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Introduction

Fungi pathogenic to man and other animals represent a
small fraction of the total number of organisms known to cause
disease. In many cases the effects of fungal pathogens are
debiliéggg rather than lethal, and the relatively rare occurrence
of a mycosis in an advanced state has resulted in the exclusion of
pathogenic fungi from normal medical studies. Nevertheless, that
fungi are responsible for at least a significant proportion of
disease is indicated by the statistics quoted by Emmons (1) and
Salvin (2), In the latter paper it is shown that of 92,933 deaths
due to infectious and parasitic diseases in the United States of
America in 1945, 28l were due to mycoses, This represents 0.3%
of the total number of deaths, and although low in comparison with
the number caused by bacteria and viruses, is approximately equal
to the number of deaths attributed to scarlet fever, measles, or
the typhuslike diseases caused by the rickettsia: it is more than
the total of all deaths caused by rabies, smallpox, relapsing fever,
leprosy, brucellosis, paratyphoid fever, plague, cholera, and
anthrax, Both Emmons and Salvin however have pointed out that
effective measures of control of some of the abovementioned
diseases are known and practised; in contrast, the control of
mycoses is rarely practised and in several cases not known. The
interpretation of these figures is further complicated by the
possible failure to attribute deaths to fungal agents, since there
exists a range of fungal association with man and other animals
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from the active parasité: to the harmless commensal. In many
cases it is impossible t0 assess the pathogenic status of a fungus
isolated from morbid material, and the association between fungus
and animal has to be evaluated by indirect or circumstantial
evidence, Many pathogenic fungi have been found in sources
external to their host, and it seems likely that association with
a host animal is in some instances incidental, the fungus having
been acquired by chance from the environment., In other instances,
the association may be an adaptive one. The study of soil as a
source of human pathogenic fungi has shown that many of these
species are capable of existing as saprophytes, suggesting that
their occurrence in animal tissue is the result of a biological
adaptation, the organisms remaining comparatively unspecialised.
Among the animal pathogens, the dermatophytes alone are highly
specialised, being adapted efficiently and successfully to a
parasitic existence on the keratinised portions of the host.
Ajello (3) lists 21 species of pathogenic or potentially pathogenic

fungi isolated from soil, including Histoplasma capsulatum Darling. |

and Cryptococcus neoformans (Sanfelice) Vuillemin., either of which

can cause a systemic and fatal mycosis. It is of interest to note
that all the common systemic mycoses are considered to occur
exogenously, that is, outwith the host animal, whilst other path-

rogens such as Candida albicans (Robin) Berkhout. exhibiting a

variety of clinical manifestations appear to be endogenous in
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origin, rarely, if ever occurring outside the host.

The fungal organisms associated with humans and other
animals represent a small percentage of the group as a whole.
Conant et al (L) refer to approximately 70 species of fungi assoc-
:iated with 2y mycoses of the human. Ainsworth (5) lists 88
species of fungi representing 36 genera which have been recorded
as pathogenic for man and higher animals in Britain, but this
figure includes organisms responsible for poisoning and others
where the pathogenic status is uncertain. 65 species are
included in a list of the more common fungi recorded as pathogenic
to man and animals in Great Britain in a memorandum published by
the Medical Research Council (7). Of these, only L3 are consid-
:ered to be indigenous pathogens. Liﬁ;%&zﬁmost recent edition of
"An Introduction to Medical Mycology“j(é), it is of interest to
note that of 27 chapters dealing with specific mycoses, no fewer
than 17 are devoted to the dermatophytes or other representatives
of the Fungi Imperfecti which are associated with superficial
infections; one chapter deals with the various symptoms caused
by infection with the imperfect yeast Candida, whilst 7 of the
remaining chapters describe the "deep" mycoses, most of which are
also caused by members of the Fungi Imperfecti., Several groups
of fungi contain pathogenic members, but as has already been
indicated the majority of species belong to the Fungi Imperfecti

amongst these, the most common genera are the dermatophytes
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Trichophyton, Microsporum, and Epidermophyton, and several other

genera also in the lMoniliales; the non-ascosporogenous yeasts
are also included in the imperfect fungi, and these organisms are

capable of producing a wide variety of clinical symptoms. aitheugh

Phycomycetes and
Ascomycetes are less commonly represented, and Basidiomycetes are
not apparently represented at all, if their toxic or allergic
effects are discounted. A single report of a Basidiomycete
possibly causing onychomycosis has been described by Kligman (8),

the agent being Schizophyllum commune Fries., a member of the

gill-forming Agaricales.

Medical mycology has been the subject of several reviews
(1, 9, 10, 11, 12, 13, 1L) and comprehensive accounts of the scope
and significance of the subject can be obtained by reference to
them. The limits of present-day knowledge and the current lines
of research, the organisms associated with mycoses and descriptions
of the diseases they cause; details of the symptoms, prognosis,
and treatment; the morphology and physiology of the pathogens can
be obtained by reference to the text books (L, 6, 15, 16, 17, 21),

' and symposia volumes (18, 19, 20). Detailed and invaluable
abstracts are presented in the Review of Medical and Veterinary
Mycology. (22).

Interest in medical mycology has increased enormously in
the last 15 years and a constant and increasing prodﬁction of
papers from medical and related sciences has increased the know=-
:ledge of such aspects as clinical appearances and characteristics,j
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pathology, epidemiology, treatment, identification, biology,
chemistry, biochemistry, immunology, and to a certain extent, the
morphology and mycology. The approach to the subject has been
primarily from the medical side, but valuable contributions have
been made by a number of mycologists, particularly in America.

In this country medical mycology has not yet been developed in
proportion to its recognition and advance in America, and the
number of research departments carrying out investigations on this
subject is small. Nevertheless it seems reasonable to suggest
that the problems associated with medical mycology are not less
significant in Britain than elsewhere, and that there is both a
need and an opportunity for an elucidation of some of the numerous
difficulties associated with these interesting organisms.

In 1953 an experimental mycoses unit was formed in the
University of Edinburgh Department of Botany under the supervision
of Dr. Walter Blyth, and sponsored in part by a grant from the
Advisory Council for Medical Research. The work carried out in
this unit has involved a study of one of the fundamental problems,
viz. the influence of antibiotic substances on the course and
nature of certain mycoses in vivo, with particular reference to
the pathology of the host and the morphology of the fungus. This
work has largely been carried out with pathogenic members of the

genus Candida, with particular reference to Candida albicans and

C. tropicalis (Cast) Berkhout. The results of some of these
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experiments are at present in the Press.

The writer joined the mycoses unit in January 1956 and
became interested in several aspects of the yeast pathogens.
Since it was intended to establish the means of providing an
advisory service for the hospitals and clinics in the Edinburgh
district, it was decided to commence studies on the incidence of
various species of fungi associated with a variety of human sources,
In this manner it was intended to build up a culture collection of
representative species, and to design a routine method for their
isolation and identification. It was therefore decided to
implement these intentions by carrying out a survey of the fungi
occurring in a series of random samples from a variety of human
sources, the material being obtained from hospitals in the
Edinburgh district, This survey was limited in that the incidence
of dermatophytes was not investigated, emphasis in the course of
the work being laid on the distribution of yeasts, A second survey
was initiated, the purpose of which was to examine a number of extra-
human sources to determine which of these fungi isolated in the
investigation of human sources are also found outwith the host.

In the second section of the present work, several of
the yeast isolates obtained in the course of the survey were
examined in relation to their early development in vivo, and an
attempt made to distinguish the characteristics of their growth
within the host. It was also hoped to demonstrate differences in
methods and rates of growth between pathogenic species of the

genus Candida,



Nature and Extent of the Survey

The object of the survey was to determine the species of |

fungi associated with various human sources, and to note their
relative distributions amongst the sources examined. No attempt
was made to correlate the presence of an organism with any clinical
symptom or disorder, or to study the species present in relation to

past or present treatment with therapeutic agents. The emphasis

' of the survey was on yeast=like organisms and filamentous forms

were not selected for special study., The patients from whom
samples were obtained for mycological examination were chosen at

random, and although all the patients examined were suffering from

| some disorder which necessitated their being retained in hospital,

either for treatment or observation, not all of the samples were
from pathological materials Many of the samples which were
examined were removed from patients for routine bacteriological
examination, and a proportion of these samples were shown by

hospital laboratory personnel to be free from pathogenic bacteria,

Thus the patients and sources examined, and consequently the survey |

itself are considered to represent a cross-section of the hospital
population,

A number of surveys of the distribution of fungi from
human sources have been made in the past, and these will be
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considered in due course. Almost all of these are concerned with
organisms isolated from a specific source or a specific disorder;
for example Kurung (23) has described the isolation of pathogenic
fungi from sputum, Pearson (2L) has reported the occurrence of
yeast-like fungi from the vagina, whilst other sources examined
include neoplastic tissue (25), faeces (26), nails (27), teeth
root-canals (28), human bile (29), urine (30), skin (31), and
blood (32). Probably the source most frequently examined is
sputum, and a number of papers (33, 3L, 35, 36, 37, 38) deal with
the fungi isolated from patients who are healthy or suffering from
pulmonary tuberculosis. Particular interest in the organisms
present in these sources has originated from the belief that the

- widespread use of broad-spectrum . antibiotics has resulted in an
increase in the significance of the yeast flora. It is suggested
that the removal of bacteria (including the harmless commensals)
by the antibiotics also removes the element of competition, and as
a result the yeasts, which are not affected by the antibiotic, are
able to multiply to such an extent that they may actually become
pathogenic, In exceptional cases a yeast may bring about a
 systemic infection, and one such instance encountered in the course
of the present work is described below in a separate section.

The present survey differs from those mentioned above in
its more comprehensive nature, and represents the first survey of
this kind to be undertaken in Scotland. The area covered by the
investigation is the Edinburgh district, and samples from the
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following hospitals were examined :

1.

2.

13.
1k,

Astley Ainslie Hospital, Edinburgh

Bruntsfield Hospital (Edinburgh Hospital for
Women and Children) Edinburgh

Chalmers Hospital, Edinburgh

Deaconess Hospital, Edinburgh

Edenhall Hospital, Edinburgh

Elsie Inglis Maternity Hospital, Edinburgh
Liberton Hospital, Edinburgh

Longmore Hospital, Edinburgh

Military Hospital, Glencourse, Penicuik
Princess Margaret Rose Hospital, Edinburgh
Rosslynlee Mental Hospital, Roslin

Royal Edinburgh Hospital for Mental Disorders, Edinburgh
Royal Hospital for Sick Children, Edinburgh

Jordanburn Nerve Hospital, Edinburgh.

The survey lasted for a period of 13 months, and

covered the period from June, 1957 to August, 1958.

Material and Methods

I Isolation

Specimens for bacteriological examination from the above

hospitals are sent as a normal routine to the bacteriological

laboratory at the Astley Ainslie Hoépital, Edinburgh. This
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laboratory therefore receives a variety of material from a number
of human sources, which is examined by the microscopical observationi
of films made from fresh samples, and alsoc by culture, for the ‘
presence of bacteria, As a result of the willing and invaluable
co-operation of the laboratory personnel it was found possible to E
extend the routine at this laboratory to the extent of inoculating
the surface of agar plates provided by the mycoses unit. 1In this ‘
way it was possible to obtain a much larger number of samples than

would have been practicable by direct sampling at the hospitals,

A1] samples were treated in the same manner, a small amount of the
material being streaked on the surface of the agar by means of a
sterile inoculating needle, after preliminary preparation of a

smear for microscopic examination, After inoculation, the

plates were stored 1id downwards at room temperature until |

transferred to the mycosis unit, whereupon incubation was carried ‘

| out at 37°C, It is obviocus that this method could have led to the‘

isolation of organisms which were incapable of growth at blood ‘
temperature, and whose presence in the sample would therefore be |
incidental, However, many of these "non-thermophils" were shown !
to be capable of tolerating a temperature of 37°C, and although |
probably not representing a significant portion of the flora, ‘

their presence was duly recorded.

A number of different agar media were used in the course
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of this survey, including
1) Sabouraud's glucose agar :

peptone ("0xo0id™) .. .o e 10 g

glucose aw L 2 LR 20 g
agar (Davis) Ve e 20 g
water oe e we 1000IMY

The peptone and glucose were dissolved in water, titrated

with hydrochloric acid to pH 5.6 and sterilised at 15 atmos for 15 |
| minutes.
2) Yeastrel agar :

yeast extract (Brewers' Foods

Supply CO.) s as  ew ?g
peptone ("Oxo0id") .. o« .o 3.g
agar (Davis) ol et Mt 20 g
water o . .e 1000 ml |

No pH adjustment made., Sterilised at 15 atmos for 15
minutes.
3) Malt agar :
malt extract ("Arlannis") .. 25 g
aga.I‘ (Da?is) 0w ee ee 25 2
water L -e LN lwe ml
No pH adjustment made. Sterilised at 15 atmos for 15

minutes.

4) Acid malt agar : !
As for malt agar, but the pH is adjusted
with hydrochloric acid to 4.5 before
autoclaving.
|
To reduce the number of bacteria present in the sample, i
penicillin (20 units per ml.) and streptomycin (4O units per ml.)

were incorporated in the medium., These were added aseptically

to /
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to the medium just before it was distributed into the Petri dishes.
| The antibiotics (sodium penicillin G, and dihydrostreptomycin
sulphate) were obtained from the Distillers Company (Biochemicals)
Ltd. Preliminary trials were carried out to determine the most
suitable medium, and although the acid media (without antibiotics)
| were moderately free from bacteria, the most suitable medium, and
the one which was finally adopted, was 2.5% malt agar incorporating
antibiotics. No antifungal antibiotics were employed as it was
considered that their use was unnecessary. At no time in the
course of the survey was a yeast isolate lost by overgrowth with a
mould.

The prepared agar containing the antibiotics was poured
in approximately 12 ml. portions into sterile Petri dishes, and
placed in a clean Petri dish carrier for transportation to the
Astley Ainslie laboratory. The carriers were rinsed with 5%
lysol before use to minimise the possibility of contaminatioh.

The number of samples received weekly varied, but over
the period of the survey averaged about 18. In the course of the
13 months, 1,00l samples were examined.

On receipt from the hospital, the cultures were examined
for the presence of yeasts and other organisms, and incubated
thereafter at 37°C. The surface of the agar was examined daily,
and when any growth on the streaks was seen, a small portion of the
colony was removed with the point of a flamed inoculating needle,
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- F3 -

transferred to a malt agar slant and incubated at 25°%C, The code
number of the sample was recorded, together with the date of
inoculation onto the plate, the hospital, source, and the name of
the patient from whom it was obtained. A brief note on the
appearance and number of colonies developing was also made., In a
number of cases more than one organism was isolated from a single
plate, whilst the process of identification occasionally revealed
that what were originally considered to be different yeasts were in
fact different colonies of the same species. The number of
colonies developing on the plate can be considered significant only
on the assumption that the inoculation of the plate is made within |
a short time of the sample being obtained from the patient. It

is known that the number of yeast cells in a sample can increase
rapidly after it has been withdrawn from the patient, and if

plated out after a delay, can give an entirely erroneous impression
of the actual number of cells present in the original material. |
For this reason no particular significance was attached to the
recorded number of colonies. The plates were retained at 3756

for a minimum of 7 days and then discarded. As a means of
reducing the possibility of any one colony on the plate having
developed from airborne spores, and thus indicating a false
association between organism and source, agar plates were perio&-
tically exposed to the atmosphere. This was carried out at the
bacteriology laboratory at the Astley Ainslie Hospital, and at

the /



the University Department of Botany, where the identifications were

carried out, Species of Penicillium, Mucor, Aspergillus,

Cladosporium, and Botrytis were often present as young colonies at

room temperature, but their growth was reduced considerably by the
incubation at 37°C. Any filamentous fungi developing at the
higher temperature were isolated on malt agar and retained for
identification. In most cases, these colonies were identified as

Aspergillus fumigatus Fresenius., a vbiquitous species which was

present in the atmosphere of both laboratories testeds As a result,
no attempt was made to associate the mould with the original
sample,

When a yeast had been subcultured successfully, it was
"purified" in the manner described below, transferred to a malt

agar slant contained in a 1 oz. screwtop bottle, and identified,

ITI Identification

The identification of yeast-like organisms, unlike other
fungi, calls for special methods; for classification is based not
only on morphology but on a combination of morphological and
physiological characters. Special attention must be paid to the
methods used in determining the characteristics of any particular
yeast, since the result of any one test is largely dependent on the
technique involved. As a result, although the criteria used in
the identification of yeast isolates were those described by
Lodder and Van Rij (39), the methods‘used in their assessment are

described /
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described below.

The yeast culture obtained by transfer from the original |
plate was incubated at 25°C for 48 hours. It was then "purified" |
. by streaking out on a malt agar plate and incubating for at least
3 days. After the colonies have begun to develop, a single
isolated colony was removed and transferred to a fresh malt agar
slant in a 1 oz, screwtop bottle. This was the stock culture,
and after incubation at 2500 for 48 hours, was used as the source
of inoculum for the tests described below.

1. Growth in malt extract. This was carried out in 100 ml
Erlenmeyer flasks to which had
been added 30 ml of malt extract (25 g Arlannis brand malt extract
in 1000 ml distilled water). This method was not altogether
satisfactory, and an alternative synthetic medium was devised,
This medium, the composition of which is indicated below, gave more
consistent results than the malt extract. Such features as ring :
and pellicle formations were more readily assessed on this medium,

and it was adopted for routine use in the process of identification.

The formmla is as follows :

ammonium sulphate ool e hkels 5¢g
potassium dihydrogen phosphate .. lg
magnesium sulphate (hydrated) .. 0.5 ¢
glucose o G e RN
distilled water oo . os 1000 ml

The medium was distributed in 30 ml quantities into the
flasks which were then stoppered with non-absorbent cotton wool and

sterilised /
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sterilised at 15 atmos. for 15 minutes. '

Cells from the stock culture were transferred to the
flasks, and after a vigorous shaking to ensure even distribution
of the inoculum the flasks were transferred to a constant temper-
sature room at 25°C. After 3 days they were examined and the type
of growth noted. The presence of a ring at the interface between
medium and flask, surface growth such as islets or a pellicle, and
. the quantity of growth in the bottom of the flask were recorded.
The flask was then shaken to distribute the cells evenly, and a
small quantity withdrawn by means of a sterile pipette. This was
transferred to a microscope slide and camera lucida drawings of the
cells were made. By this means, an accurate record of the size
and shape of the cells, and the method of budding, was obtained.
A1l drawings were made at a magnification of 3,000, and cell sizes
were determined by reference tc the drawings. The number of cells
drawn varied between 20 and 50.

The flasks were also examined for the presence of ring,
islets or pellicle after one month at 25%%.
23 Appearance of streak cultures. Malt agar slants in '

test tubes stoppered

with cotton wool were inoculated in the form of a streak from the |
stock culture. They were then incubated at 17°C for one month
in a constant temperature room. The appearance of the streak
was then recorded. The isolate was.then preserved by addition of
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w A -

sterile paraffin oil, using the technique described by Buell and
Weston (LO).
3. Production of pseudomycelium. This was tested on
maizemeal agar prepared
as follows : L2 g of yellow maizemeal was heated in 500 ml of
water at 60°C for one hour. After filtering through paper 50C ml
of water, 20 g of Davis agar was added and the volume made up to
1000 ml, After melting the agar in a steamer, the medium was
distributed in 250 ml quantities into conical flasks, and
sterilised at 15 atmos. for 20 minutes.

Petri dishes containing approximately 10 ml of this
medium ware inoculated from the stock culture, Using a short
inoculating needle and sufficient pressure to force the point
containing the inoculum just below the surface of the agar, three
streaks L to 5 mm apart were made of each isolate. A sterile
coverslip was placed over part of each inoculum. Each plate
contained four isolates inoculated in this manner. Incubation
was at 25°C, and after L, 5, or 6 days the microscopic appearance
of the streaks was noted, including the presence or absence of
pseudomycelium, its appearance when present, and the presence of
chlamydospores.

L. Ascospore production. All isolates were examined for
the production of ascospores.
This was carried out by the use of carrot plugs, gypsum blocks,

and /
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and malt agar. Test tubes containing sterile portions of carrct,
or sterile gypsum blocks in Petri dishes were inoculated from the
stock culture. These were incubated at 2500 and examined for
ascospores at intervals of 1, 2, and L weeks. Occasionally, old
malt agar cultures (3 months or more) were examined for the presence
of ascospores. In one instance an isolate was tested for the
production of ascospores in sterile water.

Observations were made under oil immersion (Cooke 1.8 mm
objective), the cells being stained by the Schaeffer-Fulton
modification of the Wirtz method (LL) or by mounting in a drop of
dilute (0.05%) methylene blue solution. When present, the shape
. of the ascospores, and the number present in the asci was recorded.;
An attempt was also made to determine whether or not ascus formation
was preceded by conjugation.

5 Fermentation. Originally, sugar fermentations were
carried out in % oz. screwtop bottles,
using the technique described by Martin et al (Ll). This method
was later discarded in favour of the one described below, which
was found to give more consistent results. All isolates were
tested in the following manner. Cells from the stock culture were
transferred to approximately 1 ml of peptone water. This was
prepared by the addition of 10C ml of water to 1 g of peptone
("0xoid") and 0.5 g of sodium chloride. Sterilisation was carried
out at 15 atmos. for 15 minutes. The yeast suspension was

allowed /
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allowed to stand overnight. After shaking thoroughly, single
| drops of the suspension were added by means of a sterile glass
pipette into the fermentation tubes., These contained a nutrient
broth incorporating an indicator, an inverted Durham tube, and a
sugar. The fermentation reaction of each isolate was tested
against five different sugars, viz. glucose, galactose, sucrose,
' maltose, and lactose. The inoculated tubes were incubated at
25° and readings made every day for a period of 15 days. In some
cases the period of observation was extended to 20 days, but
normally, a positive fermentation reaction was noted between 1 to
10 days. Production of acid, acid and gas, or a negative result
were recorded., Where fermentation occurred, the time in days from
inoculation and the strength of the fermentation (strong or weak)
were noted, Fermentations were considered positive when both acid
and gas were produced, and negative when there is no reaction or
if acid only is produced.
The fermentation broth has the following formula :

peptone ("Oxoid™)ress aw @ w10 g

sodium chloride SGE T T e s e

distilled water sacan s es 900 ml

0.0 g of bromo-thymol blue were dissolved in 100 ml of

distilled water, (The indicator goes into solution more readily
if the water is made alkaline by the addition of a drop of 1IN
sodium hydroxide). When the indicator had dissolved, the solution
was added to the fermentation broth and the pH adjusted electro-

:metrically to exactly 7.2. The broth was distributed in 5 ml

quantities /
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quantities into test tubes (125 mm x 12 mm) containing an inverted
Durham tube (26 mm x 6 mm). The tubes were stoppered with non-
absorbent cotton wool and sterilised at 15 atmos for 15 minutes.
Different colours of cotton wool were used to indicate the different
sugars used in the test. Sugars were prepared as 20% solutions,
steam sterilised for 3 days, and 0.5 ml portions added aseptically
by sterile glass pipettes to the fermentation tubes. This gave a
final sugar concentration of 2%. The tubes, now containing the
sugar were steam sterilised for 30 minutes as a precaution against
accidental contamination, and oﬁ cooling were ready for inoculation.
This method was adopted as both the sugar solution and the fermen-
station broth could be retained for long periods without breakdown
or change in pH. The sugars were added to the fermentation tubes
Jjust before use. During fermentation, production of acid was
revealed by the change in colour from blue to yellow, whilst any
gas production was shown by formation of a bubble in the inverted |
Durham tube.

Occasionally, the fermentation of inulin was tested, and
this was prepared as above, the concentration of the inulin also
being 2% .

Quantitative fermentation of the trisaccharide raffinose
is of considerable taxonomic importance, and following the procedure
adopted by Lodder and Van Rij, all sugars which fermented sucrose
were also tested against raffinose. . The method used was that

described /
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described by Wickerham (42). The strain of Saccharomyces

carlsbergensis Hansen. used for the test was obtained from

' Dr. Wickerham (Strain Y-379).

On one occasion it was necessary to determine whether or
not an isolate fermented melibiose. An adaptation of Wickerham's
technique was used for this purpose. A L% solution of raffinose
was inoculated with a species known to ferment only the fructose
portion of the raffinose molecule. The yeast used for this

purpose was Saccharomyces fragilis J8rgensen., isolate H7981, which

was obtained from the stool of a patient suffering from an
intestinal complaint. When gas production had ceased only the
melibiose portion of the raffinose molecule remained. The solution
was then inoculated with the isolate under consideration, As no
further gas was evolved, it was concluded that the organism did not
ferment melibiose.
6o Sugar assimilation. The ability of each isolate to
assimilate glucose, galactose,
sucrose, maltose, and lactose was tested by the auxanographic
method. The procedure adopted by the writer differed only in
detail from the method described for this test by Lodder and
Van Rij. Thus, the drop of yeast suspension was added to the
melted and cooled agar before pouring into the Petri dishes.
Vitamins are provided by the addition of a drop of sterile yeast
extract which was also added to the agar just before pouring.

It /
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It was found necessary to use two Petri dishes for each isolate, as
attempts to assess plates on which all five sugars had been placed
were seldom satisfactory, owing to the overlapping of the zones of
enhanced growth. Glucose, galactose, and lactose were tested on
one plate, sucrose and maltose on the other,

Cells from the stock culture were transferred into a
test tube containing approximately 1 ml of sterile water. After
mixing, a drop of this suspension was placed in each of two tubes
containing about 15 ml of the washed agar which had been melted
and cooled to 4§%C. After thorough mixing, the agar was poured
into a Petri dish, and after setting, small quantities of the
sugars to be tested were placed on the surface. Readings were
made after incubation at 25°C for L8 hours, although in some cases
it was found possible to extend this time. The appearance of a
positive reaction is shown in Plate I Figure 1. Slow=-growing
yeasts and isolates which had given doubtful results were tested
by growth in a liquid medium as described by Wickerham and
Burton (43).

Te Assimilation of potassium nitrate. The ability of a
yeast to assimilate

nitrate nitrogen is an important taxonomic character, and may even

have generic significance. All isolates were examined by means

of the auxanographic method for their ability to assimilate

potassium nitrate., The method was similar to that described for

sugar /
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sugar assimilations except that a carbon source (2% glucose) was
incorporated in the medium. The melted and cooled agar was
inoculated with a drop of the same yeast suspension used for the
sugar assimilation test. After pouring and allowing to set, the
agar surface was inoculated with small quantities of peptone and
potassium nitrate, it was found that the quantity of nitrate

used was significant as it tends to diffuse rapidly over the surface
and if too much was added, the zone of enhanced growth (if present)
was too large, spreading over the greater part of the plate.

The plates were incubated 1lid downwards at 25°C and the
results noted after 1 or occasionally 2 days. A positive reaction
is shown in Plate I Figure 2.

8. Ethanol as sole carbon source. This test was carried
out for all isolates.
A basic medium containing the following materials was distributed

in 5 ml portions in test tubes.

ammonium sulphate e ve .o 1o
potassium dihydrogen sulphate .. lg
magnesium sulphate (hydrated) .. 0.5 g
distilled water oo ee se 100Q ml

After sterilisation at 15 A for 15 minutes, a drop of
sterile yeast extract and ethanol to the concentration of 3% was
added., The tubes were then inoculated with a.drop of the same
yeast suspension used in the sugar fermentation tests. After
inoculation, the tubes were incubated at 25°C and the results noted
after 7 days and 3 weeks. Presence.of a sediment, ring, or

pellicle /
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pellicle were noted.
9, Splitting of arbutin., Each isolate was examined for
its ability to split the
glucoside arbutin, using the method described by Lodder and Van Rij.
The medium containing the arbutin and the ferric chloride was
poured into a Petri dish. Two isolates were inoculated onto each
' plate. Readings were made after 6, 10, and 1k days.
10. Reaction in litmus milk, This test was employed only
in the case of species of the
genus Candida., Since the identification of this genus is dependent
on the results of ascospore production and pseudomycelial develop=-
sment tests, this test was carried out after all other tests had
been completed. The method used was that described by Lodder and
Van Rij.
s Production of "starch". The production of starch-like
compounds is a characteristic

of the genus Cryptococcus. All non-ascosporogenous, non—fermenting

isolates which did not form pseudomycelium were tested by the method

described by Lodder and Van Rij.

12, Production of carotenoid pigments. The red or pink ;
colouration

characteristic of the genera Rhodotorula and Sporobolomyces was

always conspicuous in any of the media on which the isolate was
growing, The presence of a red or pink colour of an isoclate was

recorded, /
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recorded.

13, Production of ballistospores. All red yeasts were
examined for the prod=-

suction of ballistospores. In the process of "purification" which

was carried out for all isolates, the Petri dishes were incubated

1lid downwards., Ballistospores were readily detected by the appear-

:ance on the 1id of a mirror image of the developing colonies on

the inoculated agar surface.

. Thermophilic nature. The ability of the isolate to
grow at 37°C was determined by

inoculating the surface of Petri dishes containing malt agar and

incubating at 37°C. Four isolates were streaked onto each plate.

Results were noted after 1, 2, and L days.

Replications of most of the tests were carried out before
final identification of any isolate was made. With certain
exceptions, the number of replications of each test were as
follows :
1e Liquid medium : tﬁice. The second test was carried

out by placing drops of yeast
suspension in Petri dishes containing malt extract.
24 Streak culture : once. In a number of cases where the
result of the original test
did not appear to be typical of the species, a second trial was

carried out, If this differed markedly from the original a check

on /
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on the purity of the isolate was made by streaking out again on
malt agar. A third test was then made from the new culture.
|43 Formation of pseudomycelium. If pseudomycelium was
absent, the test was
repeated twice more. If pseudomycelium was present a second test
was made to confirm its appearance, method of branching, and method
of production of blastospores. An exception was made in the case
of chlamydospore production, when no further test was made.
L, Ascospore production : once. Occasionally, an
isolate was re-tested
to confirm the presence of ascospores.
5e Fermentation. The number of fermentation trials for
each isolate varied. At least two
fermentations were carried out, but this number was increased to
3, b, or 5, if reproducible results were not obtained.
6. Sugar assimilation. Normally 3 trials were carried
out, but if doubtful results were
obtained, this number was increased to L4, 5 or more., In sach
cases, the isolate was tested in liquid media as described above, i
One exception was made in the case of those isolates producing
chlamydospores in maizemeal agar. If these isolates also
fermented glucose, galactose, and maltose, and the result of the
first sugar assimilation trial indicated that glucose, galactose,
sucrose, and maltose were assimilated, the organism was

identified as Candida albicans, and no further sugar assimilation

tests /
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tests were considered necessary.
T Nitrate assimilation., Normally twice, but for species

of Cryptococcus, this was

repeated a third time.

8. Ethanol as sole carbon source : twice.
9 Splitting of arbutin : twice.
10. Reaction in litmus milk : once. Occasionally, this

was repeated.
11, Production of starch : if positive once. If negative,
the test

was repeated,

The results of the tests were recorded on cyclostyled
sheets which were designed for the purpose. One of these sheets
is shown below,

On the first part of the sheet are recorded :

1) The identity of the isolate

2) Its source, and the date of isolation

3) The code number of the isolate. (This number is the
one given to the sample when received at the Astley
Ainslie Hospital).

i) Growth in malt extract at 3 days and 1 month. As
indicated above, malt extract was later replaced by
a synthetic medium.

5) Malt agar - 1 month. Streak character noted.

6) Maizemeal agar. Presence or absence of pseudomycelium
noted. If present, the type is recorded, or a brief

description given. A freehand drawing is also made
when /
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8)

9)

10)

11)
12)
13)

L)

15)

16)

- 28 -

when the type of pseudomycelium cannot be referred to
any one of the forms recognised by Lodder and Van Rij.

Camera lucida drawings are made of a number of cells,
showing the variation in size and shape. Cell
measurements are made directly from these drawings.
A brief description is also given of the cell shape,
whether the cells are single, in pairs, clusters, or
chains. The method of budding is also noted.
Details of ascospore production are also noted here,
including ascospore size and shape, and the number
per ascus.

On the reverse side are noted :

Fermentation of glucose (D), galactose (G), sucrose
(S), maltose (M), lactose (L), and raffinose (R).

C/M refers to the presence of the highly diagnostic
chlamydospores (C) or the production of pseudomycelium
(M), If neither is present, a -ve is recorded.

Et0H refers to the growth with ethanol as the sole
source of carbon. Recorded as #+or - . If+4,
the presence of a ring, or a pellicle is noted.
Splitting of arbutin (Arb)+ or - .

Growth in litmus milk (milk); reaction noted.

Assimilation of glucose, galactose, sucrose, maltose
and lactose noted + or - .

Assimilation of peptone (Pep) and potassium nitrate
(NO3) noted + or - .

Production of ascospores (A'spore) noted + or - in

Car - carrot plugs

Pot - potato discs

VJM - vegetable juice medium
Gyp - gypsum blocks

note: potato discs and a vegetable juice medium
were used originally, but were discarded in favour
of the carrot plugs and the gypsum blocks.

Some details of the case history of the patient were
recorded.

An /
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R An example of the method of recording the characteristics

] is shown in Text Figures 1 and 2.

Text Figure 1

Text /




Text Figure 2
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Results of the Survey

The species of yeasts encountered in the course of the
survey are listed below. The numbers of yeasts and other organisms,
and the sources from which they were isolated are indicated in
Table 1. The distribution of the species of yeasts in relation

to the sources from which they were obtained are shown in Table 2.

. List of species

ASCOMYCETES (Family SACCHAROMYCETACEAE) |

Hansenula anomola (Hansen) H. et P. Sydow

Pichia membranaefaciens (Hansen)

Saccharomyces cerevisiae (Hansen)

Saccharomyces carlsbergensis (Hansen)

Saccharomyces fragilis (Jorg)

FUNGI IMPERFECTI (Family CRYPTCCOCCACEAE)

Trichosporon cutaneum (de Beurm., Gougerot et Vaucher) Ota

Candida albicans (Robin) Berkhout

Candida tropicalis (Cast.) Berkhout

Candida parapsilosis (Ashf,) Langeron et Talice

Candida zeylanoides (Cast.) Langeron et Guerra

Candida krusei (Cast.) Berkhout

Candida robusta Diddens et Lodder

Candida guilliermondii (Cast.) Langeron et Guerra

Torulopsis glabrata (Anderson) Lodder et De Vries

Torulopsis /
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Torulopsis famata (Harrison) Lodder et Van Rij

Torulopsis candida (Saito) Lodder

Cryptococcus laurentii (Kufferath) Skinner

Cryptococcus albidus (Saito) Skinner

Cryptococcus diffluens (Zach.) Lodder et Van Rij

Rhodotorula mucilaginosa (J%rg.) Harrison
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Consideration of the various sources examined, with
reference to the species isolated are discussed below under

separate sections.

1. Urine :

Only 18 isolates of yeast were obtained from 182 samples
examined (9.9%). The species obtained, and the number of
occasions on which they were isolated are as follows:

Torulopsis glabrata .. .. 5

Rhodotorula mucilaginosa ..

Candida albicans e e

Candida zeylanoides .. ..

Torulopsis famata ee s

L L L I~

Cryptococcus albidus .. e«

Saccharomyces fragilis e §

Candida sp. on s
Cryptococcus sp. ae - daie

Beck and Lohlein (30) have examined the yeast flora of

E urine in relation to the administration of penicillin. In 3700
samples of urine from patients not receiving penicillin, only 3
patients harboured yeast-like organisms, Microscopical examin-
tation of the urinary sediment of patients receiving the antibiotic
showed the presence of yeast cells in 60% of the samples. No

direct comparison can therefore be made with the present survey,

where /
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where no attempt was made to correlate the presence of organisms
with the administration of therapeutic agents.
It is of interest to note that the yeast most commonly

isolated from urine was Torulopsis glabrata. Although reports of

this yeast are scarce in the literature, Artagaveytia-Allende and |
Carcia-Zorron (L5) have reported its presence in the vaginal tract |
of the human, Orie (53) has isolated a strain from urine. It isi
perhaps significant that all 5 isolations of T. glabrata were from |
female patients, and it may be that in most of the cases, its
presence in the urine was incidental. In four of the cases there
was no reason to suggest that the organism was not a member of the
vaginal flora, and no evidence that this yeast was contained in
the urine, In the case of the fifth patient, however, the urine
had been removed by means of a catheter. In this instance it is
unlikely that the yeast could have originated from the vagina

[ itself since the urine was removed directly from the bladder,
Although the possibility remains that the organism could have

been acquired by the passage of the tube through the urethral
orifice, it is probable that this specimen was isolated from the
urine rather than the vagina.

Of the remaining 11 isolates, 8were from female patients
| and 3 from male patients. None of these was obtained from
catheter samples, hence their presence in the urine of female
patients does not exclude the possibility of their being members

of /
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of the vaginal flora, Two of the 3 isolates of Candida albicans

were from male patients. This yeast has been recorded from a

variety of sites in the human, and it has been reported as causing

infection of the urinary tract (L6, L7). Rhodotorula mucilaginosal
is also a common member of the flora of a variety of sources,

human and otherwise., Like Torulopsis glabrata, it can possibly |

be regarded as a normal member of the vaginal flora in the human,
Three of the L cultures obtained in the present survey were
obtained from female patients,

All isolates with the exception of Cryptococcus albidus

were capable of growth at 37°C.

2, Sputum

The examination of 17L samples of sputum resulted in

the isolation of 120 yeasts (68.9%). The species obtained were:

Candida albicans e et (Ll NSO

Torulopsis glabrata .. .. «. .. 15

Rhodotorula mucilaginosa e« oo <o 7

Candida tropicalis .o eo oo .. 7 |

Saccharomyces cerevisiae .. «s o+« 3

Candida krusei i - e 2

Pichia membranaefaciens e T S S 2

Hansenula anomola ve el TR 2

Candida. para‘psilosis "o e o s 0 a4 |

Candida zeylanoides v o4 oo oo 1

Candida / .
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Candida I‘Obusta. oo oe s 1
TOI"‘IJ.lOpSiS candida o oo oe l
Cryptococcus laurentii sam meid el

Cryptococcus albidus e+ ¢ oo 1

Saccharomyces cerevisiae

var. elligsoideus A T I 1

Saccharomyces carlsbergensis .. 1

Torulopsis sp. (IL837) R
Endomycopsis sp. (?) (I709L4B) .. 1

Cryptococcus sp. (J3104B) .. .. 1

Candida /sp, (J5069) es ee sw T
It has already been noted that several studies on the
flora of the mouth have been made (33, 3L, 35, 36, 37, 38, L8,
L9, 50, 51, 7L, 75, 78, 117, 118). The species of yeast recorded
and their relative frequencies differ, but a general pattern of

distribution is common toc them all. Candida albicans is the most

common species recorded, followed by a group consisting of

C. tropicalis, C. krusei, and C. parapsilosis, and occasionally

C. pseudotropicalis (Cast.) Basgal., C. lipolytica (Harrison)

Diddens et Lodder, C. macedoniensis (Cast. et Chalmers) Berkhout,

C. brumptii Langeron et Guerra, and C. guilliermondii.

The number of yeastlike organisms which have been
recorded from sputum is large, and it is generally recognised that
many of these are incidental, having been acquired accidentally

from the envirorment. It is well know that yeasts are common on

a/
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a wide variety of foodstuffs, and a number have been recorded from |
the atmosphere (72, 73). The origin of most of the species
isolated from sputum in the course of this and other surveys is
probably exogenous, that is, from a source outside the host animal,

Yeasts occurring in the present survey whose sources are probably

exogenous include the ascosporogenous yeasts Saccharomyces, '

Hansenula, and Pichia, all of which have been isolated from |
vegetable sources, Some of the isolates of Rhodotorula may also
have had exogenous origins, since this yeast has frequently been

obtained from air or vegetable sources, Cryptococcus albidus and

C. laurentii are both normally saprophytic although the former has

been recorded from sputum in Holland (53). Torulopsis candida and

Candida robusta are probably not significant members of the flora

of the sputum and it is of interest to note that these two isolates,
and the two species of Cryptococcus mentioned above, were
incapable of growth at 37°%. All the remaining species are those
which have been isclated from human sputum. l
In common with other studies on the mycological flora

of the mouth, Candida albicans is the most common species,

representing 57.67% of the total number of yeasts. A feature of
unusual interest in the present survey is the exceptionally high

incidence of Torulopsis glabrata which was isolated on 15 occasions

(12.2% of the total number of yeasts isolated from this source).
It has already been noted in the previous section that this

organism /
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organism was the most common species occurring in samples of urine.

Explanations of this unexpectedly high incidence can only be

tentative, and are discussed under a separate section. Until the

present survey was carried out, T. glabrata was not considered to

be a significant member of the yeast flora of the mouth, and the

number of occasions on which it has been recorded is small. It

has been reported by Artagaveytia-Allende and Carc{a-Zorron (L5),

by Dietrichson (38), and by Black and Fisher (58).

It should be

noted that the majority of samples received for examination were

from patients suffering from a disorder of the respiratory system.

In this respect, the material collected for examination should be

regarded as morbid rather than healthy,

Many, but not all of the

patients were suffering from bronchitis or suspected pneumonia,

whilst the remaining samples were taken from patients for routine

investigation.

Included in the latter group were patients whose

symptoms were non-specific, and included "tiredness", "pyrexia",

"heart-failure", "emphysema", "pulmonary embolism", and others

where the presence of a pathogenic organism was not suspected,

3 Throat :

103 plates were examined, from which 3L (33%) yeasts

were obtained.

Candida albicans

Candida tropicalis

Torulopsis glabrata

Candida /

The species isolated were:
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Candida parapsilosis .. «¢ oo oo 1

Rhodotorula mucilaginosa es +s «o 1

Saccharomyces fragilis el iaS L Pels B §

!
When the number of isolates for each species is compared
|

with those listed in the previous section, differences are noted

in the total number of species recorded. Both Candida albicans

and Torulopsis glabrata are less frequently isoclated from the

throat.,

The distinction between throat and sputum samples may
be considered an arbitrary one, and there is no reason for
supposing that an organism isolated from the throat is confined to !
this site. On the basis that all the isolates from this source
were obtained by direct sampling from the throat by means of swabs,'
it was felt that the separation was justified. All the species

occurring in the throat were also represented in the sputum, and

any difference between the sources is quantitative rather than

qualitative, Of the 16 species of yeast occurring in the sputum,

only 6 were represented in the throat. Their frequency was much

lower, occurring in 33% of the total number of samples examined

as against 71.3% in the case of sputum, It is clear that the
throat harbours a smaller proportion of yeasts than the mouth, and |
it is suggested that this may be attributed to differences in the
nature of the two regions. It seems possible that the greater
number of organisms present in the mouth could be explained by

supposing /
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supposing that many of the yeasts have been acquired from an
external source, perhaps by the ingestion of food material.
Once inside the mouth they may remain viable for varying lengths
of time on particles of the original substrate. It is possible
that the mouth retains sufficient particles in crevices between
the teeth or beneath dentures. The organisms acquired
accidentally may be capable of resisting for a time, the changes
in the environment, including a higher temperature, the presence
of salivary enzymes, and the competition with normal commensals.
Ultimately, however, their inability to survive these conditions
would be reflected in a reduction of their numbers. Those
organisms which are capable of surviving would be better adapted
to their new environment, and might be expected to become estab-
:1lished as members of the mouth flora. It is suggested that the
throat provides a less suitable environment for the growth and
propagation of yeasts than the mouth, and that the smaller number
of isolates made from throat swabs supports this view.

Patients from whom isolates were made were showing a
variety of clinical symptons. "Sore throats", "bronchitis", and

"upper respiratory infections" accounted for approximately L3%

of the number of symptoms or diagnoses. Other disorders included |

rheumatic fever, enlarged heart, rheumatism, and pyrexia. In one

case, C. albicans was isolated in quantity from white patches in
the pharynx: yeast cells were also noted in the film made from

the /
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the original sample,

The comparatively low number of species isolated from i
the throat in the course of the present survey is not in accord-
:ance with the findings of Reiersgl (54), who obtained yeasts in

11h (45.6%) out of 250 laryngeal swabs. Brygoo (29), in a study

of 66 strains of Candida isolated from pharyngeal swabs reported
|

that species of Candida were isolated from more than 30% of the .
total number (125) examined, Both Brygoo and the writer obtained ‘

Candida albicans, C. tropicalis, C. parapsilosis, and C. zeylanoides

from throat swabs. Not represented in the present survey was

!
|
C. robusta, although this species was recorded from sputum. Other‘
species of Candida reported by Brygoo were C. pelliculosa Red., i

C. guilliermondii, C. macedoniensis, C. krusei, C. catenulata

Diddens et Lodder, C. rugosa (Anderson) Diddens et Lodder, and C.

heveanensis (Groenewege) Diddens et Lodder (= Cryptococcus

laurentii).
All cultures obtained from this source were capable

of growth at 37°C.

Lhe . Stool :

79 samples were examined from which 43 (5L.}%) cultures

of yeasts were obtained. The following species were isolated:

Candida albicans NP o e el

Torulopsis glabrata «s. s e b

Candida tropicaliS .. oo  ee 2

Candida parapsilosis .. .o .o 2

Candida zeylanoides o .o .o 2

Rhodotorula mucilaginosa oe os 2

Candida /
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Candida krusei o s s

|

1 |
Trichosporon cutaneum .. ¢ oo 1
1

Saccharomyces fragilis .o .o

Candida sp .o svatr 5id § Al |

A number of studies on the yeasts occurring in the human!

intestinal tract have been made (26, L5, 55,_/_5% 59, 60, 61). ‘

Many of these deal specifically with the incidence of Candida !
albicans. Negroni (62) has recorded the presence of yeasts in
36 out of 50 specimens of faeces. He reports the species most

commonly associated with this source to be Candida krusei,

|

|
followed by C. parakrusei (= C. parapsilosis), C. albicans,

|

C. zeylanoides, C. tropicalis, and C. chalmersi (= C. parapsilosis)

Both Windisch and Staib (55) and Mehnhert (26) have reported a
different pattern. The former paper reports the presence of
yeasts in 37% of 1,15¢ samples of human faeces, whilst Behnhert

has shown the incidence to be 26%. The figure obtained by the

writer was 5h.h%. Both papers have reported that C. albicans was |
the most common species, and this was also noted in the present !
|

survey. Candida krusei is frequently associated with the human

intestinal tract, but was found on one occasion only in the present

work.  Candida parapsilosis (55, 62), Trichosporon cutaneum (55),

and C. zeylancides (26, 62) have all been reported from faeces

and each of these species was isolated from this source in the

been reported from this site (63) and although members of the

ascosporogenous /

|
|
|
course of the present study. Saccharomyces fragilis has also !
|
|
|
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ascosporogenous yeasts have frequently been isolated from faeces,

they appear to be incidental rather than normal inhabitants.

Rhodotorula mucilaginosa has also been reported from faeces and

two of the strains studied by Lodder and Van Rij (39) were isolated

from this source. |

Torulopsis glabrata was again prominent amongst the

species isolated in the present survey. This organism was
originally isolated from human faeces (6l) but it has seldom been
reported since then from this source. Parle (65) has isolated 3

strains in the course: of his investigation on the yeasts occurring

in the alimentary tract of several mammals.
All the organisms isolated from stool samples were

capable of growth at 37°C.

Se Vagina : (High vaginal swabs)
Out of 150 specimens examined, 13 (8.7%) yeast isolates

were obtained, representing only L species. These were:

Candida albicans s e ee

Torulopsis glabrata . .. ..

i
3
Candida guilliermondii o ww ik
Rhodotorula mucilaginosa .. e 1
Candida sp (C. zeylanoides?) .. 1 |

Studies on the vaginal flora of the human (L5, 66, 67,
68, 70) have consistently revealed that the most common member of
the yeast flora is C. albicans, which is often associated with a
form of vaginitis. Other species isﬁlated from the vagina

are /
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are C. pseudotropicalis (Cast.) Basgal. C. krusei, C. parapsilosis,

C. stellatoidea (Jones et Martin) Langeron et Guerra., C. guillier-

:mondii, and C. tropicalis. Rhodotorula species have been

reported by Vaccaro and Ferrada Urzua (66), and Torulopsis glabrata

by Artagaveytia-Allende (71).

The specimens received for mycological investigation
from the Astley Ainslie laboratory were almost exclusively high
vaginal swabs. These represent routine examination of the upper
portion of the vagina following parturition, These swabs were
all obtained during puerpurium and are therefore not comparable

to those made from the vagina at any other time. Following ‘

parturition, the environment of the vagina is altered considerably:l

| mechanical and physical changes almost certainly bring about the

removal of many of the organisms present in the superficial layers i
of the vagina, This is reflected by the reduced number of isolate;
made from this source. No other record of the fungi present in
puerperial swabs could be found so that comparisons in this case

are not possible. In view of the specialised nature of the source

from which the isolates were derived, it is considered that no
particular significance can be attributed either to the identity of|

the organisms or their incidence in the samples.,

6. Wounds ete.
16 isolates (7.9%) were obtained from 203 cultures i
examined, viz.: |

Candida /
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Candida albicans S osen S

Candida parapsilosis . es oo 3

Cryptococcus albidus es oo oo 2

Candida tropicalis seri e DEgeEE
Cryptococcus diffluens selungen £k
Rhodotorula mucilaginosa .. «. 1

Cryptococcus sp etl! e sii ey LIk |

Candida sp (C. krusei ?) .. .. 1 |

Samples in this section were those which had been taken
from surgical and other wounds, including surface swabs and pus.
Semples were also taken from discharging sinuses, lesions, boils,
abscesses, carbuncles, septic stitches and bed sores., More than
95% of the samples were obtained from septic wounds or sores
occurring on such varied regions as the heel, ear, breast, finger,
leg, scrotum, eye, hand, neck, scalp, and groin. A small number,
accounting for less than 5% of the total number of samples examined
were from internal abscesses or ulcers, but no yeasts were isolated

from these samples.

The superficial position of the majority of the wounds
|

or sores together with the presence of dead tissue suggested that
from this material a number of saprophytic forms might be isolated.

It is interesting to note that of the species isolated from these |

sources only C. albicans, C. parapsilosis, and C. tropicalis were
capable of growth at 37°C. The Candida sp. tentatively identified |
s |

as / |
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as C. krusei showed reduced growth at this temperature, whilst none

of the species of Cryptococcus were able to grew on cultures

maintained at blood temperature.

Yeasts have occasionally been reported from pus (97,

116) and pathological conditions of the human skin (76). Both
|
C. albicans and C. parapsilosis have been reporied from cutaneous

lesions (77). Drouhet (102) considers that the isolation of
C. albicans from cutaneous lesions is of pathological significance,

|
since it is the only species of Candida not found in the saprophyti¢

state on the skin, but only on mucous membranes., If this is so,
it is possible that the isolates of this yeast in the present
survey may be implicated in the sepsis. 1In this respect it '
probably differs from the other species isolated from this source,
where there is little evidence to suggest that these fungi are
actively associated with inflammation. In nae of the cases were
yveast cells recorded in the smear, and in only one instance were
"Candida" colonies recorded at the bacteriological laboratory.
From the methods used and the results obtained it was

clear that the presence of yeasts in these sources was exceptional,

Over 92% of the plates examined were negative for yeasts although

bacteriological examination by hospital personnel showed that
bacteria were invariably present., It is of interest to note that |

the number of isolates of C. parapsilosis occurring in pus accounted

for 50% of the total number recorded in the course of the complete

survey. /
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sSurvey.

Tis Other sources :
Only 3 isolates of yeast were made in the remaining 113

samples (2.7%) examined, Two of these were referable to

Torulopsis glabrata. In one case, the fungus was isolated from

"sticky eyes" of a male infant, 9 days old. The other isolate
was made from a rheumatic nodule in a 71 year old female patient.
The third (unidentified) species is tentatively referred to the i
genus Rhodotorula, . and was isclated from a submaxillary gland.
It was not capable of growth at 37°% and as only a single colony
developed on 2 plates inoculated with the original material, its
presence is regarded as accidental,

The sources examined in this heterogenous group consisted
primarily of routine swabs from ear, nose, and eye. Also examined

were swabs from infected nail beds (paronychia), skin scrapings,

olecranon bursitis, and appendicitis,

8. Fungi isolated from the atmosphere :

In an attempt to establish which of the yeasts isclated

in the course of the present survey were also present in the |

abmosphere, Petri dishes containing malt agar and incorporating

antibiotics were exposed periodically to the air. This was |
carried out at the Bacteriology laberatory, Astley Ainslie HosPitalL
and at the Mycology laboratory, Royal.Botanic Garden., Each plate

was /
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was duplicated and the presence of mould and yeasts was recorded
after 2L to L8 hours incubation. One of the plates was incubated |
at 37°C, the other at 25°C. No yeasts were isolated from the

plates incubated at the higher temperature. It has already been

mentioned that Aspergillus fumigatus was frequently observed, both |

|
in the atmospheric plates and in those plates used in the course of;

the survey of human sources. No quantitative estimation was made

either of this species or of the yeasts which were isolated. Only!
|

Aspergillus fumigatuslamong the filamentous fungi was recorded.

Identification of the yeasts was achieved by means of the tests

described above (pp. 1L-27). Of the organisms studied, the most

common yeasts were members of the genus Cryptococcus. The

atmosphere at the Astley Ainslie Hospital was shown to harbour

Cryptococcus laurentii, Pullularia pullulans (deBary) Berkhout.,

and Sporobolomyces roseus Kluyver et Van Niel, Also present were

Candida guilliermondii and an unidentified species of Cryptococcus.

In the Mycology laboratory at the Royal Botanic Garden, where the

identifications were carried out, Cryptococcus albidus, Pullularia

pullulans and Rhodotorula mucilaginosa were isolated.

Of the species isolated from human sources, Cryptococcus

albidus, C. laurentii, Candida guilliermondii, and Rhodotorula

mucilaginosa were also recorded from the atmosphere. The

possibility therefore exists that their presence in the plates

inoculated from human sources was due.to aerial contamination.

When /
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When only one or two colonies developed on the inoculated agar
surface this possibility could not be discounted. It is suggested
that the paucity of colonies appearing on the inoculated surface
gives an indication of the probability of an exogenous origin.
Thus the greater the number of colonies appearing, the more likely
it is that they have been present in the sample.

Di Menna (72) and Connell and Skinner (73) have carried
out analyses of the yeasts isolated from air, and have recorded
the presence of all of the above species with the exception of

Candida guilliermondii., This yeast, however, is relatively

‘common in sources outwith the animal body, and its presence has

been reported in the aerial flora by Saito (79).
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Discussion

The results of the survey show that only li species can

be regarded as relatively common. Candida albicans accounted for |

56% of the total number of yeasts isolated. Second in incidence

was Torulopsis glabrata (12.L4%), follbwed,by Rhodotorula mucilaginosa

(6.0%) and Candida tropicalis (L.8%)

The original discovery of C. albicans was made by Robin
(80), who was the first to describe its association with the
disorder of the throat .known as "thrush". Since then it has been
isolated repeatedly from a variety of animal sources, human and
otherwise : it is undoubtedly pathogenic although it is also

frequently found in association with apparently healthy individuals,

Many studies have been made of the varied and numerous associationsz
of this fungus with the animal body. The number of occasions that‘
this species has been isolated from sources other than the animal
body is small, and only 5 such records have been made (81, 82, 83,
8L, 85).. There seems little doubt that its presence in soil or
vegetation is exceptional. It seems likely that its occurrence
in soil can be attributed to the previous presence of animals in
the vicinity i.e. derived from faeces, but it is interesting to
note that Di Menna (82) demonstrated the ability of thefimgus to
exist in garden soil for at least 9 months. The number of

qualitative studies of the yeast flora of soil and other sources is

small,/
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small, and it is possible that further investigations would provide
|
additional records of the occurrence of C. albicans and other

pathogenic yeasts.

In the present survey, C. albicans was isolated from

stools, urine, sputum, throat, swabs, vaginal swabs, and from
wound discharges. It was the yeast most frequently isolated from |

all sources, with the exception of urine, where Torulopsis glabrataé

was the most common form. The comparatively high incidence of

this species is considered to confirm the reports of its widespread |

distribution .

Torulopsis glabrata, since its initial recovery from

human faeces (6li), has been isolated subsequently from a number
of human sources (38, 53, 58, 71, 86, 87, 88). Reports of its
occurrence were originally exclusively from human sources, but

later studies revealed its association with other animals., It

has been isolated by Phaff et al. (89) from the Shrimp, and by

Parle (65) from the mammallian alimentary tract. Recca and Mrak |
(90) have isolated a strain from concentrated orange juice, and i
a single report of its isolation from garden soillin Holland has i
been made (91). Nevertheless, on the basis that the organism is i
normally obtained only from the animal body, it is considered that i
the yeast is endogenous in origin, In this respect it is ‘
comparable to C. albicans where spread of the fungus is from one |

individual to another rather than from an external source.

The /



| reports, it appears that the species is a marginal pathogen in

S

The pathogenic status of this veast is uncertain, and the

results of inoculation tests on animals have been inconsistent. i

Black and Fisher (58) using a strain of T. glabrata isolated from a

patient suffering from broncho-pneumonia, inoculated the yeast
intraperitoneally into rats. The rats were sacrificed after 5 ‘
|

to 10 days, and the yeast recovered from some of the organs.

| Lopez-Fernandez (92) has found it pathogenic to laboratory animals.

Lodder and De Vries (87) obtained evidence of pathogenicity of
this species towards rats. Later experiments carried out by

Lodder and De Minger (93) showed that no pathological changes

could be observed following intraperitoneal and subcutaneous

inoculation into mice and rats : it was considered that the strain

| of yeast used in the inoculation was not pathogenic. From these |

laboratory animals, the degree of pathogenicity probably depending

|
on the strain of yeast employed, and the susceptibility of the
individual host animal, I

|

Wickerham (9l) has suggested that this yeast is apparently

increasing in incidence, and has reported its association with 2 :
cases of septicaemia. He suggests that the increase in incidence

may be the result of the widespread use of broad-spectrum anti- i
tbiotics. This would be directly comparable to the increase in i
the number of infections caused by C. albicans following antibiotic |

therapy. The number of yeasts made .in the course of the present

survey /
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survey was high, 31 isolates being obtained. It seems possible
that this is the first record of the occurrence of this species as
a significant member of the yeast flora of the particular sources
examined, The organism was isolated most frequently from sputum,
and was also recorded from urine, throat swabs, stools, high
vaginal swabs, an eye swab, and a swab from a rheumatic nodule.
The failure of atmospheric plates to reveal its presence, and the
absence of any reports of this fungus being isolated from air,
suggest that the possibility of aerial contamination of the plates
can be discounted. The production of colomies from inoculated
plates is therefore considered to be an indication of their
presence in the original sample., In this respect, the number of

isolations of Rhodotorula mucilaginosa must be viewed rather more

critically, since it has been shown that this species is capable of

aerial dispersal. This yeast (E. mucilaginosa) was isolated

repeatedly from the atmosphere of the Mycology laboratory, Royal
Botanic Garden, although it was never detected in the atmosphere
of the Bacteriology laboratory, Astley Ainslie hospital,

Rhodotorula mucilaginosa has been isolated from a

variety of sources. In the strains studied by Lodder and Van Rij

(39) original isolation had been made from water, beer, sputum,

faeces, air, human hair, diseased nails, bile, and a wound secretion

Clark et al (95) have reported its presence on fresh apples, and

Ainsworth and Austwick (96) have recorded its presence in a number

L of /
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of pathological specimens obtained from domestic animals. In
common with C. albicans and T. glabrata, the incidence of R.
mucilaginosa was greatest in the sputum : it was also found in
urine, throat swabs, and stools.

Candida tropicalis has been isolated from a variety of

disorders since it was originally described by Castellani (103).
Unlike C. albicans and T. glabrata it has been isolated from a
numbér of vegetable sources, although in common with them, it is

normally regarded as a typical member of the mycological flora of

certain animal sources. In the human it has been found associated

with disorders of the lungs ($8:), intestine (57), mouth (99),

nails (99, 100), skin (99), toes (116), and pulmonary tuberculosis

(3L). It has also been found as the cause of a fatal septicaemia |

in an Edinburgh hospital. Identification of this organism was
carried out in the mycoses unit, and a detailed description is
noted below in a separate section. Although this yeast has been
isolated from several human sources, it is generally confined to

the respiratory tract, the intestine, or the skin. No isolates

were made in the present survey from urine or vaginal swabs, although

records have been made of the occurrence of this spe¢ies in both
of these sources by Drouhet (101). The:incidence of this species
recorded by the writer is low, and only 12 isolates were obtained
from the 1,00l samples examined, In all of the sources from
which it was obtained (sPutum, throat .swab, stool, and wound) it

accounted /
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from that particular source.

Unidentified isolates :

Of the isolates obtained in the course of the survey 11 |

could not be ascribed with certainty to any particular species.

An account of each of these species with comments on its taxonomic

affinities and tentative identification is given below,

Unless otherwise stated, the organisms were capable of

growth at 37°C.

1. H 7681

Liguid culture :

Malt agar, 1 month :

Pseudomyceliunm :

Cells : /

Isolated from a high vaginal swab  3.7.57

3 days = slight trace of a ring; no other
surface growth,

1 month - discontinuous ring, no islets or
pellicle.

streak soft, smooth, grey, glistening.
Margin smooth, surrounded by a narrow fringe
of pseudomycelium., Submerged growth absent.,
well developed, much branched, blastospores
in small verticils.. Pseudomycelial cells
often curved, giving strands a sinuous

appearance.




Cells :

(Text Figure 3) X 3200

Fermentation :

Oval to long-oval, some cylindrical. Single,
in pairs, or in small clusters. (2-5)}. X
(3-12},. Elongate cells may be up to 20},.
in length.

a very weak fermentation of glucose was
recorded in L out of 5 trials, and only after

a minimum period of 15 days.

Sugar assimilation : only glucose assimilated. .

Nitrate assimilation:absent.

Ethanol /
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Ethanol as sole
carbon source no growth,

Growth in litmus
milk : no change noted.

Splitting of arbutin: absent.

Ascospores : absent.

The absence of ascospores and the production of
pseudomycelium indicate that this isolate is a member of the
genus Candida. The species which it most closely resembles are
C. mycoderma (Reess) Lodder et Van Eij and C. gzeylanoides. These
two species differ essentially in the production of a pellicle,
which is quickly produced by the former species and is absent in
the latter. The ability to ferment glucose, however, is not
characteristic of C. zeylanoides. Nevertheless, the writer is
of the opinion that the absence of a pellicle, the size and shape
of the cells, the appearance of pseudomycelium, and of the streak,
are quite typical of this species, The isolate is therefore

referred to Candida zeylanoides, differing from the other strains

of this species in its weak fermentation of glucose.

e I L4837 Isolated from sputum 24.8,57

Liquid culture : sediment only, no surface growth.

Malt agar, 1 month : streak soft, smooth, spreading, thin,
glistening, grey-white. Margins smooth.
Pseudomycelial growth absent.

Pseudomycelium : /




Pseudomycelium :

Cells :

%Q Q%O 0 i®)
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absent. £ 35200

(Text Figure L)

0,2

Fermentation :

Sugar assimilation :
Nitrate assimilation :

Ethanol as sole
carbon source :

Splitting /

short-oval, occasionally oblong, or long oval,
Single or in pairs. Multilateral budding,
(Q—h)f.- X (3-8}..

glucose, galactose, sucrose, maltose, and
raffinose+$.fermented.

absent.

absent,

no growth,
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Splitting of arbutin : weakly positive.
Ascospores absent,

0
This organism was incapable of growth at 37 C.

The absence of ascospores and pseudomycelium, the
presence of oval cells, and a fermentive ability would suggest
that this isolate is a representative of the genus Torulopsis.

No species of Torulopsis, however, has been described which has
the fermentation and assimilation patterns of the isolate under
discussion, The possibility exists that this species is a strain
of Candida which does not produce pseudomycelium, and a comparison
was therefore made with species of Candida which showed similar
fermentation and assimilation reactions. The species which most

closely resembles the present isolate is Candida robusta, which is

characterised amongst other features, by a poor development of
pseudomycelium, Several similarities between this species and
isolate I 4837 are seen; but the cells in the latter are little
more than a half of the size reported for C. robusta. The
inability of the isolate under discussion to produce pseudomycelium
apoears to be consistent, and no trace of its development was noted
in the course of 5 separate trials, It is therefore considered

that this isolate should be referred to the genus Torulopsis.

g I 5460 Isolated from urine 23.9.57

Liquid culture : sediment only, no surface growth.

Malt /




Malt agar, 1 month :

Pseudomycelium :

Cells :

A T

streak soft, smooth, white, rather flat,
margin slightly irregular, more or less
glistening, Submerged growth present.
abundant, branched, forming a conspicuous

fringe to the inoculated streak. Blast-

:ospores few, arranged in small verticilss.

Giant cells present,

(Text Figure 5) X 3200

rounded, .seldom single, usually occurring
in irregularly branced clusters (3-5.5},.X

(b=6.5),. /
f
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(h-é.S}h. Multilateral budding.
Fermentation : glucose and galactose (weakly) are fermented.
Sugar assimilation : glucose, galactose, sucrose, and maltose
are assimilated
Nitrate assimilation : absent. .

Ethanol as sole
carbon source no growth,

Growth in litmus milk: litmus turns blue.
Splitting of arbutin : absent.

Ascospores absent.

There seems little doubt that this isolaté is closely

related to Candida parapsilosis. Identification was considered

tentative - on the basis that the cell shape in liquid media is |
consistently rounded : there were no oval or pseudomycelial cells

wnich are typical of C. parapsilosis. This feature was constant

in 3 different trials.

|
f
The fermentation and assimilation patterns, the appear- |
tance of the pseudomycelium, and the presence of giant cells on 5
7

maizemeal agar are all features common to this isolate and Candida

parapsilosis, and the organism I 5460 is therefore tentatively

referred to this species.

L. I 7094 B Isolated from sputum 25,11.57
Liquid culture : sediment only; no surface growth.
Maltagar, 1 month : streak tough, shiny, grey, with a faint

tinge /




tinge of pink, more or less flat, with a

fringe of mycelial growth round the margin.
Pseudomycelium : extensive mycelial development. Spores

produced in pleurogenous clusters along

the length of long, branched, vacuolate,

true hyphae.

(Text Figure 6) X 3200

Cells : /
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| Cells : (Text Figure 7) X_1400

very variable in shape; from short to long-|

oval, some cells ovoid. Numerous pseudo-

smycelial strands, and also some true

mycelium. (3.11—5),.. X (h.S-S‘}., but

transitions were cobserved from long-oval

through cylindrical to pseudomycelial.
Fermentation : absent.

Sugar assimilation : L auxanogram tests revealed that glucose

and galactose (weak) were assimilated, but

the /
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the results for lactose assimilation were
inconsistent., Liquid medium tests showed
that glucose, galactose, sucrose, and

maltose were assimilated and that lactose

Was not. ?
Nitrate assimilation : absent.

Ethanol as sole
carbon source @ no growth.

Splitting of arbutin : absent. |

Ascospores : doubtful,

The presence of extensive true mycelium with pleurogenous
production of budding spores is characteristic of the genus

Endomycopsis Dekker, However, this genus is classified in the

ascosporogenous HEndomycetaceae due to its production of intercalary

or terminal asci. The present isclate was examined repeatedly on |
|
carrot plugs, gypsum blocks, and in sterile water. The presence

of ascospores was never established with any certainty, and only

I
one structure was interpreted as an ascus, which appeared to have ‘
3 crescent-shaped ascospores within. That the isolate should be |

|

referred to the yéasts (sensu stricto) is indicated by the presence

of budding cells (Text Figure 6), but due to the failure of the
tests to demonstrate ascospore production, the organism can be

referred to Endomycopsis only on a provisional basis,

5. /
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S, I 7987 Isolated from pus 23512557

Ligquid culture : 3 days - trace of ring., Moderate sediment.
1 month - sediment only.

Malt agar, 1 month : soft, smooth, more or less glistening,
spreading, pale brown with a mauve colour-
:ation at the centre of the streak: myceliai
growth absent,

Péeudomycelium : absent.

Cells : (Text Figure 8) X 3200

rather variable : may be small and rounded

(2—3},, /
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|
(2-3)», or short-oval to oval, and measuringi
(2.5=7. 5}# X (u-9/u Some cells are ‘
characterised by the presence of small (< %ﬁﬁ)
polar papillae.
Fermentation : none of the sugars tested was fermented.
| Sugar assimilation : only glucose assimilated. In the liquid
medium test, some growth was noted in maltose
Nitrate assimilation : absent. ' !
|

| Ethanol as sole
carbon dource : no growth.

Splitting of arbutin : absent.

Ascospores : absent.

This organism was incapable of growth at 37°C.

This yeast shows certain characteristics of the genus
Cryptococcus, viz. the absence of ascospores, of pseudomycelium,
and of fermentation. Tests for the production of "starch" were

carried out as described by Lodder and Van Rij (39). The test

was weakly positive, i.e. when the iodine solution was placed on
the yeast growth, colour production was not intense, Since 5
| repetitions of this test failed to demonstrate conclusively, the

production of "starch", and as none of the species of Cryptococcus

already described possess the assimilation pattern characteristic
of this isolate, the organism is only tentatively identified as

Cryptococcus sp.

6. /




6s J 310k
Liquid culture :

Malt agar, 1 menth

Pseudomycelium :

Cells :

-
.

- 69 =

Isolated from urine 10;3.58

no surface growth; 1little sediment.

soft, pasty, purple-pink, spreading, matt,
covered with narrow wrinkles towards the
margins. Mycelial growth absent.

absent.

(Text Figure 9) X 3200

Fermentation : /

oval to long-oval; single, in pairs, or |

small clusters. QMultilateral budding.

{2—5}...1( (3-6}.,..
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Fermentation 3 none of the sugars tested was fermented.

Sugar assimilation : auxanograms were inconsistent. Liquid
medium tests showed that glucose, galactose,
sucrose, maltose, and lactose were |
assimilated.,

Nitrate assimilation : absent.

Ethanol as sole
carbon source 3 no growth.

|

Splitting of arbutin : positive.
Ascospores : absent, |
|

This organism was incapable of growth at 37°C.

The isolate can be referred to the genus Cryptococcus

on the basis that ascospores are absent, that no pseudomycelium is
produced, and that dissimilation is strictly oxidative. Its
presence in this genus was confirmed by the production of "starch".
Many of the characters of the isolate are shared with C. laurentii,
including thé‘cell size and shape, the inability to assimilate
nitrate, and the sugar assimilation pattern. There is however

a2 marked difference in the appearance of the streak culture between
C. laurentii and isolate J 310Lh. The appearance of the purple-
pink colour in the latter is atypical of the genus, and it may be

considered that this character would warrant the classification of

the organism in the genus Rhodotorula. Amongst the members of !
this genus, R. flava bears a considerable resemblance to the
isolate under discussion. This species, however, does not

produce /
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produce "starch"., Another yeast closely resembling R. flava and

C. laurentii was R. aurea described by Lodder (10k). This organism,

which is now considered identicalto C. laurentii, differed from

<{

R. flava in its slightly reddish tinge on malt agar, and its abilitj
to form a starch-like compound. The writer considers that the
close similarity between the present isolate, and C. laurentii
justifies its inclusion in this species, and that the colour

difference is of secondary importance.

Ta J 3145 B Isolated from sputum 10.3.58

Liguid culture : 3 days - sediment only. One trial showed

a trace of a ring.

1 month - sediment only.
Malt agar, 1 month :  streak soft, pasty, spreading, flat. |

Surfacecovered with numercus small tfansverse

ridges. Cream coloured. Myceliél growth

absent.

Pseudomycelium : absent.

Cells : (Text Figure 10)




o

(Text Figure 10) X 3200

Fermentation :

Sugar assimilation :

rounded to short oval. May be single, but
more commonly in pairs. Multilateral
budding, (2-5)/. X (2.5—6)/..

none of the sugars tested was fermented.
glucose, galactose (weak), sucrose, and

maltose were assimilated,

Nitrate assimilation : absent.

Ethanol as sole
carbon source

Splitting /

trace of growth.
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Splitting of arbutin : positive,
|

| Ascospores : absent.

This organism was incapable of growth at 37°C.

The absence of ascospores, pseudomycelium, and ferment-

:ing ability suggest that the isolate is a member of the genus

| Cryptococcus. This is confirmed by its ability to synthesize
"starch". The assimilation pattern is similar to that of C.

neoformans, and other similarities include growth in ethanol,

the splitting of arbutin, and the size and shape of the cells. i
The streak culture, however, with its lack of a muccid consistency,'
and its cream colour, differs considerably from that of C. neoformans.
Furthermore, the presence of cell capsules on old cultures was not

noted, Wolfram and Zach (105) have described a yeast which is

similar to the present isolate. This is Butorulopsis uniguttulata

Zach (Wolfram et Zach), which is now considered by Lodder and
Van Rij (39) to be a variety of C. neoformans, viz. C. neoformans

var, uniguttulatus (Wolfram et Zach) Lodder and Van Rij. This

organism is characterised by very reduced capsules. In consequence

the appearance of the streak is not mucoid and yellowish-brown, but

pasty and cream-coloured, As this is the only difference between
species and variety, it is considered that the isolate may be

tentatively identified as C. neoformans var. uniguttulatus.

8. /




8. J Lh63

Liquid culture :

| Malt agar, 1 month :

Pseudomycelium :

Cells :

Isolated from a submaxillary gland 1.5.58
3 days - trace of ring. Poor growth.

1 month - sediment in the form of a thin,
crumpled membrane (Plate I, Figure 3).
streak soft, spreading, dull, pink-brown,
covered with small transverse ridges.
Mycelial growth absent.

a primitive pseudomycelium consisting of
branched chains of blastospores was
observed on a single occasion.

(Text Figure 11)

P4
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oval to long-oval or elongate, rarely short-

oval, Multilateral budding. (2—3.5)}1 X

(2.5-7.51P, elongate cells may be up to 1%?

in length, |

|

Fermentation : absent. ,
Sugar assimilation : glucose, galactose, sucrose, and maltose

were assimilated,
Nitrate assimilation : absent.

Ethanol as sole
carbon source s no growth,

Splitting of arbutin : weakly positive.

Ascospores @ absent.
This organism was incapable of growth at 3700.

The classification of this isolate is dependent on the

nature of the pigment which was recorded on malt agar. This

colouration was less pronounced than that observed in other isolates
of Rhodotorula and corresponded to Daphne Red in the Ridgeway colou?
code (106). The presence of carotenoid pigments, although not i
confined to the genus Rhodotorula is nevertheless a convénient and |
practicable criterion for classifying the red or pink yeasts into

a single genus, Several tests have been described for the chemical

determination of the carotenoid nature of these pigments, usually
based on the removal of the pigment from the cell, its crystallisa—!

:tion, and subsequent colour reaction with concentrated sulphuric

acid, /




=76 =

acid. Lodder and Van Rij (39), however, have concluded after a

study of some of these methods that a practicable method was not |

available for the confirmation of the carotenoid nature of a
|
pigmented yeast. In their classification, they relied on visual i

observation alone.

The reddish colouration of the present isolate is ‘
| considered to be sufficiently pronounced to suggest that a member i
|
of the genus Rhodotorula is involved. Many of the features of ;
|

the present isolate are similar to those of R. rubra (Demme) Lodder,

inciuding, the size and shape of the cells, the presence of a '

primitive pseudomycelium, the sugar assimilation pattern, the
failure to assimilate potassium nitrate, and the absence of a
fermentive ability. Both organisms split arbutin, the present
isolate only weakly. It differs in its failure toc grow in a
liquid medium with ethancl as the sole source of carbon, and in
the appearance of the streak,, which is not mucoid. Growth of

this organism is characteristically "clumped" in all tests involving

=

liquid media, being particularly obvious in the test for production

of ring or pellicle (Plate Ij, Figure 3). '

|
The similarities mentioned above, and the undoubted

|
presence of a reddish pigment have led to the conclusion that this

isolate can be tentatively referred to R. rubra,

59./
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|| e J 1,85L Isolated from a wound swab 20,5.58
| Liquid culture : 3 days - pocrly-defined ring. Heavy
sediment, Some trace of surface growth.

1 month - sediment only,

Malt agar, 1 month : streak soft, smooth, more or less shiny,

grey. Narrow pseudomycelial fringe present
to margin.

Pseudomycelium : extensive, forming a conspicuous narrow fringe
to the streak. Mycotoruloides., Also
uniaxial pseudomycelial strands bearing
compact verticils of blastospores.

Cells : (Text Figure 12) X 3200
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short-oval. May be single but are more
commonly in short chains, A few pseudomy-
:celial cells are present. Multilateral
budding. (2-14))1 X (2.5-9)):.

Fermentation : only glucose is fermented.,

Sugar assimilation : only glucose is assimilated.

Nitrate assimilation : absent.

Ethanol as sole
carbon source trace of a ring.

Splitting of arbutin : absent.

Ascospores : absent.

Absence of ascospores and the preduction of pseudomycelium
indicate that this isolate can be regarded as a species of Candida.
Fermentation and assimilation of glucose only is found in C. krusei,
and other characters in common with the present isolate include
the failure to assimilate potassium nitrate, and an inability to
split arbutin, Significant differences between the two yeasts under
consideration do occur, however, firstly, the isolate J L85L does
not produce a pellicle in liquid media; and secondly the cells
are predominantly short-oval. C. krusei is characterised by the
formation of a well-marked pellicle on liquid media, and by the
shape of its cells which are usually elongate to cylindrical, with

only a small number of short-oval. Furthermore, in the ethanol

: |
test, C. krusei produces a thin, dull pellicle, whilst J L4854 forms|

only /
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only a trace of surface growth. Lodder and Van Rij (39) have |
pointed out that the absence of a pellicle is not necessarily !
significant, and cite the case of the change occurring in the ‘
I
|

authentic strain of Torula monosa Kluyver. This strain was

maintained as a separate species because although closely related
to C. krusei it lacked the ability to form a pellicle, and formed
a less differentiated pseudomycelium. Over a number of years,
however, the streak culture changed from a soft to a tough
consistency, and the ability to form a pellicle which was at first
absent or much reduced was greatly increased. These authors now
consider that T. monosa is a synonym of C. krusei. If, therefore, |

the ability to form a pellicle is not necessarily a character of

fundamental importance, its absence camnot prevent any one isolate |
from being referred to this species, providing that other .
characters are similar. As a trace of surface growth was noted
for J 485L in liquid culture, and as an occasional pseudomycelial
cell is found when 3 day old cultures are examined, the isolate is

tentatively referred to C. krusei.

10. J 5069 Isolated from sputum 26.5.58

Liquid culture : 3 days - thin trace of ring. Heavy sedimentl

1 month - heavy sediment; no surface growth.
Malt agar, 1 month :  streak soft, white, somewhat spreading;

surface matt, with numerous small warts. l

One or two pseudomycelial strands arise i

from /
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from the margins of the streak. Submerged
growbth is present.

Pseudomycelium : well-developed; mycotoruloides, loose
verticils on a normally unbranched axis.

Cells : (Text Figure 13) X 3200

rounded : single, in pairs, chains, or
clusters. (2-9EP in diameter.
Fermentation : glucose and galactose fermented.,
Sugar assimilation : glucose, galactose, sucrose, and maltose
assimilated.

Nitrate /
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Nitrate assimilation : absent,

Ethanol as sole
carbon source  : narrow, incomplete ring; islets.

Growth in litmus milk : no change noted.
Splitting of arbutin : absent.

Ascospores : absent, ¥

The absence of ascospores, and the development of
pseudomycelium indicate a species of Candida, The fermentation
and assimilation patterns, together with the absence of a red,
non-carotenoid pigment suggest that the isolate should be referred
to C. parapsilosis. This species is characterised by having round,
oval, and long pseudomycelial cells in young cultures. Furthermore,
the production of giant cells in the pseudomycelium was not noted
in the present isolate. Nevertheless, it is considered that the
absence of oval or elongate cells does not prevent the isclate from

being considered as C, parapsilosis.

(2 J 5595 Isolated from stool 19.6.58

Liquid culture : 3 days - creamy ring. No pellicle or
islets. Heavy sediment.
1 month - compact sediment; ring absent.

Malt agar, 1 month : streak soft, smooth, more or less shiny,

pale brown; margin smooth.  Submerged

growth present,

Pseudomycelium : well-developed, forming a dense fringe to

the /
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the inoculated streak. Mycotoruloides =
loose verticils on uniaxial axes.

Cells : (Text figure 1h) X 3200

G@Q &
s
v

rounded to short-oval. Pseudomycelial
cells present, often in chains. (Z-h.Syl
X (3.5—81p. Pseudomycelial cells may be
up to 29p in length.

Fermentation : a weak fermentation of glucose only.

Sugar assimilation : only glucose assimilated.

Nitrate assimilation : absent.

Ethanol /
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Ethanol as sole
carbon source trace of ring; islet present.

Growth in litmus milk : colour changes to blue.
Splitting of arbutin : absent.

Ascospores : absent,

Absence of ascospores and the production of pseudomyceliﬁm
indicate that the isolate belongs to the genus Candida. Species
determination in this genus is based primarily on the presence or
absence of a fermentive ability. The ability to ferment and
assimilate glucose only is a characteristic of C. krusei. The
present isolate differs from this species, however, in lacking the
characteristic pellicle, whilst the appearance of the streak, and
the size of the cells in young liquid culture also differs. It
has already been pointed out (p. 79) that the absence of this feature
need not necessarily prevent the inclusion of an organism in this ;
species, provided that the other characters are consistent with i
those of . krugei. In the case of J 5595, there are indicstions |
that this is so, and similarities are seen in cell shape, the
abundant production of pseudomycelium, the inability to assimilate
potassium nitrate, and the failure to split arbutin. Lodder and
Van Rij consider that fermentation and assimilation characteristics
are more stable and consequently of more diagnostic value than |
other properties, and this would suggest that the isolate could be
referred to C. krusei. Classification of the organism in this

species, /
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species, however, can only be considered provisional,the absence

of a pellicle preventing a more positive determination.
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Filamentous Fungi '

These organisms were not included in the present survey,'
and their occurrence was not made a subject for special study. It|
has already been pointed out that in such an investigation, more
stringent precautions would have to be taken to present contamina-
stion from airborne spores. In the examination of yeasts, only a
small number of species are distributed by means of airborne spores,
and the problem of aerial contamination is not so pronounced. I¥

was observed that the thermophilic mould Aspergillus fumigatus was |

present in the atmosphere of both laboratories concerned with the
present survey. In this species it would be difficult, if not
impossible to determine whether or not it was associated with the
sample, or occurring as a contaminant. Other species of mould
which were apparently associated with the inoculated surface of

the plate were Mucor racemosus Fresen., Aspergillus niger V¥an Tieghém,

| and Geotrichum candidum Link., which was isolated from a stool

sample of a 63 year old female patient suffering from ulcerative
colitis. This organism, which resembles a yeast in culture has
been reported from several sources in the human, including an
association with the stools of hospital patients suffering from
several disorders of the alimentary tract (56). It was noted that
the incidence of Geotrichum in one group ("food upsets") was as high
as 56.3%. Only one example of this organism was cbserved, and its

presence /
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presence was noted in a plate which also yielded a heavy growth

of 9. albicans.

One plate inoculated with the aural discharge from a

child showed a heavy growth of Stemphylium ilicis Tengwall which

covered and was confined to the inoculated portion of the plate.

It is probable that this organism was existing as a saprophyte

in the ear passage. The fungus was incapable of growth at 37°C

and there is no suggestion that it was actively associated with

the complaint,
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Yeasts from sources other than human and atmospheric

-

In the course of the survey which constitutes the main
portion of this paper, the examination of atmospheric plates led

to the isolation of Cryptococcus laurentii, C. albidus, Candida

' guilliermondii, and Rhodotorula mucilaginosa, all of which also

were reported from the human body. The scarcity of records of the |
extra-human occurrence of some yeasts normally associated with an

animal source, i.e. Candida albicans (81, 82, 83, 8L, 85) and

Torulopsis glabrata (90, 91) led the writer to examine a number of

samples of vegetable and other material to determine whether or
not a further contribution to these records could be made. Up to
the time of writing, 100 samples have been examined in the
following manner :

The samples were collected in small metal boxes (57 X
38 mm) fitted with a snap-lid. Before use they were sterilised
in the autoclave. Material was collected by means of a sterile
scalpel or tweezers, and 2-3 g transferred into a tube containing
10 ml of sterile water. This was shaken vigorously and allowed
to stand for 30 minutes., Approximately 0.5 ml of the supernatant
liquid was withdrawn by means of a sterile pipette and placed on
the surface of a 2.5% malt agar plate incorporating antibiotics
(see p 11). The inoculum was spread over the surface with a
flamed inoculating needle, and the plate incubated at 3?00.

Examination /
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Examinations of the plates was made daily for a period of four days.
Sources examined included compost, soils from various

sites, stagnant water, leaf litter, moss, grass clippings, and

portions of decaying vegetation. Only 2 yeasts were obtained,

viz. Rhodotorula mucilaginosa isolated from compost derived

exclusively from grass clippings; Candida guilliermondii from soil

beneath a climbing ivy (Hedera colchica dentata variegata).

These two species were both isolated from the atmosphere

and both occurred in the human body. R. mucilaginosa is therefore
=3 |

the most widely distributed species occurring in the sources
examined by the writer, although numerically less frequent than

either C, albicans or Torulopsis glabrata.

Neither C. albicans nor T. glabrata were isolated from
soil or vegetation, but it is not suggested that the number of
samples examined in the time were sufficient to demonstrate their
presence. The ability of C. albicans to survive for several
months in soil (82), and its presence in the alimentary canal of
several types of animal (96) would suggest that its presence could
be expected in soil with which animal faeces might come in contact, |

Nothing is known of the ability of Torulopsis glabrata to survive

in the soil, and little is known of the number of animals which
harbour this yeast. The fact that it has been reported from . '
garden soil (91) might suggest that it is capable of surviving
Ssaprophytically in the soil in thé same manner as C. albicans

Further /
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Further studies on the biology of these organisms in
relation to their occurrence and survival in sources outside the

animal were not carried out in the present study.
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tification of fungi submitted to the Mycoses Unit

. Ten. yeasts were submitted to the Experimental Mycoses

Unit from the Northern General Hospital, Edinburgh, for identifica-

stion.

Using the procedure and tests described in pp 14-27 the

1) CHR

2) M 23337

3) M23366

L) M 23750

5) U 13634

6) M 2375L

7) M 26057

8) M 2793k

9) R 27877

10) M 28568

made before

organisms were classified as follows :

Isolated from blood sample. Received 23.9.57.
Identified as Candida tropicalis.

Isolated from sputum. Received 28.2.58.
Identified as Torulopsis glabrata.

Isolated from sputum. Received 28.2.58.
Identified as Torulopsis glabrata.

Isolated from sputum. Received 28.2.58.
Identified as Saccharomyces cerevisiae.

Isolated from urine (catheter specimen).
Received 25.7.58. Identified as
Candida tropicalis,

Isolated from sputum. Received 25.7.58
Identified as Torulopsis glabrata.

Isolated from a throat swab, Received 12.8.58.
Identified as Cryptococcus albidus,

Isolated from vagina. Received 16.8.58.
Identified as Rhodotorula mucilaginosa.

Isolated from Bronchi (trap specimen from a
bronchoscope). Received 27,8,58,

Isolated from throat, gastric washings and
faeces. Received 7.10,58.

Identification of isolates R 27877 and M 28568 was not

completion of the present study.

The isolate CHR was received for identification from a

fatal /
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fatal case of septicaemia which occurred at the Western General
Hospital, Edinburgh. This case has been described in detail from
the clinical aspect (107) and evidence of its pathogenicity towards
several strains of mice has been obtained by Dr. W. Blyth (108) of
the Experimental Mycoses Unit., Identification of this organism
was carried out by the writer, by means of the procedure described
in pages 14-27. In view of the exceptional interest of this
isclate, which was made from one of the few cases of yeast sept-
ticaemia on record, an account of the morphological and physioclog-
:ical tests carried out are described below. The isolate was
received from Dr. Maccabe of the Northern General Hospital,
Edinburgh, on September 23rd, 1957. = Acchlture of this organism

has been sent to the culture collection at the Mycological

. Reference Laboratory, London School of Hygiene ahd Tropical

| Medicine,

Ligquid culture : After 3 days at 2508, cells are rounded or
short-oval, occasionally oval, measuring
3.5-€P X h—%p. Cells are usually single

but may occur in pairs or short chains.

Some development of elongated pseudomycelial

cells occurs: a ring, some islets, and a
coarse sediment are produced. After 1
month, traces of a ring, and some surface

growth can be seen,

Malt /




Malt agar, 1 month :

Pseudomycelium

Fermentation :

Sugar assimilation :

Nitrate assimilation:

Ethanol as sole
carbon source

Splitting /

i 0D

after 1 month at 17°C, the streak is tough,
rather matt, raised, with transverse ridges.
It is greyish-white in colour and there is
an abundant production of mycelial growth
which forms a conspicuous fringe to the
margin of the streak. Some submerged
growth is present.

well-developed on maizemeal agar, forming
extensive branched outgrowths from the
inoculum streak., True mycelium is present.
Blastospores are not produced in abundance
on the pseudomycelial strands after 6 days,
but where present are arranged according to
both mycocandida (pseudomycelium strongly
branched, blastospores few, in small

verticils) and mycotoruloides (blastospores

‘in loose, branched verticils).

glucose, galactose, sucrose, and maltose are
fermented. Lactose and raffinose are not
fermented.

glucose, galactose, sucrose, and maltose are
assimilated, Lactose is not assimilated.

absent,

growth moderate, with the formation of small

islets on the surface.
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Splitting of arbutin : absent.
Growth in litmus milk : the colour changes to blue.

Ascospores : absent.,

This description is in almost complete agreement with

the standard description of Candida tropicalis given by Lodder and

Van Rij (39). The differences between their description and the
appearance of the present isolate are a slightly smaller size of
cell, and the presence of growth on a liquid medium containing 3%
ethanol as the sole carbon source. These differences are of a
minor nature, and there is little doubt that this isclate can be
identified with certainty as C. tropicalis. It should be noted
that all other isolates of this species made in the course of the
survey described above were also capable of growth with ethanol
as the sole carbon source,

The early stages of growth of this isolate when inoculated

into mice are described in a separate section of the present work.
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Evaluation of the methods used in the identification

A practical classification of the yeasts can only be
obtained by the use of a number of characters. No one character
is absolute, and final identification is achieved by reference to
the combined morphological and physiological characters of any
particular organism. From this it follows that a scheme of
classification becomes more accurate by the incorporation of a
larger number of tests. From the practical aspect, however, the
value of any classification is determined partly by the validity
of the criteria which are employed, and partly be its ease of
application. The system proposed by Lodder and Van Rij (39) is
an important step towards achieving such a system : the criteria
used are sufficiently varied to avoid overemphasis of any one
character, and it is possible to base identification on general
rather than particular characteristics. This system is based on
the recognition of some characters as primary and others as
secondary, the latter being confirmatory rather than indicative.
Features of primary importance include the presence of ascospores, |
fermentation and assimilation patterns, pellicle formation, cell
size and shape, method of budding, and characters of vegetative
reproduction : those of secondary significance include growth on
a liquid medium containinghethanol, splitting of arbutin,

appearance of the streak on malt agar, and growth in litmus milk.

Several /
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Several of these tests have been discussed above (pp57-83) but a

consideration of the methods used in the process of identification

is given below.

Liquid culture : From this test, the presence or absence of a
pellicle and details of cell morphology are

determined, The absence of pellicle formation in 2 of the

isolates described above (J L85k and J 5595) calls for special

attention. Both have been referred to a species characterised by

the production of a pellicle. If the tentative identification is

valid, the method employed for the detection of this feature may

be inadequate. The production of a pellicle, however, is

dependent on a numpber of factors, including the age and vigour of

the inoculum, the size and shape of the vessel, and the composition:

of the medium. The synthetic liquid medium described on p 15

was employed as the resultsobtained by the use of malt extract

were not consistent. Both media were tested against organisms

known to form pellicles on liguid media, and it was noted that ;

the synthetic medium supported a greater degree of pellicle

development, Organisms used in this preliminary trial included

Candida pelliculosa, Hansenula anomola, C. krusei, Pichia

membranaefaciens, and C. mycoderma. (C. pelliculosa and C. Eggggil
were obtained from the culture collection maintained at the London |
School of Hygiene and Tropical Medicine; the remainder were
obtained from the National Collection of Yeast Cultures at the
Brewing Industry Research Foundation, Nutfield, Surrey). In all

cases /



=96 =

cases growth and pellicle formation were abundant. It was noted
that an organism capable of forming a pellicle frequently, but not
invariably produced a strong surface growth on other liquid media,
e.g. fermentation tubes or liquid media for assimilation tests;

in some cases a pellicle was produced on the glass surface at the
base of the stock culture bottle. The ability to produce a
pellicle does not appear to be invariable, and it is well known
that prolonged subculturing of a yeast may alter this ability.

It is concluded therefore that the method and medium used in the
above survey are adequate for the demonstration of a pellicle.

The size and shape of a yeast cell vary considerably, but may be
of considerable taxonomic importance. The majority of organisms
studied in the present work were characterised by the production of
cells that were rounded or oval : since the number of rounded to
oval cells varies considerably in each of the isolates, it was
concluded that the appearance of the cells is only of secondary
importance. It must be emphasised that this conclusion refers
only to those isolates made during the above survey,

Malt agar : The appearance of a streak culture on malt agar may

be of assistance in the identification of an unknown

isolate, but as it is subject to a considerable degree of variation
its taxonomic significance must be considered secondary. The
agar medium used for the examination of a streak culture (p 11)

was considered to be satisfactory. Results were consistent and

in /



=0T =

in agreement with the descriptions given by Lodder and Van Rij.

Some isolates appear to be more stable in appearance than others,
and certain characters (including texture, colour, and the prod-
suction of a pseudomycelial fringe to the margin) were often of ;
considerable assistance in the identification of an unknown. I

Certain species showed very little variation in their appearance on?

malt agar, Torulopsis glabrata in particular being stable in this

|
respect. In contrast, Rhodotorula mucilaginosa showed considerablq

|
variation in colour and texture, even in successive subcultures !

of the same isolate, |
Pseudomycelium : This character is of primary importance in the
anascpsporogenous yeasts and is the basis for |
separating Torulopsis from Candida. Nevertheless, it is often é
difficult to determine whether or not pseudomycelium (i.e. the '
concrescence of elongated cells) is present., Transitions between
the presence and absence of pseudomycelium occur, and in such
cases the criterion becomes of secondary importance. When
repeated examination of maizemeal agar streaks failed to establish
conclusively whether or not pseudomycelium was present, identifica-j
:tion was achieved by consideration of the other characters of the |
isolate. The medium and method used in examining pseudomycelial
production were considered adequate for an accurate assessment.

Over 90% of the yeasts subsequently identified as C. albicans

produced chlamydospores using this method, and although special

| methods /
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methods for the demonstration of this feature have been described
(109, 110, 111), it is considered that the identification of this
species can be achieved satisfaétorily by consideration of all the
characters, particularly fermentation and assimilation.
Fermentation : In the fermentation tests described on pp. 18-21,
no attempt was made to determine whether or not any fermentable
carbohydrate was present in the peptone solution. INone of the
isolates showed fermentation of all the sugars tested, and it is
considered that the tube containing the non-fermented sugar acted
as a blank., The fermentation tubes were examined for a period of
not less than 15 days as it was found that a positive result was
occasionally delayed until 12 or 13 days after inoculation,

The ability to ferment certain sugars appears to be a
stable character, and by employing the media and methods described
above, reproducible results were obtained. The practice of
replicating fermentation tests which was adopted by the writer has
resulted in an accurate assessment of this test, and it is
considered that the fesults obtained were valid.

Sugar assimilation : The combination of auxanographic and liquid
media tests is considered to provide

sufficient accuracy. In most cases replicated tests with

auxanograms were sufficient to obtain the assimilation pattern,

and this method was very convenient where growth of the organism

was moderately rapid : Slow growing yeasts often gave inconclusive

results, /
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results, but assessments were obtained using the liquid medium

test (L3). The replication plate method described by Shifrine

et al (112) was tested, but it was decided that the auxanographic

and liquid medium tests gave more accurate results.

Nitrate assimilation : Assessment of this test was carried out
by the exclusive use of auxanograms.

Liquid medium tests were not employed as it was found that even

the slow-growing yeasts showed a result whenrthe plate

was incubated for 2 to 3 days before inoculating the surface

with the substances under test. The possibility therefore exi#s

that the application of a liquid medium test might have revealed

the presence of a slight assimilation of nitrate which might not |

have been demonstrated in the auxanogram.

Growth in ethanol : It was noted that growth in a 3% ethanol
medium did not always conform to the

description given by Lodder and Van Rij, and this was particularly

evident in the case of C. tropicalis, Although this species

is considered to be more or less incapable of growth in 3% ethanol,

it was found that all isolates of this organism showed conspicuous

growth in this medium. The method used was that described by
Lodder and Van Rij, with no modifications : although the
majority of the species isolated agreed with the published
descriptions, it is considered that the result of an ethanol test

is not of any great significance in the classification of any

organism /
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organism examined in the present survey.

Both splitting of arbutin and growth in litmus milk
were found to give dubious or inconsistent results when tested
against stock cultures, and are considered to be of limited
taxonomic significance.

Ascospore production : The ability of an organism to form

ascospores is of fundamental importance

in the classification of a yeast. In the course of a routine
examination of a number of yeasts, however, certain difficulties |
are encountered. The factors influencing ascospore production

are numerous, and no single test medium can be employed to obtain
consistent results. A number of sporulation media exist, and
Lodder and Van Rij list no fewer than 10 different media which have
been used in testing for the production of ascospores, Only 3
test media were used by the writer, and the possibility therefore
exists that ascospore production may have been overlooked, For
practical reasons alone the number of tests for ascospore prod-
tuction cannot exceed a certain number, and this figure was
arbitrarily limited by the writer to 3, viz. carrot plugs, gypsum
blocks, and malt agar. All isolates were tested for ascospore
production, but replications were never carried out on those which
had produced chlamydospores, together with an ability to ferment
glucose, galactose, and maltose, and assimilate glucose, galactose,

sucrose, and maltose, These were considered to be C. albicans,

and /
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and no further tests for ascospore production were made.

Identification of any particular organism was often
facilitated by the comparison with a named culture obtained from
The London School of Hygiene and Tropical Medicine or the Brewing

Industry Research Foundation,




- 102 -

| G A R P

STUDIES ON THE MORPHOIOGY OF YEAST CELLS IN VIVO

IIltdeuCtiﬁn oo ° e o e o e

Material and Methods .e oo via
Results E . e .0 ) e oo
a) Tissue culture o e S

b) Subcutaneous inosulation

Candida albicans <. o oo
Candida tropicalis oo oo
Torulopsis glabrata oo o
Saccharomyces fragilisS . .
Saccharomyces carlsbergensis

Discussion e e o, n s

Slmal'y Of Part T and Part II on o

L

L 3

LR ]

103
106
115

115

116
128
136
137

1138

1.0
148




- 103 -

Introduction

Examination of any pathogenic organism is greatly
faciiﬁted by its ability to exist and reproduce when isolated
from its host. An understanding of the biology of a pathogen
can be obtained from in vitro studies by the accumulation of
information on its morphology, physiology, taxonomy, and
biochemistry, To obtain a greater knowledge of the biology of
any pathogen, however, studies must be made of the organism in
relation to its host. In the case of human pathogens this is
often carried out by the use of laboratory animals in which the
symptoms of disease occurring in man are reproduced. Studies
are frequently made of the effect of the pathogen on its host
in terms of symptomatology or pathology (both gross and
microscopic).

Tissue culture techniques (122, 123) have been
extensively used in morphological and physiological studies of
a number of human and animal tissues : they have contributed
greatly towards an understanding of the form and function of
healthy and diseased cellular systems, and have been responsible
for great advances in the knowledge of viruses (124). In the
study of certain pathogens which are incapable of growth outside

the host body, tissue culture affords a valuable laboratory

method /
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method for a study of their characters.

The isolate of Candida tropicalis which was considered

to be responsible for the death of a 61 year old woman (pp 90-93)
was made the subject of further investigation. It was shown
that none of the morphological or physiological characters
observed in the course of its identification distinguished this
| isolate from any of the other isolates of C. tropicalis made in
the course of the survey. The association of this species
with various human sources has already been noted (p 56). It
appears to be a normal and non-pathogenic inhabitant of séveral
human sources, and it is ohly infrequently reported as the causal
organism of diseases in the human (57, 98, 99, 100, 116, 121).
| Descriptions of its morphology in vitro have been given by Martin
et al (41) and Benham (125), but records of its appearance in
morbid material have usually been confined to its isolation
rather than its morphological description in vivo. Hill and
Gebhardt (113) included a species of C. tropicalis in ﬁheir
examination of the morphological changes of a yeast when
introduced subcutaneously into mice. No alteration from the
yeast-like phase was noted. The lack of pseudomycelial
. development in vivo was also noted by Stovall and Pessin (130)
Many of the organisms causing major systemic mycoses
are blastosporic in the parasitic phase, although a mycelial

phase may be produced in culture. This phenomenon is found

in /
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in Sporotrichum schenki (Hektoen et Perkins) Matruchot, Blastomyces

(Splendore) Almeida, and Histoplasma capsulatum Darling. It

was originally believed that C. albicans was similar to these
species in having the parasitic phase blastosporic (126, 127,
128). This view has been queried by Hill and Gebhardt (113)
who suggested that for this fungus, the reverse may be true, viz.

that the filamentous form is better adapted for growth in animal

tissues. Blyth (132) has demonstrated the presence of pseudo- |

smycelium in the kidneys of mice inoculated with this species.

| The same writer (108) has demonstrated the pathogenicity to mice

of the C. tropicalis (Isclate CHR) isolated from the fatal case
of septicaemia., In view of the pathogenic nature of the CHR
strain, it was decided to examine the morphology of this isolate
in vivo, to determine if the parasitic habit was accompanied by
any morphological ch%ées. An initial experiment was carried
out using a tissue culture technique for the examination of

phagocytosis. For reasons described below, this method was

replaced by the examination of subcutaneous tissues into which .
the yeast cells had been introduced. In the latter experiments %
3 other isolates of C. tropicalis were examined for comparison i
with the CHR strain, together with a single isolate of C. albicans
whose pathogenicily towards the strain of mice used had already
been demonsirated (108). Also examined were isolates of

Torulopsis glabrata, Saccharomyces fragilis, and S. carlsbergensis.
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Material and Methods

a) Tissue culture: The method described below is a modific-
:ation of the technique adopted by

I Drysdale (129) for the study of a bacterial disease of sheep.

The method involved the production of monocytes in the peritoneal

cavity of guinea pigs following the inoculation of a substance

which acted as a mild irritant. The leukocytes were maintained

in a sterile Ringer's solution and used in the study of

phagocytosis of the yeast cells,

Adult female guinea pigs weighing approximately 350 g
were obtained from the Small Animal Breeding Unit, The Bush
Estate, Midlothian,

All glassware used in this series of tests was
specially cleansed before being sterilised. This was necessary
since the monocyte cells do not remain viable unless the glass-
tware is free from all surface impurities. The method of
cleaning was as follows :

1) heated to boiling in "Calgon" (an inorganic
detergent.)

2) rinsed in tap water
3) heated to boiling in li% hydrochloric acid
L) rinsed in tap water

5) heated to boiling in L% sodium hydroxide

6) /
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6) rinsed in tap water
7) heated to boiling in distilled water
8) rinsed with 2 changes of distilled water.

After drying in air, the individual portions of glass-
:ware were wrapped in greaseproof paper and autoclaved at 15
atmos for 15 minutes. Although the final heating and rinsing
is normally carried out with water that has been triple distilled,
it was found that water obtained from an "Elgastat" portable
deioniser was sufficiently pure and that monocytes remained
viable for the duration of the test, viz. 5 days.

A 1% solution of glycogen was prepared and Seitz
filtered. Under aseptic conditions 1 ml of the sterile solution
was transferred to a tube containing 3 ml of sterile water.

After shaking, 2 ml of the resultant solution, containing 5 mgm
of glycogen were ingected intraperitoneally into a guinea pig.
After the lapse of 5 days, the monocytes were obtained in the
following manner : the animal was killed by means of ether.

30 ml of a buffered sterile Ringer's solution containing NaHCO3
and an anticoagulant (heparin) were inoculated intraperitoneally
and the abdomen kneaded gently to ensure that the monocytes went

into suspension. The Ringer's solution was made up as follows :

sodium chloride Vellgas  Sew 2a25ep
calcium chloride .. <. . 0.05 g
potassium, chloride .. +. .. 0.1 g
- de~ionised water .. <. .. 250 ml

The solution was autoclaved at 15 atmos for 15

minutes. /
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minutes, Before use, 5 ml of a dilute (1.lL%) solution of
potassium bicarbonate and 0.1 ml of a 1% sterile solution of
heparin was added.

After the kneading process, the abdominal wall was
opened, the peritoneal contents transferred by means of a pipette
into centrifuge tubes and centrifuged at 3,000 r.p.m. for 3
minutes. The supernatant liquid was decanted off, some fresh
Ringer's solution was added, and the monocytes resuspended by
gentle mixing with a pipette. After centrifuging again, the
cells were washed, and this process was repeated 3 times. After
the final wash the Ringer's solution containing the suspended
monocytes were poured into a Petri dish which contained up to
15 coverslips measuring 23 X 7 mm. The dish was allowed to
stand for 1 hour at 37°C, by which time the monocytes had become
attached to the coverslips. Excess fluid was drained off,
each coverslip was placed in a small glass corked tube (4O X
9 mm) containing a yeast suspension in Ringer's solution of the
organism under test. Incubation was carried out at 3700. To
provide a constant irrigation of the coverslip, a form of roller
tube culture was devised using a laboratory clinostat (Plate II,
Figure ;). The rotating disc had been modified to accommodate
a cylindrical tin measuring 10 X 7.5 cm. The tubes containing
the monocytes were attached horizontally to the sides of the
tin and kept in position by elastic bands. 2L tubes could be

accommodated round the margin of the drum., When examinations

were /




=1709 «=~

were to be made, the coverslip was withdrawn and placed cn a
sterile slide, after ensuring that the side bearing the monocytes
was placed against the slide. The margins of the slide were
sealed with vaseiine, and the upper surface of the coverslip
gently cleaned by means of a fine camelhair brush. The slide
was placed on the microscope stage which had been fitted with a
thermostatically controlled stage heater set at 3?00. Cbser-
:vations of the living material were made by means of phase
contrast microscopy.

The organisms examined were 1) Candida tropicalis

isolate CHR, see pp 90-93. 2) C. albicans isolate I 5115
isolated from the urine of a 69 year old male patient suffering

from a urinary infection. Both of these isolates were maintaine

on 2,5% malt agar : the cell suspensions used in the tests were

made from 12 hour cultures on malt agar incubated at 37°C.
Coverslips bearing the living monocytes were introduced to each
of 10 tubes containing a suspension of the yeast under examin-
tation in Ringer's soluticn. Observations were carried out
after intervals of 1, 2, L, 8, 12, and 2} hours, and thereafter
daily for a total period of 5 days,.

An attempt was made to adapt the technigue to the
isclation and examination of mouse momxyies, using 5 ml of
Ringer's solution to obitain the cell suspension, but it was
found that an insufficient number of white blood cells was
obtained,

b) /

i
1

i
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b) Subcutaneous inoculation: The technique was a modific-
:ation of Selye's procedure
for the demonstration of granuloma production in mice (11k) :
this method was modified by Higginbotham et al (115) and described
by Hill and Gebhardt (116). The technigue involves the
injection of 1 ml of air subcutaneously into the nape of the neck
of mice. This produces a pouch into which the organisms are
injected in 0.2 ml of inoculum. After inoculation, the animals
are sacrificed at varying intervals, portions of comnective
tissue dissected out from the walls of the bubble, and mounted
on a slide for staining and observation. The procedure adopted
in the present work was as follows : 9 adult male white mice
{University of Birmingham strain) weighing approximately 30 g
each, were selected for each trial. The hair covering a region
approximately 1.5 cm in diameter was removed from the area
around the nape of the neck. This was accomplished by removing
the hair as far as possible with scissors, and clearing the
remaining hairs by means of chemical depilants ("Veet" or "But-O").
The inoculum was prepared by suspending cells from a young
(18 hour) colony grown on a malt agar slant at 3700. In thé
case of C. albicans and C. tropicalis it was shown that a small
number of pseudomycelial cells were present in these colonies.
Their presence was not desirable in the inoculum, and they were
eliminated by making a second subculture and incubating for 2L

hours /
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hours. The inoculum prepared from the second subculture was
exclﬁsively blastosporic in nature, and no pseudomycelial cells
were observed. Cells from the second subculture were added to
tubes containing L ml of sterile 0.85% saline, to give a
suspension which was standardised by reference to an absorptio-
:metef. The number of yeast cells administered to each animal
was determined by the use of a Thoma haemacytometer slide, and
was approximately L,000,000.

1 ml of air was introduced into the subcutaneous
tissue at the region of depilation, following surface sterilis=-
sation of the skin with ether. This was effected by means of
a sterile 1 ml glass hypodermic syringe fitted with a number 20
needle. 0.2 ml of the inoculum was then introduced into the
pouch. Animals were sacrifieed after 1, 2, L, 8, 12, 2L, and
48 hours, whilst the remaining 2 animals were retained for a
period of up to 24 days. The animals were killed by exposure
to coal gas fumes, and the air bubble dissected partially free,
FPortions of connective tissue were removed from the walls and
floor of the bubble, spread over the surface of a glass slide
and air dried. The saline yeast suspension from which the
inoculum had been obtained was retained and incubated at 37°C.
Examinations of cell shape were made at intervals corresponding
to the removal of sheets of connective tissue from the animal.,

Swabs were made from the base of the bubble at each dissection

and /
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and streaked onto the surface of a malt agar slant. This was

' incubated at 37°C and, together with microscopical examination

of the animal tissue gave an indication of the presence and
viability of yeast cells within the bubble. Two slides were
made at each dissection, and these were stained with

1) Periodic~-Acid-Schiff stain (Kligman's
modification) as described by Conant et al (L).

2) May Grunwald stain (131)

The former stain (P.A.S.) was employed to demonstrate
the morphology of the fungal structures, and gave no indication
of the relation of the yeast cells to the host cells. This was
obtained 5y means of the second stain, where the relationship
was clearly observed.

The organisms studied by means of this technique were

1. Candida albicans : isolate I 5115, ‘obtained from the

urine of a 69 year old male patient
suffering from a urinary infection.
The pathogenicity of this organism
towards the strain of mice used in
the experiment had been previously
demonstrated by Blyth (108).

2. Candida tropicalis : isolate CHR, obtained from the blood

of a case of fatal septicaemia.
Both of these organisms aré characterised by the production of
pseudomycelium in vitro.

3. Torulopsis glabrata : isolate I 7358, obtained from the

sputum /
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Saccharomyces

fragilis :

Saccharomyces
carlsbergensis :

Candida tropicalis :

Candida tropicalis :

Candida tropicalis :

Al g

sputum of a 69 year old female who had
been admitted to hospital with a
pulmonary embolism.

This species is characterised by its

inability to produce pseudomycelium,

isolate H 7981, obtained from the
stool of an 83 year old female patient
suffering from abdominal pain. This
species produces pseudomycelium but

is not regarded as a pathogen.

isolate Y 379, obtained from Dr, L.J.
Wickerham for testing the quantitative
fermentation of raffinose (pp 20-21).
This species does not produce pseu-
:domycelium, and is not pathogenic.
isolate J 3495, obtained from the
sputum of a LO year old male patient
suffering from bronchitis.

isolate I 5599, obtained from an
abdominal wound on a 62 year old
female.

isolate I 6133, obtained from the

sputum of a 77 year old female patient

suf fering /
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suffering from chronic bronchitis.

A1l of these organisms were capable of growth at 37°C.

Organisms 6, 7, and 8 were studied to give a compar-
:ison with the CHR strain.

Hill and Gebherdt washed the cells used in their tests
in a 0,85% saline solution before inoculation. In a preiiminari
trial with isolates I 5115 and CHR, the morphological changes of
unwashed and washed cells was compared., Inoculations made
directly from the yeast suspension described above constituted
the "unwashed" cells. A similar suspension was centrifuged
and resuspended in a fresh quanﬁity of sterile saline. This
was carried out 3 times, and the final suspension congtituted

the "washed" cells. The course of development of the yeast, |
|

and the host reaction were identical in the 2 groups, hence the

process of washing was not considered necessary.
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Results

a) Tissue culture : '

1, Candida albicans : isolate I 5115 |

No phagocytosis was observed after 13 hours. The

yeast cells were budding, but no pseudomycelial cells
were produced. Monocytes and yeast cells were seen in
close proximity to one another, but no ingestion could bé
observed. After L2 hours pseudomycelium was moderatelyl
extensive and several monocytes were noted containing
yeast cells, Some blastospores were irregular in oub-
tline, empty or with amorphous cell contents, and were
apparently undergoing digestion. After 5 days several
large distended yeast cells similar to those developing
in old malt agar cultures were seen; these cells

measuring up to 1%} in diameter.

2. Candida tropicalis : isolate CHR

b) /

After 90 hours, monocytes containing apparently viable
cells were observed (Plate II, Figure 5). None of the
observations made up to and including 5 days showed the

presence of pseudomycelial strands, and no distended

blastospores were seen.
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Subcutaneous inoculation :

1. Candida albicans : isolate I 5115

1 hour : An examination of 500 cells showed that 305
(61%) had germinated to produce short cylindrical out-
:growths 0.6-1.%p in breadth, and up to 8.%u in length
(Plate III, Figures 6,7; Plate IV, Figures 8,9).

None of these structures was produced in the inoculum
where the majority of the cells remained entire, only
occasionally showing a rounded bud. These cylindrical
outgrowths occurring in vivo were produced at any part
of the surface of the cell, The majority of cells
showing this characteristic form of germination produced
a single outgrowth, but 2, 3, and occasionally L were
formed. The first indication of germination was the

appearance of regions in the cell wall which were less

deeply stained than the remainder of the cell.s The wall

then bulged outwards in this region, forming a thin
walled, narrow bud, which rapidly grew to form the
cylindrical outgrowths so typical of this species.

(Text Figure 15).
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(Text Figure 15). X 2200
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No septum was formed between the new growth and parent

cell, protoplasmic continuity being maintained, Both
protoplasm and wall of the newly formed growth were less
deeply stained than the parent cell. The process
greatly resembles the formation of a "germ tube" which
is seen in so many fungal spores. The point of origin
of this "germ tube" was occasionally marked by a
constriction (Plate IV, Figure 9) which reduced the
diameter of the outgrowth by approximately half,

Growth by extension was rapid, and by the end of the
first hour, the tube had frequently reached a length of
l%y. Budding of the blastospores appeared to have been

completely suppressed, without a reduction of cell

growth /
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growth, hence the only form of growth of the yeast was
the production of these thread-like pseudohyphae. The
appearance of the yeast cells in this phase js very
characteristic, and unlike any of the other species
examined. On maizemeal agar, mahy cells do produce

buds which elongate to form pseudomycelial cells, but
these are invariably more robust, and are usually

regular in outline. The "germ tubes" were straight or
curved, and were invariably unbranched at this stage.

By the end of the first hour, a considerable number of
the original blastospores had been ingested by
phagocytic cells of the host : even at this early stage
the protoplasm of some of these phagocytosed cells was

paler than those which were free : the protoplasm was

somewhat irregular in outline, and the cells were
evidently undergoing digestion, The majority of the
cells, however, were free in the matrix of the connective -
tissue, and the proportion of phagocytosed cells was
small; The phagocytes appeared to be monocytes;
polymorphonuclear leucocytes were not present. |
Some cells with well-developed "germ tubes" had
been engulfed by a phagocyte, and it was noted in a .
number of instances that whilst the blastospore itself

was intracellular, the actively growing pseudohypha was

not /
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not contained within the phagocyte (Plate III, Figure 7).
This confirmed the observation made by Hill and Gebhardt
(113) who have suggested that this may be the mechanism
which hinders ingestion of the yeast by the host phagocytes,
and consequently permits survival of the fungus within

the host.

2 hours : Two hours after inoculation the number of

cells which had produced an elongated pseudomycelial

growth had increased to 97%  The "germ tube" had now
reached 22.3P or more in length (Plate V, Figures 10, 11;
Plate VI, Figure 12). It differed from any pseudomycelial
development observed in vitro by its sinuous appearance,
often curving back on itself then resuming its original
or a different direction of growth, At this stage,
the pseudomycelial thread was still unbranched, deeply
staining, and typically non-septate, although occasional
septa were observed near the point of origin from the
parent cell. This pseudomycelial strand varied in
thickness from O'%P to 1.ép, the majority being
approximately O.EP in diameter. The strand gradually
increased in thickness from its point of origin, finally:
becoming constant in breadth and remaining so. Although
it was observed that the early stages of germination
frequently showed the presence of more than one pseu-

domycelial initial, it was rare to find more than one

thread /
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thread growing from any one blastospore. There

appeared to be a definite relationship between the size

of the blastospore and the thickness of the pseudomycelial
thread to which it gave rise., Visual observation of the
cells associated with the larger threads (1—1.9p) showed!
that they were invariably associated with blastospores
which wefe larger than normal.

Phagocytosed cells were again in evidence, but
only a small proportion of the yeast cells were found
within host phagocytes. The amount of digestion which
they had undergone was indicated by their inability to
take up the basophilic stain. Some ingested cells
showed a similar staining appearance to those which were
free, and were apparently newly ingested. Others showed
a progressive reduction in their ability to react to the
stain, becoming pale pink in colour, irregular in out-
:line, and ultimately devoid of protoplasm. The final
stages in digestion were shown by the appearance in the |
phagocyte cytoplasm of a clear space which retained the
outline of the original yeast cell., Polymorphs
(polymorphonuclear leucocytes) were seen occasionally,
but at this stage there was apparently little host

response., '

L hours : Growth of the threads had increased conéiderably,
and /
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and some of the pseudohyphae were now BQP or more in
length, although the majority did not exceed hQF. The
appearance of the yeast was now mycelial (Plate VI,
Figure 13), with distinct septa and branches present.
Blastospore production had ceased entirely, and all
growth was still in the nature of elongation. The
branches were produced at a septum, where blastospore
production normally occurs, but the bud rapidly underwent
elongation and formed a'pseudomycelial strand similar to
the one produced from the original blastospore. Verticil-
:late branching did not occur. The pseudomycelial

cells were 12-3%9 in length and D.6-1.%p in breadth.

The strands were interwoven with one another and tended
to form rather dense tangled networks which were local-
:ised in certain regions in the connective tissue.
Progressive differentiation and elaboration of many of
the pseudomycelial strands was also accompanied by an
increase in the number of cells which had apparently

lost their viability. Phagocytosis was still in evidence
and polymorphs were more numerous but were still not
abundant, Many of the original blastospores had

become irregular in outline, somewhat distended, and had
failed to take up ‘the stain., These cells had not been
phagocytosed and were apparently derived from the

original /
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original blastospores. They measured from h'%? to

9'3? in diameter, in contrast to the cells of the original
inoculum which measured from between 3-5p. It seems
likely that these cells were in a moribund condition,
and are perhaps comparable to the giant cells found in
old cultures of C. albicans and other species. Their |
derivation from the original inoculum cells was indicated
by their occurrence at the point of origin of a pseudo-
:mycelial strand. They were only observed in portions

of the connective tissue where a particularly heavy

growth of the fungus occurred. lihen only a2 few strands |
of pseudomycelium were present, these distended cells

were not noted. This suggests that the production of
these cells might not have been attributed directly to
host reaction but may be correlated with unfavourable
localised conditions occurring at the centre of a develop-
:ing colony. It is postulated that these conditions may
have been generated by the fungus rather‘than the host,
Blyth (132) has described the appearance of "bladder
cells" in the abscesses produced by C. albicans in

certain organs of the mouse : it is not known whether

the distended cells described above represent an early
stage in the formation of "bladder cells".

8 hours : Little difference was observed in the general

appearance /
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appearance when compared with the observations made at
)y hours. Pseudomycelial threads again occurred in
tangled masses. A certain amount of pus was present.
The yeast elements were less deeply stained. Numerous
distended and collapsed cells 8—19p in diameter, were
present, and these were normally unstained. Many of
the pseudomycelial cells were also noticeably distended,
occasionally up to %p in breadth. Only the original
blastospores remained deeply stained. Colonies were
characterised by the presence of disintegration of both
host and yeast cells, failure to take up the basic dye,
and the distension of individual cells. Polymorphs
were still not abundant, although a large number of
large phagocytes, possibly monocytes, were associated
with the yeast colonies. The appearance of individual
strands was still similar to that described above at L
hours, viz. consisting of the original rounded, deeply
staining blastospore, with a narrow, normally unbranched
curved pseudohypha consisting of 2 or 3 elongate cells
(Plate VII, Figure 1L). This thread occasionally
branched, to produce another pseudomycelial growth of
elongated cells, but no rounded blastospores were
formed. The diameter of the strand was normally

constant, but occasionally the newly formed pseudomycelial
cell /
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cell was swollen at its origin, tapering again to the
original width. This gave the strands a characteristic
beaded appearance. In some cases the strands were very
long, measuring up to lh%p. Phagocytosis was still
active, and many digested cells were visible. Polymorphs
were seen in quantity around the margin of a pseudomycelial
colony, but some were also observed amongst the threads.
After 8 hours, observation was made more difficult
by the production of pus, which tendedlto mask the included
pseudomycelium. The network of threads became infiltrated
with dead yeast cells, and with both living and dead
phagocytes : this resulted in the formation of a rather
thick, semi-opaque cushion of infected material where
'considerable difficulty was experienced in recording
fine details,
12 hours : The yeast cells were now almost exclusively
mycelial in appearance, and few of the original blastos-
tpores could be seen. When present they were always
associated with a pseudohypha, and were apparently the
cells which had originally give rise tc these strands
(Plate VII, Figure 15). Few of the pseudomycelial
threads showed any marked increase in length when
compared with the previous series of observations, but a

number of them have produced verticils. Whether or not

these /
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these verticils were produced was apparently dependent

on the freedom or absence of the particular pseudomycelial
growth from one of the extensive pus-infiltrated colonies
described above. When the pseudomycelial strands were
more or less detached from one of these colonies, and
occurred as small discrete units, the individual cells
were normally shorter, and verticillate branching was
found (Plate VIII, Figures 16,17; Plate IX, Figures
18,19) : each verticil consisted of 1 or 2 elongate
cells, or a single, rounded blastospore which exceeded
the diameter of the pseudomycelial cell from which it
originated. Strands occurring within an extensive colony
were longer, unbranched, and of uniform thiclcness. r.l;.'he
appearance of blastospores in the former group marks tﬁe
first occasion on which their presence was observed since
inoculation, The reduction in length of the pseudo-
:mycelial cells was in some cases very pronouﬁ%d, and on
occasion, the pseudopypha appeared as little more than a
chain of oval cells (Plate IX, Figure 18). Concomitant
with the decrease in length was an increase in width.
These shorter cells varied considerably in thdir
dimensions, but the length was occasionally reduced to
3.Hp, and the breadth increased to 2.§p, i.e. proportions
which were not dissimilar to the cellé of the original

inoculum, /
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inoculum. Pseudomycelial cells in the extensive colonies
were normally up to th in length, and approximately %P
wide. Polymorphs were now abundant, and phagocytosis

was still active. Many of the phagocytes had become
aligned alongside the short pseudomycelial elements.

2L hours : Fungal elements were much more uncommon,

and when present, almost invariably occurred as short,
branched discrete units., Verticillation was conspicuous,
and the cells were much shorter than those noted after l
or 8 hours. (1-2.7}1 X 3.h-23}1). (Plates X-XIII,
Figures 20-27). The individual cells were still in an
active state of growth, and it was observed that the

most recently formed growth stained more deeply than the
older portions. (Plate X, Figure 21). Some pseudo-
:mycelia were growing apparently without any host response
(Plate X, Figure 21), whilst others (Plate X, Figure 20)
were associated with phagocyte cells. Under the low
power of the microscope, it was often possible to cbserve
the position of a pseudomycelium by the aggregation of
deeply staining polymorphs. Various stages in the dis-
sintegration of the yeast cells could be seen at this
stage, always in association with the clusters of
phagocytes. The ¢ytoplasm of the pseudomycelial cells

became progressively less deeply stained, ultimately

becoming /
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becoming colourless, although the original outline could
still be seen (Plate XII, Figure 25). The final stage
is shown in Plate XIII, Figure 26, where the position of
the original pseudomycelium was indicated by the accumul-
sation of phagocytes, polymorphs, and cell debris. 1In
a number of cases, phagocytes could be seen attached to
the pseudomycelial cells (Plate XII, Figure 2L). TWhen
phagocytes were associated with the pseudomycelia,
increase in length appeared to be inhibited, and the
pseudomycelial cells became shorter and thicker (Plate
X, Figure 20). This might afford an explanation for
the differences in morphology noted between "clumped"
and "discrete" pseudomycelia noted after 12 hours,. the
difference being related to the relative scarcity of
phagocytes within the extensive colonies. The overall
tendency at this stage was for the reappearance of
blastospores, the change in growth apparently being
related to the presence of phagocytes.

After 2l hours, the presence of pus had a tend-
rency to mask the presence of the fungus. A few strands
could still be detected, but their staining reaction was
weak, and morphological details were not visible. No
yeast cells could be observed after 96 hours, although
cultures made from the pus contained in the subcutaneous
bubble were positive,

A1l /
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All cultures up to and including 96 hours were
positive. Lesions were noted on the kidney after 48
hours, and on the liver after 96 hours, but no yeast was
recovered from cultures inoculated with this material.
One animal died after 9 days, but no post-mortem was
possible (due to cannibalism).

One animal was sacrificed after 24 days, but no
yeast cells-wefe recovered from the subcutaneous site of
inoculation, or from any of the organs tested, viz.
heart, lungs, spleen, kidney, liver, and bladder.

2, Candida tropicalis : isolate CHR

1 hour : Many of the cells had germinated to form buds
which were indistinguishable from those produced in vitro
(Plate XIV, Figure 28). Budding did occur in the cells
of the inoculum but this was rare and most of the blastos-
tpores remained entire throughout the period of the
experiment. Of 500 cells examined, 1h5 {29%) had produced
this primary bud, which was unlike that produced by C.
albicans : it was spherical rather than tubular, and was
usually constricted at its origin. The bud was approx-
simately 1.%p-l.zp in width, originating from a base 0.6-
0.%p across, and measuring up to 3.%9 in length. Cells
of C, tropicalis are oval rather than rounded, and this

primary bud was produced at or near the polar region.

In /
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In no case was more than one bud observed on each cell,
in contrast to C. albicans where 2 or more outgrowths
were relatively common. Unlike C. albicans elongation
of the blastospore itself may precede bud formation.
Growth was not so pronounced as that which toock place in
C. albicans and the appearance lacked any morphological
modifications which could be regarded as characteristic,
Phagocytosis was present (Plate XIV, Figure 29) and a
number of cells were observed which were weakly stained
and apparently undergoing digestione.

1% hours : bud elongation was much more pronounced and
the primary outgrowth was already assuming a cylindrical
appearance. The number of blastospores producing a bud
had increased slightly to L40%. The length in some cases
extended to 1%p, but the majority showed an average cell
length of approximately 6.§p. In one or two cases a
secondary bud had already appeared at the distal end of
the primary one (Plate XV, Figure 30). The width of

the elongating bud was between 2-3.%}, compared with
0.6-1.2)1 which was recorded for the homologous structure
in C. albicans. Occasionally, a second bud was observed
forming on the parent cell, usually occurring on the
opposite pole to the one which had given rise to the initial

bud : normally, however, the cells had a single outgrowth,

which /
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which differed from that produced by C. albicans both in
its greater thickness and in being straight or only
slightly curved.

2 hours : The outgrowths from the blastospores were now
definitely cylindrical (Plate XV, Figure 31), and in many
case had given rise to elongated pseudomycelial strands
consisting of 1, 2, or occasionally 3 elongated cells.
The individual cells were frequently 15—2%P long. There
appeared to be a fundamental difference in the manner of
growth of the two species at this stage. In C. albicans
the "germ tube" was at least in the early phase,
apparently mycelial in nature, and there was little
indication of a pseudomycelial origin : the growth was
rapid and was typically non-septates In C. tropicalis,
the pseudomycelial nature of the outgrowth was evident
from its initial appearance, and the production of new
cells by budding was always conspicuous; furthermore,
the number of cells producing a primary cell were
proportionately much lower than those producing "germ
tubes", Thus, production of primary buds, cells, or
pseudomycelial strands was observed in 53% of the cells
examined, compared with the figure of 97% obtained for
the number of blastospores of C. albicans producing "germ

tubes" (both assessments made on a count of 500 cells).

The /
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The two species could be distinguished from one another by |
their appearance, and the comparatively thick pseudomycel=-
:ial strands of C. tropicalis with a straight or only
slightly curved outline were in contrast to the narrower
strands of C. albicans with their sinuous ocutlines. The
pseudomycelial strands of C. tropicalis showed occasional
branching, the branch arising by budding from the junction
of 2 pseudomycelial cells, and itself showing elongation.
Phagocytosis was active, meny of the yeast cells showing
progressive loss in their ability to take up the stain.
Many of the blastospores were neither contained within
phagocytes, nor had they formed pseudomyceliume. They
were lying apparently free in the matrix of the connective
tissue and were deeply stained. Free cells of this type
were rarely noted in the case of C. albicans. In one

trial numerous polymorphs were cbserved, and many of the
yeast cells were undergoing phagocytosis by host cells

other than the polymorphs.

L hours : Strands consisting of as many as 6 pseudomycel-
:ial cells were occasionally seen, but this was exceptional.
Normally, the strand contained 1-3 cells. Many of the ;
original blastospores were by this stage irregular in
outline, rather swollen, and in some cases had collapsed. !
They were more readily seen in material which had been |

stained /
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stained with the Periodic Acid-Schiff technique. The

tendency, as with C. albicans was for the suppression of
blastospore production, and for the increase in pseudo-
smycelial production. This was now conspicuous (Plate
XVI, Figures 32, 33, 3L) and already the individual strands
were forming an interwoven network. In some respects,
this resembled the growth of C. albicans, differing, as
described above by their more robust nature and more
regular outline. These strands were consistently %P
across, compared with O.?-l.%p for the comparable structure
in C. albicans. Fhagocytosis was very conspicuous (Plate |
XVII, Figure 35) and a large number of cells, both ?
|
blastospores and elongate buds had apparently been digested,
In these cells, only the empty cell wall remained, which
was colourless and in some cases ireegular in outline.
Pseudomycelium was generally less deeply staining than thatl
of G. albicans. The majority were unbranched, but a |
number of them bore a single oval blastospore at the |
junction between 2 pseudomycelial cells. This varied in
width from 2‘5'3'%P’ and showed varying degrees of increase
in length., Blastospore production was very much reduced,
and most of the oval or rounded deeply staining cells were

those presumably introduced with the inoculum. A large |

number of polymorphs and other phagocytes were present, '
although /
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although not necessarily in association with the yeast
cells. There was again a tendency to form "clumped" |
colonies, which consisted of interwoven strands,

unchanged blastospores, digested cells, phagocytes, and pus
cells.

The aspect of the yeast at this stage was less
characteristic than that of C. albicans. The pseudomycel-
:ial cells, for example were not unduly long, nor did they
differ from pseudomycelial growth which appears in vitro.
Although blastospore production was reduced, it was not
entirely absent, and the appearance was not almost
exclusively mycelial as it tended to be with C. albicans.
8 hours : Polymorphs weree&hndant, and many of the yeast
cells were undergoing phagocytosis. The pseudomycelial
strands were never longer than lO?p and a large number of
blastospores still remained, many of them apparently
arrested at the stage where the primary bud was 6—15p in
length. There appeared to have been a general check on
the growth of the yeast, and there was little difference
in the appearance when compared with the observations
made at l hours. As with C. albicans, the yeast often
occurred in extensive plaques which consisted of yeast ‘
cells, phagocytes and pus cells, The individual threads,

however, were noticeably shorter than those occurring in

Ce/
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C. albicans, and normally measured from lO-B%p in length,
although, as mentioned above, this may exceptionally extend
to a length of 109p. These strands were rarely composed
of more than 3 cells. Branching and blastospore product- |
:ion was still observed, but the majority of cells showed
the arrested development described above. Many of the
cells were apparently moribund, being unstained and I
irregular in outline,

12 hours : The general aspect had changed very little.
Sections stained by the Periodic Acid-Shiff reaction showed |
the presence of blastospores and short pseudomycelial
strands up to 6?p in length (Plate XVIII, Figure 37).
Material stained with the May-Grunwald stain showed the
presence of a large number of phagocytes, and with this
stain, the yeast cells were weakly staining. In the

centre of some of the more extensive colonies, the strands
occasionally attained a length in excess of 109p, these '
threads being narrow (1‘1'%P)’ and consisting of up to L

or 5 cells (Plate XVII, Figure 36). Numerous blastospores |
were present in various stages of disintegration.. The |
ability to form pseudomycelium was clearly much less than

C. albicans, where after the same lapse of time, growth

was almost exclusively mycelial, In the material of

C. tropicalis, long pseudomycelial strands were rarely

observed /
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observed outwith one of the colonies.

Examination of the 12 hour material revealed little
that had not already been noted after l hours. Differences
from the earlier stage were seen primarily in the productioh
of pus, and an increase in the number of phagocytosed cellsr
It would therefore appear that growth of the yeast cells
occurs during the first L hours, after which there is an
almost complete cessation of any further growth or
differentiation.

Observations made on material obtained after 2,

L8, and 72 hours failed to reveal any further elaboration
of the yeast pseudomycelia, and any changes noted
concerned the increasing production of pus. Single
blastospores were observed in the connective tissue until
the conclusion of the experiment, a period of 9 days.

Malt agar slants inoculated with swabs made from
the floor of the bubble showed development of yeast cells
up to and including 5 days. Post mortems failed to

reveal any gross pathological changes, although the kidneyﬁ
of an animal sacrificed after 9 days were pale, and had |
white diffuse lesions. No yeast cells were recovered.

No yeast cells were recovered from the faeces, urine, or

heart blood after 5 days, nor were they recovered at any

time before that, from those sources.
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3. Torulopsis glabrata : isolate I 7358

be /

The cells remained blastosporic throughout the duration of
the experiment, There was a slight increase in the
proportion of cells producing buds, and counts made at 1
and 2 hours showed an increase from 23-41% of the total
number examined. A corresponding increase in the number
of bud-forming cells in the suspension originally used

for the inoculum raised the total from 8-25%. Phagocytosig
was again seen after 1 hour, and this increased with
increasing pus formation. Polymorphs were present after

i hours, and abundant at 8 hours. At 12 hours most of

the blastospores which were visible were contained within
phagocytes : a single phagocyte occasionally contained

as many as 20 blastospores. These intracellular yeast |
cells were well-stained and few of them showed any signs

of digestion (Plate XVIII, Figure 38). Budding was

rarely observed, and the cells were almost exclusively
entire. The number of blastospores occurring outwith a
phagocyte was very small, When examined after 7 days,
blastospores were rarely observed, Swab cultures made
from the floor of the bubble after this time were positive,
and a malt agar slant inoculated with a swab from the
bladder also gave rise to yeast colonies. Blood and lung
cultures made at this time did not give rise to yeast

colonies,
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;. Saccharomyces fragilis : isolate H 7981

After 1 hour, the blastospores showed a considerable degree
of budding and elongation (Plate XIX, Figures 39, LO),
when compared with the inoculum suspénsion. 23% of the
cells had formed buds, and occasionally (Plate XX, Figure
L1) long pseudomycelial strands up to 50u in length were
produced, consisting of up to 3 cells. In one case s

single lateral blastospore was seen. The breadth of the

pseudomycelium varied from 0.7—1.%p. A certain amount of
blastospore elongation or pseudomycelial formation did |
|
occur in the yeast cells retained in the inoculum suspension,
|

but not to the same extent as that which took place in vivo.

This early formation of elongated cells was quickly checked,

and later observations failed to show any further develcp=-
:ment. At 2L hours, no pseudomycelial strands could be
seen, and the number of yeast cells present was very small,
Polymorphs again made their appearance gradually, the
number of yeast cells undergoing digestion increased, and
pus was formed. Single blastospores could still be seen
after L8 hours.,

This organism is not normally considered pathogenic,
but one animal died after L8 hours. Discrete white
lesions 1-2 mm across were cbserved on the liver, but it

was considered unlikely that this was the result of

inoculation /
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inoculation of the animal with the yeast. No organism
was obtained from the lesions, or from swabs from any of
the organs examined, viz. heart, lungs, kidney, bladder,
or spleen,

5. Saccharomyces carlsbergensis : isolate Y379  (Plate XX,

Figure L2)
Unlike any of the other species tested, there appeared to
be a delay in the increase in budding of the original
blastospores when introduced into the air bubble. After
li hours more than 50% of the free cells had formed buds,
but the majority of blastospores were contained within
phagocytes and were apparently undergoing digestion,
Pus formation accompanied the phagocytosis, and by 12
hours no blastospores could be seen, although the swab
culture made from the floor of the bubble was positive.

6. Candida tropicalis : disolate J 3495 (Plate XXI, Figure L43) |

7. Candida tropicalis : isolate I 5599 (Plate XXI, Figure Ll)

8. Candida tropicalis : disolate I 6133 (Plate XXII, Figures L6,

L7; Plate XXI, Figure L45; Plate XXIII,
Figure 48)
These 3 isolates all underwent the same morphological
changes and induced the same host response as seen in the
case of the CHR strain described above : the number of
blastospores producing pseudomycelial growth after 1 or
2 hourse was much higher than occurred in the CHR strain.

Isolate /
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Isolate J 3495, for example, showed cell elongation in

13% of the cells examined after 1 hour, but this had

risen by the end of the second hour to 90%. Nevertheless,
the sequence of development of the pseudomycelium, its
check after L hours, and the manifestations of hest
response were identical to those described above for

the CHR strain.
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Discussion

Two methods were used in the examination of yeast cells,

and it is considered that the more significant results were obtained

' from subcutaneous inoculation. The tissue culture method was

discarded in favour of the air bubble technique for a number of

| reasons, amongst which the following may be considered : the

isolation of monocytes was laborious and their maintenance

difficult, Reproducible results were more readily obtained by the
air bubble technique, which also provided a more natural environment,
Phagocytosis was examined in relation to a single type of phagocyte,
and the possible effect of other white blood cells on the morphology

of yeast cells could not be examined. Finally, the risk of

' contamination is considerably reduced in the air bubble technique,

and observation by preliminary drying and staining of the tissue
was more convenient than the examination of living material.
Nevertheless, tissue culture affords a means of making direct
observations of living processes, and it is considered that the

results obtained are of importance in gaining an understanding of

. the behaviour of yeast cells in vivo.

Of the species examined, only C. albicans and C.

tropicalis showed any significant growth in vivo. C, albicans in

particular underwent a rapid and fundamental change of morphology,

blastospore development being entirely suppressed, and filamentation|
|

enhanced, /



| enhanced.  The appearance of the yeast after L hours was essentidly
mycelial, and after 12 hours almost exclusively so. There was a
rapid growth of the pseudohyphae up to and including L hours, but |
this became less obvious in later stages. Growth up to 12 hours
was by extension only, and branching was exceptional : verticill-
:ation, however, was observed for the first time although this only
occurred in the "plagues" (pus infiltrated colonies). It appeared
that the reduction of cell length and formation of compact verticil-
:late branches was connected with the immediate presence of

| polymorphonuclear leukocytes. This was particularly obvious after
2l; hours. Blyth (132) has described the appearance and develop-
:ment of pseudomycelium by C. albicans in the kidney of the mouse.

| He noted the presence of basic pseudomycelium which occurred at the
surface membrane, and was essentially mycelial in nature. Follow- |
ring penetration, the growth became "transitional'" where cell
division was increased at the expense of cell elongation, with
consequent prodﬁction of strong verticillation. Later stages

were characterised by the ultimate reversion to blastospore prod-
:uction. It seems possible that the pseudomycelium developed in
the first k4 hours in C. albicans corresponds morphologically to

the "basic" pseudomycelium occurring in the surface membranes.

The apparent inhibition of cell elongation and increase in
verticillation noted after 2l hours may be identified with the

. "transitional" pseudomycelium. The third stage, i.e. the reversion

to /
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to blastospore production was not noted in the present work. The
apparent association between polymorphs and the production of
verticils would seem to confirm Blyth's observations. Although a
tentative comparison is made between the results obtained by Blyth
and by the present writer, it must be pointed out that ﬁhe environ-
:ment of the air bubble differs considerably from that of the
kidneys The growth of C. albicans in the present experiments was
' in a subcutanebus cavity, where a comparison could perhaps be drawn:
| with the peritoneal cavity. It may seem neither reasonable nor
justifiable to compare morphological changes occurring in this
. exceptional and artifical environment with growth inside the
| kidney. Nevertheless, the similarity between the developmental
| morphology in the two sites is striking, and a close agreement is
apparent in the early stages of growth.

Hill and Gebhardt (113) have figured the change in

| morphology of C. albicans in vivo, and consider that the change in

é morphology is related to the pathogenic nature of the yeast. It
. is pointed out that the production of a pseudomycelium might hinder
. ingestion by phagocytes. They reported that of 6 species of

- Candida studied, only C. albicans and C. stellatoidea (Jones et

| Martin) Langeron et Guerra underwent morphological changes when

inoculated into the mouse. None of the other species showed any

alteration and remained in the form of blastospores : amongst these

species was C. tropicalis. From the results reported and figured

above, /
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' above, it is clear that C. tropicalis does undergo certain
morphological changes although these are not so well marked or so
persistent as those observed in C. albicans. The tendency is also
towards filamentation, and the increase in length of the pseudomycel-
:ial cells is very rapid up to the fourth hour. The possibility
that the CHR strain of C. tropicalis differed in this respect from
any other members of the same species was discounted when it was
shown that other isolates produced identical morphological trans=-
:formations. It is of interest to note that of the L strains of
C. tropicalis examined by this technique, the CHR strain showed
least development of pseudomycelium, when assessed by the percent-
sage of blastospores which had formed elongated pseudomycelial
cells. After 2 hours, 53% of the cells of CHR examined had
produced pseudomycelium or pseudomycelial initials, This
contrasted with the figure of 90% obtained for isolate I 3495 after |
a similar time. In all of the isolates of C. tropicalis cell |
elongation was checked after L-8 hours, and in no cases was further
' growth or elaboration noted.

Cbservations made on the remaining species of yeast

(Torulopsis glabrata, Saccharomyces fragilis, S. carlsbergensis)

suggested that although none of these formed pseudomycelium, there
was nevertheless an initial stimulation of budding following

introduction to the bubble. A This was reflected by a count of the
number of budding cells when compared with the cells suspended in

the /
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the saline solution. This budding, however, did not bring about
any build up of the number of cells contained within the bubble,

and after L-8 hours, many of the cells were undergoing digestion.

T. glabrata was rather exceptional amongst all the species examined
in the localisation of blastospores within phagocytes after 12 hours.
The majority of blastospores were intracellular and apparently
viable when judged by their staining reaction. The presence of

the cells of this species within macrophages has been recorded by
Lopez-Fernandez (92).

The air bubble technique has certain advantages in
studying early stages of development of yeast cells in vivo. Its
ease of manipulation, and the rapidity with which results can be
obtained are important practical considerations, and it is clear
that the method can be of considerable value in examining early
stages of infection.

In a recent paper by Young (119), dealing with the
invasion and persistence of C. albicans injected into mice, the
early stages of development from the blastospore are briefly
described, The percentage of cells showing production of "germ
. tubes" obtained in the present work was almost identical to that
reported by Young. He reports the phagocytosis of cells by
monocytes, the absence of polymorphs and an increase of the number
of cells forming pseudomycelial growth after 2 hours. These

observations were also made by the present writer, and by means of

a/
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| a different sampling and inoculation procedure. Young's observations
were made following intra-peritoneal inoculation and the yeast cells|
were reisolated by removal with sterile swabs. It is known that
the introduction of cells of C. albicans by the intraperitoneal route
leads to the production of more pathological changes than by
subcutaneous inoculation. Nevertheless, on the basis that the
. obsérvations were concerned primarily with the morphology of the
yeasts rather than the pathology of the host, it was concluded
- that the method and observations recorded in the present work have
afforded a valid evaluation of the morphological changes occurring
in vivo. Young's description of the early stages of growth of
C. albicans (119) in the peritoneal cavity suggest that the initial
changes in morphology are similar to those recorded above in the
subcutaneous cavity. Growth of C. tropicalis under the conditions
of the experiment described above has not been reported before.
The pseudomycelial development in the first few hours following
inoculélion is marked, and this observation is at variance with
the findings of Hill and Gebhardt (113). The failure of these ’
authors to observe pseudomycelial production of this species may '
| have been caused by the employment of a non-pathogenic strain of
the fungus, a non-susceptible strain of mouse, or perhaps the
utilisation of an insufficient density of inoculum.

The emphasis of the present work was primarily on the
morphology of the yeasts studied, and any pathological changes

oceurring /
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occurring in the host animal were regarded as of secondary importance.

| Observations were seldom extended beyond 10 days and this was

considered inadequate for the establishment or demonstration of any |

| pathological symptoms. Gut of 117 animals inoculated, 99 (8L.&%)

| were sacrificed within the L8 hours following inoculation. In

the remaining 18 animals which were maintained for a longer period, |

two deaths were recorded, but there was no evidence in either case

that the yeast under test was responsible. COne of the mortalities |

dccurred after 9 days in the series inoculated with E. albicans,

' The other death occurred in the series inoculated with S. fragilis |

and took place after L8 hours. It is considered unlikely that i
the yeast was directly involved in bringing about this death, as
it was not found possible to demonstrate the presence of a yeast
in any of the organs examined. Farticularly significant in this
respect was the failure to isolate a yeast from the lesions on the I
liver.

The increase in bud production noted in the non-mycelial

yeasts (Torulopsis glabrata, Saccharomyces fragilis, and, to a lesser |
|

extent S. carlsbergensis) is not considered to be a valid criterion, |

since a similar increase in budding is also observed when the cells
are transferred from the yeast suspension to a suitable culture
medium. Fseudomycelial development of some species may also occur
in vitro, but not with the rapidity or the abundance seen in vivo.
The marked elongationoof both C. albicans and C. tropicalis within

the /
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the animal body is considered to be significant in relation to the
i morphological studies, and can possibly be fegarded as a specific
! adaptation to growth in vivo
The experiments described above were intended to provide
a clearer understanding of the early development of yeast cells in
the animal body. The studies have shown that the early stages are
apparently marked by a stimulation of growth, which is evidenced in

! both C. albicans and C. tropicalis by conspicuous and rapid elong-

| :ation of pseudomycelial cells. Observations were confined to '

. the early stages of growth immediately following inoculation and
revealed a significant mofphological alteration in both of these
species when compared with the non-mycelial forms. A significant
difference in the degree of development of each of the two species
was also demonstrated. It is possible that this may be a
morphological expression of a fundamental difference in pathogenicit?.

The exceptionally rapid production of mycelial develop-
:ment might eventually find application in the establishment of a
routine clinical identification of C. albicans : it is suggested
that the early growth in vivo is no less characteristic than the

| combination of morphological or physiological characters described
for this species. An accurate assessment of these transformations

however, was considered to be outside the scope of the present worke.
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Summary of Part I and Part II

dLa An introduction to the subject of medical mycology is

given with a brief indication of its scope and the organisms

concerned. The nature of the Experimental Mycoses Unit is

2 The first part of the work is a survey of the fungi occur-
:ring in a variety of human sources, with especial reference to the |
yeasts. 1,00, samples were examined from urine, sputum, throat,
high vaginal, wound, stool and other scurces. 289 fungi (28.8%)
were obtained; 248 (86%) of the isolates were yeasts.

3. Candida albicans was the most common species and was

isolated on 1hl occasions (56% of the total mumber of yeasts). |

Other species were Torulopsis glabrata (31); Rhodotorula mucilaginoéa
|
i

' Saccharomyces cerevisiae (L); Candida zeylanoides (L); Cryptococcus

albidus (L); Saccharomyces fragilis (3); Candida krusei (3);

Hansenula anomola (2)3; Pichia membranaefaciens (2); Saccharomyces

carlsbergensis (1); Trichosporon cutaneum (1); Candida robusta (1);

i |
Candida guilliermondii (1); Torulopsis famata (1); Torulopsis I

| candida (1); Cryptococcus laurentii (1); Cryptococcus diffluens (1)

L. Torulopsis glabrata is shown to be a significant member
of the flora of the sources examined,

5e A description of 11 isclates which were atypical is given :

with /
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|
|
| with a discussion on their taxonomic affinities.

6. Rhodotorula mucilaginosa was obtained from decaying

|
|vegetation; Candida guilliermondii was isolated from soil.

Te A description is given of a strain of Candida tropicalis

which was responsible for a fatal septicaemia,

8. An evaluation of the methods used in the survey is
provided,
9 Tissue culture techniques were used to demonstrate

phagocytosis of Candida albicans and Candida tropicalis.

10. In vivo experiments showed that Candida albicans rapidly

| forms pseudomycelium. After 12 hours wverticillate branching occurs,

| An association between branching and the presence of polymorpho-

snuclear leukocytes is indicated. Candida tropicalis also forms

pseudomycelium in vivo, but a check is evident after ly hours.,

Pseudomycelial strands are branched and production of blastospores

is not entirely supnressed.

Il Blastospores of Torulopsis glabrata were predominantly

| intracellular within host phagocytes after 12 hours.

12, Abortive pseudomycelium is demonstrated in Saccharomyces

|
|
‘ fragilis.
|



2e

3

- 150 =~

Bibliography :

Emmons, C.W. Medical Mycology. Trane., Brit.mycol.
Soc. 30 : 40-49., 1948,

Salvin, S.B. Public Fezlth Aspects of Fungus Inf-
sections. Ann,N.Y,Acad.Sci. 50 : 1217-1228, 1950.

Ajello, L. Soil as the Natural Reservoir for Human
Pathogenic Fungi. Pp.l1l3-17 Therapy of Fungus
Diseases, Ed., Sternberg, T.H., and Newcomer,V.D.,
Little, Brown & Co. Boston, 1955,

Conant, N.F., Smith, D.T., Baker, R.D.,, Callaway, J.L.,
and Martin, D.S. Manual of Clinical Mycologﬁ.
2nd Edition., Saunders, Philadelphia, 1954,

Ainsworth, G.C, List of Fungi Recorded as Patho-
sgenic for Man and Higher Animals in Britain,
Trans.Brit.mycol,Soc. 32 : 318-336. 1950.

Lewis, G.li., Hopper, lMary B., Wilson, J.W., and
Plunkett, O.A, An Introduction to Medical
Mycology. 4th Edition, The Year Book Publishers
Inc. Chicago., 19958,

Med,Research Council (Brit) Mem. No.23. Nomenclature

of/



- 1581 -

of Fungi Pathogenic to Man and Animals, Names
recommended for use in Great Britain., Revised
Rdition, 1958,  H.M.S.0. TLondon, 1958.

8, Kligman, A.lL A Basidiomycete probably causing
onychomycosis. J.invest.Derm. 14 : 69-70.1950.

.9. Emmons, C.W. Medical Mycology. Bot.Rev. 6 ;: 474-
514.1940.

' 10, Kligman, A.M., and Delamater, E.D. The Immunology

of the Human Mycoses., Ann,Rev.Microbiol. 4

283-312., 1950

11,Benedek, T, Critical Survey of the Mycological
Literature of the Years 1939 to 1942,
Mycopath,Mycol,Appl., 5 : 14-64, 1950.

12, Reiss, ¥, Medical lycology. Dermatologica, Basel.

107 ¢ 135-160. 1953,
Abstract in Rev.Med.Vet Mycol, 2 : 90(439) 1954,

ilS. Nickerson, W.J. Medical Mycology. Ann,Rev,Microbiol,
7 ¢ 245-272, 1953,

14, Ajello, I. Recent Advances in Medical Mycology.
Bull.nat.Ass.clin,Lab., 7 : 11-16., 1955, i
Abstract in Rev.med.vet.Mycol. 2 : 442 (1980) 1957,

15, Dodge, C.W. Medical Mycology. Henry Kingston,
London, 1936,

16, Swartz, J.H, Elements of Medical Nycology.

Grune and Stratton, New York., 1949,
'17. Vanbreuseghem, R. Mycoses of Man and Animals,

EnaLi.s‘v-, Cranslation E'_‘;‘ T wilkinson
Pitman & Sons Ltd. London, 1958,

18/



- 1562 =

18. Nickerson W.J. Biology of Pathogenic Fungi.

Chronica Botanica Co. Waltham Mass. 1947,
Edited by F.Rewss

19, WMedieal Mycology. A Ann,N.Y.Acad.Sci., 50 : 1209-
1404. 1950.

20. Stefnberg, T.H., and Newcomer V.D. Therapy of
Fungus Diseases. J.&A,Churchill Ltd. London.j
1955,

21, Ainsworth, G;C. Medical NMycology. An intro-
duction to its problems., Pitman & Sons Ltd.
London, 1952. !

22, Review of Medical and Veterinary lycology. Editedl
by Hopkins, J.C.F., Commonwealth Mycological
Institute, Kew., Published guarterly.

23. Kurung, J.1 The Isolation and Identification of
Pathogenic Fungi from Sputum,

Amer,Rev,Tuberc, 46 : 365-391, 1942,

24, Pearson, T. The Identification of Yeast-like
Organisms from the Vagina. Bull, Inst.med.
Lab.Technol, 15 : 104-106. 1950.

25, Mescon, H,, Eiman, J.W., and Kligman, A.M,

Fungi in Human Neoplastic Tissue.
Cancer Res. 13 : 318-320. 1953,
26, Mehnhert, Brigitte. Uber das Vorkommen und die

Biologische Bedentung von Hefen in Kot von |

Menschen und Tieren. Zbl,Bakt, 2 :110.50-81,
1957,



- 153 -

'2?. sturde, H.C. Sprosspilze und N#gelver#nderungen,
1. Systematische Untersuchungen bei N8gelinfek-
:tionen durch Hefen und hefe#hnlichen Organismeﬁ.
Arch.klin,exp.Derm, 203 : 266-269, 1956,
Abstract in Rev.medvet,Mycol., 2:421 (1895) 1956,

28, Bartels, H.A., and Buchbinder, IL Yeastlike
microorganisms isolated from root canals.
Oral Surg. 7 : 98-102. 1954,

59. Brygoo, B.R.  Ttude de 66 Souches de Candida
Isolées 3 Saigon de préldvements pharyngiens.
Ann, Inst,Pasteur., 83 : 818-820, 1952,

30. Beck, ¥,, and IL8hlein, W. Yber das Vorkommen von

| Hefen in Urinsedimenten Penicillinbehandelter
Kranker., Z.Haut- u, GeschlKrankh., 13 : 54-58,
1952. Abstract in Rev.med.vet.lMycol 2 s 73

(358) 1953,

|31, G8tz, H. Ein Beitrag zur Pilzflora klinisch gesunder
Heut. Derm.Wschr., 119 : 659-664, 1949,

a Abstract in Rev.med.vet.lMycol., 1 : 329 (1450) 1949,

32, Janke, R.G. TIsolierung von Sprosspilzen und hefefhn-
:lichen Pilzen aus dem Blut. Z,Haut- u.Geschlechtskr.,
15 : 320-322., 1953, Abstract in Rev,.med,vet.
Mycol. 2 s 91 (448). 1954, _

33. Lilienthal,B., and Goldsworthy, N.E, Studies on the

Flora of the Mouth, 1. Yeast-like Organisms :

some/



34,

39,

36,

37.

38,

39,

- 154 -~

some Morphological and Physiological characters.

ITI. Yeast-like Qrganisms : Serological Proper- |

sties. Aust.J.exp.Biol.med,Sci., 28 : 261-285.
1950,

Brygoo, B.R. Quarante souches de Candida :
isolées 3 Saigon de l'expectoration du tubercul%
seux, Ann,Inst,Pasteur., 81 : 676-680, 1951,

Armstrong, Elizabeth C., and Hall, J.A, The
Incidence of Candida Species in Routine Specim-
sens of Sputum, Mon.Bull,Ministr.Hlth,Lab.Serv.,

5 s 220-224, 1956,

Helms, P, The Occurrence of Candida albicans in

sputum in Denmark. J.clin,Path., 9 : 372-373,
19566, .
Helms, P. Pulmonal lMoniliasis, HByppigheden af

Cendida albicans i expectorater, Ugeskr.Laeg.,:

118 : 379-482, 1956, Abstract in Rev.med,vet,
Mycol, 2 : 540 (2387). 1957.

Dietrichson, B, ftude d'une collection norvégienne
de levures. (2% partie). Ann, Parasitol.hum,
comp,, 29 : 271-288, 460-498, 1954,

Lodder, J, and Kreger-Van Rij, N.J.W, The Yeasts.
A Taxonomic Study. North Holland Publishing

Company. Amsterdam, 19952,

40./



- 155 =

40, Buell, C.B., and Weston, W.H. Application of the
Mineral 0il Conservation Method to Maintaining
Collections of Fungous Cultures.

Amer,J.Bot., 34 : 555-561. 1947,

41, Mertin, D:Ssyudones; :CiPiy Yao,; KiFi, candafee; iT.H
A Practical Classification of the lMonilias.
J.Bact., 34 : 99-129, 1937,

i 42, Wickerham, L.J. A Simple Technique for the

Detection of Melibiose Fermenting Yeasts.

J.Bact., 46 : 501-505. 1943.

| 43, Wickerham, L.J., and Burton, K.A. Carbon Assimilat-

tion Tests for the Classification of Yeasts.

J.Bact. 56 : 363-371. 1948,

| 44, Schaeffer, Alice B., and Fulton, M., A Simplified

Method of Staining Endospores.

Seis 27.0: 194, 1933¢

. 45, Artagaveytia-Allende, R.C., and Carcia-Zarron, N.
Levaduras aislandos de diverso materiales dei
origen humano y animal. Ciencia,M&8jico 16
s 212-214, 1957, Abstract in Biol.,Abs. 32 :
2165, 1958,

46, Taylor, H., and Rundle, J.A. Acute Moniliasis of

the Urinary Tract., Lancet 262 : 1236, 1952,

4./



T 156 =

47, Engelhard, C.F. Candida albicans Infection in a
Child. J.Pediat. 32 : 404-409. 1948,

48, Catanei, A. fitude des caractires morphologiques eﬁ
biologiques des champignons levuriformes isolés;
chez 1'Homme en Algérie. Arch.Inst,Pasteur
Algér,, 23 : 45-49, 1945, Abstract in Rev.med.
vet.Mycol., I : 95 (538). 1945,

49, ofttolenghi, R. The Mycotic Flora of the QOral
Cavity in Normel and Pathological Conditions.
Dent.Items 66 : 134-138, 1944, Abstract in
Rev.med.vet.Mycol. 1 : 34 (229). 1944, !

50. Greer, A.E., and Gemoets, H.N. The Coexistence |
of Pathogenic Fungi in Certain Chronic Pulmonary
Diseases : with especial Reference to Pulmonary'
Tuberculosis (a Prelimary Report). Dis.Chest
9 : 212-240. 1943. Abstract in Rev.med,vet,
Mycol. 1 : 15, 1943,

51. Dietrichson, B, Rtude d'une collection norvégienne
de levures isolées d'expectorations de malades
atteints d'asthme ou de bronchitis (suite et fin).
Ann,Parasitol,hum.comp, 25 : 200-220. 1950,

52, Negroni, P., and Daglio, C.A.N, Sobre la flora
micolégica de los esputos y su interpretacién.
Prensa med.argent., 35 : 1450-1456, 1948,

Abstract in Rev.med.vet.Mycol.l : 264 (1203) 1948.

53/



93,

54,

b5,

56.

58,

59.

- 157 -

Orie, N.G.M, Quoted in Lodder, J. and Kreger-Van
Rij, F.J.VW. The Yeasts., A Taxonomic Study. p, 409,
T¥orth Holland Publishing Company., Amsterdam. 1952,
Reirsdl, S. An Investigation of the Occurrence of
Fungi in 250 Laryngeazal Swabs from Tuberculous
Petients, Acta.path.microbiol.scand. 32 : 500-
507. 1953. Abstract in Rev.med.vet.Mycol., 2 :
112 (548) 1954,
Windiseh, S., and Staib, F. Vorkommen von Hefen
- im Darmtrakt Kranker, Zbl.Bakt, 164 : 493-507. 1955,
Felsenfeld, 0., Yeast-like Fungi in the Intestinal
Tract of Chronically Institutionalized Patients.
Amer,J.med,Sei. 207 : 60-63. 1944,
Colonmello, F. Il significato biologico e patolo-
 gico di alcuni miceti lievitiformi nell'ambiente
intestinale dell' Uomo. Riv.Clin.pediatr., 41 :

472-488, 1943, Abstract in Rev.med.vet,Mycol.,

1 : 325 (1431) 1949.

Black, R.A., and Fisher, C.V.- Cryptococcic
Bronchopneumonia,. Amer.J.Dis,Child,, 54
81-88, 1937,

Solari, M.A., and De Fernandez, Maria, N.G.
Investigacidn de Candida a2lbicans en materia

fecal. Rev.Asoc.argent.Dietol., 6 : 218-220,

1948, Abstract in Rev,med.vellfycol.l : 397 (1715)
1950.

60./



60.

61,

62.

63.

64,

65.

66,

67,4

-Jones, G.,E

- 158 -

Reyes, A.C. The Occurrence of Candids albicans
in Normal Stools. Acta.med.philipp. 12 : 65-68, 1955,
Ochoa, A.G., and De Los Angeles, I Levaduras en
podecimientos intestinales no tratados con
antibioticos. Rev,Inst.Salubr,.Enferm, trop.,
Méx., 16 s 15-19. 1956,
Negroni, P, Tungi of the Human Bile, Pp. 117-118,
Therapy of Fungus Diseases., Ed, Sternberg, T.H.),
and Newcomer, V.D., Little, Brown & Co. Boston. 1955,
Verona., Quoted in Lodder,J. and Kreger-Van Rij,
N.J.W. The Yeasts., A Taxonomic Study. P.184, |
North Holland Publishing Company. Amsterdam, 1952,
Anderson, H.W,. Yeast-like Fungi of the Human
Intestinal Tract. Joinfect ., Dis., 21 s 341=385. 1917,
Parle, J.N. Yeasts isolated from the Mammallian
Alimentary Tract. J.gen,Microbiol., 17 : 363-367., 1957,
Vaccaro, H., and Ferrada Urzua, L. Estudio
micol6gico deb550 secreciones vaginales de mujeres
no embarazadas. An,Fac.Med.lontevideo 37 : 147-150,
1952, Abstract in Rev,med.vet,lycol., 2 : 21
(106). 1953.
L.5., Wood, J.L., Bishov, D.W., and Donoho, R.S.
Vaginael Fungi and their Relation to Sperm

Survival, Amer,J.Qbstet.Gynec., 70 : 1271-1276, 1955,

68./



- 159 =~

68, Bittencourt, J., and Camara, A. Micose vaginal.

Rev.Gynec.0Obstet.,Rio de J., 50 : 167-196, 1956,

69, Aragon, G.T., and Halde, Carlyn. Incidence of

Candida albicans in the Lower Tract of Pregnant

Filipino Women. Acta.,med,philipp, 11 : 677-685, 1954,
70. Halde, Carlyn, and Aragon, G.T. The Incidence og

Yeast-like Organisms in the Lower Genital Tract

of Pregnant Filipino Women, Amer.J.Obstet.Gynec;,

72 : 363-366. 1956,

71, Artagaveytia-Allende, R.C, Contribucion al estudio

de Torulopsis glabrata. An,Fac.Med,Montevideo

37 :« 467-469, 1952,

72. Di Menna, Margaret E., A Quantitative Study of
Air-borne Fungus Spores in Dunedin, New Zealand.
Trans.,Brit.mycol.Soc., 38 : 119-129., 1955,

73. Connell, G.H., and Skinner, C.E. The External
surface of the Human Body as a Habitat for Non- |
fermenting Nonpigmented Yeasts.

J.Bact., 66 : 627-633. 1953,

74, Honorato, A. Interpretacion del hallazgo de
hongos levuriformes (lMonilias) en la expectoracfon.
Rev,méd.Valparaiso 1 : 104-107. 1948,

Abstract in Rev.med,vet.lycol., 2 3 460 (1941) 1951,
75. / |



- 160 =

75. Ying, S.H. Yeast-like Fungi in Sputa of Tubercul-
sous Patients, J.trop.Med.(Hyg.) 39 : 4-9. 1936.

76, Serrano, M. Ueber die Systematik von 18 aus
verschiedenen Krankheitsprozessen der menschlichen
Haut gewonnenen Sprosspilzen. Z.,Parasitenk,, 123
1-35, 1940. Abstract in Rev.med.vet.lycol. 1 :
17 (162). 1943,

77. Ochoa, A.G., and Sandoval, M. de Los A. Estudios
sobre cimco especies del genéro Candids Berkhout
1923, causantes de lesiones humanas. Rev,Inst.
Salubr.Enferm, trop., Méx.s, 4 s 149-161, 1943,
Abstract in Rev.med.vet.lycol. 1 : 18 (176) 1943,

78, Heymer, T., and Doepfmer, R. Uber die Pilzflora

der Mundh8hle, Arch.klin,exp.Derm., 204 : 374-|

383. 1957, Abstract in Rev.med,vet.Mycol. 2

539, 1987,

. 79. Saito, K. Untersuchungen ttber die atmosph&rischen;
Pilzkeime, Jap.J.Bot., 1 s 1-54, 1922,

80. Robin, C. Histoire naturelle des végétaux parasites
qui croisent sur l'homme et sur les animaux
vivants, Baillidre. Paris, 1853,

| 81, Negroni, P., and Fisher, I. Contribucion al
conocimiento de la flora micologica (microfitos)
del delta del parona. Rev.Inst.bact,, Malbrén
LO e 354, 1941,

82,/



I - 16l -

82, Di Menna, Margeret, E, A Search for Pathogenic
Species of Yeasts in New Zealand Soils.
J.gen Microbiol 12 : 54-62. 1955,

83. Ajello, L. Soil as Natural Reservoir for Human
Pathogenic FPungi. Science 123 : 876-879, l956.|

| 84, Uden, N.van, MatosTfaia, M.de, and Assis-Lopes, L. |

Isolation of Candida albicans from vegetable

Sources., J.gen.Microbiol., 15 : 151-153, 1956.i
85, Di lMenna, Margaret, E. Candida albicans from

Grass Leaves. TNature, London. 181 : 1287-1289. 1958,
| 86, Benham, Rhoda W. Cryptococeci - Their Identific=-

| :ation by Morphology and Serology. J.infect.Dis.
| 57 : 255-274, 1935,

| 87, Lodder, J., and De Vries, N.F, Some Notes on
Torulopsis glabrata (Anderson) nov, comb,
Mycopath,Mycol.Appl., 1 : 98-103. 1938,

i88. Carol, W.L.L. Quoted In Lodder, J., and Kreger-Van
Rij, N.J.W. The Yeasts. A Taxonomic Study. P.438,

North Holland Publishing Company. Amsterdam, 195%.

|89, Phaff, H.J., Mrak, E.ll., and Williams, 0,3,

Yeasts igolated from Shrimp, Mycologia 44
431-451, 1952,

190./



- 162 =~

90. Recca, J., and NMrak, E.M quoted by Lodder, Ja., |
Slooff, W.CH., and Kreger-Van Rij. P.47. The
Chemistry and Biology of Yeasts. Edited by Cook,

| A.H, Academic Press Inc. New York, 1958,
91, Battley, E. Quoted by Lodder, J., Slooff, W.CH., |
‘ and Kreger-Van Rij. P.47. The Chemistry and
| Biology of Yeasts. Edited by Cook, A.H.
Acasdemic Press Inc. New York, 1958.

92, Lopez-Fernéhdez, J.R. Accion pat6gena experimental

de la levadura Torulopsis glabrats (Anderson 1911)
Lodder y de Vries, 1938 productors de lesiones

histopatoldgicos semejantes a las de la histoplaﬁ-

smosis. Ann.Fac.Med.Montevideo 37 : 470-483, 1955.

| Abstract in Rev.med.vet.Mycol., 2 : 102 (502) 1954,

93. Lodder, J., and De Minger, A. On Biology of
Pathogenic Torulopsidoideae., Pp 7-19 Biology of
Pathogenic Fungi, REdited by Nickerson, W.J.

i Chronica Botanica. Waltham, Mass, 1947, |

94, Wickerham, L.J. Apparent Increase in Frequency o?
Infections involving Torulopsis glabrata, |
' J.Amer,med,Ass,, 165 : 47-48, 1957,
95. Clark, D.S., Wallace, R.H., and David, J.J.
Yeasts Occurring on Apples and in Apple Cider,

Canad.J,Microbiol,, 1l : 145-149, 1954,
96,/




- 163 -

96, Ainsworth, G.C., and Austwick, P.K.C. A Survey 0?
Animal Mycoses in Britain :; lMycological Aspects.;
Trans;Brit.mvcol.Soc., 38 : 369-386, 1955,

97, Lemy, M., Aussannaire, 1i,, Jammet, IM.L., and

|
Caramanian, I Un cas de mycose sous-cutanée

2 Candide albicans. Arch.frang.Pédiat., 10 :
71=-73. 1953, Abstract in Rev.med.vet.Mycol.,
2 & 282 (I313). 19565,

98, D'Eshougnes, J.R., Zaffran, A.,, and Cohen-Adad, F,.
Blastomycose pulmonaire ¥ Candida tropicalis.
Bull,Soc.méd.HOp.Paris 67 : 1128-1135, 1951, |

99, Thj8tta, T., and Amlie, R. Three Cases of Infecf-

:ion with Monilia(Castellania)tropicalis Castellani.

Acta path.microbiol,scand., 24 : 161-168, 1947,
100. Moore, M., and Marcus, M.D. Green Nails : The

Role of Candida (Syringospora, Monilia) and

Pseudomonas aeruginosa. Arch.Derm, Syph.N.Y.,
64 ¢ 499-505, 1951.

101. Drouhet, E. The Status of Fungus Diseases in
France, ©Pp45-53 Therapy of Fungus Diseases. !
Ed. Sternberg, T.H., and Newcomer, V.D,
Little, Brown, & Co. Boston. 1955,

102. Drouhet, E. Pathology, Diagnosis, and Treatment

of Moniliasis, Irish J.med.Seci., 378 : 241-249,1957,
103,/



- 164 -

103. Castellani, A. Tropical Bronchomycosis. Obser-

.vations on a New Species of Epidermephyton

found in Tinea cruris. A New Intestinal Spirillum.
Philipp.J.Sei.B.med,Sei., 5 : 197-214, 1910,
| 104, Lodder, J. Quoted in Lodder, J., and Kireger—VanE
| Rij, N.J.W. The Yeasts. A Taxonomic Study. P.Séz.
| Yorth Holland Publishing Company, Amsterdam, 1952,
105, Wolfram, S., and Zach, F. Quoted in TLodder, J.,
and Kreger-Van Rij, N.J.W, The Yeasts. A
‘ Texonomic Study. P.377. North Holland Publishl
i +ing Company. Amsterdam., L952. |
{ 106. Ridgway, R. Colour Standards and Colour Nomencl-

sature, Published by the Author. Washington., 1912,

| 107, Conn, Nancy X, Crean, G.P., Maccabe, A.F., and |

McLean, N. Systemic Candidiasis and Endo- '

scarditis due to Candida tropicalis. (In Press)

108. Blyth, W. (Personal Communication)

‘109. Nickerson, W.J., and Mankowski, Z. A Polysacchar-

; ; =iy |
:1de Medium of Known Composition Favouring

|
‘ |

Chlamydospore Formation in Candida albicans.

‘ J.infect.DiS., gg-. s 120=-295, 1953, |

\110. Pgulatou, 1., and Marcelou, U, Milieu favorisant
|

la formation des chlamydospores de Candida |

albicans. Ann,Inst.Pasteur 91 : 410-413, 1956,

sl s B 4 I
|




‘ - 165 -

| 111, Taschdjian, C.L. Routine Identification of

| fandida albicans : Current Methods and a New

Wedium, Mycologia 49 : 332-338, 1957, ‘
' 112, Shifrine, M., Phaff, H.J., and Demain, A.L.
i Determination of Carbon Assimilation Patterns
1 of Yeasts by Replica Plating.
| J.Bact, 68 : 28-35. 1954,
113, Bill, D.W., and Gebhardt, L.P. = lMorphological |

Transformation of Candida albicang in Tissues

| - of Mice. Proc.Sec,exp.Biol.Med., N.Y., 92

| 640-644, 1956,

| 114, Selye, H. Use of "granuloma pouch" Technic ;
|
! in the Study of Antiphlogistic Corticoids. '

| .
|

Proc.,Soc, exp,Biol,Med,, N.¥Y., 82 : 328-333, 1953,

‘115. Higginbotham, R.D., Dougherty, T.F., and Jee, W.S.S.

‘ Fate of Shed Mast Cell Granules.

‘ Proc.Soc. exp.Biol,Med,,N.Y,, 92 : 256-261., 1956,

|116. Catanei, A, Sur des champignons lé&vuriformes isol&s

‘ chez l'Homme, en Algérie.
| Arch, Inst,Pasteur.Algér., 28 : 376-382. 1950.
‘117 Hollstr8m, E, An Investigation into a Yeast-like

118/

A

Abstract in Rev med.vet.lMycol, 1 : 461 (1946) 1951

Fungus Isolated from Patients Suffering from, or

Suspected of, Pulmonary Tuberculosis, Acta med,

scand,,Suppl,1l44, 1943,
Abstract in Rev.med.vet.Mycol., 1 : 51 (333) 1944,



118,

LEQ

120.

3L

129,

123,

124./

- 166 =~

rurung, J.M. The Isolation and Identification

of Pathogenic Fungi from Sputum. II.

Amer,Rev,Tuberc.,, 55 : 387-41L. 1947.
Young, A. The Process of Invasion and the

Persistence of Candids albicans injected intra-

:peritoneally into mice, J.infect.Dis., 102 :
114-120. 1958,

Salvin, S.B., Cory, J.C., and Berg, M.K.,

The Enhancement of the Virulence of Candida
albicans in mice, J.infect.Dis., 90 : 177-182.51952.
Mackinnon, J.E. Zimologia médica. lorfologia,
fisiologia, variaciones hereditarias y ambientales

, accidn pat5gena experimental, métodos de |
estudio y de identificacidn de las levaduras de!
interés médico. Imprenta 'El Siglo Illustradotg

Montevideo., 1946, Abstract. in Rev.med.vet.mycél.,
1 : 351.(1553). 1949. |
Parker, R.C. Methods of Tissue Culture.

2nd Edition, Cassell & Co. London, 1950,
Cameron, G, Tissue Culture Technique,

2nd Fdition., Academic Press Inc. Yew York. 1950




- 167 -

124, Rossy, J.D., and Syverton, J.T.
Use of Tissue Cultures in Virus Research,
Ann,Rev,Mierobiol., 1l s 459-508, 1957,

125, Benham, Rhoda. W, Certain Wonilias Parasitic on lan,

Their Identification by Morphology and by Agglut

sination, J.infect.Dis., 49 : 183-215., 1931,
126, Scherr, G.H., and Weaver, R.H. The Dimorphism

Phenomenon in Yeasts., Bact.Rev. 17 : 51-92, 1958,
127. Baker, E.E., Mrak, E.M., and Smith, C.E.

The Morphology, Taxonomy, and Distribution of

Coccidioides immitis, Rixford and Gilchrist, 1896.

Farlowia, 1 : 199-244, 1943,

128, Nickerson, W.J., and Edwards, G.A. Studies on the
Physiological Bases of Morphogenesis in Fungi,
I. The Respiratory lMetabolism of Dimorphic
Pathogenic Fungi, J.gen.Physiol., 33 : 41-55, 1949,

129, Drysdale, A. (Personal Communication)

130, Stovall, W.0., and Pessin, S.B. Classification
and Pathogenicity of Certain lMonilias.

Amer,J.clin.Path., 3 : 347-363. 1933,

A Practical Manual of lMedical and Biolog

Leonard Hill ILtd.

131, Gurr, E.
:ical Staining Techniques.

TLondon, 1953.

132, Blyth, W. Host/Parasite Relationships in Experimen

.tal Moniliasis. I. Candida albicans. (In Press)




- 168 -




208D ¢ Jesd nolialimisas nodxsd
1o moliaiimices eavidisogq nniwous

esorovs - @

A 903 Fom ¥ .

BLE]

4 B8EeIYin mWicestog To mpfdafimiang

avifizog Sﬁ.[fﬁgﬂr : BlI5D vzl

Yo aoidafimiaea
‘apedgey & €

ﬁ.#‘éﬁeiéﬂ- -a_w;’.&aaad_foq = SO

= = - _\.' .

¢ Z3MX T aislasy
DiupEl ai deemibsa muomatdmem Yo xoidsiroet

digats [ ©93%s sxird Lo

."I

w
e

&
4]

2-2 41

i

"
n
‘_E'
=




b
.l.
[o=4




B e
»
»

g e & . A
=1 _ “+ o 7 et
- 4. ‘] : B -
Joud ot wieg e oy : =k -
. Ay " = I H -
o) =
4 ] .ul.
<3 e w“ ! ;
o ot .

i S w . -
e [ 4 &
& - bt | a3 X
& M
. b L4
hd - b B o
- i E i
53 -+ L = (o o
s , _J 0 4 i ]
~ .m.. ® & ) ) = .
- 5 s
X + _. L :
'y 13 2 =g
- @ - S
H . ol - 4
- 1 ”n =
= .ﬁn 3 i
A4 p 5 - L
.,q. vy = ] .
b t A
[ = '
o =3 2[R
ki g S







| C - b P T —— - AT - F e - %
] #5533 mTay® 1o Jaapgolsveb H ﬁ.}_‘_git =1 r"b‘ir,.')fz 4 #% 3l
auod £ . oviv a i
nbh X 0-%2 R
2
4
k-5
I

PRATE IIT

-.ll
fERdLY rragt to &:’;.}ﬂ'ﬂélsﬁ:eh N y
BOE 8 Ay alsoetvoonsdd
gteet adi saso 90 £ .eoTGasodssld owd 1 :
SLdvoonatin odd mort ssxt nwon







Feladpd mraz® Zo o : & 2
ot L LO¥iv oi
Qi Qi % Y& ¥ oe-bipk piboin
.
. 1T Iv
N 3'_5"1' ’:"I B0 \? B .1.3' l- '.‘- 30 L _. o ".-T f " . - > l o -
Y B ftofdoizd AR ivods - OviT

B e i :
i tsdud proe bl

1L s |
‘e
Y Lis Vi
- o I3 T
tads TTidaB-hiaA ol

REES X




PEATE IV




J"‘;I‘_I B
L
-
o

-
by

M:-"‘ i3 F

r w =

PLATE

=7 o N A cr
¥ -’J_ 1 A ‘_T' B
-

E
&
B
)
a
5
-
L'
B

semeid Siawatrd-vay

f;éﬁ#ﬂm!&an-ic dnemaolsveh

‘&isde

Riton I af Fhe "
Bixan idlis a0 theral

-
“ —

LaTiad 2

sams 0 DiswnutDeval

=
=

st




oy RS

T

PLA




O Eslisoymobuesy 9tssmols o pussidie £BIbaaD LEI .piN

arved 8 oviv i ehaacde

oks X \ tlsde asesid blswimirrd- o

PLATE VII

I TN TE, e T rre e

=obussg lo sofaxesugas : auesidlis gsmgn,. AL 3iT

T e

EE ST S A

ewwod SI ,oviy ni abmatde Lailesvm

OLh T ffiade sl bliswmtielD S

»

e

=l

oy

=




e A._f |
3 o




s

‘ L SL

g, 2

’ 3

A s

TIIV. T A 4

"_‘t'.ss;_t_naj:r'xsv To 2otmTEcOaA 2

5 -e-:‘éi:w._l."‘- » =
. peguod BRI Quiy ol chuatia Inilsdwmabosag ni

000L X niafs samsid blawmimd<ysit

PLATE VI

by mbisellioldtev to sonstssogh 3 Buasidis ﬁm Y
lewwor 31 .oviy pi mbmszte Laifsoymobusas nf

tawol a da iud BI.siT 6l es exudesvie smas)

(omaln Isact

QoL X niads peme i) HIsWwitIsD-vail

=







no”f?’ﬁ‘ﬁhe-: gnlwode OviY Si ehm:hs fn&isam s

_.gam:ma:d‘- bas :_s_;g;_gg- oddF ’M_ -et::_gg_:,s;:.l; -m_t

»
3 &
g = "
e
= .~I|||_.‘ j'?—."
K ."'P'_",':::._'l_}‘.d_ -
"‘l o ,"1':,—a
ill.' = —-—_ "_
Y

a -brstia Iau.-.owobnm
arvod 81

*

QA2 X

.

T4 UG

HYEY mE aﬁ‘élﬁﬂw.{( s&aum:mav

aiaty ssmalf hEswTeT-val







X mZP*aad

asdpoodusl Taalsuirodgy ool ._‘_g‘g_g?gzz.:g"i; robcs

nokdoxk Lriod 49 LAneRaTy

o BeN ¥ nlsds wamoif bLswmrsd-yeir

£ ' ' g -

Sreged AR sesaads

asVI X niste pzpm i b Lswess Dewal

Iairasvhobuénfz= fEame gl w gg _EE‘HE"{ B - *EH\

I T e s T e b i s






Rl R B o
el n

~obussq . JBedonand liams ¢ wieplfls shiSus)

Ix

.eamef 88 - oviv nmi

gesr x #1536 B8e0ID. biswourd-yal

PLARE I

2 ——

orved 08 .oul¥ g2 Aasrde fafisous

ooRi X | misde sEmoid blaworsd-gen

¥

: =

o i

——

S22b= e Ry

a_ag iafﬂ'







o L _.:': 3 4
<QYiN pi sdoygicbussg BadomeTd

ol

' Sbnsviz ad¥ aelloxloas ovs sedqocantq :I\&&ﬁ
REloN 2

000I x nista zamald BlswousD-vsi

o Lallsovmebuesq Popafin B: Xppoidis s2bibasd

sityoodusl zasfonmodgromyiog susTomm eovly iy

-31h svad slilso I.al.laeomohnuq mxﬂ .maawm

' oIt la,aa od LIilfe mas ‘zbmetds wat = dud .hwé'a'!sud‘n’if

. 5 -:-:;—",-'“ ;.Q*_ ';.. .".,._'-h
WAl IR ..aw

000L X " pmisds saweid b.tam.{}-mr

antdaTyaduizid T0 edfa : ghnspidis abibhpen

tsolopaoigremyios .vimelos. Izllsaguobieasc

anizdl allss deasyY .[Inoastq nedgnodyet

+O%LY I .nisdes o283 g sidsd od wWilids
aznod A

4ty .
eyl X ‘ VLawrr D e

»S+8

b

ALY

N
o A







] o
SOy
v TITX
b b . 5 -
- i 4
8
] a o
o i
i —

| f2ifeavmotizesy o stie - M ghibngg

| saigwiohussg To esostd wAn0  .oviv mi wmoles

-._.a_':w-gd'.; s ,j“_ﬁﬂ&éi’ﬁ altdeb fiso.

s

-ﬂg_f;a:ks a@@tilsm'gsn-w

xinde m,m 6&%&:&%—\!&“

e )

brs aedyoodvel xsslovtodgremgliog : mismes

BT AES

38 g%

4|E‘ '







¥ e s ey s
e -:_’I 2 4 A=
- I‘T::_ == b E
saibbus ; (WMD) '+ sileslgoss sbibusd .oc ,mik|

_cawod I pviv o} esrozsoiasld

nlsts YXldoB-bloa olboiveg

atate semaid hlswescD-vall







), S LTS

gb:ﬂgau:fg:‘ja : (ﬂ'[!‘)) {

mmn;:x v;m :t f!ﬂm gj":-‘-'-'. U5
W"& Hﬂ!ﬁ;@m: rotin

g00f X - uiz#a samadD bI:BWﬁTE‘-‘%ﬂ







a nom: .tqsaua

Laxuod b

Qbhd X

svovslgaceoo ¢

JATURH X

Qkd X

ﬂl_' D) s

OTEIV Nl mitlisovmobiast

;ﬁinsa g id blawnrepeyar

PLATE xvI

aindE aemSLn - HLasvireD-vel

-siisﬂiquﬁﬂ 333:?3f

—

ovly ﬁjf-‘&ﬁ-fhm%uﬁﬁﬁ'.-tq ﬁoiéa_ma& S

LE







sxogsoteald 3 (HD) gféggfﬁoii ghibnad &

Jnengelavsb [sifsoymobiony Joidagnols

axtrof 2 aviv O¥ sizodvomsie

QO0L X Giads samaid bggmaLL;-qgu

PLATE XVII

su0i0 HgRR0D 3 (amo) s i 2
a) yxolos 2 ulﬂiiw iumauaJBvah Igtisaym

sazuod 21 Lxiv ol
Qbh X wigts ssmeill bHIiswmiTD-yall







IU.I i - "
e o = " Y —
: np
Lo
:
;

0og

3

=t
=
I»

Lot oy chussq : {QQﬁI

nisﬁexiaaai 1 (Hﬁ’? II :—="‘

ITTNE. B4

- sdleoiqprst sbrhasy

gruof &I +OEby ol abnstis

atada TYiCs8-Bick sibnfasT

.aame;oasmq ﬁiﬁ'ﬂi\r aaﬁ@wamw o

* - il Ul L B

aisda aEiis it Hlawaerss-val

N

= A






ﬂ;ﬂ g_)_: axaamnmﬁq agnn aemqaomm
.misma.te woNe as!ogau#asm amee

e = - 4 .‘.EE!M £

mfm miﬁswamm Tl







-

" ntate

v

I

ARt
saraid Blswaes
J s

g e

- =y =l
mo L™

g

]
a
)
"
¥
y e
-
*
:
i
}






-amol ¢ (8812 1) i 3ifasinend shidn
To mlbb.ﬂ{{' ‘ﬁﬂ‘d “-‘"@3&3&;&6 !}0 nﬂi?ﬁ
*ﬁﬁﬂ g icotvoonstin bra (Stragacisaid

Jamad  §

e N i, S
gpel X aisda TridoL-bIsA 2ibuiTe”







b | 20 mozseaTot
o sruod S

aoal X

'3 ~osesld ew ¢

grood 8 ,

% “” ‘3 + zikeclopsd shlhoes
‘ Loviw nl muilssymofisag

nigds samelfl biswnuzd-ysi

ge2 1)

-

mﬁﬂ mm amomq: a mied bw mgga*:

gv_':z EI .n:em!alb ni seusds

niade andain bIgwniri-yal

I ‘L )

s %3

-~
-. l|
- e} ¥
= Sl |
) d Lol
s |

]
1

.

T ] (A )







PLATE

2 I







Acknowledgements

The writer wishes to express his appreciation for the
assistance received from Dr. Walter Blyth who suggested the problem
and whose advice and interest were both stimuléting and encouraging,
to Dr. P.N. Edmunds and the laboratory personnel of the Astley

Ainslie Hospital whose invaluable co-operation made the survey

j possible., Acknowledgment is also made of the assistance received

from The Brewing Industry Research Foundation and the London School

of Hygiene and Tropical Medicine both of which provided cultﬁres;

' to Dr. L.J., Wickerham for providing the strain of yeast used in the

| evaluation of the fermentation of raffinose; to Mr. A, Drysdale,

of the Moredun Institute, Gilmerton, for assistance in the Tissue

culture methods; and to Mr. J. Dalrymple for assistance in

 routine procedures. The writer also wishes to express his

appreciation for the assistance received from Miss B, Allan in the

preparation of the manuscript.




