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Cl. septicum x 16,000

Electron micrograph showing two rod-shaped, round-

ended bacilli with parallel sides and straight axes.

There is also a long degenerate form with a granular

appearance. The preparation is frcra a surface colony

that showed a slight tendency towards roughness.
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Clostridia are widely distributed in nature, in

soils, dust and air, in water, and in the alimentary

tract of most animals. Consequently almost any wound is

liable to contamination with such organisms. Zeissier

and Heller (1928) first demonstrated that the relative

incidence of pathogenic Clostridia in gas gangrene and in

soil was more ak less the sane. Their studies were

based on an extensive analysis of clostridial flora in

the soil of the Kuropean battlefields in World War I,

and on the study of a relatively araall series of civi¬

lian cases of gas gangrene, but the more extensive data

obtained in World War II have on the whole been confirm¬

atory. Essentially similar figures have also been

reported from observations on Americans wounded in Korea,

Although CI, septicum is one of the organisms assoc¬

iated with gas gangrene in human infections, and en

important cause of disease in animals, there has been

relatively little work done to investigate the soluble

products that occur in cultures of this organism and to

study their possible participation in mechanisms of

pathogenicity. In man, Cl» septicum is not infrequently

found associated with gas gangrene in which it may be the

only pathogenic Lpecies present. The incidence of

CI, septicum in 199 cases of gas gangrene in World War

H, occurring in Africa and Italy, was found by MacLennan

(1943* 1944) to be 18 per cent. In 50 cases examined try

Svishccheve in Russia, quoted by MacLennan (1962), the

incidence of Cl. septicum infection was 16,5 per cent.



Gas gangrene clue to CI. aepticma is in many ways

intermediate in its clinical features between that due to

01. welchli and that caused by 01. oedematiens. In its

course, however, it is more acute than either. Of the

cases studied by MacLennan (1943, 1944) the incubation

period was very consistently between 1 and 3 days. The

onset is abrupt, with typically severe pain in the

affected part; soon swelling confluences and an erythem¬

atous flush develops round the wound, which exudes large

quantities of bright red haemorrhagio fluid. Gas is

usually a prominent feature, even early in the disease.

The appearance of the affected muscles is quite charao-

teristic: startlingly red, mottled, and barred with

purple. The toxaemia is great, and elevation of the

temperature to 39° C. or more is camion. Delirium is

usual.

Among animals, sheep are most susceptible to

infection with this organism. CI. septicum is the cause

of braxy in yearling sheep and the disease is character^

ised by a hemorrhagic inflammatory lesion in the

abomasum. CI. septicum also causes malignant oedema

resulting from wound infection in sheep, cattle, horses

and pigs. It may be involved in neonatal umbilical

infection of lambs and in various other putrefactive

conditions.

Braxy has been known for seme centuries in Scotland,

Wales, Iceland snd Norway. In these countries, it was

once considered to he responsible for the loss of more



sheep than any other disease. At the present time,

however, braay seems to be of relatively minor importance,

and it seems likely that active immunisation of pregnant

sheep and newly born lambs before winter has played an

important role in eradication of the disease or in

limiting the infection.

The illness appears suddenly; affected animals are
t • • " ; v i •

usually found dead, no symptoms having been observed.

The typical lesion is only seen in a newly dead animal

end consists of a diffuse area of haemorrhagio inflam¬

mation in the mucous membrane of the abemasura.
'

. *

CI. septicum is present in large numbers in the lesion.

On post mortem examination, there is s large volume of

blood-stained fluid in the peritoneal cavity. The

essential lesion is in the wall of the abomasum or

duodenum which shows areas of necrosis and diffuse areas

of haemorrhagic oedema. The organisms are not confined

to this site but may be isolated from the heart blood.

Histological examination of the lesions indicates that

the first step in the disease is bacterial penetration

through the mucosa into the submuoosa, where intensive

multiplication occurs. Diffusing toxin then serves to

enlarge the focus of infection and to lower the general

resistance of the body by means of resulting toxaemia.

Gaiger (1922) demonstrated that the organism invades the

bo^p tissues in mos* cases through the mucosa of the

fourth stomach and sometimes through the duodenal mucosa.

The physiological factors that render the muoous lining



of the stomach permeable to CI, sections and which are

consequently responsible for the disease are not known.

It is assumed that penetration of the mucous membrane

results from seme predisposing factors such as ingestion

of frosted food which lowers the vitality of the mucous

membrane# It is supposed that the frosted grass or

roots ingested in the rumen lower the tone of the

adjacent wall of the abemasum, and this may favour

bacterial penetration. Following penetration, there

ensues enormous multiplication of CI, soptician in the

submueosa end then in the peritoneal fluid. Finally,

the organism enters the blood stream, and generalised

spread occurs.

Although CI, seoticum is accepted as the cause of

braxy, there is no evidence whatsoever of the mechanism

that enables the organism to invade the mucous membrane

of the abomasum. It has not been possible to reproduce

the disease artificially. The consistent presence of

the organism in the lesion and the success of prophylaxis

with a formalin-killed whole culture of CI, septicum are

generally accepted as satisfactory evidence of the

aetiological relationship, Cl, septicum is present in

large numbers in films or sections of the aboraasur. lesion

and it can be recovered in culture frcm many of the

tissues. In field trials with culture filtrates

reported by Gaiger (1922), 3,535 yearling sheep were

inoculated. Although the number of yearling sheep

inoculated and uninooulated was known, these studies
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were only regarded as preliminary and tentative. In

seme cases, the inoculated and uninoculated yearling

sheep were in unequal and non-comparable numbers. Some

groups were not kept under similar conditions. In many

cases the inoculated yearling sheep were placed upon

much mare diseased land then the uninoculated yearling

sheep. Gaiger mentioned, however, that in eight

instances the inoculated and uninoculated groups were in

comparable numbers and were kept under practically

similar conditions. The losses in these eight instances

from natural infection were 4.04 per cent., whereas

10.28 per cent, died amongst the uninoculated. The

last figures do not mean too much as the actual numbers

are not reported. It appears however, that vaccination

was adopted in the affected areas without question and

its apparent success has made it difficult to stimulate

interest in further trials. Gordon (1934), however,

records that seme field trials were carried out in

Scotland in 1930 and 1931, using formalin-killed whole

culture. The results obtained, confirmed the effective¬

ness of vaccination, and were even more encouraging than

those of Gaiger. In eight flocks in which umraocinated

controls were kept, there was a mortality of 0.3 per

cent, among 1,314 vaccinated yearling sheep (i.e. two

deaths on each of two farms) whereas 8 per cent, of

1,265 controls died. I estimate that these results are

statistically highly significant (P = < G.001). Similar

results were reported in returns from farmers involved
in e si«iler trial carried owt Stableforth



and Galloway, 1959).

Cattle occasionally suffer from malignant oedema.

This is usually a wound Infection characterised by rapidly

extending subcutaneous swellings. The animal generally

dies of toxaemia within one or two days of the appearance

of the first symptoms. On post mortem examination the

effected muscles are dark red in colour, with the

intramuscular connective tissue spaces filled with

exudate; no appreciable amount of gas is found within

the muscle bundles. Considerable quantities of exudate

are present in the subcutaneous tissues end CI. septicum

is present in large numbers.

It is evident that CI, septicum is a pathogen of

seme importance, but its pathogenesis in various disease

processes poses many questions that still remain

unanswered. It may be that some of the effects seen

*n CI. scuticum infections are caused by a factor or

factors that are not yet recognised. Reference will be

made later to the known diffusive products of CI. septicum.

Recent studies of bacterial hemagglutinins have

revealed various interesting mechanisms; some of these

findings have been of immediate practical vise. For

example, the investigations of fimbrial hemagglutinin

by Puguid and his colleagues {Puguid et si.% 1955;
'

, ' ' •. ' >' ■. : <• *

Puguid and Gillies, 1956) indicate how the production of

certain cross-reacting antibodies in diagnostic antisera

may be avoided. The investigation of CI. welchii

hemagglutinin by Wickham (1956) prompted Collee (1961,



1962) to define the relationship of this product to

other soluble products of the organism* A non-soluble

haeraagglutinin was detected in cultures of CI. sectlean

by Pafaalla and Soltys {1951)« but these workers then

proceeded to investigate the CI. welchii hemagglutinin

(Oafaalla and Soltys, 1953)• The present investigation

was undertaken to investigate the CI. septicum

hemagglutinin further and to ascertain its relationship

to soluble antigens of this organism. It seems that

the hemagglutinin of Pafaalla and Soltys (1951) has

seme features in common with that of CI. welchii which

is known to produce neuraminidase. For this reason it

was decided to investigate the CI. septicum haamagglutinin

more fully to determine if neuraminidase is produced by

CI. septicum. It was hoped that this investigation may

elucidate possible mechanisms of pathogenicity of

CI. Bepticum. Little is known about the Cl« septicum

haeraagglutinin. Reference to a neuraminidase enzyme of
Sp&A/if*'**'A.-

CI. septicum has recently been made by warren/(19^3;•
ih

Neuraminidases ere freely produced by many of the

organisms that inhabit the respiratory and intestinal

tracts. This fact suggests that they may have

developed as part of a vital mechanism whose function it

is to afford protection to the organisms, so that they

ao not become separated from their environment by layers

of mucin. Sialo-proteins in animal secretions and

excretions are found in such quantity as to indicate that

their function is protective rather than structural.



Epithelial surfaces of the respiratory, digestive, and

urogenital tracts which may come into direct contact with

organisms, are covered by a viscous raucoprotein containing

sialic acid. Neuraroinioase-producin* organisms

inhabiting or invading these tracts can split off

terminal sialic acid from the sialo-rnucoprotein, and this

may be considered as a threat to the host*s defence

mechanism.

Gottschalk (1956) discussed and summarized the role

of the viral neuraminidase in the inhibition of influenza

virus infection in the following way: "The key reaction

in the invasion of the natural host (men) by the

influenza virus is the formation of an enzyme-

substrate complex, the enzyme possessed by the virus,

the substrates present a) in the protective mucous layer

of the respiratory tract and b) in the outer membrane of

the host cell. In the encounter with the protective

mucus, the enzyme-substrate complex is undergoing

activation yielding products and free virus particles.

In the following step the formation of the enzyme-substrate

complex is the mechanism underlying adsorption of the

virus particle to the surface of the host cell. In

this case a minor proportion of the complexes undergoes

activation as above, resulting in release of the virus

into the medium. The larger portion of the virus

fixed by its enzyme to the receptor substrate of the

host cell enters the cell, thus evading elution. The

influenza virus neuraminidase may also be instnsaental
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in releasing the newly formed particle from the outer

surface of the host cell enabling the virus to complete

its life cycle* It should be pointed out that these

views are not more than possible interpretations of

experimental data* They are shared by sane but not by-

all."

Before investigating the 01. s euticua hemagglutinin

and possible mechanisms of pathogenicity of this organism,

it is essential that the various soluble faotors already

known to be produced by 01. seuticum are identified*

As is the case with many toxigenic organisms, there is

much that is vague or' conflicting in the literature

concerning the diffusible or soluble products of this

organism. For example, in the early work on the

relationship of the 01. septicum lethal toxin and

haemolysin, it was known that 01* aepticum produced a

powerful haemolysin, but it was generally believed that

the haemolysin and the lethal toxin were separate

entities*

It is therefore necessary to review the literature

on the known products of Cl* septicua as critically as

possible*
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DIFFUSIBLE i-RODOCTS OF CL. SEFflCUM

1. OXYGEN-STliBLK liAKMCLYSIK (Alpha toxin)

It has for long been known that cultures of

CI. seuticiun oontain a toxin that is lethal for labora¬

tory animals. Muriel Kobertson (1918) demonstrated the

production of a soluble lethal toxin by strains that had

been subcultured for many years in the laboratory and

also by strains recently isolated from acute cases of gas

gangrene. A filterable haetnolysin produced by

CI. seutictaa was also noticed. The relationship

between the lethal toxin and the haetaolysin was not clear.

It was generally believed that the lethal toxin produced

by Cl. seoticum and its hemolytic toxin were separate

substances.

Robertson (1929)# Menk (193£)» and Weinberg,

Hativelle, end Prevot (1937) held the opinion that the

hemolysin end the lethal toxin are separate substances.

Menk found that the hemolysin is as sensitive to thermal

inactivation as the lethal toxin, but the two could be

separated by selective adsorption of the former on

erythrocytes. Further support for Menk's opinion was

afforded by Robertson* s observation that the haemolytic

capacity and the lethal potency of different cultures of
Cl. aenticum bore no constant relationship to each other#

and she produced other evidence that the two properties

are not interdependent. In contrast to Menk's findings#

however# Karube (1934) stated that the haemolysin is
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much more sensitive to thermal inactivation than the

lethal toxin.

Koerber and Alture-ferber (1942) described a method

of assaying CI. septicum antitoxin based upon the

specific neutralisation of the haemolytic activity of

CI. secticum culture supernatant by immune serum. This

measurement of hemolytic activity instead of the lethal

effect of the toxin was a more convenient method of

assaying antitoxic sera. The findings of Koerber and

Alture-Werber indicated that the hemolysin and the

lethal toxin may be a single substance. They found

that the lethal and haemolytic activity of a culture

decreased in parallel to one fourth of the original

activity during four weeks at 5° C. For the haeraolysin

test, a 3 per cent, suspension of horse red cells was

employed. They concluded, in disagreement with the

views of the previous authors, that the hemolytic

action of 01. septicum toxin may be part of the lethal

toxin's activity rather than that of an accompanying

factor.

Beraheimer (1944) showed that in cultures of various

CI. septicum strains examined by him, the lethal and

hemolytic activities seemed to be properties of the

same toxic substance. He based his conclusion on

results summarised as follows:

(i) He investigated the lethal activities and the

hemolytic properties of a large number of cultures of
different strains of Cl. septicum and showed good
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parallelism between them. The most toxic cultures were

the most hemolytic, while the least toxic were the least

hemolytic. He then examined culture products of one

strain in detail as follows.

(ii) Treatment of culture supernatant at 37° C.

fear 1 hr. at pH 6,0 with hydrogen peroxide at a final

concentration of 0.1 per cent, reduced berth the

hemolytic activity and lethal potency to the sane

degree.

(iii) Treatment of culture supernatant with chaj>

ooal or kaolin oanpletely removed both lethal and

hemolytic activities. Ab charcoal and kaolin are

relatively non-specific adsorbents, Bemheimer tried to

separate the hamolytic from the lethal factors by

adsorption on to erythrocytes. The whole or the

greater part of both hemolytic and lethal activities

were removed by this procedure.

(iv) The lethal and hamolytic agents present in

unconcentrated cultures were unstable at 37° C. at

pH 6.2. Culture supernatant held at 37® C. at pH 6.2

for 3 hr. lost 30 - 40 per cent, of both lethal and

hamolytic activities.

(v) It was not possible to separate to any

significant extent the hemolytic from the lethal

activities by fractionation with ammonium sulphate.

Moreover, the loss of a large proportion of the hemoly¬

tic activity was accompanied by a correspondingly large

loss of the lethal activity.
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(vi) There was good agreement in the antihaemolytie

and entilethal potencies of a number of horse CI. septicun

antitoxic sera tested.

The canment of Van Hayningen (1950) on these results

wesi "the first five points do not necessarily prove

that the two activities are due to the one substance,

because they could be two different agents having
4 :

. /'

similar properties. The sixth point is more

convincing*. It thus seems almost certainly established

that the lethal toxin of 01. septioum is haemolyticj yet

it must be remembered that Bemheimer thoroughly examined

the culture filtrates of one strain only. He was

therefore careful to point out that it was by no means

impossible that another secondary heemolysin might be

produced by sane strains of the organism.

It is reasonable to suggest that earlier disagree¬

ments over the identity of the lethal and haemolytio

factors may have been due to the production by sane

strains of CI. seutician of an additional haemolysin (q.v.)

or a nor*-haemolytic lethal toxin. In this respect it is

noteworthy that Nestoresco, Mejjrobeanu and Thoedoresoo
(1942) have described heemolytic but *nor>-toxicM forms of

CI. septioum.

Glenry et al. (1931) showed that the lethal toxin of

CI. was identical with the necrotoxin, i.e.,

the denaoneerotic factor.

The work of Moussa (1958) considerably darified

the problem. By careful serological analysis he was

able to show that 01. sections* produces no less than
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four diffusible products; these have been named the

alpha, beta, gamma, and delta toxins and thqy are

individually described in detail in the following pages.

Moussa noted that most of the strain® of CI. septioum

tested by him produced an oxygen-labile haaaolysin (q. v.)
which can be distinguished from the oxygen-stable

hemolysin (alpha toxin). In studies of CI. chauvoei

end CI. sept lew. he stated that the oxygen-stable

haaaolysin is specific for the CI. aepticua organism.

But oxygen-stable hemolysin (alpha toxin) was not

uniformally obtained; a number of strains of

CI. septicum repeatedly failed to produce it. He

showed that the oxygen-stable hemolysin produced by

CI. septioum has necrotising properties. The oxygen-

stable hemolysin and the necrotoxin were found to be

50 per cent, inactivated within 24 hr following their

preparation and storage at 4° C. He also found that

the neurotoxin and the oxygen-stable hemolysin were

inactivated with hydrogen peroxide and iodine; there

was a constant parallelism between neurotoxic and

oxygen-stable hemolytic activity. Both activities

could be specifically neutralised to the same exten4- by

antitoxic sera. The dermonecrotic, oxygen-stable

hemolytic factor of Cl. septician therefore appears to

be a single entity. It is noteworthy that although

Moussa thus produced evidence that the oxygen-stable

hemolysin and necrotoxin of Cl. septicun are one and

the same substance, he did not show that this toxin is
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the lethal one. He assumed that he was dealing with the

lethal toxin on the basis of the results and conclusion®
,ef &£.

of Glenry/( 1931) and Bernheimer (1944)*

2. OXYGEN-LABILE HAEMOtLYSIN (delta toxin)
L

^senberg, as early as 1907, described an oxygen-

labile haemolysin that was found associated with leuco-

cidin (q.v.) in CI, septicum cultures. He reported that

the hemolysins of CI. septicum were partially oxygen-

labile, being easily reactivated by reduction after many

months of storage. This was confirmed later by a number

of workers, who claimed that the hemolysins and lethal

toxins produced by CI. septicum were in fact two

different substances. Thus Koerber and Alture-Werber

(1942) drew attention to the presence of an osqygen-

labile hemolysin in CI. septictaa filtrates, beside the

oxygei>-stable one. They used the oxygen-stable

hemolysin to measure the lethal effect of the toxin, as

a more convenient method of assaying antitoxic sera.

Culture stored at 5° C. for one month lost all oxygen-

labile hemolysin activity. If air was then passed

through this aged culture for one hour, no further

decrease in hemolytic activity was evident, because only

oxygen-stable hemolysin was new present. This oxygen-

stable hamolytic activity then ran parallel with lethal

activity. Toad (1941) found no evidence of oxygens

labile hemolysin in Cl. septicum toxin although an

apparent misprint in the paper of Koerber and Alture-



Werber (1942) suggests otherwise. Koerber and Alture-

Werber pointed out that oxygen-labile hemolysin should

be inactivated before using the (oxygen-stable) hemolysin

content for assaying CI. septicum antitoxin as a more

convenient method than the in vivo test.

Mouss© (1958) reported that most of the strains of

01. septicua that were tested by him also produced

oxygen-labile hemolysin. In contrast to the late

appearance of the oxygen-stable hamolysin, the oxygen-

labile hemolysin was shown to appear early in cultures,

reaching its maximum within the first 18 hours of

incubation. Both oxygen-stable and oxygen-labile hemo¬

lysins were produced in the same culture medium, but the

addition of 5 per cent, normal horse serum to the culture

medium during growth favoured the production of the

oxygen-stable hemolysin end limited the production of

the oxygen-labile hemolysin. Unlike the instant haem-

olysis produced by the oxygen-labile hamolysin even at

room temperature, an induction period precedes haemolysis

of sheep erythrocytes by the oxygen-stable hemolysin,

and this period ranges from five to sixty minutes depend¬

ing on the concentration of the toxin (Bernheimer, 1944) .

The oxygen-labile hamolysin of CI. septicum is anti-

genically related to similar hemolysins produced by

other organisms, e.g. Streptococcus pyogenes

(streptolysin 0), Street, pneumoniae (pneumolysin),
CI. welchii (theta toxin), CI. tetani (tetanolysin) ,

CI. hiatolyticum (epsilon toxin). The oxygen-labile



haemolyslns are reversibly inactivated by oxidation ana

reactivated by reduction. £he oxygen-labile haemolysin

of CI. septictm is neutralised by antistreptolysin 0

serum, as well as by normal sera of various animals.

Mouse erythrocytes are more resistant to the oxygen-

labile hemolysins than ere rabbit erythrocytes.

3. ESOXfRlBONUCLKASS (beta toxin)
•

A

I

Eperiberg (1907) observed that culture filtrates of

01. seoticum and CI. chsuvoei contained a soluble thexmo-

labile antigen that damaged washed leucocytes. Human

leucocytes were more sensitive than rabbit leucocytes;

guinea-pig leucocytes were relatively insensitive.

Leucocidins could be demonstrated in exudates resulting

from infection of guinea-pigs with CI. seoticua and

CI. chauvoei. Butler (1942, 1943) examined cervical

smears from post-ekortion eases of CI. welchii infection

and she noted that, in severe infections, a large portion

of the leucocytes in the smears showed severe damage.

Later (Butler, 1945) she commented on the fact that, in

infections with anaerobic bacilli other than CI. welchii,

damage to leucocytes was not observed except in infections

with CI. septioum.

Warrack, Bidwell, and Oakley (1951) produced

evidence that CI. aoptician filtrates attack sodium

deoxyribonucleate, and they called the active substance"

the beta toxin or deoxyribtntiel ess&i They d«wonstrated
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Its action by a slide test in which CI. aepticuza culture

filtrates altered nuclear material in leucocytes so that

it lost its affinity for Jenner's stain* This activity

was inhibited by specific antisera, and the factor

responsible was distinct frcra the alpha toxin of the

organism. The action of this deoxyribonudease was also

demonstrated by its ability to reduce the viscosity of

solutions of sodium deoxyribonucleate. This viscosity-

reducing activity of CI. septicua filtrate was inhibited

by CI. septicum antisera, but not by normal sera. The

ACKA test devised by Burnet (1948) and modified by Oakley

et el. (1951) was used to demonstrate deoxyribonuclease

and to calibrate sera for specific antibodies. They

concluded, fran the results of the three tests they

used, that various CI. seoticua culture filtrates

showed deoayribonuclease activity and that this activity

was specifically inhibited by CI. aopticus antitoxins.

CI. sentiouia deosyribonuclease is antigenically distinct

from the CI. welchii deo^yribonuclease.

4. FIBRINQLYSIN

A number of Clostridia associated with gas gangrene

produce substances that cause lysis of fibrin clots*
■e

, .

Reed, Orr and Smith (1941), in their studies on the

fibrinolytic action of gas gangrene anaerobes,

suggested that the very rapid spread of gas gangrene

infection in men and experimental animals might indicate

that fibrinolysis are involved. They found that the
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four species particularly concerned in gas gangrene,

i.e. Cl, welchii. Cl, oedematiens, CI, sopticus and

CI, aordellii. were active producers of fibrinolysin.

The most active were cultures of CI, welchii recently

isolated frcm acute cases of gas gangrene in man. More

than half of the cultures of Cl, eheuvoel investigated

were active. Three species occasionally found in gas

gangrene wounds, CI, fallax, Cl, tertium, and Cl. aero-

, '
foetidum, were found completely inactive. Three

proteolytic species, CI, histolytioun, Cl, soorogenes

and CI, tvrosinogenes, produced large amounts of

fibrinolytic substance. Most cultures that were

active against plasma of one species would decompose

coagulated human, guinea-pig or rabbit plasma,. Sheep

plasma was less readily attacked, and it was not attacked

by any strain of CI, welchii tested, CI, septicum

fibrinolysin broke down clotted plasma from human,

rabbit, sheep and guinea-pig. Read, Orr and Brown

(1941) reported that all actively toxigenic strains of

CI, tetani tested by them and grown in cooked meat

medium failed to produce ary fibrinolytic activity when

tested by the same methods used in the investigation of

the gas gangrene species. They considered that this

difference is one of the important factors influencing

spread of the infecting organism in the animal body.

They added that the fibrinolytic enzyme of Clostridia is

not a proteolytic enzyme and that the species distribution

of fibrinolytic activity did not suggest ary relation-
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ship between this action and proteolysis. Fibrinolysin

from several species of Clostridia was thermostable and

its production was not correlated with that of proteolytic

enzymes in the cultures. The fibrinolytic substance of

18 hr cooked meat broth whole cultures of CI. welehii

and CI. septictai withstood boiling for 40 minutes, and

the fibrinolytic agents of CI. oedematiens. CI. sordellii.

CI. sporogenes and CI. histblyticum were slightly less

resistant, whereas proteolytic enzyme was inactivated by

boiling for five minutes. They supported their

suggestion by testing the thermostability of the pro¬

teolytic activities of samples of whole culture and

culture filtrate obtained from an 18 hr cooked meat

broth culture of CI. seuticum. The fibrinolytic

activity of these samples withstood boiling for forty

minutes. As a test solution for proteolytic activity,

20 g. of gelatin and 5 g* Ks2JS:'04 were dissolved in
1000 ml. of water and autoclaved in 20 ml. amounts.

10 ml. amounts of the unheated whole culture or filtrate

were added to 20 nil. amounts of the gelatin substrate

solution. Forsaol titrations for amino-nitrogen were

made immediately after mixing and after 5 and 24 hr.

incubation at 37° C. The results showed that proteo¬

lytic enzyme was completely inactivated after boiling

for 5 minutes, while the fibrlnolysin retained its

activity. They then concluded that the fibrinolysin of

CI. septicum is thermostable and unrelated to the

proteolytic activity of the culture. Van Heyningen
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(1950) commented on this conclusion: "it is not certain

that these fibrlnolysins are not proteolytic enzymes

which the organisms are known to produce. ?/hen the

fibrinolytic preparations were heated thqy lost their

power to liberate amino-nitrogen froa gelatin, but

retained their fibrinolytic activity. But this does not

necessarily prove that the fibrinolysis was not due to

proteolysis. The lysis of fibrin clots is a far more

sensitive test than the liberation of the amino-aoids;

preparations which apparently do not liberate amino-aoids

frcsn a protein might still be sufficiently proteolytic

to lyse fibrin clots. It is not clear whether gas

gangrene fibrinolysins require the participation of a

factor in the plasma."

Reed et al. hyperimmunised a series of rabbits with

toxins or toxoids of CI. septicum and CI. sordellii. and

then tested their- sera for antifibrinolysins. They

reported that there was no evidence that immunisation

with toxin or toxoids resulted in development of specific

or non-specific antifibrinolytic factors in the blood of

the immunised animal. They showed also that when

guinea-pigs were infected experimentally in the thigh

with CI. septican. infection spread through the wounded

leg and generally along the body wall to the axilla or

further. The CI. sepfcicum infected muscle contained an

active fibrinolysis, which was absent from normal muscle.

They suggested that since the fibrinolysin was in

measurable concentration in the musculature of the
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infected leg as a whole it was probably mare concentrated

in the heavily infected wound area and is probably a

factor that favours the spread of the infection.

5. HYALPRONIMSE

In 1928 imran Keynals (1928, 1929) noticed that

experimental vaccinal infection of rabbits was consider¬

ably enhanced when the virus was injected into the skin

together with aqueous extracts of testis tissue of

various animals. McClean (1931) showed that the

enhancing effect of the testicular extract was due to

"spreading factor* whose substrate appeared to be a

highly viscous polysaccharide acid first isolated from

vitreous humour and synovial fluid and a number of

connective tissues including those of skin, the most

frequently observed site of action of spreading factors.

Chain and Duthie (1 92«jO) , who first described the associa¬

tion between diffusion in the tissues and the mucolytic

activity of testicular extracts, reported good agreement

in a quantitative comparison of the diffusing and visco¬

sity-reducing activities of similar enzymes from many

sources. They and others isolated a substance closely

resembling hyaluronic acid from rabbit skin and, as this

substance was acted upon by these enzymes, the enzymes

were termed hyaluronidases. These substrates were also

isolated from the capsules of Group A streptococci and

Group C streptococci. The enzyme lyaluronidase is
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foxmed by most streptococci of Lancefield Groups A, and

by many of groups B and C, even though many of these

have capsules of hyaluronic add (Gunsalus and Stanier,

1961, p«289)» As might be expected, the noncapsulated

organisms form very much more potent enzyme than the

capsulated ones. Streptococci are responsible for a

wide variety of diseases in man and they also have a

tendency to occur in mixed and secondary infections*

Among those diseases caused by streptococci that have a

distinctive clinical character is erysipelas, a disease

characterised by spreading infection of the skin. It

seems that pronounced invasive tendencies of the strep¬

tococci are due in part to the elaboration of hyaluroni-

dase, (Burrows, 1954* p«328).

Robertson, Ropes and Bauer (1940) reported the presence

in filtrates of 01, welchii cultures of an enzyme that

brings about the hydrolysis of hyaluronic acid-containing

mucins of synovial fluid, vitreous humour, umbilical cord

and connective tissue, but does not produce hydrolysis

of mucins derived from mucous membranes and glands.

This is another example of a bacterial hyaluronidase or

spreading factor. Hyaluronidases are also elaborated by

other Clostridia including Cl. chauvoei, CI. novyi. and

CI. seotioiaa. but hyaluronidase is not produced by

Cl. tetani. Cl. histolvticum or Cl. bifementans.

At least three progressive stages can be observed

during the enzymatic hydrolysis of hyaluronic acid

(McClean,1943). The first stage is the destruction of
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the power of the substrate to clot with acetic acid.

The second stage is depolymezdsation which results in a

fall in the viscosity of hyaluronic acid solution. The

third stage is the liberation of reducing sugars and N-

acetylglucosaraine. Most of the hyaluronidase assays

developed depend on one or other of these observations.
' ft

It appears that the destruction of the clotting

power of the protein complex substrate in the presence of

acid is an early stage in its degradation which can be

detected before any appreciable fall in viscosity occurs.

The hyaluronidase estimations of MoClean (1943) and

Tolksdorf et al (1949) are based on this reaction.

However, most in vitro methods for the assay of

hyaluronidase are based on the fall in viscosity

following the depolymerisation of hyaluronic acid.

Chain and Buthie (1940) used a solution of a mucin-like

substance derived frcaa skin of rabbits as substrate and

estimated hyaluronidase activity by measuring the rate of

decrease in viscosity. They showed that in all samples

of spreading factor tested by them, whether of animal or

bacterial origin, there was a satisfactory correlation

between spreading factor and hyaluronidase activity as

measured by the viscosity method, and they suggested that

the spreading factor was hyaluronidase.

The third stage of the enzymatic hydrolysis of

hyaluronic acid is the liberation of reducing sugars.

Rogers (1948) has devised an acurate assay of bacterial

tyaluronidase based on the liberation of N-acetylglucosa-
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mine*

Burnet (1948) described a simple test, the Acid

Congo Red Alcohol "ACRA" test (see Methods), that can be

used to assay hyaluronidase activity. The technique is

much simpler than any visoosimetric procedure and the

result is easier to read than the mucin-clot method*

For ordinary bacteriological work where practicability

is important and exceptionally high degrees of accuracy

are not required, it is the method of choice* Oakley

and Warrack (1951) used a modification of this test to

demonstrate hyaluronidase in culture filtrates of

CI* welohii and to assay sera for antihyaluronidase*

Horse synovial fluid is precipitated with a saturated

alcoholic solution of potassium acetate, and the dried

precipitate is used in 0.05 per cent, concentration.

They mentioned that hyaluronic acid prepared from the

umbilical cord by the method of Hadidian and firie

(1948), and coQKiercial hyaluronic acid preparations were

useless for this test.

Moussa (1958) used the modified AGRA test for detect¬

ion of hyaluronidase in culture filtrates of CI. septicum.

He used synovial fluid derived from the ox instead of

horse synovial fluid. All the fresh filtrates examined

by him contained large amounts of hyaluronidase. There

was no relationship between the iyaluronidase and de-

oxyribonuolease produced by CI. seuticum. Hyaluronidase

was also distinot frcm the alpha toxin and frcm the

oxygen-labile haemolysin (delta toxin) of CI. septicunu
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The antibyaluronidase in CI. septicum and CI. chauvoei

antitoxic sera neutralised the hyaluronidase of both

organisms.

iiyaluronidase may also be demonstrated by a simple

method depending on the fact that the capsules of certain

organisms contain hyaluronic acid which can act as sub¬

strate. This simple method is suitable for routine

examination of a large series. Murray and Pearce (1949)

used a muooid streptococal strain as test organism in

their decapsulation test. However, such strains have a

tendency to lose their muooid character during repeated

subculture. Vogelsang, Woxmnes and Ostervold (1962)

used a strain of Bacterium antitratum instead. This

strain was inoculated on ordinary blood agar plates

followed by spot inoculation on the same medium of the

organism under examination. The results were read after

incubation at 37^ C. for 18-22 hours. Arourd colonies

of an organism that produces hyaluronidase, the

Bacterium enitrattan grows with non-muooid colonies.

The bacterial hyaluronidases are said to be adaptive

eraymesj their production is stimulated by the presence

of hyaluronic acid in the culture medium (McClean and
,

Hale, 1941J Rogers, 1940) • Oakley and Warrack (1951)
grew CI. welchii in meat broth medium with 0.15 per cent,

hyaluronate and compared the hyaluronidase activity of

these cultures with that of controls grown in the meat

broth medium alone. They found no enhancement in

production of the enzyme; but this may be because their
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medium differed flrom the media used by the other workers,

Hyaluronidases from different sources are arrti-

genically and immunologically specific. Hobby et al.

(1941) found that streptococcal and pneumococcal anti-

hyaluronidases inhibited the in vitro action of these

enzymes on hyaluronic acid, but the antiserum did not

inhibit the spreading activity of the enzymes in rabbit

skin, They suggested that the enzyme-antienzyme

complexes dissociate in the skin.
/

, &>Evens (1943; showed that the antihyaluronidase

components in serum had no appreciable effect on the

course of experimental infection of guinea-pigs with

strains of CI. welchii producing hyaluronidase, though

his results are open to the criticism that the anti¬

serum employed may have been too weak to exert a pro-
I I

tective effect. (Topley et al., 1955, p.1155).
n

___

6, BACTERIAL H&&i.AG<3iUTININ

Certain bacteria cause direct agglutination of

erythrocytes. The ability of bacterial suspensions to

agglutinate red cells was first observed by Kraus and

Ludwig (1902) who reported that certain streptococci and

vibrios were able to agglutinate rabbit red cells. They

also observed that this hemagglutination could be in¬

hibited by the action of specific antisera. Similar

observations with Bacterium coli were reported by Guyat

(1908) and with C. diohtheriae and certain species of
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salmonella by Fufcuhara (1909)• These early observations

receives little attention.

The discoveries of Hirst (1941) and McClelland and

Hare (1941) concerning hemagglutination by the

influenza virus greatly helped our understanding of

myxovirus-host cell interactions. Since then agglutin¬

ation of red cells by viruses has been extensively

studied, and bacterial hemagglutinins have received more

attention. A full review of bacterial hemagglutinins

is given by Neter (1956) and recently by Collee (1962).

The bacterial hemagglutinin is manifested in different

ways:

(1) Indirect bacterial hemagglutinin

Certain bacteria or their components or products

appear to possess no agglutinative properties when tested

by the usual techniques for demonstration of direct

bacterial hemagglutination (q.v.). Agglutination of

erythrocytes can be produced by an indirect method.

Basically the method depends upon the adsorption of the

reactive material on to the surface of essentially

inert carrier particles, in this case exythrocytes,

coating them partially or completely. When this occurs,

the cells are readily agglutinated by antibodies in sera

developed against the antigens, and visible agglutination

of the carrier particles occurs. This phenomenon is

known as indirect bacterial haemagglutination, and the

antigens concerned are referred to as "eiythrocyto-

sensitising", as they are involved in sensitisation of
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the red cells to antisera by prior exposure to the

antigens. A large variety of bacterial species cause

indirect bacterial haemagglutination, such as Piplococcus

pneumoniae. Neisseria meningitidis. N. gonorrheae.

Salmonella typhi. Brucella species and many others (Neter,

1956).

(2) Direct bacterial hemagglutination

In this type of bacterial hemagglutination,

bacteria or their products bring about a direct agglutin¬

ation reaction. In this case the agglutination of red

cells is independent of the presence of normal or homolo¬

gous antiserum. Direct bacterial hemagglutination is

the type with which the work reported here is concerned.

Direct bacterial haeraagglutinins fall into two groups,

the nonrdiffusible or cell-bound direct bacterial

hemagglutinin, and the diffusible or soluble direct

bacterial hemagglutinin.

The first of these subdivisions includes those

bacteria in which the haemagglutinin is structurally

associated with the bacterial cell and is thus non-

diffusible. Because the fimbrial hemagglutinin is

normally attached to the bacterial cell it is sometimes

referred to as cell-bound. Non-diffusible direct

bacterial hemagglutinin is produced by many different

species (see Duguid, et al.. 1955)* Hemagglutination

produced by fimbriate bacteria involves a non-diffusible

hemagglutinin. It occurs under veiy simple conditions

and is readily demonstrable. Fimbria! hemagglutination
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is associated with attachment of bacteria themselves to

the red cells. It is usually inhibited by xaannose and

is said to be mannose-sensitive.

The second subdivision relates to bacteria whose

agglutinating activity is also readily demonstrable but

from which the haanagglutinin diffuses as a soluble

fraction completely separable from the bacterial cell.

The hemagglutinin is thus termed a diffusible

hemagglutinin. It can be separated from the bacterial

cells by centrifugation and by filtration through

baoteria-retaining filters. It has been suggested that

agglutination of red cells is brought about in this case

eitherithe loss of the normal mutually-repellent

character of the red cells toy enzymic action so that

autoagglutination of the red cells occurs, or the haem-

agglutinating substance may provide multivalent parti¬

culate or maeromolecular linkages between red cells

following its adsorption (Collee, 1962).

The writer finds the above classification of direct

bacterial hemagglutinins confusing because of the terms

diffusible and non-diffusible. In some definitions a

diffusible substance is one that can diffuse through

Cellophane, and a non-diffusible substance fails to do so.

Direct bacterial hemagglutinins are divided into

diffusible and non-diffusible according to whether the

haeraagglutinating factor attached to the bacterial cells

occurs in the surrounding culture media, regardless of

the diffusibility of the haaaagglutinin through
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Cellophane. Collee (1962) in his extensive studies on

CI. welchii hamagglutlnin found that it did not diffuse

through Cellophane. He found also that hemagglutinin

was typically detected in centrifuged supernatants of old

cultures end he suggested that this might be a result of

autolysis of bacterial oells with the release of the hem¬

agglutinin into the supernatants. Here arises the

difficulty; shall we classify Cl. welchii hemagglutinin

as a diffusible one in spite of the fact that it did not

diffuse through Cellophane? It appeared only in old

cultures and not during active growth. Shall we consider

it cell-bound while we have no proof that it is inside or

part of the bacterial cells? In this case we are not

differentiating clearly between this typo of hemagglut¬

ination and agglutination due to fimbriae. The fimbrial

haemagglutinin is known to be associated with a part of

the bacterial cell (Puguid et al.. 1955)* In order to

avoid confusion, the writer would suggest an extension of

the proposal of Puguid and Gillies (1957) to divide the

direct bacterial hemagglutinins into structural bacterial

hemagglutinins and amorphous haemagglutinins. A

structural hemagglutinin is possessed by fimbriate

bacteria for example, and this can be simply defined as

a hemagglutinin that is part of the structure of the

bacterial cell. This type of hemagglutinin cannot be

liberated from the bacterial cell in soluble foxra, e.g.

in old cultures by autolysis. The second group

(amorphous or non-structural bacterial hemagglutinins)
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can be defined as hemagglutinins that ere not a struc¬

tural part of the bacterial cell* These can be further

divided into two subgroups: (a) intracellular bacterial

hemagglutinins that are not detected during active

growth of a culture and are only detected in super¬

natants or filtrates of old cultures after autolysis

releases hemagglutinin into the surrounding media.

Examples of this kind of bacterial hemagglutinin are

those of CI, welchii and others (see Collee,1962)j (b)

the second subgroup includes extracellular haemegglutinins

defined as haemagglutinins that are detected in bacteria-

free supernatants during the active growth phase of the

cultures, e.g, the hemagglutinin of Cl, botulinua,

Haemagglutinins are produced by several Clostridia,

Lowenthal and Lamanna (1951* 195J) described the haem-

agglutinating factor of Cl, botulinmu This is distinct

from the toxin as evidenced by the results of precipi¬

tation studies, using the Oudin serum agar technique,

and by the observation that red blood cells remove the

haemagglutinating factor but not the toxin from culture

filtrate. The Cl. botulinuta haemagglutinin also

differs from the toxin which is more susceptible to

inactivation by heat and formaldehyde but less stable at

aoid pii values of 3 and 2, The CI, botulinum haem-

agglutinin is adsorbed by numerous animal tissue elorients

other than erythrocytes. Lamanna, O952) showed that the

haemagglutination of red cells by culture supernetants

of cl, botnit"'?" type C was specific in the sense that
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the reaction could be inhibited by type C antiserum but

not by antisera to types A and B. This is additional

evidence of the considerable differences existing between

these types, as exemplified by their cultural, biochemical,

and toxigenio dissimilarities. However, the great

similarity of CI. botulinum of types C and P suggests

that a cosanon haemagglutinating factor may occur. Sterne

(1954) studied this possibility. CI. botulinum types

G and 3D antisera used in haaaagglutination-inhibition

tests were from hyperimmunised horses and had high anti¬

toxic titres. Although it is not unusual far high titre

type C antisera to contain a small amount of antibody to

type P toxin, and vice versa, this particular type C

antiserum contained no detectable antibodies to type P

toxin. The source of haemagglutinin was a solution of

partially purified filtrate of a CI. botulinum type P

culture. Hemagglutination of sheep red cells by the

type P filtrate was inhibited by antisera to both types

P and C. It is noteworthy that type C (the heterologous)

antiserum was the more potent in this respect. Also,

high concentration of CI. welchii and Cl. oedematiena

antiser© gave a partial inhibition of hamagglutination

although these sera possessed no demonstrable Cl. botu¬

linum antitoxins. Cl. septicum antisera and normal sera

did not show any inhibition of the hemagglutination.

The above facts indicate that bacterial hemagglutination

reactions may be of practical use, but they also illus¬

trate that non-specific inhibition may give misleading
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information.

CI. welchii produces a direct bacterial haemagglut-

inin which may be of the non-aiffusible (amorphous,

intracellular) type. The organism is not fimbriate

and the reaction is not temperature dependent. Dafaalla

and Soltys (1953) demonstrated the presence in CI, welchii

cultures of a haemagglutinating factor that is attached

to the bacterial cells and is group specific for CI.

welchii. They partially confirmed claims made by

GUrtVirk (1952) that the reaction was specific and was of

valuie in the diagnosis of CI. welchii infections and far

the typing of strains within the group. However, these

workers were working with laboratory stock strains, and

it was later shown that freshly isolated strains did not

produce haemagglutinin (Wickham, 1956; Katitch, 1954;

Collee, 1961, 1962).

The CI. welchii haemagglutinin was extensively

studied by tfiokham (1956 a,b) and by Collee (1961, 1962).

CI. welchii produces a mannoso-resistant, ncn-fimbrial

haemagglutinin, differing from the mannose-resisiant

eluting haemagglutinin of certain E. ooli strains and

many haemolytic ones in being partly diffusible from the

bacilli (Wickham, 1956a; Collee, 1961). Wickham

ooncluded that the haemagglutinin of Cl. welchii acted

directly on the red blood cells of various species, and

is produced by many strains of Cl. welchii. The haem¬

agglutinin was partly diffusible and she observed that

the haemagglutinating activities of liquid cultures and
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the same cultures after centrifugation were essentially

the same. She regarded the hemagglutinin of CI. welchii

as a soluble antigen because the titres of cultures were

not significantly altered by filtration through Gradoool

membranes. She added that the ability of Cl. welchii

to produce haemagglutinin is related to repeated sub¬

culture on artificial media, as the majority of recently

isolated strains do not produce hemagglutinin; even

after guinea-pig passage, haemagglutinin production of

laboratory stock strains is very much reduced, and spon¬

taneous reversion to full hemagglutinin production

occurs after a variable period on artificial media.

Also, she added that Cl. welchii hemagglutinin is

specifically inhibited by specific antisera, but not by

normal serun or antisera prepared against Cl. oedmatiens.

Cl. septlcum. Cl. tetani. Cl. ohauvoei. or Cl. botulimaa

B. Wickham (1956b) noted many resemblances between the

properties and specifities of the Cl. welchii haemagg¬

lutinin and an enzyme of Cl. welchii investigated by

McCrea (1947)* capable of modifying the influenza virus

receptors of red blood cells. This receptor-destroying

enzyme (EE®) appeared to be virtually identical with the

BE® of V. cholerae which has been shown to attack a

surface mucopolysaccharide of the red blood cell con¬

cerned in influenza virus adhesion (McCrea, 1947}

Gottschalk, 1957)• Wickham observed that both the

Cl. welchii hemagglutinin and Cl. welchii KEE seemed to

react with the same red cell receptor as did the
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Influenza virus hemagglutinin, and she suggested that

CI, welchii hemagglutinin and BSE were one and the same

thing producing different reactions under different

conditions,

Collee (1961, 1962) confirmed that the CI, welchii

hemagglutinin directly agglutinates various species of

red cells. He found also that all of more than 150

freshly isolated strains of CI, welchii tested by him

were not hemagglutinin producers, and almost all of the

laboratory stock strains tested were hemagglutinin

producers. The latter when passed through guinea-pigs

were found to produce very much reduced amounts of

hemagglutinin. He also confirmed that CI. welchii

hemagglutinin was detectable in the supernatant fluid

and in the bacillary deposit of centrifuges broth

cultures: "It is apparent that the haemagglutinin of

CI. welchii is partly diffusiblej free hemagglutinin

is probably liberated as a result of autolysis since it

appears in ageing cultures and much of the hemagglutinin

remains associated with the intact bacterial cells,w He

resuspended bacterial deposit in saline, and by success¬

ive washings involving repeated centrifugation and re-

suspension in fresh saline, he was able uo remove all

hemagglutinin activity from, bacterial cells. Ultra¬

sonic disintegration of this bacterial deposit that had

been almost completely freed of detectable hemagglutinin

was found to release a large amount of hemagglutinin;

this presumably had been contained intracellularly.
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Collee (1962) stated that the Cl. welchii haemagglutinin

was not a mechanism of bacillazy adhesion to animal

tissue cells, but after liberation in the farm of multi¬

valent particles it becomes adsorbed to the surface of

red cells and alters their normal repellent character.

The hemagglutinin was not spontaneously eluted after

adsorption to the red cell surfaces. Collee (1961)

recognised a heat-stable inhibitor (inhibitor C) in cooked

meat broth that inhibits Cl. welchii hemagglutinin, and

he differentiated it front the inhibitor A of blood group

A isoagglutinin, blood group-A substance, which is present

in commercial peptone. These two inhibitors were

thought to be one substance by Wickham (1956b). This

inhibitor C in cooked meat broth also inhibits haaa-

agglutination by myxovirus and can be destroyed by RE®.

Duguid and Collee (1959) and Collee (1961, 1962) disagreed

with Wiekham (1956b) who considered that both the

Cl. welchii haemagglutinin and the Cl. welchii REE are

one factor. Collee (1962) stated that the haesaagglutinin

is unlike an enzyme in being active at 4° C. and in the

presence of 0.5 per cent, formaldehyde. The hemagg¬

lutinin also differs from the Cl. welchii RE® described

by licCrea (1947) in having an optimun pH of 6.8, in

being less thermostable in acid than in alkaline con¬

dition, and in being unable to elute frc*n red cells at

37° C.j also, the substrate of influenza virus and

V. oholerae RE® at the red cell surface is not identical

with that of the Cl. welohii haemagglutinin. Freshly
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isolated strains of Cl. welchii produce no hemagglutinin

but nevertheless they do produce REE; also, nomal RUE

aLone is not hamagglutinating (JUuguid and Collee, 1959)#
Fractionation studies confirm that the hemagglutinin

and the EES are not identical but seem to be related

(Collee, 1962).

Because the hemagglutinin of Cl. welchii is not

produced by any freshly isolated strains (lickham, 1956a,

b; Collee, 1961, 1962), and because it bears no relation

to toxigenic types, the haaaagglutination-inhibition

test is of no value as a diagnostic aid. It would also

seem to bear no relation to pathogenicity and protection

unless by chance it resembles seme other factor that is

produced by the organism in vivo.

Cl. septioum haemagglutinin of Dafaalla and Soltys (1951)

Few investigations have been carried out on the Cl.

septician hemagglutinin. Defaalla and Soltys (1951) are

the only workers who have previously studied this sub¬

stance in detail. They found that the media most

favourable for the production of Cl. sgpticum hemagg¬

lutinin were cooked meat broth and blood agar. Maximum

production occurred after 24 - 48 hr and thereafter fell

until no significant activity could be detected after 10

days incubation. nihe presence of glucose in media

appeared to reduce hemagglutinin production, "probably

because of acid production." The amount of glucose
..

added to the medium to reduce hemagglutinin was not
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stated by Pafaalla and Soltys. They concluded that the

presence of glucose In media appeared 'o reduce the amount

of haemagglutinin because of acid production, and they

proved in the same studies that the haemagglutinin of

CI. septicum was inactivated in acid media. One could

argue that perhaps the presence of glucose in the media

reduces the production of haemagglutinin, quite apart

from the fact that the CI. secticum haemagglutinin is

inactivated by acid pil. The hemagglutinin was mainly

associated with the bacterial cellsj culture super-

net ants after centrifugation were found to be inert.

This suggests that the CI. septicum haemagglutinin was of

a direct non-diffusible type, and Neter (1956) canraented

that "if this were so, one should expect that bacterial

cells are attached selectively to red cells."

The addition of normal rabbit sen® to the routine

hemagglutination test by Dafaalla and Soltys (1951) can

be oritised because doubtful indirect mechanisms might

occur, e.g. panagglutination, although their precipitated

toxic preparations of 01. septicnaa did not appear to

sensitise red cells to antitoxic sera. They tested

normal sera of various species of animals, when mixed

with homologous and heterologous red cell suspensions in

saline, and found that no agglutination occurred when

normal rabbit serum was added to ox red cells. In spite

of this, they omitted to test for possible non-specific

inhibitors of Cl» septicum. hemagglutinin in normal

rabbit sen®. It is a matter of importance to eliminate
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with the haemagglutinin of 01. septicuaa for the red cell

receptors. The haemagglutinin of CI. septicum was

found to be thermolabile, being inactivated at 60° C.

for 50 minutes. On the other hand, the haemagglutina-

ting activity of whole culture or bacterial suspensions

resisted 24 hour exposures to 0.5 per cent, phenol or

95 per cent, ethyl alcohol. Cultures on blood agar

plates were suspended in saline at pH 4*5, 7.0, 9-0 and

incubated for 24 hours after which the cells were washed

and tested for haemagglutinin activity. It was found

that at pH 4.5 the agglutinating factor was lost,

whereas at pH 7.0 and 9.0 there was no significant

reduction in haoaagglutinin activity. The authors

considered that this was a result of inactivation of

the haemagglutinin in an acid but not in an alkaline

medium, and presumed that it demonstrated instability of

CI. senticum haemagglutinin, but it might be argued that

elution of non-diffusible haemagglutinin could occur at

pH 4.5 but not at pH 7.0 or 9.0 (Collee, 196l). If

this were so, the eluted haemagglutinin would be discarded

with the supernatant and the inert washed bacterial

deposit was tested.

©afaalla and Soltys also tried to determine whether

agglutination was produced by the bacterial bodies or

by a soluble fraction adherent to thaa that might be

removed by washing. Repeated washing showed that

successive supernatant fluids obtained from each wash,
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Up to the fifth washing, did not show auy haesaagglutina-

ting activity, whereas the bacterial cells after five

washings showed only slight loss of hemagglutinin;

they concluded that the hemagglutinin was associated

with the bacterial cells and that this hemagglutinin

was not a soluble fraction since it could not be removed

by washing. Agglutination of red cells occurred as a

result of a hemagglutinin that was firmly attached and

unwashable from the bacterial cells. Dafaalla and

Soltys suggested that agglutination of red cells was

produced by the bacterial bodies and concluded that CI.

seoticum hemagglutinin was a non-diffusible cell-bound

hemagglutinin. The hemagglutinin was found to be

inhibited specifically by antibacterial and antitoxic

sera of CI. seoticum* while it was not inhibited by anti-

sera prepared against toxins of Cl« chauvoei. Cl. welchii

type X>» Cl. oedaaatiens. or by normal serum# Ox red

cells were used as an indicator, because they were the

least sensitive to "normal agglutinin" (Safaalla and

Soltys, 1951)« They concluded that, although pure

toxins have no effect on ox erythrocytes, antitoxic sera

have the same inhibitory effect on hemagglutination as

antibacterial sera. "It is possible that a factor

responsible for the inhibition of agglutination (anti-

hamagglutinin) is ccaranon to both antitoxic and anti¬

bacterial sera, but its nature and its relation to the

antitoxic and antibacterial immune bodies has not yet

been determined." They were unable to offer a



- 43

satisfactory explanation of this curious phenomenon, and

suggested that both sera contained antihaemagglfctinating

faotors, An explanation of these phenomena can be found

in the results of the present work (see Discussion).

7. KEPKMINIbASE

Neuraminidase activity has been detected in a

variety of bacterial and mixovirus preparations (Gotts-

ohalk 1960), Because of its mixovirus receptor*-

destroying activity, the enzyme was originally termed

"receptor destroying enayme" (RDE) by Burnet and Stone

(1947) and. it was found that cultures of Vibrio oholerae

were rich in EDS (Stone, 1947)-. It is known that EDS

catalyses the release of various neuraminic acids

(sialic acids) from glycoproteins and therefore the

enzyme is a neuraninidase (Gottscha]k)> but the names
(I960, d,99)

sialidase (Heimer and Meyer, 1956) and glucosidase have

also been proposed for the enzyme. The inhibition by

mucoproteins of hemagglutination by influenza virus is

a consequence of the presence of sialic acids in the

mucoproteins. The enzyme neuraminidase selectively

removes sialic acids from muooproteins and mucopoly¬

saccharides (Gottschalk, 195^T)» and it is believed that

loss of neuraminic acids from receptor sites prevents

the attachment of influenza virus to red blood cells

previously treated with the ensyme (Gottschalk, 1957)•

Collee (1962) developed a biochemical test for the
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direct assay of neuraminidase using egg-white as substrate

The egg-white provided a readily available source of

substrate for neuraminidase studies. Egg-white was

separated from fresh eggs and homogenised with phosphate

buffer under conditions which minimised frothing. Egg-

white oontains several muooproteins of which two contain

neuraminic acid complexes in the R-acetyl form.

Enzymes similar to the KDE of V. cholerae have been

detected in cultures of several organisms (see Collee,

1962). McCrea (1947) was the first to show that CI.

welchii filtrates contained an enzyme capable of modi¬

fication of red cells agglutlnability, and he identified

it as REE. This RUE was strongly inhibited by several

CI. welchii type A entisera. McCrea found no essential

difference between the characteristics of the RUE of

CI. welchii and the RUE of V. cholerae described by
X? Sp

Stone (1947) • warren/ (1963) > in their studies on the

neuraminidase of Corynebacterium diphtheriae. mentioned
"

the presence of sialidase in toxins of CI. sordellii
&

and CI. seaticum. but his reference to this enzyme is

obscure.

Other evidence suggests the presence of neuramini¬

dase in cultures of 01. secticiaa. Mary organisms produce

enzymes that alter the antigenic character of human red

cells and render them panagglutinable, i.e. agglutinable

by all adult sera regardless of ABO specificity. This

is known as the T - phenomenon, after Thomson who first

studied panagglutination (Thomsen, 1927)* Caselitz
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arid Stein (1953) mentioned that red cells were egglutin-

able in the presence of amy normal human serum after they

were treated with products of CI. septictaa. The

filtrates of Cl. seoticum contained what Caselite and

Stein called T - ferments. These had the ability to

sensitise red cells and cause their agglutination with

human serum, regardless of ABO specificity. The pheno¬

menon is best illustrated by exposing the red cells to

culture filtrates of Cl. septicum for 2 hr at 2° C.

(sensitisation), after which the red cells were spun out,

washed, resuspended and left at 2° C. for 20 hr with

serun to agglutinate. They were then left 1 hr at room

temperature to eliminate cold agglutination, and the

reaction was read. Caselitz and Stein mentioned also

that the activity of human serum in agglutinating the

sensitised corpuscles varied from one sample to another

and from day to day with the same sample.

It seems that Caselitz and Stein were working with

neuraminidase and other products. As th^y mentioned,

their results were very variable, but seme of these are
; f>

unlikely to have been due to enzyme activity as the

effects were produced at 2° C. and the activity tended

to decrease at room temperature end at 37° C. If the
(d: '

results were caused by neuraminidase producing panagglu¬

tination of red cells, it could be argued that the test

was carried out at a temperature which usually suppresses

the activity of this enzyme. We can answer that

perhaps sane of the enzyme had been adsorbed on the red



— 46 —

oell surface during the test and that this adsorbed

enzyme was not removed even by wasMng of the cells.

The enzyme's activity would be stopped when the mixture

was held at 2° C. but it would regain its activity when

the test was held at room temperature to exclude cold

agglutination. This may perhaps explain the variability

of the results obtained.

8. AGGBBSSIN

Bail and his colleagues (1900# 1902 - 3) produced

exudates in experimental animals by injecting preparations

of anthrax bacilli# V. cholerae and Salmonella typhi.

These exudates had characteristic properties which Bail

attributed to the presence of special bacterial products

to which he gave the name "aggresslns*. The addition of

aggressin, which by itself is non-toxic, rendered sub¬

lethal doses of bacteria lethal, end enhanced the effect

of doses of bacteria that alone produced a slowly fatal

infection so that they caused a rapidly fatal infection.

Fredette ftt al. (1946) described a "bursting

factor* produced by 01. welchii. This theroiolabile

factor was said to be non-toxic and also possessed the

property of causing oedema in musoles when injected

alone. Morin et al. (1964) described a similar

bursting factor (aggressin) produced in cultures of

m. swpMfiiim., In their studies they did not succeed

in separating the factor from the toxin by heat or ty
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problem by using non-toxic sintered glass filtrates of

a 6 hr fluid culture of a mutant of en ATTC strain of

CI. septiouau To demonstrate the aggressin activity of

the non-toxic filtrates, 1 ml. amounts of the filtrates

were injected with variable doses of washed bacilli. It

was observed that sub-lethal aoses of the bacilli were

rendered lethal in the presence of the nonr-toxio fil¬

trate. It was also noted that sub-lethal doses of

washed bacilli were sometimes rendered lethal by the

addition of the Tsylor Stewart medium used, but erhance-

ment of the lethality was more regularly and much more

strongly stimulated by the non-toxic filtrates. Korin

et si., concluded that CI. septioum aggressin may be

secreted during the very early growth phase of the

organism, and they insisted on growing the culture for

only 6 hr to avoid toxin production.

This conclusion regarding the presence of aggressin

in filtrates of Cl. septicum is open to argument. The

authors mentioned that they were unable to eliminate the

toxin, and it is probable that Cl. septicurn produces

several enzymes or non-toxic substances that may well

influence the course of an infection. Among other

enzymes produced try Cl. septicum. we may note the hyalu-

ronidase. This enzyme was detected by McClean et al.

(1941) in experimentally infected guinea-pigs within

about 6 hr after infection with CI. sectioum by the intra¬

muscular route. One could argue that Morin and Fredette
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have not produced enough evidence to identify a specifio

factors. Addition of byaluronidase to the inoculum,

example, enhances the virulence of certain experimental

infections.

In this introduction the literature regarding the

known diffusible products of Cl. seatioum has been

reviewed; the factors are summarised in the following

table (Table I). Investigation of these factors has

been inadequate and intermittent. The studies that

follow were especially designed to investigate further

the haemagglutinin and the neuraminidase of this

organism.

factor. They used filtrate which might contain other
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SummaryoftheknowndiffusibleproductsofCI.septicum endtheprincipalresearchworkersinvolved
Soluble product

Biologicalactivity
Biochemicalnature
Firstdescribedby
Furtherinvestigationbv

Alphatoxin: (C^-steble hemolysin)

Lethal,hemolytic deraonecrotic

?

Robertson(1918)
KoerberandAlture- Werber(1942). Bernheimer(1944)

Deltatoxin: (02"labile haemolysin

Haemolytic dermonecrotic

?

Rsenberg(1907)
Moussa(1956)

Betatoxin

Mon-haaaolytio, notlethal. AttacksI®JA,e.g. inleucocyte nuclei. Leucocidin.

Decocyribonuclease
Warracketal. (1951)

(Jarnmatoxin

Spreadingfactor.
hyaluronidase

Mousse(1956)

Hemagglutinin
Aggregationof erythrocytes.

?

Dafaallaand Soltys(1951).

Transforming principle

Inductionof Panagglutinability
Enzyme,possibly neuraminidase.*
Caselitzand Stein(1953)

Sialidase

Releasesneurami¬ nicacidfrommuco- proteinsubstrate
Enzymeneuramin¬ idase.

Vi'arren(1963).

Fibrinolyain
Dissolvesfibrin clot

?

Reed,Orrand Smith(1941).

Aggressin

?

?

HorinandFredette (1964)

* Otherfactorsmaybeinvolved.
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MATERIALS AND METHODS

Strains tested.

This work was done with 24 laboratory stock strains

and 5 freshly isolated strains of CI, septicum.

(i) Laboratory stock strains.

These were obtained from the following sources: The

Rational Collection of Type Cultures (strains 547# 282,

551# 286); the Royal Dick Veterinary College of

Edinburgh University (strains 2029/53# 1376/53# 688/52,

V.S./54) i the Royal Veterinary College, London University

(strains 41, 253) J Pr Nancy Hayward, University of

Melbourne, Australia (strains 3, 7# 14# 19# 20, 21, 18,

22); and the Wellcaae Laboratories, Lartgley Court,

Beekenham, England (strains CN 3201, CN 5115# ON 3205,

CN 368, CN 5116, CN 4956).

(ii) Freshly isolated strains.

These strains were obtained from: Bristol University

(strain 612) j and Central Veterinary Laboratory,

tteybridge# Surrey (strains CS 3# OS 5# OS 7# OS 9)•

Culture media.

These included: nutrient agar, nutrient broth, pep¬

tone water, horse blood agar, cooked meat medium, boiled

blood agar, glucose broth, all prepared as detailed by

Cruickshank (1$66) , and brain heart infusion broth

(pifco) with 10 per cent, yeast extract added.

Preparation of erythrocytes.

Sheep red cells were routinely used, but ox, guinea-
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pig, pig, fowl, ret, rabbit, clog, cat, horse, mouse, and

human blood was also tested. All the blood samples were

stared et 4° C. Red cell suspensions were prepared by

washing the red cells three times by centra fugation with

physiological saline before suspending then in saline to

make a 1 per cent, suspension (v/v). Blood showing'

haemolysis was not used and blood was discarded after one

week. Preparations of erythrocytes as described by

Pafaalla and Soltys (1951) were also made and tested, but

these were not used in routine tests.

Buffers.

These were prepared as recanruended by Cruickshank

(i960) and included acetic acid and sodium acetate, boric

acid and borax, citric acid end sodium citrate, and sodium

phosphate buffers. The buffers were all made up to a

final concentration of 0,1 M. unless otherwise stated.

,pH determination,

pH values were checked on a ±ye electronic ph meter.

Ultrasonic disintegration.

x
A mullsrd ultrasonic disintegrator was used.

Bacterial suspension was put in a small tube, pr©-cooled

in ice, and kept in iced water during the disintegration

process which usually proceeded for 10 rain.

Hemagglutinin source.

The source of hemagglutinin for routine work was

blood agar culture (48 hr at 37° G.) harvested in 5 ml,

salinej this is referred to as * whole culture' (ff).
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the resultant supernatant is referred to as * supernatant*

(§) , and the bacterial deposit, when resuspended in fresh

saline to the original volume, is referred to as the

•resuspended bacterial deposit* (EBD).
iiagnagKlutin&tion tests.

Serial doubling dilutions of oulture suspensions or

supernatants were made in physiological saline (0.5 ml.

amounts) ana then 0,5 ml. amounts of red cell suspensions

were added. The mixtures were shaken and the tests were

read after the control tests had settled. Tubes meas¬

uring 7*5 x 1.3 cm. were used. Decreasing degrees of

haaaagglutination were recorded as +++, ++, + , A,

The patterns observed were similar to those described by

Salk (1^44). The last tube showing complete haemagglut-

ination (+++) was considered to contain one haeraagglutin-

ating unit for the amount of red cells used in the test.

Haemag&iutination-inhibition test.

A solution of the substance to be tested for inhibi¬

tory activity was serially diluted by two-fold dilutions

in saline (0.25 ml. amounts) and then a standard dose of

hsemagglutinin (2-4 units) in 0.25 ml. saline was added

to each tube. The mixture was then allowed to stand on

the bench for 1 hr. before adding 0.5 ml. red cell sus¬

pension. Prior to assessing the non-specific inhibitor

content of any culture fluid, the fluid was heated at

100° C. for 10 min. to inactivate ary haemagglutinin

present. The activity of the test solution of the in¬

hibitor, either specific ' antihaemagglutinin' or non-
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speoific inhibitor, is expressed as the reciprocal of

the highest dilution causing complete inhibition of 2-4

heemagglutinating units under the above conditions.

Electron-microscope studies

A 24 hr, nutrient broth culture of the test organism

was centrifuged very slowly (275 &•) for about 30 min,

The supernatant was discarded, and the bacterial deposit

was re-suspendea in 5 nil* of 1 per cent, formalin in

distilled water and left over-night at rocm temperature*

The suspension was then r^-centrifuged as before and the

formalin supernatant was carefully removed and discarded.

The deposit was resuspended in distilled water and this

final suspension was serially diluted in distilled water,

A drop of the final suspension and a drop from eaoh

dilution was placed on carbon-stabilised collodion mem¬

branes and allowed to dry in a desiccator overnight. The

specimens were shedew-cast with gold palladium alloy

(60:40) at an angle of 15° and were then ready for exam¬

ination by the electron microscope,

Antitoxic sera.

These were obtained from the Wellcome Research

Laboratories through the courtesy of Dr. G. Harriet

Warrack and Dr. Mollie Barr, and comprised the CI,

septicum antitoxic sera Ex 1825 vs. 54, EX 2958, EX 3567,

EX 4382, RX 5655, CVP 1416 vs. 54, GVP 1363 vs. 54;

noimal horse serum, and antitoxic sera of CI, haemoly-

tioum. CI, oedesnatiens. CI, welchii. 01, histolyticum,

and CI, chauvoei. The antitoxic potencies of the CI,

aeptioum aniisera used are summarised in Table 2.
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Antitoxinvalues(WeLlocmeprovisionalunitsofCI.septioimantitoxicsere. Antitoxin No,

Antitoxicactivityagainst
Alphatoxin

Betatoxin (deoxyribonuclease)
G-antaetoxin (hyaluronidase)

EX1825vs.54

120

/

/

EX2958

315

/

/

EX3567

285

/

/

EX4382

525

/

/

EX5655

415

ca3

1000

GVP1363avs.54
3300

/

/

GfVP1416vs.54

3400

210

140

/ »notdone.
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Rqnoval of non-specific inhibitors from sera.

These methods were employed for detection and removal

of non-specific inhibitors in sera before hemagglutination^

inhibition tests were performed.

1. Treatment with heat. - The serum was heated for 1 hr.

at 56° C.

2. Treatment with receptor destroying erocme (KSS) of

"V. cholerae. - Receptor destroying enzyme (Wellcome),

obtained from ¥» cholerae, was diluted (1:4) in 0.85 per

cent, physiological saline containing 0.1 per cent.

calcium chloride, and 4 volumes of this dilution were

mixed with one volume of serum under test. The mixture

was incubated at 37° C. overnight and it was then heated
o

at 5° C. fear 1 hr. to destroy the enzyme.

Treatment with potassium metaperiodate, - To 1 volume of

the test serum was added 2 volumes of potassium meta¬

periodate solution (0.127 g. of potassium metapexiodate

in 50 ml. distilled water) , and the mixture was held

overnight at 4° C. On the following morning, 2 volumes

of 1.0 per cent, glycerol in saline were added and then

the test serum dilution was adjusted to 1 in 10 by adding

5 volumes of saline.

Egg-white substrate solution.

The procedure of Collee (1962) was followed. Hen

egg-white was separated frrari the yolks and 100 ml. added

to 400 ml. of physiological saline buffered with 0.005 M

phosphate buffer, pH 7.2. This was mixed with a magnetio
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stirrer for 2 hr. The solution was centrifugea free of

debris and the supernatant was stored at -20° C.

Normal human and Horse sera as substrate*

Normal human sera were obtained from the Blood Trans¬

fusion Unit of the Royal Infirmary of Edinburgh and stored

at -20° C. j normal horse sera were obtained from the

Rqyal Dick Veterinary College of Edinburgh University and

from the Wellcome Laboratories.

Hvdrolyaed substrate.

Equal volumes of normal human serum or egg-white

substrate and 0.1 K sulphuric acid were mixed and inou-

bated at 80° C. for 2 hr. to liberate free sialic acid.

The hpdrolysed materials were stored at -20° C. and were

used as positive controls in neuraminidase assays.

Thiobarbituric acid assay.

The assty was developed by Warren (1959) using the

following reagents:-

(i) 0.2 M sodium metaperiodate in 9 M phosphoric acid.

(ii) 10 per cent, sodian arsenite in a solution of 0.5 M

sodiua sulphate in 0.1 N sulphuric acid.

(iii) 0.6 per cent. 2-thiobarbituric acid in 0.5 H

sodium sulphate.

The assay proceeded as follows:—

*Am TEST. A kncmn quantity (0.2 ml.) of culture fraction

is added to 0,5 ml. of egg-white substrate (containing

sialic acid bound to protein) j 0.3 ml. of 0.1 M sodium

citrate buffer pH 5.1 is added. The mixture is then

mixed and. incubated at 37° C. for 1 hr. A 0.2 ml. amount
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of the mixture is then mixed with 0.1 ml. of the periodate

reagent (i) and allowed to stand on the bench for 20 min.

Thereafter, 1 ml. of arsenite reagent (ii) is added with

shaking until brown colour disappears; then 3 ml. of

thiobarbituric acid reagent (iii) is added. The mixture

is then vigorously heated at 100° C. far 15 rain. in a

boiling water bath, then cooled in cold water for 5 min.

A 4.3 ml. volume of cyclohexanone is added and mixed.

After oentrifugation for 5 rain, the supernatant is

collected and examined spectrophotcmetrically at a wave¬

length of 549 mu.

*B". TIME '0* CONTROL. A mixture is made as for the

test, but this is not incubated. It is prepared in the

cold (4° C.) and subjected directly to the assay.

"C*. BLAM. The procedure is also carried out on 0.2

ml. of water for the blank vessel and readings are made

against this solution.

POSITIVE C0KTR0L. A 0.2 ml. sample of the hydro-

lysed egg-white or hydrolysed human serum is assayed

routinely in parallel.

Reading of the test: - Colour production varies linearly

with concentration of N-acetylneuraminic acid present.

The amount of W-acetylneuraminic acid present in a given

sample can be detem&ned from the equation:

4.3 x O.D.J&2 * °-°75 x 0.14^
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Where V is the final volume of the test solution and

0.0.549 is the optical density at a wavelength of 549

(see Warren, 1959) •

In the present work a 0,2 ml, sample of test mixture

was finally submitted to the Warren assay. One ml, of

the test mixture contained 0,2 ml, of culture material,

Thus the value obtained in the Warren assay is multiplied

by 25 to obtain the amount of N-ANA (N-acetylneuraminic

acid) liberated by 1 ml, of test enzyme from an excess of

substrate,

Determination of antineuraminidase in CI, aeptiotaa

antitoxins. -

For this work normal human serum was used as substrate.

The diluting fluid was acetate buffered saline, pH 5*1*

The antitoxic serum under test was serially doubly dil¬

uted in 0.5 ml. amounts with all reagents ohilled in ice

cold water. To each dilution a 0.5 ml. amount of super¬

natant obtained from a kB hr. nutrient broth culture of

CI, septioum and known to contain neuraminidase, was

added and the tubes were well shaken. The chilled mix¬

tures were then divided into two sets, so that two

series of 0.5 ml. volumes were obtained. These contained

constant amounts of enzyme and serial dilutions of anti-

serum. One set was left in the cold and to each tube in

this series 0.5 ml. of chilled normal human serum was

added. A 0.2 volume of each of these mixtures was sub¬

jected to the thiobarbituric acid assay directly,

■pweeeeHuw* (Time *0' controls)»
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The second set of mixtures was left on the bench for

30 mln. to allow neutralisation to occur. Thereafter,

0,3 ml* of normal human serum was added to each tube as

substrate, and the mixtures were incubated at 37° C. for

1 hr. After incubation, a 0.2 ml. volume from each tube

was taken and tested for free sialic acid by the thio-

barbituric acid assay. Controls included in this test

included ecid-bydrolysed normal human serum and a water

blank. A 0.2 ml. amount of the 48 hr. nutrient broth

culture supernatant was subjected to the routine neura¬

minidase essay to demonstrate the presence of neuramini¬

dase.

Tests giving spectrophotometry readings of 0.090

or above at a wavelength of 549 mu, equivalent to 0.0067

u-moles or more of R-acetylneuraminic acid, were easily

recognised as positive on naked-eye examination. This

absorption level has therefore been chosen as the end-

point for these neuraminidase inhibition tests.

Tm HAEMQLYSIN TSS'fS:

A. Demonstration of the oxygen-stable haemolvsin of

CI. Seoticum.

Centrifuged supematants of 18-22 hr glucose broth

oultures were used as the source of oxygen stable haesno-

lysin. They were used as freshly as possible because

rapid deterioration of this toxin occurs on storage.

Serial two-fold dilutions of the material to be

tested were made in 0.5 ml. amounts of 0.1 M phosphate

buffered saline at pH 5*2 and aliquots (0.5 ml.) of 1 per
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oerrfe. washed sheep red cell suspension were added. The

mixtures were shaken and then incubated at 37° C. for 2

hr before final observations of the degree of haemolysis

were made for each tube in comparison with a negative

control. The degrees of haemolysis were recorded as

complete, almost complete, doubtful or negative.

B. Demonstration of the oxygen-labile haemolvsin of

CI. septicuaa.

Oaygen-labile haemolysin also occurred in glucose

oulture supernatants of Cl. aepticum after 18 hr incu¬

bation at 37° C. Supernetants intended for use in

oxygen-labile haemolysin tests were placed with 0.2 pea*

cent, sodiua hydrosulphite in screw-capped bottles and

stored at 4° C. for at least two weeks before testing

(Todd, 1938; Mousse 1958). The test was performed

otheiwise exactly as for the oxygen-stable haemolysin,

but the diluent used was saline instead of phosphate

buffered saline.

Oxidation of oulture auoernatants of Cl. sgptiotm with

iyflrpgen peroxide:

%drogen peroxide was used for oxidation of glucose

broth oulture supernatants in a final concentration of

0.1 per cent. The H^Og W8S initially 6 per cent, and
was diluted 1 part to 5 parts of phosphate buffered

saline at pH 5*9; thereafter 1 ml. of this diluted

H^DgWas added to 9 ml. of the supernatant under test and
the mixture was incubated at 37° C. for 1 hr.
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Reduction of caddised culture supernatant with thio»

glyoollic aqid.

The reduoing ©gent, thioglycollic acid, was prepared

to reduce the oxidised supernatant by adding one drop of

B.D.H. Universal Indicator to 0,1 ml, of 90 per cent,

thioglyeollio add, diluted with phosphate buffer at pH

5«9» end then 4 per cent, sodium hydroxide was added,

drop try drop, until the solution became blue-green. The

volume was made up to 5 ml, with phosphate buffered saline.

This neutral thioglycollic solution should be prepared

fresh each day. Four parts of the oxidised supernatant

were added to one part of the neutral thioglycollio

solution and the mixture was left to stand at rocm

temperature for 15 min. before it was considered to be

completely reduced,
c

Ammonium sulphate fractionation.

The methods recostaended by Dixon and Webb (1958)

were followed.

Absorption spectra. Unicam SP 500 and SP 600 spectro¬

photometers with 1 cm, light paths were used,

Hvaluronidase« This was a salt-free, lyophilised pre¬

paration ex Ovine testes. (L. Light & Co. Ltd, ,

Colribrook, England)

Trypsin. This was a cxystalline preparation supplied by

British Prug Houses Ltd., Poole, England.

Preparation of hyaluronic acid complex from guinea-pig

A trial was made to isolate hyaluronic acid (sodium salt)
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from the guinea-pig skins. The skins of 4 guinea-pigs

were clipped and depilated with barium sulphide. They

were then washed well with water and minced in an ordinary

mincer. The minced skin was immersed twice during 24 hr

with acetone and twice during another 24 hr period with

ether. The skin was then dried, first on filter paper

then in a desiccator over PgO^ for 24 hr. Portions of
100 g. of the dried skin powder were extracted twice with

N/100 HaOH (600 and 700 ml.) at room temperature, for

5 hr for the first extraction and overnight for the

second. Thereafter, blending took place in faring

blender for 20 miru with ice in the Jacket. Then the

extract was sieved and brought to pH 7.4. The extract

was precipitated with acetone (1 part extract to 10 parts

acetone). The precipitate, after being dried in a

desiccator for 24 hr, was dissolved in distilled water by

shaking in a mechanical shaker for 1 hr so that each gram

was dissolved in 30 ml. water. Thereafter centrifugation

was carried out for 15 min. at 1640 G. and the deposit was

resuspended in distilled water (1 g. in 15 ml.) to give a

very viscous solution. Both supernatant and resuspended

deposit were dialysed in the cold against distilled water

for 24 hr. The dialysed solutions were precipitated

with 10 parts of acetone and then dried over PgOsj tor
24 hr. The dried material was dissolved in distilled

water to the required percentage when used as substrate

to detect byaluronidase.



The ACR& test:- /"Note: Tests were developed by

Burnet (1948) to estimate muoinase and hyeluroniaase

activities, and modifications of these by Oakley and

Warrack (1951) were employed in tests for hyaluronidase
... •

and deoxyribonuolease. Oakley and Warrack1 s test for

hyaluronidase involves incubation of serial dilutions of

the test sample with substrate containing hyaluronic

acid* The test mixtures were subsequently mixed with a

solution of Congo red and these final mixtures were

dropped into acid alcohol* Hyaluronidase activity

reduces the cohesiveness of the eye-substrate mixture so

that, when it is dropped into acid alcohol, it spreads

instead of fearning a "blob", ^7 It is important to

note the following points in the performance of this test*

1* The Substrate: Ox synovial fluid was used*

Commercial preparations of hyaluronic acid proved useless

for this test*

2* diluting Fluid; Borate buffered saline solution

(BBS), 0*1 M sodium borate buffer in 0*85 per cent. NeCl,

pH 8, was used*

3* The concentration of Congo-Red: 0.5 per cent.

Congo-Red in distilled water.

4* The diameter and height of the dropping nozzle:

A pipette delivering 50 drops per ml. was used to drop

one drop of the liquid under test from 1 cm. above the

acid-alcohol.

5* The depth of acid alcohol layer; To avoid variations

of depths of acid alcohol, (1 per cent, concentrated



hydrochloric acid in 70 per cent, alcohol), the petri-

dish is levelled up before use, with a piece of white

paper underneath it to show up the blob, and filled to a

measured depth of at least 4*5 ram.

6, Primary test for substrate; The synovial fluid was

prepared in serial doubling dilutions (0.5 ml. amounts)

in borate buffered saline (BBS). To each tube, t.5 ml*

BBS was added and mixed by inversion over non-absorbent

paper. The mixtures were incubated in the water bath
o

at 37 C. for 1 hr and thereafter removed from the water

bath and cooled rapidly in ice-cold water. Each tube

then received 0.4 ml. of 0,5 per cent. Congo-Red solution;

this was mixed by inversion, allowed to stand for 5 min. ,

and then tested as follows:

A petri-dish of convenient size was levelled, and

filled with acid-alcohol to a measured depth of at least

4*5 mm. A drop of each test fixture was allowed to fall

from a Pasteur pipette from a height of 1 can. into the

acid-alcohol. The pattern produced varied with increas¬

ing dilution of substrate from a compact lenticular

"blob" (+++), then an annular form with a characteris¬

tically corrugated internal boundary (++), then an annular

form with an intact well-defined outer boundary (+) ; the

final stage is complete spread of the mixture in the test.

The tube containing the smallest amount of the substrate

giving a good cohesive blob is taken as the end point,

end is said to contain one indicating dose of the

substrate. For routine testing of hyaluronidase activity
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8 indicating doses of substrate are used in each tube.

feat for CI. septioum hyalurorddaac:

The test culture supernate is serially diluted

(1 ml. volumes doubly diluted in BBS) and 0.5 ml. BBS is

added to each tube. Then a 0.5 ml. volume of ox synovial

fluid diluted in BBS to contain 8 indicating doses is

added tc each tube. The mixtures are incubated for 1 hr

at 37° C. in the water bath and immediately thereafter

cooled for 5 min« in iced water. Congo red solution is

added to each mixture and the dropping test performed

exactly as described above for the substrate test. The

end point is taken as the last tube containing a mixture

from which a drop spreads freely. This is said to

contain one standard indicating dose of byaluronidase.

Controls containing (i) buffer and substrate, (ii) hyalu-

ronidase and substrate and (iii) uninooulated medium with

substrate, are included in the test. The various patterns

produced in a standard test performed by the writer are

illustrated (Plate II).

Staining procedure of smears and tissue sections with

Cl« sentiora fluorescent antiserum.

The smears and sections to be stained with CI.

septioum fluorescent antiserum were dried in air and fixed

in acetone for 10 min. A drop of fluorescent antiserum

was placed on the smear or section, spread evenly and kept

in a moist chamber for 60 min. A large Petri dish con¬

taining moistened filter paper is quite adequate. The

<.14/40 mas 4;h«n washfsn thorouehlv with phosphate buffered



saline at pH 7*2. The slide was then covered and

examined under ultraviolet light, The success of the

method depends on an adequate optical system. The

source of light was a 250 W. mercury lamp (Osram M.E.D,

mercury vapour 250 W.). The slides were examined with a
. ''' - 1 ' t'j "'i . - ' ' .

Wild fluorescent microscope fitted with an Exacta 35 mm.

camera.

Chemical reagents. All salts used were of analytic

grade, (with the exception of the amonium sulphate used

for fractionation).

Glassware, Attention was paid to the cleanliness of

all glassware used. Tubes were brushed out with cold

water and then boiled for 30 min. in soap solution. The

tubes were then brushed out again in tap-water and boiled

in olean water for 30 min, They were next rinsed

thoroughly with hot tap-water, then held in running tap-

water, and finally rinsed in cold tap-water before being

drained and dried in the hot air oven.
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ACRA

TEST

CULTURE PRODUCT DILUTED 1 IN

16 32

POSITIVE
CONTROLS

Plate 2.

Phe i«3RA test (for hyaluronidase) showing spread occurring at

dilutions of 1 in 16 and 1 in 32. At a dilution of 1 in 64

an anriulus is formed. Blobs (typical negative patterns)

occur at the higher dilutions.
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Demonstration of hemagglutinin.

This work was done with 24 laboratory stock strains

and 5 freshly isolated strains of Cl, septicum. Tube

agglutination tests gave reproducible results. In tube

test titrations of serial doubling dilutions of Cl,

septioum haemagglutinin, red cells settle in patterns

similar to those observed by Salk in virus hemaggluti¬

nation tests. End points are clear. Agglutination of

red cells by Cl. septioum hemagglutinin is very similar

to that described for Cl, welchii (Collee 1961),

Production of hemagglutinin.

Different strains of Cl. septicum varied in the

of hemagglutinin produced and in the time of maximal

production. All the strains tested, including the

freshly isolated strains, produced haemagglutinin in

moderate amounts in 48 hr blood agar cultures. Table 3

shows the haemagglutinin production in blood agar and

cooked meat broth cultures of three strains of Cl.

aeptionat grown for 1, 2, 4 and 6 days. Blood agar

plates of one batch were chosen and received standard

loopfuls of 24 hr cooked meat broth cultures of strains

under test; uninoculated plates were also incubated, to

exclude non-specific agglutination of red cells. The

cultures after incubation at 37° C. for the required

time were harvested in 5 ml. saline and tested far their

haemagglutinin activity against sheep red cells. The

cooked meat medium was put in 50 ml. test tubes in 40 ml,

amounts, and each tube received a standard inoculum of
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the strain under test (1 ml. of a 24 hr cooked meat

broth culture). After 1, 2, 4 and 6 days, a 10 ml.

sample from each 40 ml. culture was tested for haemag-

glutimating activity against sheep red cells. The three

strains produced moderate amounts of hemagglutinin on

blood agar. Titres were increased after incubation for

1*8 hr and were maximal between 48 - 96 hr and then

tended to decrease. The same observations were noticed

when cooked meat media were used.

T A B L B 3

The hemagglutinin production of three strains of
CI. septicum from blood agar cultures incubated

11 4i -«nd Td^yjT

Age of
culture
(days)

Reciprocal of hemagglutinin titre of
strain

688 3204 1376

1 8 8 16

2 32 32 32

4 32 32 64

6 16 16 32

Washings from uninoculated control plates were all
negative.

Guinea-pig passage of strains of CI. septicum that

were previously tested and proved to produce hemagglu¬

tinin caused no reduction in their ability to produce

haemagglutinin in the first subculture after passage.

This was true whether the strain was recovered from the



- 70

site of inoculation, the heart blood or the liver. In

an experiment, 2 ml. of a 48 hr cooked meat broth culture

of CI. eeptioiro strain 2029, with a haemegglutinin titre

of 1/32, was inoculated intramuscularly into the thigh of

a guinea-pig. She animal died in less than 24 hr. She

strain was recovered from the site of inoculation, the

heart blood and from the liver. The haemagglutinin

titres of 2*8 hr blood agar cultures of the passaged strain

were 1 : 16 for the strain recovered from the heart blood

and 1 : 32 for that recovered from the liver and 1 : 32

for that recovered frcm the site of injection.

Table 4 shows the results obtained with 10 strains

of Cl. septictm. Six of these were laboratory stock

strains and the rest were freshly isolated strains.

They were all tested for haemagglutinin production when

cultured on blood agar for 48 hr, harvested in saline in

5 ml. amounts and tested against 1 per cent, sheep red

cell suspension. The test included two controls,

washings from uninoculated blood agar, and another

control of red cells and saline to exclude axy possib¬

ility of autoagglutination.

Effect of medium on haemagglutinin production

Attempts were made to find out the medium that was

most favourable for haemagglutinin production. Cul¬

tures in cooked meat broth, blood agar, nutrient broth,

boiled blood agar, blood agar with 1 per cent, or 0.1 per

cent, glucose, and blood agar with 0.1 pgr cent calcium

chloride were tested.

When Cl. septioum was grown for 48 hr in the media
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TABLE 4

Haemagglutinin content of IS br blood agar whole
oulturea of laboratory stock and freshly

isolated strains of Cl« aepticum
from different sources

Strain
Number

Haemsgglutinin activity of whole
oultures diluted in saline 1 in

4 8 16 32 64 128 256

41 +•++ +++ +++ +T+ +++ - - mm

253 +4 + +++ •(■++ +++ + mm - mm

286 +++ +++ +++ +++ «» - mm-

VS 54 +++ +++ +++ *P*' eM► - *0 mm

19 +++ +++ +++ > - • - -

CN 386 +++ +++ +++ +++ + - - -

612* +++ +++ +++ A • mm - mm

CS 5* +++ +++ +++ +++ +++ -

CS 7* +++ +++ +++ +++ +++ +++ - -

CS 9* +++ +++ +++ + - mm mm

m Freshly isolated strain.

+++ )
++ ) Peereasing degrees of agglutination of red cells.
+ 5
A Doubtful haemagglutination.

- No haemagglutination.

Controls: red cells + saline,

washings from uninoculated blood agar.
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mentioned above, blood agar yielded the largest amount

of haemagglutinin in both whole oultures and supernatants

obtained by centrifugation of harvested cultures for 10

min. at 1640 G. Cultures on boiled blood agar gave less

haemagglutinin than oultures on normal blood agar. The

hemagglutinin content of cultures on blood agar with 0.1

per cent glucose or 0,1 per cent calcium chloride was

very much less than that of cultures on normal blood agar.

Nutrient broth oultures produced slightly less haemag-

glutinin then oultures on blood agar, but nutrient agar

oultures produced considerably less hemagglutinin.

Cooked meat broth cultures at 48 hr gave varying amounts

of haemagglutinin, usually less than blood agar cultures

of the same age (see Table 5)* For maximum yields of

haemagglutinin, most strains required either 2-4 days

culture on blood agar or from 4-6 days growth in cooked

meat media.

Blood agar with 1 per cent glucose was the only medium

that inhibited haemagglutinin production, perhaps due to

acid production. To explore this possibility, 6 strains

of Cl« septioum were grown at 37° C. anaerobioally for 48

hr on blood agar containing 1 per cent, glucose. The

oultures were harvested in 5 saline. The final pH

Of the culture suspensions was found to be between 4.9 and

5*0. None of the six strains when tested for hemag¬

glutinin showed any activity. In another experiment,

the same strains were grown on blood agar for 48 hr,

harvested in phosphate buffered saline at pH 5.0 and the
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whole oultures tested in parallel for haeciagglutinin

activity using as diluent two preparations of phosphate

buffered saline, one at pH 5*0 end the other at pti 7.2.

The culture suspensions in buffer at pH 5*0 were then

incubated anaerobically for k8 hr after which the haen-

agglutinin activity was tested again, using the same

diluents as before. The results (Table 6) suggest that

the CI. septicum haaaagglutinin was much affected by the

low pH even if the treated haemagglutinin was brought to

a higher pH before testing.

T A B L-JB 6

The haemagglutinating activity of whole culture
suspensions of 01. seoticum harvested at uH 5.0

and tested at pH 5.0 and 7.2 before and after
anaerobic incubation at 37°C. for k8 hr.

Strain

Reciprocal of haemag-
glutinin titre before

incubation using
diluent at a pH of

Reciprocal of haemag¬
glutinin titre after

incubation using
diluent at a pH of

5.0 7.2 5.0 7.2

41 32 32 < 4 16
253 32 32 4 16
282 16 16 4 4
286 32 32 < 4 8

551 64 64 < 4 8

vs 54 16 16 < ^ < 4

These results may be compared with results obtained

in a later experiment (see page 87, Table 13)# indicating

that CI. septioum haemagglutinin was not affected when

48 hr blood agar cultures were harvested in 5 ml. saline

and in phosphate buffered saline at pH 6.9 end incubated
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for 48 hr at 37° C. It therefore seams likely that the

loss of hemagglutinin in culture held at pH 5.0 is

related to instability of the hemagglutinin at low pH,

but this does not appear to be the reason for the absence

of hemagglutinin from cultures containing 1 per cent,

glucose, despite the fact that these cultures oertainly

become acid. The following experimental findings suggest

that haemagglutinin production is actually inhibited when

gluoose is present.

The following fluid medium was dispensed in 10 ml.

amounts in test tubes, and sterilised by autoclaving at

121° C. (15 lb. per sq. in.) for 15 min.

Proteose peptone 10 g.

Meat extract (lab. lemoo) 10 g.

Citrat ©-phosphate buffered saline

at pH 7. 11.

Gluoose 10 g.

Pour tubes of this medium were inoculated from a blood

agar culture of Cl. seoticum and incubated anaerobioally

for 48 hr. The cultures were thereafter tested for pH

value and for haanagglutinin activity. It was found

that after growth the pH was 6,95» Gram smears provided

evidence of growth of Cl. seoticum in all of the tubes.

These cultures oontained no demonstrable hemagglutinin.

Control tests shewed that the uninoculeted medium did not

inhibit Cl. septicua haemagglutinin, and culture in the

identical mediua without glucose yielded normal amounts

of haemagglutinin. This suggests that glucose when
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present in culture media in 1 per cent, concentration

prevents CI. seutioum from producing hemagglutinin.

Effect of various factors on hemagglutination test.

1. Effect of diluent and suspending agent.

Physiological saline (0.85 per cent, sodium chloride)

was routinely used as diluent and suspending agent for

the hemagglutination test. Hemagglutination titres

of comparable blood agar cultures of Cl. seotioum were

compared using whole culture and 1 per cent, sheep red

cells all suspended in the agents mentioned in Table 7*

The diluent used in the tests was the same as the sus¬

pending agent. The tests also included controls con¬

taining the diluent and red cells.

These results (Table 7) show that the presence or

absence of calcium ions had no effect on the test. The

presence of phosphate in the diluent and the suspending

agent did not affect the titre. It was shown also that

formalin in 0.5 per cent, concentration did not affect the

activity of the Cl. sections hemagglutinin. Addition

of 0.08 per cent, sodium citrate to the saline had no

appreciable effect on the test. Supernatant of sterile

cooked meat broth when used as diluent and suspending

agent did inhibit the 01, sept iotas hemagglutinin com¬

pletely. The saline extract of cooked meat (about 1 g.

of cooked meat in 10 ml. saline, autoclaved far 15 min.

and centrifuged tree from particles) completely inhibited

the Cl. septicvea hemagglutinin. Meat extract and
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nutrient broth were without effect on the haaaagglutinin

activity. This suggests that an inhibitor was present

in the cooked meat (q.v.). Peptone water gave variable

results but in general had no significant inhibitory

effect.

2. Effect of temperature.

CI. seoticuan haemagglutinin acts well in the cold

(4° C.) and at room temperature, but the reaction takes

longer in the cold. At 37° C. the reaction occurred

more quickly. The test took from 1.5 - 2 hr to settle

at room temperature, and about 1 hr at 37° C. but longer

than both at 4° C. The maximum degree of heemagglutinin

activity was noticed when a test was left to settle at

room temperature or at 37° C. , and the least titre was

observed when the test was left to settle at 4° C. , but

successive exposures at different temperatures gave

interesting results. In an experiment, 72-hr blood agar

cultures of CI. septicum strain 551 were harvested in

saline and haemagglutinin titrations were set up in

saline. Test No.1 was left to settle in a water-bath at

37° C. Test No.2 was left to settle at room temperature

(18° C.). After the tests had settled, the titres were

recorded and both tests were then shaken. Test Ho,1

was now left to settle at room temperature and the other
o

was left to settle at 37 C. This shaking and resettle¬

ment at alternating temperatures was carried out six

times. The results of the successive haesnagglutinin

titrations are set out in Table 8. After each incubation



Thehaemagglutinintitreajof_Cl»septicumaftersuccessiveshaking TestNo.1

TestWo.2

Shake Number

Temperature oftest (°c.)

Reciprocalofhaera* agglutinintitre
Temperature oftest (°c.)

Reciprocalofhaem- agglutinintitre

0

37

32

20

32

1

20

64

37

32

2

37

32

20

64

3

20

256

37

64

4

37

64

20

256

5

20

256

37

64

6

i

37

64

20

256



at 37° C. there was an increase in titre that was mani¬

fested only when the tests were left to settle at room

temperature.

It may be that continuous agitation during incubation

in the water bath increased the titre of hemagglutination;

or that the same increase in titre could be obtained fcy

successive shaking when the test is carried out at room

temperature irrespective of the incubation temperature

(see disoussion). To answer these two questions, two

more experiments were performed. In test No.3 the test

was set up as for test No.1 but, in place of the incuba¬

tion periods at 37° C. t the tubes were subjected to

continuous vibration during the settling period (see

Collee, 196l)» In test Eo.4 a hemagglutinin titration

was set up at room temperature and the +est was shaken on

six successive occasions while the cells were allowed to

settle during the intervening periods. The results of

these two experiments are shown in Table 9.

3* Effect of pH.

The hemagglutinin activity of CI. septicurn whole

culture and culture supernatant was tested over the pH

range 5.1 - 8.4. Red cells were sometimes altered at

pK values below 5»5» but hemagglutination dearly

occurred over the pti range 5*5 - 8.4* The maximum

activity was found to be over the pH range 5.5 - 6.0;

the titre began to decrease at pH 6.6 and continued to

decrease with increasing alkalinity, as is shown in

Table 10.
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Shake number:
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0

+
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1
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64

2

+

64

18

64

3
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64
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64
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♦

64
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64

5

-
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6

+

64

18

64
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pHof bulked reagent mixture

pHof diluent

Haemagglutinationtitreofculture(W)orsupernate(S) diluted1in:

Saline

4

8

16

32

64

128

control

w

S

ff

S

w

S

W

s

w

S

W

S

5.1

5.1

LLL

LLL

ILL

LLL

LLI

TiTiL

LLL

LLL

LLL

LLL

LLL

LLL

LLL

Completelysis
5.6

5.6

444

+++

4-44

444

444

444

444

444

444

444

-

-

•

oftheredcells.
5.8

5.8

+++

+++

444

444

444

444

444

444

444

444

444

-

-

Degreesofagglu¬
6.6

6.6

tinationofred

+++

++•+

444

444

444

444

444

oells.

6.8

6.8

+++

++4

444

444

444

4

44

Doubtfulpositive.
7.2

7.2

+++

444

444

444

444

J.

Noagglutination.
7.9

7.9

444

444

444

444

444

8.3

8.4

444

444

444

4

44

7.5

Saline

444

++4

444

44

44

-
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In another experiment, laboratory stock strains of

CI. seuticum. were grown on blood agar for 48 hr. Whole

culture suspensions were tested for haemagglutinin aotivity

usihg phosphate buffered saline as diluent at pH values of

5»9» 6.8, and 7*9» and also in unbuffered saline. The

results are recorded in Table 11•

T A B L E 11

The haemagglutinin activity of 7 strains of CI. sepficum
a-?- various pH values against sheep red cells

Strain
No.

pH of bulked
reagents

Reciprocal
Haemaggluti
titre at pi

of
rdn

:

Unbuf¬
fered
saline
control5.9 6.8 7.9 5.9 6.8 7.9

112 5.9 6.8 7.9 64 32 32 32

113 «t If H 64 32 16 16

114 n » n 128 32 32 32

115 «i II * 64 16 16 16

116 w « it 64 16 16 16

117 it If M 32 16 16 16

118 « It M 128 32 32

I

32

These results confirm that although the haemagglutinin

is more unstable at acid pH (see previous results), the

maximum activity of CI. septicaa haeaagglutinin is shown

at acid pK •
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k» Range of red cells.

CI. septictaa haemagglutinin agglutinated red ©ells

of dog, oat, guinea-pig, ox, rat, fowl, horse, sheep and

man. Sensitivity to the haemagglutinin varied with red

cells of different species of animals. JJog red cells

were most sensitive, but no significant difference in

sensitivity were noticed with red cells of sheep, man,

guinea-pig, rat, fowl, or horse. Ox red cells were the

least sensitive. The results are summarised in Table 12.

Red cells of pig, mouse and rabbit were frequently auto-

agglutinable. Red cells treated with formalin as

described by Pafaalla and Soltys (1951) were also tested.

Ox and sheep red oells were rendered more sensitive when

they were treated in this way with formaldehyde by the

method of Dafaalla and Soltys. For exmaple, saline-

harvested 2*8-hr blood agar culture of CI. septioum strain

2029 produced haemagglutination in dilutions up to 1 in

64 when tested with foimalinised red cells of ox, whereas

agglutination only occurred up to a dilution of 1 in 16

when tested with untreated ox red oells. Similar

results were also obtained when sheep red oells were

used.
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TABLE 12

Effect of Cl» septicuta haemagglutinin on red cells
of several animal species

Tested
against

Red cells of

Haemagglutinin activity of
whole culture diluted 1 in

Control
(Saline +
red cells)4 8 16 32 64 128

Sheep +++ +++ +++ +++ + - -

Ox +++ +++ +H-+ X • - -

Human * A' +++ +++ +++ +++ ++ - -

Hunan *0' +++ +++ +++ +++ +++ - -

Guinea-pig +++ +++ +++ +++ mm -

Fowl +++ +++ +++ +++ - mm -

Horse +++ +++ +++ +++ - - -

Cog +++ +++ +++ +++ +++ - -

Rat +++ ++«• +++ +++ - - -

+++» ++, + * Decreasing degrees of agglutination

of red cells.

L
» - as Doubtful and negative hemagglutination.
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■kftOjRKRTIES OF CL. SEirTICUH HABMAGGLUTININ

Stability.

The stability of Cl. septioum haemagglutinin when it

was allowed to stand for several days in whole cultures

and spun supernatants at different temperatures (4° C.,

20° C. , 37° C.) was investigated using physiological

saline and phosphate buffer (pH 6.9) as suspending

agents. Slight increases in activity were occasionally

detected in culture supernatants during storage at

different temperatures (Table 13)• There was no dif¬

ference in stability with 0.1 M phosphate buffer at pH

6.9 or physiological saline as suspending agents.

The whole cultures, resuspended bacterial deposits

and culture supernatants were tested to determine the he

inactivation times of Cl. seutloisa haemagglutinin at pH

values of 5*7# 6.0, 6#9, 7»3» 7*9» in 0.1 M phosphate

buffered saline. An unbuffered saline control was

included. The haemagglutinin was not destroyed over the

pH range 6.0 - 6.9 within 50 min. at 55° C. The Cl.

septicum haemagglutinin was more sensitive to heat when

the pH was outwith the range 6.0 - 6.9. Table 14 sua-

marises the results of a typioel experiment. Cultures

grown for 2*8 hr on nutrient agar were separately harvested

in differently buffered saline solutions} one plate was

harvested in unbuffered saline. Each suspension was

distributed in 7 tubes in 0.5 ml. amounts, and the tubes

were then put in a water-bath at 55° C. for the times

indicated. A tube from each series was removed and

allowed to cool before the red cells were added to test

for residual haemagglutinin.

.t
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T A B L E 1 j

The stability of CI. septicum heemagglutinin of whole cultures
and spun oulture supernatants when allowed to stand for several

days at different temperatures In saline under aerobic conditions.

Whole oulture

After
storage

for
(days)

At

temperature
T°c.)

Hemagglutinin activity of whole
oulture diluted 1 in

4 8 16 32 64 00CM 25i
Control

4 +++ +++ +++ +++ +++ • mm

1 20 +++ +++ +++ +++ +++ • -

37 44*4" +++ +++ +++ +++ +++ -

4 4-4-4- 4-4-4- ++4" +++ +++ • •

2 20 +++ +++ +++ 4-4-4- 4"++ ++ m *

37 +++ +++ 4-4-4- +++■ +++ +++ -

4 -H-4- +++ +++ +++ +++ +++ m

3 20 +++ 4-4-4- +++ +++ +++ ++ • •

37 4-4-4- +++ +++ +++ +++ +++ -

4 ++ + +++ 4-4-4- +++ +++ -

4 20 +++ +++ 4-4-4- +++ +4-+ ++ « mm

37 +++ 4-4-4- +++ +-H- +"+•+ 4-4+ H-+4

4 4-4-4- +++ +++ +++ +++ mm -

5 20 +++ +++ +++ +++ +++ +++ - -

37 4-4-4- +++ 4--M- 4-44- +++ 4-4-4

Culture supernatant

After
storage

At Hemagglutinin activity
supernatant diluted 1

of spun
in

Control
for

(days)
temperature

(°c.) 4 8 16 32 64 128 2%

4 +++ 4-4-4- +++ 4-4-4- +++

1 20 +++ 4-4-4- +++ 4-4-4- +++ mm mm

37 +++ +++ +++ +++ +++ +++ -

4 +++ +++ +++ +++ +++ -

2 20 +++ 4-4-4- +++ 4-4-4- +++ mm -

37 4-4-4- 4-4-4- 4-4-4- 4-4-+ +++ +++ «

4 +++ +++ +++ +++ +++ -

3 20 +++ +++ +++ +++ +++ - -

37 4-4-4- +++ +++ +++ +++ 4-4-4- mm

4 4-4-4- +4-+ +++ +++ +++ •

4 20 +++ 4-4-4- 4-4-4- +++ +++ + •

37 +++ 4-4-4- +++ +++ +++ ++4 mm

4 +++ 4-4-4- 4-4-4- +4-+ +4-+ -

5 20 +++ 4-4-4- +++ +++ 4-4-4- + -

37 4-4-4- +++ +++ +++ ++4- +++ - -

+++, ++, + » decreasing degrees of agglutination.

- a no agglutination.
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TABLE 14

The effect of aH on heat inactlvation times of
hemagglutinin in whole culture of CI. aenticum

strain 253 et 55ti C.

Minutes of
heating at

Hamagglutinating activity after heating
at pH

55° c. 5.7*** 6,0* 6*9* 7.3* 7.9* Unbuffered
Saline **

0 min* +++ +++ +++ +++ ■H-++ +++

5 • +++ +++ +++ +++ +++ +++

10 " +++ +++ +++ +++ +++ +++

20 " +++ +++ +++ +++ - +++

30 • - +++ +++ t - +++

«
- +++ +++ - - +++

50 " - +++ +++ - m +++

k a Phosphate buffer.

sac a pH of saline was 6,2.

turn a citrate phosphate buffer.

NjB. Control samples of buffer solutions and saline
were heated in parallel and thereafter added to
red cells to exolude amy false agglutination
effect*

Controls were also performed at room temperature
to check the red cells fear autoagglutinability.

All these control tests were negative.

Prom the preceding results one can conclude that the

hemagglutinin of Cl. seoticum may withstand heating at

55° C. for min. over the pH range 6*0 to 6,9» but it

is more themolabile at pH values outwith that range.

The hemagglutinin was destroyed completely after

1 min* at 100° C*
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Effect of formaldehyde.

The effect of formaldehyde on Cl. septicum haemag-

glutinin was studied in the following experiment. To

whole culture suspensions, different amounts of formalin

5 per cent, were added to make final concentrations of

formaldehyde over the range 1.4- 0.2 per cent. Three

of each series were prepared; one was inoubated at

37° C., another left at room temperature, and the third

was held at 4° C. After 24 hr each was tested for

haemegglutinin activity.

The test was prepared according to the following

protocol:

TUBE NUMBER: I II III 17 V

Formalin % in saline (ml.) 1.4 1 0.6 0.2 Nil

Culture suspension (ml.)... 0.6 0.6 0.6 0.6 0.6

Saline (ml.) 00 0.4 0.8 0.2 1.4

Final concentration of
formalin

3.5$ 2.5$ Nil

Final concentration of
formaldehyde 1 1.0$ 0.6$ 0.2$ Nil

After the test was left for 24 hr at the different

temperatures mentioned above, the haesaagglutinating

activity of each was tested at rocaa temperature and

recorded as shown in Table 15.
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TABLE 15

The activity of Strain 551 CI, septicum hemagglutinin
at 18° C. after being held in presence of different con¬

centrations of formaldehyde at different temperatures.

TUBE NUMBER: I II III 17 V

Series held at 37° C. ..... +* +++ +++ +++ +++

Series held at 18° C. ..... +++ +++ +++ +++ +++

Series held at 4° C. ....... +++ +++ +++ +++ +++

+++ a Complete haaaegglutination.

+ A s Partial haeraagglutination.

The 01. septioum haemagglutinin thus seamed to be stable

in concentrations of formaldehyde up to 1.4 per cent, at

18° C. or 4° C. but it was considerably inactivated at

37° C. in the presence of 1.4 per cent, formaldehyde.

It was not affected ty 1 per cent, formaldehyde at any

of the ab entioned temperatures. Concentrations of

formaldehyde up to 1 per cent, added to the saline diluent

did not decrease the titre.

Miscellaneous tests.

Treatment of bacterial deposit with absolute alcohol

did not inactivate CI. seoticum hemagglutinin after 24

hr. at roan temperature, but the hemagglutinin was

almost completely inactivated by 1 per cent, phenol after

the same period of time.

Effect of oxidation and reduction

The haeraagglutinating activity of bacteria-free
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supernatant of Cl# seuticiaa was not reduced by oxidation

with hydrogen peroxide or reduction thereafter by thio-

glyoollic acid* In a typical experiment, a 48-hr

culture supernatant of cooked meat broth having a haem-

agglutination activity of 32 units per ml# was incubated

with hydrogen peroxide in a final concentration of 0#1

per cent# at pH 5# 9 (see Methods)# The oxidised super*-

netant was tested for its hemagglutinin activity and

was found to have the same titre as the original un¬

treated supernatant# The treated supernatant was again

reduced with thioglycollic acid and tested thereafter

for hemagglutinin activity# The various hemagglutinin

activities are set out in Table 16#

table 16
Effect of oxidation and reduction on hemagglutinin
activity of 48 hr (MB supernatant of Cl# septicuan

Strain 100

Supernatant
tested

Supernatant diluted in
buffer saline 1 in

Control

4 8 16 32 64 128

Original +++ +++ +++ - - - -

Oxidised +++ +++ +++ - - - -

Reduced +++ +++ +++ - «■» mm -

+++ a complete hemagglutination.

- a no hemagglutination.

(MB s cooked meat broth.
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Solubility.

It seems that CI. aeptioten haemagglutinin is mainly

oell-bound (amorphous intracellular). It is true that

CI. aeptioum haemagglutinin could be detected in the

bacteria-free supernatant, nearly to the same titre as

whole culture suspension, but this is likely to be due

to autolysis of the bacilli with the release of haeraag-

glutiniru

To support the last suggestion, oomparable blood

agar cultures were harvested and tested for haemagglutinin

activity in both centrifuged supernatants and culture

suspensions at different times of incubation at 37° C.

starting frcm 6 hr up to 5 dtys. In an experiment, three

strains of Cl« septicum were grown at 37° C. in blood agar

oultures prepared from 24 hr cooked meat broth cultures,

Uninoculated plates were used as controls. At intervals,

a culture was harvested with 5 of saline and this

yielded samples of whole culture and centrifuged super¬

natant for investigatioh.

No activity was detected when the cultures were 6

hr or 11 hr old either in the whole culture or baoterie-

free supernatants. Iiaemagglutinin started to occur in the

whole cultures (titre 1 in 16) and culture supernatants

(titre 1 in 4) after growth for 24 hr, and the haemag¬

glutinin activity of cultures increased up to the fourth

day. Thereafter the haemagglutinin oontent decreased

with continued incubation (Table 17).
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TABLE 17

The hemagglutinin aotivitv of whole cultures ana the
suoernatants (S) obtained from comparable blood

agar oultures of different ages "

Haemagglutinin titre of strain:
^ Control

Time of
Lnoubation 102 103 104

W s W s w S 1 2

6 hr <1/4 <1A OA OA OA <1/4 - -

11 hr <1A <1A <1/4 OA <1A <1/4 -

'

•»

24 hr 1/16 1A 1/16 1A 1/16 1/4 - -

2 days 1/32 1/16 1/16 1/16 1/32 1/8 - -

3 " 1/32 1/32 1/32 1/32 1/32 1/32 mm

4 " 1/16 1/32 1/32 1/32 1/32 1/32 -

|

5 " 1/46 1/8 1/16 1/16 1/16 1/16 m "

Controls = included negative controls of red cells
and washings from uninooulated anaerobl-
oal2y incubated plates.

W = whole culture.

S = bacteria-free supernatant.

The results oonflrm the suggestion that Clf septicupa

haemagglutinin is cell-bound. A similar experiment

using oultures grown in cooked meat media instead of

blood agar gave similar results.

For further confirmation, the following experiment

was performed:

Saline suspensions of 48-hr blood agar oultures of

three strains of Cl. aepticuaa were tested for the

haemagglutinin titres of the whole oultures (W) •
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After centrifugation for 10 min. at 3,000 r.p.m., the

supernatants (S) were tested for their hemagglutinin

activity, and the bacterial deposits were resuspended in

fresh saline to their original volume (BDj). These were

thereafter tested for haemagglutinin activities and

centrifuged again to give a fresh supernatant (Sj) and
washed resuspended bacterial deposit (B»2) which were

tested for their haemagglutinin activities. Successive

washings of the bacterial deposits in this way yielded

successive supernatant fluids from the resuspended

bacterial deposits. The procedure was performed 6

times. The last resuspended deposits were disintegrated

ultrasonically for 10 min. in the cold.

Results of tests on the repeated washings showed

that the haemagglutinin was almost completely washed off

after the first wash and the centrifuged supernatant

washings were inert after the second wash. The haemag¬

glutinin activity of resuspended bacterial deposits

decreased gradually from the second wash and was completely

absent after the sixth wash. The ultrasonic treatment

of the non-haemagglutinating resuspended bacterial

deposits after the sixth wash produced a sudden release

of active haemegglutinin from the disintegrated bacilli

(Table 18).
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TABLE 18

Gradual loas of hemagglutinin activity of CI. aepticim
baoterial deposit after successive washings

Fraction
tested

Haemagglutinin activity of
strain

Control
102 103 104

W 1/32 1/32 1/32 mm

So 1/8 1/16 1/8 -

b»1 1/8 1/16 1/16 -

Si <1/4 1/4 <1/4 -

bd2 1/8 1/16 1/16 mm

s2 <1/4 ( 1/4 <1/4 -

bi>5 1/8 1/8 1/16 mm

S3 <1/4 <1/4 <1/4 -

mK 1/4 1/4 1/4 -

\ <1/4 <1/4 <1/4 -

bu5 1/4 1/4 1/4 -

s5 <1/4 <1/4 <1/4 mm

bl6 <1/4 <1/4 <1/4 mm

USD/Bb6 1/16 1/32 1/32 mm

W a Original whole culture suspensions.

SQ * Supernatant of (w)
Sj s Supernatant after 1 washing.
BL m Bacterial deposit.

BC^ a Bi) after 1 washing.
a Ultrasonic disintegrate of
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The results of these lest two experiments are consistent

with my suggestion that the Cl« seotioua hemagglutinin

is mainly cell-bound and it appears in the supernatants

when the bacilli begin to disintegrate.

Filtration study.

A 48 hr. blood agar culture suspension was centri-

fuged. The hemagglutination titre of the supernatant

obtained was 1 in 64.

Filtration through a sintered glass filter Grade 5 (pore
size 1-1.5 u) reduced the hemagglutinin activity to

1 in 32.

Adsorption and elution.

CI. septicum hemagglutinin was readily adsorbed to

Sheep red cells at 18° C. as well as 4° C. When equal

quantities (3.5 ml.) of 1 per cent, sheep red cell sus¬

pension and bacteria-free supernatant of 48-hr oulture

containing 64 hemagglutinin units per ml. were mixed
o

together and left at 4 C. for 30 min., then centrifuged,

the supernatant was found to be hsemagglutinin-free.

The red cells were then resuspended in saline to Hie

original volume (7 ml.) and samples were incubated in a

water bath at 37° C. for 10 min., 1 hr and 2 hr. The

mixtures were then oentrifuged and the hemagglutinin

activities of the saline supernatants determined against

fresh red cells. It was evident that the hemagglutinin

after being adsorbed by sheep red cells was also readily

eluted after 10 min. incubation of the red cells at 37° C.

in physiological saline. The experiment and results

ere summarised in Table 19»
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TABLE 19

Adsorption and elution of haemagglutinin of 48-hr
bacteria-free supernatant of Cl. septioum strain iOQ9

Fraction tested

Haemagglutinin aotivity
of fraction diluted 1 in

Control
4 8 16 32 64

1-Culture supernatant +++ +++ +++ +++ - mm

2-Supernetant after
adsorption with
equal amount of

sheep red cells
(3.5 ml.)

3-Supernatant obta¬
ined by resuspendr
ing red cells from
2 in saline and
oentrifuging after
incubation at
37° C. for:

10 min.
1 hr.
2 hr.

+++

+++

+++

+++

+++

+++

+++

+++

+++

+++

+++

+++ +++

-

It is clear from the above table that Cl. septioum

haanagglutinin was readily adsorbed by sheep red oeUs

and that elution occurred after 10 min. incubation at 37°C.
In another experiment, the haemagglutinin test

(titre 1 in 32) was left overnight on bench, then the

tubes were shaken and left to settle again. A two-fold

increase in titre occurred (1 in 64) • When the red cells

were separated from the supernatant, washed once with

saline and then fresh saline added to the same volume

( 1 ml. ), in these tests the resuspended red cellB
settled down in positive patterns to the same titre

(1 in 64), Table 20.
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Elution of absorbed CI, septicum, haemagglutinin frcm red
cells after leaving overnight on bench for 20 hrs.

Fraction tested

Haas
of f

tagglt
tacti

itinin
.on di

acti
lutec

vity
1 in

.

Control

4 8 16 CMK\ 64

1-Culture supernatant
after:

2 hr.
20 hr.

+++

+++

++♦

+++

+++

+++

+++

+++ +++

2-After 20 hr.

A-20 hr. haemagglut-
inin treated red
cells resuspended
in 1 ml. saline.

B-The original super¬
natant + fresh red
cells

+++

/

+++

+++

+++

+++

+++

+++

+++

+

-

+++, ++, + ss decreasing degrees of hemagglutination.

/ = tube missed.

These results indicate that the hemagglutinin is eluted

in large amount from the agglutinated red cells when the

mixtures are left overnight at 18° C.

In a third experiment, culture supernatant at 18° C.

was added to an equal volume (2 ml.) of 1 per cent sheep

red cells and left at 4° C. for 1 hr. After centrifu-

gation at 1640 G. for 10 min. at room temperature, the

adsorbed supernatant (AS) and red cells were treated as

follows:
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1# The red cells were washed once with saline.

2. The washed red cells were resuspended in saline to

the original volume and incubated in a water bath

at 37° C. for 1 hr.

3. After incubation, centrifugation yielded a super¬

natant fluid (ES) and deposited red cells.

Tests carried out on these fractions and results

Observations

1. The initial adsorbed supernatant

(AS) + Fresh red oells No agglutination.

2. The red cells after adsorption

with hemagglutinin + fresh

saline Complete
agglutination.

3. The original red oells after

being washed once with saline

+ fresh saline Complete
agglutination.

4» The supernatant resulting from

washing of red oells + fresh

red oells No agglutination.

5. Resuspended red cells after

incubation for 1 hr. + fresh

saline Complete
agglutination.

6. Resuspended red cells after

incubation for 1 hr. + fresh

haemagglutinin Complete
agglutination.

7. Supernatant after elution (BS) +

fresh red cells Complete
agglutination.
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The results of these adsorption and elution experi¬

ments suggest that the hemagglutinin of CI, seuticum is

readily adsorbed to sheep red cells at 4° C. or 18° C.

A considerable mount of the hemagglutinin was eluted

from the agglutinated red cells when these were held in

saline at 37° C. for 1 hr or 18° C. for 18 - 20 hr.

Red cells free which the hemagglutinin has been eluted

appear to remain agglutinable without the addition of

fresh hemagglutinin. It could be argued at this

point that the red cell surface may be enzymatioally

altered to an auto-agglutinable state by a product of

CI. septioum. For this reason the following experiment

was performed,

A hamagglutination test was performed at 4° C. with

chilled red cells, chilled hemagglutinin, chilled tubes,

chilled saline, and chilled pipettes, After the red

oells had settled the result was recorded, and the

supernatant fluid was removed with chilled pipettes and

titrated against fresh red cells in the cold. The red

cells were washed once with ohilled fresh saline, and

then were resuspended in chilled fresh saline, and left

to settle in the cold. Results are recorded in

Table 21,
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TABLE 21

Fraction tested

Haemagglutination titre of
fraction diluted 1 in

Control
at 4° C.

4 8 16 32 64 128

Whole culture +++ +++ +++ +++ - - -

Supernatant after
adsorption

Resuspended red
cells after
1st wash

+++ +++ +++ +++ - -

Supernatant from
washed red cells wm

These results support the suggestion that CI.

septicum hemagglutinin is firmly attached to red cell

receptors at 4° C. and no enzymatic change ocours to the

red cell receptors. Red cell agglutination after elution

may be due to residual hemagglutinin on the red cell*

but there may be some change in the red cell allowing

autoagglutination (see Discussion).

Electron microscopy.

Careful examination of washed baoterial deposits

from haemagglutinating culture by electron microscope

confirmed the absence of fimbriae. Maiy fields were

examined and a typical bacillus is illustrated in

Plate (ill). Mary long flagelle (Plate V) are visible

and they are easily distinguished from the fimbriae of

B. coli described by Duguid et al. (1955)» A fimbriate

strain of Escherichia ooli was cultured and an electron

micrograph of this was prepared for comparison (Plate IV) •
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Mannose resistance.

The addition of mannose in 1 per cent, concentration

to the diluent of the haemagglutination test did not

affect the activity of CI, septicum hemagglutinin.

Adhesion experiment.

A 2k hr. nutrient broth culture of CI. septicum

strain 2029 was oentrifuged. Most of the culture super¬

natant was removed and the unwashed baoterial deposit was

resuspended in the remaining 1 ml. of the nutrient broth

culture fluid. A drop of 1 per cent, sheep red cells

and a drop of this bacterial suspension were mixed to¬

gether in a depression on a porcelain tile. The tile

was then rocked gently at room temperature (20° C.).

When hemagglutination was observed, a drop of the

agglutinated red cells was mounted on a microscope slide,

and a wet film was prepared. This was then examined

with the phase oontrast microscope using the 1/12 in.

oil immersion lens. It was occasionally possible to

demonstrate adhesion of CI. septioua bacilli to the

periphery of dumps of agglutinated red cells, but this

was the exception rather than the rule. Many clumps of

red cells were seen. Numerous baoilli lay uniformly

distributed in the fields and were not apparently aggre¬

gated in relation to the red cells. When the preparation

was subjected to a pumping action by manipulating the fine

adjustment control, organisms flowed past red cells.

Therefore bacillary adhesion is not apparently involved

in haemagglutination by the CI. septioum hemagglutinin.
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Cl. septicum x 32,000

Electron micrograph of a bacillus fixed with formalin

and shadowcast with gold palladium. The organism is

non-fimbriate and has numerous flagella. The cell

has typical rounded ends.



Electron micrograph showing fimbriae associated with

a dividing cell of Escherichia coli. x 16#000«
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Plate 5*

Gl. septicum x 16,000

Electron micrograph of a long thin form with uneven

surface and a pointed extremity. Numerous flagella

are present. The preparation is from a slightly

rough colony.
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Inhibition of Cl. septicum hemagglutinin

"Hon-specific" inhibitors. - CI. septicum hemag¬

glutinin was found to be inhibited by normal horse end

rabbit sera, egg-white mucin, and sterile cooked meat

broth supernatant, as well as saline extract of cooked

meet. The inhibitory activity of cooked meat broth

supernatant and saline extract of cooked meat was studied

in detail. It was found that inhibitor in cooked meat

supernatant or saline extract of cooked meat, which may¬

be called inhibitor X, was not deposited by centrifug-

ation at 2,700 G. for 1 hr. Boiling inhibitor X for

1 hr did not inactivate it. It was not adsorbed to

sheep red cells nor to Cl. septicum bacillary deposit.

Sheep red cells were exposed to the inhibitor for 40 min.

at 18° C. The cells were then collected by centrifug-

ation and divided into two samples. One sample was

washed once with saline. Both samples were then exposed

to Cl. septiciaa haesaagglutinin. Both were found to be

agglutinable. This indicates that inhibitor X was not

bound to nomal red cell receptors and did not remain on

the red cells to inhibit hemagglutination.

A previous experiment (see page 77) showed that

sterile supernatant of cooked meat broth inhibited

Cl. septicum hemagglutinin. This inhibitor we called

inhibitor X. The following experiment was performed to

show what ingredient of cooked meat broth contains

inhibitor X. Several 48 hr blood agar cultures of Cl.

septicum strain CN 3204- were harvested in saline. After

oentrifugation, the bacteria-free supernatant (S) and
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the whole eulture suspension (l) were separately diluted

in one of the following: saline extract of cooked meat,

1 per cent., proteose peptone (Oxoid L 37), 1 per cent,

meat extract in saline, 1 per cent, nutrient broth No.2

(Oxoid), sterile supernatant of cooked meat broth, and

saline as a control. Results are shown in Table 22.

The saline extract of cooked meat and the sterile

supernatant of cooked meat broth inhibited Cl. seotictaa

haaaagglutination. Only slight inhibition occurred with

proteose peptone, meat extract, and nutrient broth; this

can be considered as almost within the limits of experi¬

mental error although there is a suggestion that traces

of inhibitor may be present in these substances. We

can conclude that the cooked meat particles are the main

source of Inhibitor X.
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TABLE 22

Haaaagglutlnin activity in the present of solutions
containing saline extract of cooked meat.

sterile supernatant of cooked meat, proteose peptone.
nutrient broth, and meat extract

Diluent
used

Souroe of
haem>

agglutinin

Haemagglutinin activity
when diluted in diluent

under test 1 in
Control

red cells
diluent

4 8 16 32 64

Saline W

S

+++

+++

+++

+++

+++

+++

+++

+++

++

X

SECM
w

s a. m «. m

-

Peptone
water

w

s

+++

+++

-f- 1 -X.
TTT

+++

+++

+++

X •

mm

Meat
Extract

w

s

+++

+++

+++

+++

+++

+++

++

X

-

-

Nutrient
broth

w

s

+++

+++

+++

+++

+++

+++ - -

-

CMS
w

s - mm - - -

-

s decreasing degrees of
haemagglutination.

SECM a saline extract of cooked meat.

CMS = sterile supernatant of cooked
meat broth.

W se whole culture.

S » baoteria-free supernatant.
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Inhibitor X breakdown.

Inhibitor X was found to be destroyed by V. cholerae

when 2 ml* of a 24-hr nutrient broth culture of

V. cholerae was incubated with 10 ml* cooked meat super¬

natant at 37° C. for 48 hr. A control test was held at

4° C* during the incubation period. The supernatants

after oentrifugetion were then held in boiling water for

10 min. to inactivate any traces of haemagglutinin and

thereafter tested for inhibitor destruction* The

inhibitor was found to be destroyed when incubated with

the culture of V. cholerae at 37° C. but not at 4° C.

Similarly Cl* septioan was able to destroy the

inhibitor X in cooked meat media after 48 hr incubation

at 37° C. In an experiment# 5 strains of Cl. septiciga

were studied for destruction of inhibitor X in cooked

meat media during their growth* Pooled sterile cooked

meet supernatants were dispensed into 6 tubes. Each

tube received a standard inoculum from a 24 hr culture

of the strain under test, leaving the sixth tube uninocu-

lated as a control. The tubes were then incubated

anaerobioaliy at 37° C. for 23 hr, including the control*

Thereafter the oentrifuged supernatants were held in

boiling water to inactivate ary haemagglutinin produced.

Haemiagglutination-inhibition tests were carried out with

the culture supernatants including the control, using a

standard dose (2-4 units) of CI* septioum haemagglutinin

and saline as diluent. The results obtained are

summarised in Table 23.
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TABLE 23

Pestruction of inhibitor X in cooked meat supernatants
by five strains of CI. septioua after receiving standard

inoculw from 24 hr CMB culture of strain under test and
the test incubated anaerobioally for 24 hr. A standard
dose of CI. septicma hemagglutinin was added In each case*

Culture
Supernatant
of strain

Ilaemagglutination produced by a
standard dose of CI. septicum

haemagglutinin in the presence of
oulture supernatant diluted in

saline 1 in:

Inhib¬
itor

8 16 32 64 128
+ -

Controls

2029 +++ +++ +++ +++ +++ +++ - A

547 - +++ +++ +++ +++ +++ - A-

688 - +++ +++ +++ +++ +++ - A-

CN 3204 - +++ +++ +++ +++ +++ — A-

1376 - +++ +++ +++ •+++ •f-f-f mm A-

uninoculated
CMB

+++ - P

+++

A

A-

P

CMB

Controls

complete agglutination of red cells,
inhibitor completely inactivated,

inhibitor almost completely inactivated,

inhibitor present.

cooked meat broth.

Two controls were set up, one with culture
supernatant + red cells, and another with
saline + red cells.

This last experiment showed that the inhibitor X

in cooked meet supernatants was completely destroyed by

one strain, and almost completely destroyed by the other

four strains, while all dilutions of the uninoculated

cooked meat supernatant control showed complete inhibi¬

tion of the CI. septioum haemagglutinin.
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In another experiment to show the capacity of CI.

aepticum to destroy the inhibitor X in cooked meat super¬

natant end saline extract of cooked meat, bacterial

deposit of 48-hr blood agar cultures were added separately

to cooked meat broth supernatant and saline extract of

cooked meat in 2 ml. amounts, and incubated aerobically

at 37° C. for 20 hr. Control tests were held in the

cold room at 4-° C. , for the same period. Oninoculated

media were included in the two sets Hemagglutination-

inhibition tests were performed on each fraction after

heat inactivation of any hemagglutinin which might be

present. The results (see Table 24) indicate that

inhibitor destruction by the baoterial deposit occurred

only at 37° C. and not at 4-° C.
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TABLE 24

The inhibitor "X" destruction in cooked meat supernatant
and saline extract of cooked meat by 48 hr baoterial
deposit from harvested blood agar culture of strain CM 3204
CI, septicum When tests were held "at 37^ C» ana ItP C.
aerobioally for 20 hr

Iiaemagglutination produced
by standard dose of _C1.

Fraction Incubation septicum haemagglutinin Don*f?i,ol
tested at ° C. in presence of fraction

a*; uted 1 in *
•

8 16 32 64 128 256

SECM. + ED 37° c. +4 + +++ +++ 4*4-+ 4"i4* +++ -

CMS + BP W +++ +++ +++ f++ +++ -

Uninoculated H

SECM

Uninoculated It

CMS

SECM + ED «a
o

•4- -

CMS + ED ft
- - - - - - -

Uninoculated
SECM It

" - • — mm -

Uninoculated T»

CMS

SECM = saline extract of cooked meat

CMS as oooked meat supernatant

ED as bacterial deposit.

Controls included: fraction + red cells; and
saline + red cells.

+++, ++, + ax decreasing degrees of agglutination
of red oells.

For further evidence of destruction of inhibitor X

in cooked meat supernatants and saline extracts of cooked

meat, 5 strains of CI. seoticum were grown in 10 ml.
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amounts of cooked meat broth for 60 hr. The supernatants

of the cultures (about 8 ml.) decanted free from, particles

were spun down at 1640 G. for 15 miiw Bacterial deposits

ftCEi these cultures were added separately to 2 ml. saline

extract of cooked meat. The mixtures were then incubated

aerobically for 20 hr at 37° C. Thereafter the mixtures

were centrifuged. and their supernatants were heated at

100° C. for 10 ndn. to inactivate any hemagglutinin which

might be present. They were then centrifuged and the

resultant supernatants were tested for their inhibitory

activity* using the haemagglutinatioivinhibition test

(see Methods). The test also included two controls*

the first were the mixtures held at 4° C. for the same

period of incubation, and the second was nnlnooulated

saline extract of cooked meat. The results (Table 25)

agree with the results recorded in Table 23 and confirmed

my suggestion that there is a factor or factors produced

try CI. septicum strains that can inaotivate the inhibitor

X in cooked meat or saline extract of cooked meat. This
o 0

factor is active at 37 C. but not at 4 C., and one can

suggest that the mechanism is enzymstio. The previous

results showed that both V. oholerae and CI. septicum

produced factors destroying the inhibitor X of oooked

meat for CI. septioian haemegglutininj they msy produce

one end the same factor.

The following series of experiments were performed for

the purpose of comparative studies to determine the

relationship between oooked meet inhibitor X of
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CI, septicum hemagglutinin and its destruction by the

factor that is produced by this organism, on one hand*

and the cooked meat inhibitor C of Cl, welchii hemag¬

glutinin and its destruction by Cl, welchii (Collee,

1962) on the other,

T A B L E 25

The inhibitor X destruction in saline extract of cooked
depositsTf 60 hr copked meat

cultures of 5 strains of Cl, septicum, when the test
was_held at 37° C. and 4° .Q», aerobically for 20 ,hr

SBCM treated
with deposit
of strain no.

Test
held

at 0 G.

Hemagglutination occurring
in the presence of treated

SBCM diluted in saline
1 in

red cell
control

8 16 32 64 128 256

2029
37

4

+++ +++ 444 +++ +++

+++

+++

+++
-

547
37

4

+++ +++ 444 +++ +++

+++

+++

+++
-

688
37
4

+++

«•

+++ 444 +++ +++

a.

+++

+++
m

CN/3204
37

4

+++ +++ 444

«»

+++ +++

+++

+++

+++
mm

137
37
4

+++

mm

+++

m

444

«*

+++ +++

+++

+++

+++
m

Uninoculated
SBCM

37

4 m m m mm 1

L

A
mm

+++, ++# +» * * decreasing hemagglutination,

- = no hemagglutination,

SBCM ss saline extract of cooked meat.
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In an experiment, 48 hr blooa agar cultures of

haemagglutinin-producing strains of Cl. seoticma 2029

and Cl. welchii Lr>A were harvested In saline. The whole

oulture suspensions were diluted separately in solutions

containing saline extract of cooked meat, proteose pep-
.

tone, nutrient broth, and meat extracts as well as

sterile supernatant of cooked meat broth. The indicator

used in this test was 1 per cent, sheep red cell sus¬

pension. The test included saline as diluent to stand

as a control. Table 26 illustrates the results obtained.

Both sterile supernatant of oooked meat broth and saline

extract of cooked meat strongly inhibited Cl. seotieum

and Cl. welchii haemagglutinins. Solutions of proteose

peptone (1 per cent.) or nutrient broth (1 per cent.)
had vexy little inhibitory effect and the degree of

inhibition seen with the latter solutions may be con¬

sidered as within the range of experimental error. Meat

extract 1 per cent, in saline did not show any inhibitory

activity. These results agree with the results of

Collee (1962) who showed that inhibitor C of Cl. welchii

haaaagglutinin is produced by the meat particles, and

presents other evidence that the inhibitor X of Cl.

seoticum haenagglutinin is also derived from meat par¬

ticles and not significantly frcm any other constituent

of the cooked meat broth. So one can conclude that

both inhibitors C and X are produced by meat particles,

and they are the cause of inhibition of Cl. welchii and

Cl. septioum haaaagglutinin respectively, but we cannot

yet conclude that both inhibitor X and inhibitor C are

necessarily one and the same factor.
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TABLE 26

The inhibitor:/ effect of different ingredients of sterile
supernatant of cooked meat broth on CI. seotiotaa ana

CI, welcMi hemagglutinin

Biluent
used

Hemagglutinin
of

Hemagglutination occurring
at a dilution of 1 in Control

red cells
+ diluent4 8 16 32 64 128

cooked meat
supernatant

CI. seotiousa

Cl, welohii
-

Saline
extract of
cooked meat

CI. septiousa

Cl. welohii

Proteose pep¬
tone (Oxoid)
in saline

C1. seuticum

Cl. welchii

+++

+++

+++

+++ +++

mm

+++ ++ mm

-

Meat extract
in saline

Cl. septicua

Cl. welchii

+++

+++

+++

+++

++

+++

mm

+++

mm

+++

mm

+++

-

Nutrient
broth
(Oxoia)

Cl. septicam

Cl. welchii

+++

+++

+++

+++

m

+++ +++

m

++ %
-

Saline
control

Cl. seotioum

Cl. welchii

+++

+++

+++

+++

+++

+++ +++ +++ +++

-

• m complete inhibition.

++, +, A = decreasing degree of inhibition,

+++ a no inhibition.
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In a seeond experiment, pooled sterile cooked meat

supernatants containing inhibitor X of CI. septicum

haemagglutinin, and inhibitor C of Cl« welchii haemag-

glutinin, were dispensed in 10 ml. amounts into 3 tubes.

One tube received a standard inoculum of a 24 br cooked

meat broth culture of CI. septicum strain CN 3204, the

other received a similar inoculum of a 24 hr cooked meat

broth culture of CI. welchii strain L2A, and the third

was left uninoculated as a control. All of the tubes

including the control were incubated at 37° C. anaerobx-

oally for 48 hr. Thereafter the centrifuged super¬

natants were held in boiling water for 10 min. to inacti¬

vate any traces of haemagglutinin that might be produced.

The supernetants were centrifuged again and were then set

up in doubling dilutions in saline. Each tube received

a standard dose of hemagglutinin of the other species;

i.e. supernatants resulting from growing Cl. welchii

received a standard dose of Cl. septicum hemagglutinin

and vice versa (see Table 27).



HsecftsgglutininactivityofCl#sfeptioumCK32Q4andCI.welehii LgAculturesnpernatentsinpresenceoftreated
Culturesupernatant of

Ham urri ofc

®gglu ngin ultur *«*?•*•,
tinal the

esu£ nsal
donoco» psrasence >ernatent ine1im

Controls (1)(2)

8

16

32

64

128

CI.welchii#LpA* CI.seotiouB.CN3204** UninoculBtedsupernatant® Uninoculetedsupernatant*9*
t

*

*

+++

++

+4+

+4+ 444

+4+ 4+4

m«•
wren

m*testedagainststandarddoseofCl.seutictitt hemagglutinin(2-4HAunits)*
««atestedagainststandarddoseofCl#welchii hemagglutinin(2-4HAunits)#

Controlsa(l)fraction+redcells,(2)saline♦redcells#
■H-+,++,+,*•mdecreasingdegreeofha«nagglutination# •anohemagglutination.
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In e third experiment, bacterial deposit of 48 hr

gluoose broth cultures of CI. aeptioum and Cl. welchii

were separately added to 2 ml. samples of cooked meat

broth supernatant and incubated at 37° C. aerobically for

24 hr. Another series was put up at 4° C. for the same

period of time. Uninoculated supernatant was included

in each set. The centrifuged and heat-inactivated cul¬

ture supernatants of both organisms were set up in

doubling dilutions in saline. Each tube then received

a standard dose of active haemagglutinin (2-4 units) of

the heterologous organism (see Table 28).

TABLE 28

Hemagglutinin activity of Cl. aepticum and Cl. welohii
with bacterial deposit treated inhibitor C and X respec¬

tively at* 37^ C. and 4° 61

Cooked meat supernatant
treated with deposit of

Supernatant diluted in
saline 1 in

8 16 32 64 128
Controls

Cl. welohii at 37° C.*
Cl. aepticum at 37° C.**
Uninooulated supernatant* 37°C.
Uninooulated supernatant**37°C.

+++

+

+++

+

+++

++ +++ +++

Cl. welohii at 4° C. *
Cl. septicum at 4° C.90*
Uninooulated supernatant" 4~C
Uninooulated supernatant*91 4° C.

o_

Controls

+++, ++, +,

tested against standard dose of Cl. aeptioum
hemagglutinin ( 2-4 HA units) .

tested against standard dose of Cl. welohii
hemagglutinin (2-4 HA units).
(1) fraction + red cells,
(2) saline + red cells

decreasing degree of hemagglutination,
no haemagglutination.
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We can summarise the results of the last experiments

in the following points:-

1• Inhibitors C and X both inhibit the activities of

CI. welchii and Cl. septicum haemagglutinin.

2. Cl. septicum destroys inhibitor C andX, and also

Cl. welchii destroys inhibitors C end X.

3. These observations are valid whether the treated

inhibitor is subsequently tested against Cl. septicum

haemagglutinin or Cl. welchii haemagglutinin.

4. Inhibitors C and X have the same physical properties

(thermostable, non-edsorbable on red cells or

bacterial deposit, non-precipitable by centrifugation)•

5. Both inhibitors £ and X occur in meat particles of

cooked meat broth.

We can conclude frcm these that the inhibitor X

(in cooked meat supernatant and saline extract of cooked

meat) that is active against Cl. septicum haemagglutinin

may be the same as the inhibitor C of the Cl. welchii

haemagglutinin described by Collee (1962). It seems

also that Cl. welchii and Cl. septicum may have similar

factors capable of destroying or inactivating these

inhibitors.
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Serological inhibition of Cl« septicum hemagglutinin
(Specific inhibition)

Specific antibodies against Cl, septlcum

haemagglutinin (anti-haemagglutinin) in homologous sera,

and in sera prepared against other Clostridia, were in¬

vestigated, CI, septioum hemagglutinin was inhibited

by normal horse sera, and as the presence of non¬

specific inhibitors in horse sera confuse the interpre¬

tation of serological findings, it is a matter of

importance to eliminate this possible source of error.

Three methods were tried +o remove these non-speoifio

inhibitors without affecting the titre of antitoxin:

1, by heating the serum for 1 hr at 56° C.;

2, treatment of serum with potassium periodatej

3, treatment with receptor destroying enzyme (B£E)

from V, cholerae (see Methods),

Normal horse serum was treated by three methods mentioned

above and after treatment the serum was tested in haem-

agglutination-inhibition tests (see Table 2?),
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TABLE 29

Hemagglutination patterns indicating destruction of non¬

specific inhibitor of CI. aepticum haemagglutinin in nor¬

mal horse serum after treatment with RPEj and KIO^, but
not following heating at 5o° C.

Normal serum

treated with

Activity of 4 hamagglutii^
ating units of Cl. septicum
hemagglutinin in presence
of serum diluted in saline

Red cell
controls

1 ; n 5

16 32 64 128 256 512

KIO4 f++ H-+ *++ +++ +++ +++ •m

E. D* E. f++ H-+ f++ +++ +++ +++ -

Heat (56° C.) 4b - - +++ +++ -

Untreated *0" - +++ +++ +++ -

+++ » Complete hemagglutination, i.e. no
inhibitor effect.

x Controls to exclude autoagglutinability
of red cell3.

The results showed that the RLE treatment and the pot¬

assium periodate procedure achieved the destruction of

non-specific inhibitors in normal sera for the Cl.

sgpticum hemagglutinin. Heating serum for 1 hr at

56° C. slightly increased the inhibitory activity of

the serum under test. The K10^ procedure was adopted
to destroy non-specific inhibitors of Cl. septicum

hemagglutinin in hemagglutination inhibition tests#

In preparations of Cl. septicum antitoxin used for

the prophylaxis and treatment of infeotion due to Cl.

septicum. the alpha antitoxin content is considered
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important. It is now generally assumed that alpha

toxin plays some important part in the pathogenic action

of CI. septicum. It is specific for this organism and

it is neutralised by homologous antisera. It is not

known whether haenagglutinin is important in infection.

As was shown above, 29 strains of CI. septicum obtained

from different sources, end recovered from human and

animal lesions, were haeraagglutinin producers. Five of

these strains were freshly isolated and the rest were

laboratory stock strains. It therefore seemed likely

that CI. septicum antisera would contain antibodies

active against the hasnagglutinin.

Inhibition of Cl. septicum hemagglutinin by speoifio
antitoxic sera:

The previous work showed very clearly that hemag¬

glutinin production is a character of Cl. septicum. A

series of experiments were performed to detect the anti-

haemsgglutinin in antitoxic sera of Cl. septicum. Eight

SEA were used for this purpose, seven of these were

standardised researoh sera and the eighth was a diagnostic

Cl. septicum serum (see Table 2). The haemagglutination-

inhibition test was performed after removing non-specific

inhibitors by the potassium periodate procedure. Results

are tabulated in Table 30«



Haemagglutlnationpatternsindicatinginhibitionofastandard doseof2-4unitsofCl«septicumhemagglutininofstrain CM/5204." bysevenspecifioantltcocicCI,septicuroresearch seraandonediagnosticserum
CI,septioun

Haemagglutinationoccur; ofserundilutedin
mginthepre 3aline1in
jsence

serum

80

160

320

640

1280

2560

5120

10240

20480

GVP1416

-

-

-

-

mm

-

+++

+++

EX2958

-

-

+++

+++

+++

+++

+++

+++

GV41363

-

mm

-

-

mm

++

+++

+++

+++

EX4382

+++

+++

+++

EX3567

-

mm

-

+++

+++

+++

+++

+++

+++

EX5655

-

-

-

-

+++

+++

+++

+++

+++

EX1825

-

♦++

+++

+++

+++

+++

+++

+++

+++

diagnostic

+++

+++

+++

+++

Normalhorse serum

+++

•f4-f

+++

+++

+++

+++

+++

+++

+++

Controls:
Twonegativecontrols:reacells+saline, antitoxicsera+redcells,to excludefalseagglutination, hemagglutinin(2-4units) +redcells.

Apositivecontrol:

•■3 i»

1

W

t* tei

ro

•r

1
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It is clear from these results that all the anti¬

toxic sera of Cl» septicum tested contained antihaemag-

glutinin in different concentrations.

The seven antitoxic sera were of known alpha anti¬

toxin content. Table 31 compares the antihaemagglutinin

and antialpha-toxin levels of these antitoxic sera.

For ease of comparison, we assumed that servmi

GVP 1416 contains 1000 arbitrary units of antihaemagglu-

tinin and antialphatoxin, and the values standardised

accordingly (as arbitrary units) are shown in brackets

following the true values shown in Table 31•

TABLE 31

The antihaemagelutirdn and antialpha oontent of standard
volumes of seven Gl» septicum antitoxic sera, showing

"arbitrary units (in brackets) for
comparison

CI, septioum
antitoxic serum

number:

Units of anti-
haaiiagglutinin

Units of anti¬
alphatoxin

GVP 1416 5120 (1000) 3400 (1000)
EX 2958 160 (31) 315 (93)
EX 1363 2560 ( 500) 3300 (971)
EX 4382 2560 (500) 525 (154)
EX 3567 320 (64) 285 (84)
EX 5655 640 (125) 415 (122)
EX 1825 80 (16) 120 (34)
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These results suggest that the antialphatoxin and anti-

haemagglutinin are produced in response to two different

antigens. However, in all of the sera tested, with the

exception of EX 4382, the highest antihaemagglutinin

content is found with the highest antialpha toxin value,

and poor antihaemagglutinin content accompanies poor

antialphatoxin values in these antitoxic sera#

In another experiment to show that the antihaemag¬

glutinin in different sera can neutralize the haeniag¬

glutinin produced by different strains of Cl. aeptioum.

four strains and three different antitoxic sera were

tested. Haemagglutination tests were set up with super-

natants frcsa harvested 48-hr blood agar cultures of the

four strains. The original supematents were diluted

with saline so that each 0.25 ml. amount oontained 2-4

haemagglutinating units. Haemagglutination inhibition

tests were set up after removing the non-speoifio

inhibitors frera the three antisera to be tested. Results

of these experiments are shown in Table 32.
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TABLE 32

Haemagglutination patterns indicating inhibition of 2-4 units of hemagglutinin
of CI. septioum of strains 2029» 1367. 688 and CN 3204 by four CI. septicnm

antitoxic sera

CI. septicum : Antitoxin diluted in saline 1 in :

Haemagg¬
lutinin

of
Strain
No.

Antitoxin
No,

40 80 160 320 640 1280 2560 5120 102i£> 202»80

CN 3204 GVP 1416 +4+ +4+

2029 GVP 1416 - - - - - - ♦ 444 +4+ +4+

688 GVP 1416 444 +4+ 4+4

1367 GVP 1416 444 +4+ +4+

CN 3204 EX 5655 - f++ 4+4 444 444 4+4 +4+ +4+

2029 EX 5655 - - + H+ 444 444 444 +4+ +4+ +4+

688 EX 5655 - - X M-+ 444 444 444 +4+ +4+ ++ +

1367 EX 5655 - - - H++ 444 444 444 +4+ +++ +4+

CN 3204 EX 2958 - - - h++ 444 444 444 +4+ +++ +4+

2029 EX 2958 ++ 4+ +++ H-+ 444 444 444 +4+ +++ +4+

688 EX 2958 ++ +4 +4+ h++ 444 444 444 +4+ +4+ ++ +

1367 EX 2958 4 ++ +4+ 4++ 444 444 444 +4+ +4+ 444

- s No haemagglutinin, i.e. complete inhibition.

*» ++» +++ * Increasing degrees of haemagglutination, i.e.
decreasing degrees of inhibition.

Controls : negative red cell control, negative antitoxin
control to exclude autoagglutination, and
positive haemagglutinin» control to check
haemagglutinin dose, were checked before
reading the test.



- 128 -

For ease of comparison we assume that the antitoxin

GVP 1416 contains 1000 inhibiting units: the anti-

haanegglutinin content of each of the sera is standard¬

ised accordingly in Table 33*

TABLE 33

Cl. septicum
antitoxin

Antihaeinagglutinin in different anti¬
toxin for strain :

2029 688 1376 CN 3204

GVP 1416 1000 1000 1000 1000

EX 5655 63 63 63 125

EX 2958 31 31 31 31

My previous experiments have already shown that

£1. seuticum antitoxic sera contain antihaemagglutinin

in considerable amounts.

The results of the last experiment indicate that

the four strains of Cl. septicum produce haemagglutinin

that is neutralised by each of the three sera; only one

kind of haemagglutinin appears to be produced by the four

strains of Cl. senticum tested and in different amounts.

In an experiment to find out if the Cl. septicum

haemagglutinin is neutralised by antitoxic sera of other

Clostridia, five heterologous sere, were chosen. These

were antitoxic sera of Cl. haemolvticum. Cl. oedematiens.

Cl. welohii. Cl. histolvtioum. and the closely related

Cl. chauvoei. The test was performed after destroying

the non-specific inhibitors for cl. septicum haemagglutinin
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by the potassium periodate procedure (see Methods). It

is of importance that in this test the results are read

immediately after the control has settled; this takes

1.5-2 hr. In this way false negative results, which

vezy occasionally happen, can be avoided. Table 34

illustrates the results obtained from this experiment.

These results showed veiy clearly that CI, seoticiaa

hemagglutinin is specifically neutralised by its specific

antitoxic serum, but not by antitoxio sera from CI. haem-

olyticum. Cl. oedematiens. Cl. welchii. Cl. histolvtioua.

and Cl. chauvoei. The results are premising because

freshly isolated strains of Cl. septicuaa produce haemag-

glutinin and a serological haemagglutinationrinhibition

test may be of use as a rapid method of identification

(see Discussion) end far differentiation from Cl. oedema-

tiens end Cl. chauvoei.
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TABLE 34

Haemagglutination patterns indicating inhibition of a standard dose of
CI. septicum haemagglutinin by antitoxic sera of different Clostridia

Haemagglutination occurring in the presence of
Antitoxic sera antitoxic serum diluted in saline 1 in

of Clostridium
80 160 320 640 1280 2560 5120 1022)0 202)80 2^0560

septioun - - - - mm m ++ ++ +++ +++

haemolyticum f++ +++ +++ +++ +++ +++ +++ +++ +++ +++

oedesnatiens / +++ +++ +++ +++ ++ + +++ +++ +++ +++

welchii *■++ +++ +++ +++ +++ +++ +++ +++ +++ +++

histolyticum f++ +++ +++ +++ +++ +++ +++ +++ +++ +++

chauvoei ++ +++ +++ +++ +++ +++ +++ +++ +++ +++

Normal serum ++ +++ +++ +++ +++ +++ +++ +++ 1 * i.
TTT +++

(horse)

- a Complete inhibition of haemagglutination.

+++ « No inhibition, i.e. agglutination positive,

h, + s Partial inhibition.

/ a Test lost.

Controls : Two negative oontrolaj red cells + saline
red cells + antitoxin
under test.

One positive control: the hemagglutinin (2-4 units)
+ red cells.

All negative controls gave negative results.

The positive control showed complete haemagglutinatioi
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Neuraminidase activity of Cl« senticum cultures

The presence of neuraminidase in CI, septioum toxin

was suspeoted when it was found that there was a great

similarity between inhibitors C and X of CI. welehil and

CI. septiousn haaaagglutinin respectively, and the results

of the inhibitor breakdown experiments allowed that the

CI. septioum and CI. welchii haemagglutinin inhibitors

appeared to be destroyed in a similar fashion by the two

organisms. ¥. cholerae. Cl. welchii and Cl. septicum

destroyed the Cl. septicum haesaagglutinin inhibitor X in

sterile supernstants of cooked meat broth. Cl. septicum

and Cl. welchii both destroy Cl. welchii haemagglutinin

inhibitor C in sterile cooked meat broth supernatants.

Also, the non-specific inhibitors in normal horse serum

for Cl. septicum hemagglutinin were found to be

destroyed by receptor destroying enzyme of V. oholerae.

It was shown that V. cholerae and Cl. welchii produce

neuraminidase (Burnet & Stone, 1947* MoCrea, 1947? Chu,

1948j BBhm, Ross & Baumeister, 1957j Ropenoe & Drew,

1957J Collee, 1962). It was strongly suggested by

Collee (1962) that neuraninidase may be responsible for

destroying cooked meat inhibitor C of Cl. welchii haera-

agglutiniru All of these facts and suggestions strongly-

indicated that Cl. septioum may produce neuraminidase.

In all the following studies of cl. seuticim neura¬

minidase, the thiobarbiturie acid assay was used. This

colorimetrio asssy has been developed by Warren (1959)
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and was used to detect free sialic acids which is released

by neuraminidase from substrate containing protein-bound
.

sialic acid# After oxidising the liberated sialic acid

with sodium periodate in concentrated phosphoric acid,

th© periodate oxidation product is coupled with ihiohar-

bittaic acid and the resulting chromophore is extracted

into cyclohexanone. Egg-white suspension, containing

protein-bound sialic acid was used initially in these

experiments as substrate, as it was recommended by

Collee (1962). In the course of this study, normal horse

and normal human sera were found to be good substrates in

the assay# The normal human sera was found more con¬

venient as a substrate than the normal horse sera, so in

the later experiments normal human serum was used as a

substrate for the neuraminidase asssy#

Under the conditions employed in the standard assay- ... ... -

(see Materials and Methods), 01, seoticum culture products

cleaved sialic acids from the material bound to protein in

crude egg-white, and in normal horse and human sera#
3

,

Twenty strains of CI, seoticum were thus tested for neura¬

minidase activity. All of them produced neuraminidase,

and all were found to produce haemagglutinin. Of the

strains tested, five were freshly isolated strains end

the rest were laboratory stock strains, Table 35 shows

the results of one of the tests to determine neuraminidase

activity in 48 hr nutrient broth culture supernatants of

stock culture and freshly isolated strains, using egg-

white substrate# Thus we can conclude that neuraminidase

is one of the products of CI# septicua#
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MBLE 25

The neuraminidase activity of IS hr nutrient broth culture
supernatants of 3 laboratory stock and 5 freshly isolated

strains of CI. aepticum. using ega-white substrate.

Strain u moles K.ANA oleaved from
number Description excess substrate by 1 ml*

oulture supernatant

2029 0.375

1376 0.425
Laboratory

7 stock 0.275
strains

20 0.350

V.S.54 0.450

612 0.275

I cs 3 0.205
Freshly

cs 5 isolated 0.234
strains

cs 7 0.319

CS 9 0.243

In a comparative atu.dy of the different substrates

mentioned above, five strains were grown in nutrient

broth for 48 hr and, after centrifugation at 1640 G» for

15 Kiiru , the resultant supernatants were used as sources

of the enzyme in tests with the three substrates* Controls

included the blank, time *0' controls and the positive

controls (using acid—hydrolysed substrate — see Methods),
additional controls to detect free sialic acid in the

untreated substrate and substrate alone to exclude

presence of neuraminidase in the substrate* Table 36
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shows the results obtained in this experiment. The

conditions were those employed for the standard neura¬

minidase assay (see Methods).

TABLE 36

The amount of sialic acid (u moles M-aoetelneuraminio acid)
liberated when IS hr culture supernatants acted on three
substrates; egg-white, normal hcrse serum and normal

i»n,.aerum.

Substrate
used

U moles N-ANA o

strate under te
supernata

leaved from excess sub-
st by 1 ml. of culture
nt of strain :

2029 547 688 CN 3204 612

Egg-white

Normal horse
serum

Normal human
serum

.2375

.¥75

.8531

.3469

.4781

.6843

.4875

.6313

1.1343

.3750

.5156

1.1812

.3750

.4031

.7875

The esttount of N-ANA produced when 1 ml. of egg-

white was cleaved by acid hydrolysis equals 0.4912 u moles.

Normal horse serum yielded 1.50 u moles, and normal httoan

serum more than 1.50 u moles.

These results give evidence that normal horse serum

or normal human serum can replace the egg-white substrate

described by Collee (1962).

In another experiment, 8-hr, 16-hr, 24-hr and 48-hr

nutrient broth culture supernatants of CI. septicum

strain 2029 were tested for neuraminidase and hemag¬

glutinin activities using normal human serum as substrate

and 1 per cent, sheep red cells respectively. Results

are illustrated in Table 37.
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table 37

The neuraminidase and haemagglutinating activities of
nutrient broth culture supernatants of CX. septicum

strain 2029 against human serum substrate and sheep
red cells respectively

Age of
supernatant

Reciprocal of haem-
agglutinin titre

U moles N-ANA
cleaved from excess

substrate by 1 ml,
supernatant

8 hr < 4 0.066

16 hr < 4 0.160

24 hr 8 0.197

48 hr 32 0.197

The haemagglutinin aotivity is expressed in units

per 0.5 ml.

Neuraminidase activity is estimated as described

in Methods.

These results are further evidence of neuraminidase

production by CI. septicum. They also show that the

enzyme is demonstrable in cultures within 16 hr and this

activity is not increased by increasing the time of

incubation beyond 24 hr. Neuraminidase production is

not correlated with hemagglutinin production.
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DlFF'EEENTlA'flOK HETIEEN REURiaHKIDASB AKU OTHER
jfcQiJPCTjS.

Having proved that CI. septioum produces neuramini¬

dase, it was necessaiy to differentiate between this

product and other known diffusible products of the organism,

e.g. its haaaagglutinin, haemolysins and hyaluronidase.

1. Haemagglutinin.

The results of the preceding experiment (Table 37)

indicated that Cl. septicum neuraminidase and CI. s euticuat

haemsgglutinin may be different factors, with two

different activities. To investigate this point further,

absorption experiments were performed. In a typical

experiment, 2 ml. samples of 23 hr nutrient broth culture

supernatar-ts of Cl. septicum strains 2029 and 547,

containing 8 and 32 haetriagglutinsting units per 0.5 ml.

respectively, were added separately to compact deposits

obtained by centrifuging 4 ml. volumes of 1 per cent,

sheep red cell suspension. The tubes were shaken to

mix the contents and were then left for 30 min. for

adsorption of the haemagglutinin in ice-chilled water to

lessen neuraminidase activiiy. After centrifugation, the

adsorbed supernatants were tested for haemagglutinin and

neuraminidase activities with 1 per cent, sheep red cells

and egg-white substrate respectively as indicators.

Results are recorded in Table 38.
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TABLE 38

The hemagglutinin ana neuraminidase activities of culture
products of CI. septicum strains 2029 and 547 before and

after absorption with sheep red cells.

Strain
Number

Supernatants
tested

Reciprocal of
hemagglutin¬
ation titre

u moles K-AKA
cleaved frcan

excess substrate
by 1 ml.

supernatant

Untreated 8 0.350
2029

Treated <4 0.200

547
Untreated

Treated

32

<4

0.200

0.160

These results showed that the haemagglutinin of Cl.

septioum was completely adsorbed by the sheep red cells)

on the other hand the superpatents after adsorption with

red cells at ice temperature retained much of their

neuraminidase activity* Thus we can conclude that the

haernagglutinin and neuraminidase of Cl. septicum may be

different factors* For further evidence, supernatants

of 48-hr nutrient broth cultures of 13 strains of Cl.

septicua including laboratory stock and freshly isolated

strains, were tested for both neuraminidase and haaaag-

glutinin activities* The results of these determinations

are presented in Table 39. There is no parallelism

between the haemagglutinin and neuraminidase potencies.

The culture with maximum haemsgglutinin activity is not

always richest in neuraminidase activity, and the poorest

in haemagglutinin is not poorest in neuraminidase activity.
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TABLE 39

Haemagglutinin and neuraminidase activities of bacteria-
free supernatants of !«£ hr nutrient broth cultures of

13 strains of Cl» septicum.

3train
No.

History of
strain
tested

Reciprocal of
hemagglutinin

titre.

u moles N-ANA
cleaved from

excess substrate
by 1 ml.

supernatant

14 32 0.200

19 64 0.200

547 32 0.225

2029 32 0.375

20 128 0.i»25
Laboratory

253 stock 8 0.187
strains

286 16 0.197

US 54 16 0.450

7 64 0.262

21 32 0.159

cs 7

CS 9

612

Freshly
isolated
strains

32

32

64

0.275

0.275

0.375

For further elucidation of the relationship between

haanagglutinin and neuraminidase, fractionation studios

were carried out. The hemagglutinin, neuraminidase and

haeraolysin contents of the fractions were followed.

Fractionation precipitation was carried out with ammonium

sulphate. A 3 ml. volume of overnight cooked meat broth

culture of CI. ae.oticua (laboratory stock strain 5515 was
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inoculated into nutrient broth. After incubation anasro-

o
bically at 37 C, for 3 days, the supernatant was obtained

by centrifugation at 1640 G for 30 min. The supernatant

(about 120 ml.) was then put in a Cellophane sac and con¬

centrated to about 100 ml, by immersion in polyethylene

glyool at 4° C. for about 5 hr. Solid ammonium sulphate

was added in amounts calculated to give a series of pre-

oipitates at 0 - 40, 40 - 50, 50 - 65, 65 - 73* 73 - 85

ammonium sulphate saturations (Dixon 1953)- Before

collecting the precipitate at each stage, the mixture was

left for about 90 min. at 4° C, The precipitates were

collected at each stage by centrifugation at 4380 G, for

30 min, at -2° C. and they were resuspended in 5 ml,

amounts of saline. These samples were dialysed in

Cellophane sacs for 48 hr against a large excess of dis-
o

tilled water at 4 C. , with agitation 3 times a day and

ohange of water every 24 hr. Each fraction was assayed

for its hemagglutinin, haemolysis, and neuraminidase

activities. The results obtained are presented in

Table 40*

It would appear that it is not possible to separate

the haemagglutinin from the neuraminidase activity

effectively by the methods employed. However the dis¬

tribution of haemagglutinin in the fractions is different

from that of neuraminidase activity. Another important

observation from these studies is that there is separation

of the hemolysins from haemagglutinin and neuraminidase

in one fraction (P5) i.e. at 50 - 65 per cent, saturation.



Thehemagglutinin*neuraminidaseanahaemoLvsincontentoforiginalconcentrated nutrientbrothculturesupernatantofCI.aeptiouastrain551andofthe differentfractionsobtainedbyprecipitationwithar.tmonitgnsulphate
Fraotion tested

percent,of saturation
with{mjs&k

Reciprocalof:

Neuraminidaseactivity
(umolesN-ANAcleavedfromexcess substrateby1ml.fractiontested

Hemagglutinin
HaemoLysln titre

*1

0-2^0

1022,.

16

0.2*25

F2

2^0-50

6If

4

0.250

*3

50-65

32

-

0.225

F4

65-73

-

-

0.000

F5

73-85

mm

-

0.000

Original

000

128

8

0.225

=nildeteoted
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To facilitate comparison of these activities, the

three tests oan be standardised in arbitrary units. If

we assume that the activities of the three factors in

is 100, the relative values are then as follows:

TABLE 40 (Continued)
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Thus we can isolate hemagglutinin and the neuraminidase

free from the CI. septioum haemolysinsj (this will be

discussed later).

Serological inhibition. - Four standard CI. seoticum

antitoxic sera were chosen and the capacities of these

antitoxic sera to neutralise the haemagglutinin and neura¬

minidase activities were determined. The antitoxic sera

thus tested for enti-haemagglutinin and anti-neuraminidase

content were: GfVP 1416, EX 5655 » EX 1825, EX 4382. The

tests involved haemagglutination-inhibition tests after

removing non-specific inhibitors by pre-treatment of each

antiserum with potassium periodate (see Methods). The

serum under test was serially diluted two-fold in saline

(0.25 ml. amounts) and 2-4 haemagglutinating units were

added to each tube. 30 min. later, a 0,5 ml. vol. of

1 per oent. sheep red cell suspension was added to each

tube end tests were left on the bench and reed after the

red cell control settled (see Methods). Table 41

summarises the results obtained. For testing the anti-

neuraminidase content of the four antitoxic sera, the

latter were prepared in serial doubling dilutions in

acetate buffered saline (pH 5»1) in 0.5 ml. amounts with

all of the reagents chilled in ice-cold water. To eaoh

dilution, a 0.5 ml. amount of 48-hr nutrient broth

culture supernatant of Cl. seoticum strain 2029 (of known

neuraminidase content) was added and the tubes were well

shaken. Two series of each of these test mixtures were

prepared in parellelj one set was left in the cold and

to each tube in this series a 0.5 ml. amount of normal
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human serum was added* Then 0*2 ml* mounts from eaoh

cold mixture were tested by the thiobarbituris acid essay,

and these gave time '0' control results. The other set

was left on the bench for 30 ©in* tor neutralisation to

occur and then to each tube a 0*5 ml. mount of noma!

human serum substrate was added* The mixtures were

o
incubated at 37 C. for 1 hr« A 0*2 ml. amount of eaoh

of the incubated mixtures was subjected to the thlo-

barbituric acid assay* The results of these determina¬

tions of anti-neuraminidase activities of the 4 antisera

are presented in Table 42*
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TABLE 41

The antihaemagglutinin content of CI. septicum antitoxio sera:

15-1416, EX EX 4382

Antitoxic
serum

number

Hemagglutination occurri
antitoxic serum under tes

ng in
t dilul

'the presence of the
bed in saline 1 in

Controls:
1 2 380 160 320 640 1280 2560 5120 10240 20480

GVP 1416

EX 5655

EX 1825

EX 4382

A -H-+ +++ +++

+++

+++

+++

+++

+

+++

+++

+++

+++

+++

+++

4, ,1 -fTTT

+++

+++

+++

+++

- - +++

mt

Controls: 1: red cells + saline*

2: red cells + antitoxic sera.

3: red cells + (2-4 units) haemagglutinin.

- * Complete inhibition of the hemagglutinin.

++, +, * a Increasing degrees of inhibition.

+++ a Wo inhibition.

Antitoxic serum

number
Complete inhibition eoourred
at a maximal dilution of

GVP 1416 1/5120

EX 5655 1/640
EX 1825 1/80

EX 4382 1/2560
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TABLE 42

The inhibition of neuraminidase activity of 43-hr nutrient broth culture
supernatant by 4 standard CI. septicum antitoxic aera

Antitoxic serms

diluted in
buffer

Spectrophotometer Rea
antitoxi<

dings at 549 *au for the
3 serum:

GVP 1416 EX 5655 EX 1825 EX 4382
1 in

T.O. Test T.O. Test T.O. Test T.O. Test

10 0.050 0.045 0.065 0.095 0.000 0.124 0.029 0.091
20 0.065 0.075 0.065 0.115 0.000 0.205 0.052 0.100

40 0.045 0.085 0.060 0.125 0.000 0.218 0.060 0.109
80 0.050 0.085 0.040 / 0.000 0.300 0.019 0.120

160 0.050 0.105 0.050 0„125 0.000 0.246 0.000 0.135

320 0.060 0.145 0.060 0.170 0.000 0.285 0.025 0.198
640 0.050 O.165 / / / / / /

T.O. = Time "0" Control

From the last table one can measure the u moles N-ANA

cleaved by 1 ml. of the enzyme which was not neutralised

by the antitoxic serua under test. These values are set

out in the following table:

U moles N-ARA released from excess substrate by a
Antitoxic serum standard neuraminidase preparation in the presence of

diluted in varying amounts of antitoxin under test
buffer (calculated per 1 ml* of enzyme)

1 in GVP 1416 EX 5655 EX 1825 EX 4382

10 0.000 8.056 0.233 0.113
20 0.019 0.094 0.384 0.098
40 0.075 / 0.409 0.098
80 0.066 0.012 0.562 0.188

160 0.103 0.012 0.459 0.253
320 0.159 0.206 0.534 0.328
640 0.216 / / /

/ * Test missed.
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Tests giving a speotrophotoraetrio reading at optical

density 549 mu of 0,090 or above (which in terns of u

moles N-AHA released by excess substrate and calculated

per 1 ml* enzyme, equals 0,169), were easily recognised

as positive on naked-eye examination. This level has

therefore been chosen as the end point for these neura¬

minidase inhibition tests.

According to this assumption, the end points for

inhibition by different antitoxic sera of the amount of

enzyme used in the test are as follows:

Antitoxic serum

number
Inhibition occurred at
maximal dilution of

GVP 1416 1/320

KX 5655 1/160
EX 1825 1/10

EX 4382 1/40

For ease of comparison, the sntineuraminldase and

antihaemagglutinin contents of the four antitoxic sera

are now set out in one table. It is assumed that the

antitoxic serum GVP 1416 contains 100 arbitrary units of

antihaemegglutinin and antineuraminidase. Accordingly,

the calculated potency (arbitrary units) for antihaeaaag-

glutinin and antineuraminidase in each of the antitoxic

sera are shown in Table 43*
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TABLE 4-3

Comparison of antihaemagglutinin and antineuraminidase
content of three antitoxic sera with standard GVP 14-16 *

in arbitrary units.

Antitoxic serum

number

Antineuraminidese
content

(arbitrary units)

Antihaemagglutinin
content

(arbitrary units)

GfVP 1416 100 100

RX 5655 50 13

EX 1825 3 2

EX 4382 13 50

It is seen from Table 43>, that there is no correlation

between the antihaemagglutinin and antineuraminidase

potencies*

2. Hyaluronidase.

Hyalurorddase activity is the second factor to be

differentiated from neuraminidase* hyaluronic acid has

been isolated from synovial fluid, vitreous humour and

skin of rabbits ( Chain and ©uthie 1940 )• The enzyme

catalyses the hydrolysis of hyaluronic acid, and the high

viscosity of hyaluronic acid is quickly reduced to that

of water.

The AGRA test was adopted for this work. The

substrate recommended for this test is synovial fluid.

Sometimes it is difficult to get synovial fluid for the

test, and certain synovial fluids are occasionally

unsatisfactory as substrate. Another difficulty was
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that stored synovial fluid even at 20° C., very frequently-

failed to retain good function as substrate in the ACRA

test# Accordingly other souroes of hyaluronic acid were

explored# Commercial hyaluronic acid (potassium salt)

proved to be useless in the ACRA test when it was tried in

different concentrations ranging frcta 0.1 - 2.5 per cent#

in 1 per cent. NaC1, The method described by Chain et al.

(19¥>) was used to isolate hyaluronic acid complexes from

guinea-pig skins# The sodium salt isolated from guinea-

pig skins was used in the ACRA test as substrate and was

prepared as described in Methods.

In the first experiment the hyaluronic acid derived

from the guinea-pig skin was used as a substrate in the

ACRA test at a concentration of 0.05 per cent, in borete-

buffer saline (BBS)• The results showed that this sub¬

strate was not suitable for the test. WTien the substrate

was tested alone, spread occurred suggestive of the presence

of enzyme. We therefore concluded that the hyaluronic

acid isolated from +he guinea-pig skin is not suitable as

substrate in the ACRA test under the conditions described.

The second experiment performed with hyaluronic acid

derived from guinea-pig skin followed the method described

by McCleqn (1943)• This depends on the fact that the

unaltered protein complex substrate is clotted in the

presence of acetic acid and that en^ymic hydrolysis of

hyaluronic acid destroys the power of the substrate to

clot with the acid. The hyaluronic acid derived frcm

guinea-pig skin did not produce a good clot with acetic
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acid. It was concluded that the substrate was not

suitable for this test.

Because of the negative results obtained in the above

experiments, ax synovial fluid was used as substrate in

the ACRA test. This was employed instead of horse

synovial fluid, which was reccoaaended by Oakley et al

(1951). because of difficulty of obtaining the latter.

Ox synovial fluid gave satisfactory results. There was

however considerable variation between batches of the ox

Synovial fluid obtained. Because of this it was very

important to do preliminary tests on the substrate and to

include substrate controls in all of the tests.

To differentiate between neuraminidase, nyaluronidase,

and haemagglutinin, samples of 48 hr nutrient broth culture

supernatants of four strains of CI. aepticum. including

1 freshly isolated strain were subjected to the neuramini¬

dase assay using human normal serum as substrate, the ACRA

test for byaluronidase activity using ox synovial fluid

as substrate, and the haemagglutination test to a titrate

haemagglutinin using a 1 per- cent, suspension of sheep

red cells. The results are presented in Table 44.
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TABLE 44

The hyaluronidase, neuraminidase ana hemagglutinin acti¬
vities of culture supernatants of four strains

of CI. septicvm.

1* Iforaluronldase

Strain
number

Hyaluronidase activity of culture
supernatant diluted in BBS 1 in Controls

°1 c216 32 64 128 256 512 204

547 +++ +++ -H-+ +++ f++ f++ mm +++ •

688 +++ +++ +++ +++ H-+ ++

CN 3204 +++ +++ +++ +++ mm

612 +++ +++ +++ +++ ++ -

- a A compact lenticular "blob", i.e. Hyaluronidase
effect negative.

+ m Annular form with a characteristically corrugated
internal boundary.

++ as Annular form just maintained with an intact well
defined outer boundary.

+++ * Complete spread of the drop, i.e. hyeluronidase
strongly positive.

Positive control (C.) = test of known positive enzyme.
Negative controls (C2)» ® control of substrate alone.

b * oontrol of uninoculated medium,
c a control of proteolytic enzyme

(trypsin) .

2. Neuraminidase.

Strain number
u moles N-ANA cleaved from excess sub¬
strate by 1 ml. culture supernatant

547 0.815
688 1.214

CN 3204 1.128

612 0.787
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TABLE 44 (Continued).

3* Hemagglutinin.

Hemagglutination produced
by supernatant diluted in

wu £>XR sal: »ne 1 in Control
number

4 8 16 32 64 128

547 +++ +++ +++ A - - mm

688 +++ +++ +++ +++ +++ L -

CN 3204 +++ +++ ++ - em - -

612 +++ +++ +++ +++ 1 mm -

+++, ++, +, 1 = decreasing degrees of hemagglutination.

- = no hemagglutination.

For easy ocmparison of the three activities of the four

strains tested, the results of Table 44 are presented in

the following form (Table 45)*

TABLE 45

Hyalueonidaae, neuraminidase, and hemagglutinin activities
of four strains of Cl. septicum.

Strain
Number

547

688

CN3204

612

Activity (in arbitrary units)

Hyaluronidase Neuraminidase

100

100

50

50

100

149

138

98

Saemagglutinin

100

400

50

200
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These results showed that production of hyaluronidase

was demonstrated in nutrient broth culture supernatants of

the strains tested, so that the three factors were pro¬

duced in the same culture medium. It is observed that

there is not correlation between byaluronidase, neuramini¬

dase and haemagglutinin activities. Strain CN3204

CI. septicum appeal's to be rich in neuraminidase while it

is poor in hyaluronidase and hemagglutinin. Strain 612

is fairly rich in neuraminidase and haemagglutinin

activity but poor in hyaluronidase production. Strain

688 is rich in hemagglutinin, neuraminidase and hyalu¬

ronidase activities. We can therefore suggest from

these findings that neuraminidase, hyaluronidase and

haemagglutinin are different factors.

In another experiment, five strains of CI. septioum

were grown separately in brain heart infusion broth

anaerobically at 37° C. for 22 hr. The bacteria-free

supernatants obtained by centrifugation at 2700 0. for

15 rain, were tested for neuraminidase, hyaluronidase and

hemagglutinin. Results of this experiment are shown in

Table i»6.
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TABLE 46

Hyaluronidase, neuraminidase and hemagglutinin activities
of 22-hr brain heart infusion broth culture supernatanta

of 5 strains ofClf septicum.

1. Hvaluronidase.
"

Strain
number

Hyaluronidase activity of super¬
natant diluted in BBS 1 in Controls

Ci c216 32 64 i 128 256 512 1024

2029 +++ +++ +++ +++ - - -

547 +++ +++ ; +++ +++ - -

688 +++ +++ +++ +++ ++ - mm

CN/3204 +++ +++ ++ m -

612 +++ +++ +++ +++ I - I - -

""" "" *

Key of this Table as Table 44.

2, Neuraminidase.

Strain number
u moles N-ANA cleaved from excess

substrate by 1 ml. culture supernatant
tender test

2029 0,000

547 0,009
688 0.075

CN/3204 0,050

612 0.020

3. Haemagglutinin.

Strain

Haemagglutination produced by
culture supernatant diluted in

saline 1 in
Controls

tested
4 8 16 32 64 128 CMO0"

2029 L L / 1- -

547 ! L L L 1- - mm

688 L L 1+++ +++ - mm

CS/3204 L L L 1 mm -

612 i L rL L L 1- mm

L as Complete haemolysis
1 = Partial haemolysis

+++ as Hemagglutination
- as No haemagglutination

C-j a negative red cell control
Co as Negative control of uninooulated medium.
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The results of this last experiment confirm the suggestion

that hyaluronidase and neuraminidase are different factors#

The medium used in the last experiment favoured hyeluroni-

dase production but it was not suitable for neuraminidase

production# It was also observed in the above experiment

that haemagglutinin was virtually absent. It may be

that haeciagglutinin is obscured by the presence of

haemolysine.

3* Studies of the hemolysins of CI. seuticum and their
relationship to the hemagglutinin and neuramini¬
dase.

The neuraminidase was differentiated from the oxygen-

stable and oxygen-labile hemolysins of CI. seotioum.

The following experiment was done to demonstrate both

haemolysins. CI. seuticum strain 2029 was grown in

glucose broth and cooked meat medium anaerobically for

22 hr at 37° C. The supernatants of cultures centri-

fuged at 164O G. for 15 min. were tested for hemolysin.

Thereafter, the supernatants were oxidised by H2P2 and

again tested for hemolytic activity. The oxidised

supernatants were then reduced by thioglyoollio acid and

tested for haemolytic activity (see Materials and Methods).
The results of this experiment are shown in Table 471
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TABLE 47

The haemolytic activities of original, oxidised and
reduced culture supernatants of CI. septicum strain

2029 grown in cooked meat broth and glucose broth

Treatment of
supernatant

Haemolytic activity of super¬
natant under test diluted in
buffered saline pli 5.9 1 in

Controls

4 8 16 32 64 128 Cl -2

Original CMS

Original GBS L L L L 1 -

Oxidised CMS

Oxidised GBS -

Reduced CMS

Reduced GBS L L L - - - tm -

CMS ss cooked meat broth supernatant.

GBS a glucose broth supernatant.

L s complete haemolysis.

1 a partial haemolysis.

- a no haemolysis.

C,j s uninoculated medium + red cells.

C2 * buffered saline + red cells.
These results agree with those reported by Moussa

(1958) j both oxygen-stable and oxyger>-labile haemolysins

could be detected in the original supernatant of glucose

broth but not of cooked meat broth. Oxidation with HjjOg

inactivated both of the hemolysins, and reactivation of

the oxygen-labile haemolysin was produced by treatment with

thioglycollic acid. Cooked meat broth supernatant was

unsuitable for hemolysin production by Cl. septicum.
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Seven standard CI, se&ticum antitoxic sera all of

known antialpha toxin potency and four of known anti-

neuraminidase potency were tested for antibodies against

cacygen-labile hemolysin. Pour strains of CI, se^ticum

were grown in glucose broth anaerbbically for 22 hr, and

the culture supernatants were tested for their oxygen-

labile haemolysin content. Supernatants destined for

oxygen-labile hemolysin tests were placed with 0.2 per

cent, sodium hydrosulphite in screw-capped bottles and

stored at 4° C. for at least 2 weeks (Todd 1938* Moussa

1958)j during this +ime complete loss of oxygen-stable

haemolysin occurred (Moussa 1958). Table 48 illustrates

the results.

TABLE 48

Oxygen-labile haemolysin activities of supernatants from
22-hr glucose broth cultures of four laboratory stock

strains of 01. septioum.

Strain

Haemolysin activity of
supernate diluted in saline

1 in Control
Tested 4 8 16 32 64 128

2029 L 1 - - - - -

CN/3204 L L - - - -

20 L L 1 tm - -

612 L L L - - -

L a Complete haemolysis.

1 ss Partial haemolysis.

- = No hemolysis.
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Culture supernatant of strain 612 w&3 chosen as the

source of oxygen-labile hsemolysin (delta toxin) for

determination of the antibodies against that toxin in the

seven CI. seuticuci antitoxic sera. The last dilution

showing complete haemolysis was considered to contain 1

unit of haemolysin. The serum under test was doubly

diluted in 0.25 ml. volumes of saline. To each tube,

0.25 ml. culture supernatant of strain 612 was diluted

with saline so that each C.25 ml. would contain 2 haemo-

lysin units. After the test had. stood on the bench for

half an hour (18° C.), a 0.5 ml. amount of 1 per cent,

sheep red cell suspension was added to each tube. The

test was then shaken and incubated in a water bath at

57° C. for 2 hr before recording the results. The last

tube showing complete inhibition of the test dose of

haeraolysin (x units) used in the test was considered to

contain an equivalent number of units (x) of antihaemo-

lysin. The test included three controls: two negative

controls (one for the red cells, and the other for the

serum under test), and a positive control for the test

dose of haemolysin (2 units) used in the test (see

Table k9).



Inhibitionof2haemolysinunitsofstrain612.bydifferentstandard antitoxicseraofCl.aepticuaa
Antitoxic nunber

GVP1416 EX2958 ©TP1393
EX4382 EX3567 EX5655 EX1825

HaemolysisoccurringinthepresenceofantitoxicserumA._n dilutedinsaline1in
20

40

80

1
L L

160
L L L

320

L L L

640

L L L

1280
* L L L

2560
L L L L L

5120
L L L L L L L

10340 L L L L L L
L

20480 L L L L L
L L

LsCompletehaemolysis.
19Partialhaemolysis.

Controls!1.reacell;2.serumcontrol;3.positive
haemolysis.
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We can thus arrange these antisera in decdnding order

according to their anti delta toxin content as in

Table 49. The antineurarainidase and anti-alpha toxin

potencies of sera GVP 1416, EX 5655, SX 1825 and EX 4382

are now known (see Tables 2 and 33). For ease of

comparison of the different antibody content of these

four antitoxic sera, the antitoxic serum GVr' 1416 is

assumed to contain 100 arbitrary units of each antitoxin

(Table 50).

TABLE 50

Antibody content of 4 CI. seoticum antitoxic sera against
the oxygen-labile and oxygen-stable haemolysins and neur¬

aminidase (in arbitrary units)

, Lntitoxic Antitoxin levels (in arbitrary units)
serum

lumber
oxygen-labile
hemolysin

oxyger>-stable
hemolysin

neuraminidase

an? 1416 100 100 100

?x 5655 2 12 50

SX 1825 3 4 <3

sx 4382 100 15 13

These results suggest that the three antibodies

result from stimulation by different antigens, because

the antitoxin values do not run parallel.

In another experiment to differentiate between the

hemolysins and neuraminidase, strain 2029, which was

shewn to produce the two kinds of hemolysin in glucose

broth, was inoculated into cooked meat broth. Samples

of the culture supernatant after 24 hr incubation at
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37° C. were subjected to haemolysin tests, under normal

conditions, under oxidising conditions and under reducing

conditions. The results showed that the supernatant was

inert, and did not contain any traces of haemolysin.

When the same supernatant was tested for neuraminidase

activity it was shown to be aotive (the aiiount of N-INA

released from excess substrate by 1 ml. of the supernatant

as 0.2800 u moles). This is good evidence that the haem-

olysins of CI. septicum and the neuraminidase are

different factor#.

Moreover, fractionation with anmonium sulphate

yielded neuraminidase and hemagglutinin free from haemo-

lysins (see Table 40).

4. Serological studies of the relationship of other
diffusible products of CI, septicum to haemagglutinin
and neuraminidase.

Time did not allow of further extensive studies to

differentiate other diffusible products of CI, septicum

from the haemagglutinin and neuraminidase, but possession

of several valuable antitoxic sera of known content now

provided a ready means of provisional differentiation.

Table 51 summarises, in actual units and in arbi¬

trary units, the antibody content against haemagglutinin,

neuraminidase, hemolysins (oxygei>-stable and oxygens-

labile) , byaluronidase, and deoxyribonuclease, of four

standard CI. septiciaa antitoxic sera tested.



Theantibodyoontent(actualendarbitraryunits)offourCl.aepticum antitoxicsera.

Anti-

antitoxincontentagainsttheantigen:
toxio serum

Hemagglutinin
Oxygen- haernol:

stable /sin

Oxygen-] haemol\
Labile rsin

Neuraminidase
Hyaluronidase
Ueoxyribo- nuolease

number

C

R

C*

R

C

R

C

R

C*

R

C

R

GVP1416

5120

100

3400

100

2560

100

320

100

140

100

210

100

EX5655

640

13

415

12

40

2

160

50

1000

714

Ca3

1

EX1825

80

2

120

4

80

3

(10

(3

/

/

EX4582

2560

50

525

15

2560

100

40

13

/

/

/ snotdone.
C=aotualunitsofantibody(C*Welloamestandards). Rsarbitraryunits,standardisedwithrespeottoserumGVR1416.
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Studies of soluble bacterial prodnots occurring in
guinea-pigs and ambrvonated eggs infected with CI.

septioup

In the following studies, attempts were made to

demonstrate activities of different known toxins and

enzymes in mbiyoneted hen eggs and guinea-pigs experi¬

mentally infected with Cl. septicum. According to

Bernheimer (1944) and others, CI. septicum produces the

alpha toxin which is lethal, haemolytic, and dermoneerotic;

Moussa (1958) showed that the oxygen-labile hemolysin and

hyaluronidase are other factors produced by this organism;

Dafaalla and Soltys (1953) demonstrated the haemagglutinin.

Warren,(1963) » and earlier workers indicated the presence

of neuraminidase. Accordingly, we tried to demonstrate

that these toxins and enzymes formed by Cl. seotioum in

artificial culture media are also formed when Cl. septicum

proliferates in living cells.

1. Experimental infection of gRbrvonated hen eggs with
Cl. septicum.

Cl. septicum strains 551 and 612 were grown in

nutrient broth for 12 hr. The cultures were centrifuged

and the deposits were washed twice with warm nutrient

broth (37° C.). The deposits were examined by Gram

anears to check purity. The washed deposits were sus¬

pended in saline to a density equivalent to that of Brown

opacity tube No.6. To 2 ml. amounts of these suspensions,
0.2 ml. mounts of sterile fresh egg-yolk were added and
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shaken. This mixture provided the inoculum. Eleven-

day embryonated eggs were candled and after a small hole

had been drilled in the shell, the surface was sterilised

by exposure to ultraviolet light for 15 min. A 0.5 ml.

volume of suspension was injected into the allantoic

cavity. The hole was sealed with Sellotape. Incubation

was oontinued at 37° C., turning the eggs occasionally.

Eggs inoculated with saline alone and with a mixture of

saline and egg*»yolk were included as controls. With

both strains of CI. septicum, the injection of a 0.5 ml.

inoculum resulted in death of the anbryo in less than

24 hr. The entire contents of the eggs were mixed and

the anbryos themselves softened and eventually disinte¬

grated. Because of this it was found difficult to test

for hemagglutinin and hemolysin activities, but the

neuraminidase, end hyaluronidase activities were easily

tested.

Gram smears from the dead eggs showed Gram-positive

and degenerate Gram-negative bacilli, and anaerobic blood

agar cultures demonstrated a pure growth of CI. septicum.

The eggs inoculated with sterile saline or a sterile

mixture of saline and egg-yolk did not die after 24 hr and

allantoic fluid was separated and tested for neuraminidase,

hyaluronidase and free sialic acid. The results of this

experiment ere shewn in Table 52. Neuraminidase and

free sialic acid were detected in samples tested from

eggs infected with both strains of Cl. septictan. There

was a remarkable amount of neuraminidase produced in the

eggs by the two strains tested; this may be due either
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to the presence of suitable substrate which stimulates

the increase of enzyme production, or perhaps living

cells are more suitable for production of this enzyme

then artificial culture media# Is was expected, because

of the presence in eggs of the substrate far neuraminidase

activity, free sialic acid (not normally present alone in

nature) was detected in the fractions tested in a remark¬

able mount. hyaluronic!ase was also observed in a con¬

siderable amount when fractions were tested by the ACRA

test (see Methods), None of the eggs inoculated with

saline or egg-yolk saline suspension showed any neura¬

minidase or hyaluronidase aotivilyj free sialic acid

was not detected in these uninfected eggs.
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TABLE 52

Neuraminidase, hyaluroiddege and free sialic acid oontent
of 11-fl«r embryonated hen eggs after infection with

Cl7 seoticum strain 551 end 612

1. Neuraminidase and free sialic acid

Egg inoculated
with strain

I number

Neuraminidase activity
expressed in u moles

N-ANA released from
excess substrate by

1 ml. fraction
under test

Free sialic
acid O.D.549*

551

612

1.180

0.778

0.310

0.095

^ree sialic acid is here expressed as the optical
density st wave length 549 mu.

2. ilvaluronidase

Egg
inoculated

with
strain No.

Hyaluronidase activity occurring with fraction
diluted in BBS 1 in Controls

C1 c2
I

4 8 16 32 64 128 256 512 1024 2048

551

512

. . , , 11. m .... - , ..'

+++ +++

4-++ I+++

!. J

+++

+++

+++

+++

+++

+++

+++

+++

+++

+++

+++

+++

++

+++

+++ -

- = A compact lenticular "blob", i.e. %aluronidase effect negative.
+ = Annular form with a characteristically corrugated internal boundary.

++ a Annular form just maintained with an intact well defined outer boundaf
+++ ss Complete spread of the drop, i.e. hyaluronic)a3e strongly positive.

Positive control (C.) m test of known positive enzyme
Negative controls (C2) » " control of substrate alone.

b * control of uninoculated medium.
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In another experiment, strain 551 was grown for 12 hr

in nutrient broth. The whole culture was centrifuged

and the deposit was washed twice in warm nutrient broth.

The bacterial deposit was then suspended in saline to a

density equivalent to Brown opacity tube No. 4; no egg-

yolk was added. The inoculum (0.25 was injected

into four 12-day embryonated eggs by the intre-allantoic

route. Candling the eggs after 24 hr showed that they

were still alive. The eggs were dead after 2*8 hr. It

was possible to pipette off the allantoic fluid from one

egg without mixing with other contents and this sample is

referred to as P-j. In the remaining three eggs, the

entire contents were already mixed with the allantoio

fluid; this material was pooled and is referred to as

Fp. Both fractions were tested fear neuraminidase,

hyaluronidase, and free sialic acid, and the results are

recorded in Table 53*

TABLE 53

of P^ and Po fractions from infeotea eggs (see text)

Fraction
tested

Neuraminidase activity
expressed in u-moles
N-ANA released from
excess substrate by

1 ml. fraction
under test

Free N-ANA in fraction'
tested expressed as
the O.jD. at wave¬

length 549 mu.

Pi I 0.724
F2 1.159

I' |
0.185

0.310
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Hvaluronidase.

Fraotion
tested

Hyaluronidase activity present in fraotion
diluted in BBS 1 in Controls

C1 C24 8 | 16 32 64 128 256 512 1024 2048

*1

*2

+++

+++

+++

+++ +++ +++ +++ +++ +++

+++

++

++

-

+++ -

- a A compact lenticular "blob", i.e. Hyalurcnidase effect negative.
+ = Annular foxm with a char-acteristically corrugated internal boundary.

++ a Annular form just maintained, with an intact well-defined outer boundary
+++ a Complete spread of the drop, i.e. hyaluronidaae strongly positive.

Positive control (C^) a test of known positive enzyme.
Negative controls (C2) a = control of substrate alone.

b a control of uninoculated medium.

These findings confirm that Cl. septioum can be grown

readily in fertile eggs. The above results also indicate

that neuraminidase and hyaluronidase are produced in large

amounts by Cl. septioum in experimentally infeoted embryo-

neted eggs.

2. Experimental Cl. septicuta infections in animals.

Guinea-pigs were infected intramuscularly in the left

thigh with 0.5 nil. volumes of 24-hr cooked meat broth

cultures of Cl. segticum strain 0/5^3204. The guinea-

pigs died in less than 24 hr. Post-mortem. examinations

showed that the infection had spread through the infected

leg and generally along the body wall. The infected

muscles of the infected thigh and the abdominal muscles

were highly congested. Anaerobic blood agar oultures

from infected muscles and oedema fluid showed pure growths

of Cl. septicusa. These infected muscles were dissected
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and macerated, extracted for an hour with an equal weight

of physiological saline at 37° C., and thereafter the

mixtures were centrifuged. The resultant supernatant

fluid is referred to as fraction 1. This was tested for

haenagglutinin, haeraolysins, neuraminidase and hyaluroni-

dase activities. The oedema fluid (fraotion 2) was also

collected and tested for the different activities

mentioned above. The experiment included tests on a

similar extract of normal guinea-pig muscle and this is

referred to as fraction 3*

Gram smears from the oedema fluid showed Gram-

positive bacilli, and long and short filamentous forms.

Liver impression smears were made from the peritoneal

surface and stained Gram to see the characteristic long

filaments. Anaerobic blood agar cultures and cooked

meat broth cultures, from liver, oedema fluid, heart

blood and infected muscles yielded pure cultures of

CI. senticum.

Fractions 1,2 and 3 were subjected to: hemagglu¬

tination test (see Methods), using 1 per cent, sheep red

cells as indicator; haemolvsin tests as described in

Methods using 1 per cent, sheep red cells as indicator

and phosphate buffer ph 5.1 as diluent; ACRA test as

described in Methods to demonstrate hyaluronidase

activity; and neuraminidase assay, using normal human

serum as substrate. The three fractions were also tested

for free sialic acid.
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The saline extract of infected muscles had remark¬

ably strong neuraminidase and hyaluronidase activitiesj

tests for free sialic acid in this fraction were also

positive. The saline extract of normal guinea-pig

muscle showed no hyaluronidase or neuraminidase activities,

and no free sialic acid was detectable. The oedema fluid

also had remarkably strong hyaluronidase and neuraminidase

activities, and sialic acid was also detected in this

fraotion. Neither of the three fractions showed any

demonstrable haeraagglutinin or hemolysin activity'

(Table 54).

TABLE 54

activities of oedetaa fluid and saline extract of guinea-pig
muscles experimentally infected with Cl. septicum. and

saline extract of normal muscle.

Fraotion tested Free sialic acid
Neuraminidase

activity

Oedema fluid Po

Saline extract of
infeoted muscle

Saline extract of
normal muscle F3

+++

+++

+++

++



Hemagglutininandhagtiolysinactivities
fraction tested

Haemagglutinationatdilutionof 1in

1

Haemolysisatdilutionof1in
4

8

16

32

64

Control
I4

8

16

32

64

Control

P2 *1 p3

-

-

-

-

mm

-

-

mm

•

mm

-sNoagglutinationorhaemolysis flyaluronidaseactivitytestedbyAGRAtest
Fraction

hyaluronic!useeffectwithtestsample dilutedinBBS1in

Controls

tested

î

8

16

32

64

128256
512

1024

P.

N.

+++

+++

+++

+++

+++

++++++

-

-

+-H-

*

p1

+++

+++

+++

+++

+++

-

-

-

f

F3

—

—

—

—

mm

--

—

-

H

N.snegativesubstratecontrol.P.=knownpositivecontrol.
+++=canpletespreadofthedrop,i.e.hyaluronidaseeffectpositive. -=acompactlenticular'blob',i.e.hyaluronidaseeffectnegative.
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In another experiment, a guinea-pig was injected in

the thigh with 0.5 ml. of 24 hr cooked meat broth whole
■

culture of CI. septicum strain CN/3204. After the animal

died, the injeoted muscles from the thigh were separated

and tissues frcm the forelimb muscles, liver, spleen,

brain, and heart were also taken separately frcm the

infected animal. A healthy guinea-pig was killed and

muscles from the thigh and heart were similarly separated)

normal liver and spleen were also taken from the same

guinea-pig. Saline extracts of the tissues taken from

the infected and normal animals were prepared as in the

last experiment. Each of these extracts was subjected

to neuraminidase and tyaluronidase tests and the free

sialic acid content of each fraction was determined.

Results are shown in Table 55.
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TABLE 55

Hvaluronidase and neuraminidase activities of saline extracts of different
organs and muscles obtained from normal guinea-pigs and from guinea-pigs

infected with Cl. se&ticum strain CN/32047

I

1

Tissue extract frcm

[ j

Hyaluronidese activity of fraction diluted
in BBS 1 in

Controls

4 8 I 16 (M 64 \ 128 256 512 1024 P. N.

Infected animal:
| |

] ] 1
I
| \ I

1 ?
Thigh muscles
Porelimb musoles

1

+++

+++
I

+++

++ j
•H-+ +++

*

+++ f ++
* 1 * I

++
|

+++

! Normal animal:
I

1
i Musole
I

i

«•

|
i
|

!

j

- -1
! |I

"

j

|
]

**

9
1

i

1
Liver of
Infected animal +++ •H-+

f
i i

.

! !
1

■

|1 ^ !
mm

i ;

•■1

1

Liver of
Normal animal -

I *
i

\ \ m -

II
V,

§
w

,

i 1
: :

-
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Relative amounts of neuraminidase and free sialio acid
in tissues from infected arid normal guinea-pigs.

Tissue extract from Free sialic acid
Neuraminidase

activity

Infected muscles

Thigh muscles
Forelimb muscles

Normal muscle
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1

mm

+++

mm

Liver of
infected animal

i
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| normal animal

++

!
P. ■ ... , ■ . ,

++

• ' • -

! :
;

'■

! i

r
| Spleen of
| infected animal

Spleen of
I normal animal

1

mm

mm

-

These results are in agreement with those of the

last experiment. Hyaluronidase, free sialio acid, and

neuraminidase are detectable in saline extracts of

infected muscles. Results shown in Table 55 show that

free sialio eoid was present in the extract of uninflamed

muscles (left forelimb) far from the site of inoculation

(right thigh)t but no neuraminidase is detectable in the

distant muscle. Neither neuraminidase nor free sialio

acid was detected in normal muscle extract (forelimb).

Infected liver and normal liver extracts showed the

presence of free sialic acid. Hyaluronidase is detect¬

able in saline extracts of all the organs and muscles of

the infected animal. None of the organs or muscles from

the normal guinea-pig yielded hyaluronidase.
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Previous findings showed that the haemolyslns were

not detectable in either oedema fluid or saline extracts

of muscles from a guinea-pig experimentally infected with

CI. septicum strain Ch/3204. In attempts to explain

this, the following experiment was performed.

CI. septioum. strain CN/3204 was grown in glucose

broth, the medium which is suitable for production of both

kinds of haemclysins (Moussa 1958) for 19 hr. The

supernatant after centrifugation at 3740 G. for two hr

was tested for its haemolysin content against 1 per cent,

sheep red cells and was found active at a titre of 1/16.

A health guinea-pig was killed, and the thigh muscles,

liver, spleen, and heart muscle, were dissected out.

Pieces of each of these tissues were added to equal

weights of the glucose broth culture supernatant (con¬

taining both haemolysins) and incubated at 37° C. far

30 min. Thereafter, each suspension was centrifuged and

the supernatants were tested for hemolysin activity.

Equal amounts of haemolysins and normal guinea-pig serum

were mixed and incubated at 37° C. for 30 min., thereafter

0.5 ml. of the mixture was tested for haemolysin activity

in the presence of buffered saline. The first tube

contained haemolysin at a final dilution of 1 in 8.

Results summarised in Table 56 show that the haemolysins

are completely inaotivated by exposure to the different

tissues. It is observed from the results recorded in

fable 56 that the haemolysins appear to be taken up or

inaotivated by exposure to the tissues tested, but
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haemolytic activity was not significantly affected in

the presence of normal guinea-pig serum.

TABLE 56

The haanolvtic activity (against 1'Z sheep red cell sus¬

pension) of 19 hr glucose broth culture supernatant of
strain CN/3204 CI. septicvaa before and after treatment

with different organs and muscles

Haanolvsin

Supernatant
tested

Iiaeraolysin of fraction
diluted 1 in

Control
* 8 16 32 64 128

Original j +++
J

+++ +++ ♦ \ r —I
-

After treatment
with:

Lung

Spleen

Heart muscle

Thigh muscle

Brain

Normal G.P.
serum
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+ I » \ -
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Controls are: red cells + saline.

+++ = Complete haemolysis.

/ s test not done.
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Immuno-Fluoresoent Studies.

On the surface of the peritoneum of animals infected

with CI. septioum. particularly the antero-doraal portion

of the diaphragmatic surface of the liver, are found long

filanentous forms of 01. septioum in chains. This

feature is not exhibited by 01. chauvoei. a closely

related organism.

An inoculum from, a 24 hr blood agar culture of

01. septicum strain 612 was cultured in cooked meat broth

for 15 hr. A 1 ml. volume of the whole culture was

injected subcuteneously in the abSerairial area of a guinee-

pig (of about 250 g.). The animal died in less than

24 hr. Smears were made from the cooked meat broth

culture, peritoneal surface of the liver, and peritoneal

exudate. Frozen sections were prepared from the liver

and abdominal muscles. Smears and sections were stained

with Gram's stain and examined by the ordinary micro¬

scope using the 1/12 in. oil inmersion lens.

Frozen sections of infected muscles and liver were

prepared using a Bright's Cxyostat fitted with a modified

Cambridge Rocker Miorotcme with which it was possible to

cut sections as thin as 2-4 miorons for the preparation

of muscle and liver sections.

Tissue blocks were prepared by plaoing selected

portions of muscles and liver (3-5 mm. thick) on the

object holder along with a drop of water. Solid CO2

was used to freeze the tissue block to the object holder;

the mounted tissue block was placed in the vertical pooket

and the required sections were cut.
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The results of the experiment may be suranarised as

follows:

Smears of the organism. Gram smears frcm the original

culture suspension showed Gram-positive and degenerating

Gram-negative bacilli. No long or short filamentous

forms were seen on extensive examination. Impression

smears from the peritoneal surface of the liver shewed

the typical bacilli, and long filamentous and intermediate

forms; many pus cells were noticed# Gram smears from

the peritoneal exudate showed typical baoilli, and long

filamentous and intermediate forms.

Muscle tissue sections, when stained with Gram, showed

normal baoilli, mostly Gram-positive. Long filamentous

end intermediate forms of C'l. septioum typically seen on

the peritoneal surface of the liver were also seen in the

infected muselesj these filamentous forms stained Cram-

negatively. Myositis was also observed#

Liver sections occasionally showed a few bacilli occurring

singly and in chains# Mary sections of liver showed no

baoilli#

Thus we can conclude that typioal bacilli, long

filamentous forms and intermediate forms occur in the

infected muscle, in the peritoneal exudate and on the

peritoneal surface of the liver, but it is not proven

that all of these forms were necessarily CI. sections

organisms.

The assumption was confirmed by the following

experiment.
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A 1 ml# volume of a 15 hr eooked meat broth culture

ruspension of CI# septioum strain 612 was injected sub-

outanecusly in the abdominal area of each of 3 guinea-

pigs# The animals were sacrificed ©t 3 hr, 6 hr, and

8 hr from the time of inoculation# Post mortem exam¬

ination was carried out immediately# Smears from the

original culture suspension, peritoneal exudate and

impression smears from the peritoneal surface of the liver

were made. (Peritoneal exudate was not present in

animals killed after 3 hr and 6 hr, so peritoneal exudate

smears were made only from the guinea-pig killed after

8 hr)# Frozen sections were prepared fraa the infected

abdominal muscles ana liver. A set of smears and seotioi

was stained with Gram's stain and another set was stained

with CI# seuticum conjugated fluorescent antiserum# The

results of this experiment ere surrmarised as followss-

Aouearances of Gram-stained preparation.

(a) Smears from the original culture suspension

showed Gram-positive and some degenerate Gram-negative

bacilli# Ho filamentous forms were seen after extensive

examination of the slide#

(b) Smears from the peritoneal exudate from the

guinea-pig sacrificed after 8 hr shewed long filamentous

forms and intermediate forms as well as single bacilli

(see plate 6)#

(c) Impression smears from the peritoneal surface

of the liver of the infected guinea-pig sacrificed after
' • •• p->; ••• •• - - .■ - - - •<—■ •

showed very few rods. One bacillus was noticed
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per 10-15 fields eacaxained, and no filamentous forms

were recognised. Many pus cells were noticed.

Impression smears from the peritoneal surface of

the liver of the animal sacrificed at 6 hr showed typical

short bacilli, 1-2 per 1/12 in. field, but no long

bacilli were observed. A large number of pus cells were

seen.

Impression smears from the peritoneal surface of the

liver of the animal sacrificed at 8 hr showed long fila¬

mentous forms, intermediate forms and short bacilli.

There were numerous pus cells. About 8-12 organisms

were seen per 1/12 in. field (see plate 7).

(d) Muscle tissue sections from guinea-pigs

sacrificed after 5 h*"# 6 hr and 8 hr showed numerous

short bacilli. Long filamentous forms and intermediate

forms were also present, confirming the finding of the

last experiment (see plate 8).

(e) Liver sections from the guinea-pig killed 3 hr

after infection did not show any of the typical bacilli

or filamentous forms. Those from animals sacrificed

after 6 hr and 8 hr showed a few bacilli and filamentous

forms.

Appearances of preparation stained with fluoresoent
CI. septicum antiserum.

(a) Smears prepared from cooked meat broth culture

of Cl« septicua stained with fluorescent CI. septicum

antiserum showed baoilli fluorescing brightly. No

filamentous forms were present.
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(b) Smears from the peritoneal exudate of animals

killed after 8 hr showed short bacilli and long as well

as intermediate forms.

(o) Impression smears frcm peritoneal surface of

liver of infected animals killed after 3 hr, 6 hr and 8 hr

all showed short fluorescing baoilli. Filamentous forms

were seen only in smears from the animals killed at 6 hr

and 8 hr*

(d) Muscle tissue sections, when stained with the

CI. septicum. fluorescent antiserum, 3howed single bacilli

fluorescing brightly. There was some tissue auto-

fluorescenoe (see plate 10). It was seen also that long

and intermediate filamentous forms occurred in the infected

muscle of guinea-pigs killed after 3 hr, 6 hr and 8 hr
l

(see plate 9)* These forms fluoresced significantly, but

less brightly than the baoillery forms.

(e) Liver sections showed few short baoilli

fluorescing brightly against a background showing sane

liver autofluoresoence. Sections of liver from the

guinea-pig killed after 3 hr did not show any organisms

but seotions frcm liver of guinea-pigs sacrificed after

6 and 8 hr showed single baoilli end a few filamentous

foxms.
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Gl. septicum x 1,000

A Gram-stained smear of peritoneal exudate from.

a guinea-pig infected with 01, septieun. A long
filamentous form, intermediate forms and short

bacilli are seen. (The clarity of these appear¬

ances has not been artificially enhanced by

re-touching,)
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01. septicum x so,

Prosen section from aMominal muscle of guinea—pig infected

experimentally and stained with fluorescent 01, septicum

antiserum. Long filarr^ntous forms of CI. septicum take up

the fluorescent stain and are clearly visible.
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Cl. septicmn x 800

Frozen section item abdominal muscle of an experimentally

infected guinea-pig. The section is stained -with fluorescent

CI. septicqm antiserum. The homologous organism is fluorescing
in the ultraviolet microscope.



SECTION IV
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DISCUSSION

Biological activities of CI, septicum haemagglctinln

The experiments recorded in these studies were

primarily designed to examine in more detail the Cl.

septicum haesriagglutinin initially reported by Bafaalla

and Solars (1951)» It seemed that the haemagglutinin

described by Bafaalla and Soltys had seme features in

common with that of Cl. welchii, an organism that is

known to produce neuraminidase. For this reason it was

also decided to determine if neuraminidase is produced by

Cl. seoticun. and if so to discover its relationship to

the haemagglutinin and other diffusible factors known to

be produced by this organism. Reference to discovery

of neuraminidase enzyme in cultures of Cl. aeutioum was

made by Warren,)(1963) during the period of the work

presented here.

All of 29 strains of Cl. septicum. collected from

different sources and of human and animal origin, were

found to produce haemagglutinin and neuraminidase in

appreciable amounts. The haemagglutination reaction is

akin to the agglutination of red cells by Cl. welchii

described by Collee (1962), and it differs from the

coarser reaction produced by fimbrial haemagglutinin

described by Duguid et al. (1955)* The Cl. septicum

haemagglutinin is not associated with the presence of

fimbriae and it is mannose resistant.

Ox and sheep red cells were rendered more sensitive

to the Cl. septicum haemagglutinin when the red cells
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were treated with formalin by the method described by

Pafaalla and Soltys (1951)• These workers incorporated

normal rabbit serum in their tests because they considered

that it enhanced haemagglutination# Here one should

point out that the presence of normal rabbit serum added

to the haemagglutination test makes the interpretation of

the results more difficult, as indirect mechanisms of

agglutination, e.g. panagglutination, may be involved.

Panagglutination does not appear to have occurred,
it

because it was noted that precipated toxic preparations
k

of CI. seoticum did not sensitise red cells to antitoxic

serum. Pafealla and Soltys were csutious to ensure

that normal rabbit serum has itself no agglutinating

effect on ox red cells, and they made a study of the

effect of normal sera from certain species on different

red cell suspensions. However, a study of the effect

of normal sera on the Cl» septioum haemagglutinin is

important as well. Results obtained in the present study

show that normal sera of rabbit and horse contain non¬

specific inhibitors that compete with the red cell

receptors for the CI. septicum haemagglutinin. These

inhibitors were shown to be destroyed by receptor-

destroying enzyme (EI®) of V. oholerae or potassium

periodate. To avoid the above-mentioned difficulties,

the present work used normal red cells washed thrice

with saline, and no sera were incorporated in the normal

haemagglutination tests.

My solubility experiments showed clearly that
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CI, septioum haanegglutinin is mainly cell-bound and con¬

firmed the conclusions of Rafaalla and Soltys in this

respect. It is true that the hemagglutinin could be

detected in bacteria-free supernatents and filtrates but

this is likely to be due to autolysis of the bacilli with

resultant release of the hemagglutinin as it appears in

old cultures. Much of th- hemagglutinin remains associ¬

ated with the intact bacterial cells. The haej&agglutina-

ting activity of successively washed and resuspended

bacterial deposits decreased gradually from the second

wash and was completely lost after the sixth wash, but

ultrasonic treatment of the washed non-haemagglutinsting

resuspended bacterial deposit then produced a sudden

release, of active haemagglutinin frera the disintegrated

bacilli.

The serological findings suggest that only one kind

of heemagglutinin is produced by Cl, septicum, end the

results of filtration studies shew that bacteria-free

filtrate contains almost as much haemagglutinating power

as whole culture suspension. The adhesion experiment

showed that the bacilli themselves were not apparently

involved as links in hemagglutination by Cl, septicum

hemagglutinin. This strongly suggests that released

haemagglutinin from the bacteria causes the agglutination.

It therefore seems that the theory of Collee (19^2) con¬

cerning the mechanism of agglutination of red cells by

CI, welchli hemagglutinin may also apply in the case of

the Cl, septicum haemagglutinin: "the bacilli probably
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oause haemagglutination by further liberation of

diffusible haemagglutinin, and it seems that susceptible

rea cells rapidly adsorb multivalent haemagglutinin

particles, even in the cold, and this provides rather

delicate moleoular linkages between them*'.

Many media were tested to find one that is most

favourable for 01, septicm haemagglutinin production.

Blood agar end cooked meat broth media were the best,

Dafaalia and Soltys stated that the presence of glucose

in media appears to reduce the amount of haemagglutinin

produced, and they assumed that this reduction was due to

acid production. It is true that a low pii inactivates

CI, septicum haemagglutinin and the present studies proved

its instability on prolonged incubation in highly acid

conditions. however, reduction or complete loss of

haemagglutinating activity observed when the organism is

cultured in media containing glucose is not primarily due

to the drop in ph. In fact the presence of glucose

itself in buffered media reduced haemagglutinin production

and even inhibited Its production altogether when present

in sufficient concentration (i per cent.) although the pH

of the medium did not fall significantly.

CI. septicum hemagglutinin is active over" a wide

range of pH (5»5 • 8.4) J maximum aotlvity occurred

between pH 5.5 and 5.8. In this respect it differs from

the Cl. welchii heemagglutinin which has its maximum

activity at pH 6.8. The effect of ph on heat xnactivation

times of haemagglutinin in whole culture is al3o different
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from that of the CI. welchii haemagglutinin, Whereas

heating at 55° C. for 50 tain, at pH 5*6 - 8.2 destroys

the CI. welchii haemagglutinin, the CI. senticupn haeraag¬

glutinin withstands similar heating for the same period

of time at pH 6 - 6.9, but not at higher or lower pH

levels.

It has been found in the present studies that the

haemagglutinating factor of CI. septicum is thermolabile.

It is destroyed in less than a minute at 100° C. The

CI. septicum hemagglutinin is unlike most enzymes in

being active at 4° C. It is active in the presence of

0,5 per cent, formaldehyde; even 1 per cent formaldehyde

>( exposed to CI. septicum haemagglutinin for 24 hr at 4° C. ,

18° C* or 37° C* will not destroy its activity.

The present work has also revealed that the CI.

septicum haemagglutinin is active over a wide range of

temperature (4° C. - 37° C.). Alternate exposures of

test mixtures at different temperatures (l8° C. and 37° C.)

gave interesting results that are difficult to interpret.

Before attempting to explain the mechanism of agglutination

of red oeLls by CI. septioum haemagglutinin, we must

summarise the following observations and fao+a:

(i) The CI. septicum haemagglutinin was found to be

readily adsorbed to sheep red cells at 4° C. or 18° C.

^ (ii) CI. septioum elutes from the red cells after

incubation at 37° C. , and eluted haemagglutinin can be

detected in the supernatant after 10 min. incubation of

the mixture in the water bath.
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(iii) Alternate exposure of test mixtures at temperatures
° oof 18 C. end 37 C. results in e remarkable increase in

titre when the test is finally left to settle at 18° C. but

not at 37° C.

(iv) Shaking the test mixtures successively after they

settle at 18° C. does not increase the titre, even if this

is done up to 6 times.

(v) Simulation of thermal agitation by mechanical

vibration of test mixtures during the settling at 18° C.

does not result in increased titre as in (iii).

A detailed explanation of these findings cannot be

given at the present. Perhaps a substance present on the

surface of the normal red cell is released or inactivated

when mixtures of red cells and Cl. septicum oulture

products are incubated at 37° C. This substance may

uncover fresh receptors or it may make existing receptors

more accessible for the hemagglutinin. The haemagglutinin

is apparently eluted at 37° C. but may then re-adsorb more

readily to the exposed receptors after cooling to room

temperature.

It is true that this explanation is open to argument,

and cannot be applied in general, e.g. to the Cl. welchii

hasaagglutinin, because elution of Cl. welchii haemagglu¬

tinin does not occur quantitatively on incubation at

37° C.: but it must be remembered that although the

Cl. seuticum haemagglutinin resenbles the Cl. welchii

hemagglutinin, there are major differences. For

example, the Cl. seotiotan hemagglutinin is a natural
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product of freshly isolated strains of the organism,

whereas the CI. welchii hemagglutinin appears only in

cultures of laboratory stock strains after subculturing

for several months (a. v.) . Another explanation for the

CI. septicum phenomena may be considered (Collee, personal

communication). Only One receptor on the red cells may

be involved in hemagglutination and it may be that

different sizes of hemagglutinin particles are produced.

Aggregation of these particles on red cell surfaces would

cause a certain amount of agglutination, independent of

the temperature. The agglutinating effect of the

smaller particles is more likely to be inhibited by the

repellent charge of the red cells. Incubation may allow

a certain amount of neuraminidase activity to renove

highly charged groups and thus allow rather delicate

ha enagglutination to occur when the test mixtures are

cooled. This seems quite an attractive idea, but the

main objection to it is that neuraminidase is active with

egg-white (and other substrates for neuraminidase in

biochemical assays) at room tanperature. If neuraminidase

acts as postulated above at the red cell surface, it does

not appear to obqy this theory when it is held in mixtures

with red cells at room temperature for about 7 hr.

because under these circumstances there is no increase in

hemagglutinin activity. We do not yet know enough to

do more than record these thoughts as working hypotheses

at present.
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Another difference between CI, welchii end CI.

septioum haeraagglutinins is that guinea-pig passage of

hemagglutinin-producing strains of CI. welchii greatly

reduces the hamagglutinin production of these strains

in subsequent cultures, whereas heeraagglutinin production

by strains of CI. aepticum is not affected by guinea-pig

passage. A major and most important difference 5k that

freshly isolated strains of CI. septicum produce haemag-

glutinin, while freshly isolated strains of CI. welchii

do not. Wickham (1956) reported that freshly isolated

strains of CI. welchii did not produce haeraagglutinin.

Collee (1961, 1962), examined more than 150 freshly

isolated strains and he found none that produced hemag¬

glutinin. In the present study, freshly isolated strains

of CI. aeptleum produced considerable mounts of haemag-

glutinin, and repeated subculture in the laboratory did

not appear to increase haeraagglutinin production. There

are thus many resemblances, but many differences between

the haemagglutinins produced by the two gas gangrene

organisms CI. welchii and CI. septicum.

The CI. septicum hemagglutinin was found to be

inhibited by substances that inhibited the CI. welchii

and influenza virus haeaagglutinin. Normal sera, egg-

white mucin, and sterile cooked meat broth supernatants,

as well as saline extract of cooked meat, inhibit

Ck. aepticum haemagglutinin. The inhibitor derived frcm

cooked meat, which is here called inhibitor X, seems to

be similar to the CI. welchii hamagglutinin inhibitor C

described by Collee (1962).
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Inhibitor end X both inhibit the activities of

,C1. welchii and 01. septicum hamagglutifiin, A factor

produced by CI. aepticum destroys inhibitors _C and X, and

a factor produced by CI. welchii also destroys inhibitors

C and X. These observations ©re valid whether the

treated inhibitor is subsequently tested against CI.

septicum hemagglutinin or CI. welchii hemagglutinin.

Both inhibitors have the same physical properties, they

originate from one source and are both decomposed by a

faotor or factors produced by V. cholerae. 01. welchii

and 01. seaticum. Thus the inhibitor X that is active

against CI. septicum haemegglutinin may be the same &a

the inhibitor C of 01. welchii hemagglutinin.

Serological studies. The presence in horse sera

of non-specific inhibitors of the CI. septicum haemag¬

glutinin confuses the interpretation of serological

findings and it was necessary to prove that potassium

periodate and receptor destroying enzyme destroyed the

non-speoific inhibitors of the 01. septicum haemagglutinin.

Itefaalla and Soltys (19515 mentioned that the hamagglu-

tinating factor of CI. septicum is associated with

bacterial oells, but not with the toxin, and yet both

antitoxic sera and antibacterial sera inhibited the

hemagglutinin. Since the toxin of 01. septicum was

incapable of causing agglutination of red cells in their

hands it seemed surprising that antitoxic sera had the

tame inhibitory effect as antibacterial sera and they

were unable to give a satisfactory explanation of this

ourious phenomenon. Here we must mention that in their
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haemegglutinationr-inhibition test, Dafsella and Soltys

employed antitoxic and antibacterial sera without removing

the non-specific inhibitors that compete with the red cell

receptors for Cl. seoticum haemagglutinin. However there

is also a possible explanation of the specific inhibitor

effect of both antitoxic and antibacterial sera. The

present study confirms the findings of Dafaalla and Soltys

(1951) that the haemagglutinin of Cl. seoticum is essen¬

tially cell-bound, but in the present study *k® Cl»

sept icum. haemagglutinin was readily detectable in bacteria-

free supernatants and this is presumed to be due to auto¬

lysis of bacterial cells (see above). My results show

that the haemagglutinin begins to be detectable in

bacteria-free supernatants at 16 - 2k hr, admittedly in

low concentration. There is no obvious explanation for

the failure of Dafaalla and Soltys to find haemagglutinin

in culture supernatants except that they incorporated

normal serum in their hemagglutination tests and this may

have contributed nonspecific inhibitors that would be most

likely to mask the presence of small amounts of haesnagg¬

lutinin.

Dafaalla and Soltys mentioned that repeated washings

of Cl. septician bacillaiy deposit produced only slight loss

of haemagglutinin. The present study showed that the

haemagglutinin activity of resuspended baoterial deposits

decreased gradually from the second wash and was completely

absent from the sixth wash. We cannot give a satisfactory

explanation of Dafaalle and Soltys* observation; it may

be that their washing procedure was relatively inefficient,
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or it may be that their use of foxmalinised ok red oells

influenced the results. To make the present study on

bacterial haemagglutinin comparable with studies of most

other workers we used normal red cells. As it is also

possible that the Cl. septicum haemagglutinin may have

some importance in reactions with cells other than red

cells in vivo it seems important not to change the surfaoe

of the red ceils artificially.

The present serological work showed different amounts

of antihaemagglutinin in seven Cl. septioum antitoxic

sere. This is presumably due to the difference in amount

of haemagglutinin that occurs in different batches of

toxin, depending upon such variables as strains of Cl.

septicum and age of culture prior to its use as toxoid

antigen. This suggestion is further supported by the

results of the experiment showing relationship between

time of incubation and production of haemagglutinin.

Soluble haemagglutinin begins to be detectable in cultures

01« septioum in less than 2k hr and there is increase

in its production until maximum activity is reached after

three days incubation. Accordingly it is suggested that

the antihasuagglutinin in the antitoxic sera used by

Dafaalla and Soltys was produced in response to haemag¬

glutinin present in the original toxin antigen.

Antibodies against alpha toxin are considered to be

responsible for protection against infection with Cl.

septioum (Bernheimer ^9hk^ Moussa 1958). It is inter¬

esting that the anti-alpha component in the seven standard
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antitoxic sera of CI. aepticum that were tested in the

present work ran parallel with the antihaemegglutinin,

except in the case of one antitoxic serum. The question

now arises, is there any role played by antihaemagglutinin

for protection against infection with this organism.? In

other words, is it necessary to ensure that CI. septicum

antisera should contain antihaemagglutinin in adequate

amounts in addition to anti-alpha activity for effective

protection, bearing in mind that Cl. septicum haemagglutinin

is essentially cell-bound? This has not been investigated

in the present work and merits further study.

The serological findings showed very clearly that the

Cl. septicum haemagglutinin is specifically neutralised

by its specific antitoxic sera, but not by antitoxic sera

of Cl. welchii. Cl. haemolyticum. Cl. oedanatiens,

Cl. histolvtiounu or the closely related organism

Cl. chauvoei. These results are very premising because

freshly isolated strains of Cl. septicum produce

haeraagglutinin. The serological haemagglutination-

inhibition test may be of practical use as a rapid method

of identification and differentiation from other members

of the gas gangrene group including Cl. chauvoei.

Batty and Walker (1963) described a simple and rapid

method for differentiation of Cl. septicum end Cl. chauvoei

by the use of fluorescent-labelled antibodies. By this

procedure it is possible to differentiate between Cl.

septicum and Cl. chauvoei in smears and in tissue sections

from pathological material. This method is reliable,
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but a fluorescent microscope is not always available in

a diagnostic laboratory. Hayward and Grey (1946)
described a rapid method for identification of CI. seuticum

and CI. oedematiena by the haemolysin-inhibition test.

When the organisms are grown in Brewer* s medium they

produce species-specific hemolysins against human red

cells and these can be neutralised by selected anti-

haemolytic sera. A haemagglutination-inhibition test

would be more simple and less complicated than the

haeaolysin testj the materials required are very simple

and mush less costly than those used in immunofluorescent

work, and the technique is easy.

Neuraminidase studies (and differentiation of

CI. seutieum haemagglutinin and neuraminidase from other

soluble products): The data that led to a study of

01. seoticum neuraminidase in this project are as follows.

Myxovirus particles have affinity far mucoproteins con¬

taining sialic acid and it is known that inhibition of

nyxovirus haemagglutinin by certain mucoproteins is a

consequence of the presence of sialic acids in these

mucoproteins. The enzyme neuraminidase selectively

removes sialic acids from these mucoproteins (Gottschalk

1960) and destroys their inhibitory activity. CI. welchii

haemagglutinin closely resembles the myxovirus haemag¬

glutinin (Collee^ 1962). The CI. septicum hemagglutinin
was found by me to be similar to the Cl. welchii haemag¬

glutinin in many respects, particularly in its suscepti¬

bility to inhibition by various substances that resemble
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the muooprotein inhibitors of mixovirus heemsgglutinin.

It is known that these inhibitors can be destroyed by

neuraminidase present in filtrates of Cl. welchii and

V". choleras. In the present work Inhibitors of the

CI. welchii haemagglutinin were also destroyed by CI.

septicum products and cammerciel preparations of

V. oholerae filtrate containing neuraminidase (KRE).

Moreover', as noted earlier in this discussion, an

inhibitor of the CI. seuticum hemagglutinin (inhibitor

X in cooked meat) is destroyed by CI. septicum cultures,

just as inhibitor C (found in cooked meat and active

against CI, welchii haemagglutinin) is destroyed by

CI. welchii cultures. The results indicate that

inhibitor C equals inhibitor X. Collee (19^2) implied

that destruction of inhibitor C was most probably due to

neuraminidase. Thus it seemed likely that Cl. septioum

cultures may contain neuraminidase.

These observations snd the facts summarised previously

(see page I3i) strongly suggested that neuraminidase

enzyme is produced by septic tan. The presence of this

enzyme was confirmed biochemically in the present work,

using the thiobarbituric acid assay developed by Warren

(1959)# and it was possible to demonstrate the production

of neuraminidase by all of the twenty strains tested.

Biochemical determination avoids possible errors that may

be involved in tests for ERE employing iryxovirus and red
jL"

cells (Collee, 1965ab, . Rone of the strains tested,

either laboratory stock or freshly isolated strains, was

negative for neuraminidase production. Egg-white
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suspension containing protein-bouna sialic acid was used

as substrate, as reocsnmended by Collee (1962), A com¬

parative study was made using normal human and horse sera

as substrate and this study shewed that normal htsaan serum

was much better than normal horse serum, and served well

as substrate in the assay#

Having proved the existence of neurand.nid.ase biochemi¬

cally in CI. eepticum cultures, it was necessary to differ¬

entiate between this enzyme and other previously known

diffusible products of CI. septlcian. The haemagglutinin

of CI. septicum is different from the neuraminidase

produced by the organian, in being active at k° C. The

neuraminidase is detected in supernetants of cultures

within 16 hr, while the haemagglutinin cannot be detected

in the same culture supernatants. The CI. seoticum

haemagglutinin was completely adsorbed on sheep red cells

at low temperature, while most of the neuraminidase

remained in the same supernatant. Further evidence showed

that among different strains tested for both haemagglutinin

and neuraminidase activities, there was no parallelism

between the production of haenagglutinin and neuraminidase;

the cultures with maximum haemagglutinin activity were not

always the richest in neuraminidase activity, and the

poorest in haenagglutinin were not poorest in neuraminidase

content. Although fractionation with araaonium sulphate

failed to separate the haemagglutinin and neuraminidase

in separate fractions, it was possible to separate both

of these from the haemolysine. It would appear from
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fractionation studies with aomonium sulphate that it is

not possible to separate the haemagglutinin fron neura¬

minidase activity effectively by this method. However,

the quantitative distribution of haomagglutinin in the

fractions is different from that of neuraminidase activity.

Further evidence is given by the results of my serological

studies. It is seen that there is no agreement in the

antiheemagglutinin and antineursminidase potencies of

different antisera.

In studies to differentiate between the neuraminidase

and hyaluronidase activities of CI. septicum, the AGRA

test was adopted for the detection of byaluronidase activity.

The following observations have been recorded in detail in

the Results section of this thesis, but the conclusions

merit consideration here because variations in the ACRA

test can invalidate the results. Commercial hyaluronic

acid proved useless for the AGRA test when it was used in

various concentrations, from 0.1 - 2.5 per cent, in 1 par

cent. NaCt, and this confirms the conclusion of Oakley

et al (1951). The sodium salt of hyaluronic acid isolated

fYom guinea-pig skin was also useless as substrate for the

test. It seems that guinea-pig skin either yields an

unsatisfactory substrate complex or it contains hyaluroni¬

dase as well as lyaluronio acid because when the substrate

was tested alone after incubation it seemed to have been

decomposed. The method described by McClean (1943) to

detect hyaluronidase activity depends on the fact that the

unaltered substrate protein complex is clotted in the
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presence of acetic acid whereas enzymic hydrolysis of

hyaluronic acid destroys the power of the substrate to

clot with acetic acid. The hyaluronic acid derived from

guinea-pig skin did not produce a good clot with aeetio

aoid and so it was not suitable as substrate for this

test. In the original ACRA test, Burnet (1947) used

human synovial fluid as substrate. Oakley et al (1951)
in their modified test used horse synovial fluid but we

found it difficult to obtain a regular supply of this.

In the present work, ox synovial fluid was used as sub¬

strate fbllowing the example of Mousse (1958)• Ox

synovial fluid proved to be a suitable substrate in the

test, but there was considerable variation between dif¬

ferent batehesj because of this it was very important

to do preliminary tests on the substrate end to include

substrate controls in all of the tests. Production of

neuraminidase and hyaluronidase and haemagglutinin by

CI. seotioura was confirmed in 24 hr nutrient broth culture

supernatants, i.e. the three factors were produced in the

same culture medium, but there was no correlation in the

amounts produced. Culture of CI. septicum in brain heart

infusion broth favours the production of hyaluronidase

but abolishes neuraminidase production. It is not

possible to be sure that haemagglutinin production is

inhibited in brain heart infusion broth because the

increased haeanolytic activity of these cultures interferes

with haemegglutination tests. The serological findings

support the suggestion that the above three factors are

different.
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The hassnolysins were also differentiated from neura¬

minidase and hsemagglutinin. It was confirmed that both

oxygen-labile and oxygen-stable haemolysins were produced

in glucose broth (Mousss?1958)• 4 strain of Cl. aeptioum
that produced both kinds of haemolysins failed to produce

any haesnolytie activity in a 24-hr cooked meat broth

culture, although the culture showed both haemagglutinin

and neuraminidase activities. The fractionation studies

with samor&um sulphate yielded the haeraagglutinin and

neuraminidase free from, hemolysins. Serological results

confirmed these results and indicate that the haemolysins

are not serologically related to haemagglutinin and neura¬

minidase.

Experimental infection. The actual role of various

diffusible products in the mechanisms of pathogenicity of

this organism is largely unknown. Before speculating on

possible mechanisms, it is necessary to demonstrate that

the diffusible products that are known to be produced in

artificial media are also produced by the bacilli in vivo.

Time did not allow of an extended study of this nature,

but the preliminaxy work with embxyonated eggs and guinea-

pigs has supplied useful evidence.

The egg studies showed that the embryos were killed

after infection with cl. septicum administered by the

intra-allantoic route. The time to death of the embryo

was inversely related to the dose of washed bacilli

inoculated. It may be possible to make considerable use

of esabxyonated eggs in Cl. septicum pathogeirLcitv anfl
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protection tests. Bullen et al. (1961, 1962) used the

ssme technique successfully with CI. welchil. It was

found diffioult in the present work to test the contents

of the egg for the haemolysins and the haemagglutinin

because in most cases the contents of eggs inoculated with

CI. septioum are mixed and extremely turbid. Fractions

tested from CI. aeptieura-infected embryonated eggs con¬

tained free sialic acid* while fractions from control

embryonated eggs inoculated with saline and sterile egg

yolk contained neither free sialic aoid nor neuraminidase

or byaluronidase activity. The presence of free sialic

acid in fractions obtained from infected egg contents or

animal tissues denotes neuraminidase aotlvity, because

comparable amounts of free sialic aoids are not normally

present. Warren (i960) noted the existence of mammalian

sialidasej he intended to investigate the presence of

natural sialidase in uninfected organs such as liver and

pancreas, but the assay was complicated by the presence in

these organs of neuraminic acid aldolase which destroys

free sialic acid, the product of sialidase activity. In

addition, neuraminidase has been observed in the developing

chick egg (Ada and Lind, 1961); this should be borne in

mind when studies are made of neuraminidase production by

bacteria inoculated into eggs. The controls in the

present work indicated that no significant amounts of

neuraminidase were present in equivalent material taken

from uninfected embryonated eggs and assayed in parallel

with the test material fran Inoculated eggs. Rhodes

et al. (1960) desoribed egg white suspension as a suitable
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substrate for neuraminidase enzyme, and this explains

the presence of free sialic acid in the infected egg

fraotions tested. Strains that were known to produce

considerable amounts of neuraminidase produced a rmarkable

amount of neuraminidase when inoculated into eggs. This

increase in neuraminidase activity might be an adaptive

response to the natural presence of suitable substrate

(egg-white) , or it may be that living cells are more

suitable for production of ensyme than artificial media.

In the guinea-pig inoculation studies there was not such

a marked increase in neuraminidase aotivity as in the egg

inoculation experiment. Thus the first suggestion seems

more reasonable and this indicates that 01. septicum

neuraminidase is an adaptive enzyme.

The hyaluronidase aotivity of fractions frcm eggs

infeoted with 01. septicum was also remarkably high.

Strains cultured in artificial media produced less hyalu-

ronidase than when inoculated in esnbxyonated eggs. This

increase in hyaluronidase aotivity was also observed in

saline extract of muscles from guinea-pigs infected with

septicum.

In the guinea-pig experiments, although the saline

extract of muscles infected with 01. septioum allowed both

neuraminidase and hyaluronidase activities, haemagglutinin

and haemolysins could not be detected. Saline extracts

from normal muscles lacked both neuraminidase and free

sialic acid. Infected and normal liver contained free

sialic acids, and this may indicate the presence of email
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amounts of neuraminidase in the normal liver. Alterna¬

tively, the presence of free sialic acid in normal liver

may arise as a result of its being concentrated in the

liver. The enzyme itself is present in deteotable amount

in the liver of a guinea-pig infected with CI. septicum,

and this is most likely to be due to neuraminidase of bact¬

erial origin; tests on extracts of muscles from infected

animals indicated that there wa3 widespread distribution

of neuraminidase following infection. The absence of

detectable haeraagglutinin may be due to the presence of

non-specific inhibitor simultaneously extracted from the

muscles, or to adsorption of the haemagglutinin in vivo.

My preliminary investigations have shown that

ci*. seuticnn haeraolysins are inactivated follcwing exposure

to suspensions of tissue from different vital organs suoh

as liver, spleen, brain and heart musole of guinea-pig,

but not by normal guinea-pig sera. It seems that the

absence of the alpha toxin (oxygen-stable haemolysin)
from the tissue extracts may be due to one of several

possibilities: There may be absorption of alpha toxin

by cells in the blood stream or in one of the organs, or

there may be inactivation of the tcocin in vivo. It is

of course possible that alpha foxin production is not

necessary for a lethal effect to occur, in which case

death may be due not to the absorption of the alpha toxin

but due to another lethal factor that is non-haemolytio

and is not yet known. Alternatively, a lethal factor

nay be derived from the action of CI. septioum on the
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infected muscles and this would not be detected when the

organism is artificially cultured. A similar suggestion

was made by Van Heyningen (1955) regarding the mechanism

of pathogenicity of Cl. welchii. He considered that

lecithinase may not be the principal poison in Cl. welchii-

infected muscles. He suggested that (i) the organism

may produce an unrecognised lethal product; or (ii) the

action of lecithinase on muscles may result in production

of a factor that causes toxaemia (muscle poison) or (iii)
toxaemia may be due to the combined action of lecithinase

and the muscle poison.

The iramuno-fluorescence studies gave interesting

results that may elucidate the pathogenesis of Cl. septicum

wound infection. The appearances of sections of liver

early after infection of the guinea-pig suggest no over¬

whelming infection by the haoaatogenous route because the

liver sections usually do not show bacteria present.

Sections from the infected muscle, smears of peritoneal

fluid, and impression smears from the peritoneal surface

of the liver always showed long filamentous and inter¬

mediate forms, as well as short bacilli. Therefore it

seems that infection of the surface of the liver is

initially by direct extension of the organisms from the

site of inoculation and aoross the peritoneal cavity.

The organism has numerous peritriohous flagelle (see

Plate 3 and 5) and is highly motile. It is also clear

that the filaments that are described in text books as

characteristically occurring on the liver surface (e.g.
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Smith, 1955# p.136) can be detected in peritoneal fluid

and infeoted muscles also# It seams that long filaments

are formed in the course of invasion of the muscle and

the peritoneal cavity, although these are certainly most

readily demonstrable by preparing a liver surface

impression smear#

The ability of an organism to produce disease depends

in part on the transmissibility of the organism, and in

part upon its infectivity, invasiveness and toxigenic!ty.

CI# seutiopm is a spore-bearing organism and it can thus

resist adverse conditions. Sheep grazing in winter

time on Cl# septicuzfr-infected pastures are liable to

develop braxy infection. Removal of herds during winter

to pastures free from heavy contamination with CI# septicum

saves sheep from infection and braxy is avoided# The

infectivity of Cl# septieum is lowj the organism cannot

infeot an entirely healthy tissue, but infection occurs

when the tissues are previously devitalised by physical

injury or perhaps by infection with other bacteria. When

the mucous membrane of the fourth stomach of the sheep is

devitalised, presumably by ingestion of frosted food,

CI# septicum is able to invade the host and cause braxy.

This is also clear in puerperal complications or following

wounds in which Cl# septicum invades devitalised and dead

tissues to produce gas gangrene. It seems that once

infect icttt is established, Cl. seoticuta may be regarded as

a potentially highly invasive organism. Its soluble

products include hyeluronidase which dissolves inter-
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oellular oement substance of tissue, and this may increase

the invasiveness of the organism# CI# septioum. also

produces a fibrinolysin (Heed et al«. 1941) that causes

lysis of fibrin clots; this may aid the rapid spread

of the infection in the host# CI# septioum may also

produce agressins that are not yet fully recognised;

for example, the 'bursting factor* of Morin and Fredette

(1964) which is non-toxic but is said to increase the

aggressiveness of the bacteria# Deoxyribonuclease is

also present in the toxin and is distinct from the lethal

factor (Warrack et al i951)• This substance is thought

to be concerned in producing damage of leucocytes that

defend the host against infection.

Once CI. seuticuan has gained a hold, production of

the lethal component of the toxins mey decide the outcome#

It seems probable that the lethal factor is a haemolysin#

After much oontradictozy work, Bernheimer (1944) showed

that the lethal and the haemolytio activities of CI.

septicum toxin were correlated and that antilethal and

antihaeraolytic titres of antitoxic sera ran parallel.

But in my opinion this work needs to be repeated more

extensively, as Bernheimer confirmed his theory with only

one strain. The work of Moussa (1958) proved the

parallelism between the oxygen-stable haemolytie and

dermonecroiic activities, but Moussa did not prove that

the oxygen-stable haemolysin and the lethal factors are

one# He assumed that he was dealing with the lethal

toxin on the basis of the results and conclusions of
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Bernheimer. We are therefore heavily dependent upon

conclusions that are based on relatively few observatiohs

for our present views on the lethal effect of CI. septloua

toxin and further work is necessary in this field.

On the basis of the results of this study* the

writer hopes to investigate the routine use of the haan-

agglutination-iinhibition test as an aid to preliminary

identification of CI. septioum. fhe experience gained

will also be of value in further studies of the relation¬

ship between the oxygen-stable haeraolysin and the lethal

factor present in CI. seoticum cultures. Such studies

may shed light on mechanisms of pathogenicity of

01. septioua that are as yet incompletely understood.
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SUMMARY
■

1. The literature regarding the known diffusible

products of CI, septiougn is reviewed.

2. Twenty-nine strains of CI. septicum, inoluding 6

freshly isolated strains, were obtained from various

souroes and identified by cultural and biochemical means.

Sane strains were identified further by immunofluoresoent

staining# Examination of one strain with the electron

microscope showed it to be non-fimbriate although it

actively produced hemagglutinin. The CI, septioiaa

haemagglutinin is mannose resistant.

3. Hemagglutination studies.

The haemagglutinin appears to be a naturally occurring

product of CI. seoticum. All of the 29 strains tested

were capable of produoing haemagglutinin in cultures.

Haemagglutinin production is not affected by guinea-pig

passage of a strain.

The CI. septioum haemagglutinin is characterised in

detail. It possesses affinity for a wide range of red

cells, and sensitivity to the haemagglutinin varies among

red cells of different species of animals.

For maximum yields of haenagglutinin, strains of

CI. septioum. required either 2-4 days anaerobic culture

on blood agar or from 4-6 detys culture in cooked meat

broth medium at 37° C.

CI. septioum haemegglutinln is unstable in acid

medium. Glucose inhibits hemagglutinin production.
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Hemagglutinin activity is not calcium dependent.

The CI. septicum hemagglutinin is active over a

wide range of pH (5.5 - 8.4-) j maximum activity occurs

at pH 6 - 6.9. It is not dialysable through Cellophane.

It is theisaolabile, being destroyed in less than one

o
minute at 100 C. It is active in the presence of

absolute aloohol or 0.5 per cent, formaldehyde, and it is

not destroyed when held in the presence of formaldehyde
o

1 per cent, for 24 hr at 4 - 37 C.

The haemagglutinin is active between 4 ~ 37° C. It

is stable when held for up to 5 days at 4° C., 18° C. or

o
37 C. It is readily adsorbed on to sheep red cells,

and elution begins to occur after 10 min. incubation at

37° C.

CI. se&tioum haemagglutinin is mainly cell-bound

(amorphous, intracellular); the activity detected in

bacteria-free supernatants appears to be due to autolysis

of the bacilli. Much of the haemagglutinin remains

associated with washed intact bacterial cells, and it is

liberated from washed bacilli by ultrasonic disintegration.

The bacterial cells do not appear to be adsorbed to the

red cell surface when CI. seutioum bacterial suspension

produces haemagglutination.

The CI. septicum haemagglutinin can be inhibited by

inhibitors that occur in serum and in egg-white mucin.

A non-specifio inhibitor X of CI. septioua is found in

cooked meat broth and this closely resembles the inhibitor

J2 CI. welchii haemagglutinin. Inhibitors X and C. are
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both decomposed, apparently enzymatically, by factors

present in cultures of CI. septicum ana CI, welchli.

Inhibitors X and C may be one and the same faotor.

Phenomena observed in haemagglutination test mixtures

held successively at temperatures of 18° C. and 37° C.

are noted and disoussed.

k* Neuraminidase studies.
*

01. septicua produces large amounts of neuraminidase.

Jtannal human serum is better than egg-white as substrate

in the biochemical assay of neuraminidase.

5» Serological studies.

The 01. septiovaa haemagglutinin may be of practical

use as it is produced by freshly isolated strains and is

specifically inhibited by 01. septicua antitoxin. The

01. septioun haemagglutinin is not inhibited by antisera

to 01. welchii, 01. haemolvtioum. 01, histolytica,

CI. chauvoei. or 01. oedematiens. Antisera must first

be treated to remove nonr-speoifio inhibitors.

The alpha antitoxin content of various 01. septicum

antisera parallelled the antihaemagglutinin content, with

one exception. CI. septicum antitoxic sera contain

antineuraminidase. It is not yet olear if 01. septicum

haemagglutinin is associated with the pathogenicity of

the organism.

The haemagglutinin and neuraminidase of 01. septicum

are different factors and are not identical with the

byaluronidase, the deoxyribonuclease, oxygen-labile

haemolysin, or oxygen-stable hemolysin, Results of
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serological tests confirmed these findings and also

indicated that the deoxyribonuclease of CI, septioum is

not related to the hemagglutinin or neuraminidase.

In the course of the above studies the use and limitations

of the ACRA test for byaluronidase were studied, and

ammonium sulphate fractionation was employed.

6. Embmgonatedr-egg ana ^nimal experiments.
Preliminary experiments showed that it may be possible

to use embryonated hen eggs in CI, septioum pathogenicity

and protection tests. Large amounts of hyaluronidase

and neuraminidase were detected in fractions obtained

from experimentally infected eggs, but it was not

possible to detect haemolysins and haemagglutinin,

Neuraminidase and hyaluronidase were detected in extracts

of tissues from experimentally infected guinea-pigs, but

no haemagglutinin or hemolysin was detected.

Frozen sections of tissues, and smears of peritoneal

exudate taken from experimentally infected guinea-pigs

and stained with Gram and immuxiofluoresoent stains

revealed that filamentous chains of CI. septioun typically

seen on the peritoneal surface of the liver, oan also be

detected within infected muscle and in peritoneal

exudate,

7. The results of the present work are discussed, and

explanations are offered for several findings that dis¬

agree with those of previous workers.

8. The application of the haemagglutinetion-inhibition

test as an aid to the preliminary identification of

CI, septioum is considered.
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