould markings or other

imperfections. Immediately after use the tubes were

emptied, rinsed in 0.5 per cent Lissapol (a neutral

detergent produced by I.C.I.) anu left soaking in the

solution o/ernight before being washed along with the

usual laboratory glassware, i.e. boiling wit.u soap.

VIRUS HAEMAQ-GLUTI HATION TITRATIONS

Dilutions of infected allantoic fluid were pre¬

pared in buffered saline. The amount of virus which in

a volume of 0.25 ml. produced partial haemagglutination

(designated 2) either directly or by interpolation

1 hour after the addition of 0.25 ml. of a 0.5 per cent

suspension of chicken red cells, was taken to equal one

haemagglutinating dose. The degree of agglutination

was noted according to the pattern method of Saik (1944

TABLE II /
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TABLE II

Notation
Description of erythrocyte

pattern
Tube from

(i) side
(ii) bottom

4 Complete H.A. Uniformly
thin layer completely
covering the concave
bottom of the tube

O
5 or 2 Partial K.A. Large clumps

of cells in the bottom of
the tube. Small area of
thin layers of cells on
upper perifery of the
tuoe. V_y

1 Trace of H.A. Compact dark
red mass with slightly
granular edges. When
tilted the cells tend to
move in one piece.

o
0 No H.A. Cells form small,

compact dark red mass with
sharp smooth edges. When
the tube is tilted the
cells run smoothly.

®
X Cells did not settle out

in 1 hour
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HEMAGGLUTINATION TITRATIONS IN THE PRESENCE OF
POLYSACCHARIDE

In order to obviate the use of separate tubes

for the polysaccharide controls and red cell controls

the following method was adopted. 0.25 ml. of a

0.75 per cent suspension of fowl red cells was aaded

to each tube and left at room temperature for 30

minutes. Tubes in which the red cells were agglu¬

tinated or lysed due to traces of soap, dirt, etc.

were replaced from a stock of extra tubes. Only

those tubes in which the red cells formed the "0"

pattern (TABLE II) were used. 0.25 ml. of the

required polysaccharide dilution were then added

and the tubes shaken before being left for a further

30 minutes. The pattern formed by the red cells

in each tube was then noted and constituted the

results for the polysaccharide control. 0.25 ml.

of a virus dilution, calculated to contain 4

haemagglutinating doses was then added to each tube.

The tubes were well shaken and left for 1 hour. The

pattern adopted by the red cell in each tube was then

recorded according to TABLE II. Positive control tubes

were always included in each titration. These contained

0.2b ml. volumes of saline, 0.75 per cent red cell sus¬

pension, and virus dilutions containing 4, 2, and 1 haem-

agglutinating doses of virus. The tube containing 4 doses

must show the "4" pattern and the tubes with 2 and 1

doses must show patterns "0, 1, 2 or 3" hut not "4"

before the titration results are valid. In this way
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the test gives the maxlnum sensitivity for the

detection of substances inhibiting haemagglutination.

KLEBSIELLA 3TRAINS

Those prefixed A were isolated in this department

by Dr. J.P. Duguid, and those prefixed N were obtained

from the National Collection of Type cultures. Full

details of the properties of Ki. aerogenes strains

III A3, A3"SI ! ana A3"0" and Kl. cloacae strains 88930

and N5936 are given by viilKinaon, Duguid and Edmunds

(1964). Kl. aerogenea strains A4 and a29 are capsulate

slime-forming mucoid bacteria identical in their

biochemical reactions to A3. Dr. P.N. Edmunds of this

Department has shown that in the system of Edwards and

Fife (1952), strains Al, A3 and A3"31" are type K54.

Strains A4, A29, N5920 and N5936 are separate types

not corresponding to any of those of Edwards and Fife,

but have been typed by Edmunds (1954).

I;.iMUNE SERA

Washed suspensions of living bacteria were used

to immunise rabbits. Serum was obtained 7 days after

the last of a series of intravenous injections, and

the titre estimated by capsule swelling and agglutina¬

tion test3.

PKEP^AaflUu OF BaCXERIAL POLYSACCHARIDES

Bacterial cells were cultivated on a lactose

ammonium sulphate, salts agar* with excess sugar to

produce maximum amounts of polysaccharide (Duguid and

Wilkinson, 1953). The cells were harvested from Roux
__

0-03 > (NHaJq SO4, 1-0-5 Na2HP04(anhyd.), 0-3<£ KH2PC>4,
Q'1% NaCl, 0-1 % K23O4, 0^02% Mg304, traces of salts -
CaClg, Co(N03)g, M1CSO4 and FeS04f
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bottles. The saline suspension of cells was then

treated ay one of the following methods.

dli • e producing organisms (Procedure a)

Jells were packed by ceatrifugation and the poly¬

saccharide precipitateu frora the supernatant.

Precipit ation of the polysaccharide frora solution

is achieved by the audition of 1 par cent sodium

acetate and 5 volumes of acetone. I he precipitate

was redissolved in water and dialysed for 24 hours

against running tap water. The solution was then

tre ted with anionic and cationic exchange resins

and centrifuged at high speed. 1 per cent sodium

acetate was then added and the polysaccharide

precipitated with 5 volumes of acetone. The precipi¬

tate was washed with acetone and etner and arieu.

Capsule and capsule and slime producing or. anisms

(groceuure B) Cells were suspended in 2 per cent

NaOH for 50 minutes at room temperature followed

by centrifugation and precipitation of polysaccharide

from tne supernatant. Trie precipitate was redis-

solved in water and diaiyseu for 24 hours against

acetate buffer (pH 4.0). The solution was then

neucralisea with waOti and centrifuges at high speed

Heprecipitation was carried out in the same way as
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described in Procedure A.

H.B. All polysaccharides which have been

prepared by Procedure 3 or which have been

prepared by Procedure 0 and then treated

with KaOE have ■'OA'' after their letters

of uesignation, e.g. A3 capsule and slime

polysaccharide prepared by procedure B is

represented by A3(Ob,Oh). It should also

be noted that the letter !,IM in brackets

uenotes the intracellular fraction.

Gapaule, and capsule and slime producing

organisms (Procedure C) The cell suspension was

adjusted to pH 7.0 and tiien steamed in a Koch steamer

for 30 minutes ana then centrifuged. The subsequent

treatment was the Same as that applied to the slime

polysaccharide supernatant in Procedure a.

It should be noted that in procedures B and G

the cells are disintegrated and the intracellular

polysaccharide goes into solution.



31

PKEPARATI ON OF INTRACELLULAR BACTERIAL POLYSACCHARIDES .

fNON-ENGAPSliLATED ORGANISMS J '

Cells were cultivated in a lactose, ammonium
*

sulphate, salts solution. Maximum aeration of the

culture was achieved by placing 50 ml. of the medium

in Roux bottles and incubating these on their sides.

The cells were packed by centrifugation and washed

twice with saline by re-suspending and centrifuging.

The final deposit was made up to a thick suspension

with distilled water and shaken with small glass beads

(Ballotini No.9) on a Mickle shaker for 2 hours. This

treatment resulted in the breakdown of the cells and

solution of intracellular polysaccharides. The cell

stroma and polysaccharide solution was then filtered

through a coarse sintered glass filter and the filtrate

centrifuged at high speed. The polysaccharide and

protein content of the supernatant was precipitated by

the addition of 1 per cent sodium acetate and 3 volumes

of alcohol. The precipitate was dissolved in a small

volume of distilled water and deproteinised in the

presence of sodium acetate and acetic acid by Sevag's

Chloroform-butyl alcohol method (Sevag, 1934). After

dialysing for 16 hours against tap water the volume of

the solution was reduced by vacuum distillation ana the

polysaccharide content estimated by the anthrone method
'

(Seifter, Dayton, Novic and Muntwyler, 1950). This

method was used in the interests of economy. Since only

a small yield of polysaccharide was expected, further

0-03# (NH4)2 S04, 1-0$ Na2HP04 (anhyd.)» 0«3$ KHoP04,
0*l$NaCl, 0-1$ K2S04» 0»02$ MgSC>4, traces of salts -
CaCl2, Go(N0g)2» MnS04 and PeS04.
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losses which would have followed, precipitation and

drying by the normal procedureihad to be avoided.

POLYSACCHARIDE SOLUTIONS

With the exception of the bacterial intracellular

polysaccharides all preparations were obtained as dry

powders. They were dissolved by shaking at room temper¬

ature with buffered saline and then 'feteameu" for 30

minutes. The highest concentration of polysaccharide

which gave a solution of viscosity compatible with

accurate pipetting was prepared. Dilutions are

expressed as the final dilutions in the test. Poly¬

saccharide solutions and dilutions were stored at 4°C.

TABLE III

Bacterial polysaccharides studied.

Organisms grown at
3b°C in excess

sugar medium

Approximate distribution of total
polysaccharide in the cell

Capsular Internal Slime

Kl. aerogenes A1 4 0.% 60%
" " A3 40% 15% 45%
" " A4 40% 15% 45%
" " A29 40% 15% 45%
" " A3"SI" ? No data 50%
" " A3"0" Nil 93% 1%

Kl. cloacae N5920 Nil 10% 90%
" " N5936 Nil 25% 15%
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Algal Polysaccharides

The following polysaccharides were obtained from

The Institute of Seaweed Research, Musselburgh, through

the courtesy of Dr. W. A. P. Black: Pure Sodium Alginate

Commercial Sodium Alginate, Pure Fucoidin, Commercial

Fucoidin and Laminarin.

Plant Polysaccharides

The following polysaccharides were obtained from

The Chemistry Department, Edinburgh University, through

the courtesy of Dr. Aspinall: Apple pectin, Citrous

pectin, Cress Seed Mucilage, Gum Myrrh, Gum Acacia and

Wattle Gum polysaccharide.

Two samples of B.D.H. purified Apple pectin were

also tested. These samples have been designated

Apple pectin (B.D.H.) while the samples obtained from

the Chemistry Department have been designated Apple

pectin (K.B.).

(
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DETERMINATION OF ELECTROFHORETIC MOBILITIES AND RATES
Off SEDIMENTATION.

The electrophoresis apparatus (Fig.l) was

adapted from that described by Anderson and Mackie

(1939). It consisted of four U-tubes (A, B, 0 and D)

graduated on each side arm and having an internal

diameter of 1.1cm. They were connected in series by

agar bridges (E, F and G) of length 13 cm. and internal

diameter 0.4 cm. The bridges contained 1.36 per cent

KHgPO^. 1.42 per cent Na2HP04, 1.26 per cent NaCl

and 2 per cent washed agar. Further agar bridges

(H and I) connected the tubes to the anode vessel

containing 5 per cent CUSO4 and to the cathode vessel

containing 1 per cent NaCl. The red cells were made

up in SO per cent suspensions in 0.1M phosphate buffer

pHTO made isotonic by the addition of 0.26 per cent

NaCl, and 10 ml. of this suspension was placed in each

tube. Buffer was carefully pipetted up to a standard

mark while the other limb was temporarily closed.

This procedure was reversed and buffer was added to

a standard mark in the other limb giving a total

volume of 15 ml. Agar bridges were dipped into the

buffer in the tubes to a depth of 0.5 cm. The platinum

electrodes were connected up to a mains supply of 230

volts D.C. giving a current of 13.5 m. amps passing

through the apparatus. The experiments were carried
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out at room temperature and measurements were made

of the level of the red cell boundaries in both limbs

of each tube at 10 minute intervals for 90 minutes.

The difference in the rate of displacement of the

boundaries in the two U-tubes' limbs was taken as a

measure of the electrophoretic mobility. The average

of the readings was calculated and the result expressed

as ij/min. The average rate of sedimentation under
gravity in the two limbs was also measured and calcul¬

ated as t|/min.
+

B

The electrophoretic mobility
and rate of sedimentation were

calculated as follows -

In the diagram opposite
^ let VI and V£ » rates of

displacement of the red cell
boundaries in limbs A and B

5 respectively. Then where E =
electrophoretic mobility and
S - rate of sedimentation the

following equations hold.

V, vz Vx - E + S
and V2 - S - E

Vi - V2
subtract (ii) from (i) E - 2 ~~

add (i) and (ii) S =

Vl
2

. (i)
(ii)

. (iii)

(iv)

Following each determination all glass parts of

the apparatus were dismantled and rinsed in saline.

They were then immersed in fresh concentrated chromic

acid solution which was heated to about 90 C for
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1 minute. The glassware was then rinsed very thor¬

oughly with hot tap water before being dried in a hot

air oven.
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EX? a.RIMEl'iT I

The effect of bacterial, algal and other

pleat polysacohariaea on haemagglutination by

the Influenza group of viruses.

Using the method of titration described on

page27 the following polysaccharides from Klebsiella

aerogenes and cloacae strains of bacteria, and

polysaccharides from seaweed and plants were tested

for their effect on haemagglutination of fowl red

blood cells by the viruses of influenza A (PR8 and

Barclay strains) influenza B (Lee strain), mumps

(Snders strain) and Newcastle disease (Herts strain).

As will be seen from TABLESVI andVII two

bacterial polysaccharides A3(03,0H) and A4(G3,0H)

inhibited haemagglutination. Apart from preventing

sedimentation of the red cells in the tubes containing

some of the higher concentrations (presumably a

viscosity effect) the following polysaccharides had

no effect on haemagglutination -

Bacterial polysaccharides - A3(C3), A4(GS),

Al(GS), A29(CS), A3"S1M(S), N5920(S), N5936(S).
giant polysaccharides - Apple pectin (BDH),

apple pectin (KB), citrous pectin, cress seed mucilage,

wattle gum polysaccharide, gum myrrh and gum acacia.

Algal polysaccharides - Sodium alginate (pure)

sodium alginate (commercial), i'ucoidin, and lamiuarin.
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BXFBRItlS^T 2

To determine she reproducibility of the results

obtained in experiment I

The titrations of A3(03,GH) and A4(G3,QH)

polysaccharides were each repeated four times and the

titration of the other polysaccharides studied in

experiment I were repeated once# On eaoh occasion

the infective allantoic? fluids were retitrated, red

cells from different fowls were used and doubling

dilutions of the polysaccharides were prepared again

from stoc& solutions.

In the four titrations with A3(C3,QH) poly¬

saccharide (Ta&L&VUI 5 the highest dilution showing

complete inhibition of haemagglutiaation was the same

in ail titrations. However, various degrees of

partial haemaggiu11nation were usually found in the

tube containing the next higher dilution

With a4(CS,QH) polysaccharide (TaBLS IX) the

highest dilutions showing complete inhibition of

haeiaagglutination were the same in all titrations

except one with Barclay virus which gave an end-point

in the next lower dilution to the other three titra¬

tions. Various degrees of p x»tlal agglutination were

in the tubes containing the next higher dilution from

the end point.

with the other polysaccharides tested again

inhibition was not demonstrated.



39

The end point of subsequent titrations v^ill be

tauten as the highest dilution showing partial

haemagglutination.

&XPgRIitaUT 3

The effect of HaOH and HC1 on the haemagglutina¬

tion Inhibition properties of A5(0S) ana A4(C3)

polysaccharide:♦

From the results obtained in experiment I it

was clear that the method of preparation of the

bacterial polysaccharides from Kl.aerogenes A3 and

A4 determined whether they posse sed the power to

inhibit viral haemagglutination, since polysaccharides

from these organisms prepared by one method were

inhibitory and by another non-inhibitory. The

method of preparation of the inhibitory products

A3(C3,0H) and A4(C3,0H) differed from their non-

inhibitory counterparts A3(CS) and A4(03) in that

they had been treated with dilute jNaOH at one stage

and later with acetate buffer (pH4). In order to

determine whether the activating principle was 0H~

or H+ ions the following experiment was carried out.

A solution of A3(CS) polysaccharide was prepared

in normal saline in a concentration of 2 mg/ml.
2 ml. aliquots were then treated according to the

following scheme -
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Tube (1) (8) (3) (4) (5)

Polysaccharide dilution 8ml. 2ml. 8ml. 8ml* 8ral

O.ois i.aOii 2 ml. 2ml. 2ml • - -

0.5H HG1. - - 2ml* 2ml.

mi. .Oil HG1*aided after Ohr lhr. 8hr. - -

3ml* 0.5U MaOH added iftor - • ihr. 8hr ■

All tubes were &ept at 57°C

After neutralisation, 2 ral. of Q.dM phosphate

buffer pii 7 was added to each tube. 8 doubling

dilutions were then prepared and tested for their

inhibitory action on haemagglutiaation by PR8 virus.

The results of the experiment above and other experi¬

ments using longer periods of HaOH treatment are

recorded in TABLE X

The results show that treatment with RaOH altera

A3(C.,) polysaocharJU® in some way which gives it the

power to inhibit haemagglutination. Treatment with

HG1 does not induce inhibitory properties in A3(03)

polysaccharide. a3(C3) polysaccharide treated with

O.o5 U KaOH for d hours at 37°C inhibits PR8 virus

haemagglutination to the same degree as does A3(03,0fl)

polysaccharide.

The result obtained with A4(G3) polysaccharide

were Similar* la this case the effect of eaoh prepara¬

tion was tested against 198 ar:d Barclay viruses (TABLE XI

and the "6 hour" preparation against Lee, Newcastle

disease and mumps viruses. The inhibitory effect of
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A4(0S) polysaccharide reached its maximum after 6

hours NaQH treatment at 37°G. The "6 hour" preparation

gave the same end point with Lee, Newcastle disease

and mumps viruses as did A4(CS,0H). A solution of

A4(CS) polysaccharide heated for 2 hours at 56°C
with 0.25 N NaOH also gave the same inhibitory titre

as the aliquot heated at 37UC for 6 hours.

KXPKRiaiL.T 4

The effect of NaOH on the haemaRglutiPatlon
inhibition properties of various bacterial, plant
and algal polysaccharides.

The results obtained in experiment II suggest

that the failure of the products tested in experiment

1 to show inhibitory properties may in some cases be

due to the feet that they were not treated with alkali

in their preparation. The effect of NaOH on these

polysaccharides was determined.

Solutions of polysaccharides (3 mg./ml.) were

prepared in saline. 2 ml. aliquots were heated at

56°0 for 2 hours with 0.25 N NaOH and then neutralised

with 2 ml. 0.25 N NaOH. To each neutralised solution

2 ml. 0.2 M phosphate buffer pH 7 was added.

Following this treatment the polysaccharides

listed below were tested against the five viruses'

haemagglutination inhibition properties.
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Bacterial polysaccharides - Al(CS), A29(C3), A3ttSl"(S),
N5920(3), W5936(S).

Plaot polysaccharides - Apple pectin (BDH and KB).
citrous pectin, cress seed
mucilage, wattle gum poly¬
saccharide, gum myrrh,
gum acacia.

Algal polysaccharides - Sodium alginate (pure and
commercial) fucoidin,
laminarin.

Prom TABLESXII andXIII respectively it will be

seen that only Al(C3) and A29(CS) revealed inhibitory

powers following NaOH treatment.

It was interesting that all the inhibitory poly¬

saccharides discovered in this investigation were

derived from bacteria producing capsules and slime and

that none of the organisms which produced slime alone

gave rise to active products.

It was therefore pertinent to determine whether

the active portion of the polysaccharide preparation

is present in the eapsule or in the intracellular

polysaccharide - these being the two components absent

in the polysaccharides from bacteria producing only

slime.

KXPERI;£BjNT 5

The effect of A3 capsule and intracellular poly¬

saccharideand A3 slime polysaccharides on haemagglu-
tlnation.

A3 cells were washed from the agar surfaces of

twenty Soux bottles with saline. The saline suspension

of cells was then centrifuged at 13,000 r.p.m. for
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30 minutes. This treatment sedimented the capsulated

cells and left the slime in the supernatant. The

slime polysaccharide was precipitated by procedure A

(page29 ). Traces of slime were washed from the packed

cells by resuspending them with gentle stirring in

cold saline and then centrifuging at 13,000 r.p.m.

for 15 minutes. The supernatant was discarded and

the process repeated. Two volumes of saline were then

auded to the packed cells and the reaction adjusted to

pH7. The capsular and intracellular polysaccharide

mixture was then prepared by procedure C (page 30 ).

Separate solutions of slime polysaccharide ana

capsule and intracellular polysaccharide were prepared

in saline. Aliquots of these solutions were treated

with 0.25 NNaOH for 2 hours at 56°G and then neutralised

with G.25NHC1.

The four solutions were tested against PR8 virus

for haemagglutination inhibition properties. From

TABLE XIV it will be seen that HaOH treated slime and

UaOH treated capsule and intracellular polysaccharide

gave the same inhibitory titre. The untreated solu¬

tions did not show any inhibitory action. Therefore,

it would appear that in the case of A3 polysaccharides

the inhibitory properties are not peculiar to either

the slime or capsule plus intracellular fraction.
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Since the approximate distribution of total A3

polysaccharide is a3 follows:- 40I capsular 15*

intracellular and 45* slime (Duguid, personal com¬

munication) it seems very likely that the intra¬

cellular and capsular polysaccharides have the same

Inhibitory power weight for weight as slime poly¬

saccharide. However* the following possibilities

cannot be ruled out at present.

(1) Capsular polysaccharide is less active and
intracellular polysaccharide more active
(or vice versa) than slime polysaccharide.

(2) All the activity is contained in one fraction.

In oraer to determine if either of theee two

possibilities is tenable it would be necessary to

investigate the effect of the capsular and intra¬

cellular polysaccharides uncontaminated with ecch

other. The technical difficulties involved in the

preparation of these two fractions appeared to be too

great to overcome and the problem was therefore

approached indirectly.

BXPSKIfriBHT 6

The effect on haemagRlutination of intracellular
polysaccharides from Kl. aerogenss A3"Q" and A3"dl"
and K1. cloacae H6936 and 115930.

(i) aS^O"

The intracellular polysaccharide from a non-

encapsulated mutant of A3, designated A3"0", was

prepared by the method described on page 31. The
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inhibitory action ou viral haemagglutination was

tested before and after BaOH treatment (2 hours at

56°G with 0.25 jMHaOH). By using this preparation

as an indicator of the inhibitory action of A3 intra¬

cellular polysaccharide, the assumption is made that

the two polysaccharides are very similar. Since this

assumption is of doubtful validity the results obtained

with A3"0,? intracellular polysaccharide can at best be

only suggestive of the effect A3 intracellular poly¬

saccharide might hbiVe.

The very slight inhibitory effect shown with

NaOH treated A3"0S' intracellular polysaccharide

(TABLE XV ) leads one to suspect that the inhibitory

action of A3(OS,OB.) polysaccharides lies primarily

in the capsule and slime fractions. The liveliest

explanation of the equality of the end points found

with the slime ana the capsule plus intracellular

fractions in experiment 5 is that the sensitivity of

the titration method is too low to detect the "dSution"

of the capsular fraction by the weakly inhibitory

intracellular polysaccharide.

(ii) Aa-'Sl", N5936 and N5920

Binoc in the earlier experiments the polysacchar¬

ides from organisms producing only slime did not

include their intracellular fraction, these fractions

were prepared from iU. aero^eaes A5"31f and Al.cloacae

N5936 and L5920 and tested for inhibitory properties
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before and after HaOH treatment. A3"31" and N5936

preparations gave slight evidence of inhibitory

properties and in the highest concentration U592Q

gave a uoubtful reaction with mumps virus.

The results are shown in the following tables -

A3"31" TABLE XVI

115936 TABLE XVII

N5920 TABLE XVIII

The mode of action of inhibitory polysaccharide -

The inhibitory action of the bacterial poly¬

saccharides may be due to one of the following effects

or to a combination of two or all these effects.

(A) A physical effect not directly involving
either the virus particles or the red
cell.

(B) An effect produced by combination with
the virus.

(0) An effect produced by combination with
the red cell.

In both (3) and (o) tae combination may be

either rigid or dynamic.

The following three experiments were designed

to investigate as fully as possible each of these

possibilities.
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SXPtiRIMM. 7

(a) Physical effect - The effect of altering
the. tube surface on the end point of virus titrations
and polysaccharide Inhibition titrations.

It seems lively that the adsorption of virus

particles on to the inner glass surface of tubes used

in haera&gglutiaation tests plays an important part in

allowing the typical pattern of virus agglutinated cells

to be formed. If this assumption is made, a possible

explanation for the inhibitory effect of polysaccharide

can be proposed. By adsorbing on to the glass,

inhibitory polysaccharide may be able to prevent the

subsequent adsorption of virus on to this surface and

in this way prevent the typical pattern of virus

agglutinated cells being formed.

It i3 possible that by altering this surface

some variation in results would lead U3 to suspect

the glass sui'face as the site of polysaccharide action.

A batch of new haemagglutination tubes was

cleaned with a mixture of hot sulphuric and nitric

acids. The tubes were then rinsed 50 times with hot

tap water and 5 times with warm distilled water and

then dried in a net air oven.

The batch was then aivided into three lots. One

lot received no further treatment and will oe describes

asI,normal"tubes. The second batch wa3 soared in 10%

silicone solution in carbon tetrachloride for 30

minutes ana then inverted on filter paper to drain.
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The tubes were then heated in a hot air ovea for

2 hours at 160°C. The third batoh was soared in

melted paraffin wax (M.P. 55°0) and then left to

drain in an air oven at 56°0 for 15 minutes. They

were ccoled to room temperature before use.

Using A3(CS,Oii) polysaccharide and PH6 virus,

haemagglutination titrations ana haemagglutination

inhibition titrations were carried out in the normal

way. From TABLEXIX it will be seen that no variation

in end point from the normal was detected in the

silicone and wax coated tubes. Wo conclusion on the

possible action of inhibitory polysaccharide can be

made from the results of this experiment.

BXPLIhL,UL.T 8

(3) The interaction of inhibitory polysaccharide
and virus.

It is now generally accepted that the phenomenon

of virus elution from the surface of red cells is pre¬

ceded by the alteration of the red cells1 virus

'receptors"by a viral enzyme (Burnet,1942 ). it has

also been frequently shown that most mucopolysaccharide

inhibitors of heated virus haemagglutination are

altered and lose their inhibitory property following

incubation with active virus, presumably as a re ult

of the action of the "receptor" ues troying enzyme.

(Tamm and Horsfall, 1U52). It was therefore of interes
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to determine whether A3(CS,0H) polysaccharide is

likewise altered by prolonged incubation with active

virus and al3o whether combination between poly¬

saccharide and virus would account for the inhibitory

action of the former on haemagglutination.

A preliminary experiment was necessary to deter¬

mine the action of normal allantoic fluid on A3(CS,0H)

polysaccharide since in the experiment proper, PR8

virus was added to the polysaccharide in the form of

neat infected allantoic fluid.

To three sterile tubes were added 1.5 ml. of

pooled, fresh, normal allantoic fluids from four

13 day embryonated hen eggs. 0.5 ml. of a sterile

solution of A3(C3,0H) polysaccharide (4mg./ml.) was

then added to each tube. The tubes were then treated

as follows -

Tube (a) Heated immediately for 15 minutes
at 100°G.

Tube (u) Incubated at 37°C for 24 hours and
then heated for 15 minutes at 100°C.

Tube (c) Incubated at room temperature for
24 hours and then heated for 15
minutes at 100°G.

8 doubling dilutions in buffered saline were then

prepared from each tube. To 0.25 ml. of each dilution

was added 0.25 ml. of a 0.75 per cent fowl red cell

suspension and 0.25 ml. PR8 virus dilution containing
4 haemagglutinating dos^s.
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The results recorded in TABLE XX were difficult

to interpret. If an enzyme capable of degrading the

polysaccharide was present in normal allantoic fluid

and was active at pH7 and either of the temperatures

of incubation used in this test, a lower end point

of inhibition would be expected in- the dilutions

from tubes (b) or (c). However, apart from the

initial partial agglutination the end point was

undiminished. The partial agglutination found in

the initial dilutions may be due to some substance

present in allantoic fluid which is capable of

agglutinating fowl cells but is not inhibited by

A3(C3,GH) polysaccharide. It would appear from the

results obtained using allantoic fluid infected with

PR8 that in this case the infected allantoic fluid

does not contain this hypothetical haemagglutination.

It may be that this substance is only produced in

chick, embryos whose metabolism has not been altered

by infection with PR8 virus.

The effect of incubating A3(CS,QH) polysaccharide with
PR8 virus.

(i) The effect on the inhibitory action of the poly -
saccharide -

Fresh allantoic fluids from four 13 day embryon-

ated hens eggs inoculated 48 hours before with PR8

virus were pooled. The haemagglutination titre was

at least 1:1000. To three sterile tubes was added
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1.5 ml* of infected allantoic fluiu and 0.5 ml. of a

startle solution containing 4 tag./ml. of A3(03»0K)

polys icoharide. The four tubes were then treated in
the same way as tubes (a) (b) an! (c) describe! above.

The results are shown in TABLE XXI ,

From the results of these two tests it seems that

under the conditions of this experiment the inhibitory

property of A3(OS»OH) polysaccharide is not altered

by incubation with active virus.

(ii) The effect on the virus -

Immediately before the contents of the tubes

described above were inactivitated by heating, 0.35 ail.

ali^uota were removed ana the haeraagglutination titre

of eaoh determined* The end points did not differ

significantly from the controls (TABLAXXIl). The

controls consisted of pooled infected allantoic fluid

to which was added 0.5 ml. saline in place of A3(C3,0H)
polysaccharide. In the titration of the polysaccharide

virus mixtures, haemagglutlnation was shown only in

the higher dilutions and at a point greater than the

inhibitory concentration of the polysaccharide. These

results show that no irreversible combination or inter¬

action taxes place between the virus and the poly¬

saccharide since the virus can be freed from the

inhibitory action of the polysaccharide by diluting
a mixture of the two.
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(iii) The possibility of dynamic virus/pol.ysaccharide
union.

The possibility that polysaccharide combines with

the virus particles in the form of a dynamic equili¬

brium cannot be excluded by the results of the experi¬

ment described above. If this state exists, it would

be expected that by increasing the amount of virus

present, the amount of polysaccharide required to

prevent haemagglutination must also be increased.

The effect of adding increasing amounts of PR8

virus to several identical ranges of twofold dilutions

of A3(CS,OH) polysaccharide solution was therefore

studied. A similar experiment using A4(08,0H) poly¬

saccharide and Barclay virus, was also carried out.

The dilutions of the polysaccharides plus red

cells were left for 30 minutes before different

amounts of virus were added. The results of these

experiments shown in TABLS XXIII suggest that if the

red cells are left in contact with the inhibitory

polysaccharide for a sufficiently long period (30

minutes) a subsequent increase in the amount of virus

aided will not bring about a significant drop in the

end point. This indicates that the action of poly¬

saccharide is due to its effect on the red cell and

that this effect is almost complete after 30 minutes

at room temperature.
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EXPERIMENT 9

(0) The interaction between inhibitory poly¬
saccharide an; the red oeil.

(i) The effect of absorbing A3(03,OH) polysaccharide
solutions with fowl red cells.

The follov/ing experiment was designed to show

if fowl red cells combined with an inhibitory poly¬

saccharide and removed it from solution.

Doubling dilutions of A3(C3,QH) polysaccharide

were prepared in buffered saline. To 0.5 ml. of each

dilution was added 0.5 ml. of a 3 per cent suspension

of fowl red cells in buffered saline. The tubes were

left for 2 hours at room temperature with frequent

shaking and then centrifuged at 1000 r.p.m. in an

angle head centrifuge for 5 minutes. The red cells

were thrown down to form a compact button. 0.25 ml.

of the supernatant from each tube was then added to

0.25 ml. of 0.75 per cent fowl red cell suspension

and followed by 0.25 ml. of a PR8 virus dilution

containing 4 haeraagglutinating doses. A range of

polysaccharide dilutions, identical to those aescribed

above before absorption with red cells was also

prepared. 0.25 ml. of these dilutions was aaded to

0.-s5 ml. of red cell suspension and virus dilution

in an identical manner to the supernatant fluids

described above. The haemagglutination end points

were then determined and the results recorded in

TABLE XXIV A
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From the table it will be seen that there is a

significant difference in the end points resulting
from the inhibition shown by the absorbed poly-

saccharide and the unabaorbed control. The fowl rod

cells had therefore absorbed polysaccharide from

solution or altered its ability to inhibit haem-

agglutination.

The following experiment was carried out to

determine whether there is a loss of polysaccharide

determined chemically after treatment of a solution

of polysaccharide with red cells.

Six doubling dilutions of A3(C3,01i) polysaccharide

were prepared in saline. The initial dilution con¬

tained 500 ^ug/ml. and the final dilution contained
15 pg/ml. To each of a series of tubes containing
5 ml. of the polysaccharide dilutions and also a

control tube containing 5 ml. saline was added 5 ml.

of a 10 per cent suspension of red cells. The mixture

was frequently shaken while being held at room

temperature for 5 hours and then left overnight" at 4°C.
The red cells were packed by centrifugation and the

supernatant removed. The cells were then washed twice

with 2 ml. aliquots of saline by re-suspension and

centrifugation and the washings aaded to the original

supernatant. The volume was then made up to 15 ml.

with saline and the polysaccharide content estimated
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by the enthrone method (Seifter, Dayton, Novic and

Muntwyler, 1950).

The results are shown in TABLS IV below.

The absorption of A3(CStQH) polysaccharide by a 5 per

oent suspension of fowl red cells.

Initial concentration of
polysaccharide jug/ml. 250 125 62.5 31.3 15. 6 7.8

Final concentration of
polysaccharide pg/m.1. 240 114 57 24 7.5 2.5

Amount of polysaccharide
absorbed by red cells
jug/ml. 10 11 5.5 7.3 8.1 5.3

It can be seen that 1 ml. of a 5 per cent sus¬

pension of red oells will absorb from 5-11 pg a3(G3,QH)
from solution, the result being largely independent

of the initial concentration of polysaccharide.

These results suggest that there is a certain fixed

amount of polysaccharide which will combine irrevers¬

ibly with the red cell. It must be emphasised,

however, that the method of estimation has its

limitations, particularly at the highest and lowest

concentrations.

(ii) If these polysaccharides act on the red cell

and combine with it as has been shown by Ginsberg

et al., (1948b) to be the case with Friedlander's

bacillus polysaccharide, then they should show

resistance to haemagglutination after having been

washed free from uncombined polysacchariae.
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To 5 ml. of a 1 mg./ral. solution of a3(G3,QH) was

aided 3 ml. of a 10 per cent suspension of red oells.

The suspension was left for 3 hours, at room tempera¬

ture and frequently shaken. The cells were then

centrifuged and washed 4 times with saline. The

packed cells were diluted to form a 0.5 per cent

suspension and 0.25 ml. of this suspension was aided

to doubling dilutions of PRO virus of known haem-

agglutlnating titre (1:1200) in 0.25 ml. volume. As

shown in TABLSXXlVBthe polysaccharide-treated cells

resisted 600 haemagglutinating doses of virus. This

result suggests that the inhibitory action is primarily

due to some irreversible change in the red cell.

aXPSRIHdlaT 10

The agglutination of fowl red cells sensitised
with Klebsiella polysaoohariaea by antiserum prepared
against the living bacteria.

If the polysaccharide combines with the red cell

and forms a layer on the cell surface it may be possible

to agglutinate these cells with antiserum which reacts

and forms a precipitate with the polysaccharide.

Since no data was available on the reactivity of

rabbit antiserum prepared against living suspensions

of Klebsiella oacterio* with polysaccharides derived

from these organisms, preliminary costs were necessary.
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The following rabbit antisera were used -

Antiserum A3 - prepared against A3 organisms and
reacting with A3, A1 and A3"81M
bacterial suspensions.

Antiserum A4 - prepared against A4 organisms and
reacting with A4 bacterial
suspensions.

Antiserum N5936 - prepared against N5936 organisms
and reacting with N&936 bacterial
suspensions.

Using the three antisera described above and

pooled normal rabbit serum from four rabbits, pre¬

cipitation ring tests were carried out with the

polysaccharide preparations listed in TABLE XXV.

The tests were carried out in the following way. One

nig./ml. solutions of the polysaccharides were prepared

in saline and five drops of each solution were placed

in narrow agglutination tubes, An equal volume of

antiserum dilution was then layered on to the poly¬

saccharide solutions and the tubes left at 37°C for

3 hours. Precipitation if present was usually seen

at the interface after 15-30 minutes. Prom TABLE XXV

it can bo seen that the polysaccharides precipitate

with the homologous antiserum to the same titre

regardless of whether they had been treated with NaOH.

In the experiment proper, suspensionsof fowl red

cells (10 per cent) were made up in 3aline solutions

containing 1-2 mg./ml. of a series of polysaccharides
.

, , ^C. The cells were thenand left overnight at 4
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centrifuged and washed four times with saline. The

serum was inactivated at 60UC for 30 minutes and

doubling dilutions were prepared in 0.2 ml. of saline.

To each tube was added 0.2 ml. of 0.2 per cent treated

red cell suspension and the tubes were well shaken

before being left overnight at 4°G. The results are

shown in TABLEXXVI the end point being expressed as

the reciprocal of the highest dilution showing agglu¬

tination. TiiBL£ XXVlshows clearly that marked

agglutination of fowl red cells with dilute antiserum

will only take place when the cells have been sensi¬

tised with the homologous BaOH-treated polysaccharide.

This suggests that only following NaOH treatment are

the polysaccharides able to combine with the red cell

an J also that the inhibition of haemagglutination is

correlated with- the absorption of the polysaccharide

on the red cell surface. However, since AS^si'^SyOH)

combines with the red cell but does not alter its

agglutinability by virus it seems that adsorption of

a polysaccharide on the red cell is not enough in

itself to cause inhibition of haemagglutination, and

that some other factor is also responsible.

LXld.lU :&x T 11

The absorption and elution of virus by poly¬
saccharide treated red oells.

Polysaccharides may inhibit haemagglutination

because they combine with or mask the virus "receptors"
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oa the red call surface, thus preventing the virus

acting as a link, between red ceils. If this is so,

an inhibitory polysaccharide such as A3(08,GH) should

prevent virus absorption on to the red ceil whereas

a non-inhibitory polysaccharide such as A3"31"(3fQH)
should allow absorption, having left the virus

"receptors"free and combined with scan other part of

the red cell surface. The following experiments were

carried out to test this hypothesis.

(a) Direct measurement of absorption and elation of
virus.

Suspensions of red cells were made up to 10 per

cent in saline and in a solution of A3(CS,0H) in

saline (3mg./ml.). They were left overnight at 4°0
when the cells were ceatrifuged ana washed 3 times

with saline. The red cells were then made up in 10

per cent suspension in a purified PES virus suspen¬

sion having a haemagglutination titre of 1:1300.

The suspensions were frequently shaken while being

held at room temperature. At intervals 0.5 ml. was

wikhurawn with chilled pipettes from each tube and

centrifuges at 1~21>G. The supernaianis were titred

by haemagglutination for their virus content.

The results, shown in Fig. 2 , reflected the

ability of normal and polysaccharide treated red cells

to absorb ana elute PR8 virus. A similar experiment
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12 3 4

HOURS AFTER MIXING RED CELLS AND VIRUS

1—•—• normal red cells

. . A3(G3,0H)polysaccharide treated red cells

Pig. 2

The absorption of virus by normal and polysaccharide
treated red cells, and its elution from these cells.
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was carried out using undiluted mumps virus infected

allantoic fluid saving a haemagglutination titre

of 1:300, the results also being. shown in fig. 2.

from fig. 2 it can be seen that "PRO virus is

absorbed by, and eluted from, polysaccharide treated

red ceils in almost exactly the same way as it is

from normal cells. 3ince the polysaccharide treated

cells are highly resistant to haemagglutination by

PH8 virus it seems that the mechanism of haemagglu-

tination inhibition by this polysaccharide is not due

to its presence on the red Cell preventing primary

rea cell virus union. However, it does seem from

fig. 2 that polysaccharide treated red cells are

much less able to absorb mumps virus than normal red

cells. This effect would explain why such cells are

resistant to agglutination by mumps virus.

(b) Electroa Microscopy of normal ana pol^Saccuaride
treated laked red cells before and after virus

treatment.

Since polysaccharide treated red cells resistant

to haemagglutination appear to absorb virus like normal

red cells, it was of interest to determine whether

the presence of virus could be demonstrated by electron

microscopy.of polysaccharide tx*eatea la*.ed cells.

Using a tube test it was found that a concentrated

suspension of PRS virus having a haemagglutination

titre with normal rea ceils of 1:1200, failed to
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agglutinate a 1 per oeot suspension of saponin-laked

red sell ghos ts in dilutions greater than 1:300. When

the la&ed cells were soared in A3(CS,0H) and then

washed, agglutination was inhibited even with a 1.2

dilution of the virus suspension. These polysaccharide

treated cells were agglutinated by a 1:256 dilution

of Anti-A3 3erum, showing that the A3 polysaccharide

had combined with the laiced cells. It is of interest

to note that although normal laxed red cells sometimes

gave auto-agglutinable suspensions in saline, they were

stabilised and settled out normally, following treat¬

ment with A3(03,OH).

La^ed cells were diluted to make a 10 per cent

suspension in a saline solution of A3(03,0H) (2mg/ml.)

and left overnight at 4"G. After washing four times

with saline, the la&ed cells were then aadad to a

1:10 dilution of PR8 virus in saline to give a 5 per

cent suspension. The mixture was held at 1-2UG for

45 minutes when an equal volume of chilled O.i per

cent osmic acid in saline was added. The fixed cells

were washed 3 times with distilled water, mounted

on the grid membrane,* dried and shadowdd at an angle

of 15° v/ith gold/palladiurn. They were then examined

in the electron microscope. Controls included normal
lated cells with and without added virus.

The density of virus particles on the la&ed

cells examined on any one grid was fairly constant
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Electron micrograph of a normal 1 sited
fowl red cell showing the nucleus and
the smooth cell membrane (x 15,000}
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Normal la«ted fowl red cells treated
with PRa virus showing virus particles
on the cell membrane (x 11,000)
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La&ed fowl red cell a treated with inhibitory
A3{Ca, uH) polysaccharide sod with PES virus

wing virus particles on the call rae^abrane
(x 1.1,000)
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Normal Xsited fowl red oellu treated
with mumoa virus showing virus part.ioXes
on the cell membrane (x la,000)
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lased fowl red cells treated with
Inhibitory A3(03,OH) polysaccharide
sad with taowpe virus sfcowieg very few
virus particles on the cell membrane.
The large white particles on the
:nenfc>r$ae ere probably pieces of the
disrupted nucleus. (% .i.j,ooo)
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and red cells chosen for photographing represent the

appearance of the average member of the grid, From

Figs. 3, 4 and 5 it can be seen that normal and poly¬

saccharide treated laked cells both absorb PR8 virus

to approximately the same degree.

A similar experiment with mumps virus showed

that polysaccharide treated la&ed cells had a greatly

reduced power to absorb mumps virus compared with

normal virus treated control cells (Figs. 6 and 7).

a :?.d?x;.iE.Lir 12

The effect of Kl. aerogenes and Kl. cloacae

polysaccharides on the surface charge of red cells.
In the light of these results, any explanation

of the mechanism of polysaccharide inhibition of

haeraagglutination by PR8 virus mast allow for the

fact that the resistant cells are still capable of

absorbing thi3 virus.

The possibility that the polysaccharide acted

by increasing the surface charge of the red cell was

Investigated. If the surface charge was increased it

is conceivable that the resultant increase in the

mutual repulsion of treated red cells would be

sufficient to reduce or even eliminate the possibility

of 3table red cell-virus-red cell Units being formed

and leading to the typical pattern of haemagglutina-

tion.

(i) The acid agglutination point of normal and poly¬
saccharide treated red cells.

3inoe the acid agglutination point of a
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negatively charged body will vary with the magnitude

of its surface charge by suspending polysaccharide

treated cells in buffered saline at various pH values

it was possible to determine the acid agglutination

point. If the value of the acid agglutination point

of polysaccharide treated red cells is lower than

normal then it ia a fair assumption that these cells

have a higher surface charge.

Red cell suspensions (10 per cent) were prepared

in saline (0.86 per cent haCl) solutious of different

polysaccharides (1-2 wig./ml.) and left overnight at

4JC. The cells were then centrifuged, washed 4 times

with saline and made up into 10 per cent suspensions

in saline. To 0.025 ml. of each red cell suspension

were added 0.5 ml. volumes of a range of buffers

varyiDg by 0.2 pH units. The buffers wore 1:10

dilutions in 0.85 per cent sodium chloride solution

of Mcllvaine'a buffer (0.1M citrio acid and 0.2M

disodium hydrogen phoaphate-pH range 2.2-8.0)

The results shown in TndLl V below indicate

that only those polysaccharides which inhibit

haemagglutinac.ion lower the acid agglutination point

to a inarmed extent.
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TABLS V

The acid-agglutination points of normal and poly¬
saccharide treated red cells In Mcllvaine's buffers.

Sensitising
polysaccharide
(no NaOH
treatment)

pH at which
agglutina¬
tion dust
occurs

Sensitising
polysaccharide
(NaOH
treated)

pH at which
agglutina¬
tion just
occurs

None 4.6 - -

A3(CS) 4.6 A3(GS,0H)* 3.8

A4(CS) 4.4 A4(GS,GH)* 3.4

A3"S1"(S) 4.4 A8,,31m(S,0H)/£ 4.4

115936(3) 4.6 N5936(S,0H)^ 4.6

A1(C8) 4.6 Al(CS,QH)* 4.0

A29(G3) 4.6 A29(C3,0H)* 3.8

^Inhibitory -^Absorbed but non-inhibitory ijflot absorbed

These results suggest that the presence of an

inhibitory polysaccharide on the red cell surface

increases the negative charge and this lowers the acid

agglutination point and therefore presumably the

isoelectric point of the cell.
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(ii) The electrophoretic mobilities and rates of
sedimentation of normal and polysaccharide
treated red cells.

If the surface charge of a red cell is altered

by polysaccharide, it may be possible to demonstrate

changes in the electrophoretio mobility of these cells.

The apparatus used allowed accurate comparisons

of the electrophoretic mobilities of variously treated

red cells to be made without recourse to fine control

of temperature and current as is necessary when using

a micro-electrophoresis cell. Since human red cells

were more readily available than fowl red cells they

were used to test the efficiency and suitability of

various modifications made to the apparatus before it

appeared in its final form.

The method finally adopted was as follows. Fresh

washed fowl red cells were made up into 20 per cent

suspensions in 2 mg./ml. solutions of various poly¬

saccharides and left overnight at 4JC. The red cells

were then washed 3 times with saline and once with the

buffer used for suspension in the electrophoresis

apparatus. Polysaccharide treated cells were placed

in tubes A and G and normal cells in tubes B and D.

The experiment was then repeated with the same red

cells after they had been washed once and re-suspended

in 10 ml. fresh buffer, the U-tubes being interchanged.
The e/erage value of the 4 tubes was tafcen and the
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electrophoretic mobility of the polysaccharide treated

cells compared with control.

The results shown in TA3LEXXVII indicate that only

those polysaccharides which inhibit haemagglutination

cause an increase in the electrophoretic mobility

(EPM) and therefore the surface charge. It should

also be noted that the rate of sedimentation of

inhibitory polysaccharide treated red cells is retarded

approximately in proportion to the degree of increase

in the EPM. For sedimentation results see TABLE XXVIII

The importance of the surface charge in viral

haemagglutination can be seen from this and the

previous section. Thus none of the polysaccharides

which have previously been shown to be unabsorbed, i.e.

those with no flaOH treatment and also Ji5936(s,OH),

produced any appreciable change in the acid agglutina¬

tion point (ap) or in the EPM. On the other hand those

polysaccharides capable of absorption and causing

inhibition of agglutination all lowered the AP and

increased the spm. It can also be seen that Al(CS,Oii)

which is not so effective in inhibiting haemagglutina-

tion lowers at AP to a smaller extent than A3(CS,OH)

and A4(CS,0H). The importance of the lowering of the

AP and raising of EPM, both a result of an increased

surface charge, can be seen in the case of A3"31"(3,0H).
This polysaccharide, although it is absorbed by the red

cell, causes no lowering of the AP or increase in the

epm and is non-inhibitory.
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aXPKRIMSHT 13

The effect of Kl. aerogenes ani Kl. cloaoae
polysaccharides on the multiplication of the
influenza group of viruses.

Multiplication in ovo - Giusberg et al. (1948, a,b)

found that the polysaccharide of Friedlander type B

inhibited both haernagglutination and multiplication

by the mumps virus. Since the polysaccharides studied

in this investigation are similar in many respects to

those used by these authors, it was of interest to

aetermine their effect on virus multiplication.

Preliminary teats on the polysaccharides for their

toxicity to the chick embryo were necessary. This was

estimated by inoculating four 11 day old chick embryos

intra-allantoically with 0.25 ml. of a buffered saline

solution of polysaccharide containing either 0.5 or

I eng./ml. In some cases higher concentrations of

polysaccharide were U3ed. If embryos survived after

a further incubation period of 2 days the preparation

was taiien to be non-toxic. All polysaccharides tested

conformed to this standard of non-toxicity.

An inoculum of 0.25 ml. polysaccharide solution

was introduced into the allantoic sac of at least six

II day old chick embryos (8 day old embryos in the

case of mumps virus). After leaving the embryos for

90 minutes at 37°0 a second inoculum containing 100

£.1.50 doses of virus in 0.1 ml. saline was inoculated

intra-allantoically. As a control, a second batch
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of at least 6 embryos was inoculated initially with

0.26 ml. of saline and after 90 minutes at 37°C with

100 S.I. 50 doses of virus. Embryos inoculated with

PR8 virus and Newcastle disease virus were incubated

at 36°C for 48 hours and those inoculated with mumps

virus for 5 days at 35°C. Following overnight chilling
o

at 4 0 the allantoic fluid of each embryo was tested

for its content of haemagglutinins, this being ta&en

as a criterion of virus growth.

As will be seen from TABLE XXUnone of the poly¬

saccharides brought about a significant inhibition of

viral multiplication.

Multiplication of NDV in tissue culture.

Using the methods described in Part II of this

thesis, the effect of various bacterial and plant

polysaccharides on the growth of Newcastle disease

virus (Herts strain) in tissue culture was determined.

Growth of Newcastle disease virus in this type of

culture produces a marked degeneration of the fibro¬

blastic outgrowth after 24-48 hours.

Roller-tube cultures each containing five frag¬

ments of 13 day old chicle embryo heart muscle were

cultivated for 48 hours when a suitable outgrowth of

fibroblasts appeared. The fluid medium was removed

from the tubes and 0.2 ml. of each polysaccharide
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dilution in Hand's saline, along with 0.6 ml. of fresh

nutrient medium was auded to two tubes. The tubes

were then returned to the incubator for 4 hours. A

virus dilution was prepared in nutrient medium so

that 0.2 ml. contained 100 minimum tissue-culture

infective doses (M.TfG.D.). The inoculum of virus

0.2 ml.) was then added to the cultures and incuba¬

tion continued for a further four days. Controls

included tubes without virus and others without poly¬

saccharide. In all cases the highest concentration

of polysaccharide which failed to produce cellular

degeneration after four days incubation was used in this

experiment.

As will be seen from TABLSXXX none of the poly¬

saccharides tested prevented the appearance of typical

degenerate changes and therefore presumably did not

affect the growth of Newcastle disease virus in this

cultural tissue.
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APPENDIX.

Several experiments which do not have a direct

bearing on the investigation are described briefly -

(1) The fact that alkali treatment induced several

Klebsiella polysaccharides to combine with the red

cell, suggested that a similar treatment of tubercle

polysaccharides might cause them to combine firmly

with red cells. If this is so it may be possible to

make red cells very sensitive to agglutination by serum

from patients suffering from tuberculosis. This

reaction is the basis of the Middlebrook and Dubos

test (1948) for the diagnosis of tuberculosis. However

normal and NaOH treated tubercle polysaccharides,

precipitated from Old Tuberculin (Burroughs Wellcome),
when tested against six sera from patients with pulmon¬

ary tuberculosis, were found to sensitise human group 0

cells to the same degree.

(2) The polysaccharide A3(GS,0H) was found to inhibit

haemagglutination of human group 0 red cells by

influenza A (PR8) virus. A concentration of 50 jig/ml.
of polysaccharide inhibited 4 haemagglutinating doses

of virus. This is 10 times the amount required to

inhibit haemagglutination of fowl red cells by 4 haem¬

agglutinating doses of PR8 virus. A3"S1"(S,0H) did not

inhibit haemagglutination of human group 0 red cells.
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(3) The possibility that red cells treated with an

inhibitory polysaccharide would be more resistant to

serum agglutination was investigated. Sheep cells

were treated with A3(CS,0H) polysaccharide overnight

at 4°G and their agglutination by anti-sheep red cell

horse serum compared with that of normal sheep red

cells. On two ocoasions the dilution of serum just

causing agglutination was the same, but on one

occasion the end-point with polysaccharide treated

red cells was two doubling dilutions lower than with

normal cells.
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The chemotherapy of virus infectious presents

difficulties which are not met with in bacterial

diseases. Since viruses multiply in an intracellular

environment they will compete with the cell for

Metabolites and enzyme systems essential for the

synthesis of viral substance. It follows that any

agent which inhibits an enzyme system or blocks a

metabolite appropriated by the virus will also lead

to the death of the host cell unless the enzyme or

metabolite utilised by the virus is not required by

the cell. It is therefore significant that of the

fifty odd viruses which cause disease in man, only the

large viruses of the lymphogranuloma venereum-

psittacosis group have been found to be amenable to

broad spectrum antibiotics (woodward, 1950; vVright

et al. 1951). The susceptibility of this group of

viruses is correlated with their possession of enzyme

systems apparently absent in the smaller viruses

(Bauer, 1953).

Among the smaller viruses the only well estab¬

lished case of enzymic action is the "receptor"

destroying activity of the influenza group of viruses.

This activity is characterised by the destruction of

red blood cell surface "receptors" and the inactivation

of mucopolysaccharide haemagglutination inhibitors.

It seems certain that a highly adapted parasite lite

the influenza virus would not possess such an enzyme

unless it was essential for its existence. If an
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analogue, structurally similar to the viral enzyme

substrate can be found, it would therefore be expected

that this suostance would inhibit the virus's multi¬

plication. The knowledge that the red ceil "receptor"

probably contains a polysaccharide induced Green and

Hoolley (1947) to test a variety of polysaccharides

for their inhibitory activity on haemagglutioation.

The fact that they were successful in finding such an

inhibitor in apple pectin, suggested their reasoning

was correct. However, the results found in this

thesis show that inhibition of haemagglutination by

polysaccharides cannot always oe attributed to the

inhibition of the viral enzyme. The iahioitory action

of certain polysaccharides derived from strains of

Klebsiella has been found to be due to the effect on

the red ceil and to leave unaltered the ability of

influenza virus to adsorb to, and elute from the red

cell. These results suggest that the virus's enzyme

has not been inhibited. Similar results were obtained

by Ginsberg et al. (1948b) with i?riedlander type a

polysaccharide. It is therefore important that no

conclusions be drawn on the mechanism of haemagglutination

inhibition unless the inhibitor has first been 3hown

to act either on the red cell or on the virus. The

wording hypothesis proposed by Green and Woolley

appeared to be more acceptable wnen they showed that
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apple pectin inhibited the growth of influenza virus

in embryonated eggs after relatively large amounts

(50 mg.) of the polysaccharide had been inoculated.

Woolley (1943) has also shown that a substance

extracted from red cells antagonises the action of

apple pectin. This result would also be expected if

their original hypothesis was tenable.

The failure of apple pectin, to inhibit haem-

agglutinatioa in this study is difficult to explain.

Green and Woolley (1947) state that the method of

dissolving the polysaccharide is critical if its

inhibitory action is to be demonstrated. However,

having used the method they describe on three different

samples of apple pectin, and tested these three times

before and after treatment with NaOH, no inhibitory

action was found. Since other workers have failed to

confirm Green and Woollay's results (McGrsa, 195-3),

it is possible that the content of inhibitor varies in

different samples of apple pectin.

Before proposing a theory for the action of the

inhibitory polysaccharides studied in this thesis it

will be appropriate to recapitulate the present con¬

ception of virus haemagglutination.

Since both the red cell and the virus are nega¬

tively charged it is to be expected that their inter¬

action is influenced by the magnitude of their charges
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and the ionic content of fluid surrounding them.

Lowell and Buckingham (1948) and Davenport and Horsfall

(1948) found that no attachment occurs when the virus

and red cells are suspended in isotonic glucose, thus

demonstrating the necessity of ions in the first stage

of influenza virus attachment to the red cell. Burnet

and Sdney (1958) confirmed this result and found that

the ions required for the mechanism of attachment in

the influenza virus/red cell system closely resemble

those found by Puck et al. (1951) for the attachment

of bacterial viruses to their host cell bacteria.

3ince much of our present knowledge of the first stages

of a virus *s infection of a susceptible cell comes from

the study of bacterial viruses it is very tempting to

draw comparisons. Puck and Sagik (1953) found that the

importance of certain cations lies in their ability to

bond with the negatively charged sites on the virus,

thus allowing their amino groups to combine with the

negatively charged functional groups on the bacterial

cells. This conclusion was drawn from the fact that

in the presence of the same ions, which allow bacterial

viruses to attach to their host cell, these viruses are

adsorbed to the negatively charged surface of a cationic

exchange resin while host cell bacteria are not. Since

influenza virus has also been found to adsorb to the

surface of a cation exchange resin it is a fair assump¬

tion that, in the initial stages of attachment, the



77

sequence of events is similar to that described for

the bacterial viruses.

It is now generally believed that haemagglutina¬

tion is a direct result of the combination of virus

with the red cell and not due to secondary alterations

induced, in the cell. That is, divalent or multivalent

virus particles build red cells Into lattices by acting

as Units between the cells. Good evidence for the

validity of this theory has been brought forward by

Anderson (1947) to explain haemagglutination by HOV

(see p.4 of introduction).
The final stage is the slow enzymic destruction

of the negatively charged sites ("receptors") on the

red cell surface. This enzymic alteration leads to

ohanges In the "receptor" structure resulting in the

loss of groups capable of combining with virus.

Slution now ta&es place and the apparently unaltered

virus particle goes back into suspension.

If this mechanism is accepted, the fact that red

cells treated with polysaccharide and rendered resis¬

tant to haemagglutination by influenza A virus may

still absorb this virus to an undiminished extent,

suggests that the stage of the process inhibited must

be the limcing of virus-coated red cells. The only

feasible means by which this could be accomplished

is a mechanism which prevents the red cells coming



78

close enough together to allow the virus adsorbed on

one cell to link with vacant "receptors" on another.

In this study good correlation has been shown to exist

between the ability of a polysaccharide to inhibit

haeraagglutination and its power to increase the

surface charge of the red cell. It can easily be

visualised that a polysaccharide is capable of induc¬

ing a rise in the surface charge of the red cell by

adsorbing to it and enhancing the total negative

charge by exposing numerous -CGQ~ groups along its

molecule. If it is necessary for two virus coated

cello to collide or to come close to each other before

the virus can form a lin&, an increase in the mutual

repulsion of these cells (brought about by the

increase in their total negative charge) would decrease

the frequency of collision and may even provide such

strong repulsion that a virus bond is insufficiently

strong to keep them together.
'

iividenee has been presented which shows that the

ability of mumps virus to adsorb on to red cells is

greatly diminished by treating the red cells with an

inhibitory polysaccharide. Ginsberg et al. (1948b)

found that Friedlanuer polysaccharide-treated red cells

did not absorb mumps virus to any detectible degree.
%

Clearly the mechanism of inhibition of haeraagglutina-

tion in this oase must be different from that proposed
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for influenza A virus. Two possibilities exist,

(i) Inhibition may be due to the increased surface

charge on the red cell presenting an impenetrable

electrostatic barrier to the mumps virus, or (2) the

polysaccharide has combined with or masted the mumps

virus "receptors" on the red cell to the exclusion of

the virus. In the light of the results with influenza

A virus, possibility (l) seems to be the livelier

explanation. If this is so it suggests that the mumps

virus, even when in the presence of adequate quantities

of cations, has a greater negative surface charge than

influenza A virus.

The action of NaOH in activating potential inhibi¬

tory polysaccharides to combine with the red cell i3

not Known. A possible explanation is that the mild

treatment used brings about an uncoiling of the mole¬

cule and reveals polar groups previously masked. This

hypothesis is supported by the findings of Aunn, Jiunzle

and Katchalsky (1948) who showed that the addition of

alkali brought about the uncoiling of a polyanionio

macromolecule (polymethylacrylic acid) by the repulsion

of ionised groups. Among other effects which alkali

has been shown to have on polysaccharides are viscosity

changes, depolymerisution and removal of acetyl groups.

The effect al&ali may have on polysaccharides is very

variable and not well understood.
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A surprising feature of this investigation is the

variation in inhibitory action among polysaccharides

from closely related strains of Klebsiella*

Thus the two polysaccharides A3 and A5"S1" are,

both before and after treatment with alkali, composed

of the same sugars and uronio acid components in almost

exactly the same proportions (Dudrnan, 1954) yet .NaOH

treated A3 inhibits haemagglutination and A3,,Sltt has no

effect.

Ginsberg et al. (1948 a & b) found a similar

variation among the polysaccharides from such closely

related strains as Friedl&nder bacilli types A, B and 0.

Thqr found that all three polysaccharides inhibited mumps

virus multiplication in ovo but that only type 3 also

inhibited mumps haeraagglatination. These facts

emphasise how far we are from understanding the com¬

plexities of polysaccharide chemistry.

It now seems clear that Inhibition of viral

haeraaggiutination by polysaccharides of the type

investigated in this study cannot be used as a means

of screening these substances for their therapeutic

usefulness in the treatment of the corresponding viral

infection. Although Ginsberg et al. (1948 a & b)

found that Friedlauder type 3 polysaccharide inhibited

both haemagglutination and multiplication in ovo by

the mumps virus, they came to the conclusion that
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these phenomena were not due to a single mechanism.

A logical approach to the problem of chemotherapy

of virus diseases depends on an intimate knowledge of

host cell metabolism and the effect of an invading

virus on it. Until our Knowledge of these processes

is greatly increased it appears that the search for

chemotherapeutic agents for the treatment of virus

diseases must remain largely empirical.



SUMMARY.



88

(l) Polysaccharides from certain strains of

Kl. aerogenes have been shown to inhibit haemagglutin-

atlon by the influenza - mumps - itfDV group of viruses.

(3) These polysaccharides showed this effect only

after treatment with dilute MaOH followed by neutral¬

isation.

(3) All the inhibitory polysaccharides and one non-

inhibitory polysaccharide combined firmly with the

red cell following treatment with JRaOH.

(4) Polysaccharide treated red cells, resistant to

haemagglutination by influenza A (PR8) virus, adsorbed

and eluted this virus much like normal red cells, but

those rendered resistant to mumps virus did not adsorb

the virus to any appreciable extent.

(5) Red cells rendered resistant to viral haemagglutin¬

ation by polysaccharide had a lower acid agglutination

point, a lower rate of sedimentation, and an increased

electrophoretic mobility.

(6) These results reflect an increased surface charge

on the red cells. It was therefore proposed that the

resultant increase in mutual repulsion of these red

cells prevents virus, on their surface, from producing

agglutination by linking with neighbouring red cells.
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(7) Certain polysaccharides found to inhibit

haemagglutination by influenza A (PR8), Newcastle

disease virus and mumps virus did not prevent the

multiplication of these viruses in ovo.

(8) Contrary to the findings of Green and Woolley

(1947), apple pectin was not found to inhibit haem-

agglutination or multiplication by influenza A (PR8)
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TABLEVI

TheeffectofA5(CS,OH)polysaccharideonviralhaemagglutlnation.
Virus

♦ (virus) Control
(P.B.C.) Control

Polysaccharidedilutionsjag./ml.
160

80

40

20

10

5

2.5

1.25

PR8

4

0

0

...0

0

0

0

0

4

4

Barclay

4

0

0

0

0

0

0

1

4

Lee

4

0

0

0

0

0

0

2

4

£Q>

4

0

0

0

0

0

0

1

4

Mumps

4

0

0

0

0

0

0

1

4

Polysaccharidecontrol
0

0

0

0

0

0

0

0



TABLEVII

TheeffectofA4(C3,QH)polysaccharideonviralhaemagglutioation
Virus

4- (virus) control
(R.B.C.) control

Polysaccharidedilationsjag./ml.
80

40

20

10

5

2.5

1.25

0.6

PR8

4

0

0

0

0

0

0

4

4

4

Barclay

4

0

0

0

0

0

0

1

4

Lee

4

0

0

0

0

0

0

0

4

HD

4

0

0

0

0

0

3

4

4

Mumps

4

0

0

0

0

0

2

4

4

Polysaccharidecontrol
0

0

0

0

0

0

0

0
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TABLE VIII

The reproducibility of haema^glutination inhibition

titrations with A5(QS,QH) polysaccharide.

Polysaccharide dilutions jug/ml.
Virus Test 160 80 40 20 10 5 2.5 1.25

PR8 1st 0 0 0 0 0 Q 4 4

jf 2nd 0 0 0 0 0 0 4 4

ft 3rd 0 0 0 0 0 0 2 4

It 4th 0 0 0 0 0 0 3 4

Barclay 1st 0 0 0 0 0 0 4

If 2nd 0 0 0 0 0 0 2 4

IV 3rd 0 0 0 0 0 0 4 4

u 4th 0 0 0 0 0 0 2 4

Lee 1st 0 0 0 0 0 0 2 4

If 2nd 0 0 0 0 0 0 3 4

t! 3rd 0 0 0 0 0
'

0 4 4

II 4th 0 0 0 0 0 0 3 4

iW 1st 0 0 0 0 0 0 4 4

tf 2nd 0 0 0 0 0 0 3 4

ft 3rd 0 0 0 0 0 0 fa
4

ff 4th 0 0 0 0 0 0 3 4

Mumps 1st 0 0 0 0 0 0 2 4

2nd 0 0 0 0 0 0 3 4

t» 3rd 0 0 0 0 0 0 2 4

« 4th 0 0 0 0 0 0 2 4

All '+" virus controls were "4'1
all"-" R.B.d. controls were "0'

All polysaccharide controls were "0"
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TABLE IX

The reproducibility of haemayalutlnation inhibition
titr.-51000 wijm .rt4(Go,uii) ,olysacohariae.

Virus Test

Polysaccharide dilutions pg/taX.
80 40 20 10 5 2. e 1.25 0.6

Fib 1st 0 G 0 0 0 3 4 4

ft T5f~»Q 0 G G 0 0 4 4 4

?» 3rd 0 0 0 0 0 '* 4 4

tt 4th G 0 0 0 0 3 4 4

Barclay 1st 0 0 0 0 G Th 2 4

f

1

2nd u 0 0 0 0 0 2 4

{I 3rd 0 0 0 0 0 3 4 4

«f 4th 0 0 0 0 0 0 4 4

Lee 1st 0 0 0 0 0 0 4
. . !

4

If 2nd 0 0 0 0 0 0 4 4

ft 3rd 0 u 0 0 0 0 4 4

tf 4th 0 u 0 Q
_

0 0 4 4

Hi) 1st 0 u G 0 - 0 2 4 4

It 2nd 0 0 u 0 0 4 4 4

If 3ra 0 0 0 0 0 3 4 4

tJ 4th 0 0 0 0 0 3 4 4

Mumpa 1st 0 0 0 0 0 3 4 4

ti 2nd 0 u G 0 0 2 4 4

rt 3ra 0 G 0 0 0 2 4 4

it 4th 0 G u 0 0 2 4 4

All virus controls were '4"

All R.3.G. controls were "0"
All polysaccharide controls were "0"
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TABLE X

The effect or HaQH and HOI treated A3(CS)
polysaccharide on haeniagglutination by

influenza A (PR8) virus.

Using a solution of A3(CS) polysaccharide (2 m.g./ml.)
heated at 37°C with 0.25 N:-

U) HaQH

Duration of
MaOH treatment

at 37°C

Polysaccharide dilutions jjg/tnl.
160 80 40 20 10 5 2.5 1.2

0 Hours 4 4 4 4 4 4 4 4

1 Hour 0 0 0 0 3 3 4 4

2 Hours 0 0 0 0 0 1 4 4

3 Hours 0 0 0 0 0 0 4 4

4 Hours 0 0 0 0 0 0 4 4

16 Hours 0 0 0 0 0 0 4 4

26 Hours 0 0 0 0 0 0 4 4

(B) HOI

Duration of
HC1 treatment

at 37°0

Polysaccharide dilutions ^3./ml.
160 80 40 20 10 5 2.5 1.2

0 Hours 4 4 4 4 4 4 4 4

1 Hour 4 4 4 4 4 4 4 4

2 Hours 4 4 4 4 4 4 4 4

3 Hoar3 4 4 4 4 4 4 4 4

4 Hours 4 4 4 4 4 4 4 4

16 Hours 4 4 4 4 4 4 4 4

26 Hours 4 4 4 4 4 4 4 4
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TABLE XI

The effect of HaOH treated n4fcs) polysaccharide

on haetnaggluti nation by InflaeLaa A viruses

(PR8 a:-d Barclay).

Using a solution of A4(cs) polysaccharide (4 mg./ml.)
heated at 37°C .vith 0.25 n NaOrJ:-

(a) Effect qq haemagglutination by PR8 virus.

Duration of
NaOH treatment

at 37°0
Polysaccharide dilutions yg,/ml.
333 166 83 41 20 10 5 2.5

0 Hours 4 4 4 4 4 4 4 4

z Hour 0 0 2 2 3 4 4 4

1 Hour 0 0 0 0 1 4 4 4

3 Hours 0 G 0 0 0 2 4 4

4 Hours 0 0 0 0 0 0 4 4

6 Hours 0 0 0 0 0 0 0 4

26 Hours 0 0 0 0 0 0 0 4

(B) Effect ou haemagglutination by Barclay virus

Duration of
a ..OH treatment

at 37°C
Polysaccharide di]Lutions P'g/ml •

033 166 83 4x 20 10 5 2.5

OHours 4 4 4 4 4 4 4 4

| Hour 0 0 2 4 4 4 4 4

1 Hour 0 0 0 0 2 4 4 4

3 Hours 0 0 0 3 4 4 4 4

4 Hours 0 0 0 0 0 2 3 4

6 Hours 0 0 0 0 0 0 4 4

26 Hours 0 0 0 0 0 0 4 4
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TABLBXII

TheeffectofA1(G3,QH)polysaccharideonviralhaemagglutinatioo.
Virus

+ (virus) control
(K.B.G.) control

Polysaccharidedilutionsjig/ml.
1535

666

333

166

83

41.5

20.7

10.3

P18

4

0

X

G

0

4

4

4

4

4

Barclay

4

X

0

0

0

3

4

4

4

Lee

4

X

0

0

0

2

4

4

4

liD

4

X

0

0

1

4

4

4

4

Mumps

4

X

0

0

0

3

4

4

4

Polysaccharidecontrol
X

0

0

0

0

0

0

0



TABLEXIII

TheeffectofA39(C8,QH)polysaccharideonviralhaemagglutination.
Virus

+ (virus) control
(R.3.0.) control

Polysaccharidedilutionspg./ml.
100

50

25

12.5

0*2

3.1

1.5

0.7

PR8

4

0

0

0

0

0

0

0

0

4

Barclay

4

0

0

0

0

0

4

4

4

Lee

4

0

0

0

0

0

0

3

4

KD

4

0

0

U

0

1

4

4

4

Mumps

4

0

0

0

0

0

4

4

4

Polysaccharidecontrol
0

0

0

0

0

0

0

0



TABLEXIV

TheeffectofASslliaeanda3capsularandIntracellularpoIysaochar1dea o~.kaenaagglutiaatioj-jyi-fluent*A(PB8) Polysaccharideana treatment

Polysaccharidedilutionsju;?/ml.
333

166

33

41

20

10

5

2.5

1.2

0.6

ASslitaeuntreated

4

4

4

4

4

4

4

4

4

4

A3aliaeKaOBtreated
0

0

0

0

0

0

__j

0

0

4

4

A3capsuleandIntracellular untreated

4

4

4

■

4

4

4

4

4

4

4

A3capsuleandintracellular HaOHtreated

°

0

0

0

0

0

0

4

4



TABLEXV

TheeffectofA6"Q*intracellularpolysaccharide(after2hours at56UJwith0.25i-LiaQH.)onviralhaemal,zlutination.
Virus

(virus) control
(i.B.J.) control

Polysaccharidedilutionspg./ml.
166

86

41

20.5

10

6

2.5

1.2

PES

4

0

2

4

4

4

4

4

4

4

Barclay

4

4

4

4

4

4

4

4

4

Lee

4

0

4

4

4

4

4

4

ED

4

3

4

4

4

4

4

4

4

Mumps

4

0

0

2

4j4

4

4

4

Polysaccharidecontrol
0

0

0

0

0

0

0

0

H.a.Thispolysaccharidedidnotshowanyinhibitoryeffectbefore treatmentwithNaOH



TABLEXVI

TheeffectofA5"S1"intracellularpolysaccharide(after2hoursat56°C with0.25RfltaOH)opviralhaemag^lutlnatlon.
Virus

(virus) control
(R.B.C.) Control

Polysaccharidedilutionspg/ml.
166

83

41

20.5

10

5

2.<-<

1.2

PR8

4

0

2

4

4

4

4

4

4

4

Barclay

4

1

4

4

4

4

4

4

4

Lee

4

4

4

4

4

4

4

4

4

sSD

4

2

4

4

4

4

4

4

4

Mumps

4

2

4

4

4

4

4

4

4

Polysaccharidecontrol
0

0

0

0

0

0

0

0

H.B.Thispolysacoharidedidnotshowanyinhibitoryeffectbefore treatmentwithEaOH



TABLEXVII

TheeffectofR5956intracellularpolysaccharide(after2hours at56°^with0.25flflaQfOonviralhaeraaKK'lutlnatioQ.
Virus

(virus) control
(R.3.0.) control

Polysaccharidedilutionspg./ml.
166

86

41

2o.5

10

5

2.5

1.2

PR8

4

0

2

4

4

4

4

4

4

4

Barclay

4

4

4

4

4

4

4

4

4

Lee

4

0

3

4

4

4

4

4

4

ND

4

4

4

4

4

4

4

4

4

Mumps

4

1

4

4

4

4

4

4

4

Polysaccharidecontrol
0

0

0

0

0

0

0

0

N.B.Thispolysaccharidedidnotshowanyinhibitoryeffect beforetreatmentwithNaOH



TABLEXVIII

Theeffectof135920intracellularpolysaccharide(after3hoursat56^0 withu»3oHUaOH)onviralhaemagglutinatioa.
Viru3

+ (virus) control
(R.B.C.) control

Polysaccharidedilutionsjug/Til.
166

83

41

30.5

10

5

2mO

1.3

PH8

4

0

4

4

4

4

4

4

4

4

Barclay

4

4

4

4

4

4

4

4

4

Lee

4

4

4

4

4

4

4

4

4

HD

4

4

4

4

4

4

4

4

4

Mumps

4

3

4

4

4

4

4

4

4

Polysaccharidecontrol
0

0

0

0

0

0

0

0

N.B.Thispolysaccharidedidnotshowanyinhibitoryeffectbefore treatmentwithSaOH



TABLSXIX

Thestreetofalteringthesurl-peoftubesusedidhaemagglutinatianand haema1utiaatioaInhibitiontitrations. HaemagglutinationtitrationswithinfluenzaA(?R8)virus + virus

R«3.0• control

PR8

virus

dilutions(reciprocal)

Tubes

control

50

100

200

400

600

800

900

1000

formal

4

0

4

4

4

4

4

4

5

0

Waxed

4

0

4

4

4

4

4

4

4

o

Silicones

4

0

4

4

4

4

4

4

3

1

HaerfiagglutinatioainhibitionwithA3(C3,0H)andinfluenzaA(PR8)virus + virus control
R.B.C. control

Polysaccharidedilutionsjug/ml
•

Tubes

160

80

40

CO

o

10

5

2.5

1.25

riormal

4

0

0

0

0

0

0

0

4

4

Waxed

4

0

--0

0

0

0

0

0

3

4

Silicones

4

0

0

0

0

_____

0

0

0

4

4

Allpolysaccharidecontrolswerenegative.



(a)"Boiledenzyme"Control
Virus

+ (virus) control
(R.B.G.) control

Polysaccharidedilutions(ug./ml.
533

166

83

41

20

10

5

2>5

PR8

4

0

3

1

0

0

0

0

4

4

Polysaccharidecontrol
3

3

0

0

0

0

0

0

(B)Incubatedat37°Cfor24hours
Virus

+ (virus) control
(R.B.G*) control

Dilutionsofallantoicfluidpluspolysaccharide 1:3

1:6

1:12

1:24

1:48

1:56

1:112

1:224

PR8

4

0

3

2

0

0

0

1

4

4

Moviri
ascontrol

3

2

0

0

0

0

0

0

(G)Incubatedat22°Cfor24hours
Virus

(virus) control
(R.B.G.) control

Dilutionsofallantoicfluidpluspolysaccharide 1:3

1:6

1:12

1:24

1:48

1:56

1:112

1:224

PR8

4

0

3

2

0

0

0

G

4

4

Moviruscontrol

5

3

0

0

0

0

0

0



(a)"Boiledenzyme"control Virus

+■ (virus) control
(ii.B.̂.) control

Polysaccharidedilutionspg/ml.
333

166

83

41

20

10

5

2.5

PR8

4

0

0

0

0

0

0

1

4

4

Polysaccharidecontrol
1

0

0

0

0

0

0

0

(B)Incubatedat37°Gfor24hours Virus

+ (virus) control
(R.B.C.) control

DilutionsofAllantoicfluidpluspolysaccharide 1:3

1:6

1:13

1:24

1:48

1:56

1:112

1:224

PR8

4

0

0

0

0

0

0

3

3

4

Novirus
control

0

0

0

0

0

0

0

0

(C)Incubatedat22u0for24hours Virus

+ (virus) control
(R.B.C.) control

DilutionsofAllantoicfluidpluspolysaccharide 1:3

1:6

1:12

1:24

1:48

1:56

1:113

1.224

PR8

4

0

0

0

0

0

0

3

4

4

Noviruscontrol

0

0

0

0

0

0

0

0



TABLEXXII

ThehaemagglutinationtitreofinfluenzaA(PR8)virusfollowingincubationwith,a haemagglutinationinhibitingpolysaccharide(A5(CS,0h). -;opolysaccharidecontroltitration dilutionofvirus/salinemixture(reciprocal)
2

4

8

16

22

64

128

256

512

1026

2052

4104

Kaeruagglutination
4

4

4

4

4

4

4

4

4

4

0

0

Titrationfollowingincubationwithpolysaccharide Dilutionofvirus/polysaccharidemixture
(reciprocal)

2

4

8

16

32

64

128

256

512

1026

2052

4104

Haemagglutination
0

0

0

G

0

U

0

4s

4

2

0

0



TABLEXXIII

Theeffectofincreasingtheamountofvirusinahaema^lutinatioainhibitiontesHwith(a)PR8virusandA3(03.0H)polysaccharideandfb")BarclayvirusA4(G3.0Hlpolysaccharide. (a)PR8andA3(03,OH) Ho.ofH.A. dosesof PR8added

+

(virus) control
(R.B.C.) control

Polysaccharidedilutionsjug/ml.
333

166

85

41

20.5

10

5

2.5

4

4

0

0

0

0

0

0

0

0

3

8

andA4(C
4

23,OH)
0

0

0

0

0

0

0

2

4

16

0

0

0

0

0

0

3

4

38

0

0

0

0

0

0

4

4

(b)Barclay 4

0

0

0

0

0

0

0

4

8

0

0

0

0

0

0

0

4

16

0

0

0

0

0

0

0

4

32

0

0

0

0

0

0

2

4



TABLSXXIV

TheeffectofA3(03,OH)polysaccharideoqviralhaemag^lutination afterabsorptionwithfowlredcells.

Unabsorbed Absorbed

i-1

TheeffectofPR8virusonwashedfowlredcellswhichhadbeen
BsoaredinA5(C3,0H)polysaccharide. + (virus) control

(normal (R.3.G.) control

(soared (R.B.G.) control

iSfo.ofH.A.dosesofPR8virusadded
4

8

16

32

64

128

600

4

0

0

0

0

0

0

0

0

0

Virus

+ (virus) control
(R.B.G.) control

Initialpolysaccharidedilutionsineachtube(pg./mi.) 166

83

41

20.5

10

5

2.5

1.2

PR8

4

0

0

0

0

0

0

0

3

4

0

0

0

0

4

4

4

4
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TABLE XXV

The precipitation of .Klebsiella polysaccharides ^ith

antiserum prepared In rabbits against subpension of

living Klebsiella.

Polysacchariue
and

Preparation

Antiserum

Reciprocal oT highest dilution
giving precipitation

Normal
Pooled
Rabbit Anti-A3 Anti-A4

Anti-
N5936

A3(C3) 0 16 0 0

A3(0S,0H) 0 16 0 0

A3(G) 0 16 0 0

A3(G,0H) 0 16 0 0

A3(3) 0 16 0 0

A3(3,0H) 0 16 0 0

A4(03) 0 0 16 0

A4(C3,0H) 0 0 16 0

Al(OS) 0 8 0 0

A1(C3,0H) 0 8 0 0

A3"blM(3) 0 16 0 0

A3"31"(8#0H) 0 16 0 0

N5936(3) 0 0 0 8

115936(3, OH ) 0 0 0 8
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TABLE XXVI

The afigXatlaaUaa of polyaaooharlu^-tjce ifceci red oella
wltt antiserum.

3tnsltieiag
Polya a a ohari cl 8

Highest serum dilution giving partla
agglutination o£ polyaftjaharide-
treateci red cells (reaiprccal)
Pooled
normal
rabbit

Aati-A3 Antl-A4 nti-u5936

Hone 4 4 8 4

AS(GS) 8 4 - ~

A3(Ca,9H) 4 512 4 -

A4(ca) 4 8 8 «

A4(C3,0H) 4 8 513 ~

Al(GS) 4 8 •mm -

Al(C8,0fi) 8 512 - m*

A»*3XM(3) 4 16 - -

A3"3l"(3»OH) 4 1024 16 -

116936(9 ) 4 mm - 16

MS936(3»0H) 4 - • 16
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TABLS XXVII

The electrophoretic mobilities of normal and poly¬
saccharide treated red cells.

Slectrophoretic mobility
(p/rain)

Polysaccharide Differ¬
treated cells Normal cells ence PC

Polysaccharide tube (PC) (NG) from NO

A 55] 30)
A3(G8,OH) B 60 . Average 26 y Average +87%

C 69 60 39 32
D 55; 32j
A 50> 39'

A4(G3,GH) a 65 Average 36 Average +41$
c 50 55 48 39
D 55j 35,

A 35> 27)
A3"Slf,(S,0H) B 24 Average 31 ■ Average -6%

G 32 32 37 34
D 38j 41>

B 33] 36]
Al(CS,0H) C 53 Average 33 y Average +19%

D 45j 44 4lJ 37

N5936(3,0H) A 4l) Average 42] Average +8%
B 44J 42 36) 39



106

TABLB XXVIII

The rates of sedimentatioa of aortnal and poly¬
saccharide treated red polls

Polysaccharide tube

Rate of sedimentation

(u/min)
Differ¬
ence PG
from HC

Polysaocharide
treated cells

(PG)
Hormal cells

(NO)

AS(OS,OH)
A
B
0
D

6x
64
63
55

, Average
61

188
184
150
160,

( Average
f 170

-64?o

A4(CS,0H)
A
B
C
D

130'
125
128
113,

, Average
124

183)
1801 Average
154/ 171
166)

-27%

A3»31M(S,QH)
A
B
r%
w

D

190)
165
164
19 lj

Average
177

165)
172
157
113

, Average
152

+16%

Al(C3,0H)
B
0
D

181)
145!
125)

Average
150

190)
145!
175)

Average
170

-12%

N5926(3,0H) A
B

173)
189)

Average
181

187) Average
190) 188

-4%
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TABLE XXIX

The effect of Klebsiella polysaccharides on the

multiplication of PR8, Mumps and Newcastle disease

viruses in ovo.

Virus

Poly¬
saccharide
preparation

Amount of
poly-
sacoharide
per embryo
(tag- )

NO. of
embryos
alive after
incubation
was complete

Average
H.A. titre
of each
group
(reoiproeal)

PR8 Rone - 5/6 1092

ti A3(03) 1 6/12 910

if A3(03,OH) 1 5/6 1080

if A4(03) 1 4/6 800

If A4(G3,0H) 1 7/10 960

it A1(03,0H) 0.5 5/6 1280

tf A29(0S) 1 6/6 1173

♦f N5920(3) 1 6/6 1065

ft A29(C3,0H) 1 4/6 1280

ND none - A/12 1200

II A3(GS) 1 5/8 1150

ft A3(03,0H) 1 6/8 983

Mumps Hone - 6/6 83

If A3(03) 1 18/20 90

tf A3(03,OH) 1 15/20 98
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TABLE XXX

The effect of bacterial and plant polysaccharides on

the growth of KDV (Herts) in tissue culture.

Polysaccharide
preparation

Amount
of poly¬
saccharide
added (/ig)

Amount
of MDV
added

(il.TrC.D.)

Appearance
of cultures
4 days after
inoculation*

Hone - 100 (1) G © 0 © 0
(2) 0 0 0 0 0

A3(OS) 200 none (1) 0 0 0 0 0
(2) 0 0 0 0 0

A3(03) 200 100 (1) © 0 0 0 0
(2) 0 0 0 0 0

A3(0S,0H) 200 none (1) 0 0 0 0 0
(2) 0 0 0 0 0

A3(OS, OH) 200 00 (1) © © © 0 0

(2) © 0 0 0 ©
A3'f31" (S) 200 none (1) 0 0 0 0 0

(2) 0 0 0 0 0
A3ttSlM(3) 200 100 (1) 0 0 © 0 0

(2) © © 0 0 0

A3"31"(3,0H) 200 none (1) 0 0 0 0 0
(2) 0 0 0 0 0

A5"31W(S,0H) 200 100 (1) 0 § 9 0 ©
(2) © © © © 0

Apple pectin
(BDH,OH)

60 none (1) 0 0 0 0 0

(2) 0 0 0 0 0
Apple pectin

(BDH,OH)
60 100 (1) © © © Q 0

(2) 0 0 0 0 0

« 0 = healthy fibroblastic outgrowth
9 = complete degeneration of fibroblasts
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The advantages of tissue culture in virus research.

Within the past decade the techniques of tissue

culture have found many important applications in

virus research. Until comparatively recently the

living cells necessary for the study of viral growth

had been provided mainly by susceptible laboratory

animals or chiok-embryos. The use of animals is

expensive and special facilities may sometimes have

to be provided. Moreover the possible complication

of animals already carrying a virus must always be

considered. Chick, embryos provide a very convenient

method of studying certain viruses, but not all

viruses will grow in them, and it is not always

possible to alter a virus's environment as much as may

be desired for experimental purposes. By using tissue-

culture cells, the virologist has a wide range of cell

types, including those of man, which he can observe

closely and whose environment he can control more

accurately. Thus susceptible cells can often be found

for the cultivation of human viruses to which labora¬

tory animals are insusceptible.

Difficulties in applying tissue-culture methods to
virus research. "

The classic observation by Harrison (1907) which

led to the introduction of tissue-culture methods, did

not pass unobserved by virus workers. However, several



110

major difficulties confronted the virologist and few

ventured into this new field. Hot the least of these

deterrents wa3 the variety of awe inspiring techniques

used by early classical tissue culturi3ts, and

although great difficulties were involved in maintain¬

ing bacterial sterility, their methods were at times

needlessly intricate. Aided to this was the fact that

cultures frequently had to be inoculated into a

susceptible animjl to demonstrate the presence of

virus.

A new era in virus tissue-culture.

The first step towards the resolution of these

difficulties was ta£en when Maitland and Maitland

(1928) showed that it was possible to grow vaccinia

virus in a system containing only tissue, serum and

saline. Virologists realised that many of the

"mystic rites" which had come to be associated with

tissue-culture were not necessary for the propagation

of viruses jUi vitro. The prospect of using tissue-

culture techniques for the routine cultivation of

viruses became considerably brighter with the advent

of the sulphonamides and antibiotics. The use of

antibiotics allows heavily contaminated material such

as faeces and sputum to be used as inocula (Kose et al.

1945) and, by minimising the risK. of bacterial con¬

tamination, allows cultures to be maintained for long
et al. .

periods (Weller,/1949). Tissues contaminated with
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bacteria may now be used for In vitro culture if

sufficient quantities of antibiotics are present in

the nutrient fluid to prevent the outgrowth of the

contaminating organisms (Enders et al., 1949: livelier

et al., 1949).

Tissue-culture as a self-sufficient technique in
virus studies.

When a virus studied in tissue-culture produces

reoognisable changes in the culture the technique

assumes its most valuable form. In these case3 the
3r

use of susceptible laboratory animals, and other

methods of titration, may be dispensed with and the

technique becomes a self-suificient means of measuring

the growth of the infecting virus.

Virus inclusion bodies in cultured tissues.

The idea of determining virus growth in tissue-

culture by the demonstration of inclusion bodies was

conceived by Steinhards et al. (1913). Their experi¬

ments with vaccinia virus were unsuccessful and it

was not until Andrews (1929) utilised the appearance

of inclusion bodies of virus III in tissue-culture as

an indicator of the virus's growth that the method had

its first practical application. Rivers et al. (1929)

and Bedson and Bland (1932) used the same method for

the study of herpes simplex and psittacosis viruses

respectively. This method has several limitations.
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Time consuming techniques are often involved in the

demonstration of inclusion bodies and the number of

viruses producing them is limited. Bang et al. (1951)

have shown that some agents which regularly produce

inclusion bodies _in vivo do so only irregularly in

vitro. Moreover many normal cell types produce

cytoplasmic structures closely resembling virus

inclusion bodies (Heller, 1954), a fact which may

lead to serious misinterpretations.

Other changes found in virus infected tissue-cultures.

The first report of a virus recognisably altering

the normal metabolism or growth of cells in tissue-

culture was presented by Plots and Ephrussi (1953 a & b

They showed that tissues, which had been incubated

with fowl plague viru3, either degenerated or, when

transferred to a plasma clot, failed to produce any

new cell growth. In 193S Ivanovios and Hyde obtained

essentially the same results with virus III.cultured

in rabbit tissues. Six years later Huang (1942)
realised the potentialities of these phenomena and in

a series of ingenious experiments used them for the

titration and serological identification of a virus

in vitro, lie found that fragments of chictt embryo

tissue failed to grow when infected with western

strains of equine encephalomyelitis virus. Huang

(1943a) visualised the application of this method to

the study of other viruses and also described a test

)
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for virus growth in tissue-culture based on the failure

of the pH to fall in virus infected tissues (Huang,

1943b). Thus much of the credit must go to Huang for

establishing the techniques of modern tissue-culture

in virology and for recognising the value of viral

destruction of cultured cells as a means of virus assay.

This cellular destruction was later called by Enders

the "cytopathogenic phenomenon" and the term is now

universally used to describe this effect.

Oytopathogenioity by the poliomyelitis virus.

Interest in tne use of the cytopathogenic phenom¬

enon in the study of mammalian viruses in tissue-

culture received a great stimulus when Enders et al.

(1949) and Weller et al. (1949) demonstrated the

growth of poliomyelitis viruses in non-nervous tissues

and showed that all three immunological types progress¬

ively destroyed the supporting tissue (Bobbins et al.

1950).

The cytopathogenic action of viruses on tissue-

culture cells may be demonstrated in a variety of ways.

The following effects have been noted by workers in

this field.

(1) The failure of the pH to fall when the virus is

added to suspended cell cultures (Weller et al. 1952).

(Normal tissues produce carbon dioxide and organic acids

which lower the pH of the medium. The pH of tissue

media can be determined by including a suitable
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Indicator such as phenol red).

(2) A reduction in the glucose consumption of virus

infected cultures, reflecting, like method (l) an

impaired cellular metabolism (Franklin, et al.1952).

(3) The appearance of pathological changes demon¬

strated by sectioning and staining tissues cultured

in the presence of virus. (Snders et al. 1949).

(4) The failure of tissue from suspended cell cultures

inoculated with virus, to produce new outgrowths of

cells when transferred to plasma drop cultures,

(Huang, 1942).

(5) The degeneration and sometimes complete destruc¬

tion, of cellular outgrowths in tube cultures. This

effect is estimated by observing the extent of the

morphological changes. In some cases the damage to

the outgrowth can be seen with the naked eye but

usually low power microscopy is necessary (Robbins,

et al., 1950). This method is quick and reliable and

has become the standard technique for the detection

and titration of poliomyelitis viruses and neutralising

antibodies in serum.

Tissues used in cultures of poliomyelitis virus.

Human tissues. Probably the first demonstration

of the growth of poliomyelitis virus in tissue culture

was given by Sabin and Olitsky (1936). They success¬

fully cultured the MV strain of virus in suspended

cell cultures of human embryonic nervous tissue, but



:

115

were unsuccessful in their attempts to grow the virus

in embryonic lung, lifer and spleen. Anders

at al. ( 1949)» ,«eller et ax. v 1949) and Roobina et al.

(1950) nave snown chat the virus gro.v3 in human amory

onic sxin, muscle, intestinal and nervous tissue and

also la cultures of mature human prepuce, waller et a

(1953) extended these investigations and found that on

or more oi' the three types of virus grew ia suspended

call cultures of human embryonic xldaey, thyroid,

adrenal sad heart, and also in adult testicle, Kidney,

thyroid aou tumors(embryoma of Kidney ana neuroblastoma)
Rabbins et al.^1953) found ralxer-tube cultures of

uterus were capable of supporting all three types.

These results have been confirmed by many workers,

notably dveamyr et ai.(1953), Smith et ai.(195l) and

ThioKe et ai.(1952). ij'ranfciin et ai. (1955) and Barsii

et al.(1955) have shown adult human tonsil to be

capable of supporting the growth of the virus and mare

recently dcherer et al.^1955) have discovered tnat a

strain of cancerous ceils, designated he La, derived

from an epidermoid carcinoma of the cervix uteri,

provides an excellent source of ceils.

Mon*»fc.y tissues. Smith et al.(195l) founa that taonxey

testicular tissue is susceptible to poliomyelitis

viruses in vitro. This was confirmed by oyvertoa

et al. (1951) and others. Duncan et al. (1955)
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demonstrated the growth of the virus in cultures of

monkey kidney, muscle, brain and cord, lung and

intestine and again these results have been amply

confirmed.

Non-primate tissues. To date no one has succeeded

in culturing poliomyelitis viruses ^iin vitro using

tissues other than those derived from man or the

monkey. Tissues found to be refraotory to infection

by the viruses include testicular tissue from mice,

guinea pigs, hamsters, rabbits and bull3, rabbit

kidney, and chick, mouse and beef embryonic tissues.

(Smith et al. 1951, Bobbins et al. 1952, Weller at al.

1952, and Duncan et al.1953).

The choice of tissue for the study of polio¬

myelitis viruses will depend on the soale of the

investigation and its purpose. For a large diagnostic

laboratory concerned with the identification of virus

strains, the assessment of antibody levels in selected

populations and the measurement of antibody response to

vaccine, the use of He La cancer eell3 offer many

advantages. Their use allows the laboratory to become

independent of an outside supply of human tissue or the

necessity of housing monkeys. The cells may be prepared

in any desired quantity and their growth and response

to infection with virus is rapid. If the cellular

cultures are prepared in a central laboratory their use
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can easily be extended to smaller diagnostic labor¬

atories lacking the apparatus for the preparation of

their own stock cultures.

Certain workers still favour the use of monkey

tissue for their studies and it seems likely that

these tissues will be used in the preparation of

vaccines. Laboratories engaged in the study of

viruses and having a fairly large supply of monkeys

may find that monkey tissues are the most convenient.

For certain purposes where it is not desirable to use

cancerous cells or tissue requiring human serum for

its growth (e.g. He La cells) the use of primary

explants offers certain advantages. Melnick and his

oo-workers (1954) and Morann and Melnick (1953) grow

fragments of monkey kidney directly on the glass

surface of the test tube without the use of clotted

plasma to support the tissue. Youogner (1954) has

described a method for the preparation of mono-layer

cultures from trypsinized monkey kidney.

Small laboratories, not wholly concerned with

virus diagnosis, usually find that primary explanta-

tion of human tissue is the most convenient method.

When it is available human embryonic skin and muscle

provides excellent outgrowths. Human adult uterus

has also been used, but its growth is slow and

uncertain. Perhaps the most readily available tissue
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is human tonsil and Barstci et al. (1953) have found

that all three immunological types of poliomyelitis

virus grow readily in roller-tube cultures and produce

the cytopathogenic effect.

Methods and Reagents used in poliomyelitis cultures.

The study of poliomyelitis viruses in tissue

culture is at present occupying the attention of over

twenty laboratories in the United States, and with

many other laboratories throughout the world similarly

engaged there has been a rapid trend towards simpli¬

fication and standardisation of techniques. Tube

cultures, in one form or another, are almost univer¬

sally used as the basic technique. Several workers

have found that tubes containing tissue and fluid

medium need not be rolled to produce new cellular

outgrowths. In these 'stationary" tube cultures,

satisfactory outgrowths appear when the tubes are

incubated at a small angle to the horizontal with a

shallow layer of medium bathing the tissue and allow¬

ing gaseous exchanges to occur freely (Syverton and

Soherer, 1952: Melnick and Riordan, 1952: and Li

and Schaeffer, 1953).

Improvements in the medium have followed the

use of bovine amniotic fluid (Enders, 1953), calf

serum (MelnicE et al. 1954) and hydrolysates of

lactalbumin (Melnicfc and Riordaa, 1952) or bovine
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plasma (Li and Schaeffer, 1953). Media based on the

synthetic medium of Morgan, Morton and Parker formula

No. 199 (Parser, 1950) are widely used. This medium

is well buffered thus reducing the necessity for

frequent changes of the fluid phase in cultures.

(Franklin et al. 1952: Wood et al. 1952: Thioke et

al. 1952: and Duncan et al. 1953).

General considerations.

From the foregoing remarks it is clear that for

many aspects of poliomyelitis studies the test tube

culture efficiently replaces the use of the monkey.

The saving in cost is obvious, one pair of montcey

kidneys providing sufficient tissue for the prepara¬

tion of about 2,000 culture tubes. Since one culture

tube replaces one monkey in a virus titration the

possibility of using a multiplicity of tubes greatly

increases the accuracy of the result. There appears

to be a definite gala in sensitivity when cultures

are U3ed to replace mon&eys for the detection of

poliomyelitis virus. Thus Horstmann and McOollum

(1953) found that blood from four patients with minor

illness or asymptomatic infections contained polio¬

myelitis virus when inoculated into tissue-cultures,

but when the same specimens were injected into monkeys

no infection was apparent.

The purpose of the present investigation was to

estimate the value of adult human tonsillar tissue
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for small soale tissue culture diagnosis and to

simplify the techniques involved.

Newcastle disease virus in tissue-culture.

A study of Newcastle disease virus in chick-

embryo tissue-cultures was also carried out. Five

strains of this virus were studied in cultures of

chick-embryo heart with the object of revealing

strain differences.

Previous reports on the growth of Newcastle

disease virus in tissue-culture are rare, probably-

due to the economic dangers involved in bringing this

agent into the laboratory.

Topacio (1934) cultivated a strain of Newcastle

disease for 31 culture generations and the final

subculture was found to infect fowls. Bankowski and

Boynton (1948) cultivated the virus in suspended cell

cultures of chick.-embryo liver and heart and estimated

the content of virus in the culture fluid by haem-

agglutinstion and chick-embryo infectivity. Later

Bankows&i (1950) carried the virus through 50 culture

generations of minced whole chick-embryos in suspended

cell cultures. He found the virus had lost its patho¬

genicity for fowls but immunised them against 20,000

M.L.D.

Bang (1953) has studied the development of

Newcastle disease in epithelial and firoblast cells
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in tissue-culture ana has shown the virus to produce

the cytopathogenic effect in roller-tube cultures of

chick-embryo skeletal muscle. Pereira and Gompels

(1954) studied the growth of the virus in roller-tube

cultures of chick-embryo epithelial and fibroblast

cells and likewise demonstrated its cytopathogenic

activity. Gey and Bang (1951) and Pastier (1954)
have also reported on the growth of Newcastle disease

virus in tissue-cultures, but ss far as is known an

in vitro comparison of various strains has never been

made.
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GLASSWARE

Rimless Pyrex tubes, 18 xl50 mm. and 12 x 125 mm.,

were used for stationary and roller tube cultures.

Flastc cultures were prepared in 25 ml. Pyrex

Shrlenmeyer fla3&s or occasionally larger flasns and

Roux bottles.

Plasma drop cultures were prepared on cover-slips

22 mm, square. Six cover-slips were supported on

flat brass rings on a small sheet of glass (photo¬

graphic quarter-plates washed free of emulsion).
Small airtight ohambers were formed when the two

glass surfaces were sealed to the brass ring with a

paraffin-vaseline (2:l) mixture.

STOPPERS

A variety of stoppers for roller tubes and

flasks have been used during the course of the experi¬

ments. The worit of Parker et al. (1951) suggested that

red rubber bungs were unsuitable as stoppers in tissue

culture worx. They found that red rubber liberates

toxic substances when in contact with tissue culture

media. The grey virgin ruooer bungs recommended by

Parker et al.(1951) were unobtainable in this oountry

ana paraffin-wax-coated corks and aluminium foil

covered oorks were substituted. For various reasons

their use was discontinued and well washed red rubber

bungs were used, ft'hen care is taken to ensure that



123

none of the tissue culture media touches the bung

during incubation or storage they appear to be

satisfactory. New rubber stoppers were boiled in

0.5 NNaOH for 10 minutes, rinsed thoroughly with tap

water, boiled for 10 minutes in 4 per cent HOI, rinsed

thoroughly with tap water and finally rinsed 5 times

with distilled water.

3T BR XL ISA'l I ON OF *PPaRATU3

Flas&s, tubes, cover-slips and pipettes were

sterilised in a hot air oven for 90 minutes at 160°0.

Plas&B were plugged ?»it.h muslin covered cotton wool

and the tubes were inverted in large glass jars with

aluminium screw caps. Pipettes were wrapped individu¬

ally in Kraft paper. Cover-slips were placed between

circles of filter paper in a Petri dish. Rubber bungs

were autoelaveci in small glass jars with aluminium

screw cap3 and then they were dried in an oven at 56°0

for several hours (after loosening the screw cap).

WA3HING Off PL .33,,.,RE

New glassware was rinsed once in tap water to

remove fragments of straw etc. and then left for

several hours in an acid mixture containing approxi¬

mately 20 per cent sulphuric acid and 0.2 per cent

nitric acid. Following several rinses in warm tap

water the glassware was then treated in the same way

as used glassware.
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Contaminated flasks and tubes were treated as

follows:- The rubber bungs were removed and placed

in a beaker of boiling water. The glassware was

immersed in a pail of dilute "Lissapol" (a neutral

I.C.I, detergent) or 0.5 per cent white soap solution

(lux) and autoolaved. The tubes etc. were brushed

in this soap solution, when the temperature had fallen

to about 50°C, and rinsed once in tap water. The

glassware was boiled in soap solution (see above) for

1 hour and repeatedly rinsed with hot tap water. All

glassware received a final rinse with two changes of

resin purified distilled water. Calibrated pipettes

used for measuring non-infectious material were rinsed

once in cold tap water and left overnight in a jar

of cleaning fluid (98 per cent concentrated sulphuric

acid plus 2 per cent nitric acid). They were rinsed

with warm tap water, boiled in soap solution and

rinsed in a pipette washer. Before sterilisation,

pipettes were soared for 10 minutes in three ohanges

of resin purified distilled water. Contaminated

pipettes were left for at least one day in a jar

containing 1:50 Lysol before being treated as above.

Pasteur pipettes were ma ;e from soft glass and were

discarded after use.

ROLLER DRUM3

Roller drums were built into incubators running
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at 36.5°0. They were constructed from sheet aluminium

pierced with holes of the appropriate size to accept

the culture tube. The drums were mounted on a shaft

at a small angle to the horizontal and the electric

motor drive was geared to produce six revolutions per

hour.

REAGENT3

ggglN PURIFIED WATER
In order to obviate any adverse effect metallic

ions may have on cultured tissue all traces of tap

water must be removed from washed glassware with

water of very low ionic content. For this purpose,

and also for the preparation of balanced salt

solutions, triple glass distilled water was used

initially. However the preparation of large amounts

of triple glass distilled water was time consuming

and its use was discontinued in favour of water

deloniaed by passage through an ion exchange column.

Metal distilled water was run through a 1 inch Pyrex

column, 5 feat in length, containing a mixed bed of

an anion exchange resin (IRA-400(0H),SDH) and a cation

exchange re3in (IR-120,(H)-BDH). The rate of flow was

adjusted to give 1 litre per hour. The resins were

recharged using the methods recommended by the manu¬

facturers. After recharging, the first 5 litres of

water delivered were discarded.
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HANKS' BALANCED SALT SOLUTION

All water used was either triple glass distilled

or resin purified. Salts U3ed were "Analar" (BDH)

grade. The composition of this saline was described

by Hanks and Wallace (1949) and is as follows

Stock solution A - Weigh out 160 g. NaCl; 8 g.KOl;
and 4 g. Mg304 THgO.

Dissolve these salts in approximately 800 ml. HgO.
Dissolve 2.8 g. OaCl^ in approximately 100 ml. HsO.
Combine these two solutions and make up to 1000 ml.

with HgO. Acid 2 ml. chloroform a3 a preservative,
stopper, and store at 4°C.

Stock solution B - Weigh out 3.04 g. Na^HP04 •

18 HoO, 1.2 g. KH2PO4 and 20 g. dextrose and dissolve
in approximately 000 ml. HgO. Add 100 ml. 0.4,4 phenol
red solution and mane up to 1000 ml. with HgO. Add
2 ml. chloroform, stopper, and store at 4UC. The

stock solution of phenol red is prepared by placing

1 g. of phenol red in a 250 ml. volumetric flask and

adding N/20 NaOti from a burette with shaking until the

powder is almost completely dissolved. HaOH is then

added carefully until solution is complete and the

colour is a deep ruby red. The volume is now made up

to 250 ml. witn water.

Hanxs* balanced salt solution i3 prepared by

adding 1 volume of stock solution A and 1 volume of

stock solution B to 18 volumes of triple glass
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distilled or resin purified water. The solution is

sterilised by steaming for 90 minutes and may be kept

at 4°G for not longer than 14 days. Immediately

before use 0.5 ml. of sterile 1.4 per cent NaHCOg

solution is added to each 20 ml. of Hanks' solution.

The bicarbonate solution is sterilised by steaming

for 90 minutes and when cool is gassed for 10 minutes

with a stream of GQo Tnis is achieved by dipping

a sterile, plugged Pasteur pipette into the flask

containing the bicarbonate solution through the cotton

wool plug and connecting the pipette to a tube con¬

taining a small piece of solid OOg (Drikold).
POiVL PLA3MA

A solution of heparin (Liquemin - Roche) was

diluted in un-neutraliaea Hants' saline to give a

concentration of 60 international units per ml. (this

is approximately equivalent to 0.5 rng. of dried sodium

salt of heparin/ml.). The solution was sterilised by

steaming for 90 minutes.

Brown Leghorn cockerels were starved for 24-32

hours before they were bled. The birds were usually

bled from the wing vein. The feathers in the region

of the vein were plucked and the skin swabbed first

with 0.5 per cent iodine in er,hanol and then with

bthanol until the yellov.* colour in the skin dis-

appeai'ed. The blood was drawn into a syringe contain¬

ing 0.25 col. of heparin solution for each 12 ml. of
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blood. After separation by centrifugation the plasma

was stored in stoppered tubes at 4°G after the

addition of 100 units of penicillin and 100 pg. of
streptomycin per ml. Occasionally blood was withdrawn

by cardiac puncture after slightly anaesthetising the

bird with ether.

FOWL 31BUM

5 ml. aliquots of fowl plasma were clotted by

aiding 1 drop of chick embryo extract (3ee below).
The clot was broken up into small pieces with a sterile

platinum wire and the serum removed following ceatri-

fugation. The remainder of she clot was then incubated

at 57 '0 for 1 hour, broken up again, and a second

yield of serum removed after centrifugation. Fowl

serum was stored at -3G°G with the addition of 100

units of penicillin and 100 fig streptomycin per ml.
iiOivds smmi

Sterile horse serum without preservative was

obtained fx*om Messrs. Burroughs .Vellcotae or Evans Ltd.

Before use it was heated at 56J0 for 30 minutes.

Unopened bottles of serum were stored at 4°G but once

opened the serum was stored in stoppered Pyrex tube3

at -30°C.

HUMAH PUDENTAL QQRP dEHUtl

Thi3 reagent was recommended for use in tissue

culture media by Gey and Gey (1936). Human placental
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blood was obtained through the courtesy of Dr.Anderson

of the Obstetrics and Gynaecology Department.Edinburgh

University. The blood was allowed to clot at 4°G and

the serum removed after centrifugation. If the serum

contained a large amount of haemoglobin it was dis¬

carded. The serum was stored in the same manner as

horse serum and was used unheated.

3BRUM ULTRAFILTRATB

This was purchased from the Renard Laboratories,

Clichy, Prance, in sealed glass 10 ml, ampoules. The

ampoules were stored at 4°0.

BOVINE AMNIOTIC PLUID

The use of bovine amniotic fluid as a constituent

of tissue-culture media was recommended by Enders

(1953).

Gravid uteri, 25-50 cm. long, were collected at

the abbatoir and taken directly to the laboratory.

The uterus was laid on a tray near the edge of a bench

and the surface cleaned with a pad of cotton wool soaked

in water. The outer uterine wall was lightly cauterised

over an area of about 10 cm. in diameter with a bunsen

flame. The amniotic membrane was exposed by careful

dissection and punctured by making a small incision with

scissors. The amniotic fluid flowed out rapidly in a

small jet. After the first 50 ml. or so had run to

waste the remainder was collected in 2 litre flas&s.
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Penicillin and streptomycin were added at the rate of

100 units and 100 /ag/ml respectively. Sufficient
stock phenol red solution (0.4 per cent) was added

to the fluid to yield a final concentration of 0.003

per cent. The fluid was then filtered with minimum

suction through a sterilising asbestos pad in a Seitz

filter and stored in small quantities in stoppered

flasks at 4°G or, preferably, -50°C.
CHTOK EMBRYO SXTR..QT

10-12 day old chick embryos were removed aaepti-

cally from fertile hens' eggs through a hole drilled

in the shell around the air sac. Using curved forceps

the embryo was gripped by the neck and pulled away

from the placental ccrd. The embryo was held until

moat of the blood had drained away via the ruptured

placental cord and then transferred to a Petri dish

containing un-ceutralised Hanks' saline. After

removing the eyes with the aid of forceps and a

platinum spatula, the embryos were transferred to

another Petri dish and washed in un-neutralised Hanks'

saline. The various methods U3ed to disintegrate the

embryos were as follows

(j) Repeated cutting with scissors.

(ii) Grinding in a Ten Brosok grindor.

(ill) Forcing the embryos through a coarse mesh
.•none! metal screen contained in the
bottom of a 50 ml. syringe.

(iv) Homogenising for 30 seconds in s blender.
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When large quantities of extract are required

method (iv) is the best. For small quantities method

(iii) is usually adequate.

The pulp was then mixed thoroughly with an equal

volume of Han Its * saline, containing 300 units of

penicillin and 200 pg. streptomycin per ml., and
incubated, with occasional shaking, in a water bath

lor 30 minutes at 3?°G. The pulp was then centri¬

fuge.! at 3,000 r.p.m. for 10 minutes and the super¬

natant pipetted off aseptics!ly into tubes. The

extract was frosen at - 76°0 and thawed, in a water

bath at 37°G. This procedure was repeated and resulted

in an extract free from viable chick embryo cells.

The extract was stored at «50°C- Immediately before

uae the thawed extract was eentrifuged for 13 minutes

and the deposit discarded.

AGETOh G EXTKAOTSD GihIOK boBiaO KXTFhOT

The method used was adapted from that, described

by Ledinko e t al. (1952).
.

Three dosen 13 day old embryos were used in each

batch. The eyes were not removed. The embryos were

washed twice with un-nentralised Hanks 5 saline and

after weighing were blended for 1 minute in a chilled

blcnaor. A quantity of cold acetone equal to five

times the original weight of the embryos was added and

stirred. The mixture was left to extract for 30 minutes

with stirring at 5 minute iutervals and then filtered
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through a Suohner funnel. The filtrate was discarded.

The filter cake was washed twice with small aliquots

of cold acetone and then broken up with a glass rod

in a beaker containing cold acetone equal in weight

to the original weight of the embryos. This second

extraction was repeated twice. The dried filter cake

was transferred to a mortar and ground to a fine

powder. The dried powder was transferred to weighed,

sterile, 250 ml. centrifuge bottles. The bottles

were completely filled with acetone and stoppered

with sterile rubber bungs fitted with glass tubes

plugged with cotton wool. The bottles were left

for 3 hours at 4°0 and centrifuged at 2,000 r.p.m.

for 30 minutes. With sterile precautions, as much

acetone was removed as possible. The bottles were

attached to a vacuum pump by means of the plugged

tube in the bung and pumped out overnight to remove

the last traces of acetone. The bottles were each

weighed and the weight of powder equivalent to one

embryo was calculated. The dry powder was stored at

4°0 in tightly stoppered bottles.

To reconstitute the extract a quantity of powder

equivalent to a pre-determined number of embryos was

weighed out in a sterile flask. Unneutralised Hanks'

saline containing 200 units of penicillin and 200 jug
streptomycin per ml. was added at the rate of 4 ml.

per embryo equivalent and left to extract for 34 hours
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at 4°C. The suspension was centrifuged at 3,000 r.p.m.

for 30 minutes and the supernatant carefully removed.

The reconstituted extract was stored at -30°G.

SOYA-BEAU TRYPSIN INHIBITOR.

This was purchased from General Biochemicals,Inc.,

Laboratory Park, Chagrin Falls, Ohio. It was supplied

in 1 g. quantities as a 5 times crystallised dry

powder. The powder was stored at 4°C.
A stock solution was made by dissolving 100 mg.

of inhibitor in unneutralised Hank's saline along with

100 units of penicillin and 100 pg streptomycin per ml.
The solution was sterilised by passage through a

sintered glass filter (^uickfit grade 5) and stored

at -3Q°C-

ANTIBIOTICS.

Streptomycin sulphate was obtained from Burroughs

Wellcome and Co. and Streptomycin calcium chloride

complex was obtained from Glaxo Laboratories Ltd., in

vials containing one million units. Sodium Penicillin

G was also obtained from Glaxo Laboratories Ltd. in

vials containing 100,000 units. Stock, solutions were

prepared in neutralised Hanks saline. Streptomycin

was prepared in a concentration of 200,000 pg/ml. and
Penicillin in a concentration of 20,000 units/ml.

Both solutions were stored at -30°C.
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VIRUSES■

Newcastle Disease Viruses The strains "London"

(also known as "Herts" strain) "California" and

"Massachusetts" were obtained from the Ministry of

Agriculture Veterinary Laboratory at Weybridge.

"Lasswade" strain was obtained from the Ministry of

Agriculture Veterinary Laboratory at Lasswade.

"Australian" strain wa3 obtained from the Slisa Hall

Institute, Melbourne.

All strains were maintained by regular allantoic

passage in embryonated hen eggs.

Poliomyelitis Viruses. The following strains

were used -

Type 1 - Mahoney
Type 2 - Y-SK
Type 3 - Saukett

These strains were obtained as tissue culture

fluids through the courtesy of Dr Goffe of the Virus

Reference Laboratory, Colindale.

All virus infected fluids were stored at -30°C.

ANTI3BRA

Poliomyelitis - Antisera were obtained from

monkeys after hyperimmunisation against Brunhilde

(Type 1) Lansing (Type 2) and Leon (Type 3) viruses.

These sera were supplied by Dr. Goffe of the Virus

Reference Laboratory, Colindale. He has found that

they neutralise 100 TCD50 of homologous type viruses
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at a dilution of 1:5,000, and fail to neutralise

10 TGDpjQ of heterologous type virus at 1:5.
Newcastle disease - Antisera against strains

"London", "California" and "Massachusetts" were

obtained from hens which had survived a single intra¬

muscular injection of 1 ml. of neat allantoic fluid

having an egg infectivity of approximately 10' ®'1* 50.

The serum was collected after 3 weeks.

Antisera against strains "Lasswade" and

"Australian" were prepared in hens by inoculating

them intramuscularly with 1 ml. of neat allantoic

fluid which had been irradiated with ultra violet

light for 10 minutes. The hens showed the clinical

manifestations of the disease but recovered. These

sera were prepared by Mr. L. W. Maopherson of the

Bacteriology Department, Edinburgh University.

i?I33Ufi

Chicle-embryo - Chick-embryo heart, liver and

skeletal muscle vs>ere dissected with aseptic precautions

from 13 or 14 day-old chick-embryos.

Human embryo - Complete embryos of 2 - 4 months

gestation were transported to the laboratory in large

3terile glass jars with aluminium screw-caps. The

jars contained 250 ml. sterile 10 per cent horse serum

in neutralised Hanks* solution with penicillin and

streptomycin aided at the rate of 50 units and 50 pg
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per ml. respectively.

Human embryonic s&in and muscle wa3 also obtained

from Dr. Goffe, Virus Reference Laboratory, Colindale.

Small pieces of tissue arrived by post in universal

containers containing 10 ml. of 5 per cent horse serum

in Earles' saline with antibiotics.

Adult human uterus - Pieces of uterine muscle

were obtained from histereotomy operations performed

in cases of non-malignant disease. The tissue was

supplied by the Bruntsfield Hospital and the Royal

Infirmary, Edinburgh, and was transported to the

laboratory in 250 ml. wide-mouthed Ehrlenmeyer flasts.

The flasts contained 100 ml. of the same medium used

for storing whole human embryos. Tissue was rarely

left for more than 24 hours at 4 - 6:>C before mincing.

Adult human tonsil - Tonsils were obtained from

The Eastern General Hospital, Edinburgh. They were

collected in dry, sterile wide-mouth Ehrlenmeyer flasts
Q

and stored at 4 - 6 0. The tissue was almost invari¬

ably minced within throe hours of collection.

Montey Kidney and testis - On two occasions,

montey Kidney and testicular tissues were obtained

through the courtesy of Dr. Pic&ford of the Physiology

Department, Edinburgh University. The tissues were

removed from living moniteys and were minced immediately.

Storage of tissue - Minced tissues were stored in

sealed Petri dishes, a single layer of fragments was
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suspended in a shallow layer of 10 per cent horse 3erum

in Hanis' solution. The suspending fluid contained

100 units of penicillin and 100 pg. streptomycin per ml.
3TSRILITY TS3T3

Sterility tests were carried out by inoculating

several tubes of thioglycollate broth with the material

to be tested. 0.25 ml. of inoculum was introduced into

each tube using a Pasteur pipette. The tubes were

incubated for 3 days at 37°0.



5XPBBIMBBTAL RESULTS,

A - (A oomparlaoo of Hewoaatle disease virus

strains In tiaeue-oaltore).
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Experiment 1

The selection of a suitable tissue for the study
of Newcastle disease viruses 1c vitro.

It has been shown that embryonic chick liver, heart

and skeletal muscle support the growth of Newcastle

disease virus in vitro (see page 120 of introduction).
These tissues have the advantages of being sterile

and readily available. In deciding the age of the

embryos used to supply the tissue, two factors were

considered. They were - (l) the rate of growth of

embryonic tissue in vitro varies inversely with the

age of the embryo supplying it, and (2) the amount of

tissue varies directly with the age. Although most

workers have favoured the use of tissue from 9, 10

and 11 day old embryos, in the present study 13 or 14

day old chick embryos were used. The volume of tissue

in embryos of this age was considerably greater than

in 10 day old embryos, and the dissection of individual

tissues from those surrounding them was therefore more

certain. The slower rate of growth was considered to

be an advantage, since changes in the metabolism

induced by virus (e.g. rate of change of pH) would be

more easily detected.

Hanging drop cultures - The tissue was placed in

a small volume of Hanks * solution in a Petri dish and

out into small pieces (0.5-1 mm1*) using fragments of

safety razor blades held in Spencer-VYells' artery

forceps. The fragments of tissue were washed in Hanks'
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solution until free from debris. Six sterile coverslips

were laid on a glass slab and one loopful of fowl

plasma placed on each. One fragment of tissue was

jiaced in the plasma and a loopful of 50 per cent

chick-embryo extract quickly mixed in. Brass rings

were dipped into a mixture of molten paraffin-wax and

vaseline (<3:1) and placed on a small sheet of glass.

While the wax was still soft the coverslip wa3 inverted

on to it and gently pressed down. 3ix coverslips were

accommodated on one pieoe of glass as shown in the

sketch below, The plates were incubated at SS-o'c.
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Appearance of outgrowths -

(1) Heart - Outgrowths of fibroblasts appeared after

18-24 hours. The original tissue, and in some oases

the fibroblasts, pulsated regularly when examined soon

after removal from the incubator. These pulsations

gradually became slower as the cultures cooled to room

temperature and were exposed to the microscope lamp.

After 36-48 hours an outgrowth of fibroblasts about

1-5 mm.broad had spread from the explant which still

pulsated regularly. At 72 hours the outgrowth had

not increased very much and granules of fat had

appeared in almost all the fibroblasts. Pulsations

were weak or absent in 50 per cent of the cultures,

after 4 days pulsations were very rarely seen and the

fibroblasts were packed with granules of fat. Most

cultures at this time showed plasmolysis of the clot

and some explants were detached and floating freely.

(2) Skeletal muscle (leg) - The sequence of events

with this tissue was similar to that found with heart

tissue. The outgrowth after 34 hours was, however,

slightly more extensive and the individual cells were

larger. This tissue does not, of course, pulsate.

(5) Liver - Hew cells did not appear until after 46

hours. In about two cultures no outgrowth appeared

during the 4 days in which the cultures were incubated.

After 72 hours a small sheet of rouna epithelial cells

spread from the explant. At 4 days cultures showed
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extensive fatty degeneration and plasraolysis.

Heart tissue was selected for subsequent experi¬

ments since it was thought that the presence or

absence of pulsations would b© of value in deciding

whether the virus had affected the tissue adversely.

Experiment 2

The growth of ohicft-embryo heart tissue in
hanging-drop cultures infected with Newcastle disease
virus.

Batches of eggs were inoculated with the five

strains of Newcastle disease virus. »Vhen incubation

was complete, allantoic fluids with high haemagglu-

tination titres were selected and individual pools of

the five strains were prepared. These pools were

titrated for egg infeotivity and end-points calculated

according to the method of Reed and Muenoh (1938).

The pools of virus were then diluted with sterile

saline to give 105 S.I.50 dodes in 0.1 ml. These
virus suspensions were stored at -76°C in sealed glass

ampoules and were used for all subsequent experiments.

Ten fragments of heart tissue were suspended in

0.5 ml. of a 1:100 dilution of each allantoic fluid

virus pool in Hants.3' solution. The tissue was held at

room temperature for two hours and occasionally shaken.

The fragments were transferred to hanging-drop cultures,

six cultures being prepared from each tube. The plates

were incubated at 36-5°C. The cultures were examined

(using a low power microscope) in the morning and
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evening for 4 days and scored for pulsation and

outgrowth. The results are recorded in TABLES XXXVI

and XXXVII respectively.

From the tables it will be seen that after 24

hours the virus treated fragments produced a few

isolated fibroblasts. Further incubation did not

increase the growth. The control cultures grew

normally and gave rise to a good outgrowth after 48

hours.

Pulsation was not greatly diminished in the virus

treated cultures, but did tend to stop before the

controls. This was rather surprising since the absence

of an outgrowth from these tissues suggested that their

metabolism had been severely impaired. Substantially

the same results were obtained when the experiment

was repeated.

Experiment 3

The growth of o hi ok.-embryo heart in roller-tube
cultures.

Tubes measuring 12 x 125 mm. were used for this

type of culture. One drop of fowl plasma was spread

over the lower third of the inner surface of the tube

and five fragments of tissue were placed in a line in

the plasma about 5 ram. apart. One drop of chicic-

embryo extract was added to the tube which was then

rotated until a clot had formed over and around the

tissue. 0.5 ml. of medium was added to each tube.



143

This medium consisted of 10 per cent horse serum,

15 per oent chick-embryo extract and 75 per cent Hanks'

solution. Penicillin and streptomycin were added at

the rate of 50 units and 50 pg. per ml. respectively.
The pH of the medium was 7*6. The tubes were then

tightly stoppered with rubber bungs and incubated in

a roller drum at 36*5°C. Outgrowths of fibroblasts

appeared after 16-24 hours and continued to increase

in diameter for 48 hours. The pH of the fluid fell

to 7» 2 - 6*8 after 48 hours and the clot began to

show signs of plasmolysis. On the second day the

fluid medium was removed and the plasma clot "patched"

by adding one drop of plasma and clotting it with one

drop of chick-embryo extract. 0*5 ml. of fresh medium

was added and the tubes returned to the incubator.

By ohanging the medium when the pH fell to 7*0, and

repairing the plasma clot when required, this type of

culture was successfully maintained for 14 days. By

this time outgrowths of fibroblasts had covered the

whole of the inner surface in the lower third of the

tube. Pulsation was usually seen up to the sixth day

but then diminished and was rarely seen in cultures

eight days old. The new cell growth tended to show

fatty degeneration after 9 days incubation and an

attempt wa3 made to minimise this effect by substitut¬

ing lipoid-free acetone-extracted chictt-embryo extract

(AECEE) for normal chick-embryo extract (GEE). When
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two sets of cultures, one containing AEGEE and the

CEE, were incubated together it was found that the

rates of growth and the onset of fatty degeneration

were practically the same. Since AEGSS was conveniently

stored in the powdered form its use was continued in

preference to GEE. By using a medium based on bovine

amniotic fluid (BAP) the appearance of fat granules in

the fibroblasts was suppressed until approximately the

twelfth day of culture. Since the pH did not fall so

rapidly when thi3 medium was used, fluid changes were

carried out every third or fourth day instead of every

second day as before.

Experiment 4

The growth of Newcastle disease viruses in roller-
tube cultures of chick-embryo heart.

A batch of roller-tube cultures, each containing

five fragments of tissue, was incubated for 3 days.

Tubes ysere selected in which all the fragments had

produced good outgrowths of fibroblasts free from

granulation. The media were removed and the plasma

clots were patched. Tenfold dilutions of the virus

pools were prepared in BAP medium (Bovine amniotic

fluid 80'3, horse serum 103, acetone-extracted chick-

embryo extract 103) and 0*5 ml. of each dilution was

added to two tubes. The tubes were incubated for a

further 9 days and examined daily for cytopathogenio

effect, pulsation and pH changes. The clots were

patched and fresh medium (without virus) was substituted
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In all tubes at the end of the third and sixth day of

incubation.

The cytopathogenic effect of each virus is

recorded in TABLE XXXVIII. Complete destruction of the
4

fibroblasts was scored/and varying degrees of partial

cytopathogenioity, revealed as increased granulation

and rounding of the cells, scored as 3, 2 or 1. The

appearances of normal fibroblasts and those destroyed

by Newcastle disease virus (London) are shown in Pigs.

8 and 9 respectively. The figures in TABLES XXXVIII

and XL are the average score of the five fragments in

one tube to the nearest whole number. The pH of the

fluid phase in each tube is recorded in TABLE XXXIX.

This was estimated by oomparing the colour of the

medium in the culture with a series of phosphate

buffers containing the same concentration of phenol

red as the medium. 0*5 ml. of each buffer was kept in

a oulture tube and sealed with a cotton-wool plug

soared in paraffin wax. The average pulsation of the

fragments is shown in TABLE XL.

As will be seen from TABLE XXXVIII all five strains

of virus produced a cytopathogenic effect on the fibro¬

blastic outgrowths. With strains Lasswade, London and

Australian this effect was seen after 2-3 days in the

lower dilutions, and after 5-6 days in the higher

dilutions. Strains Californian and Massachusetts

showed the ef.ect after 3-4 days in the lower dilutions
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Fig. 8

Normal chick, embryo heart fibroblasts after 4 day
incubation. The culture has been stained in situ
with haematoxylin and eosin (x65)

Fig. 9

Four day old culture of chicK-smbryo freart
inoculated on the second day with 10"*° dilution
of WDV (London) pool. The culture has been
stained in situ with haematoxylin and eosin (x65)
The fibroblasts have been completely destroyed.
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and after 6-7 days in the higher dilutions. The pH of

the cultures (TABLE XXXIX) showing cellular destruction

was higher than the corresponding uninoculated culture

but even cultures showing completely destroyed fibro¬

blast outgrowths continued to show a 3light fall in pH,

indicating the presence of metabolising tissue. The

retardation of pK reduction in virus infected cultures

corresponded with the degree of cellular destruction.

The pulsation of the explants in cultures infected

with lower dilutions of virus stopped 2-5 days before

the control cultures. However, in the cultures inocu¬

lated with the higher dilutions of virus, the tendency

was for the tissues to pulsate almost as long a3 the

control cultures, this being particularly noticeable

with Californian and Massachusetts strains. This

suggests that the original explant is mora resistant

to the action of the virus than the fibroblasts.

The highest dilution of virus which showed partial

cytopathogenicity (2) after three days incubation, was

taken to equal one tissue-culture infective dose.

Experiment 5

The neutralisation of Newcastle disease viruses by
homologous and heterologous antisera. ~ ~

A preliminary test showed that 0*25 ml. of a

1:5,000 dilution of Lasswade antiserum mixed with

0*25 ml. of a 1:500 dilution of Lasswade virus pool

prevented the appearance of cellular destruction for

6 days when the mixture was added to a roller-tube
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culture. ,vhen the medium in the tube was changed after

3 days incubation, the fresh fluid added contained a

1:10,000 dilution of antiserum. If the amount of virus

was inoreaaed tenfold or the amount of antiserum

reduced tenfold, cellular destruction appeared. Accord

ingly the neutralising activities of the five anti3era

were tested against 10~3 and 1Q"4 dilutions of each
w

virus.

The test was carried out as follows - 6 ml.

quantities of tenfold serum dilutions were prepared in

BAff medium. The initial dilution was 1:50 and the

highest dilution 1:50,000. The medium contained 200

units of penicillin and 200 jig. streptomycin per ml.
as a safeguard against tae presence of contaminating

bacteria in the sera.

1 ml. quantities of 1:500 and 1:5,000 dilutions

of each virus pool were also prepared in BAP medium.

Bach antiserum was tested in turn against the five

virus strains. Between tests the serum dilutions were

stored at -30°0. Virus dilutions were freshly prepared

for each serum titration. 0*25 ml. of the appropriate

serum and virus dilutions were mixed and incubated at

37°C for 30 minutes. Each mixture was then added to a

3 day-old roller-tube culture and incubated for a

further 3 days. After 3 days the fluid was removed

ana 0«25 ml. of fresh medium and 0-25 ml. of the

original serum dilution were added. Incubation was
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continued for a farther 3 days and at the end of this

period the average degree of cellular destruction of

the fibroblasts wa3 noted.

la TABLE XLI the dilutions of virus and serum are

given as the dilutions in the culture tube. From the

results shown in this table it is clear that a high

degree of cro33-neutrali3ation is shown by all five

sera. The apparently greater neutralising power of all

sera on the Galiforaian and Massachusetts strains is

probably due to these strains having a slower rate of

growth.

Sxperimeat 6

The production of haemagglutinins by Newcastle
disease"viruses in roller-tube culturesT"

A preliminary test was necessary to determine the

effect of tissue-culture reagents on fowl red blood

cell suspensions and also on virus haemagglutination

of red cells.

Doubling dilutions of bovine amniotic fluid, horse

serum, serum ultrafiltrate, chick-embryo extract and

acetone-extracted chick-embryo extract were prepared

in saline. To tubes containing 0*25 ml. of each

dilution 0-85 ml. aliquots of fowl red cell suspension

(0*75 per cent) were added. The tubes were shaken and

left for- 30 minutes. The results (TABLE XXXI) show

that horse 3©rum agglutinates fowl red cells in a

dilution of 1:24 but that the other reagents have no

effect.
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TABLE XXXI

The effect of various tissue-culture

reagents on fowl red cell3.

Reagent
DilutiIon of reag;ent

1:2 1:4 1:8 1:16 1:32 1:64 1:128 1:256

Bovine Am.Fid. 0 0 0 0 0 0 0 0

Horse serum 4 4 4 2 0 0 0 0

3.U.F. 0 0 0 0 0 0 0 0

G. . & • 0 0 0 0 0 0 0 0

A. S.C.S.E. 0 0 0 0 0 0 0 0

To the tubes described above 4 haemagglutinating

doaes of Newcastle disease virus (London) were added

in a volume of 0*25 ml. The tubes were shaken and

left until the cells had settled. The results are

shown below.

TABLE XXXII

The effect of various tissue-culture reagents

on virus haemagglutinatlon of fowl red cells.

Reagent

Dilution of reagent

1:3 1:6 »• £0 1:24 1:48 1:96 1:192 1:384

Bovine Am.Fid , 0 0 0 0 4 4 4 4

Horse serum 4 4 4 4 0 3 4 4

3.U.F. 4 4 4 4 4 4 4 4

C.E.S. 4 4 4 4 4 4 4 4

A. g.G.S.g. 4 4: 4 4 4 4 4 4

These results show that a 1:24 dilution of bovine

amniotic fluid inhibits 4 haemagglutinating doaes of

virus and also that horse serum has an inhibitory

effect up to a dilution of 1:43. Presumably the

agglutinating activity of horse serum demonstrated in
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TABLE XXXI has been diluted out before its haem-

agglutination inhibitor. It follows that any fluids

producing haeraagglutination, and containing horse

serum in a dilution less than 1:16, cannot be assumed

to contain virus.

A 1:2,000 dilution of each virus pool was pre¬

pared in BAP medium. 0*25 ml. of this dilution in

all cases contained less than one haemagglutinating

dose of virus. 0*5 ml. of each virus strain dilution

was Inoculated into 10 culture tubes. After 3 days

incubation the fluid phases of 5 tubes inoculated

with each strain of virus were pooled and 0-25 ml.

doubling dilutions titrated for haemagglutinlns by

adding Q»25 ml. of a 0-5 per cent fowl red cell

suspension. The tissue from the same tubes was

removed with a spatula and thoroughly homogenised

with 2*5 ml. of BAF medium in a tissue grinder. The

suspension was oentrifuged at 1000 r.p.m. for 2 min¬

utes and the supernatant also tested for its content

of haemagglutinins. The fluid media in the remaining

five tubes of each batch were replaced with fresh media

after the plasma clots had been patched. These cul¬

tures were incubated for a further 3 days and the

fluid and the solid phases titrated for haemagglu¬

tinins in the same way as the '6 day cultures.

The results are recorded in TABLE XLII. Prom

the table it will be seen that all five strains
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produce haemagglutinlna in tissue culture. The solid

phase of the culture in each case contained more virus

than the fluid medium. The "6 day" culture contained

more virus in the medium and the tissue than the "3

day" culture. Similar amounts of virus were produced

by Lasswade, London and Australian strains at 3 and 6

days. Californian and Massachusetts strains produced

lass virus than the other three strains.

Experiment 7

The growth of Newcastle disease viruses in
suspended-cell'Cultures'.

Suspended-cell cultures were prepared in 25 ml.

Ehrlenmeyer flasfcs. The flas&s contained 25 fragments
2 \

of tissue (each 1 mm.) suspended in 2*5 mi. medium.

Various media were tested for their ability no main¬

tain heart tissue and the one finally chosen contained

25 per cent serum ultrafiltrate, 5 per cent acetone-

extracted chick-embryo extract and 70 per cent Hank**

solution. Penicillin (50 units/ml.) and streptomycin

(50 jug/ml.) were also included.
Tissue maintained in these cultures reduced the

pH from 7*6 to 6*8 or 7*0 In 72 hours and rapidly

produced healthy outgrowths of fibroblasts when

transferred to hanging drop cultures.

The virus pools were diluted to 10~3 in complete

medium, and 2*5 ml. of each virus dilution used as the

medium and inoculum in one flaSK. After 72 hours'

incubation 0*25 ml. of the culture fluid was trans-

fez'red to a fresh culture containing 2*25 ml. of
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medium. j?ive such passes were made with each virus

strain culture. Thus the final culture represented

a dilution of 10*"8 of the original virus pool fluid.

The final cultures were then tested as follows.

Sxaminatioa of tissue-culture fluid in each flas&.

(1) An aliquot of the medium was diluted 1:100 in

saline and 0-1 mi. inoculated into 2 elevea-day-old

chicic embryos. The embryos inoculated with Lasswade,

London and Australian culture fluids were incubated

at do°G for 2 days and those inoculated with Gaiifornian

and Massachusetts culture fluids for 3 days, When

incubation was complete the allantoic fluid was diluted

1:20 and tested for haemagglutinias. In ail cases

haemagglutinins were demonstrated, indicating the

presence of virus in the final culture fluids. The

egg inoculum represents a 10~10 dilution of the original

pool fluid (iii.X.gQ — 10 ^).
(2) Doubling dilutions of each culture fluid vjere

prepared in saline and 0*25 ml. of each dilution tested

for haemagglutinins when mixed with 0*25 ml. of a 0*5

per cent suspension of red cells. The results are

shown below.



TABLE XXXIII

iiaetnaggl utiaatiOQ by the fluid media from suspended
cell cultures infected with Newcastle disease viruses.

Virus

Dilutions of fluid
1:2 1:4 1:8 1:16 1:32 1:64

Lasswade 4 4 2 0 0 0

London 4 3 0 0 0 0

Australian 4 4 2 0 0 0

Galifornian 4 0 0 0 0 0

Massachusetts 4 1 0 0 0 0

Examination ox tissue in each flask.

(1) Five fragments of tissue from each flask were

transferred to a roller-tube and embedded in a plasma

clot. 0*5 ml. of roller-tube medium was added and the

tubes incubated for b days at 36*5°C. At the end of

this period of incubation the oultures were examined

for fibroblast outgrowths. The results are shown below.

No pulsation was observed in either the control or virus

inooulated cultures.

TABLE XXXIV

The growth of chick-embryo heart tissue in roller-
tubes following incubation in suspended-cell cultures

with Newcastle disease viruses.

Virus ' None Lass. Lond. AUSt. Calif. Mass

Outgrowth after 72 hr. j 4 1 1 1 1 1

(a) Fifteen fragments from each flask culture were

homogenised with 1*5 ml. flask-culture medium and

0*25 ml. doubling dilutions tested for haemagglutina-
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tion when mixed with 0*25 ml. of a 0-5 per cent

suspension of fowl red cells. The results are shown

below.

TABLS XXXV

Haemagglutination by extracts of tissue from suspended
cell cultures infected with Newcastle disease viruses.

Virus

Dilution of extraot

1:2 1:4 1:8 1:16 1:32 1:64

Lasswade 4 4 4 4 1 0

London 4 4 4 0 0 0

Australian 4 4 4 3 1 0

Galifornian 4 4 2 0 0 0

Massachusetts 4 3 0 0 0 0

(3) Five fragments from each flask were fixed in

Bouin's fluid sectioned and stained with haematoxylin

and eosin. «Vhen sections of virus infected tissues

were compared with sections of tissue from an uninocu-

lated culture no differences were found. Both control

and virus infected tissues show slight degenerative

changes mainly at the periphery.

The experiment described above shows that all five

strains of Newcastle disease virus multiply in suspends

cell cultures. As in roller-tube cultures the tissue

contains more haemagglutinin than the fluid phase and

Oalifornian and Massachusetts strains produced signifi¬

cantly less virus than the other three strains. A

surprising feature was the apparently normal appearance

of sectioned and stained tissue from the flasks support

ing the growth of virus. However, it is clear from the
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the results shown In TABLE XXXIV that the metabolism

of these tissues has been impaired Buffioiently to

prevent the growth of fibroblasts when they are trans

ferred to plasma olot oultures.



DISCUSSION

(A)
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From the foregoing results it is clear that a high

degree of cross-neutralisation exi8ts among the sera

prepared in fowls against the five strains of Newcastle

disease virus compared in this study. This conclusion,

arrived at after a study of the neutralising effect

each serum has on the cytopathogenio effect of the

viruses on ti3sue-culture fibroblasts, agrees with the

findings of Beudette (1943) and Brandly et al. (1946).
These workers found that in spite of variations in

pathogenicity and other properties the strains they

examined were antigenically homogeneous. In a study

of the effect of rabbit and fowl Newcastle disease

antisera on multiplication of strains of this virus

in ovo, Upton et al. (1953) were able to demonstrate

significant differences between the neutralisation of

the homologous and the heterologous virus by prepared

antiserum. Even so cross-neutralisation was always

present

Although the five strains appear to be very

similar antigenically, when their rates of growth were

compared differences were apparent. The strains

£as3wade, London and Australia destroyed chick-embryo

heart fibroblasts earlier than the same dilution of

California and Massachusetts strains. Thi3 difference

in the rate of growth was also demonstrated when the

solid and fluid phases of infected cultures were

titrated for haemagglutinins. In these experiments
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the American atrain3 were found to produce less virus

after certain periods of incubation than the other

three strains. The slower rates of growth of these

two strains is correlated with the milder clinical

symptoms they show in the primary host and also with

the longer incubation they require in embryonated

eggs to produce the death of this host (Macpher3on,

1953).

A long-felt want in the study of animal viruses

has been a system as amenable to accurate analysis as

is the action of bacteriophage on susceptible bacteria.

The introduction by Dulbecco (1952) of a plaque count¬

ing technique for cytopathogenic viruses din monolayer

tissue cultures and the study of viruses grown in cell

suspensions and single cells (Dulbecco and Vogt, 1954)
has provided an admirable lead in this field. Dulbecco

and his eo-worker3 have primarily used the Western

equine encephalomyelitis virus (WEE) in following the

classical techniques used in the study of bacterial

viruses. The possibility of using Newcastle disease

virus for similar studies is equally good. Newcastle

disease virus also grows rapidly in easily obtainable

sterile tissues such as are provided by the chick

embryo and rapidly produces the cellular destruction

necessary for the simple detection of plaques. By

comparing the results obtained with several animal

viruses using these techniques it will be possible to
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ascertain with greater certainty how muoh conformity

there is among the animal viruses with regard to their

method of multiplication.
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(A)
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(1) The multiplication of five strains of

Newcastle disease virus in tissue-culture have been

compared. The strains studied were - Lasswade,

London Australian, Californian and Massachusetts.

(2) All strains produced cellular destruction of

chick-embryonic heart fibroblasts growing in roller-

tubes.

(3) Lasswade, London and Australian virus suspen¬

sions having the same egg infectivity tltre a3

suspensions of Californian and Massachusetts strains

produced the cytopathogenic effect earlier than the

American strains.

(4) The amount of haemagglutinins in the solid and

fluid phases of roller-tube and suspended-cell

cultures infected with Lasswade, London and

Australian strains exceeded that produced by the

Californian and Massachusetts strains in comparable

cultures.

(5) Antiserum prepared in the fowl against any one

strain neutralised the cytopathogenicity of all five

strains to the same degree thus indicating close

antigenic relationships between the strains.
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TABLE XXXVI

The effect of HP viruses on the pulsation of chick

embryo heart la hanging drop cultures.

1

Tissue
incubated
in -

Tissue
fragments

Pulsation
incuba

of tiss
tion - (

ue after
hours)

16 24 40 48 64 72 88 96

Normal
Allantoic
Fluid

1 4 4 4 4 2 0 0 0

2 4 4 4 3 0 0 0 0

3 4 4 4 4 4 2 0 0

4 4 4 4 4 0 0 0 0

5 0 0 0 0 0 0 0 0

6 4 4 4 2 2 0 0 0

"London"
pool
virus

1 4 4 2 0 0 0 0 0

2 0 4 4 0 0 0 0 0

3 4 4 2 2 0 0 0 0

4 2 4 4 0 0 0 0 0

5 4 4 4 0 0 0 0 0

6 0 0 0 0 0 0 0 0

"Lasswade"
pool
virus

1 0 4 0 0 0 0 0 0

2 0 4 2 0 0 0 0 0

3 4 2 0 0 0 0 0 0

4 4 4 2 2 0 0 0 0

5 4 4 4 2 0 0 0 0

6 1 0 0 0 0 0 0 0

"Australian"
pool
virus

1 0 4 2 0 0 0 0 0

2 4 4 0 0 0 0 0 0

3 4 4 2 0 0 0 0 0

4 4 4 2 0 0 0 0 0

5 4 4 2 0 0 0 0 0

6 4 4 2 0 0 0 0 0

"California"
pool
virus

/
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TABLE XXXVI (Contd.)

Tissue
incubated
in -

Tissue
frag¬
ments

Pulsation of tissue after
incubation - (hours)

16 24 40 00 64 72 88 96

"California"
pool
virus

1 4 4 4 0 0 0 0 0

2 0 ° 0 0 0 0 0 0

3 4 2 2 0 0 0 0 0

4 4 4 2 0 0 0 0 0

5 4 4 0 0 0 0 0 0

6 0 0 0 0 0 0 0 0

"Massachusetts
pool
virus

1 4 4 4 2 0 0 0 0

2 4 4 4 0 0 0 0 0
" 3 4 4 4 0 0 0 0 0

_

4 4 4 2 0 0 0 0 0

5 4 4 4 0 0 0 0 0

6 4 4 2 2 0 0 0 0

4 = active pulsation
3-1 = weaicer pulsation

0 « no pulsation
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TABLE XXXVII

The effect of ND viruses on the migration of cells
from chick embryo heart ia hanging drop cultures.

Tissue
incubated
in -

Tissue
fragments

Outgrowth after incubation
for - (hours)

16 24 40 48 64 72 88 96

Normal
Allantoic
Fluid

1 1 2 4 4 4 4 3 2

2 1 2 3 4 4 4 4 2

3 1 2 3 4 4 4 4 2

4 1 2 4 4 4 3 3 1

5 0 0 0 0 0 0 0 0

6 1 2 4 4 4 4 4 2

"London"
pool
virus

1 1 2 2 1 1 1 1 1

2 1 1 1 1 1 1 1 1

3 1 2 2 1 1 1 1 1

4 1 1 1 2 1 1 1 1

5 1 1 1 1 1 1 1 1

6 0 0 1 1 1 1 1 1

"Lasswaae"
pool
virus

1 1 1 1 1 1 1 1 1

2 1 1 1 1 1 1 1 1

3 1 1 1 1 1 1 1 1

4 1 1 1 1 1 1 1 1

5 1 1 1 1 1 1 1 1

6 1 1 1 1 1 1 1 1

'Australian "
pool
virus

1 1 1 1 1 1 1 1 1

2 1 2 2 2 1 1 1 1

3 1 1 1 1 1 1 1 1

4 1 1 1 1 1 1 1 1

5 1 1 1 1 1 1 1 1

6 1 2 2 1 1 1 1 1

"California
pool
Virus

" /
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TABLE XXXVII (Oontd.)

Tissue
incubated
in -

Tissue
fragments

Outgrow fch after inci
For - (hours'

ibation

16 24 40 48 64 72 88 96

'California"
pool
virus

1 1 2 1 1 1 1 1 1

2 1 2 1 1 1 1 1

3 1 1 1 1 1 1 1

4 1 1 1 1 1 1 1 1

5 1 1 1 1 1 1 1 1

6 1 1 1 1 1 1 1 1

1 1 2 2 1 1 1 1 1

2 1 1 2 1 1 1 1 1

'Massachusetts 3 1 2 3 2 1 1 1 1
poox
virus

4 1 2 2 1 1 1 1 1

5 1 2 2 1 1 1 1 1

6 1 1 1 1 1 1 1 1

4 =

3-1 =

0 =

Outgrowth 1.5 ram. in diameter or more

smaller outgrowths

no outgrowth
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TABLE XXXVIII

The oytopfethogenio effect of Newcastle disease viruses

op ohiois embryo heart Id roller-tube cultures.

i Virus Dilution Tube
Cytopathogenic

incubation
effect after
- (days.)

1 2 a 4 5 6 7 8 9

Hoae -

A 0 0 0 0 0 0 1 1 1
B 0 0 0 0 0 0 0 1 1

10~3 A 1 3 4 4 4 4 4 4 4
B 0 4 4 4 4 4 4 4 4

i<r4 A 0 3 4 4 4 4 4 4 4
B 0 1 2 4 4 4 4 4 4

10~5 A 0 0 0 2 4 4 4 4 4
Lasswaie B 0 1 2 2 4 4 4 4 4

10~6 A 0 0 0 1 1 3 4 4 4
B 0 0 0 0 2 3 4 4 4

10~7 A 0 0 0 0 0 1 1 3 4
B 0 0 0 0 0 0 1 2 2

10*3 A 0 2 4 4 4 4 4 4 4
B 0 2 4 4 4 4 4 4 4

10"*4 A 0 0 4 4 4 4 4 4 4
B 0 0 3 4 4 4 4 4 4 I

10-5 A 0 0 4 4 4 4 4 4 4
London 3 0 0 4 4 4 4 4 4 4

10 ~6 A 0 0 1 1 3 4 4 4 4
B 0 0 1 1 2 4 4 4 4

10~7 A 0 0 1 1 2 4 4 4 4
B 0 0 1 1 2 4 4 4 4

Australian /
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TABLB XXXVIII (Gontd.)

Virus Dilution Tube
Cytopathogenic eff

incubation - (
ect
day

after

i. 2 3 4 5 6 7 8 9

Australian

1G~3 A 0 1 3 4 4 4 4 4 4
B 0 0 2 4 4 4 4 4 4

icr4
A 0 1 2

2
4 4 4 4 4 4

B 0 0 4 4 4 4 4 4

10~5 A 0 0 1 4 contaminated
B 0 0 3 4 4 4 4 4 4

10 "6 A 0 0 0 0 2 4 4 4 4
B 0 0 0 2 3 4 4 4 4

10~7 A 0 0 0 0 1 1 3 4 4
B 0 0 0 0 1 1 4 4 4

10-3 A 0 0 2 4 4 4 4 4 4
B 0 0 1 3 4 4 4 4 4

10-4 A 0 0 1 3 4 4 4 4 4

Californian

B 0 0 1 3 3 4 4 4 4

10-5
A 0 0 0 2 3 4 4 4 4
B 0 0 0 0 0 2 3 4 4

10-6 A 0 0 0 con taminated - -

B 0 0 0 0 0 2 4 4 4

io~7 A 0 0 0 0 0 0 1 2 2
B 0 0 0 0 0 0 2 3 3

Massachuseti

10-*3 A 0 0 0 2 4 4 4 4 4
B 0 1 1 2 4 4 4 4 4

10~4 A 0 0 0 2 4 4 4 4 4
B 0 0 0 1 3 3 4 4 4

3 10"b
A 0 0 0 0 1 2 3 4 4
B 0 0 0 0 1 2 3 4 4

10*"6 A 0 0 0 0 0 1 1 2 3
B 0 0 0 0 0 1 1 1 2

10-7
A 0 0 0 0 0 1 2 2 3
B 0 0 0 0 0 1 1 3 3

4 = Cells completely disintegrated
5 & 2 « Much granulation and rounding

1 = Some granulation
0 = Normal appearance
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TABLS XXXIX

The pH of the fluid medium io roller-tube cultures of
chick embryo heart inoculated with Newcastle disease

viruses.

Virus
Dilu¬
tion Tube in c

Duration of incubation
lays (C = fluid change)

1 2 3
c

4 5 6C 7 8 9

None - A 7 • 4 7-1 7-0 7*4 7-2 7*0 7*5 7*3 7*2
3 7*4 7*1 6*3 7*4 7*2 7-0 7*5 7*2 7*2

10-3 A 7*4 7*3 7*3 7-6 7*6 7*6 7*6 7*6 7*6
3 7-4 7.4 7.4 7-6 7-6 7*6 7*6 7*6 7*6

10-4 A 7 • 5 7*5 7*5 7-5 7*4 7*4 7*5 7*5 7*5
3 7*4 7*2 7*2 7*5 7*3 7*3 7*6 7*4 7*4

A 7-3 7*2 7*0 7.4 7.4 7*2 7*5 7*5 7*5
Lass. 10 0 3 7*4 7*2 7*0 7.4 7.4 7*2 7*6 7.4 7*4

10"6 A 7.4 7*0 6-8 7-5 7.4 7*4 7*4 7*2 7*2
B 7-4 7*0 7-0 7*4 7*4 7*2 7*5 7*4 7*2

10-7
A 7-4 7-0 6*8 7*4 7*2 7*2 7*4 7*2 7*2
B 7.4 7*0 6*8 7*3 7-2 7'2 7-4 7.4 7.4

CO1

0r~i
A 7-6 7.4 7-4 7*6 7-6 7*6 7*6 7*6 7*6
B 7.4 7.4 7-2 7-6 7*5 7*4 7*6 7.4 7*4

10-4 A 7.4 7*2 7-2 7.4 7.4 7-2 7*6 7*6 7*2

Lond.

B 7*4 7*2 7-2 7.4 7*2 7*0 7.4 7*2 7*2

10~5 A 7*2 7*2 7-0 7-6 7*2 7*2 7*4 7.4 7*2
B 7.4 7*2 7-0 7*4 7.4 7*4 7*4 7*4 7.4

10"6
A 7*5 7*2 7*0 7*4 7*2 7*2 7*5 7*5 7*2
B 7*4 7-1 6*8 7-3 7*3 7*2 7*4 7*4 7.4

10 ~7 A 7-4 7*2 7*0 7*5 7*2 7*2 7*4 7*4 7*2
B 7*4 7*2 7*0 7.4 7*2 7*2 7.4 7*4 7*2

Aust. /
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TABLE XXXIX (Contd.)

Virus
Dilu¬
tion Tube

Duration of
in days(c = fluic

inci
ah*

ibation
xnse)

1 2 3c 4 5 6C 7 8 9

10-3
A 7*4 7.4 7-2 7-6 7-6 7-5 7-6 7-6 7-4
3 7.4 7.4 7-2 7-4 7.4 7-4 7-6 7-4 7-4

10"4 A 7-5 7-2 7-0 7.4 7.4 7-4 7.4 7-4 7-4

Aust.

3 7-4 7-2 7-2 7-4 7-2 7-3 7-6
1

7-4 7-4

10-5 A 7-4 7-1 7-0 6-8 contarainate<1 - —

B 7-4 7*2 7-0 7-4 7-2 7-2 7-5 7-5 7-3

10~6
A 7-4 7-1 7-0 7-4 7-3 7-2 7-4 7.4 7-4
B 7-4 7'1 7'0 7-3

I
. L_

7-3 7-0 7.4 7-2 7*2

fc-1

oT—{

1

A 7-5 7-3 7-2 7-6
7-4

7-3 7-3 7-6 7-4 7-2
B 7.4 7-2 7*0 7-2 7*2 7-4 7-4 7-4

10-3 A 7* 4 7' 2 7-2 7-4 7.4 7-2 7-6 7.4 7-4
B 7-5 7-2 7-2 7-5 7-4 7.4 7-5 7-5 7-4

10*4 A 7.4 7-3 7-0 7.4 7-2 7-2 7-5 7-4 7-4
B 7-4 7-2 7-0 7-4 7.4 7-2 7-6 7-4 7-4

10^5
A 7-4 7-1 6-8 7.4 7-2 7-0 7-4 7.4 7-2

Calif. B 7.4 7-2 7-0 7.4 7-4 7-1 7-6 7-6 7-5

<oi

o
A 7.4 7-1 6-8 contaminated -

B 7-4 7-0 6-8 7-4 7-4 7-2 7-5 7-4 7-4

io"7 A 7-4 7-2 7-0 7.4 7-3 7-3 7-4 7-3 7-3
B 7-3 7-2 6-8 7-4 7-2 7-0 7-4 7.4 7.4

10""3 A 7-4 7-2 7-0 7-4 7.4 7-2 7-5 7-5 7-3
B 7-4 7-1 7-0 7.4 7-3 7-3 7-5 7-4 7-4

10"4 A 7.4 7-2 7-1 7-4 7-3 7-3 7-5 7-5 7-5

Mass.

3 7-4 7-0 6-8 7-4 7-3 7-3 7-5 7-5 7-5

10~5 A 7.4 7-0 6-8 7-4 7-2 7-2 7-4 7-4 7-3
B 7.4 7-0 6-8 7.4 7-4 7-1 7-6 7.4 7.4

10~6 A 7.4 7-2 7-0 7-4 7-2 7-2 7-5 7.4 7-4
B 7.4 7-0 6-8 7.4 7-2 7-0 7.4 7-3 7-3

10~7
A 7.4 7-0 7-0 7-4 7-2 7-1 7-4 7-2 7-0
B 7.4 7-2

j
7-0 7.4 T-8, 7-2 7-5 7-4 7-2
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TABLB XL

The effect of Newcastle disease viruses on the pulsation
of chick, embryo heart in roller-tube cultures.

Virus
Dilu¬
tion Tube

Average Pulsation after
Incubation - (days)

1 2 3 4 5 6 7 8 9

I; one - A 4 4 2 4 2 0 0 0 0
B 4 4 2 4 0 0 0 0 0

Las6wade

10~3 A 4 2 0 0 0 0 0 0 0
B 4 2 0 0 0 0 0 0 0

10-4 A 4 4 0 0 0 0 0 0 0
B 4 4 0 0 0 0 0 0 0

10"5
A 4 4 2 2 0 0 0 0 0
B 4 4 0 0 0 0 c 0 0

10-°
A 4 4 3 2 0 0 0 0 0
B 0 0 0 0 0 0 0 0 0

H* O 1 -3
A 4 4 0 2 0 0 0 0 0
B 4 4 0 2 0 0 0 0 0

London

- Australian /

10-3 A 4 0 0 0 0 0 0
oo 0

B 4 2 0 0 0 0 0 0

(-1 o
1

A 4 4 0 0 0 0 0 0 0
3 4 3 0 0 0 0 0 0 0 '

10"5 /* 4 4 2 2 0 0 0 0 0
B 4 2 0 0 0 0 0 0 0

10~6
A 4 4 0 0 0 0 0 0 0
B 4 4 0 3 0 0 0 0

o
i -9

A 4 4 2 3 0 0 0 0 0

B 4 4 2 3 2 0 0 0 0
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TABLE! XL (Gontd.)

Virus
Dilu¬
tion Tube

Average Pulsation after
incubation - (days)

1 2 3 4 5 6 7 8 9

Australian

icr5 A 4 1 0 0 0 0 0 0 0
B 4 2 0 0 0 0 0 0 0

O
1 A 4 4 0 0 0 0 0 0 0

B 4 1 0 0 0 0 0 0 0

10*5 A 4 4 2 0 contaiminated
B 4 4 2 2 0 0 0 0 0

10~6 A 4 4 2 3 0 0 0 0 0
B 4 2 0 0 0 0 0 0 0

o
1 -3 A 4 4 2 0 0 0 0 0 0

B 4 4 3 3 0 0 0 0 0

Californian

icr3 A 4 2 0 0 0 0 0 0 0
B 0 2 0 0 0 0 0 0 0

10-4
A 4 4 0 1 0 0 0 0 0
B 4 4 0 0 0 0 0 0 0

X0-5
A 4 4 2 0 0 0 0 0 0
B 4 4 0 2 0 0 0 0 0

10~6
A 4 4 2 contaminated
B 4 4 2 3 0 0 0 0 0

10-7
A 4 4 2 3 2 0 0 0 0
B 4 0 0 0 0 0 0 0 0

Massachusetts

10~3 A 4 2 2 0 0 0 0 0 0
B 4 1 0 1 0 0 0 0 0

10-4 A 2 1 1 0 0 0 0 0 0
B 4 4 2 2 0 0 0 0 0

10"5 A 4 4 0 0 0 0 0 0 0
B 2 2 0 2 2 0 0 0 0

10~6 A 4 4 2 3 0 0 0 0 0
B 4 4 2 3 0 0 0 0 0

10-7 A 4 2 0 2 2 0 0 0 0
B 4 4 2 4 2 1 0 0 0



170

TABLE XLI

The neutralising effect of iflewoastle disease virus
antiserum on homologous and heterologous strains In

tissue culture.

a Lasswade

Virus Dilution

O.P. effect following incuba¬
tion with the following serum
dilutions.

_Q
10 4 1G~3 10~4 10"B

Lasswade io"3 0 0 0 4

10"4 0 0 0 1

London 10~3 0 0 3 4

o
»

0 0 0 4

Australian 10'S 0 0 4 4

10"4 0 0 0 4

Californian
10~3 0 0 0 0

b* o
i

0 0 0 0

Massachusetts 10~5 0 0 0 0

10 ~4 0 0 0 0

B London

Lasswade
10~3 0 0 2 4
t

o■H 0 0 0 4

London
10~3 0 0 4 4

o
I

0 0 0 4

Australian
10-3 0 2 4 4

H1 O
1 0 0 4 4

California!! l0-3 0 0 0 3

10 ~4 0 0 0 1

Massachusetts
10~3 0 0 0 2

10"4 0 0 0 0
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TABLE XLI (Contd.)
Australian

Virus Dilution

C.P. effect following incuba¬
tion with the following serum
dilutions.

10~2 10-3 1

or-4 1Q~5

Lasswade
l0-3 0 0 0 4

10~4 0 0 0 0

London
1Q~'6 0 0 0 4

10 "4 0 0 0 2

Australian
%

10"° 0 0 2 4

l0~4 0 0 0 3

Californian io~3 0 0 0 0

10~4 0 0 0 0

Massachusetts 10-3 0 0 0 0

10~4 0 0 0 0

D Galifornian

Lasswade
10~3 3 4 4 4

10~4 0 4 4 4

London 10~3 3 4 4 4

icr4 0 4 4 4

Australian
10-3 4 4 4 4

10~4 0 4 4 4

Galifornian
10-3 0 1 4 4

10"4 0 0 4 4

Massachusetts
10~3 0 4 4 4

10-4 0 0 4 4

& Massachusetts

La3swade
10~3 0 0 3 4

Io■H 0 0 0 4

London 1CT3 0 G 4 4
1

o 0 0 3 4

Australian 10~3 0 0 4 4

10-4 0 0 1 4

Galifornian 10~3 0 0 0 3

10~4 0 0 0 0

Massachusetts
10 ~3 0 0 0 1

10 "*4 0 0 0 0
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TABLE XLII

The production of haemagglutinins by Newcastle disease
viruses Id tissue oulture.

(A) Fluid phase

Virus

Dura¬
tion of
incuba¬
tion

Dilution of culture material

1:4 1:8 1:16 1:32 1:64 1:128 1:256 1:512

Lass. 3 4 4 0 0 o 0 0 0
6 4 4 4 4 0 0 0 0

Lond. 3 4 4 0 0 0 0 0 0
6 4 4 3 1

...

0 0 0 0

Aust.
3 4 1 0 0 0 0 0 0
6 4 4 3 3 0 0 0 0

Calif. 3 0 0 0 0 0 0 0 0
6 4 4 0 0 0 0 0 0

Mass.
3 1? 0 0 0 0 0 0 0
6 4 2 0 0 0 0 0 0

(B) Solid phase

Virus

Dura¬
tion of
incuba¬
tion

Dilution of Culture Material

1:4 1:8 1:16 1:32 1:64 1:128 1:256 1:512

Lass.
3 4 4 4 4 0 0 0 0

6 4 4 4 4 4 2 1 0

Load. 3 4 4 4 4 0 0 0 0
6 4 4 4 4 4 4 0 0

AUSt.
3 4 4 4 2 0 0 0 0

6 4 4 4 4 4 4 1 1?

Calif. 3 4 4 2 0 0 0 0 0

6 4 4 4 4 1 0 0 0

Mass.
3 4 4 3 0 0 0 0 0
6 4 4 4 3 1 0 0 0



EXPERIMENTAL RESULTS.

B - (The growth of poliomyelitis viruses In

cultures of human tonsillar fibroblasts).
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Experiment 1

The growth of adult human tonsil in roller-tubes.
the

The preparation of tissue - Tonsils with/least number

of septic foci were selected from each batch. The

fibrous capsule which covers the lateral surface of the

tonsil, and the epithelium lining the crypts were not

used for explantation. Small pieces of tissue from the

softer parts in the depth of the tonsil were out out

with scissors, washed briefly in un-neutralised Hanks'

solution and transferred to a dry Petri dish. The

tissue was cut with fragments of safety razor blades

held in Spencer-Well3' artery forceps. The blades were

drawn away from each other with a sci3sor-like movement

through the tissue fragment. The tissue was repeatedly

cut in this way until the fragments were from 1 to 1.5

mm3. This size was found to give the best outgrowth.

Fragments much larger than 2 mm3 usually necrotise and

adversely affect the condition of the fibroblasts

surrounding them, while fragments much less than 1 mm'

sometimes did not produce any outgrowths.

After mincing, the tissue was transferred to a

deep watch-glass and washed with 4 changes of un-

neutralised Hanks' solution or until all the cell debris

was removed. Bi-carbonate solution was aided until the

suspending fluid was pH 7-5. The watch-glass with the

tissue was left at room temperature for approximately

15 minutes. It wa3 then possible to recognise dead
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or slowly metabolising fragments by their colour. Dead

tissue takes up the phenol red and stains pink while

viable tissue remains white or becomes yellowish. The

dead tissue was removed with a pipette and the remain¬

ing fragments transferred to a Petri dish containing

a shallow layer of 10 per cent horse serum in Hanks'

solution with 200 units of penicillin and 200 pg. of
streptomycin per ml. Tissue kept in this fluid at 4°G
still gave successful explants after 4 days.*
Setting up tube cultures - The tubes used for roller

tube cultures measured 18 x 150 mm. One drop of

plasma was added to each tube and spread evenly over

the lower third of the inner surface of the tube.

Sight fragments of tissue were then placed in the

plasma film in two lines of 4 by sucking up one piece

of tissue at a time with a finely drawn Pasteur pipette

and transferring it to the tube. One drop of chick-

embryo extract was aided to the tube and mixed with the

plasma and tissue by rocking. The tube was then left

at a small angle to the horizontal with the tissue

fragments uppermost. In this way the excess plasma and

chick-embryo extract arains away from the tissue and

forms a small butt at the base of the tube. In this way

the plasma clot is made as thin as possible.

ie It is worth noting that Frisch and rentoft
(1953) found that minced monkey testes, sus¬
pended in 2-5 per cent human albumin in a
refrigerator, were still capable of producing
good fibroblastic outgrowths after being stored
for as long as 3 weeks.
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The composition of the medium - The medium used by

Barski et ai. (1953) for the cultivation of tonsil was

used initially. The composition was as follows -

This medium gives rise to good outgrowths of

fibroblasts after 8-12 days incubation. When 0*5 ml.

of this medium was employed in each tube, fluid

changes had to be carried out every 3 days and the

plasma clot frequently patched. If plasmolysis was

allowed to proceed too far without repair the fibro¬

blastic outgrowth retracted and the explant rounded

off This difficulty, which may be due to excess

heparin in the plasma, was overcome by including

01 mg. per ml. of soybean trypsin inhibitor in the

medium. The frequency of media changes was reduced

to once in 4 days by using 1 ml. of medium instead of

0-5 ml in each tube.

In an attempt to simplify the medium, serum

ultrafiltrate was omitted and the medium altered to -

(M2) Human placental-cord serum 20%
Normal horse serum (decomplemented) 20$
Chick embryo extract 15^
Hanks* solution 45$
Soybean trypsin inhibitor 0*1 mg/ml.
Penicillin and streptomycin as (Ml)
This medium gave results indistinguishable from

those obtained with Ml.

(Mi) Human placental-cord serum
Normal horse serum (decomplemented)
Chick embryo extract
Serum ultrafiltrate
Hanks' solution
Penicillin
Streptomycin

201
15$
15 %
15 S
35 J
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Since human placental cord serum was in short

supply and it3 content of haemoglobin sometimes made

the colorimetric determination of pH impossible, it

was desirable to lower the concentration of this

component. A series of tubes were set up with 20, 10,

5, 2 and 0 per cent of placental cord serum. The

balance was made up in each case with Hanks* solution

and the other components were the same a3 in Medium

M3. It was found that the rapidity with which the

first outgrowth of fibroblasts appeared was in direct

proportion to the amount of placental cord serum in

the medium. However the medium containing 5 per cent

of this component gave adequate outgrowths after about

8-10 days and accordingly the medium was modified to -

(M3) Human placental-cord serum 51!
Normal horse serum (decomplemented) 2015
Chick embryo extract 15$
Hanks* solution 60$
Soybean trypsin inhibitor 0-1 mg/ml.
Penicillin and streptomycin as (Ml)

When the Hanks' solution and half of the horse

serum in M3 was replaced with bovine amniotic fluid,

excellent results wers obtained. Although the first

appearance of the fibroblasts was not noticeably

accelerated there was a distinct improvement in the

health of the new cells. The cytoplasm of the cells

was clear and free from excessive granulation. Howeve

the use of medium M3 was continued since the supply

of bovine amniotic fluid was uncertain.
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When cultures were sufficiently well developed

for use in viru3 titrations medium M3 was removed as

completely as possible and 3 ml. of un-neutralised

Hanks * solution added to each tube. The tubes were

returned to the roller-drum and rotated for 30 minutes.

The Hanks' solution was then completely withdrawn.

Thi3 procedure washes the culture free from traces of

placental cord serum which may contain poliomyelitis

virus neutralising antibodies. The medium used for

all cultures containing virus, and for all subsequent

fluid replacements, had the following composition -

(M4) normal horse serum (decomplernented) 10 5
Chick embryo extract 10^
flanks* solution 80 5
Soybean trypsin inhibitor 0-1 mg/ral.
Penicillin 300 units/ml.
Streptomycin 200 pg/ml.

Experiment 2

The preparation of pools of the three immuno¬
logical types of poliomyelitis virus-

The strains Mahoney (type t), Y-3K (type 3) and

Saukett (type 3) were grown in cultures of human

embryonic muscle in Carrel flasks. Thi3 method was

adapted from that described by Miller (1953). To

four Carrel flasks (lOcm. diameter) 05 ml. of fowl

plasma was added and spread evenly over the floor of

the flask. A finely minced suspension of human

embryonic muscle tissue was introduced until there
o

were approximately 10 fragments per cm. . 0*5 ml. of

chick embryo extract was mixed with the plasma by
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gentle shaking. The flask wa3 tilted and the excess

plasma and chick embryo extract allowed to drain from

the tissue to form a clot at the edge of the flask.

10 ml. of medium M3 was added and the flasks stoppered.

When a confluent sheet of fibroblasts oovered the floor

of the flasks (6 days) the medium was removed and the

culture washed twice with 1.0 ml. portions of un-

neutralised Hanks' solution. To each flask 10 ml. of

medium M4 was added along with 0-2 ml. of the appro¬

priate virus suspension. One flasa: was not inoculated

with virus and served as a control. The virus inocula

consisted of neat tissue-culture fluids supplied by

Dr. Goffe, Colindale.

The flasics were incubated for a further 12 days

with fluid changes at the end of the third, sixth and

ninth days. The media withdrawn at the end of the

sixth, ninth and twelfth days of culture were stored

at -30°C and individual pools of each virus type pre¬

pared at the end of the experiment.

Experiment 3

A oomparison of the growth of poliomyelitis
viruses in "roTTer-tube cultures of human tonsil, human
embryonic muscle and montcey "testis.

Serial ten-fold dilutions of the virus pools were

prepared in M4 medium. 0*8 ml. of each dilution and

0*8 ml. of M4 was aided to 2 roller-tubes showing good

outgrowths of fibroblasts. The cultures were Incubated
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for 6 days with one medium change after 3 days. The

end point of eaoh titration was ta&en to be the highest

dilution of virus which produced the cytopathogenic

effect in both tubes. The cytopathogenic effect on

each fragment was scored as follows -

4 a complete destruction of fibroblasts.

3,3 and 1 « varying degrees of partial destruction
as shown by excessive granulation,
rounding of the cells and disintegration
of the nuclei.

0 = cells similar to control cultures.

The figures recorded in TABLEXLIII are the average

score of ths 8 fragments in each tube to the nearest

whole number.

Tonsil and human embryonic muscle cultures were

set up on the same day and incubation continued for

8 days in medium M3 with one fluid change after 4 days.

The fibroblastic outgrowth from the human embryonic

tissue appeared before the tonsillar outgrowths and

after 8 days was more extensive. The human embryonic

fibroblasts showed a slight amount of non-specific

degeneration but not sufficient to cause any difficulty

in the detection of the oytopathogenic effect. It

3hould be noted here that non-specific degeneration can

easily be distinguished from early virus action on the

fibroblasts. When non-specific degeneration is present

almost all cells in the outgrowth show a fine granula¬

tion. On the other hand, virus degeneration appears

first in the fibroblasts at the periphery of the out-
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growth as localised areas of complete degeneration or

at least as gross alterations in the normal spindle

shape of the fibroblasts. This virus degeneration

apreads from the initial site of infection until the

whole outgrowth is destroyed.

The growth of the viruses in monkey testicular

fibroblasts was studied 23 days after their effect on

tonsillar and human embryonic fibroblasts. The monkey

testis cultures were inoculated with the same dilutions

of virus as had been used for the other two tissues.

In the interval, the dilutions had been stored in

screw capped bottlea at -30°0.
From TABLEXLIII it will be seen that the effect

each virus had on the three tissues was very similar.

TABLE XLIII /
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TABLE XLIII

The growth of poliomyelitis viruses in roller-tube
cultures of human tonsil, human embryonio muscle, and
monkey testis. ' ~~ "

Uytopathogenio effect on
fibroblasts

Virus
Dilution
of Virus

Culture
Tonsil

Human

embryo
Monkey
testis

o
1 (0 A 4 4 4

B 4 4 4

l(T3 A 4 4 4

Mahoney B 4 4 4

10 A A 3 4 3

B 1 2 3

10-5 A 0 0 0

B 0 0 0

o
»to A 3 4 4

B 3 4 4

10-3 A 0 1 0

Y-SK
B 0 0 0

o
1

A 0 0 0

B 0 0 0

10~5
A 0 0 0

B 0 0 0

t-* o
i CO

A 4 4 4

B 4 4 4

io~3
A 4 4 4

Saukett

B 4 4 4

o
1

A 2 4 2

B 1 4 3

10~5 A 0 0 0

B 0 0 0
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Experiment 4

The oultivatlon of poliomyelitis viruses by serial
passage in human tonsillar fibroblasts.

Five passages of each virus have been carried out

in cultures of tonsillar fibroblasts. The initial

inoculum consisted of 0-1 ml. of a 1:100 dilution of

the tissue-culture fluids infected with Mahoney, Y-3K

and Sau'Kett obtained from Dr. Goffe, Colindale. After

6 days incubation 01 ml. from each tube was trans¬

ferred to a fresn culture. All cultures showed the

cytopathogenic effect after 5 days. In Figs. 10-13

the cytopathogenic effect of each virus is shown after

the sixth day in the third passage cultures.

The final cultures all showed completely destroyed

outgrowths on the sixth day of incubation. The fluids

from the fifth passage were diluted 1:100 and 0*1 ml.

of each inoculated into roller-tube cultures of human

embryonic muscle fibroblasts. These cultures all

showed signs of virus degeneration about the fourth

day of culture and complete degeneration on the sixth

day. Aliquoto of the fifth passage fluids were diluted

1:50 and 0-3 mis. of these dilutions mixed with 0-2 ral3.

of 1:10 dilutions of the homologous antiserum. vVhen

0-2 ml. of this mixture was inoculated into cultures

of human embryonic muscle fibroblasts no degeneration

was seen after six days. (On the third day the fluid

was changed and the fresh media contained a 1:100
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dilution of the appropriate antiserum).

The medium in the human embryonic muscle cultures

represents a 1CT1C dilution of the original virus

infected tissue-culture fluids. Since the infectivity

titres of these fluids in comparable cultures of human

embryonic fibroblasts never exceed 10 the viruses

must have increased in potency in the tonsillar

fibroblast cultures.

Pig. 10, 11, 12 and 13 /
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Pig.10

14 day culture of normal tonsillar fibro¬
blasts, stained in sisu with haematoxylin
and eoain (x 40)

Pig. 11

14 day culture of tonsillar fibroblasts
inoculated on 9th day with fluid from
the 2nd passage of Mahoney virus.
Stained (x 40)



183 h

Pig. 12

'"••• • *
« V?%T

^. r -dftb II g #i.

14 day culture of tonsillar fibroblasts
inoculated on the 95h day with fluid from
the 2nd passage of Y-SK virus. Stained
(s 40).

Pig. 13

14 day culture of tonsillar fibroblasts
inoculated on the 9th day with fluid from
the 2nd passage of Saukett virus. Stained
(x 4C)
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Experiment 5

The neutralisation of the oytopathogenic effect
of poliomyelitis viruses on tonsillar fibroblasts by
type specific antiserum. *

Dilutions of the three virus pools were prepared

in medium M4 so that 0*2 ml. contained 100 tissue-
*

culture infective doses (i.e. 10 Mahoney, neat Y-SK

and 10~3 Saukett). 0*25 ml. aliquots were incubated

at 37°C for 30 minutes with 0*25 ml. portions of ten¬

fold dilutions of homologous and heterologous antisera.

The initial dilution of serum was 1:50 and the final

dilution 1:50,000. 0-2 ml. of these virus-serum

mixtures were inoculated into 8-12 day old roller-tube

cultures of tonsil and followed by 0*8 ml. of medium

M4. The serum dilutions were stored at -30°C and when
'

the fluid in the tubes was changed after 3 days, 0*1 ml.

of the appropriate antiserum dilution was re-introduced

along with 0*9 ml. of fresh medium. The cultures were

Incubated for a further 3 days and then examined for

cellular destruction.

The results are recorded in TABLE XLIV

Prom TABLE XLIV it can be seen that a 10""3
dilution of antiserum completely neutralises 50 tissue-

culture doses of the homologous virus in all three

cases and a 10~4 dilution has some effect. The lowest

dilution of antiserum tested (10~2) did not have any

effect on heterologous viruses.
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TABLE XLIV

The neutralising effect of homologous and hetero¬
logous antiaera on the growth of the three polio¬
myelitis type viruses In tonsillar fibroblasts.

Antiserum dilution in inoculum

Virus Antiserum to*2 10"3 o
i 10"5

Type 1 0 0 2 4

Mahoney Type 2 4 4 4 4

Type 3 4 4 4 4

Type 1 4 4 4 4

Y-SK Type 2 0 0 3 4

Type 3 4 4 4 4

Type 1 4 4 4 4

Saukett Type 2 4 4 4 4

Type 3 0 0 3 4
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Experiment 6

The Isolation and typing of poliomyelitis viruses
from faeces in cultures of human tonsillar fibroblasts

Specimens of faeces from 3U3peoted cases of polio¬

myelitis which occurred during the 10 months previous

to this investigation had been stored at -30°C and

were used to test the use of tonsil cultures for the

isolation of virus.

Various methods of preparing the faeces for

inoculation have been used in this study. Some of the

specimens of faeces previously tested for the presence

of Ooxsackie viruses had been homogenised by grinding

in a mortar with glass powder and distilled water. The

mixture was sterilised with ether which wa3 then pumped

off with a vacuum pump. The suspension was centrifuged

at high speed and the supernatant used for inoculation

of suckling mice. When these suspensions were used as

inocula in roller-tube cultures of tonsil, non-specific

degeneration rapidly appeared after 2 days incubation.

Degeneration may be due to traces of ether in the sus¬

pension. This method of preparation was therefore

abandoned and where possible the original faeces sample

and other samples were prepared in the following manner.

One ounce vial3 containing 9 ml. of un-neutralised

Hanks' solution and about 20 glass beads (5 mm.diameter)
were sterilised by steaming. One ml. of faeces was

added by means of the glas3 tube and rod arrangement
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The tube wa3 pushed into the faeoes until it was filled

up to the 1 ml. mark;. The pellet of faeoes was dis¬

charged into the vial by pushing the glass rod down to

the end of the tube. The 10 per cent suspension of

faeces was shaken vigorously by hand for about 10

minutes. The pH of the suspension was tested by

removing a loopful and touching a pH indicator paper

with the drop. If the pH was lower than 7, sterile

1.4 per cent bi-carbonate solution was added until the

pH was within the range 7*2 - 7*8. A small volume of

the suspension was centrifuged at high speed (6,000 -

8,000 r.p.m.) for 30 minutes at 4°G. The supernatant

was usually clear after this treatment but if any

turbidity was present the suspension was centrifuged

again for 30 minutes at high speed. The supernatant

was removed and penicillin and streptomycin added to

give a final dilution of 1,000 units and 500 pg.

respectively. The suspension was left at room temper¬

ature for 2 hours and then stored at -30°0 until used.

On one occasion (specimen LeWa) a phosphate buffer,

pH 7*4, was used in place of un-neutralised Hants'
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solution and the faeces homogenised with a blender.

The use of a buffer counteracted an/ acidity in the

faeces and also prevented excess acidity forming when

streptomycin was aided. (H.B. Streptomyoin sulphate

must be used in the presence of phosphate since the

calcium chloride complex will precipitate).

Each extract was inoculated into two tubes con¬

taining well developed outgrowths of fibroblasts. One

tube was inoculated with 0*3 ml, of 1:5 dilution and

the other with a 1:10 dilution in Hanks' solution.

The tubes were incubated for 9 days with media changes

after 3 and 6 days. Although signs of cell degenera¬

tion were seen in the primary cultures of most specimens

no decision was made as to the presence of virus until

the second passage in a fresh culture had been oarried

out. The second passage cultures were inoculated with

0*3 ml. of the supernatants from the primary cultures

and incubated for 6 days with the usual media changes

after 3 days. If definite signs of cell destruction

were seen in either Of the cultures after 6 day3

incubation, it was presumed that a oytopathogenic virus

had been isolated. If the cultures showed no degenera¬

tion they were presumed to be negative and were dis¬

carded.

The oytopathogenio specimens were typed in the

following manner. To four 0*35 ml. aliquots of a 1:50

dilution of the second passage supernatant In M4 medium
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were added either 0 35 ml, of M4 medium or 0-35 ml. of

a 1:50 dilution of type 1, 3 or 3 antiserum. The four

tubes were incubated at 37°C for 30 minutes and 0*3 ml.

from each tube inoculated into four separate tonsillar

fibroblast cultures. Incubation was continued for 6

days and on the third day the antiserum was renewed,

along with the medium, in the appropriate tubes. On

the sixth day of incubation the cultures were examined

for signs of fibroblastic degeneration. Ho difficulty

was experienced in deciding whether a virus had been

neutralised since the tube containing the homologous

antiserum was indistinguishable from the negative

control while the tubes containing heterologous anti¬

serum showed cytopathogenicity to the same extent as

the positive control.

The results of the isolations and typing of

viruses from specimens of faeces are summarised in

TABLE XLV In this table the figures represent

average cytopathogenicity scores of tissue fragments.

It will be seen that of the 30 specimens tested, 1

proved to be toxic at dilutions of 1:5 and 1:10 in

primary culture and was discarded. From the other

19 specimens 8 cytopathogenic viruses were isolated

and all proved to be type 1. Since one specimen was

provisionally diagnosed as being meningitis the

recovery rate of virus can be taicen as 8/18 or approxi-
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mately 44 per cent. This rather low rate of

isolation was probably due to the long period of

storage (up to 10 months in some cases) of the

specimens before isolation was attempted. Traces

of disinfectants from bed-pans and the acidity of

some faeces would probably lead to the progressive

loss of virus in storage.

It should be noted that the specimens of faeces

tested in tissue-culture for poliomyelitis viruses

in this study were all found to be without CoxsacKie

virus associates when tested in litters of suc&ling

mice. Serum samples from all the cases studied

were found to be negative when tested for complement

fixation antibodies against mumps viral and soluble

antigens. This result suggests that none of the

cases were infected with mumps virus.

TABLE XLV /



TABLEXLV

Theisolationandtypingofpoliomyelitisvirusfromfaeces,usinp;roller-tubecultures ofhumantonsillarfibroblasts.
Iden¬ tity

Provisionaldiagnosis
Primary

culture

2nd

Virus

Effectofantiserum
passage

+ control
Type

1

Type
2

Type
3

Virus type

A-l:5

B-l:10

A

B

laCo

Poliomyelitis

0

0

0

0

laTa

Poliomyelitis

0

0

0

0

-

DaRo

Meningitis

0

0

0

0

-

01.Wh.
Poliomyelitis

0

0

0

0

—

Jo.Bo

Paralyticpoliomyelitis
2

0

4

4

+

4

0

4

4

1

RoSn

Paralyticpoliomyelitis
4

4

4

4

+

4

0

4

4

1

NoGr

Non-paralyticpolio.
0

0

0

0

-

laMo

Poliomyelitis

4

0

4

4

+

4

0

4

4

1

A1Wo

Non-paralyticpolio
0

0

0

0

-

RoRa

Paralyticpoliomyelitis
Toxic

0

-

0

-

RoDa

Paralyticpoliomyelitis
3

1?

4

4

+

4

0

4

4

1

AnMo

Paralyticpoliomyelitis
4

4

4

4

+

4

0

4

4

1

DaIn

Paralyticpoliomyelitis
0

0

0

0

-

GrMc

Paralyticpoliomyelitis
Toxic

Toxic

-

-

?

JaPa

Paralyticpoliomyelitis
2

0

4

4

+

4

0

4

4

1

CoMc

Poliomyelitis

0

0

0

0

-

A101

Paralyticpoliomyelitis
4

4

4

4

+

4

0

4

4

1

BeHe

Paralyticpoliomyelitis
0

0

0

0

-

TeCa

Paralyticpoliomyelitis
0

0

0

0

—

LeWa

Paralyticpoliomyelitis
4

2

4

4

+

4

0

4

4

1
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Adult human tonsil provides the most readily

available tissue for the preparation of primary

explantation cultures susceptible to poliomyelitis

virus. The investigations of Barski et al. (1953)

showed that fibroblasts derived from this tissue are

fully susceptible to the cytopathogenic action of the

three known antigenic types of poliomyelitis virus.

These results have been confirmed in the present study

and several improvements and simplifications of the

techniques they employed have been introduced. By

including a small quantity of soybean trypsin-

inhibitor in the fluid phase of the cultures plasmo-

lysis was eliminated and with it the time consuming

operation of patching the damaged clot. JjThe use of

trypsin inhibitors in plasms clot cultures waa intro¬

duced by Fischer (1949) and Morgan and Par&er (1949)J
Other modifications to the medium included the omission

of serum ultrafiltrate and the reduction of the human

placental cord serum content from 20 per cent to 5 per

cent. Human placental cord serum and trypsin Inhibitor

were the only special auditions used in the medium;

the other components were normal tissue-culture

reagents and are readily obtainable.

The technique in its present form should present

no major difficulties to a laboratory equipped with

the usual bacteriological apparatus. Although the

principles of the method are straightforward, oare
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must be taken to avoid fungal and chemical contamina¬

tion of the cultures. By carrying out all operations

involving the exposure of cultures to the air under a

bacteriological hood, aerial contamination with fungi

was virtually eliminated. When tonsillar tissues were

found to be contaminated with fungi the cultures had

to be discarded. This difficulty could probably be

overcome by including antibiotics, such as candicidin

and fungicidin, in the culture media. These anti¬

biotics, which are active against certain fungi, are

not yet available commercially.

The use of water purified by ion-exchange resins

for the preparation of saline solutions and for rinsing

glassware, excluded the possibility of degeneration in

cultures due to the presence of toxic chemicals or

metallic ions. Passage of metal distilled water through

a simple column containing a mixed bed of anionic and

cationic exchange resins allowed supplies of water with

a very low ionic content to be maintained easily.

When the cultivation of an adult tissue is under¬

taken, the possibility of virus being present in the

tissue must always be considered. The observations of

Sowe et al. (1953) emphasise that this is a real possi¬

bility. They found that human adenoids from apparently

healthy subjects underwent spontaneous degeneration

when cultured iji vitro. They have further shown that

this degeneration can be attributed to an agent possess-
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ing the characteristics of a virus. In the light of

this discovery it was essential to include several

uninoculated control cultures from each tonsil used

to provide tissue for the isolation of cytopathogenio

viruses from faeces. These control cultures were

maintained for the duration of the experiment and

provided a means of detecting the possible inclusion

of a cytopathogenic virus (including poliomyelitis

viruses) in the tissue. In the experiments described

above no contaminating viruses were found in the

tonsillar tissues used.



SUMMARY.

(B)
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(1) Adult human tonsil cultured in roller-tubes

produced good outgrowths of fibroblasts after 8 - 12

days' incubation

(2) The medium used for the production of outgrowths

contained human placental cord serum. Cultures were

washed free from this reagent before virus was aided

and media used in virus inoculated cultures did not

contain this component.

(3) Soybean trypsin inhibitor was aided to the medium

and prevented plasmolysis of the clot. This addition

greatly facilitated the successful cultivation of

fibroblasts.

(4) Tonsil cultures supported the growth of the three

antigenic types of poliomyelitis virus represented in

this study by Mahoney (Type 1), Y-SK (Type 2) and

Saukett (Type 3).

(5) The susceptibility of tonsillar fibroblasts to

the cytopathogenic action of the three poliomyelitis

virus types was similar to that of fibroblasts derived

from human embryonic muscle and montcey testes.

(6) Specimens of faeces from nineteen suspected cases

of poliomyelitis occurring in Edinburgh during 1953

were tested for poliomyelitis viruses. Eight cyto¬

pathogenic agent3 were isolated in cultures of

tonsillar fibroblasts and neutralisation tests with

type specific antisera proved them all to be type 1

poliomyelitis viruses
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