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ABSTRACT

An investigation of Clostridium difficile has shown :

1

2e

6.

that the organism is resistant to cresols and phenol,
and may be grown from material grossly contaminated with
other organisms by culture in media containing these
substances; strains isolated before this method was
devised are also resistant to cresols and phenol;

that the organism divides into four daughter cells;

that each strain examined has a different strain specific
agglutinogen, and that the strains are otherwise
antigenically complex;

that the sugar reactions are fairly consistent;

that gelatin is liquefied by all available strains in
three weeks; and that apart from this there 1s no
proteolytic activity;

that the hyaluronidase produced by all strains 1s
antigenically uniform, and so is the lethal toxin;

and that the 'haemolysin' is almost certainly complex.
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PREFACE

"What is new and significant must always be conﬁected
with old roots, the truly vital roots that are chosen with
great care from the ones that merely survive." This
principle, professed by the composer Bela Bartok, is
probably applicable as much to my work as to music. Indeed,
1t seems to me to synthesize the basic problem to be faced

It was 1n 1935 that Hall and O'Toole first isolated
this bacterium; the name they gave suggests that its
isolation was by no means easye

It i1s perhaps because of the difficulties to be faced
1n 1solating and maintaining this bacterium that, although
discovered as a microorganism some 40 years aso, most of
todays standard works on Microbiology give it eilther scant
reference, or omit reference to 1t at all. The bilibliography
to this theslis 1s therefore not much related to the culture
being studied, for little has been written on 1t. Instead,
my readings have necessarily been based upon lines of
approach to methods of studying the organisms. It is fair
comment to say that even the most exhaustive reading left
me still in the situation where the decision on a possible
line of progress was to some extent based upon speculatici,
if not trial and error.

I will be so bold as to admit that at one stage during
the course of my work I was sorely tempted to abandon the

project, and would perhaps have done so had 1 not recalled



a phrase used by my father, the gist of which was '"When
you get 1nto a tight place and everything goes agalnst you
until it seems as though you cannot hold for a minute
longer, never give up then, for that is just the place and
time at which the tide will turn'. I do not know whom my
father was quoting, but 1n ths event the phrase carried me,

through to the point where perseverance paid dividends.
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CHAPIER 1

GENERAL LITERATURE REVIEW

a -

The credit for the discovery of Clostridium difficile

goes to Tvan C.Hall and Elizabeth O'Toole who in 1975 while
studying the normal intestinal flora of the nursling reported
the 1solation from the meconium and faeces of newborn infants
during the first ten days after birth of a new obligate
anaerobic Bacillus from 40 per cent of cases. They gave it

the name Bacillus difficilis because of the uvnusual difficulty

that was encountered in its isolation and study. It is quite
possible that they may have encountered the organisiis in 1934
when they were studying the intestinal flora of newborrn infants
during the first ten days after birth; they isolated 13 strains
of obligate anaerobic bacilli at that time, but they may have
overlooked Clostridium difficile, elither because they did not
incubate the material for a sufficiently long time, or because
other organlsms may have overgrown this slowly growing organism.
Other early workers may have had the same difficulties.

Hall and O'Toole isolated Bacillus difficilis in pure
culture from thirteen specimens obtained from four infants
under 10 days of age as an obligate anaerobic, actively motile,
heavy bodied rod with oval, subterminal or nearly terminal
spores of about the same diameter as the rods. In three of the
infants the bacillus was associated with "Kopfchenbacterien'';
it appeared and apparently disappeared at about the same time
and under the same conditions. It produced small amounts of
hydrogen sulphide. Neither gelatin nor Loffler's blocd serum

was liquefied in 15 days. In milk no change or only a small



amount of gas was produced, on prolonged incubation. With
sultable dilutions, well separated colonies appcared in deep

agar on the second day of incubation; at first they were

minute flat opaque disks, later becoming lobulated and reaching
a diameter of 1 mm in about three days. No free gas was formed

in the medium. Colonies on blood agar slants under alkaline

pyrogallol were irregular, flat and nonhaemolytic. Both acid
and gas were produced in dextrose, . levulose, mannitcl, salicin
and Xxylose, but only traces of gas and no acid were produced in
galactose, maltose, saccharose, lactose, raffinose, insulin and
glycerol. The most remarkabie property of Clostridiun
difficile was 1ts pathogenicity for guinea-pigs and rabbits.
Dextrose broth cultures forty-eight hours old were inoculated
subcutaneously 1in doses of 2 ml. Within ten to sixteen hours
after inoculation all gulnea-pigs showed moderate to marked
oedema spreading-:over the abdomen and thorax from the site of
inoculation. They refused to eat, were in evident pain,
particularly when handled, and would sit humped up with their
hair gristling with spasms that superficially resembled those
of tetanus, except that extensor muscles were more markedly
affected and the attacks were more transient than those of
tetanus. Sixteen of the twenty-two guinea-pigs died within nine
dayse.

Careful search of the literature substantiates Hall and

O'Toole's assertion that the species had not been previously

described. The early literature recorded organisms morphologically

similar, as, e.g. (1) B.polypiformis of Liborius (1356),



(2) B.radiatus of Luderitz {1889), and {3) Bacillus T of Redella

(1902). The former two are differentiated from Clostridium

difficile by their rough colony formation in deep gelatin or

agar. Rodella's Bacillus I produces skatol, which is not

produced by Clostridium difficile.

The most closely related organism on the basis of standard
bacteriological tests is Clostridium sticklandii nov. spec.
(1956). However, here also there are a number of readily
discernible differences among which are size of cell, colony
type, fermentation of salicin, pathogenicity to guinea-pigs,
nitrate reduction and gelatin liquefaction tests.

After the preliminary work had been done by Hall and
O'Toole, the cultures of Bacillus difficilis, were handed over
to Mashall L.Snyder for further studies in early 1936, in
addition to the four original strains of Bacillus difficilis,
Snyder 1isolated 17 morphologically similar strains; four of
these 17 strains were pathogenic, another pathogenic strain
was isolated and included in the study of the toxicity of this
species. After studying them closely he gave the following
description. Large Gram-positive rods, with elongate, subterminal
to terminal non-bulging spores. The rods appeared singly, 1in
pairs, or in short segments, and were sluggishly motile, in 24-
hour peptone broth cultures.

Culturally all strains were nonhaemolytic, grayish, rough
colonies on blood agar slants under alkaline-pyrogallol.

Biochemically all strains failed to attack coagvlated blood

serum, liquefied gelatin slowly, formed only gas in milk, did



not produce indol, and fermented glucose, levulose, mannose,
Xylose, salicin, and mannite, but not galactose, lactose,
sucrose, raffinose, inulin, dextrin and glycerol. The only
significant difference between these results and those of Hall
and O'Toole was the liquefaction of gelatin, which Hall and
O'Toole did not obtain. It was apparently essential to maintain
the gelatin cultures for at least three weeks. But some of the
strains isolated later by M.L.Snyder did not liquefy gelatin,

sO 1t would seem that these reactions indicate a variability in
the liquefaction of gelatin by strains of Clostridium difficile.

Hall and O'Toole earlier suggested that Bacillus difficilis

produced a soluble exotoxin, probably a neurotoxin. Snyder
kKeeping this 1n mind immunized rabbits with increasing
subcutaneous doses of 48-hour veal infusion broth cultures,

but owing to the toxicity of his strain he found considerable
difficulty in building up a satisfactory antibody level. Snyder
found that the antiserum prepared against one strain agglutinated
to some extent all the strains tested. The four original stralns
isolated by Hall and O'Toole were about equally agglutinated

to a titre of about 640 with his antiserum, and the four
pathogenic strains isolated by Snyder himself were agglutinated
by his antiserum as well as or to a greater degree than the
homologous strain. Furthermore, four non-pathogenic strains
were also agglutinated at 1 in 40, the remaining four strains
only slightly at 1 in 20. The control test with B.blfermentans
was negative in all dilutions. He interpreted these results as

showing an antigenic subdivision in this species which would



include the poorly agglutinated strains. Moreover a serum
produced against a strain that was agglutinated only poorly
by antiserum against the four original strains, agglutinated
the homologous strain to a titre of 1 in 640, but failed to
cross-agglutinate the original strains.

Therefore because of the morphological and serological
similarity between all the strains, Snyder concluded that they
should all, whether pathogenic or not, be classified as
Bacillus difficilis.

Snyder, while studying the toxins of pathogenic strains,
separated the toxins from the cultures by filtering through
Berkefeld or Mandler candles; the filtrates produced a

gelatinous hemorrhagic oedema and convulsions in guinea-pigs

as described by Hall and O'Toole. Furthermore the toxin was
found to be inactivated by heating at 60° C for 5 minutes, and
antigenic in dog and in rabbits. Thus, the filterability,
thermolability, pathogenicity and antigenicity of the principle
proved that B. difficilis produced a true exotoxin. Snyder also
showed that toxin appeared at 48 hours in veal infusion peptone
broth cultures, and was still detectable after 3 days, the peak
time of toxin production was four days. The amount of toxin
produced by strains of Bacillus difficilis was exXtremely
variable; some strains produced no detectable toxin at all,
other strains a toxin with a minimum lethal dose not greater
than 0.001 ml. The MLD for most strains lay between 0.1 and

0.01 mL. The accuracy of the determination of the MLD of these

toxins was greatly affected by loss of toxicity on storage.



The list of susceptible animals was extended by Snyder to
include the cat, rat, dog, and pigeon. On experimentation all
animals showed the same gross pathologic changes consisting of
gelatinous hemorrhagic oedema around the site of the subcutaneous
inoculation. None of the animals, except the gulinea-pigs,
showed convulsions. Weakness seemed to be the dominant feature,
It was possible to produce an effective antiserum in both
rabbit and dog, but considerable difficulty was encountered 1in
preparing antiserum because the animals often died when the
doses of filtrate injected increase rapidly. Snyder had found
that injection of antiserum protected the animals 1n most
instances, even 4 hours after the injection of toxin, as he gave
antiserum a short time after injection of toxin to solve this
problem. Furthermore he concluded that the toxin of B.difficilis
is a single entity.

In 1939 Snyder isolated Clostridium difficile from infants
between the ages of two weeks and one year, and found the

organism in 15.4 per cent of cases.

In 1959 R.H.McBee isolated Clostridium difficile from the
intestinal tract of a Weddell Seal killed in the Antartic.
" In 1962, Smith, ., and King reported the occurrence of

Clostridium difficile in infections of man. Eight strains of

Clostridium difficile were isolated from such cases: one from

a case of gas gangrene, one from an abscess following a fracture
of the femur, one from a blood culture from an infant, two from

pleural fluid, two from peritoneal fluid, and one from an

abscess in the vaginal vault. Smith, Louls and King suggested



that the most likely source of these strains was the human
body, but emphasised that there was no evidence to suggest that
their isolates were pathogenic for man.

In 1972 Danielsson, Lambe and Persson studied the immune
response in a patient to an infection (a perirectal abscess)

with Bacteroides fragilis sub species fragilis and Clostridium

difficile, and demonstrated antibodies against Clostridium

difficile by the indirect immunofluorescence technique.

Recently Oakley (1970) demonstrated that filtrates of
Clostridium difficile produced local swelling in guinea-pigs
skin in 24 hours, with central pale purplish necrosis after
48 hours. The guinea-pigs died after 72 hours. The filtrates
were injected intracutaneously. Ozkley felt that the skin lesions
did not seem sufficient cause for death.

The suggestion by Hall and O'Toole that the toxin of

Clostridium difficile might be absorbed from the intestinal

tract and cause some of the convulsions occasionally secn in
infants and children led to experimental studies by Snyder on

the absorption of Clostridium difficile toxin from the intestines
of animals. The toxin was given by mouth to guinea-plg and rat
and directly into the small intestine of the dog. None of the
animals showed any trace of i1llness whereas the control animals
given the toxin subcutaneously died. 1t would seem probable,
therefore, that the toxin of Clostridium difficile 1s not
absorbed from the human intestinal tract. It is interesting that

Clostridium difficile filtrates injected subcutaneously (Snyder)

or intracutaneously (Oakley) cause death of guinea-pigs.
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Snyder suggested that Clostridium difficile toxin

resembled that of Clostridium tetani in that neither was

absorbed from the intestineo.
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SOURCES OF STRAINS

wWhen I started three strains were supplied by the department:
the organisms were in cooked meat medium. Three freeze-dried
strains of Clostridium difficile were received from the American
Type Culture Collection, through the International Centre for
Information and Distribution of Type Cultures. Their specification
1s glven in Table I.

It was not possible to obtain Clostridium difficile strains
from any European or Canadian Collection.

The first three strains, which were received from the
department, were subcultured in cooked meat medium arnd
incubated at 570 Cs; 72 hours were required to obtain a
satisfactory growth. The three frecze-dried culture obtained
from the American Type Culture Collection were rehydrated
aseptically by the addition of 0.3 - 0.5 ml of nutrient broth
to the content of the ampoules and mixed well with 1it; the
mixture was then transferred to bolled cooked meat medium and
iﬁcubated at 3?0 C. The three strains N4, N5 and N6 exhibited
a prolonged lag period, so that 96 hours of incubation were
required before a satisfactory growth was observed. To ensure
their viability as well as their purity they were immediately
plated on fresh and heated blood agar plates.

These six strains i.e. N1, N2, N3, N4, N5 and N6 were

extensively studied.
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TABLE 1

SOURCE OF ORIGINAL STRAINS

Strain Abbreviation | Date of Recelved
~ No. Tabel } preparation
G=-173 | not known 29. 10,1970
not known 29. 10,1970
not known 29.10. 1970

18ﬂ11n1965
ATCC 17858 15. 2.7966 ' 17.11.1970
ATCC 9639 N6 16.10. 1969 ' 17+ 111970

1711 1970
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Twenty six different strains of Clostridium difficile
were 1lsolated from different sources, table II gives the
complete list of the isolated organismse.

Of the 26 strains isolated from different sources, strains
R1 to R3 were isolated from newborn infants under the age of

5 days. One strain N4I was isolated from a rabbit that died
from infection with strain N4: it was recovered from the
intestinal fluid, agreed in most respects with strain N4 but
differed in the greater speed of some reactions, and was found
to be more pathogenic to mice. One strailn was isolated from an
abscess of thumb and was designated as T1, three strains were
isolated from soils (agricultural) of Pakistan, two strains
were 1solated from donkey's dung, two from horse dung, one each
from camel and cow dung, four from hay, one each from sand and

mud.

The isolation of Clostridium difficile in pure culture was

made considerably easier by the finding that 1t tolerated up to
O.45 per cent of para-cresol; no other organism present in the
materials tested will grow at 3700 in the presence or this
concentration of para-cresol.
For the isolation of the strains of Clostridium difficile,
0.2 per cent of para-cresol was incorporated in RCM, and the
material were mixed 1in water blénks and inoculated; even when
the material was directly inoculated 1t gave satisfactory results.
The organisms were also isolated by straight culture on RCA,
and I found that the cclonies could readily be recognized from

the pitting of their surface.
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TABLE II
PERSONALLY 1SOLATED STRAINS

source of isolation ; Date of 1solation|Abbreviation

O

Stool of newborn b aby 20,11, 1970

otool of newborn baby 20.11.1970
otool of newborn baby 20.117. 1970

otool of newborn btby 20 1|n1970

otool of newborn baby 21.11.1970
otool of newborn baby 21.11, 1970

Stool of newborn baby 22e12.1970

R5

Stool of newborn baby 226121970 R3

Rabbit died from
infection with strain Nk 27.11. 1971
Abscess of thumb 26. 1. 1972 T

Soil (Paklstan) 25. 4u1972

—_

—
—

25. 4.1972

Soil (Paklstan) 25. L4.1972 :

Sand (Pakistan) 25. 4.1972

Soil (Pakistan)

AV,

Camel dung (Paklstan)
Dorkey dung (Pakistan) ' T3 . *;
Donkey dung (Pakistan ) L T9
Horse dung T10
Hay 27 4 1972 . ‘Tﬂﬂ
20 | Cow dung - - 27. 4o 1972 - | 712
21 | Hay ] o9z | T3
IEHII Hay - - . 27. 4. 1972 ' T14
Sand . 27 te 1972 -_;6
Cow dung - 29. 4. 1972 - 717
Horse dung - 257 1972 | L "'13
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All the strains received and those isolated by me were
Gram-positive rods with oval, subterminal to terminal spores.
In smears the rods were usually found singly, in pairs, or in
short chains, and were sluggishly motile. Culturally all strains
produced nonhaemolytic, grayish, rough colonies on blook agar,
falled to attack coagulated serum, liquefied gelatin slowly,
formed only gas in milk, did not produce indol, and fermented
glucose, levulose, mannose, xylose, salicin, and mannite, but
not galactose, lactose, sucrose, raffinose, 1nulin, dextrin and
glycerol when incubated for /2 hours. Strikingly, in Reinforced
Clostridial Medium all strains showed well below the surface of
the medium a growth of finger-like projections, rescmbling a
corn field; it appeared that each segment is held by ailr bubbles
(Photograph 1),

Tolerance to para-cresol and the typical growth seems tTO

be the most striking and significant characteristic of Clostridium

difficile.
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PHOTOGRAPH 1

TYPICAL GROWTH OF CLOSITRIDIUM DIFFICLLE
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MATERIALS AND METHODS
The materials and methods described here were used
throughout the work, whilst the specific methods used for

particular experiments have been described under the heading

of the experiment.

For Growth:

The need for an ideal medium for growth of Clostridium
difficile led me to try different sorts of media such as:
Glucose broth, Cooked meat broth (Robertson), Thioglycollate
broth, Reinforced Clostridial Agar, Reinforced Clostridial Medium
(Hirsch and Grinsted, 1954); Proteose Peptone broth (Modified),
Ellner's medium, Fresh and heated blood agar plates, Reinforced
Clostridial Medium plus para-cresol: Wijewanta's (1961) three-
step process media were also tried. It is true that slightly
modified Wijewanta's medlia gave fairly good growth, but it was
found that when the normal pH of Reinforced Clostridial Agar and
of the corresponding Medium was readjusted it was the most
suitable and convenient medium for the growth of the organism,
Proteose Peptone Broth (Modified) was found to be best for toxin
production by it. These two media were used throughout for
growth, maintainance and toxin production. The formula and
modification of Reinforced Clostridial Medium, Reinforced

Clostridial Agar. and Proteose Peptone broth (Modified) are given

on the following pages.
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REINFORCED CLOSTRIDIAL AGAR

rormula:

Yeast extract (Oxoid L 20)... 3.0 grams per litre

'Lab-Lamco! Beef extract ceoes 10,0 " L "
Peptone (0x0id L 37) aeccesces 10.C M oo
DexXtrose ccoccocccocsccscccccccoe HeO " weoon
ooluble starch ccoccocsscccsoss 1.0 A A
Sodium chloride ocoocosscoccccssa HoQ M H 4
Sodium acetate cocecococococcccsoce 3.0 ' ' A
Cystelne hydrochloride ocosoeo Q.5 " "
Agar ccceccceccccsscsscccscce 19.0 " "o

DiStiJJ—ed waterﬁﬂﬂﬂﬁﬂﬁﬂﬁﬁﬂﬂﬁﬂ /lﬂO litre

P_H 6ol

The medium 1s avallable in dehydrated form from Oxoid
52.2 grams of the dehydrated medium 1s dissolved in 1.0 litre
of distilled water by soaking and steaming for 30 minutes, bottled
and sterilized by autoclaving for 20 minutes at 10 lb. per square
inch (115°C).

The medium was slightly modified to sult our purpose, the
finalﬂEH was adjusted to 7.4 ~ 7.5, as it gave best results. The

media was used for all the viable counts.
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REINFORCED CLOSTRIDIAL MEDIUM

Formula:

Yeast extract (Oxoid L 20) ... 3.0 grams per litre
'Lab-Lemco' (Beef extract) .. 10.0 " "o
Peptone (0xoid L37) cccoccocse 10,0 " LI
Soluble starch eccccocceoccccosona 1.0 M ' A
DeXtrose cocceccecococococococscsccconsa 5.0 " It '
Cysteine hydrochloride seoceceee Qo5 " o
Sodium chloride cocecococococococoococoo 5.0 1 noon
Sodium acetate ecoscococoscocosoo 3.0 " ' I
ABaBr cococcescovocecsccoocosonsoo 0.5 " A "
Distilled water cococscecoccocscsoa 1.0 litre

pH 6.8 (approx.)

The medium 1is available 1in dehydrated form from Oxoid,
38 grams of the dehydrated medium is dissolved in 1 litre of
distilled water by steaming for 15 minutes, bottled in universal
container so that each container has 20 ml of the medium,
Sterilize by autoclaving for 20 minutes at 10 lb. per square
inch (115°C).

The medium was slightly modified by adjusting the final
pH to 7.4 - 7.5, which gave the best growth, and was used for

maintaining and growing the organisms for inoculume.
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REINFORCED CLOSTRIDIAL PARA-CRESOL MEDIUH

Formula:

Yeast extract (0xo0ld L 20)cccececs 3.0 grams per litre
'Lab-Lemco' (Beef extract)eocsccocsceso 10,0 " " '
Peptone (0x0id L37) occcoccesccccccsco 10,0 " A 1
Solunle starch ceccocseccccoccecscssoce 1o0O " "
DextrosSe eccococococscoceccocsccssccasccs 260 ' "

Cysteine hydrochloride ccoecsccoes 0.5 " ' "

Sodium chloride cccococcococosccnsesos o0 M " "

Sodium acetate eccococeossoncccoscoces 20 " it

" it 8

Agar 0O ¢ O 0 ¢ 0 00 06 0 O 00 0 e 000000 0¢odOOQ LSO

Para-CreSOl © PO 000G OO0 0008 GO0 O000000GCGO0DO0 H A L

Distilled WALEr occocococcossescssscss 10 Llitre

pHe o Tob = 7.5
The most convenient method is to take 33 grams of Oxoid
dehydrated Clostridial medium (RCM) and dissolve it in 1.0 litre
of distilled water by steaming the mixture for 30 minutes and
then to add 2 grams of para-cresol crystals, steam for another

15 minutes, adjust the pH To 7.4 -7,5, and bottle the medium in
Universal containers, so that each container has about 20 ml of
the medium. The prepared medium 1S sterilised at 10 1lb. per square
inch (11500) for 15 minutes or it can be used unsterilized as T

found that para-cresol inhibits the growth of almost all organisms

likely to be present except Clostridium difficile. The medium was

uysed for the isolation of Clostridium difficile from different

materialsoe
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PROTEOSE PEPTONE BROTH (MODIFIED)

Formula:

Proteose peptone occococcoccecscccscesccse 12,0 grams per litre

Dipotassium hydrogen phosphate ecoccee 5.0 ™ " 1?
VYeast eXtraCt ceoccccococcescsscesccscooa a0 ! " '
Sodium chloride osccscocscocccesccococosecs a0 " '
GlUCOSE cvoccccooscccecocescccscacases 100 ' Tt "
Distilled WAter eoceesocssocssccssscssscs 1.0 lltre

Final pH P62 = 1035

The components of the medium are weighed according to the
formula, and added to 1.0 litre of distilled water, and mixed Dby
magnetic stirrer for 30 minutes, and then steamed for 5 minutes,
and tubed in large tubes or bottles, and sterilized by autoclaving
for 10 minutes 2t 10 1lb per square 1inch (11500)n Always freshly

prepared medium was used for the toxin production.
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CHAPTER 11

MORPHOLOGY AND CULTURAL CHARACTERISTICS

MorEhologz

All the strains of Clostridium difficile were found to be
usually long, slender, Gram-positive bacilli, which tend to lose
their Gram reaction in cultures more than 96 hours old. At times
the shape varied from very short fairly thick bacillus to a large
bacillus. In smears the rods were usually found singly, in pairs,

in short segments and occasionally in bunches, but when they

were found in bunches they were usually very short rods. Spores
were produced rarely i1n older cultures, and were large, oval
and subterminal, slightly distending the sporangium. In older
cultures the spores appeared to be terminally situated due to

loss of a terminal cap of protoplasm from the sporangium. In

coverslip preparation of proteose peptone broth medium, the
organisms are sluggishly motile. The flagella are few but

distributed around the cell.

Cultural

The strains were grown on various solid media to study the
colonial morphology of the organisms. The characteristics of the
colonies are described on the following page. The organisms

failed to produce any haemolysis on blood agar plates even when

they were incubated for 96 hours.
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Colonial appearance of Clostridium difficile on nutrient agar

plates

All the strains of Clostridium difficile produced colonies

between 0.5 and 1.5 mm in diameter, greyish in colour, with an
entire margin, opaque, smooth, flat and pitted, and odourless.
b) Colonial appearance of Clostridium difficile on fresh Blood
agar (oxalated horse blood) plates
All the strains but N1 produced colonies between 1.0 and
2.5 mm in diameter, greyish, irregular, opaque, smooth, flat and
pitted, with a sweet fruity smell; they did not produce haemclysis.
The colonies of strain N1 were convex instead of flat; the rest
of the characters were the same as in other strains.
c) Colonial appearance of Clostridium difficile on heated blood
agar plates
The strains of Clostridium difficile produced colonies
between 1.0 and 2.5 mm in diameter, irregular (finely scalloped)
to regular, opague, smooth, flat to convex colonies, which were
pitted in the centre and had a sweet fruity odour; there was no

proteolysis.

d) Colonial appearance of Clostridium difficile on Reinforced

Clostridial Agar medium

The strains of Clostridium difficile produced colonies

between 2.0 and 4.0 mm in diameter, greyish, irregular (finely

scalloped) to regular, opaque, smooth, flat and pitted colonies

with sweet fruity smell.
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Growth in Reinforced Clostridial Medium

Reinforced Clostridial Medium (RCM) is a semi-solid medium
deslgned by Hirsch and Grinstead (1954) for the cultivation and
enumeration of clostridia. They showed that the medium gave a
more abundant growth and enabled growth to be initiated from
inocula smaller than those necessary for growth in five other
media tested: 1. Yessair medium (1948); 2. Yessair medium with
yeast extract; 3. meat extract liver medium (1937):; 4.Corn-liver
medium (1934) and 5. peptone-supplemented milk medium (1941).

In a further comparison, the highest viable count obtainable was
the criterion used, and again, RCM proved superior; I rave found

that this 1s true for Clostridium difficile, provided the pH 1is

adjusted to 7.2 - 7.4,

Dehydrated RCM (Oxoid) was found to be most duitable: 38g
of the dehydrated medium is dissolved in 1 litre distilled water
by heating in the steamer, the pH is adjusted to 7.2 - 7.4 and
the medium is filled into Universal contalners 1n volumes of
20 ml, and sterilized by autoclaving for 20 minutes at 10 lb per

square 1inch (’I’ISOC)n

0.5 ml of the culture is inoculated in each bottle and the

inoculation medium is incubated at 3700, and the growth pattern

1s observed.

Strangely, it was observed that at first the Organlsms
began to grow as a small '"tear drop' at about 1.0 = 1.5 cm from
the meniscus of the medium, suggesting that this 1is the point
where growth conditions are optimal. The 'tear drop" gradually

grow downwards as finger-like projections, these appear to be
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held in position by air bubbles, giving the appearance of a
‘corn field'. The strings of growth withstand gentle shaking;
later the growth becomes more profuse and tends to form a mushroom-
like cloud, settling down to the bottom in the final stages, when
the supernatant becomes clear and almost sterile. Photographs 2
and 5 depict the different stages of growth.

Further studies have shown that the duration of the
characteristic growth-phases of Clostridium difficile varies
with the age of the initial inoculum. If the initial inoculum 1S
from the logarithmic phase, tie interval between the phases 1s
shorter and less distinct, as the organism passes through the
various phases in a very short time, and even when the amount
of inoculum is reducedto 0.2, or 0.7 ml, the growth pattern 1is
almost identical with that of a 0.5 ml inoculum. On close
observation it has been found that the growth starts as a
"tear drop", descending downwards, forming mushroom type cloudy
growth within 18 - 24 hours, but the growth settles down to the
bottom in 96 - 168 hours. When the initial inoculum 1is at least
a2 month old, or is obtained from a 72 hour growth on a solid
medium, soil, or dung, or faeces of newborn children, the first
sign of growth appears in 12 - 18 hours, and the extension of the
first growth can be seen after 24 - 36 hours, reaching to the
bottom of the Universal container in 48 hours, forming the
mushroom-shaped cloudy structure 1in 96 hours and settling down
to the bottom in 168 hours with a clear supernatante

Bottles of different shape and size (e.g. flattened bottles)

have been tested for their capacity to yield the characteristic
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PHOTOGRAPHS 2 AND 3 SHOWING THE DIFFERENT STAGES OF GROWTH

OF CLOSTRIDIUM DIFFICILE IN REINFORCED CLOSTRIDIAL MEDIUM
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growth, but without any appreciable success; this is probably
due to the fact that in the Universal type containers the pressure
of the medium is just sufficicent to yield the characteristic growth.
survival of Clostridium Difficile in Liquid Medium

Cultures of Clostridium'g;fficile were gorwn 1n RCM and
Cooked meat medium and stored i1n the cold room at BOC and at room
temperature (1600) and tested for viability at intervals of
6 months. It was found that cultures in RCM at room temperature
remained viable for a period of one year, whereas cultures 1n
Cooked meat medium, both at room temperature and in the cola room,
and also in RCM kept in the cold room remained viable even at the
end of 3 years. This suggests that the organisms can survive

for even longer periods of time, and can be stored convenientlyo.
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Fermentation
=lientation

The anaerobic cxidations - reductions are often referred
to as 'Fermentations', and in the process the organisms break
up the organic compounds 1n order to obtain energy. As we are
aware, bacteria are just as selective asmamy other form of life
for thelr nutritional requirements, so they are equipped with
certaln mechanisms to breakdown some specific organic compounds.
In most of the cases when the fermentétion reactions are studled
generally a suitable fermentation medium is selected and after
the i1ncorporation of the fermentable substance, the inoculum is
added, and incubated at the optimum temperature for 43 hours
and the results are finally recorded.

In the course of my studies, the lncubation period was
prolonged (40 days) and results were recorded at the intervals
of 24, 48, 72, 96, 120, 14k, 168, 192 hours and after 40 days,
and almost a complete picture of fermentation by Clostridium
difficile was obtained.

The organisms were grown in Protecse peptone water containing
the substrate for fermentation and with phenol red as an indicatore.
The fermentation tubes for each substrate were lncubated alcng
with the control tubes in an anaerobic jar filled with hydrogen
by a standard technique and incubated at 3700 for 40 days. The
reactions were examined at definite time-intervals; the
catalysts were changed regularly and the results recorded. It
ias found that the fermentation reactions of N1 - N6 of Clostiidium
difficile and of the other isolates were very uniform. Glucose,

B e

dextrose, melezitose, mannite, mannitol, Xylose, raffinose and
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fructose were fermented with the production of acid and gas;
acld is produced during the first 24 - 96 hours of culture,
after which gas is produced. Sucrose, maltose, glycogen,
soluble starch and sorbitol are fermented by all the strains
with the production of acid only; raffinose, starch, rice starch,
and DL-methionine are not fermented by any strain. Arabinose is
fermented by N1, N3, N4, and N5, and rhamnose fermented by N3,
N4, N5 and N6 both with the production of acid and gas. In
inulin only gas is produced by all strains. Malze starch 1s
attacked by strains N2, N3 and N5, potato starch by N1 and NZ2;
dulcitol by N1 and N5, and i-inositol by N1, N4 and N6; from
21l]l four substrate only acid is produced. Table I1III gives the
complete fermentation picture.

From the present studies it can be concluded that a final
conclusion about the capacity of Clostridium difficile to ferment

a given sugar requires prolonged incubation.
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TABLE II1

FERMENTATION REACTION OF CLOSTRIDIUM DIFFICILE

AFTER 40 DAYS INCUBATION

ﬂ
Substrate ; Results of incubation with Cl.difficile strain

-----

Lactose

Raffinose --
--
--
Inulln G(120) G(120) G(’IO)q G(’IZO)

b___
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N
——
II!II
I~
'
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N
~J
N
>
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N
Y
T
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2
P 2
——
O
o0
)
o
G2
\J
A,
N

i Starch | -

. Soluble starch A( 48)| A( 2k) ) A( 43)
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TABLE III (Contd.)

AG( 96) AG( 9
: Melezitose AG( 96) |
e I P ‘

AG(120)

Sorbitol }

DL-Methionne

( ) indicates time in hours when reaction was completed
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Gelatin Liquefaction

The ability of bacteria to liquefy gel~tin hoas been used
for long to study the characteristics of oacteria; the method
generally used for the liquefaction of gelatin 1s the stab method,
which in a number of cases is not quite reliable. The method was
modified by Frazier (1926) to show changes in the composition of
the gelatin due to bacteria rather than the detection of
liquefrction, and this method has been used for determining the
ability of Clostridium difficile to liquefy gelatin.
Materials 2nd Method

The gelatin agar medium used for this purpose has been
prepared according to Frazier's specificaticn, i.e. the gelatin
agar medium 1s prepared by dissolving in 100 ml of distilled
water NaCl 5.0 g, KzHE?O4 1.5 g- 4 g of Bacto gelatin is dissolved in
4LOO ml of distilled water, and to this solution 0.05 g dextrse and
J.1 g DBacto peptone are added. The two solutlions were mixed,
heated 1n a steamer and then mixed with 500 ml of 3 per cent
agar, the final pH was adjusted to 7.0 and the medium was bottled
in 500 ml bottles 2and autoclaved. Plates were poured with the
sterilized medium and allowed to harden. In each case duplicate

plates were inoculated on the surface of the medium at the centre,

and incubated in an anaerobic jar under anmercbic conditions, at

3700 for 30 days, as it was found necessary to incubate the plates

for %0 days.
After 30 days of incubation one plate was flooded with =~

1 per cent solution of tannic acid, whilst the second plate was

flooded with an acid solution of mercuric chloride (15 g of

HgC1, dissolved in 20 per cent HCL).
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«.le plate flooded with tannic acid solution gave results
varying from a white precipitate around the colony, heavier than
the precipitate of gelatin throughout the rest of the plate to
clear zone around the colony surrounded by a distinct white
ring, 1ndicating considerable decompocition of the gelatin.

The plate flooded with HgC12 solution, gave a clear zone
around the colony surrounded by the cloudy precipitate of
unchanged gelatin; the reaction takes about 30 minutes.

It was interesting to note that when the plates were
1ncubated in anaerobic condition in an atmosphere of hydrogen.
the zones formed around the colonies were less clear than the
zones formed on the plates i1ncubated in the atmosphere of
95 per cent hydrogen and 5 per cent carbon dioxidee.

All the strains of Clostridium difficile including the ones

isolated by me (table II), liquefied gelatin in 30 days; freshly
1solated strains liquefied gelatin in 2 - 3 weeks and an
atmosphere of 95 per cent hydrogen and 5 per cent carbon dioxide
accelerated the process of gelatin liquefaction, as compared with
atmospheres of 100 per cent hydrogen.

Test carried out by punching holes 1n the gelatin plates

and adding filtrates,or concentrated filtrates, falled to produce

any gelatin liquefactlon.
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derogen Sulghide Production

Some organisms decompose sulphur-containing amino acids,
to form hydrogen sulphide. The presence of hydrogen sulphide
1In a bacterial culture can be demonstrated by exploiting its
abllity to alter soluble metallic salts to insoluble black
metallic salts. For this purpose lead, iron or bismuth may be
incorporated in the media. Sometimes the metallic salts inhibit
the growth of the organism. In order to avoid this difficulty,
a dry sterile strip of filter paper impregnated with a saturated
solution of lead acetate was used. The indicator strip was
wedged 1nto the top of the test tube with the cotton-wool plug
so that about an inch of the strip projected below the plug.

The test was carried out by 1noculating cooked-meat medium
with Clostridigg_difficile which had been incubated at 3700 for
72 hours. The filter-paper strip was examined and the results
were considered positive when the filter strips turned black.

The results of this qualitative test showed that only one
strain N3 produced slight blackening, while all the others gave

negative tests, and hydrogen sulphide was not produced.

Indole Formation

This test demonstrates the ability of certain bacteria to
decompose the amino acid tryptophane to indole. The test was
carried out by growing the organisms, in Reed and Crr's indole
medium, which consisted of Bacto tryptone 20 g, NazHPOM 5 g,

glucose 1 g, agar 1, sodium thioglycollate 1 g in 1 iltre

distilled water. The medium was inoculated withig;ost;idium

difficile and incubated for 48 -~ 96hours and tested for 1indole

N
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formation. The tests were negative in all cases, suggesting that

indole is not formed by Clostridium difficile.

-_—-—_-__

Nitrate Reduction Test

g}ostridium difficle strains were tested for nitrite

production in the following medium.
Bacto tryptone 20 g, NaaHPO4 2 gy Glucose 1 g, Agar 1 g,

KNO3 1 g, distilled water 1 litre. The pH was adjusted to 7.6

and sterilized.

The tubes of nitrate medium were inoculated with 24-hour

cultures of Clostridium difficile strains, and incubated

ol ol ATl "L

anaerobically at 37OC, and tested at intervals of 24 hours.
43 hours, 72 hours and 96 hours for the production of nitrite by

Tittsler's (1930) method. A pink or red colour was taken to
indicate the presence of nitrite.

All strains of Clostridium difficile produced nitrite;
the test was positive between 72 and 96 hours.
Litmus Milk

The milk remained unchanged, though a small amount of gas

was produceds

None of the strains of Clostridium difficile digested
casein, or liquefied coagulated albumin or blood serum.

The antibiotic sensitivity tests revealed that all the
strains of Clostridium difficile are sensitive to Chloromycetin,
Terramycin and Erythromycin, resistant to Penicillin and
Sulphadimidine, strains N5 and N6 were sensitive to Streptomycin,
the others were resistant. Neomycin (30) has no effect on the

strains of Clostridium difficile.
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CHAPTER IIT

GRESOLS AND PHENOLS AS SELECTIVE AGENTS EQB_EEE_
LSOLATION AND GROWTH OF CLOSTRIDIUM DIFICILE

A short time after I arrived in the Department of
Bacteriology in Leeds, Professor S.D.Elsden, Director of the
Food Research Institute, Norwich, wrote to Professor C.L.Oakley,
asking him whether he had any strains of Clostridium difficile,
as he and a colleague (Dr.Meade) had found that the only strain
of Clostridium difficile they had attacked phenylalanine to
produce a phenol. Professor Qakley sent Professor Elsden the
siX strains we had, and soon received a letter stating that all
the Clostridium difficile strains behaved in the same way, and
that the phenol was paracresol.

Evidently Clostridium difficile first attacks phenylalanine

by converting it into parahydroxyphenylacetic acid, as most
Clostridia that attack phenylalanine do, and then unlquely among

the clostridia examined, decarbooxylates this metabolite to

paracresol.
_ //,Nﬂz ﬁ
_ CH © CH —"—'-) OHO CH2 o COOH
phenylalanine | parahydroxyphenylacetic acid

paracresol

Professor Oakley considered that as Clostridium difficile

produced paracresol, a known disinfecting agent, 1t must be fairly
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resistant to it, and suggested that it might be possible to isolate

Clostridium difficile by culturing material containing it in

paracresol-containing media.

Cresols and Phenols are obtained from the destructive
distillation of coal, between the temperatures of 17OOC and 27000,
and are powerful antiseptics. Their chief use in a laboratory 1is
for sterilising surgical instruments and discarded cultures, and
killing cultures accidentally spilt by the worker. Cresols are
generally used in a 0.1 per cent solution for preserving sera
and vaccine (Cruickshank 1960). The cresols are much more powerful
disinfecting agents than the phenols. Phenols in certain proportims
are able to pass into solution in water, but cresols do not do so;
when mixed with water they form very fine emulsions.

It has been supposed that phenol acts by forming, in contact
wilith proteins, an i1nsoluble albuminate and other chemical compounds.
Reichel (1909) suggested that the action is not so much chemical
as physical, and that its disinfectant action results from 1its
penetration into the bacterial cell in the form of a colloidal
solution.

The cresols probably act in much the same way as phenol;
by virtue of their emulsified state, their particles are
absorbed on to the surface of suspended matter, and hence their
concentration is increased in the immediate neighbourhood of
bacteria.

During the course of the study, I decided to see the effect
of paracresol on Clostridium difficile. The results were SO

astonishing and encouraging that a complete study was done.



Materials and Method

All the strains available were used in the oreliminary
examination of the effect of paracresols, even those isolated
ln media containing paracresol. As all tlie strains behaved in
the same way, detailed studies were made with the strain Nk.
Both liquid and sclid medium were used for the studies: the
medla used were Reinforced clostridial medium, and Reinforced
clostridial agar. A range of percentages of para-, meta-, or
ortho-cresols or phenol was used.
Method

Reinforced Clostridial Acar (Oxoid) was mixed with
distilled water according to the company's directions, and the
final pH was adjusted to 7.2 - 7.4. A 10 per cent stock '"solution"
of paracresol was made. The medium was distributed 1n bottles so
that each bottle contained 100 ml of the medium with the required
concentration of paracresol: 0, 0.1, 0.2, 0.5, 1.0, 2.0, 3.0, 4.0
and 5.0 per cent. One set of the bottles with the medium was
sterilized by autoclaving for 20 minutes at 10 lb per square
inch (115OC)u Plates were poured from both the sets (sterilized
and unsterilized) and allowed to solidify, one group of plates
from each set was incubated in an anaerobic jar as control,
whilst other sets of plates were inoculated with six strains of
Clostridium difficile (N1 - N6) by streaking the plates with
2h-hour-o0ld cultures. A set of plates from each set was used for
the pour-plate method for the six strains; 1in these tests 0.05 ml
of the culture mixed with 12 ml medium was poured and allowed to

solidify. The plates were incubated at 3700 in asnaerobic Jar for
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/2 hours, and examined after 24, 48, and 72 hours, and the results

recorded (Table IV).

From table IV, it can be seen that there was no difference
in the behaviour of the medium, whether the medium was used
sterilised or unsterilised, with the exception that the control
of unsterilised medium showed a few colonies of contaminants.
1t also shows that with addition of sufficient paracresol the
medium became sterilised.

At a concentration of 1.0 per cent paracresol a very thin
film of paracresol was visible on the surface of the medium.
This film became thicker and thicker with the increase in the
concentration of paracresol, 1ndicating that paracresol forms
a fine emulsion and 1s deposited on the surface when the
concentration is high. It also indicates that the distribution
of paracresol in the solid medium is not uniform so that solid
media containing paracresol are unsultable for experiments to
determine the effect of paracresol on the organisms.

Reinforced Clostridial Medium (semi-solid) was prepared
according to the instructions of the manufacturer, by adding
38 g of the granules (Oxoid CM 149) to 1.0 litre of distilled
water, setting the mixture aside to soak for 15 minutes, steaming
it for 30 minutes, and adding enough of the 10 per cent stock
solution of para-cresol to give a final concentration of 0.0,
0.1, 0.2, 0.5, 1.0, 2.0, 3.0, 4.0 or 5.0 per cent para-cresol.
The pH was adjusted to 7.2 - 7.4, and the medium was bottled in
Universal contailners, so that each bottle contained 20 ml of the
medium (RCM) sterilised by autoclaving for 20 minutes at 10 lb

per sq. 1lnch (11500)u
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TABLE IV

SHOWING THE EFFECT OF VARYING CONCENTRATION OF

PARACRESOL ON CLOSTRIDIUM DIFFICILE

Strain

Amount of growth on medium containing

paracresol (per cent ) B ,
0.0 0.1 0.2 0.5 1.0 2.0 3,0 L,0 5.0

+ - - - - - - - -

_ ++ 4+ ++ 4 + — - - -
- N2 +--4+  ++ 4 + - - - -
N3 ++4+  ++ 4+ ++ + - _““‘_ -

NL ;::““:1 ++  ++ - - :- -

N6 o +%+%+++ +4 + _' - - - ;

++  ++ A+t A+ + - - - -

++ +4+ 4+ ++ + - —~ - -

) N3 ‘++ ++ M++ ++ + - - ~ -

+++ ++  ++ + :‘“‘""__ '

.. | ++ ) ++  ++  ++ + -- - - -

N6 . ++  ++  ++ ++ + = = = -

Abundent grcwth

+
-+
[}

Growth

+
)

l
(l

No growca

{]

Formation o2f film of paracresol
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One set which was not autoclaved gave the same results. When
the same concentrations of paracresol were made up in Proteose
peptone medium it gave the same results as RCM, therefore RCM
was used extensively. As no growth was observed in O.> per cent
paracresol in both RCM and Proteose peptone medium, RCM was
made again in such a way that the final concentration of para-
cresol in the medium was 0.0, 0.1, 0.2, 0.3, O.4 or 0.5 per cent.
0.5 ml of 24-hour-old culture was inoe¢ulated into each container
of the medium, the culture was incubated at 3700 and results
were observed after /2 hours and recorded. Table V shows the
growth of the strains of Clostridium difficile in varying
concentrations of paracresol.
From table V it can be concluded that all the strains
(N1 - N6) behave in the same way; the organisms are capable of
growing in the presence of paracresol up to a concentration of
0.3 = O.4 per cent. Similar results were obtained with strains
of Clostridium difficile isolated without the use of paracresol.
Dilutions of meta- and ortho-cresol, and of phenol were
prepared in the same way as for paracresol, and 0.5 ml of the
culture was inoculated in each bottle and incubated at 3’700n
The results were recorded in a tabular form. From Table VI 1t
can be seen that the position of the substituent in the ring in
cresol made no difference to the effect on the organisms,
which behaved in the same way as when paracresol was used;
with phenol a slight difference was observed, for at any
concentration used comparatively more growth was obtained than

with the corresponding concentration of cresol, some growth was
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seen even at a concentration of 0.5 per cent phenol;
indicating that the organisms can tolerate phenol to slightly

higher concentrations than cresols.
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TABLE V

SHOWING FFFECT OF PARACRESOL ON THE

e o

SLRAINS OF CLOSTRIDIUM DIFFCILE IN RCM

T L A e o e P ——

¢ Sl e T,

Strain | Incubation |Amount of growth of Cl.difficile in
period (hr) |RCM containing paracresol (per cent)
an On1 012 53 O':’Ll- 0“5
N 2L 4+ +++ 4 + - -
L3 +++ i+t + - -
/2 ++++ ++++ A+t ++ + -
I S _ P
|
N2 24 ++ ++ + + - - '
43 -+ - + - -
/2 ++++ A+ttt + + -
N3 24 4+ +4 +4 + ~
| L3 +++ ot ++ = - -
/2 +++ +-++ ++-+ ++ - -
N4 2L [+ ++ ++ + - ~
48 +++ +++ + - -
/2 ++++ ++++ +++ +-+ + -
N5 ol -+ +- + + - -
48 +++ +++ + - -
72 ++++ A+t ++ + -
N6 oL +++ +++ 4+ + ~ -
L& A+t +++ ++ + -
72 ++++ A+ e+ ++ + - |
: |
= No gI’OWth
= Slight growth
+,4++,+++,++++ = Increasing density of growth
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TABLE VI

SHOWING THE EFFECT OF PHENOL, PARA-, META- AND CRTHO-

CRESOL ON THE STRAINS OF CLOSTRIDIUM DIFFICILE

Substance iStrain Amount of growth in medium containing I

substance (per cent) |

| 0.0 O, 0.2 0.3 Ok 0.5 |
Phenol NT |+ + + + + -
Ne |+ + + + + -
N3 | + + + + + - l
N4 + + + + + -
N5 + + + + + + I
N6 | o+ + + + + -
Paracresol N7 + + + + + -
N2 + + + + + + ’
I N3 + + + + - .j
| N4 + + + + - - 4
i N5 + + + + - -
| N6 + + + + - - ’
metacresol N1 + + + + + -
N2 + + + + - =
N3 + + + + + -
NG + + + + - -
| N5 + + + + - ~
N6 + + + + - -
orthocresol| N1 + + + + = -
N2 + + + + T N
N3 + + + + ~ - |
N4 + + + + + -
NS + + + + - -
N6 + + + " ) )
- = No growth
+ = Slight growth

+ = Yell marked growth



The growth of bacterial culturces in various concentration

of Paracresol and Phenol

The growth of microorganisms is essentially the specific,
balanced synthesis of the components of protoplasm from the
nutritive substances present in the immediate environment. In
addition, the newly synthesized constituents must be assembled
and appropriately packaged to yield replicates of the original
unit. The presence of any antiseptic substances kills the cells

and render them incapable of multiplication. As Clostridium
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