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ABSTRACT

'Immunological responses to Candida albicans in man have been-

investigated by serological and skin tests, using the purified cell
wall, mannan, end the somatic and cuitﬁre filtrate antigens of

C. albicans Groups A and B. Two types of precipitation reaction were
observed; the H (flocculating) type given by the polysaccharidé,
mannan, antigen and the R (precipitating) type given by the protein
antigens. The test concentration of the mannan antigen was critical,
the antigen/antibody complex formed with it being readily soluble in
excess antigén;in contrast to the stronger reactions obtained with
higher concentraticns of the protein antigens. This may explain in
part why only subjects with deep seated infection, shown here ﬁo have
a high level of antibody to the mannan A antigen, have been reported
to give precipitation reactions with extracts containing mannan
antigens.

In tests on 344 unconcentrated sera, 25.5% gave precipi-
tation reactionsito the mannan A and 12.75% to the protein antigen of
C. albicans, Group A. Concentration of the serum led to an increase
in the precipitation reactions to the mannan A as follows: healthy
controls,4,5% to 22.7%; patients with asthma,2h$ to 53% and patients

with asthma complicated by pulmonary eosinophilia,33% to T2.1%;
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there was no increase in the mumber of reactions to the protein antigen.

Prick tests with the protein and mannan antigens showed that
they were both capable of eliciting Type I skin reactions. Intra-
cutaneous tests with the antigens of C. albicans gave a dual skin
reaction, immediate Type I followed by Arthus Type III reactions, in
T0% of subjeéts with positive precipitin réactions and in 15% of those
with negative.precipitin reactions. Intracutapeous tests with the
mannan A resulted in the appearance of precipitins in all the subjects
tested and in an increase in the number of Type III skin reactions.

The dual reactions to intracutaneous tests showed that the
precipitins were capable of mediating hypersensitive reactions likely
to caure tissue damage. The high incidence of precipitins in the
patients with asthma and the higher incidence in those with asthma
complicated by pulmonary eosinophilia, suggests that they may be

playing a part in the production of allergic respiratory disease.
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INTRODUCTTION

Candida albicans is commonly found in man throughout the
world. On the one hand, it is often regarded as & commensel or con-
‘taminant because of the frequency with which it is cultured from the
sputum, excreta or”body surfaces. On the other hand, it is regarded
as an opportunistic pathogen causing superficial or deep-seated in-
fection particularly in patients with other diseéses, or in patients
wder tréatment with antibiotic or corticosteroid drugs.

In the present invéstigation,emphasis has been placed on the
identificaﬁion of the antigens of C. albicans and the corresponding
antibodies mediating allergic reactions. ‘Other aspects of the genus
Cendida, such as‘taxonomy, morphology, methods of identification and
ciéssification and factors concerned with pathogenicity, are discussed
briéfly. No obvious relationship is.evidéﬁt at present between some
of these aspects and the problem of hypersensitivity in Candida spp.
infections, but it is probeble that, with the clarification of the

allergic reactions associated with this fungus, some relationship will

be shown,

“ Origin of the generic name Candida

A quotation from Pepys' diary of 1Tth June, 1665, runs :-
"He hath e fever, a thrush and a hickup".

The term thrush was used in those days to describe the white patches
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and ulcers which appeared in the mouth, and since then the causal

organism has been placed in a number of different genera including

Monilia, Oidium and Candida. The generic names given to the organism
of thrusﬁ have come from two main sources, the botanist and the medical
myéglogist.: The classification of the fungi associated with thrush
was made by botanists before the investion of the microscope. The
name Monilia, which was first given to a fungus isolated from vegeteble
sources, was used according to Benham (1931) by botanists in connection
with fungi beariﬁg no resemblance to yeast-like fungi nor to the caus-
ative organism of thrush.

The genus Monilia was first described by ﬁill (1751), who
used this name for a fungal genus isclated from vegetable sources.
Linnaeus (1792) soon afterwards applied the name.Monilia to a number
of fungal species. Persoon (1797) was the first person to use the
specific name for an organism then included in the genus Monilia,
elthough it is thought that what he described was a white Aspergillus
of some soft (Benham 1931). Bonorden (1851) and Hansen (1888) gave

the name Monilia albicans to a fungus isclated from rotting wood.

This, however, formed septate mycelium and oval spores in chains and
seemed to be similar to the Aspergillus of Persoon. Robin (1853) gave

the specific name of Oidium albicans to the thrush fungus described by

Langenbeck (1839) and later by Gruby (1842).
From 1890 until 1923 there was confusion of taxonomy because

yeast-like fungi were regarded as members of the botanical genus Monilia.
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The name was applied to two completely different genera of fuﬁgi,
medical mycologists using it for the thrush fungus and allied species,
and botanists reserving it for the conidial stage of certain genera of
the ascomycetes. According to Lodder and Kreger-Van Rij (1952) many
diffe:ent names have been given to the same organism isolated from

infections of the mucous membranes; these included, Syringospora,

Blastodendrion, Myceloblastron, Saccharomyces, Parasaccharomyces,

Endomyces, Oidium, Monilia and Cryptococcus.

At & meeting of medical mycologists in September 1939 it vas
sgreed to éubstituté the generic name Candida for that of Monilia to
describe the thrush fungus. The Eighth Botanical Congress at Paris,
195k, adopted Candide as a 'nomen conservandum' (M.R.C. 1958); The
most recent and comprehensive cléssification of the yeast-like fﬁngi
is that of Diddens & Lodder (1942) and Lodder and Kreger-Van Rij (1952).

Morphology of Candida albicans

The principal pathogenic member of the genus and the causative

organism of most cases of thrush is now called Candida albicans. Lodder

and Kreger-Van Rij (1952) studied 1Tl stains isolated from human sources
and described the 6rganism in deteil.

| Cultures of C. albicans on appropriate media show a rich
development of pseudomycelium and mycelium in and on the medium. The
development of ball like_clusters of blastospores on the pseudomycelium
is very characieristic of this species. Very characteristic, although

not always present are the large round chlamydospores, which are usually
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tefminél but may also be intercalary, lying 1§£erally or rarely in
clusters. |

Tﬁe thin walled basal cells on which the chlamydospores may
arise aré round, elongated and somewhat bottle~shaped to pear-shaped.

There is a yeast and & mycelial phase of C, albicans and
blastospores and chlamydospores m&y be borne on the mycelium. The
yeast cells are from 3.5 « 6 ux 6 - 10 u and grow well in aerated,
nutrient solutions, and & reduction of aerationvand nutrition encourages
mycelial growth., The chlamydospores, which are regarded as almost
4-specific to C, albicans, develop from mycelium and vary considerably
in diamater, i.e. 6.9 p - 17 u. They develop on poor nutrient media
under conditions of low oxygen tension, especially on media low in sugar
and SH groups. '

Methods employed for the identification and classification

of the genus Candida

This short outline on the methods of identification and
classification of the genus Candida is given here to show, that the
different species of Candida have been difficult to identify and that

C. albicans itself has different serological groups.

a. Bilochemical Methods
(i) Culture
Benham (1931) stated that definite rigid criteria for the

:identification of the yeast cells were needed. She found that
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Monilia albicans, later to be called Candide albicans, but not

| the other Monilia species, produced chlamydospores when grown on

| corn meal agar. Various ﬁorkers have since then tried to identify
the yeast by modifying the culture medium to facilitate the growth
of chlamydospores. This was successfuliy achieved by Taschdjian
(1957) using cream of rice infusion with Tween 80 and Dawson (1962)
using ézapek Dox synthetic medium plus magnesium glycerophosphate
and Tween 80. | |

(ii) Fermentation

Other biochemical methods for the identification of yeasts
were used by Castellani (1927) who found fhat fhe species of
Céndida and other yeaéts diffgred in their ability to fefment‘
sugars with the production of acid and carbbn dioxide, and this
has been used to prsvide fermentation patterns for the generic
group Candida. (Lamb & Lamb (1935), Martin & Jones (1940),
Norris & Lawson (1947)). More recently, Barnet (1960) has used
& phofoelectric cell to measure the growth rates of a large number
of the yeasts on varying sources of carbon and nitrbgen and
Barnet (1960) and Biguet et al.(1961) studied the exogenous material
excreted into the media by different Candida spp..

b. Serological Methods

During the last 30 ~ 40 years the classification of the genus
Candida has been extended by using serological methods which are out-

lined here. These include the complement fixation test, agglutination
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test aﬁd absorption tests with the antisera produced in experimental
animals against living and killed suspensions of the yeast cells. The
Monilia spp; were separated from other yedst-like fungi as a specific
group by the use of complement fixation test, Epstein (192hk), Stone
- (1930), and Stone & Garrod (1931), and agglﬁtination and absorption
tests, Hopkins & Benham (1929) and Benham (1931).

Antigenic structure of species of the genus Candida

Serological methods have been used for‘studying.the antigenic
structure of yeast-like organisms,

Antisera have usually been prepared by injecting liviné or
formalin killed whole cellsvintravenously into rabﬁits and sheep,
Martin (1942) using quantitative precipitin tests and the absorptipn
. tests showed three separate antigens in va:ying proportions in

C, albicans, C. tropicalis, C. parakrusei and C. stellatoidea. One

of the antigenic components was shown to be common to all of these species
by the addition and absorption overnight with the heterologous antigen.

C. stellatoidea and C., albicans were found to be more closely related

to each other than to the others. Martin (1942) and Trimble (195T)

suggested thet C. stellatoidea was a degraded form of C, albicans,

Jonsen et al.(1953, 1955) estimated cross reactivity by measuring the
nitrogen content of the aggregates of egglutinated cells and found that
greater amounts of nitrogen were removed by the homolpgowSantigen than

by the heterologous antigen in both cases. Tsuchiya et al.(1954) used
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agglutination tests and absorption tests for the comparison of the
antigenic components of T species of Candida, nemely C. albicans,

C. tropicalis, C. pseudotropicalis, C.'krusei, C.Aparakrﬁsei,

C. guilliermondii and C. stellatoidea. He found 10 antigenic com-

ponents in the T species, one being common to all, and he found no

obvious difference between C. tropicalis and C. albicans. However,

Tsuchiya et al.(1955) found by using heated cells, a wnique thermo-
stable antigen present only in C. albicans. Thermolabile antigens

vere found in C. pseudotropicalis, C. krusei and C. parakrusei. The

antigenic structure of the Candida species was divided into thermo-

stable and thermolabile antigens, Tsuchiya et al.(1955)(1961).

Species Thirm?stable ' ' Theerlabiie
ntigens Antigens

C. albicans 1, 2, 3, by 5,6, 7T

tropicalis 1 2 3 45 6

pseudotropicalis 1 | ' 8 10 a

krusei 12 5 1 b

parakrusei 1 2 3 5 13.lh.l5. ¢

guilliermondii 1 2 3 L 9

stellatoidea 12 3 k5 10

L

From these results Tsuchiya (1957) concluded that the antigenic structure,
determined by producing group specific antisera by absorption of the

antisera with various combinations of the different species, provided
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a more relisble basis for classification than biological criteria.
Hasenclever et al.(1961,a, b, c) using the same techniques.
found tﬂ;t there were twé groups A and B within the sﬁecies of C. albicans,

one similar to C. tropicalis and the other similar to C. stellatoidea.

 Gordon (1958) by absorption of C. albicans with C. parakrusei before

fluorescent staining, differentiated C. albicans from C. stellatoidea

and C. troﬁicalis. Hasenclever (1965) found that Group A contained
all the antigenic material of Group B, as well &s an antigen specific.
to itself.

Biguet et al.(1961) using the immunoélectroﬁhoretic technique
in agar gel with hyperimmune antisera found that there were 9 different

antigenic fractions in C. albicans, C. stellatoidea, C. tropicalis,

C. zeylanoides, C. krusei, C. pseudotropicalis and C, macedoniensis.

Purification of C. albicans on diethylaminoethyl cellulose yielded

L components, which, when absorbed with C. stellatoidea left two com=-

ponents specific to C. albicans. In 1962, Biguet using starch immuno-
electrophoresis of the anﬁigens of T Candida species obtained a total
of 15 different fractions and divided the genus Candida into 6
principal groups.

Pathogenicity of C. albicans

There are aifficulties of terminology with opportunistic
pathogens like C. albicans, which can be present without obvious tissue

reactions or clinical manifestations. Pathogenicity describes the
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abiliﬁy'of a micro-organism to produce diseaée,and the term infection
is applied-to invasion of the body by pathogenic micro-organisms and
the reaction to the tissges in their presence (Dorland's Medical
Dictionary (1965)).

“In attempting to analyse the disease mechanisms of infection
with C. albicans, as with other infective agents, consideration must
be given t0 the role of toxic substances which favour infection and
also to the role of hypersensitivity in the production of tissue re-
actions. Hypersensitivity is brought about by antigenic stimulation
~ﬁy growth of the fungus in the quy, resulting in the sppearance of
antibodies capaﬁle of mediating allergic reactions. Thus, when such
antibodies are demonstrablé, the térm infection is used in the present
context, irrespective of whether' the infection is of a systemic or &
superficial nature. A reaction of hypersensitivity implies that in-
fection has occurred,,andkit can play two different, though not
necessarily entirely separate roles., Firstly, the hypersensitivity
'can be respbnsible for the appearance of the tissue reactions and
- elinical manifestations characteristié of the particular infection,
Secondly, the hypersensiiivity can be responsible for the appearance
of tissue reactions characteristic of the particular type bf hyver-
éensitivity'and the cliniéal manifestations would not depend upon the

source and nature of the antigen.
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Pathogénicity of the genus Candida in experimentel animals

Hasenclever (1959) studied the pathogenicity in mice and |

rabbits of C. albicans, C. tropicalis, C. stellatoidea, C. guillier-

mondii and C. krusei. He concluded that only C. albicans was
pathogenic equally for mice and rabbits on a weight - dosage basis.
The two Groups A and B of C. albicans did not differ appreciabiy in

pathogenicity. C. tropicalis was found to be pathogenic for only mice

by Hurley and Winner (1962) and Hasenclever (1959), and the latter
found that none of the other species tested were pathogenic for either
‘mice or rabbits. |

| Mourand and Friedmen (1961) and Hurley (1966) extensively
studied différent routes of injection and found that deaths occurred
‘in all the animals within 1 - 10 days of an intravenous injection of
an asppropriate dose of C. albicans. Hurley and Winner (1962), Louria
(1961), Hasenclever and Mitchell (1961), Mourand and Friedman (1961)
and Hurley (1966) showed lesions in the kidney and occasionally in the
heart. When the C., albicans was injected into the lungs 50% of the
animals died showing lesions in the lungs, brain and heart. There
were no deaths>following subcutaneous and intraperitoneal injections.
Winner (1958) found a relatively poor cellular response to the in-
jeétion of living cells and'a lack of involvement of the spleen and
lymph nodes. By fluorescent studies,Kemp and Solotorovsky (1960)(1962)

showéd that cells were also present occasionally in the heart, and only
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transiforily, up to 48 hours, in the spleen, lung and liver. with
excessive déses the animals died within 12 - 24 hours, suggesting the
presence of.a toxin. However, the preseﬁée of a large infecting organ-
ism, even considered as an inert particle, raises mechanical problems,
~and the tough polysaccharide wall of the yeast cell may also protect
them from the protective mechanism of the host (Ribi et al. 1961).

Toxinvproduction by C. albicans

There is evidence of the presence of téxins whiéh may have

some bearing on the pathogenicity of C. albicans. Henriei (19%0),
" salvin (1952), Louria (1961) and Maibach and Kligman (1962) posfuiated
that C. albicans produces an endotoxin.  Salvin (i951) showed that
under certain circumstances the yeast-liké phases of C, albicans
produces a haemolysin. Salvin (1952) found a high mortality rate
when large doses of dead cells were injected intraperitoneally in an
adjuvent containing 2 mg. of tubercle bacilli; the phenol treated
cells were more effective, Isenberg et al.(1963) showed that the
intravenous injection of ephenol extract of virulent cells into mice
| was more toxic than whole cells. Kobayashi and Friedman (1964) also
found that C. albicans cells treated with hot phenol liberated a very
small amouht'of pyrogenic material.

- Doﬁias (1964) shoﬁed that repeated subcutaneous injection of
washed cell walls of C. albicans protected a significant number of mice

againét an intravenous challenge with viable cells, 21 days after the
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last injecfion. " Injection of a soluble extract of C. albicans gave
no protection. He suggested that the preparation of the washed cell
walls made avallable a cell wall la.ntigen, capable of inducing 'protection',
vhich may be located in an inside layer of the cell wall. Winner (1956)
found that natural and agglutinins acquired by immunisation had no
éffecﬁ on tﬁe survival rate of the infected animals and concluded that
the ggglutinins produced in response to the surface antigens, did not
protect the animals from the lethal effects of £he organism. Maibach
and Kligman (1962) showed in experimental, humaﬁ, cutaneous moniliasis
that the tissue reactions were mediated by an endotoxin-like substance
released by the organism on to the surface and also that skin allergy
was too inconstant to be of value in diagnosis.i However, Itkin and
Dennis (1966) showed immediate braﬁchial hypersensiti#ity to an exfract
of C. albicans which was in marked contrast ﬁo the temperature and
malaise that was obtained with an endotoxin-like subtance. They found
the frequency of bronchial hypersensitivity to C., albicans was far less
than to dusts and airborne spores and there was no seasonal variation.
Shannon et _al.(1966) investigated delayed type hypersensitivity in a
group of subjects by a skin test wifh a Candida entigen, They postulated
that gé there was no reactivity in'infants under the age of T months,
the response to C., albicans was not a toxic reaction but a hyper-
sensitivity reaction. It seems that endotoxic-like substances in

themselves, from the soluble extracts or yeast cells of C. albicans or
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from unrelated organisms may, depending on the amount of endotoxin in
the animal tissue at the time of challenge, either enhance mortality
or cauSelnon specific immunity and prolong life, (Hasenclever and Mitchell
(1962 (a), (b), Dobias (1964)). The #arious phenol extracts of the
.cell walls contain cell wall glycopeptides and this is of some interest
in relation to the'immunological responses to mannan described later.
It is to be hoped that better identification of the antigens of {, albicans
and théir corresponding antibodies will throw éomg 1ight on the immune
mechanisms., In the present study, emphasis is placed on the role of
hypersensitivity in man and the other aspeétsvdf infection are re-
viewed briefly.

Pathogenicity of the genus Candida in man

C, albicans is isolated from various sites of the human body
more frequently than any of the other species of Candida and is con-
sidefed to be the main cause of candidiasié; Infection with C. albicans
tends to occur most commonly in persons who are already suffering from
disease or from impairment of the reticulo-endothelial system. There
are man& problems to be resolved goncerning disease produced by Candida,
in‘particular the role of hypersensitivity and the immunological
responses associated with protection.

Candida causes a mild superficial infection, involving the
mouth, skin, vagina, and the nails, or a fulminating deep seated in-

fection usually with poor prognosis. It may be present as an acute
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disseminated, septicaemic disease or as a disease mainly localised in
the heart or other organs.

Superficial Candidiasis

C. albicans though not a usuél commensal on the skin may cause
Achronic skin disease in susceptible subjects; this may spread over a
large proportion of-the body surfaée and mey persist for years. Such
widespread infection is often associated with lesions elsewhere e.g.,
orel and vaginal mucous membranes. Disbetes mellitus favours infection
gnd whilst antibiotic therapy increases the incidence of infection
elsevhere in the body it does not do so on‘the‘skin. The mucous
membrane of the mouth is commonly affected in infants, and in exceptional
circumstances it may be accompanied by erosions and ulceration of the
-mucqsa. Vaginal thrush is reported to be'more éommon in pregnancy
and in diabetes. C. aibicans however, is often found in the mouth and
vagina without giving rise to any syqptomSQ'

Systemic Candidiasis

C. albicans can ﬁlso cause systemic infection presenting an
acute disseminated form, with disease of the kidﬁeys, heart or other
organs. In disseminqted candidiésis, the fungus may be cultured from
" the blood stream. In mosf cases C. albicans is responsible but there

have been some cases due to C. tropicalis or C. pseudotropicalis. In

some cases there has been a marked polymorphonuclear reaction to the

fungus, the lesions being mycotic abscessesj in others, cellular
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reactidn has been milimal or absent. In half the cases foci of in-
fection have been found in the brain and less often in the liver, lungs,
blood vesseis,spleen and thyroid. Thé other organs which may be
specifically affected by Candida are the kidney, the heart valves in
‘reparative surgery leading to endocarditis, and the central nervous
system causing meningitis and encephalitis.

Effect of antiblotics and steroids

The occurrence of systemic candidiasis was rarely recorded
wntil the beginniﬁg of this century. It seems that the use of anti-
" biotics and corticosteroids may have favoured its development. The
broad spectrum antibiotics headed by tetracyclines are incriminated
most often because of their effect on the bacterial flora. It is
“suggested that the inecrease of Candida infection may be due to the

ebsence of substances from the bacterial flora capable of restraining
the groﬁth of Candida, or to othe: as yet unrecognised host changes.
Dobias (1964) postulated that destruction during antibiotic treatment
of gram-negétive endotoxin-producing bacteria may cause sudden liber-
‘ation of large amounts of endotoxin, which he suggested may be respons-
ible for thé enhanced growth of Candida. Lipnik‘gg_g;.(l952) showed
an ephancémeptvof growth ip the body when auxeomycin was given in
capsules containing an inert phosphate, the latter being suspected as

e possible cause. No such effect was shown with penicillin.

Seligmann (1952), McVay and Sprunt (1951) and Keefer (1951) also
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reported increased growth of Candida in the mucous membranes of patients
treated yith aureomycin, McVay and Sprunt (1951) showed that treat-
ment with aureomycin and methyl and propylesters prevented this in-
crease in growth of Candida. Sharp (i95h) and many other workers have
shown an increase in C. albicans in the sputum of patients on anti-
biotics and they Sﬁggest that these subjects may be in some way carriers
of C. albicens., Torak (1957) thought that with antibiotics the growth
of Candida was confined to the surface mucous membranes and only on
steroid therapy did it become invasive, Munoz and Geister (1950)
found that "in vitro" small amounts of aureomyéin inhibited phagocytic
sctivity of leucocytes. Dukes and Tettenbaum (1954-55) and Seligmann
(1955) found the death rate in mice was increased if the antibiotic
end a sublethal dose of Candide were injected simultaneously. Steréids
are known to decrease inflammatory and immunological responses and this
may play a role in enhancing the fungus inféction. Brody and Finch
(1960) when treating lymphomas with steroids and ACTH concluded that
the alteration of tissue défence mechanisms; rather than alterations
in humoral antibody, accounts for the increased incidence of infection.

Steinberg (1958) found‘that treatment of patients with ad-
Yaﬁced sarcoidoisis with' ACTH and corticosteroids was followed by
temborary improvement, but tﬁen led to the development of fungus in-
fecfions. Louria and Brown (1960) found histological changes mainly

- in the kidney of mice treated with cortisone and postulated that the
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iﬁtratabular growth of the fungué protected it from the host's
cellular defenoeswhich vere modified by.the cortisone.
" There is a need for immunolological studies to throw light
"~ on the development and progress of Candida infections in patients under
‘antibiotic or corticosteroid treé,tm'ent.»

Factors limiting growth of C. albicans in the body

Zimmerman (1950) and Robinson (1954) suggested that the
organisms which normally inhabit the mucous mcmbranes of the body re-
strain the growth of C. albicané by competing with it for nutrients.
Louria and Brayton (1964), Landau gﬁ_gl.(l965)'and Kozinn and Taschdjian
(1966) suggested that a heat steble, non-dialyseble substance found in
the.a and B fractions of the serum was lethal for C, albicans and not

':or the other species. Roth _et_gl.(l96l)-found‘ that heating at 56°C
for 2 hours did not destroy the inhibitory activity of the serum and
that thié activity was greatly diminished in blood specimens obtained
from the umbilical cord and from infants in their first 8 - 10 weeks
of life.

The most successful treatment of deep seated Candida infectioné
has been Amphotericin B. Findla& and Kleinfield (1959) and Louria and

‘ Qifeen (1960) showed marked improvement in the clinical condition of

their patients. Childs (1956) found that nystatin was good for super-
ficial infections but was ineffective for systemic infection owing to

. poor absorption. Among the other attempts at treatment have‘been the
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use of caprylic aéid derivatives, these are said to be effective
against C. albicans, Keeney (1946, 195L), Watt et al.(1962). Active
immunisation with a vaccine of either killed or living cells has been
tried end appeared to result in improvement, Grossi and Balog (1929),
Emdin and Finlayson (1954), although the patients in both instances
were treated with lodides as well, which may have contributed towards
the improvment of the patient. Pessive immunisation was attempted by
Hiatt and Martin (1946) who treated an adult patient with pulmonary
moniliasis by subcutaneous administration of rebbit anti-C. albicans
sérum, and claimed iotal remission of all symptoms.

C. albicans as a pathogen in pulmonary disease

Rosen Von Roseﬁstein (1771) indicated that thrush could involve
the "aspera arteria" and the lungs with the symptoms of hoarseness and
coughing, "sounding as it were through a metal tube"., Parrot (1877)
in Paris described pulmonary involvement of the lungs with the fungus
of thrush, Castellani (1927) described "tga taster's cough" in workers
inhaling the yeast spores from tea leaves, He showed that injections
of the isolated spores into rabbits were pathogenic and suggested that
they were related to the morbid changes in the lung.

At the beginning of the 20th Century there was doubt about the
pathogenic role of C. albicans in lung diseases; it was then regarded
s an invader of the bronchi in bronchiectasis or of the lung tissues

in tuberculosis and it was also thought to be associated with asthma.
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Tﬁe;e,are.wide differences of épinion in the literature as to whether
in certain cases the role of C. albicans wes that of a primary or a
secondar& invader.‘ Boggs-and Pincoffs.(l915), Chalmers and Macdonald
(1920), Joekes and Simpson (1923), Stovell and Greeley (1928) were in
‘no doubt as to the importance of C. albicans as & primary lung pathdgen
in their patients, because of the repeated isolation of the fungus from

the sputum and the sbsence of Mycobacterium tuberculosis. Kurotchkin & Chu

(1929) and Warr (1931) were uncertain whether it was a primary or
secondary invader but they pointed out thet infection with it was wofld
wide. Shrewsbury (1936) considered that the organism could not cause
primary 1uné disease and that it occurred as u secondary invader in
diseases such as pneumonia and tube}culosis and he alsa stated that

" eosinophilia was not a feature.

In the past the failure to culture M. tuberculosis and the

repested culture of C. albicans from £he sputum favoured a diagnosis

of bronchomoniliasis, but in most caées there was no histological proof
of invasion. Among the mhhy reports dealing with this (see Winner and
Hurley (1964)) are Grossi and Balog (1929), Davis and Warren (1937),
flinn 33_5;.(1935), Peterson (1944), Jﬁffin (1944), Robertson (1945),

. Cohen (1953), Viola (1956). Barlas (1952), Falkmer and Wising (1955),
éahni (1957), Scott (1958) and Findlay and Kleinfeld (1959). Other
workers have reported pathological changes in the bronchi attributable

to C. albicans, the lesions being usually larger than those found in
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tuberculosis, Wéiée and Bixby (1941) and Oblath et al. (1951).
Ramirez et al. (1967) reported a patient with acute C. albicans broncho-
pneumonia in whom post-mortem sections showed budding yeaét-like cells
and pseudomycelia. Chakravarty (l§6h) said it was possible that
Ce albiéans,may give rise to chronic bronchitis by irritation of the
bronchi.

C. albicans as an allergen in pulmonary disease

C. albicans has been suspected of playing a part in asthma
(Steinfield (192h),‘Dutton (l9h9), Keeny (1951)) and evidence is given
later suggesting that it may play a role in asthma and pulmonary
eosinpphilia. Hoﬁever, many problems have arisen in the assessment
of fhe laboratory findings and their correlsation with_the infection
and with-the allergic reactions f§r the following reasons :=-

I. Lack of knowledge concerning the existenqe of two groups A
| and B of C, albicans with their specific cell wall poly-
- saccharide antigens, named mannan A and mannan B. Previous

‘reports on both the precipitin and the agglutination tests

are difficult to assess at present because of this.

II. There haslbeen difficulty in correlating cultural findings
with the seroloéical tests and the clinical manifestations.,

III. The reactions of hypersensitivity reported have not been
clearly analysed in terms of the different types of allergy

as described by Gell and Coombs (1963).
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I. C. albicans Groups A and B

The two groups of C, albicans were first described by Hasen-
clever et 81.(1961 (a)) and consequeﬁtly all reports of allergic re-
actions to C. aibicans before this have to be reassessed. The two
Groups A and B have specific antigens which are important in the
immunological investigations. | |

Serological Tests

Agglutination test

High agglutination titres to whole, heated and chemically
treated cells have been found in the seruﬁ of normal and infected
subjects., Koerth et al.(1941) stated that the diagnostic value
of agglutination and precipitin tests was very limited, Comaish
sngEL;(l963) stated hovever,that an agglutination titre of 1:8 and
culture of a pathogenic organism from the lesions was good evidence
of infection. A'high incidence of agglutinins in all groups of

subjects is shown in the following table :=

. Number Group of patients Percentage
Invesﬁlgator tested tested positive
Todd (1937) NA Healthy subjects ‘ 25
~ Drake (1943)(19Lk5) 114 Students : 45
‘Norris & Rawson (1947) - 469 Hospital population 6k
Peck (1955) 793  Patients with skin diseases 13.5

L : 48 " " elinical
St candidiasis 75
Winner (1955) 2,017 Hospital patients 31.6
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31.

The use of different test materials and methods of testing

have contributed to the widely differing results obtained.

Akibva et al. (1957)(1961), Elinov and Zaikina (1959), Stallybrass

(1964), Taschdjian et 51.(196h (a)(p))(1967) using & variety of

extracts found precipitins only in heavily infected subjects, but

.Chew and Theus (1967) found precipitins in the sera of all normal

subjects.

Precipitation reactions to extracts of C, albicans using

agar gel diffusion methods

A Method of Group of patients Number Percentage
Investigator Antigenic tested tested Positive
Extraction
Axiba, T. et al., phenol systemic candidiasis 19 T4
(2957) normals 136 0.7
pulmonary T.B. 31 13
'Elinov & Zaikina B naphthol moniliasis 16 25
(1959) (5 systemic) (5) (80)
Stallybrass (1964)"somatic" candidiasis 16 6.2
. formamide (1 systemic) (1) (100)
V.D. clinic and k15 0.5
antenatal clinic 175 0
Taschdjian et al. "somatic" systemic candidiasis 10 70
(196 oidiomycin superficial " 4 0
, negative " 10 10
(1967) '"somatic" systemic candidiasis 20 85
oidiomycin superficial " 51 25
’ negative " 49 0

The above workers all found a higher incidence of precipitins in

patients with systemic candidiasis.

The concentration of the
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aﬁtigenic extracts of C. albicans used in the precipitin tests vas
not clearly stated. This is of considerable importance because,
as wilivbe shown later, the number of precipitin reactions obtained
is closelyAlinked to the concentration of the antigen used, indeed
the higher the concentration of the polysaccharide antigen used
the fewer fhe reactions obtained.

Most workers have used either the Dreyer tube method or the
Buchterlony double-diffusion method when testing for the presence
of precipitins in the patients' sera. The effects of concentration
of the sera were studied onlyhby Taschdjian (1964), who found no
change in the precipitin test results.

In céntrast to the crﬁde antigenic extracts of the other
wofkers, Chev (1965) and Chew and Theus (1967) used purified‘antigens‘
of C. albicans and in this case too, it is not clear what con=-

" centration of antigen was ﬁsed. Chew (1965) demonstrated anti-
bodies against these extracts in concentrated pooled human gamma
globulin. More reactions were obtained using Preer tube (1956) than
with the guchterlony double-diffusion method. Chew and Theus (1967)
using these methods showved the incidence of precipitins in healthy

subjects.

Precipitation reactions to the mannan of C, albicans Group A

. No. tested Percentage positive
Group of patients ,
_ tested unconc, conc, Preer immuno- '(')uchterlony
: sera sera_  diffusion tubes D.D. test
Healthy - ‘ 31 0 48 3.2
0 10 100 30
Mucocutaneous 62

candidiasis ° 69 10



33.
. When the gamma globulins of the healthy subjects were concentrated
approximately 15 times, precipitins were found in all of them.

II. Cultural Evidence

Many workers have reported oﬁ thé frequency with which
C. albicans and other yeasts can be isolated from the sputum of healthy
subjects and from those with acute or chronic lung diseases. Riddell
and Clayton (1958) studiéd the sputa of various groups of patients from
the Brompton Hospital and found that the isolation of C. albicans was
high in bronchitis (41%) and asthma (38%) as well as in patients with
pneumonia (56%), tuberculosis (33%) and other‘miscellaneous lung

diseases (42%). C. albicans was cultured from L40% of a total of

1,060 sputa examined and C. tropicalis was cultured from 4.37. More
recently Stallybrass (196L) showed that of a total of 23L strains of

C. albicans isolated from sputa, T75% were Group A and 25% were Group B..
Hasencléver and Mitchell (1963) showed iniﬁeirsurvey that 68% were
Group A and 32% were Group B. These findings suggest that Group A

may be the more important.in infection,

III. Types of hypersensitivity reactions to C. albicans

In the past interest has been shown in the immediate anaphylsatic
ﬁype skin reaction, Type I and the delayed, tuberculin type skin reéction,
Tybe IV given in response to intradermal injectignsof a crude extract |
of C, albicans. Holti (1966) showed that 10-15% of asthmatic patients

gave Type I skin reactions to an unknown preparation of C. albicans
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and most workers heve shown tﬁat Type IV skin reactions are very common
in healthy adults as well as in subjects with deep seated infection.
However; improvement in the accuracy of the skin tests and their
interpretation, should result from the recognition of the specific
entigenic groups of C. albicans, Group A and B and the purificatibn of
.the entigens.

Examination of the literaturé shows that in many cases a very
vigorbus reaction coming on after some hours was elicitéd and vas
generally interpreted as part of the Type IV reaction. Patients who

are allergic to Aspergillus fumigatus give immediate Type I skin re-

actions and if they have precipitins as well in their serum an ad-
ditional second skin reaction appears 3 to 4 hours after the test
(Longbottom and Pepys (196&)5. This second reaction may be extensive
'and éonsists of an itchy soft oedematous swelling, which is usually
maximal at sbout 7 to 8 hours. = The ﬁacroscopic appearences, the speed
of appearance and the resolution of fheée reactions are quite different
from those of the Type IV reaction, which begins to make its appearance
at 24 hours, is maximal at 48-T2 hours and consists of an indursted
reaction. This second reaction is regarded as a precipitin-mediated
reﬁction.of the Arthus fype, Type III, and there is evidence that a:
.Type I reaction is necessary for the subsequent appearance of the
precipitin-mediated Type III reection, Bier et al.(1968), Cochrane et al.
(1967), Pepys et 81.(1967). The participatiorn of precipitins in the

production of Arthus Type III reactions by the antigens of C. albicans
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is suggested by the findings in the present'investigations. This.
will have an important influence on the analysis end interpretation
of allergic reactions to this fungus.

Immunological reactions to Candida albicans, Asnergillus fumigatus

and Cladosporium herbarum

The study of C. albicans has been based upon the findings in

pulmonary diseases attributed to A. fumigatus which is capable of being

either a saprophyte, an allergen or an invasive'pathogeﬂ.

It has been shown by Pepys et 81.(1959) and Longbottom (196h4)
that patients who are hypersensitive and who have asthma may de&elop
-recurrent pyrexial attacks with a high blood eosiﬁophilia together with
transient pulmonary infiltrations. The X-ray findings may'persist fer
Weeks and the appearance of new shadows in different locations in
association with fresh episodes of clinical illness is common. DMore
then 90% of these patients have been shown to have precipitins against
. protein and to a lesser extent against polysaccharide antigens of

A. fumigatus; about oneé third of the sera tested required threefold

concentration for the production of a positive reaction. In these
patients it has been suggested by Pepys (1953) that the presence of
‘reagins mediating immediate, Type I reactions together with precipitins
is associated with the apfearance of transitory pulmonary infiltratiéns.
Particular attention has been given here to the reactions to the anti-

gené of C. albicans in patients with asthma and pulmonary eosinophilia
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in whom allergic sensitivity and precipitins to A. fumigatus were

absent. However, an important difference lies in the fact that

A, fumigatus is an inhaled airborne spore which mey grow in the res-

piratory tract, whereas C. albicans may be a commensal capable of
growing in the upper respiratory tract but is unlikely to act as an
ellergen by inhalation.

The antigens of Cladosporium herbarum have been included in

this study because it has been found to have a polysaccharide antigen

relsted to one of A. fumigatus and because it is a common airborne

spore capable of causing asthma.

Cladosporium herbarum as an allergen in pulmonary disease

Cladosporium herbarum or Hormodendrum herberum is exceedingly
common, growing over a wide range of temperature. Its spores germinate
reveﬁ at a temperature of -6°C and it has been known by many different
names (De Vries (1952)). It grows,somewhét restrictedly in culture
and has a thick velvety appearance varying from deep rich green to dark
grey green, Spores occur in large tree-like clusters and are brittle,
breakihg up completely when mounted in fluid, into spores and rod-like
fragments of sporophores and mycelium. The spores first formed in-
_crease'by budding, in a manner reminiscent of the yeasts, eventually

forming the tree-like masses of the much brenched chains of the mycelium.

. There may be a high level of spores of C. herbarum in the air in England

in July end August. The following references show the freqguency with
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which it has been found in other countries :-

Orie (1947) Netherlands T0% of spores isolated were C. herbarum
Fraenkel  (1948) England 53% " " " " "
Al8s et 81.(1957) Madrid 69% " " " " "
Gregory

& Hirst (1957) Rothamstead L6% " " " " "
Myers (1956) Honolulu 337 " " " " "

- Hyde et al.(1956), Pady (1957) and Bhatti et al.(1966) showed that the
incidence of C. ﬁerbarum in the atmosphere, particularly in the summer
months was higher than thgt of any other airborne spore. There is no
evidence that C. herbarum is pathogenié for aniﬁals or for man, though
it is clinically important aé en allergen in rhinitis and asthma.

Aims of the Present Investigation

The present investigation consists of the preparation of the
pure cell wall polysaccharide antigens and to a lesser extent the
protein antigens of C. albicans Group A and Group B and their use for
immunological investigations by :-

I.. Serological tests, which include the precipitin test and to a
limited extent the yeast-cell agglutination and haemagglutination
test.

IT, Skin tests, with special attention to the Type I and Type III
reactions and the effect of the skin tests on the circulating
anﬁibody and subsequent skin reactions.

These findings were compared with similar tests usiﬁg the

antigens of C. herbarum and A. fumigatus, in particular their poly-

saccharide antigens.
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MATERIALS AND METHODS

Methods of Culture and Preparation of Crude Ixtracts

The following fungi were cultured for preparation of the

Candida albicans

Cladosporiun herbarun

Aspergillus fumipatus

Candida albicans

. The main source of antigens vere:-

(i) the culture filtrate

(ii) the yeast cells (see p. 43)

(@)

©)

C. alblcans was grown i-

in volumes of 43 litres of Sabouraud broth (glucose 2%,

~ peptone 1%) in a 10 litre, narrow necked bottle at 3700 for

varying lengths of time. The culture was continuously
aerated using a simple air pump.

The strains used were A 207 (for Group A) and B 792 (for
Group B) kindly provided by Dr. I.G. Murray (London School
of Hygiene and Tropical Medicine).

as a surface culture on a glucose (2%) peptone dialysate (i%)
broth (300 ml.) in Thomson bottles.

The strains used were unknown.

The cultures were prepared from the following :-
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1. Strain A 207 grown for 24 hrs by method (a)

2. Strain A 207 grown for 4 days by method (a)

3, Strain A 207 growm for T days by method (a)

L., Strain B 792 grown for 7 days by method (a)

5. An unknown strain grown for 33 months by method (b) (probably Group A)
6. An unknown strain grown for 1 month by method (b) (probebly Group B)
After centrifugation the culture filtrate was pouredoff, Seitz filtered,
dialysed overnight against running tap wvater in Visking tubing 32/32,
and the retentate was freeze dried. The culture filtrate extracts

are referred to in the text as C. salbicans culturs filtrate Sabouraud
Cafs 1 etc. The yeast cells were washed twice wiﬁh isotonic saline

and ﬁhen»the following somatic and cell wall extracts were prepared:-

Culture Strain Duration Weight of  ¥*Method of extraction
filtrate e of growth crude product of yeast cells
(1) cafs 1 A 207 24 hrs N.A. Ultrasonic disintegra-
' tion
(2) cafs 2 A 207 4 days 4,2 gn, Formemide extraction | -
(3) cafs 3 A 207 T days 8.0 gn. Fehling extraction
(4) Ccafs b B 792 7T days T.9 egnas " "
(5) Cafs 5 unknown 32 months NJ.A. Discarded
(6) cars 6 " 1 month LA, g naphthol extraction

¥Methods of extraction as described on p. 43

2, Cladosporium herbarum

The main source of antigens:-
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(i) the culture filtrate
(ii) the mycelium (see p. 50)
.C. herbarum, the strain I.M.I. (Imperial Mycological Institute)

41630 was used throughout, was grown as a surface culture on Czapek Dox,
- & synthetic medium of sucrose plus inorgenic salts (300 ml.),in Thomson
bottles. The medium was inoculated, using sterile precautions, with
a saline suspension of the spores. These were prepared from the
appropriate fungus grown on Sabouraud agar slopes at 37°C for 2 - L days
or until a suitable growth was obteined. After varying lengths of
time the cultures were harvested. The culture filtrate was poured off,
Seitz filtered, dislysed overnight against running tap weter in Visking
tubing 32/32, and the retentate was freeze dried. The culture filtrate

extracts are referred to in the text as C. herbarum Czapek Dox filtrate

Chef 1, etc.

Culture Time No. of Thomson bottles Weight.of
: crude product
Chef 1 3 months 20 33 gnm.
2 2 " _ 60 51 ™
3 o A " 20 o "
-4 33 " 20 L 1
p) hi " 60 g "

The under surface of the mycelial matt was washed with isotonic

saline to remove traces of the medium, the washings were added to the
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culture filtrate. The mycelial matt was then removed from the bottles

with further quantities of isotonic saline and homogenised in an M.S.E.
Varing biender. This homogenate was then frozen -30°C and thawed on
two occasions. On centrifugation the cell sap and residual mycelium
were separated and the cell sap was then dialysed and freeze dried and
will be referred to in the text as Ches.  The mycelial matt was further
washed with about twice its volume of distilled water and was again
frozen and thawed. The supernatant after_centrifugation was dialysed

and freeze dried, and will be referred to in the text as Ches H,O.

2

The residual mycelial matt was then extracted chemically as described
later. (p. 50)

3. Aspergillus fumigatus

The strain used throughout was T.M.T. 48338 and was isolated
from the sputum of a patient at the Brompton Hospital.
The culture filtrate extracts were prepared as described by

Longbottom, J.L. (196L4) and are referred to in the text as A. fumigatus

culture filtrate AfGL,

II. Purification of the Crude Culture Filtrate Extracts

A1l the erude culture filtrate extracts were purified by

. paséage through a Sephadéx G 25 column,

' The lower molecular weight particles of the extracts which
remained after dialysis were removed by passage through a Sephadex

G 25 column (Pharmacia, Upsala, Sweden)., Sephadex G 25 (100 gm.) was
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washed in distilled water for éh hours. The smaller particles were
removed by decantation. The bulk of the substance was suspended in
distillea water ahd packed.into a vertical column (4.0 cm. diam. x

35 cm.) giving a total bed volume of 425 ml. The "excluded particle"
fractions were of molecular weight of L,000 & molecular size which has been
.shown to be antigenic (Flodin, 1962).

The culture filtrate extract (1 gm.) was dissolved in distilled
water (20 ml.) and centrifuged to remove insoluble particles. The
supernatant was filtered through Whatman Wo. 5% filter paper and care-
fully applied on to the column. The light absorption of the effluent
was recorded on an L.K.B. Uvicord at 250 my and fractions (10 ml.)
were collected on an automatic fraction collector at a steady flow rate
" (100 ml./hr.). The polysaccharide content of each fraction was es-
ﬁimated by the Molisch test and the protein content by the buiret re-
agent. Fractions were bulked together as indicated by the recorded
graph., The cohtents of the tubes iﬂ the first peak gave a strongly
positive Molisch test in most cases due to the polysaccharide nature
of the extracts. The reaction of the buiret teét was more variable,
in the case of the Cafs it was difficult to read the reactions as there
,-was.so much pigment from'the medium. The Chef showed no positive
éeaction. The later fractions which gave negative Molisch and buiret
test reactions had increased pigmentation vwhich would account for this

increased absorption.
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The culture filtrates Cafs 1 - 5 and Chef 1 -~ 5 were put

through Sephadex G 25 and the contents of the tubes contained in the

"Praction I" were freeze dried.

The other tubes were freeze dried

and tested and were found to be nonantigenic, "Fraction II"

e, Pration 1 FOT GHMER mrection1 (00

Cafs 1 NA NA Chef 1 678.4 mg. 1k
2 990 mg. 19.2 2 - 321 " 16
3 1600 " 20.1 3 400 " 13
L 1210 " 15.2 i NA mA
5 NA XA 5 1200  mg. 15

A typical curve obtained with the Cafs (Group A), Cafs (Group B),

" and the Chef is shown (Fig. 1).

The Sabouraud medium in the Cafs

culture accounted for some of the absorption as shown.

Sephadex G 25 gel filtration was used for all extracts and

columns of varying sizes were used for the removal of buffers and salts

and the recovery of purified macro-molecular active material in certain

of the procedures.

III, Extraction of the Yeast Cells of C. albicans

" The cells produced were extracted to provide :-

l(a) "somatic" antigens

(b) cell wall antigens.

(a) Somatic antigens
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Fig., 1 LElution diagram of the culture filtrate extracts of C, albicans,
Group A and B, and the culture filtrate extract of C. herbarum,

recorded by the L.K.B. Uvicord at a wavelength of 250 mu

(I) C. herbarum (Chef 4)

(II) C. albicans Group B (Cafs I)
(IIT) C. albicans Group A (Caf

s 35 (IV) Sabouraud medium

lote: the curve given by the Sabouraud medium alone.
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(i) Ultrasonic disintegraﬁion

C. albicans cells (strain A 207) obtained from a 24 hour
‘culture were washed 4 times with saliné (0.92). The cells
were then suspended in.saline (60 m1.). An Ultrasonic Soni-
probe, Type §%~D (Dawe Intruments Ltd., Acton) was used with
the vibration at a fixed frequency of 18 - 20 Kilocycles/second.
The beaker containing the susfension was surrounded by ice to
prevent any rise in temperature. The ultrasonic probe was
immersed in the suspension and switched on to Speed 4 for 5
minutes (approx. current 3 Amps.). Microscopic examination
of the yeast cells showed disintegration of only a very few
cells. The speed was then raised to 6 (approx. current 6 Amps.)
the cells were examined after further intervals of 5 minutes.
After 20 minutes,80% of the cells were disrupted and ultra-
sonic treatment was stopped. | This suspension was now centri-
fuged end the supernatant dialysed, concentrated under reduced
pressure (40 ml.) and put through a Sephadex G 25 column.

. The effluent in tubes 15 - 20 was pooled and freeze dried and
is referred to in the text as Cacs U,

Yield of ultrasonic extraction

Wet weight of cells Cacs U % N

20 gm , : . 152 mg ., 9.33
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(ii) X press disintegration

This antigen was kindly provided by Dr. I.G. Murray and was
nof purified by passage through Sephadex G 25. The yeast
cells, strain A 207, were disintegrated by treatment in an

X press (A.B. Biox. Sweden. 25 cc.racdel). The debris was
removed by centrifugation and the supernatant vas freeze dried

and is referred to in the text as Cacs fp.

(b) Cell wall antigens

1.

Fehling extraction (Peat et al, (1961))

This method was used by Summers et al, (1964) in the purific-

ation of cell wall,mannan,antigens of C. albicans.

C. albicans cells (strain A 207) were heated in an autoclave

wifh 0.02 M citrate buffer pﬁ 7 (1 L.) at 130°C for 2 hours.
The gelatinous precipitate was removed on centrifugation and
agein autoclaved with ﬁater (2 L.) at 130°C for 2 hours. The
resulting supernatants were combined and concentrated under
reduced pressure to 750 ml, The solution was made up to

normal with glacial acetic acid (60 ml. CH_COOH in 1 -L.).

3
The gelatinous material was removed by centrifugation and

washed with N CH3COOH. The cloud&»solution and washings were
neutralised with 6N lNaOH, and the resulting clear solution was

concentrated under pressure to 500 ml. Ithanol (1 L.) was

added to this solution at 4°C and left overnight. The



47,
precipitafe obtained was washed twice with 60% aqueous ethanol
and then dissolved in water (500 ml.) and made alkaline with
6N NaOH. Freshly prepared Fehling solution (A;CuSOhSHé0°3,5%»
B:Rochelle salt 17% + NaOH 6%, 1:1 mixture of A:B) (180 ml.)
was now added. A greyish flocculent precipitate appeared,
leaving a clear dark blue solution above. The addition of
excess Pehling solution caused the precipitaté to become
séluble. The precipitate was washed twice with warm distilled
water and suspended in distilled water (100 ml.). Concentrated
HCl was added dropwise until the precipitgte dissolved and
the resuitiné solution became acid. This solution was filtered
_through a sintered glass funnel into ethanol (300 ml.) at 4°C
end left at 4°C overnight. The precipitate was rehoved by
centrifugation, washed with 60% ethanol, dissolved in distilled
water (100 ml.) and then reprecipitated with ethanol (300 ml.)
at 4°c. This procedure vas repeated and then the final washed
precipitate was dissolved in distilled water, dialysed over-
ﬁight and freeze dried. The crude mannan A was then put
through a‘Sephadex G 25 column and the’freeée dried effluent
is referred to in the text as mannan A.

Cells of C; albicans strain B 792 were extracted in the same
way, and the freeze dried extract is referred to in the text

as pannan B,
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Yield of Pehling extraction

Wet weight of cells Crude mannan A after yA N2‘
mannan A ‘Sephadex G 25 ’
50 gnm, 285 mg., 205 ng. 0.9
120 gnm. 1070 ng, 850 ng. 0.72
Crude mannan B after
mannan B Sephadex G 25
100 gme 1500 ng . 876 mg. 1.02

2. Formamide extraction (Tuller (1938))

C. albicans cells (50 gm, wet weight) strain A 207 were washed
with saline. The resulting washed cells (volume approx. 50 ml.)
"were suspended in formamide (100 ml.), heated on a flmne'in a
litre vessel until the temperature reached 150°C and then
transfefred to an oven at 160-170°C for 20 minutes. The
solution was cooled and acidified eth;nol (2N HC1 5 ml., ab-
solute ethanol 95 ml.) (100 ml.) was added. The resulting
precipitate was removed by centrifugation, washed twice with
aqueous ethanol and dissolved in distilled water (50 nl.).
This was then put through Sephadex G 25 end the freeze dried
effluent is referred to in the text as Cacs E (1). The super-
natant was treated with acetone (250 ml.), the flocculent
precipitate was removed by centrifugation washed with acetone,

redissolved in distilled water and put through Sephadex G 25,
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the freeze dried effluent is feferred to 1n the text as
Cacs E (2),

Yield of formamide extraction

Wet'weight of cells Cacs E (1) 4 N

o Cacs E (2) % H,

50 gms. 340 mg . 6.1 161 mg, 1.4

3.

B_Naphthol extraction (Elinov and Zaikina (1959))

The cells of an unknown strain later identified serologically
as probably C. albicans Group B, were suspended in a water :.
alchohol solution of B naphthol in the proportion of 0.5 parts

to 1 part of cells (60 ml.) and maintained at a constant temp-

_erature of SOOC’for 30-40 minutes. Warm distilled water

(470 ces) was added to give a 3% B naphthol concentration and
after standing at room femperature for a day the solution was
centrifuged. The liquid was poured off and 2 volumes of 96%
ethanol (1 litre) was added to the acidified solution. The
fesulting precipitate was removed by centrifugation, washed
with 60% ethanocl, dissolved in distilled water, dialysed and
‘freeze dried and is referred to in the text as Cacs B naphthol.
This extract Was not put through Sephadex G 25 nor was the

yield recorded.
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Swmary of C. albicans antigens

.l.

The extraction of the yeast cells produced T antigens

"Somatie" antirens Fxtraction
l. Cacs U Ultrasonic disintegration
2. Caes fp X press "

Cell wall antigens

3. mannan A Fehling extraction
4. mennan B X " oom
5. Cacs L (1) Fornanide "
6. Cacs E (2) " "
T. Cacs B naphthol B naphthol "

In addition to these antigens purified mannan A (strain B 311) and
mannan B (strain B 792) were kindly provided by Dr. H.F, Hasenclever.

Iv.Extractibn of the mycelium of C. herbarun

1. Two crude extracts were obtained by freezing and thawing the
myceliuwa (a) in isotonic. saline and (b) in distilled water. The full
details arc given on page h4O.
2. The mycelium was treated chemically to obtain purer poly-
saccﬁaride type antigens. Two methods were employed :-

(i) Formamide extraction

(ii) Phenol extraction

(i) Formamide extraction (Fuller (1938))

The washed mycelium was treated with an equal volume of
formamide at 170°C for 20 minutes (50 ml.). The mixture was cooled

and acidified ethanol (5 parts 2N HCl to 95 parts ethanol)(125 ml.)
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aﬂd acetone (125 ml.) were added. The precipitate was removed

by centrifugation and dissolved in water (50 ml.), dialysed, freeze
dried, and passed through Sephadex G 25 and is referred to in the
text as Ches f. |

(ii) Phenol extraction (Westphal et al. (1952))

The washed mycelium was suspended in water (200 ml.) and kept at

& constant temperature (68°C) in a water bath. An equal volume

of 90% phenol (w/v) at 68°C was then added to this. The suspension
was shaken thoroughly for 5 minutes at this temperature, then cooled.
On centrifugation the three layers consistéd of the mycelial mass

at the bottom, the middle phenolic phase and the upper water phase.
The upper water phase was removed with great care by gentle suction,
dialysed overnight to remove the phenol. The retentate was con-
centrated by rotary evaporation under reduced‘pressure‘and was
treated with ethanol between 50% and 80% (v/v) in the presence of

& few crystals of sodium acetate. The resulting precipitate was
washed with ethanol, then dissolved in distilled water and freeze
dried. . Redissolved and put through a Sephadex G 25 and is referred

to in the text as Ches ph.
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Yield of the mycelial extracts
. . Material after ,
Mycelial gxtract Crude material Sephadex G 25 % N,
Ches 790 mg . 121.h mg. 1.56
Ches H,0 670 " 16k " 1.75
Ches ph 1330 " 350 " 0.71
Ches f 200 " NA NA

Summary of C. herbarum entigens

The extraction of the mycvelium produced 4 antigens :-

‘ Extraction
1. Chces _Freeze and thawed with isotonic saline
2. Ches H,0 " n on " gdistilled water
3. Ches ph ' Phenol extraction
4k, Ches f Formamide "
v. Chemical Procedures
1. Nitrogen determination

The microkjeldahl method was used, with the distillation

apparatus of Markham (19%2) and the mixed methylene blue - methylene

red indicator (Kabat and Mayer (1961)).

2 Protein estimation

(a) Detection of protein by the buiret test (Kabat and Mayer)

To 0.2 = 0.5 ml. of the test solution an equal volume of buiret

reagent (CuSOh 0.3%, sodium potassium tartrate 0.9% and KI 0.5%

in 0,2 M NaOH) was added.

indicated the presence of protein.

The development of a pinkish colour
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._(g)

53.

To 2 ml. of the pfotein solution (a washed dissolved antigen -
antibody precipitate) 6 ml. of 12.5% Na O and 1 ml. 0.1%
CuSOh were added, thoroughly mixed and allowed to stand for

1l hour at'foom temperature. _Then Folin reagent (G.T. Gurr
Ltd.) diluted 1 in 3 (1 ml.) was added dropwise and with
constant stirring., After a further 301minutes, the opticai‘
densities of the solutions at 750 mpy were measured against a

2 ml. water blank to which all the rcégents had been added.
Calibration curves were prepared using samples of both tyrosine

and tryptophane,

Detection of protein by ultraviolet absgggtion

Determinations were carried out at a wavelength of 250 mu

using an L.K.B. Uvicord. For va?élengths of 280 ny a Hilger
quartz spectrophotometer, with an optical path of 1 cm. was
used. For nmeasurements of the optical density of the effluent
from D,E.A.E. cellulose and Sephadex columns the L.K.B., Uvicord
was used. The ideal wavelength for the measurement of the
"srotein" content is 280 mu but this was not available for ﬁhe

L.K.B. Uvicord at the time.

Polysaccharide estimations
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(é) Detection of carbohydrate by the Molisch test (Kabat and Mayer)

To 0.2 - 0.5 ml. of the test solution one drop of 2% © =
nephthol in ethanol was added; concentrated HQSOh (0.5 = 1 ml.)
was added slovly to form a lower layer. The cdevelopment of

@ violet ring at the interface indicated the presence of carbo-
hydrate. Visual exanination of the depth of colour which
developed after'thorough mixing of the teét réactants was used
as a guide to the elution of polysaccharide from column
fractionations,

(b) Determination of carbohydrate content by the orcinol method

(Svennerholm 9s56))

" The test solutibn was hydrolysed in 3HHQSOh in a boiling‘wa&er
bath for 2 hours. Samples (2 ml.) of the hydrolysate con=-
taining 10 - 100 mg. of monosaccharide were treated with L ml.
of 0.2% orcinol in concentrated H,S0,. The solutions were
mixed, allowed to stand for 15 minutes and then placed in a
water bath at 80°C for 20 minutes. The solutions were cooled
and their absorption at 505 mp was measured against a water/
orcinol reagent blank. Calibration curves were prepared by
using standard solutions of galactose, mannose and dextran.

(e) Detection of hexosamine by the Elson-Morgan test (Elson and

Morgan (1933))

To the hexosamine hydrochloride (1 ml),l ml.of the acetyl
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acetone reagent (acetylacetone (1 m1) in SOml. of 0,5 N
NaéCO3)was added and left for 15 minupes in a boiling water
bath. Cooled end 5 ml.of ethanol was added. The Ehrilich
reagent (1 ml)(p dimethylaminobenzaldehyde (0.8 gm.) + ethanol
(30 ml.) + cone. HC1 (30 ml.)) was added and this solution was

made up to 10 ml. with cthanol. Colour noted after 15 minutes.

4, Protein and polysaccharide identification

(2) Paper chromatography

e,

(1) Hydrolysis of samples

For amino acid analysis.samples (5 mg.) were hydrolysed

in sealed ampoules at 100°C with 6§ HC1l (1 ml.) for 16 hours.
The solutions were>centrifuged and the acid was removed from
the solution by repeated evaporation "ih vacuo" in the presence
of sodiwn hydroxide pellets and phosphorus pentoxide. The
hydrolyéate was finally dissolved in distilled water (0.1 -
0.25 ml,) for application to the chromatogram.

For monosaccharide analysis samples (2-5 mg.) were hydrolysed

in sealed ampoules at 100°C with N H,S0), (1 ml.) for 6-7 hours,
~ hydrolysis for ﬁ hours was found to be insufficient. The
solutions vere brought to a pll 4.5 with saturated Ba(OH)2
solﬁtion and the BaSOh precipitate centrifuged off. The cléar
supernatant was freeze dried and redissolved in distilled water

(1 ml.) for application to the chromatogram.
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(ii) Solvents

Chromatograms were developed by the descending method on
.Whatman Ho. 1 filfer paper, at 21°C with the following solvent
systens.

For amino acids by either the one or two way method (VWolfe

(1957)) the first solvent in the two way method wes :-

n -butanol : methyl ethyl ketone : water : 17 N ammonia
) = (3) ¢ (1) ¢ (1)
for 34 hours (22 inch direction), this was followed by the

second solvent of n-butanol : acetic acid : water for 2k hours
(2) (3) ()

(18 inch direction). The latter solvent was used in the one

)

vay method.
For sugars (Colombo et al. (1960)) the solvent used was :=-

ethyl acetate : pyridine : water for 2k nours.
(12) s (5) 2 (b))

(iii) Sprays used for location of svots

1. Ninhydrin reagent for aminoacids and amino sugars (Lea

and Sehon (1962)). A 0.25% solution of ninhydrin (triketo-
hydrindenehydrate) in acetone with 7% acetic acid added. After
épraying and drying, the chromatograms were heated at 9500

for 5 minutes. The spots were preserved by dipping in a 1%

solution of Cu(li0 3H,0 in ethanol (Kawerau and Wielend (1951)).

3)2
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2., Silver nitrste reagent for reducing sugars and poly-

alchohols (Trevelyan et al. (1950)). The chromatogram was

first sprayed with a solution of Ag NO, in acetone (0.5 ml.
-~

saturated solution Ag NO, in 100 ml. acetone), allowed to dry

3
and then sprayed with an 0.5 M solution of NaOH in 25% (v/v)
agueous ethanol. When reduction was completed the chromato-
gram was immersed in a 20% solution of sodium thiosulphate to
renove excess silver oxide and then washed in water and

allowed to dry.

(b) Zone electrophoresis in agar gel

5 central antigen vells werecut into the agar and after

electrophoresis of the antigen (20 mg./ml.) the gel plate was
placed in a solution of 5% acetic acid in 95% (v/v) aqueous
ethanol to "fix" the polysaccharide and protein in the gel.

The plates were dried and stained for polysaccharide (PAS) or
protein (amido-schwarz) in the usual way. It was possible

to follow the separation of polysaccharide and protein fractions
in the material obtained by the various fractionation pro-
cedures.

VI, Irmunological Procedurcs

1. Agar-gel diffusion nethods

—— e o

, 1"
(2) Double diffusion(D.D,)test (Ouctherlony(1953))

A Shandon cutter 1812 was used to cut a pattern consisting of
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a large central well (12.5 mm., diam.) surrounded at a distance

of 6 mm. by six peripheral wells (4 mm. diam.) in a 3.5 mm,
laye¥ of agar in a Petri-dish. The Ionagar I1I (dxoid)(3%) vas
nade up in isotonic saline, dissolﬁed by autoclaving and then
diluted with an equal volume of warmed McIlvaine's citric acid
phosphate buffer, pH 7.0 (0.1 M citric acid (18 ml.), 0.2 M
disodium hydrogen phosphate (82 ml.)) to which sodium azide was
added (0.05%) as a preservative. The citrate was added to the
agar to prevent the non specific reaction which occurs with some
fungal extracts and C reactive protein if pfesent in the serum
(Longbottom (1964)). Serum was placed in the large central

well and the various antigenic solutions in the peripheral wells,

Y_Tests were then keptat 28°C for 4 - 7 days. The development of

(b)

the precipitation lines was carefully noted.

Immuno~electrophoresis (I.E.) tes

An adaptation of the micro-method of Scheidegger (1955) was
employed.

The test was performed on well cleaned slide cover glasses

(Kodak 8 cm., x 8 em.) in a 1 mm. layer of 1% ionagar in barbi-

tone buffer (pH 8.6u= 0,025) or less frequently in borate

1buffer (pH 8 u= 0.025) with a potential drop through the gel

of 4 v/em. After electrophoresis (12 hours) of the antigen

or serum in a small central well ( 2 mm, diameter) the
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serum or antiserum was filled into ﬁhe lateral troughs (1.3
b'd SO mm.). The precipitation reactions were allowed to
deﬁelop for 18 - 2L hours at 28°C in a humid atmosphere. A
longer period of time (24 - 36 hours) was sometimes nccessary
in the case of the antigens,mannan A and mannan B,

In the apparatus uscd, 8 similar slides connected in sets of
4 pairs by an agar bridge could be run simultaneously. Whatman
paper Ho. 3MM was used as the 'wick' to connect the slides to
the compartments containing the buffer which was at a concen-
tration twice that of the'gel (i.e.p = 0,05),merthiolaté was
added (l in ;0,000) as a preservative,

Drying and staining of the agar gel plates

After development of the tests, the wells and troughs were

well washed out with water and refilled with hot agar to pre-
vent distortion during‘drying. The D.D. agar plates were then
washed for 1 week in isotonic saline, the saline being changed
every day and then dried between sheets of Vhatmen Ilo. 3MM
paper. The'I.E. piates were washed overnight in saline and
then dried with a layer of paper (3MM) pressed evenly over the
gel surface at a temperéture of hOO—SOOC. The dried filums

and plates were then stained either for protein with amido
schwarz (Crovle, 1961) or with azocarnine (Varley,1962) and

for polysaccharide with the periodic acid-Schiff stain
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(Muelling et al., 1960).
After staining; the D.D. plates were given a final rinse in
glycerol (10% v/v) in alcohol for 10 - 20 minutes, then blotted
dry with filter paper. This prevented the dried agar from
‘becoming too brittle with age.

Stains

The amido-schwarz (0.2%) was dissolved in a solvent mixture of

methanol: acetic acid: distilled water (5:1:4). fThe plates
were stained for 30 minutes and then washed in successive
washes of the above solvent mixture (X2) until the background

was colourless and finally blotted dry with filter paper.

The azocarmine B (0.6%) was dissolved in the same solvent mix-
ture as above i.e. methanol: acetic acid: water (5:1:&).‘ The
plates were stained for 30 - 4O minutes and were washed in
successive changes of acetic acid (7% in water)(X2) until the
background was colourless, then finally rinsed in a 10%
glycerol/ethanol mixture and then dried.

The periodic acid-Schiff (P.A.S.) stain; the plates were first

pléced in the periodic acid solution (periodic acid 2.4 gm.,
distilled water 60 ml., sodium acetate 30 ml. and ethanol
206 ml.) for 5 mihutes,rinsed in TO% ethanol and blotted dry;
They were then placed into the reducing solution (KI 5 gm.,

sodium thiosulphate 5 gm., distilled water 100 ml., 2N HCl
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2.5 ml. and ethanol 150 ml.,added with stirring - freshly made)
far‘S minutes and again rinsed in TO% ethanol and blotted dry.
The plates were then immersed in the Schiff stain (Feulgen re-
agent, G.T. Gurr Ltd.) for 15 = 20 minutes, washed three times
in sulphite rinse (Conc. HCl 2.0 ml. potassium metabisulphite
0.8 gm., distilled water 200 ml, - this mixture must be kept

in fhe dark) followed by a wash in 0.1N HC1l, and then in ethanol
and finally dried between filter paper. |

2. Absorption (inhibition) tests

To demonstrate the presence of common antigens or antigenic
components in the various extracts, absorption tests were done by adding
antigen (10 mg.) or antigenic solutions 60 mg./ml. (1.0 ml.) to 1 ml.
of serum, giving a final concentration of 10 mg. of antigen per ml. of
serum. Absorption was continued for 2 = L hours at room temperature,
followed by centrifugation to remove any antigen-antibody precipitate.
The absorbed serum was then tested in agar gel.

3. Haemagglutination test (Stein et al.(1963))

A 7.5% suspensipn of formolised sheep cells in phosphate
buffered saline pH 7.2 (P.B.S.) was stored in the refrigerator. The
- formolised cglls were tanned by incubating for 15 minutes at 3T°C,an
édual volune of tannic acid (1:20,000 in P.B.S.) with a 2.5% susPensibn
of the formolised cells. After incubation the cells were washed (X2)

and resuspended (2.5%) in bovine albumin (0.125%) in P.B.S. To serial
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dilutions of the absorbed inactivated serum in B.P,B.S. (0.5 ml.), a
drop of the sensitised cell suspension (0,05 ml.) was added and left
overnight at 2l°C. The results ﬁere read the next morning,

k., Agpglutination test (Kabat and Mayer)

C. albicans was grown as a surface culture on Sabouraud agar
for 48 hours. The cells were harvested and suspended in isotonic
saline (2%). This yeast cell suspension was formolised by the addition
of a few drops of formalin and left overnight at 4°C.  The cells were
washed in saline (X2), resuspended in saline (2%) and stored at ¥,

. To serial dilutions of serum (O.4 ml.), 0.02 ml. of the yeast suspension
was added, placed in a water bath (45°C) for 3 hours end left overnight
af hOC. The results were read the next morning.

- 5. Determination of quantitative precipitin curve (Kabat and Mayer)

Increasing amounts of antigen (0.05-1 mg.) were added to tubes
containing 0,5 ml. of serum, which had been centrifuged at 2,000 rpm at
0° for 1 hour to remove any lipid. These tubes were incubated at 37°C
for 30 minutes and then at 4°C for 7 days, shaken daily to agitate the
‘entigen/entibody complex., The precipitates, after centrifugation at
2,000 rpm at 0°c for 1 hour, were washed twice with cold isotonic saline
and then dissolved with shaking in 0.5 N NaOH (1 drop) and finally
distilled wafer (2.5 ml.) was added. The protein content in the dis-
solved precipitate was estimated by the Folin-Ciccalteu method.  The

sera éoncerned were tested for the presence of complement. All were
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found to be negative, so that abnormel reactions due to complement

could be disregarded.

6. Preparation of serum gamma globulin

() Fractionation by diethylaminoethyl cellulose (Levy & Sober (1960))

()

Diethylaminoethyl (D.E.A.E.) cellulose (Eastman-Kodak) 40-100
nesh 0,96 meq/g columns (2 cm. diam,) were packed with slurries
of_the'fesin (1 gm./ml. serum) equilibrated with the starting
buffer (0.0175 M sodium phosphate, pH 6.3) under a pressure of
5 pesei.  Serum (2 ml.) was dialysed overnight against the
starting buffer and centrifuged to remove the precipitate.

Serum was applied to the column 2 cm. diam. x 6 cm. and pushed

"into the column with gentle air pressure. 'the gamma globulin

was eluted with 0.0175 M sodium phosphate buffer pH 6.3 and

3 ml. fractions were collected on an automatic fraction collector
end their absorbance measured by an L.K.B. Uvicord at 250 mu-.

The bulked effluents from the first peak were freeze dried and
reconstituted at 60 mg./ml. in isotonic saline + 0,05% sodium
azide. ihe remaining globulin fractions were eluted from the
coluﬁn using 2M‘sodium chloride in 0.4 sodium phosphate pH 5.2.

Fractionation with saturated smmonium sulphate

The serum (5 ml.) was treated with an equal volume of saturated
ammonium sulphate. The solution was left overnight and the

precipitated globulins were removed by centrifugation. The
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washed precipitate was dissolved in vater, dialysed and freeze
dried. This precipitate was redissolved in saline + azide

(0‘5 ml.).

T. Concentration of the serum

(a)

(b)

Pressure dialysis

1.5 ml, éf serum was put into 8/32 Visking tubing and attached
to a glass bulb, pressure 5 p.s.i. wvas applied and the bulb
was sealed off. It was then dialysed égainst 0.9% saline
overnight or until oﬁly 0.5 ml. serum remained, when the
pressure was releaéed and the serum removed.

Freeze drying

1.5 ml. of serum was freeze dried overnight in a small flask
and then reconstituted in 0.5 ml. of distilled water. This
was in practice the most useful and was therefore used for

most of the sera.

8. Method of skin tests

(a)

(b)

(c)

Prick tests were performed by pricking gently through a drop
of extract on the volar surface of the forearm with a fine

hypodermic needle (Size 17).

Intracutaneous tests were performed by injecting approximately
0,01 - 0.02 mL., of a 1 mg./ml. or 10 mg./ml. solution of the

test material.

Interpretation of the skin test reactions

There are three types of skin test reactions, as defined by
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Gell and Coombs (1963)., The immediate type reaction, Type I,

" mediated by the non-precipitating reaginic antibody in the serum,

VIi.Sera

appears in minutes and resolves within 12 ~ 2 hours. The

Arthus type reaction, Type III, associsted with precipitating

‘antibody, develops within 3 - 12 hours after the test and begins

to resolve within 24 -~ 48 hours. The Arthus skin test reaction
consists of a, usually, soft oedemetous swelling with limited
induration, The Type IV reaction is different from the Type
III reaction appearing at about 24 hours and maximal at 48 - 72
hours with marked central induration.A In testing the various
fractions for allergenicity, the size of the immediate weal
reactions obtained on prick testing are given as the mean
diameter in mm. and of the Arthus reactions obtained on intra-
cutaneous testing as mean diameter large (greater than 7 mm,)(++)

or small (less than T mm.)(+).

The sera were obtained from clotted blood and were stored at

4°¢ or -30°C with 0.1% sodium azide as a preservative. Two series of

tests were prepared with the following groups :-

l.Series A

Series A, the sera were unconcentrated

Series B, the sera were concentrated three-fold.

Group I Sera from healthy controls

Group IT Sera from the mother and the umbilical cord
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Group III Sefa.from patients with uncomplicated asthma

Group IV BSera from patients with asthma and pulmonary eosinophilia -
i.e. transitory pulmonary infiltrations associated with
peripheral blood eosinophilia.

Group V  Sera from patients with other pulmonary diseases such as
- chronic bronchitis and interstitial fibrosis.,

Group VI Sera from patients with radiographic, surgical or post
mortem evidence of pulmonary Aspergillus mycetoma commonly
found in patients with cavities due to tuberculosis.

Group VII Sera.from patients with open healed cavities from
pulmonary tuberculosis. |

Groﬁp_VIII Sera from patients with extrinsic allergic alveolitis i.e.
Farmer's lung and Bird fancier's lung.
Approximately one half of the sera were obtained from the Brompton
Hospital, the remainder being provided by physicians throughout the U.K.
As a result of the findings in this initial test series, a
second series of more detailed tests were made on the following groups,
which corresponded in part to the sera of Series A.
2, Series B |

Group I Sera from healthy controls

Group II Séra from patients with extrinsic asthma

Group III Sera from patients with late onset asthma

Group IV Sera from patients with asthma and pulmonary eosinophilia
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Group V  Sera from patients with other miscellaneous lung diseases.

3. Production of rabbit antiserum

Rabbit antiserumwas produced for the C. herbarum investigations.

A rabbit was immunised by repeated injection of 10 ml. of an emulsion
- of the crude culture filtraté (Chef).,  The eﬁulsion vas prepared by

dissolving 400 mg. of Chef in water (10 ml.) to which 1% aluminium
phosphate was added. This was emulsified in a hand creamer with
Arlacel A(2 ml.) and Bayol F (8 ml.). The final volumevof.lO'ml. cone-
taining 200 mg. Chef was injected subcutaneously in 10 different sites.
After 2 weeks the rabbit was further injected intraperitoneally with
a similar emulsion containing 100 mg. Chefj this was repeated again
after 4 days. The rabbit was bled before each injection of the antigen
and when a high titre of antibody was found, no further injections were
given.

Human sera only were used for the investigation of the antigens

of C, albicans and A, fumigatus because precipitins were common in

patients,but for C. herbarum, in certain serological investigatioms,

. rabbit antisera were necessary.
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RESULTS

I. Serological Studies

l. Nature of precipitation reactions

Two types of precipitaﬁion reactions were observed in the agar
gel double diffusion tests (Crowle (1961) and Kabat and Mayer (1961)).(Fig.?2)

(i) A broad diffuse reaction attributed to a heat stable poly-
saccharide antigen and regarded as an 'H' type or 'fldcculating'
type of precipitation reaction. The concentration of the
antigen used is very critical as, if phe antigen concentration
used is too high, the 'H' type of precipitin- reaction will
disappear,either because the reaction has taken place in the
central serum well or more probably because reactions of the
'H' type are readily soluble in excess antigen. (Fig. 3)

(ii) A well defined reaction attributed to a heat labile protein
antigen and régarded as an 'R' type or 'precipitating' type
of precipitation reaction. For this reaction higher con-
centrations of fhe antigen are needed and the 'R' type of
precipitin reaction is less readily soluble in excess antigen.
(Fig. 1)

2. Effect of concentretion of the serum

The negative sera were concentrated three-fold and then tested
against an antigen capable of giving an 'H' type of precipitin reaction;

8 significent increase in the number of positive reactions resulted.
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Rige, & Double diffusion test against the patient's serum showing
the two types of precipitation reactions given with the antigeniec
extracts of C, albicans

(1), (2) Extracts of the culture filtrate (20 mg./ml.)

(3), (4), (5), (6) Extracts of the cell wall (1 mg./ml.)

Note: the two types of precipitation reactions; the broad diffuse

band of the 'H' type and the well defined lines of the 'R' type.
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(a) (b)

Fig, 3 D.D, test against the patient's serum showing the 'H' type
precipitin reactions given with a polysaccharide cell wall extract of
C. albicans when tested at decreasing concentrations,

(1) 20 mg./ml. (2) 15 mg./ml. (3) 10 mg./ml. (L) 5 mg./ml.

(5) 1 mg./ml. (6) 0.1 mg./ml.

Note: that no precipitin reactions are given with the serum (b) and
the higher concentrations of the polysaccharide extract (1), (2), (3)
whereas a broad fuzzy band is given with the serum (a) and all con-
centrations of the polysaccharide extract; the reaction at (5) being

more well defined.
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Fig. L D.D. test against the patient's serum showing the 'R' and
'H' type precipitin reactions given with a culture filtrate extract
of C. albicans, before and after heating, at varying concentrations
(1) 20 mg./mi. (2) 1 mg./ml. (3) 20 mg./ml.(heated) (4) 20 mg./ml.

(5) 0.1 mg./m1.(6) 10 mg,/ml.

Note: +the 'R' and 'H' type precipitin reactions at the higher con-
centrations (1), (4) and weaker at (6) and only 'H' type reactions
after heating at 100°¢C for 5 minutes (3) and at the lower con-

centrations (2).
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When tested against an antigen capable of giving an 'R' type of precipitin

reaction, there was no increase in the number of positive reactions but

the number of precipitin arcs was sometimes increased.

3.

Precipitin reactions with the immuno-globulins of the patient's serum

The precipitation reactions to the Candida antigens were found

t0 be immunologically specific occurriﬁg with the immuno-globulins of the

pat
(a)

- (v)

(e)

ient's serum only.

L0 sera were exemined by immuno-electrophoresis of the patient's
serurand on the one hand tested against the aﬁtigen at 1 mg./ml, and
on the other hand against a rabbit anti-hunan globulin serum. Out
of the L0 sera, 19 gave positive reactions in the region of the
immuno-globulins. (Fig. 5)

The immuno-globulins of T sera were fractionated by D.E.A.E,
‘cellulose. The D.D., and I.E. tests against the antigens showed
.strong reactions with the separatéd immuno-globulins. (Fig. 6)

The immuno-globulins of T different sers were prepared by salt
fractionation with ammonium sulphate. The D.D. and I.E. tests
egainst the antigens showed strong reactions with the separated
immuno-globulins,

Comparison of the antigenic extracts

The following were compared :-

(a) Extracts of the culture filtrate and cells of C. albicans

"(b) Extracts of the culture filtrate and mycelium of C. herbarum
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) Fig. 5(a) Immunoelectrophoresis test
. of the patient's serum (1) and
aC
tested against a culture fil-
trate extract (I) and a cell
I 481l extract (II) of C. albicans
. 1
(a)

(b) I.E. test of the patient's

s e e e e ety L L1
R E

N

2 serum (2) and tested against
I a culture filtrate extract (I)
and a mycelial extract (II) of

C. herbarum

II

(b)
Note: the weak precipitin arcs given to the test extract in the region
of the garma globulin, as confirmed by the reaction given in the same

region by a rabbit anti-human globulin serum.(III).
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Fig. 6 D.D. test against the separated immunoglobulins of a patient's
serum showing the precipitin reactions with the culture filtrate
extracts of C. albicans Group A (20 mg./ml.) (1), (2) and with the

cell wall extracts Group A (1 mg./ml) (3), (4) and the cell wall

extracts, Group B (1 mg./ml.) (5), (6).
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(aXi) Extracts of the culture filtrate of C. albicans

The following culture filtrates were tested at 20 mg./ml. =

Cafs 1 from a 24 hour culture,strein A 207

) " " h day 1" " A 207
3 ”n " 7 1"t 1 " A 207
h " " 7 1t L n B 792
5 " " 33 month " of an unknown strain

'R' type reactions

Double diffusion tests showed that the heat labile protein antigen
responsible for the 'R' type of precipitin reaction was not present
in the 2l hour éld culture, was present in limited amounts in the

b day olad culture and was present in larger amounts giving stronger
but similar reactions in the 7.day old culture. The 33 month
culture gave very strong 'R' type reactions;l - 2 arcs were oc-
casionally seen in addition to those common with the 7 day old
culture (Fig. 7). The culture filtrate from the growth of strain
A 207 (Group A) and the strain B 792 {Group B) gave identical 'R'
type reactions.

'H' type reactions

All the culturé filtrate extracts tested at 20 mg./ml. showed that
the heat stable polyséccharide an£igen responsible for the 'H' type
of precipitin reaction was very weak iﬁ the 24 hour culture and
stronger in the older cultures. The concentration required for

these extracts is higher than that of the pure polysaccharide cell
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Fig., 7 D.D. test against the
patient's serum showing the pre-
cipitin reactions with the culture
filtrate extracts of C. albicans at
20 mg./ml. (1) Cafs 2 (2) Cafs L

(3) cafs 5 (L) cafs 3 (5) Ccafs 1

(6) a cell wall extract (1 mg./ml)
Note: that the 'R' type precipitin reactions to Cafs 4 (Group B)(2)
and Cafs 5 (Group A) (3), (4) are common, and that the 'H' type pre-
cipitin reactions to the culture filtrate extracts are common to the
reactions given to the cell wall extracts.
~ +

Fig. 8 I.E. test of the culture
|

c:w__i?':: T filtrate extracts at 30mg./ml.
2 (1) cafs 3 (2) Cafs L showing 'R
and 'H' type precipitin reactions
3 and of the cell wall extracts
E—i‘ —_ s I (Group A) at 1 mg./ml.(3) unheated
4 (4) heated showing 'H' type pre-

cipitin reactions with a patient's

serun(I)

lote: that more precipitin lines of the 'R' type are given with the

Group A (1) than the Group B (2) culture filtrate extracts.
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vall extracts, because there is less of this pure polysaccharide
component in the culture filtrate extracts.

‘The I,E. tests of the culture filtrate extracts gave a broad
band associated with the polysaccharide antigen, and occasionally
fine arcs associated with the protein antigen were given when tested
against strongly positive sera (Fig. 8).

(11i) Extracts of the cells of C. albicans

The somatic extracts and cell wall extracts were tested at

various concentrations -~

somatic extracts Cacs U
' Cacs pr
cell wall extracts mannan A mannan B
Cacs E (1) Cacs g naphthol
Cacs E (2)

‘Somatic extracts

The somatic extracts of C. albicans Group A,Cacs pr and Cacs U
were tested at 4O mg./ml. by D.D. and I.E. Only & small group of
4 special sera from patients with endocarditis gave 'R' type pre-
cipitin reactions, but an "H' type precipitin reaction was given
with all positive sera when the extract was tested at 20 mg./ml.;
‘the latter reaction was common to the cell wall extracts (Fig. 9, 10).

Cell wall extracts

The cell wall extracts of C. albicans Group A and Group B

tested by D,D. at 20 mg./ml, failed to give any 'R' type precipitin
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(a) (b)
Fig, 9(a) D.D. test against the serum of a patient with endocarditis

showing the 'R' and 'H' type precipitin reactions given with the culture
filtrate and somatic extracts of C, albicans.

(1) Cacs pr,Group A (40 mg./mi.) (2) Cafs 3 (30 mg./ml.)
(3) cafs 4 (30 mg./md.) (4) Cacs pr,Group B (40 mg./ml.) (5) cell wall
extract, Group B (1 mg./ml.) (6) cell wall extract, Group A (1 ng./ml.)
Note: the common 'H' type precipitin reactions given with all the
extracts and the 'R' type reactions given with the somatic extracts
Group A end Group B (1), (4) which are not common to the 'R' type re-
actions given with the culture filtrate extracts (2), (3).

(b) I.E. test of the culture filtrate extract,Group A and the
somatic extract,Group A showing 'R' and 'H' type precipitin reactions
with the serum of patients with endocarditis (I), (II).

(1) Cafs 3 (30 mg./ml.) (2) Cacs pr (40 mg./ml.)
liote: the position of the 'R' type precipitin arcs: the electro-

phoretic mobility of the somatic extract is greater than that of the
culture filtrate extract.
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(a) (b)

Fig. 10(a) D.D. test against the serum of a patient without systemic
disease, showing the 'R' and 'H' type precipitin reactions with the
culture filtrate extract end only 'H' type precipitin reactions with
the somatic extract and the cell wall extract, Group A.(1l) cell wall
extract (1 mg./ml.) (2) Cafs 3 (20 mg./ml.) (3) Cacs U (40 mg./nl.)
(4) Ccacs pr (40 mg./ml1.) (5) 60% Cafs 4 (20 mg./ml.) (6) 60% Cafs 3

(20 mg./ml.)

Note: +the common 'H' tyve precipitin reactions given with all the
extracts and no 'R' type reactions given to the somatic extracts (3),(}4)

(b) I.E. test ofthe culture filtrate and the somatic extract
with the serum of a patient without systemic disease

(1) cacs pr (40 mg./ml.) (2) Ccafs 3 (30 mg./ml.)

Note: the weak 'R' type reaction given to the culture filtrate extract (2)
and a negative 'R' type reaction to the somatic extract.(l)
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reactions and with most séra no 'H' type precipitin reactions
either. This concentration of 20 mg./ml. provided antigen excess
for-most sera. - The Group A cell wall extracts, mannan A, Cacs E(1)
and Cacs E (2) tested at 1 mg./ml. - 0.1 mg./ml. gave an 'H' pre-
cipitin reaction of identity attributable to the heat stable poly-
saccharide antigens and as many as 2 - 3 precipitin arcs were seen
with some sera (Fig. 11). The more homogeneous the polysaccharide
extract the more eritical was the concentration of the antigen used.
The precipitin reactions to the mannan A were stronger than the
other extracts and it was therefore used in all the precipitin and
skin tests because of its chemical purity (Fig. 12).

The Group B cell wall extracts, mannan B and Cacs B naphthol
had common antigenic components. The mannan B reaction was much
weaker and less frequent than the mannan A at comparable concentra-
* tions, however, there was a reaction of identity between the mannan
A and mannan B. Many of the séra giving a strong reaction to the
mannan A gave a positive reaction to the mannan B as well.

On I.E. of all the Group A extracts, aAstrong precipitin line
appeared in the region of the antigen well. On I.E. of the Group B
extracts a line in éommon with the faster moving component of the
' mannan A appeared (Fig. 13).

I.E. of the mannan A using & borate buffer (u = 0.5 pH 8.6)

(Foster (195T7)) instead of the phosphate buffer gave a single arc



81.

Fig. 11 D.D. test against patients' serum showing the nultiple 'H!
type precipitin reactions given with the mannan A at decreasing con-
centrations

(1) 1 mg./ml. (2) 0.5 mg./ml. (3) 0.25 mg./ml. (4) 0.1 mg./ml.

(5) 0.05 mg./ml. (6) 0,01 mg./ml.

Note: Multiple precipitin reactions are given with low concentrations

of the antigen, mannan A.



82,

(a) (b)
Fig. 12 D.D. test against the patient's serum showing the 'H' type
precipitin reaction with the cell wall extracts and a somatic extract.
(2) (1) Ccaes E (1) (1 mg./ml,) (2) mannan B (1 mg./ml.)
(3) mannan A (1 mg./ml.) (Y4) Cecs E (2) (1 mg./ml.)

(5) g naphthol (1 mg./ml.) (6) Cacs U (20 mg./ml.)

(b) (1) Cacs U (20 mg./ml.) (2) Cacs E (1) (1 mg./ml.)
(3) cacs E (2) (10 mg./ml,) (4) mannan A (1 mg./ml.)

(5) mannan A, heated (1 mg./ml.) (6) mannan B (1 mg./ml.)

Note: the common 'H' type precipitin reactions given with a heat stable
eantigen, and that the reactions to Cacs E (2) (4a)(3b) and Cacs B naphthol

(5a) are very weak.
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Fig. 13 I.E. test of the cell wall extracts at 1 mg./ml.
(1) mannan A (2) mannan B (3) Cacs E (1) (L) Cacs E (2)
showing & precipitin arc in the region of the origin with the patient's

serum (I).

Note: the absence of a precipitin reaction with the mannan B extract (2)
in the slow moving region of the mannan A extract and the very wesk

reaction with Cacs E (2) (L).
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with no mobility in either the direction'of the anode of the cathode
showing-that this is a homogeneous antigen. There was no evidence

by dilution or concentration of the mannan B of the presence of the

slow moving component of the mannan A (Fig.1h ).

.('b)(i) Extracts of the culture filtrate of C., herbarum

A1l the culture filtrate extracts Chef 1 etec., when tested in
D.D. at 20 mg./ml., gave no 'R' type precipitin reactions with human
sera but with an anti-C. herbarum rabbit serum, well defined pre-~
cipitin arcs were given (Fig. 26).

'H! type precipitin reactions were given with all the culture
filtrate extracts, the sharpest reactions beiﬁg given at a con-
centration of 1 mg./ml.

(i3) Extracts of the mycelium of C. herbarum

The mycelial extracts Ches, Ches H,0, Ches ph and Chef f tested

. 2
at 1 mg./ml. by D.D. gave an 'H' type precipitin reaction in common
with that of the culture filtrate extract (Fig.15).

On I.E. a broad continuous band near the trough was shown with
all the extracts attributable to the heat stable polysaccharide
antigen giving the 'H' type of precipitin reaction (Fig.16 ).

The 'H' type of precipitin reactions given by the polysaccharide

antigens of C. albicans and C. herbarum are of special interest and

further purification of these antigens was attempted (p. 135).
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Fig. 1% I.E. test, using a borate buffer, of the mannan A at

1 mg./ml. (6) and the mannan B at decreasing concentrations
(1) 10 mg./ml. (2) 5 mg./ml. (3) 1 mg./ml. (4) 0.5 mg./ml.
(5) 0.1 mg./ml,

showing the 'H' type precipitin reactions with the patient's serum. (I)

Note: the single arcs given with the mannan A and mannan B, the
mannan B giving stronger precipitin reactions at 1 mg./ml. and

0.5 mg./ml. than at the higher concentrations.



86,

(a) (v)

Fig. 15 D.D. test against the patient's serum showing 'H' type
precipitin reactions with the culture filtrate extracts and the
mycelium extracts of C. herbarum at 1 mg./ml.

(a) unheated extracts (b) heated extracts

(1) Ches (2) Ches 1,0 (3) Ches ph (L4) Ches £

(5) Chef 1 (6) Chef k4,

Note: the reactions of identity given with all the heat stable

antigens.
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Fig. 16 I.E. test of the culture filtrate and the mycelial extracts
of C. herbarum at 1 mg./ml.
(1) chef (2) Ches (3) Ches H,0 (4) Ches ph

showing 'lI' type precipitin reactions with a patient's serum (I).
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5. Results of agar-gel double diffusion (D.D.) precipitin tests

(a) Series A
The unconceptrated sera from Series A were tested by double

diffusion using the féllowing antigens :-

(i) a culture filtrate extract of C. albicans,Cafs 3 tested at
20 mg./ml. containing a protein and polysaccharide antigen
responsible for the 'R' and 'H' type precipitin reactions

(ii) a culture filtrate extract of C. herbarum,Chcf I tested at
1 nmg./ml. containing a polysaccharide antigen responsible
for the 'H' type of precipitin reaction.

(iii) a culture filtrate extract of A. fumigatus,AfGlh tested at

30 ng./ml. containing a protein antigen responsible for the
'R' type of precipitin reaction.
SERIES A Table 1.

Of the 88 positive sera to Cafs 3, 'R! type precipitin reactions
were obtained with 50% and 8 of these reactors gave no 'H' type pre-
éipitin reactions, It should be noted that when concentrated three-
fold (see p. 9L) these 8 sera gave weak 'H' type precipitin reactions.
'H' type prgcipitin réaciions were given by 91% of‘the positive reactors.

Group I Sers from healthy controls

In this group of 65 sera, 6.l% had positive reactions to

Cafs 3, 1 reacted to the protein component of Cafs 3, and none reacted

to AfGY or Chef k.
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Table 1

Positive precipitin reactions with unconcentrated sera

culture filtrate antigens

Groub Wo. C. albicans C. herbarum A, fumigatus
tested No. No. No.
/g /g /4
I  Healthy 4 0 0
controls 65 /6.1 /O /O
II M 4 ° 0
aternal 4o /10 -/O /O
Umbilical cord 4o h/ o/ o/
10 0 0
III Asthma 124 26/21 T/5 6 3/2 4
IV Asthma and
28 18 Lo
pulmonary T3 / / /
eosinophilia 38.5 2h.8 25
\' Bronchitis 40 18/h5 0/0 l/2 5
VI Aspergilloma 12 5/h1.6 9/75 12/100
VII 014 tubercul- 3 0 0
osis 1k /21.5 /0 /0
VIII Extrinsic
, : . 8 11 3
allergic 81 / / /
elveolitis 9.9 13.6 3.7
TOTAL 88 45 59
(III-VIII) 34k /25.5 /13.2 /17.2
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Group II Sera frOm the mother and the cord

In this group of 80 sera, 10% had positive reactions to Cafs 3 .
and none reacted to AfGY or Chef 4. A positive maternal serum was
accompanied by & positive reaction with the paired cord blood serum,
shéwing that the precipitating antibodies against the polysaccharide
antigen of C. albicans were capable of crossing the placenta.

Group IIT  Sera from patients with uncomplicated asthma

In this group of 124 sera, 21% had positive reactions to Cafs 3
and of the 26 positive sera, 54% reacted to the protein component of the
Cafs 3. Of the total group,5.6% had positive reactions to Chef )4 and
2.4% had positive reactions to AfGh.

Group IV  Sera from patients with asthma and pulmonary eosinophilia

In this group of T3 sera, 38.5% had positive reactions to Cafs 3
and of the 28 positive sera, 32% reacted to the protein component of the
Cafs 3. Of the total group,24.8% had positive reactions to Chef 4 and
55% had positive reactions to AfG4. This group showed a high incidence
of reactivity to all the antigens and was investigated in more detail
(page 95')

Group V  Sera from matients with bronchitis

In this group of 40 sera, 45% had positive reactions to Cafs 3
and of the 18 pdsitive.sera, 67% reacted to the protein component of the
Cafs 3. Of the total group,2.5% had positive reactions to AfG4 and none
reacted to Chef 4. This shows a high incidence of vositive reactions

in particular to a protein component associated with the 'R' type
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precipitin reaction. U patients with bronchitis were especially tested
because they were known to have precipitins to antigens of Haemophilus
influenzae and to C, albicans, however there was no cross reactivity
between the two antigens,

Group VI Sera from patients with an aspergillona

In this group of 12 sera, 41.6% had positive reactions to Cafs 3
and of the-5 positive sera, 80% reacted to the protein component of the
Cafs 3., Of the total group,75% had positive reactions to Chef U and all
hed positive reactions to AfGh.

Tﬁis shows a high incidence of positive reactions to Chef k4

which is probably due to the presence of related antigens in common with

A. fumigatus. The high incidence of reactivity to Cafs 3 may be due
to infection with both the fungi, since related antigens to those of

A. fumigatus have not been found. -

Group VII Sera from patients with open healed cavities

In this group of 14 sera, 21.5% had positive reactions
to Cafs 3 and of the 3 positive sera, 2 reacted to the protein component
of the Cafs 3 and none reacted to AfG4 or Chef k,

Group VIII Sera from patients with extrinsic allergic alveolitis

Of this group of 81 sera, 27 were sent in with a provisional
diagnosis of Farmer's lung and 54 with a provisional diagnosis of Bird
fancier's lung. In this group of 81 sera, 9.9% reacted to Cafs 3 and

of these 8 sera, 3 reacted to the protein component of Cafs 3; 3(3.7%)
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reacted to ATfGY and 11(13.6%) reacted to Chef.

Provisional No. lo. No. positive/% positive to
Diagnosis - tested Positive Cafs Chef ATGh
‘e 1. (1) 2 11 3
Farmer's lung 16 | 16 /12_5 /68.7 /18.7
2 0 0
11 0 /18,2 /o /o
‘Bird fancier's 18 (2)18 2/ 0 0y
11 0 0
lung 2 0 0
36 0 /54 1o 7o
(1) to F.L.H, antigens (2) to avian antigens

There was & low percentage of positive reactions to all the antigens.
However in the group of farmer's lung patients, with precipitins to the
F.L.H. antigens, 68.7% gave positive reactions with Chef.

The histogram (fig. 17) shows the relative numbers of 'H' and
'R' type precipitin reactions in the 88 sera giving positive,reacﬁions
to the Cafs 3. TFrom the histogram the percentage positive to the pro-
tein component was greater in the group of patients with bronchitis and
6ld tuberculosis than in the other 3 groups and most patients gave re-
actions to the polysaccharide component.
(b) Series B

The effect of three-fold concentration of the sera on the
reactifity to the antigen giving the 'H' type of reaction was studied
fully.in a separate group of patients. The sera giving negative re-
actions were concentrated ﬁhree—fold and then retested.

The unconcentrated and three-fold concentrated sera were

tested by double diffusion against the mannan A antigen at 1 mg./ml.
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D No. of 'H'type precipitin reactions
Total

BNo. of R’ type precipitin reactions

Group

801 I v v VI viI Vi

No. of sera
- tested 124 73 40 12 14 81

70

60

50

40

30

20

No. of positive precipitin reactions to Cafs 3

10

R ..

VNN

Fig. 17 A histogram showing the 'H' and 'R' type precipitin reactions
given with the culture filtrate extract of C. albicans, Group A (Cafs 3)

when tested argainst the sera from Groups III - VIII.
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SERIES B:
No Positive reactlons to mannan A
Group " tested Unconcentrated Concentrated
sera sera
IqOo /% NO./%
1 Healthy controls 3] 1, h/
v 4,5 18.2
II Extrinsic asthma 25 7/ 8/
‘ 28 25
3 5
III Late onset asthma 15 /20 _ /33
IV A.P.E 36 12, 14,
.P.E. : 33.3 38.8
o . ) 0
V  Miscellaneous 15 /26.6 /0

In all groups tested except the miscellaneous group the concentration
of the serum led to an increase in the number of positive reactions,
comparable to or greater than the number of reactions with the un-
concentrated sera. Comparable results were given by the groups with
extrinsic asthma and with late onset asthma. A high incidence of
positive reactions occurred in the A.P.E. group,giving a total of T2.1%.
The number of positive reﬁctions to the Chef 4 and AfCh antigens was
not increased by three-fold concentration of the sera in Groups I, II,

III and V but a small increase was obtained to both in the A.P.E. group.
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(c)Tests with mannan B

The mannan B at 1 mg./ml. was tested against the unconcentrated
serymof a group of 56 subjects giving positive reactions to mannan A
drawn approximately equally from the 6 groups. Only 5 (8.9%) of the
56.sera gave positive reactions to the mannan B, and all the groups
reacted sinilarly. The only sera to react to the mannan B were those
which gave strong reactions to the mannan A. The number of reactions
vere decreased using a concentration of 0.5 mg./ml. and increased in

two instances with the mannan B at 10 mg./ml..

(a)Results of tests on a group of 90 patients with asthma and pulmonary
eosinophilia '

The sera of a group of 90 patients drawn from Series A, Series
B and sera collected especially for this investigation were tested to

" the following antigens =

i. the culture filtrate extract Cafs 3 at 20 mg./ml.
ii. the culture filtrate extract Chef 4 at 1 mg./ml.
iii. a culture filtrate extract AfG4 at 30 mg./ml.

iv. & purified cell wall extract mannan A at 1 mg./ml.
The sera were subdivided into three groups according to their

reactions to the polysaccharide and protein antigens of A, fumigatus.

(a) A group of 16 sera which reacted only to a protein component
of the AfGh capable of giving an 'R' type precipitin reaction.
(b) A group of 54 sera which reacted to the protein component and

to a polysaccharide component of the AfGlL, the latter capable
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of giving an 'H' type of precipitin reaction in addition to
the 'R' type
(c) A group of 20 sera which were of special interest because they

gave no reactions to the AfGh.

% positive 'R' & 'H' type precipitin reactions to:

Unconcentrated No. AfGh Cafs 3 mannan A Chef. L
Sera tested 20mg. /ml, 20mg./ml. 1mg./ml. Img. /ml,
1 R 1 t H t t R ] t H | ] 1 H ]
Group a 16 100 0 0 0 : 0
b 5L 100 100 9 52 81.5
e 20 0 0 50 .65 10
Concentrated
Sera (3fold)
Group & 16 100 0 0 0 0
b ' 54 100 100 9 81 98
c 20 0 0 50 80 10

The following observations can be made from the results.

Group a In this group of 16 sera, there were no positive reactionsto

the polysaccharide component of the AfGlh, even on concentration of the
serum. There were no reactions to the polysaccharide components of mannan’
A and Chef b nor to the protein component of the culture filtrate Cafs 3.
Group b A1l of the 54 sera gave positive reactions to the protein and

polysaccharide components of AfGh, A high incidence of reactivity was
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seen to the mennan A (51%) and.Chcf L (81.5%)., After concentration
of the sera, the total number with positive reactions to mannan A was
increased to 81% and to the Chef b to 98%. Only 9% reacted to the
protein component of the Cafs 3. In these patients there appears to
be & heightened reactivity to the polysaccharide component contained
in all the three antigens, although as will be shown later, whilst

the antigens of C., herbarum and A. fumigatus give reactions of identity,

the mannan A of C. albicans does not (p. 178).
Group ¢

In this group of'20 sera no positive reactions were given to
AfGh., 65% gave positive reactions to mannan A and 10% to Chef 4.
After concentration a total of 80% gave positive reactions to mannan A
" but there were no additional positive reaction to the Chef k. 50% of
fhe 20 sera gave positive reactions to the protein component of the
Cafs 3. After concentration of the sera the number of 'R' type pre-
cipitin arcs waé sometimes increased'but the number of positive reactors
was not. Thus it can be seen that in this group there is a significant
number of precipitin reactions to the protein component as well as to

the polysaccharide component of C. albicans.

- II. Results of Skin Tests
1. Prick test
Prick tests were performed in a selected group of asthmatic

subjects end in a control group of non-asthmatic subjects for the pro-
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duction of immediate Type I wealing reactions. - The allergenicity of
various extracts of C. albicans were compared by this test.

Comparison of the culture filtrate extract Cafs 5 and a

cell wall extract mannan A

The Cafs 5 (unknown strain rgported as probably Group A on
serological evidence) contaiﬁs antigens giving both the 'H' type re~
action regarded as due to a polysaccharide and 'R' type precipitin
reaction regarded as due to & protein, whereas the mannan A (strain
B 311 Group A) contains only the antigen giving the 'H' type precipitin
reaction. In the control group of 26 subjects with no asthma 2, 7.7%
gave an immediate reaction to a prick test with mennan A (10 mg./ml.)
and T, 27T% with Cafs 5 (10 mg./ml.).

A group of 40 asthmatic‘subjects were prick tested with the

_mannan A and Cafs 5 at 10 mg./ml. and the following results were given -

Prick tests with:

Cafs 5 mannan A
10 mg./ml. 10 mg./ml.
No. of positive Type I o o
skin reactions 23 (57.5%) 18 (k5%)
Mean weal size in total group © 2.0 mm. 1,25 mm.
Mean weal size in positive

reactors 3-56 mm. 2.78 mm.

More reactions were obtained to the culture filtrate Cafs 5 (57.5%) than
to the mannan A (45%).% This waé attributable to the presence of the
protein component in addition to the mannan A component in the culture
¥The prick test reactions with Cafs 5 were shown to be significantly

greater than mannan A. (0.005 < p < 0,001 from the 2 way analysis
of variance).
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filtrate. Some»patienté who gave larger reactions to the manﬁan A
than the Cafs 5 werebprobably more sensitive to the polysaccharide com=-
ponent,

Further tests were performed on 12 asthmatic subjects with
the mannan A and with the Cafs 5 heated at 100°C for 5 minutes{ this

destroyed the precipitinogenic reactivity of the protein component.

Prick tests with:

Cafs 5 (heated) mannan A
10mg./ml. 10mg./ml.

No. of positive Type I :
skin reactions 6 (50%) 6 (50%)
Mean weal size in total group 1.83 nm. 1.91 mm.
Mean weal size in 3.66 mm. 3.083 nm.

positive reactors

Equal reactions were obtained to the Cafs 5 (heated)(50%) and the
mannan A (50%) and no patient gave a stronger reaction to the heated
Cafs 5 than to the mannan A. This suggests that both the protein and
polysaccharide components of C, albicans are capable of eliciting‘Type I
skin reactions.

(a) Of a group of 40 asthmaties prick tested with the Cafs 5 17 (43%)
gave positive immediate Type I skin reactions,(b) Of a group of 1l
‘ patients with asthma and ﬁulmonary eosinophilia, prick tested with the

Cafs 5, 9 (64%) gave positive immediate Type I skin reactions.
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(a) Group of 40 patients with asthma

Immediaste Type I skin reactions to:
No. at least 3 other

tested Cafs 5 common allergens
Patients with
precipitins to Cafs 5 18 10 (55%) 12 (67%)
Patients with no on 6 (27%) 10 (45%)

precipitins to Cafs 5

(b) Group of 1k patients with asthma and pulmonarv eosinophilia

Patients with
precipitins to Cafs 5 9 8 (89%) ' 3 (33.5%)

Patients-with no
precipitins to Cafs 5 5 1 (20%) 0 (0%)

In both groups there is a close correlation between the immediate
Tyﬁe I reactions to the Cafs 5 and the presence of precipitins in the
patient's serum.

Comparison of the cell wall extracts, mannan A and mannan B

A group of 36 asthmatic patients were tested with the purified

cell wall extracts, mannan A and mannan B,

Prick tests with:

mannan A mannan B
10 mg./ml. IMg./ml.
% N, content S 0.71% 1.02%
No. of positive Type I ~
skin reactions : 19 (52.5%) 16 (kh.5%)
Mean weal ‘size in total group 1.62 mn. 0.97 nm,
Mean weal size in positive 3.08 mm 2‘19 o

reactors
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There was & smali diffefence in-the number of positive reactors. The
average weal diameter in the case of the mannan A was considerably
larger 1.62 mm. as against 0.97 mm. Serological tests (see p.380)
have shown that the mannan B contains the faster moving component in
qoﬁmon with the mannan A and, although the mannan B contains more N2
than thelmannan A, it gave fewer and weaker reactions. The 'poly-
saccharide' component appears to partiéipate'in the production of the
immediate Type I skin reactions.

2. Intracutaneous test

The intracutaneous injection in sensitive subjects of 0.0l -
0.02 ml. of & 10 nig./ml. solution of the antigens,'Cafs 5 and mannan A
elicited Type I immediate followed by Type III Arthus skin reactiops.
The Type III Arthus skin reaction was associated with a positive
precipitin reaction.

A group of L4l patients were given prick and intracutaneous
tests with either Cafs 5 or mannan A only, or with both Cafs 5 and
mannan A, ﬁade up &t 10 mg./ml. in carbol saline.

30 were tested with both mannan A and Cafs 5 (Group A)

g " M "  Cafs 5 only
2 " " " mannan A only.
The size of the reactions to the intracutaneous test are recorded as

follows =
0 - negative reaction

4+ = reaction smaller than 7 mm. average diameter

" L "

++ - " larger T nm.
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Correlation of the intracutaneous test reactions with the

precipitin reactions

(a) 39 patients tested with Cafs 5

Intracutaneous test ' Precipitin test
Type I Type III positive reactions
| 0 + ++
0 0 )
16 12 2 5
++ 23 12 2 9 11
Total | -
positive 39(100%) L 11 . 16(41%)
15(38.5%)
(b) 32 patients tested with mannan A
Type 1 _ Type III
0 + ++
3 3 0 0 1
17 12 1 &4 -k
++ 12 '3 1 8 8
Total
positive 29(91%) 2 12 13(%0.5%)
' 14(43.7%)

Immediate Type I skin reactions were given by all the patients

 tested intracutaneously with Cafs 5 andall but three tested with mannah A,
Pype III skin reactions were given by 38.5% of the patients

tested to Cafs 5 aﬁd by 43.7% of the patients tested with mannan A, The

greater reactivity to maﬁnan A may have been due to the fact that more

patients had precipitins to msnnan A than to the protein component of

the Cafs 5. The Type III skin reactions occurred more frequently in

patients with positive precipitin reactions than in patients with negative

precipitin reactions.,
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(é) 15 patients gave Typé III reactions to Cafs 5. These were
strong (++) in 11 patients, of whom 9 (82%) gave precipitin re-
actions and weak (+) in 4 patients of whom 1 gave a precipitin
reaction. Thus, out of the 15 patients giving Type III reactions,
10 (67%) had precipitins, as compared to the 24 patients who gave
negative Type III reactions, of whom 6 (25%) had precipitins.

(b) 1k patients gave Type III reéctions to manﬁan A, These were
strong (++) in 12 patients, of whom 11 (92%) gave precipitin re-
actions and week (+) in 2 patients, of whom none gave precipitin
reactions. Thus,out of the 1l patients giving Type III reactionms,
11 (78%) had precipitins, as compared to the 18 patients who gave
negative Type III reactions, of whom 2 (11%) had precipitins.

" Correlation of the prick test with precipitin and Type III skin reactions

(a) 39 patients tested with Cafs 5

Prick test Intracutaneous test Precipitin test

Type I - Type III positive reactions
0 + ++
20 16 2 2 6
. 2 1 0 1
++ 17 2 8 9
Total :
 positive 19 (48.7%) 4 11 16 (417)

15 (38.5%)
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(b) 31 patients tested with mannan A

Prick test Intracutaneous test Precipitin test
. Type I : Type III positive reactions
' 0 + ++
17 15 0
+ b 0 3
++ 10 _ 1 1 8
Total '
positive 1k (45%) 1 13 12 (38.7%)
14 (45%)

The close correlation, shown here in patients with precipitins, between

the Type I skin reactions to_a‘prick test and the Type III skin reactions

to an intracutaneous test has previously been reported by Pepys et al.(1968}).

(a) Of the 19 patients with positive Type I reactions to a prick
test with Cafs 5, 11 (58%) gave Type III skin reactions to an intra-

" cutaneous test with Cafs 5., Of the 20 patients with negative Type
I reactions to a prick test with Cafs 5, only 4 (20%) gave Type III
skin reactions to an intracutaneous test with Cafs 5. This may be
compared with the 39 patients who gave Type I reactions to an intra-
cutaneous test, of whom 15 (38.5%) gave Type III reactions.

(b) Of the 14 patients with positive Type I reactions to a prick
teSt'with mannan A, 12 (85%) gave Type III skin reactions to an
intracutaneous test with mannan A. Of the 17 patients with

negative Type I reactions to a prick test with mannan A, 2 (11.8%)
gave Type III skin reactions to an intracutaneous test with mannan

A. This may be compared with the 29 patients who gave Type I
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Fig., 18  Arthus Type III skin reaction to an intracutaneous test

with 100 pg of mannan A in a patient with precipitins to mannan A.

Note: large soft swelling with minimal central induration, 5 hourt

after the test.
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reactions to an intracutaneous test, of %hom only 14 (47.3%) gave
Type IiI reactions.
Tﬁis also showed that the Type I reactions to an intracutaneous
test did not correlate with the Type III reactions to the same extent.
Type III reactions have been reported in patients suffering

from pulmonary aspergillosis, Bird fancier's lung and related diseases.
(Longbottom & Pepys, 1964, Hargreave et sl., 1966, Pepys, 1966). The
Type III reactions to the mannans of C. albicans were similer to those
produced by protein entigens in the above patients (Fig. 18), though in
some cases they tended to be followed for 1 week or more by recurrent
flare-ups of reaétion leaving residual pigmentation and desquemation.
In patients giving only delayed, Type IV tuberculin reactions, re-
actions appeared and were maximal after 2k - 48 hours, énd showed‘in-.
duration and tense oedema, like the typical tuberculin reaction. The
only macroscopic difference between the Type IV reactions and the re-
actions, usually small, which were present after 24 -~ U8 hours in Type
II1 reactioﬁs, wvere the more vigorous induration at the former and the
‘presence of more soft oedems at the latter. It was not possible to
distinguish between the feactions at 48 hours. The Typé IV reactions
were seen in e number of people but they were not investigated further.

3. The effect of intracutaneous injections of antigens of C. albicans

It was found that an intracutaneous injection of the mannan A

resulted in an increase in, or the appearsnce of, precipitins in the
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serun of all the subjects teéted, and in the number and severity of
the dual skin test reactions. These changes in the serological and
skin test findings resulting from a single skin test, are-important in
the assessment of the repetition of tests with the mannan antigens.
| It was noted in a group of 6 patients (2 with fibrosing alveo-
litis, 2 with asthma, 1 with A.P.E. and 1 with bronchiectasis), on
repetition of the skin tests after an interval of 8 days with both
mannan A and Cafs 5, that the number giving Arthus skin reactions in-
creased from 2 to 6 and those giving precipitin reactions to mannan A
from 1 to 5 (Fig. 19). There was no increase in the number of 'R!
type precipitin reactions to the protein component éf the Cafs 5.
The following tests were made in a group of 21 subjects (7

healthy, 7 with tuberculosis and T with miscellaneous lung diseases):-

(i) 3 were skin tested with mannen A and Cafs 5 at 10 mg./ml.

(ii) 10 were skin tested with only mannan A at 10 mg./ml.

(1iii) 8 were skin tested with only Cafs 5 at 10 mg./ml.
One week léter all the subjects were retested by intracutaneous in-
jections of the mannan A and the Cafs 5 at 10 mg./ml.

(a) Precipitin tests

The sera were tested by D.D. against the mannan A at 1 mg./ml.
and Cafs 5 at 20 mg./ml. At all stages the negative sera were
concentrated three-fold, retested and included in the final

numbers.,
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(a) (b)

Fig. 19 D.D. test against the patient's serum, before an intra-
cutaneous injection (a), and the vatient's serum taken 1 week after
the injection (b), showing the 'H' type precipitin reactions with (b)
to the mannan A at decreasing concentrations

(1) 1 mg./ml. (2) 0.5 mg./ml. (3) 0.25 mg./ml.

(4) 0.1 mg./ml. (5) 0.05 mg./ml. (6) 0.0l mg./ml.

Note: that no precipitin reactions were given with the serum (a)

but that a strong vrecipitin reaction was given with the serum (b).
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Total precipitin reactions to mennan A

First tested with: No. Initial 4 days 1 wk 2 wks 3 wks
tested test

Group:-

(i) monnan A & Cafs 5 3 1 1l 2 2 3
(ii) mannan A 10 3 7/7 10/10
(i) EERs"5 8 0 1 3 L/Y L/Y

Total precipitin reactions to a protein comnonent of Cafs 5

Groups:-

(i )and (iii) gkl il gl 2 2/6 2/7

Of the initially negative sera, 1 gave a positive precipitin
reaction to mannan A after 4 days, 3 gave positive precipitin reactions
after 1 week and all the sera tested gave positive reactions between
2 - 3 weeks,

Of the 11 subjects tested to the Cafs 5, 1 serum gave positive
precipitin reactions initially to the protein component of Cafs 5.
After one week a further onc gave a precipitin reaction to the protein
component and there were no further reactions after 2 or 3 weeks.

Of the 21 sera, 18 were tested against mannan B at 1 mg./ml.
end all gave negative reactions. After 1 week, precipitin reactions
to mannan B were given with U4 sera and after 2 weeks precipitin re-
actions were given with a total of 6 sers and there were no further
reactors after 3 weeks. As stated earlier, only the sera giving strong
reactions to mannan A give reactions to mannan B, In the above sera,
the mannan B reacted with the sera giving strong reactions to mannan A

at 1 week and not to the other sera only giving positive reactions to
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the mannan A after 1 week.
(b) Skin tests

-These 2] subjects were also prick tested with mannen A and
Cafs 5 at 10 mg./ml. The immediate Type I skin reaction elicited by
the prick test and the intracutaeneous test and the Arthus Type III skin
reactions elicited by the intracutaneous test are recorded belovw :-

Total number of skin reactions to Cafs 5

Number Type 1L Type III
tested First test Test after TFirst test Test after
1 week 1 week
(1) mennan A & Cafs 5 5 3 (0) 3 (0) 0 0
(ii) mannan A 10 NT 10 (3) NT 1
(iii)cafs 5 8 5 (3) 8 (5) ul 1

Total number of skin reactions to mannan A

(1) mannan A & Cafs 5 3 3 (0) 3 (0) 0 2
(ii) mannan A 10 8 (1) 9 (L) 2
(1ii)cafs 5 8 NT 6 (0) NT z

( ) Type I reactions elicited by a prick test
NT - Hot tested.

Immediate Type I skin reactions

The results showed that 8 out of 11 gave positive Type I skin
reactions to the initial intracutaneous injection of Cafs 5 and that all
gave positive reactions to the second injection, 1 week later. Out of
the 13 patients tested, 11 gave positive Type I skin reactions to an
initial intracutaneous injection of mannan A and 12 gave positive reactions
to the second injection, 1 weeck later.

There were fewer Type I skin reactions to a prick test with
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either Cafs 5 or mannan A,

Of the 3 subjects giving a reaction to an initial prick test
of Cafs 5, none gave Arthus Type III skin reactions and none had precipitins
in their sera to Cafs 5. By contrast the 1 subject giving a reaction
to an initial prick test of mannan A, gave an Arthus Type III reaction
and a positive precipitin reaction with mannan A,

Of the 8 subjects giving a reaction to a prick test of Cafs 5
1 veek later, one gave an Arthus Type III skin reaction and a positive
precipitin reaction with both the protein and polysaccharide component
of Cafs 5.

A1l the 4 subjects giving a reaction to a prick test of mannan A,
1 week later, gave an Arthus Type III skin reaction and a positive pre=-
cipitin reaction with the mannan A.

Arthus Tvpe III skin reactions

Both of the subjects who gave duval skin reection to the first
test with mannan A had precipitins to it in their serum to start with, and
1 of these gave & Type I prick test resction to mannan A. After 1 week
the number giving dual skin resactions increased to 9 and 5 extra, a total
of T had precipitins in their serum to mannan A; 3 extra, a total of k4,
gave a Type I prick test reaction. In 3 of the 9 patients, the Arthus
fype IIT reactions were very small and none of the patients gave Type I
prick test reactions. Fewer and weaker reactions were given to the Cafs 5,
probably because of its lesser mannan A content, except in 1 patient where

a larger Arthus Type III reaction was given to the Cafs 5 than to the
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mannan A, and this patient gave a positive precipitin reaction to the
protein component in addition to the mannan component of Cafs 5.

The 21 subjects were then divided into three clinical groups:-

Group No. Total dual Total precipitin reactions
tested skin reactions
Initial 1 wk Initial 4 days 1 wk 2-3 wks

Healthy ]

subjects 1 0 ' 1 1 2 6/6
Tuberculosis T b 2 1 2 3 6/6
Miscellaneous T 5 3 o o 3 5/5

lung diseases

This showed that as a result of the skin test of either mannan A or
Cafs 5, there was an increase in the number of positive precipitin re-
actions to the mannan A in healthy subjects as well as subjects with
lung diseases,

Genersl comments

The intracutaneous injection of 0.01 - 0.02 ml. of mannan A
resulted in the stimulation of precipitins to the mannan A in the serum
of all subjects. The sera of 4 of the 5 subjects with positive re-
actions developing only after 3 weeks had to be concentrated three-fold.
The immediate Type I and the Arthus Type III skin reactions were also
increased and corresponded to the increase in precipitins. Only 2 of
the subjects giving Arthus Type III skin reactions did not have pre-
cipitins in their serum after one week. There was a close correlation

between the Tyve I skin reaction elicited to a prick test of mannan A,
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the Arthus Type III skin reaction and the presence of precipitins in

the sera to mannan A,

In view of the report of Chew and Theus that all healthy subjects

have precipitins in their sera to mannan A, these increases are re-
garded probably as a secondary response. The smaller increase in the
number of precipitins to the mannan B may be explained by the fact that
the mannan B antigen contains only the faster moving component of the
mannan A antigen; the slow moving component of the mannan A represent-
ing 60% of the mannan A antigen.

These findings show that serum should be collected for testing
before the performance of skin testing to avoid conflicting results.

(c) Applutination and haemagrlutination tests

(1) Yeast cell agglutination

A total of 27 sera, including 6 sera tested initially and the
21 sera tested later,with two intracutaneous injections,was tested
using the yeast cells of C. albicans Group A and Group B. The Group
A cells gave a much higher agglutinin titre than Group B in all

instances except one. This subject had a high agglutinin titre

with the Group B and no titre with the Group A cells in the serum sample

at 1 week, This serum contained precipitins to mannan B initially

and not to mannan A,

Comparison of precivitins and ag-lutination titre

The 4 serum samples of each subject were tested and results

recorded in the histogram (Fig. 20).
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Of the initisl serum samples, 10 sera had an agglutination
titre of 1 : 8 or more and 5 of these gave positive precipitin
reactions to mannan A. None of the 17 sera with a negative (<1:8)
agglutination titre gave positive precipitin reactions.,

Of the 1 week serum samples, 17 scra had an agglutination
titre of 1 : 8 or more and 13 of thesc gave precipitin reactions
to mannan A. One of the 10 sera with a negative agglutination
titre gave a positive precipitin reaction.

Of the 2 and 3 week serum samples, all the sera had an agglut-
ination titre of 1 : 16 or more and all gave positive precipitin
reactions,

Of the 11, three week serum samples, 5 gave positive precipitin
reactions only after three-fold concentration of the serum, 4 of
these had an agglutination titre of 1 : 16 and the other one had
an agglutination titre of 1 : 32, On the other hand, the two
subjects who haé precipitins to mannan A in their initial
serum sample had agglutination titres of 1 : 128 and 1 : 512 wdth
the three week serum samples,

Group B cells

Of the initial serum samples, 6 sera had an agglutination titre
of 1 + 8 or more and 3 of these gave precipitin reactions to mannan
A and none gave reactions to mannan B, One of the 21 sera with a

negative agglutination titre gave a positive precipitin reaction.
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Of the 1 week serum samples, 15 sera had an agglutination titre
of 1 : 8 or more and 13 of these gave precipitin reactions to mannan
A and 5 gave reactions to mannan B,

Of the 11,two and three week, serum samples, all the sera had
an agglutination titre of 1 : 8 or more and all gave positive pre-
cipitin reactions to mannan A and 6 of the sera gave reactions to
mannan B,

The agglutination titre with the Group B cells was alweys lower
than with the Group A cells with all the sera tested.

These results suggest that there was a correlation between the
surface antigens of the yeast cell, as the yeast cell agglutination
titres were shown to increase simultaneously with the increase in the
precipitin reactions to the cell wall antigen, mennan A.

(i1) Haemagglutination tests

The initial six patients who had been given an intracutaneous
injection of both mannan A and Cafs 5 at 10 mg./ml. were tested with
the mannan of C. albicans Group A. The tanned cells were sensitised
with mannan A (1 mg./ml.) for half an hour at 37°C. The sera were
absorbed twice with washed sheep cells to remove non specific agglutinins,
From the table it is seen that the haemagglutination titre corresponded
to the precipitin reactions (Table 2).

It would therefore seem that the haemagglutination test may be
of value in the estimation of the amount of precipitating antibody in

the patient's serum(p.l9k),
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TABLE 2.
Haemagglutinin  Precipitin reactions to:-
titre
Serum mannan A mannan A mannan B
(1 meo/ml. (L me./ml.)

SUBJECT A
Initial 1 S50 & +
After 1 day 1l : 100 i +

4 days 1 : 200 + +

8 deys 1 : koo + +
SUBJECT B
Initial 0 0 0
After 1 day 0 0 0

4 days Ty 50 0 0

8 days 1 : L4oo + 0
SUBJECT C
Initial 0 0 0
After 1 day 0 0 0

4 days 0 0 0

8 days 1 : 200 + +
SUBJECT D
Initial 1 : 200 + 0
After 1 day 1 : koo + 0

4 days 1 : 800 + 0

8 days NT NT NT
SUBJECT E
Initial 0 0 0
After 1 day 0 0 0

4 days 0 0 0

8 days 1: 50 0 0
SUBJECT F
Initial 0 0 0
After 1 day 0 0 0

4 days 0 0 0

8 days 0 0 0

HT - not tested
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(4) Prick test results with extracts of C. herbarum

C. herbarum is a common inhaled fungal allergen in contrast
to C. albicans. The allergenicity of various antigens of C. herbarum
were compared by the prick test.

Commarison of the culture filtrate antigen Chef and two mvcelial

extracts Ches and Ches ph

The culture filtrate extract, nitrogen content, 1.9% and the
mycelial extract Checs, nitrogen content 1.58%, have been shown sero-
logically to contain antigens giving an 'H' type and an 'R' type pre-
cipitin reaction. The mycelial extract, Ches ph has been shown to contain
an antigen giving an 'H' type reaction only. All three extracts were

prick tested at 10 mg./ml. in a group of 30 asthmatic patients.

Prick tests with:

Chef Ches Ches ph
No. of positive reactions 19 (50%) 16 (L2%) 14 (37%)
Mean weal size in total group 3.21 mm. 2.27 mm, 1.8 mm,

Mean weal size in
positive reactors

% N2 content 1.9 1456 0.7T1L

6.37 mm. 5.4 mm. 4.89 mm,

The high nitrogen content of the culture filtrate extract is
attributable to a protein antigen in addition to the polysaccharide
antigen, in contrast to the low nitrogen content of Ches ph, a polysaccharide
antigen. The nitrogen content appears to influence the skin reactions

as more and larger reactions were obtained with the culture filtrate
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extract. However some patients gave weak skin reactions to all the
antigens tested, and this was regarded as due to & heightened sensitivity
to the polysaccharide antigen present in all the extracts. No intra-

cutaneous skin tests were made with the antigens of C. herbarum.

III. Immunochemical Analysis of the Antigens and the Allergens

1. Fractionation of the vrotein and polysaccharide antirens of the

culture filtrate extracts

The crude culture filtrate extracts, Cafs 3 and Chef b, after
passage through a Sephadex G 25 column, were treated with :-
(a) Trichloroacetic acid (T.C.A.)
(b) Saturated ammonium sulphate ((Nﬁh)z soh)

(a) Precipitation with trichloroacetic acid

The culture filtrate (80 mg.) was dissolved in water (10 ml.),
and 40% T.C.A. (1 ml.) was added slowly, stirring continuously, to give
a final concentration of 4% T.C.A. The precipitate was removed by
centrifugation, washed with 1% T.C.A. solution, dissolved in distilled
vater, dialysed overnight and then freeze dried. The supernatant and
washings were dialysed overnight and then freeze dried. The freeze
dried extracts were dissolved in water and passed through a Sephadex
G 25 column. This method was regarded as unsatisfactory, the yield
of the precipitate being only 3 mg. and because the N2 content of the

supernatant was still very high.

(b) Salt vrecipitation with saturated ammonium sulphate (NHh)o 50),

The culture filtrate (200 mg.) was dissolved in distilled
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water (20 ml.). The solution was brought successively to 30% and 60%
saturation by the addition of a saturated solution of (NHh)2 SOh
(760 mgs./ml. water) and then finally to 1007 saturation with solid
(NHh)2SOh' Each addition was made slowly and with constant stirring.
No precipitate was produced at 30% saturation, and this step was later
omitted. A precipitate was obtained by 60% saturation of the culture
filtrates. This was removed by centrifugation and the. supernatant
treated with solid (NHh)2 SOh. A further precipitate was obtained by
100% saturation of both culture filtrates, removed by centrifugation.
All the precipitates were washed twice with the appropriate saturation
of (NHh)2 S0), sclution, dissolved in water, dialysed overnight and
freeze dried. The supernatent was treated in the same manner and all
the freeze dried extracts were redissolved and passed through Sephadex
(e 25

The ultra-violet absorption at 280 my of the T.C.A. supernatant

and the (NHh)2 SOh supernatant of Chef showed that the latter yielded

a purer polysaccharide and therefore this method was used for all furthe:

investigations. (Fig. 21)

(i) Fractionation of the culture filtrate,Cafs 3 of C. albicans Group A

200 mgs. of the culture filtrate Cafs 3 was treated with satur-
ated (NHh)2 $0,.  The precipitates obtained by 60% saturation will
be termed 60% Cafs and 100% saturation will be termed 100% Cafs.

The supernatant will be termed Cafs sup'n.
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Fiﬁ. 21 Elution diagranm of the T.C.A. supernatant and the (NHh) oOh

supernatant of the culture filtrate extract of C. herbarum recorded at

280 mu in a spectrophotometer.
(1B (NHu)QSOusupernatant (100 mg.) (II) T.C.A. supernatant (100 mg.)
(III) culture filtrate extract (100 ng.)

Note: that the absorption spectra of the (1, ) UO1 supernatant (I) is
smaller than that of the T.C.A. supernatant (%
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Original % Saturation with (NHh)2 £0), Total
Material recovered
Cafs 3(200 mgs.) 60 100 Sup'n
mgs. recovered 19 25 11hk.2 158.2
% yield 9.5 12.5 5 (float T9.1

The culture filtrate extracts contain peptone which could not
be removed by the procedures employed above. Nitrogen estimations and
chrometographic analysis of the extracts were therefore not made.

D.D. test The three extracts were tested at 20 mg./ml., Cafs sup'n
8lso being tested at 1 mg./ml.,against human sera vhich gave positive
reactions to the original culture filtrate extract. Precipitin re-
actions of the 'R' type were seen with the 60% Cafs and to a lesser
extent with the 100% Cafs extracts., No 'H' type precipitin reactions
were given by the 60% Cafs. 'II' type precipitin rcactions were given
by the Cafs sup'n at 20 mg./ml. and weaker such reactions at 1 mg./ml.(Fig,22)
I.E. test The 60% and 100% Cafs were tested at 30 mg./ml. and Cafs
sup'n was tested at 10 mg./ml. against positive human sera. The 60%
Cafs and to a lesser extent,l00% Cafs gave fine precipitin reactions of
the 'R' type and the Cafs sup'n gave a line of the 'H' type lying near
the serum trough (Fig. 23).

Skin tests The 60% Cafs and the Cafs sup'n were tested at 10 mg./ml.

in a group of 10 asthmatic patients.
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Fig, 22 D.D. test against a patient's serum showing the precipitin
reactions given to the protein, 60% Cafs and 100% Cafs, and polysac-
charide, Cafs sup'n, components of the culture filtrate extract of
C. albicans Group A

(1) 100% Cafs (20 mg./ml.) (2) Cafs 3 (20 mg./ml.)

(3) 60% cafs 3 (20 mg./ml.) (4) 60% Cafs 5 (20 mg./ml.)

(5) Cafs sup'n (20 mg./ml.) (6) Cafs sup'n (1 mg./ml.)

Note: that there are only 'R' type precipitin reactions given with
"“the 60% Cafs, weak 'H' and 'R' type precipitin reactions given with

100% Cafs and only 'H' type precipitin reactions given with Cafs sup'n,
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= + Fiz. 23 I1.E. test of the
protein and polysaccharide
components of the culture
filtrate extrect
3 (1) cafs sup'n (10 mg./ml.)
(2) 60% Cafs (30 mg./ml.)
¥ A1 (3) 1002 Cafs (30 mg./ml.)
(4) cafs 3 (30 mg./ml.)
showing the precipitin re-

actions with the patient's

serun (I),

lote: the multiple 'R' type precipitin reactions given to the 60% Cafs
and to a lesser extent to 100% Cafs and the 'H' type reaction given to
the Cafs sup'n.

Fig., 24  Gel electrophoresis of

the protein and polysaccharide

2 components of the culture filtrate
extract at 10 mg./ml. stained for
3 polysaccharide
(1) cafs 3 (2) 60% Cafs
(3) 100% cafs (4) Cafs sup'n
. 4

liote: that the precipitin reactions to the polysaccharide component
occur in the region stained for polysaccharide and that the protein
component 60% Cafs does not stain for polysaccharide, and 100% Cafs
only stains weakly for polysaccharide.
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Positive skin reactions

Prick test Intracutaneous test
Antigen Type I Mean weal Type I Mean weal Type III Mean weal
size size ' size

60% Cefs 5 (50%) 1.5 mm. 9 (90%) 6 mm. 3 (30%) 8 mn.

Cafs

sup'n 3 (304) 0.6 mm. 9 (90%) 5.3 mm. k (40Z) 32 mm,

Positive reactions to the prick test with 60% Cafs were seen in half
of the subjects tested; there were fewer and weaker reactions to the
Cafs sup'n. Weak positive Type III reactions were elicited by the
intracutaneous test with the 60% Cafs in 3 of the subjects tested and
a stronger Type III reaction was seen to the Cafs sup'n in 4 of the
subjects tested, probably attributable to the polysaccharide component
of the latter. |

Gel electrophoresis of the 60% Cafs did not give a region of polysaccharide

staining but the 100% Cafs and the Cafs sup'n gave a region of poly-
saccharide staining near the origin; the staining of the Cafs sup'n
being stronger (Fig. 24).

(iiFractionation of the culture filtrate, Chef 4 of C. herbarum

The culture filtrate Chcf was treated with saturated (I‘IHh)2 50), -
The precipitate obtained by 60% saturation will be termed 607 Chef and

100% saturation, 100% Chcf. The supernatant will be termed Chef sup'n.

Original material % saturated with (NHh)2 50, Total
Chef 4 200 mgs. 60 100 Sup'n Recovery
mgs. recovered 5.5 6.6 110 122.1

% yield 2.75 3.3 55 61.05
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As C. herbarum was grown on a low molecular synthetic medium
capable of being removed by dielysis and by Sephadex G 25, the extracts
were anaiysed chemically. |
D.D. test The 60% Chef and 100% Chef were tested at 20 mg./ml., the
Chef sup'n was tested at 20 mg./ml; and 1 mg./ml. against a human serum
éiving positive reactions to the original culture filtrate (Fig. 25)
and also against a rabbit anti-C. herbarum serum (Fig. 26). The 607%
Chef gave no precipitin reactinﬁs with the humanlserum but with the
rabbit anti-C. herbarum serum, a fine line attributable to a heat labile
protein antigen was detected. The 100% Chef gave a weak broad diffuse
band with the human serum which cross reacted with the strong line given
by the Chef sup'n at 1 mg./ml.; this was attributable to the poly-
" saccharide component. It should be noted that the Chef sup'n tested
ﬁt 20 mg./ml. gave few reactions. This failure to give precipitin
reactions at a high concentration of ; purified polysaccharide type
antigen, was similar to the absence éf réactions given to the mannan
A, vwhen tested at higher concentrations. No 'R' type precipitin re-
action was seen with either the 100% Chef or the Chef sup'n.
I.E. test The 60% and 100% Chef were tested at 20 mg./ml. and Chef
. sun'n was tested at 1 mg./ml. against positive human sera and the rabbit
énti-c. herbarum serum (Fig. 27, 28)The 60% Chef gave no reactions with
human sera, but weak precipitin reactions of the 'R' type with rabbit

anfi-C. herbarum serum. The 100% Chef gave a weak broad bandsimilar
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(25) (26)

Fig., 25 D.D. test against a human serum showing 'H' type precipitin
reactions with the polysaccharide component, Chcf sup'n of the culture
filtrate extract of C. herbarum

(1) Chef 4 (20 mg./ml.) (2) 60% Chef L (20 mg./ml.)

(3) Chef 3 (20 mgo/mi.) (%) 100% Chef 4 (10 mg./ml.)

(5) Chef sup'n (1 mg./mi.) (6) Chcef by heated (20 mg./ml.)

Fig. 26 D.D. test against a rabbit anti-C. herbarum serum showing

'R' type precipitin reactions to the protein component, 60% Chef, and

'R' and 'H' type reactions to the culture filtrate extracts of C. herbarum
(1) Chef 4 (20 mg./ml.) (2) 60% Chef (20 mg./ml.)
(3) 100% Chef (20 mgo/ml,) (4) Chef hyheated (20 mg./ml.)

(5) Chef sup'n (1 mg./ml.) (6) Chef 3 (10 mg./ml.)

Note: the nesative 'R' type precipitin reactions given to the protein
component, 60% Chef and the culture filtrate extract when tested against
the human serum and 'R' type reactions when tested against the rabbit
anti-C. herbarum serun.



Fig, 27 I.E. test of the

I protein and polysaccharide com-—

g : I1
= - e =t ponents of the culture filtrate

GD extract

j-"' _; - — f: (1) Chef sup'n (1 mg./ml.)
(2) 60% Chef (20 mg./ml.)

showing 'R' type precipitin re-
actions with the rabbit anti-
C. herbarum serum (II) and
negative reactions with the

patient's serum (I).

Fig. 28 I.E. test of the poly-
- + saccharide components of the

1< culture filtrate extract of

'FLHHJT’Z‘ : e 1 C. herbarum

2° (1) Chef (10 me./mi.)
(2) Chef sup'n (1 mg./ml.)

showing 'H' precipitin reactions

with the patient's serum (I).
Note: the broad diffuse precipitin band of the 'H' type given to the
Chef sup'n when tested against the human serum and well defined precipitin

arcs of the 'R' type given to the 60% Chef when tested against a rabbit
anti~C,. herbarum serum.
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to that seen with the Chef sup'n with both human and rabbit anti-serum

but failed to give any fine arcs of the 'R' type. The Chef sup'n at
1 mg./ml. gave a broad continucus band, slow mdving in the positive
direction lying very close to the serum trough (Fig. 28).

Skin tests The 60% Chef and Chef sup'n were prick tested at 1 mg./ml.
in a group of 38 asthmatic patients. A commercial prick test extract

provided by Bencard was tested as well.

Anticen Mean weal size Mean weal size % Positive

. ntige in total group in positive subjects

Chef sup'n 1.3 mm, 3.56 mm. 37

60% Chef 2.1 mm, 6.2 mm, | 34
Bencard

(commercial 1.1 mm. -~ 3.8 mm. 29
extract)

" The 60% Chef gave stronger but less frequent skin reactions than fhe‘
Chef sup'n. Strong reactions were elicited by the protein fraction in

5 out of 13 (38.5%) of -the patients tested and the weals were larger than
any produced by the polysaccharide component. The high content of
nitrogen secemed to be the important factor in the immediate reactions
given in these 5 subjects, in the other 8 patients, the reactions to
60% Chef were considerably weaker than to the Chef sup'n, presumably they
were then regcting to the small polysaccharide component in the 60% Chef.

The commercial extract gave fewer and weaker skin reactions.

Gel electrophoresis of the 60% Chcf gave a weak region of protein stain-

ing in the direction of the anode, produced by a fast moving negatively
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charged antigen. The 100% Chef and the Chef sup'n both gave a region
of polysqccharide staining near the antigen well. The staining was
considersbly stronger with the Chef sup'n, and neither extract gave
positive protein staining. (Fig. 29) |

Nitrogen and sugar estimations

The (NHh)é 80, precipitation yielded one preparation with a

high protein content and another with a high polysaccharide content.

9 Nitrogen content % Sugar content
(microkjeldahl method) (orecinol method)
Original material . 1.9 : 68
60% Chef 10,1 12
100% Chef 2.8 NA
Chef sup'n 0.6 8L

'The,extract 100% Chef had a small protein content. The 60% Chef had
ah approximate protein content of 62.5% and a sugar content of 12%, the
Chef sup'n had a low protein content of 3.75% and a high sugar content
of 84%,as compared to the original extract with a protein content of
11.8% and a sugar content gf 68%.

Paper Chromatogranhy

The original culture filtrate and the Chef sup'n were examined
by paper chromatography. - The small amount of 60% Chef prepared was

used solely for gel and skin testing.

Sugar analysis showed that the original culture filtrate contained
galactose with small amounts of glucose and mannose, Chef sup'n con-

tained galactose with only traces of glucose and mennose.
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Fig. 29 Gel electrophoresis of the protein and polysaccharide
components of the culture filtrate extract at 10 mg./ml. stained

for polysaccharide

(1) chef (2) 60% chef (3) 100% Chef (4) Chef sup'n

Note: that the protein component 60% Chef does not stain for

polysaccharide.

131,
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A complete amino acid analysis is more difficult as the acid hydrolysis

of a predominantly polysaccharide extract destroys the stability of some-
amino acids, namely tryptophane and tyrosine but also to & certain ex-

tent of cysteine, serine and casein (Martin and Synge, 1945)

Amino acid analysis of the culture filtrate showed :~ (Fig. 30)
Serine, glycine and alanine +++
aspartic acid and glutamic acid ++
lysine, arginine, valine, threonine,
leucine, isoleucine and proline O+

Amino acid analysis of the Chef sup'n showed :- (Fig. 31)
Serine, glycine and alanine +

aspartic acid, glutamic acid
threonine and proline +

This shows a high proporﬁion of serine and alanine in both the extracts.
The separation of the protein and polysaccharide antigens of

C. herbarum has shown that in the sensitive subjects the protein antigen

is strongly allergenic but not precipitinogenic whereas the polysaccharide

antigen is capable of both allergenic and precipitinogenic activity.

2. Purification of the polysaccharide antigens of C. albicans

In this investigation emphasis has been placed on the poly-
sacchafide antigens of C., albicans giving 'H' type precipitin reactions.
The cell wall extract C. albicans mannan A has a nitrogen content of
0.71%. The possibility that the nitrogen content may influence the

skin and precipitin reactions has been investigated by the following
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Amino acid map for culture

1.
2‘
3.
L,
5.
6

aspartic acid
glutamic acid
arginine
lysine
glycine
serine

Te
80
9.
10,
11,
12.

filtrate extract Chcf L.

alanine
proline
valine
isoleucine
leucine
threonine
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Fig. 31 Amino acid map for the polysaccharide component of the

culture filtrate extract, Chcf sup'n.

L.
2.
3.
b,

aspartic acid 5. alanine
glutamic acid 6. proline
glycine T. threonine
serine
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methods, aimed at the removal or decrease of the nitrogenbus content

by :-

Y

(a) Ton exchange chromatography on diethylaminoethyl (D.E.A.E.)
cellulose
(b) Enzymatic degradation by trypsin.

(a) Chromatogranhy on diethylaminoethyl (D.E.A.E.) cellulose

A modification of the method of King and Norman (1962) using
increasing ionicity (NaCl) in a Tris-hydrochloride buffer pH T.9 was
employed.

D.E.A.E, éellulose (Eastman-Kodak ILtd.) was prepared and re-
generated by a modified method of Peterson and Sobér (1956). The resin
was treated with an equal volume of N NaOH for 30 minutes, washed re~
peatedly with water until a neutral solution was obtained and equi-
librated with the starting buffer Tris-HCl1 (0.025M Tris - 0.015M HC1)
pl 7.9. The column was prepared by packing slurries of the equilibrated
resin into a column (1.8 cm. diam. x 24 cm.) under a pressure of 5 DP.S.i.

'Pblysaccharide' entigen (200 mgs.) was dissolved in the starting
buffer (5 ml.) and introduced onto the column under a pressure of 5 p.s.i.
Elution was continued with the starting buffer at a flow rate of approx-
imately 60 ml./hr., The effluent was recorded on an L.K.B. Uvicord at
250 mu and 5 mil,. fracfions were collected oh an automatic fraction
collector., The fractions were examined  for polysaqcharide content

(Molisch) and for chloride (silver nitrate). Based on these findings
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the elution was continued, first by increasing the strength of the
buffer to 0.05M Tris-lCl pH 7.9 and then with gradual increase in the
ionicity of the 'double strength' buffer by the addition of NaCl to
give molarities of 0,02W, 0.1N, 0,2 and finally 2il.

200 mg, of mannan A was applied to the column and the elution
diagrém was obtained ( Fig. 32). The results from this fraction-
ation are given in table 3. The fractions were then bulked together
as.shown and the volume was reduced vhere necessary by rotary evapor-
ation. The buffer salts were removed by gel-filtration on a Sephadex
G 25 colum. The freeze dried material recovered from all the fractions
consisted of white fluffy powders which dissolved readily in water to
give clear, colourless solutions. These solutions were stroﬁgly positive
for polyéaccharide (Molisch) and négafive for protein (buiret). |

With the starting buffer, extract Ca Dl was eluted from the
column.  This accounted for 59% of the recovered material and had a lov
nitrogen content of 0,43%. On the other hand, Ca D), accounted for
only 9.6% of the total recovered material and had a higher nitrogen
content of 1.03%.

D.D. test All the L exfracts gave broad precipitin bands of the 'H!

type and a common line of identity was given,those of Ca D. were more

1

intense and the intensity decreased from this fraction to Ca Dy. Cab

5
and Ca Dg did not give a precipitetion reaction. This common antigenic

determinant is present in the polysaccharide moiety and is unaffected
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, Total
CaD CaD Ca D CaD Ca D Ca D Residual
1 2 3 b > 6 Material
 {Buffer 0.025 M 0,05 M 0.05 M 0.05 M 0.05 M 0.05 M
Tris Tris Tris Tris Tris Tris
+0,02 W +0.1 N +0.,2 N +2 U NaCl
faCl NaCl NaCl
Tube No. 6-13 19-23 29-32 38-k2 49-53 62-66
Dry weight (mg.) 80. 14 20 13 3 6 136
%4 Yield Lo T . 10 6.5 1.5 3 68%
% N2 content 0.43 0.79 0.93 1.03 NA NA NA

Various tests were performed on the fractions from both the D.E.A.E. - cellulose and

Sephadex G 25 columns and are responsible in part for the low recovery of 68%. The

final two fractions Ca D_ and Ca D6 were weakly antigenic and were not included in

>
the tests .

*e dTdVL

*LET
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Fig. 32 TFlution diagram of a D.E.A.E. cellulose column fractionation

of mannan A, a cell wall extrazct of C. albicans Group A, by elution with
increasing the ionieity of the Tris-lCl buffer by the addition of NaCl.

The tubes were bulked together and fractions obtained as indicated.
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by the differences in the peptide moiety of the molecule (Fig. 33).
I.B., test 'Using both phosphate and borate buffers the position of the
Ca Dl showed no movement from the antigen well indicating a lack of
acidic groups. The reaction given was that of a homogeneous antigen.
" The other fractions Ca D2 to Ca Dh showed some electrophoretic mobility
towards the anode, corresponding to the greater content of nitrogen in
these extracts (Fig. 34).

Gel electrophoresis and P.A.S. staining of the extracts Ca Dl to Ca D)

showed a decrease in intensity and a slight electrophoretic mobility of

~ the polysaccharide with each successive extract. The region of staining
corresponded to fhe precipitinogenic'activity on I.E, The increased
nitrogen content does not appear to affect the mobility of the extract
to any extent but the amount of polysaccharide content is decreased

(Fig. 35). DNone of the fractions stained for protein.

Skin tests The original material, mannan A, and the extracts Ca D,,

Ca D,, Ca D; and Ca D) were prick tested at 10 mg./ml. on 20 asthmatic
petients. '
Prick tests with :-
mannan A Ca Dl Ca D2 Ca D3 Ca Dh
2 N2 content 0.T1 0.43 0.79 0.93 1.03
No. of positive Type I '
skin reactions T _ 7 1 9 9
Mean weal size 1.1% mm. 21,13 mm,1,02 mp. 1.14% mm.1l.21 mm.

The pure polyseccharide antigen, Ca Dl’ did not give diminished
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Fiz. 33 D.D. test against a patient's serum showing 'H' type
precipitin reactions with the fractions of mannan A at 1 mg./ml.

(1) ca Dl (2) Ca D, (3) ca D3 () G D),

(5) cCa DS (6) mannan A,

llote: that the precipitin reaction to the fraction Ca D, is stronger

1

than the reaction to Ca D) supported by the precipitin reaction with

Ca D), (k) being nearer the antigen well than the reaction with Ca D, (R
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Fig, 34 I.E. test, using phosphate buffer (a) or borate buffer (b),
of the fractions of mannan A at 1 mg./ml.

(1) mennan A (2) Ca D, (3) Ca D, (4) caD

1
(5) ca Dh (6) mannan A

3

showing 'H' type precipitin reactions with the patient's serum (I).

Note: the lack of mobility of the single arc of the fraction Ca D. (2).

1



1h2,

- |

- 2‘

3

) —-— 4
5

Fig., 35 Gel electrophoresis, using a phosphate buffer of the fractions
of mannan A at 10 mg./ml. and stained for polysaccharide

(1) meannan A (2) Ca D, (3) CcaD., (4) CapD

) > (5) Ca Dll

3

Note: that the intensity of the staining decreases from fraction
Ca Dl to Ca Dh and that the region of staining corresponds to the

precipitinogenic activity of the extracts.
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skin reactions in these patients as might have been expected. All the
fractions showed similar skin reactivity, in spite of the differences

in N2 content.

A further comparison was made of mannan A, CaDl and mannan B

CanD3 at 10 mg./ml. in a group of 50 asthmatic patients,

Prick tested with :-
mannan A mannan B Ca Dl CaD3

A N2 content 0.71 ° 1.02 A' 0.43 0.93

No. of positive Type I
skin reactions 35 T 29 . 29

Mean weal size in total

grOup 2000 mmn, lo 55 mme ) 1066 MM « 109 mm,
Mean weal size of

positive reactors 2.85'mm. 2,87 . 2.9 mm. 3.3 m@.

In this group there was a higher incidence of reactivity to the mannan A.

Stronger skin reactions were given to Ca D by 9 out of 29(31%)

1 than Ca D3

of the positive reactors and to Ca D_ by 3 out of 29 (12%), and the re-

3
maining lS'positive reactors gave comparable reactions to both extracts.-
The reactions to mannan B were less frequent and weaker.

The first fraction Ca Dl collected off the ion exchange column
had a low nitrogen content, attributable to a low number of acidiec groups.
As the ionicity was increﬁsed the remaining polysaccharide components
tended to drag off the column and have a higher nitrogen content attribut-

able to an increase in the acidic groups, and a mobility on elcctrophoresis.

(b) ZEnzymatic digestion with tryvsin

Trestment with trypsin has been used by other workers to degrade
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the protein moiety of mannan A and mannan B (Summers et al.(196h4)).
It has been used here to try aﬁd remove the small nitrogen content of
the mannan A which the D.E.,A,E, fractionation failed to do.
Procedure

Mannan A and mannan B (100 mg.) were dissolved in water (10 ml.)
and 0.02 ml. of toluene added as a preservative., The solution vas ad-
justed to pH 8 by the addition of 0,05H NaOH. Trypsin (50 mgs.) was
added and the mixture was incubated for 36 hours.at 37°C. At 12 hourly
intervals the pH was adjusted to 8 by the addition of 0.05N NaOH. After
136 hours the solution vas added to acidic ethanol at 4°C (20 ml.) and
left standing for T hours. The precipitate produced was separated and
suspended in water (2.5 ml.) and brought into solution by ﬁhe addition
of 0.05N NaOH. This was then heated to T5°C to destroy any remainingA
trypsin and the precipitate formed was removed 5y centrifugation. Acetone
(5 ml.) at 4°C was added to the slightly acidic clear supernatant and
the resulting precipitate was removed by centrifugation, washed with

ethanol, dissolved in water (5 ml.) and passed through a Sephadex G 25

column.

After trypsin digestion
Original extract | % N2 : % mgs. recovered g Ng
mennan A 0.71 7 0.41

mannan B 1.02 T0 0.72
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There was a decrease of nitrogen content of both trypsin treated
extracts, but traces of the degraded trypsin may still have heen present
in the extracts and could have accounted for this small amocunt of
nitrogen, however, this should have no effect on the antigenicity of

- the extracts.,

Precipitin tests The four extracts, mannan A, mannan A + trypsin,

mannaen B and mannan B + trypsin were tested at 1 mg./ml. by D.D. and

I.E. tests and no difference in the precipitation reactions ofAthe trypsin
treated extracts was found,except that the mobility of the trypsin

‘treated antigens vas decreased,related to the loss of acidic groups.(Fig.36)
Skin tests The four extracts were prick tested at 10 mg./ml on a group

of 20 asthmetic subjects.

.Prick tests with:=
mennan A mannan A mannan B mannan B

+ trypsin + trypsin
No. of positive Type I
skin reactions 5 (25%) 5 (253) 2 (10%) 3 (15%)
Mean weal size 0.25 mm. 0,2 mms  O.1 mm. 0,15 mm.

This showed that the allergenicity of the extracts was not affected by

the tryptic digestion.

3. Chemical “analysis of the mannan A end mannan B preparations of

C. albicans

This analysis was made on the following 5 extrects of C. albicans
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Fig, 36 I.E. test of the trypsin treated cell wall extracts at
1 mg./ml.

(1) mannan A (2) mannan A + trypsin

(3) mannan B (L) mannan B + trypsin

showing 'H' type precipitin reactions with the patient's serum (I).

Note: that the mobility of the mannan A + trypsin (2) is decreasedy

although the mobility of the mannan B + trypsin (4) is not changed.
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mannan A, mannan A + trypsin, CaDl, mannan B and mennan B + trypsin

. because they gave 'H' type precipitin reactions attributable to a poly-

saccharide antigen and not the 'R' type precipitin reactions attributable

to a protein antigen. The extract CaDl was the homogeneous extract

~obtained by fractionaticn of mannan A on a D.E.A.E. cellulose column.

mannan A mannan A CaDl mennan B mannan B

+ trypsin + trypsin
Nitrogen content p
(microkjeldahl) 0.7% 0.41% 0.432 1.02% 0.72%

Total suger content o4
(orcinol method) v

Optical rotation =27 =27 2T =27 - 2T
(1 mg./ml. at 27°C) [o]] +60.  [al '+55 [E%‘ +60  [al] 5 [971 +50

95% 97% 014 93%

Hexosamine -content

none none none none none
(Elson-Morgan )

The nitrogen contents of the purified extrects mannan A + trypsin
'and_CaDl were similar being 0.41% and O.hB% respectively, and the puri-
fied extract mannan B + trypsin had a reduced nitrogen content of 0.72%
which was still greater than that of the maﬁnan A + trypsin. The op-
tical rotations of the extracts were similar, those of the mannan A
extracts being slightly greater than the mannen B extracts, but both had
positive rotations, indicating the predominance of a-glycosidic 1inkages;
None of the extracts gave =& positive colouration in the Elson~-Morgan
“reaction, showing the absence of hexosamines,

Absorption curves were obtained with 1 mg./ml. solutions exemined

in a U.V.spectrophotometer over a wavelength range of 230 mp - 320 nyp

This showed that the extract CaDl had a low extinction coefficient and
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Fig, 37 Absorption spectra of the cxtracts at 1 mg./ml.

(I) mannan A (II) mannan A + trypsin

(III) mannan B (IV) mannan B + trypsin

Hote: +the slight point of inflexion at 280 mp with all the extracts.
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no point of inflexion at 280 my (Fig. 41) and the extracts, mamman A
+ trypsin and mannan B + trypsin showed & slight point of inflexion at
280 my, but the absorption spectra however were less than the spectra

of the original extracts (Fig. 37).

Paper Chromatography

Sugar snalvsis of the 5 extracts by paper chromatography showed

that all the extracts contazined mannose with traces of glucose.

Amino acid analysis of the 5 extracts showed that all the ex-

tracts contained a variety of amino acids. Two way paper chromatography
vas unsuccessful as the amount of amino acids present was too small to

be detected by thnis method, One way chromatography showved the following
emino acids in all of the extracts (Fig. 38). iBecause of the small amino
acid content it was necessary to dissolve 5 mg. of the hydrolysed éx—
tract in 100 pl. of water and to apply 20 ul. of this solution to the

chromatography paper in order to obtain these results.

Amino acid mgnnan A mannen A CaD mannan B mannan B
+ trypsin + trypsin
Cysteine trace trace trace trace trace
Serine + + + + +
Glutamic acid B + + ++ +
Alanine ++ + + ++ +
Valine + + + + +
Leucine - ‘ o+ + + +

The amino acid analysis showed that valine, glutamic acid,

serine, alanine, leucine and cysteine were present, glutamic acid and
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‘Fig., 38 Chromatogram showing the amino acids present in the extracts
(1) mannan A (2) mannan B (3) mannan A + trypsin

(4) mannan B + trypsin (5) Ca Dy
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valine were predominant with only traces of cysteine.

In summary all the purified extracts, mannan A + trypsin,

1

2.55%, 4.4% and 2.7% and a sugar content of predominantly mannose.

mannan B + trypsin and CaD, have a small protein content of approximately

Lk, Comparison of the cell wall extracts mannan A and mannan B

The two groups A and B of C. albicans have similar polysaccharide
antigens, mannan A and mannan B as shoﬁn by the inhibition of the 'H'
type precipitin reaction of mannan A by mannan B and vice.versa (p. 173),
but the number of precipitin reactions given to ﬁannan B were fewer than
to mannan A and their nitrogen contents differed; that of mannan A
being 0.7% end of mannan B being 1.02%. Fractionation of the mannan A
extract by D.E.A.E. cellulose gave two extracts CaDl, with a nitrogen
- content of 0.43% and CaD) with a nitrogen content of 1.03%.

Precipitin tests The mannan A, mannan B, CaD

1 and CaDh were tested at
1 mg./ml. by the double diffusion test and reactions of identity were
givenj those to mannan A and CaDl were stronger than the reactions to

nannan B or CaDh.

The extracts were then tested at 1 mg./ml. by immunoelectro-
phoresis (Fig. 39 ). Mannan A gave an extended arc near the trough with
little electrophoretic mobility; CaDl gave a single arc with no electro-
phoretic mobility; CaDh gave an arc which showed some, though small

electrophoretic mobility and mannan B gave an arc vhich was common to

the faster moving component of mannan A.
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bt 20 I.E. test,using a phosphate buffer, of the mannan A and
mannan B extracts at 1 mg./ml.

(1) mannan A (2) Ca Dy (3) Ca D, end mannan B

(1) mannan B (5) Ca D, and Ca D) (6) CaD,
with the patient's serum (I).

Note: the similarity of the precipitin reaction with mannan A (1)

and with the mixture of Ca D, end mannan B (3).
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Fig. 40  Absorption spectra of the extracts at 1 mg./ml.

(I) cCa D) and (II) mannan B

Hote: the similarity between the absorption spectra of the two extracts.
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Fig. 41  Absorption spectra of the extracts at 1 mg./ml.

(I) mannan A (II) Ca Dh (III)} Ca Dl

Notc: +the negligible absorption spectra of the fraction Ca Dl'
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The two extracts CaDl and mannan B at 1 mg./ml. were mixed in
equal amounts and the resulting solution was tested by I.E. A pattern
identical to the original mannan A was obtained. The extracts CaDl and
CaD) at 1 mg./ml. were then mixed and tested by I.E. A distorted
pattern was given due to an overlap of the fractionated polysaccharide
ﬁoieties.

The absorption spectraobtained by analysis of the extracts in
a U. V. spectrophotometer, of CgDh and mannan B were very similar (Fig.kO)
and both were different from the sbsorption spectraof CaDl and mannan A
(Fig. L1).

It wouid seem from the above results and from the identical
nitrogen contents of the two extracts,CaDh and mannan B, the‘nit?ogen
contents were 1.03% and‘l.02% respectively, that'these two extracts were
similar.

The extract CaDl which does not appear to be present in the
mannan B represented 60% of the mennan A extract, whereas the extract
CaD), represented 9.6% of the mannan A éxtract. The fact that CeD) is
only a minor component of the mannan A may account for the weaker re-

" actions of the mannan B, which has been shown to give positive reactions

with only 8,9% of the sera reacting to mannan A.

5. Purification of the polysaccharide antigen of C. herbarum

The culture filtrate extract. C. herbarum Chef sup'n with a

nitrogen content of 0,6% was purified by passage through a D.E.A.E.
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cellulose column (p}l35). An extract with a very low nitrogen content
was Obtained after passage of the Chef sup'n through such a column.

(a) 300 mg. of Chef sup'n was applied to the column. The elution
diagram was obtained (Fig. 42) and the results of the fractionation are

given in table 4. The extract ChS, eluted from the column with the

1
starting buffer, had a nitrogen content of 0.2% and represented 19% of

the total. On increasing the ionicity ChS2 and Ch834wére collected.

The former represented 2% of the total and was then combined with ChS3
which represented 6% of the total end had a nitrogen content of 0.3%;
ChSh had & nitrogen content of 1.5% and represented 31% of the total.

The polysaccharide content of ChSh was lower than thl as shown by a
weaker reaction to the Molisch test. ChS5 had a similar nitrogen.content
to ChS) and represented 22% of the total. ChSg gave no reactions to

the Molisch or buiret test. The freeze dried fractions desalted by
passage through Sephadex.G 25 consisted of white fluffy powders which
dissolved readily in water to give clear, colourless solutions. The
solutions ChSl to Cth gave positive reactions for polysaccharide (Molisch)
and negative reactions for protein (buiret).

D.D. test All the extracts ChSl to ChS5 tested at 1 mg./ml. gave a

broed precipitation reaction of the 'H' type, common to all the extracts.
The intensity of the reaction decreased from extract ChSl the strongest,

to ChS5 the weakest. (Fig. 43)

I1.E. test There was a marked shift of electrophoretic mobility towards



FRACTION

Buffer

Tube No.

Dry weight
(mg. )

Average
% yield

% N, content

Total
Ch Sl Ch 82 Ch S3 Ch Sh Ch S5 Ch S6 ReSldgal
Material
0.025M Tris 0.05M Tris 0.05M Tris 0.05M Tris 0.05M Tris. 0.05M Tris
+0.,02N NaCl +0,1N NaCl +0,2N NaCl +2N NaCl
5-9 18-22 29-34 h1-LY 56-60
30 3 9 48 3k 12.8 136.8
'lO 1 3 16 11.3 4,3 45,6
0.2 NA 0.3 1.5 1.6 NA

Various tests were performed on the fractions from both the D.E.A.E.-~ cellulose and

Sephadex G 25 colums and are responsible in part for the low recovery of L5%.

final fraction Ch S6 was weakly antigenic and was not included in the tests.

The

*f HIVL

*LST
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Fig. 42 Elution diagram of a D.E.A.E. cellulose column fractionation
of the polysaccharide extract of C, herbarum, Chef sup'n, by elution
with increasing the ionicity of the Tris-HCl buffer by the addition
of WaCl. The tubes were bulked togecther and fractions obtained as

indicated,
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Fig. 43  D.D. test against the patient's serum showing 'H' type
precipitin reactions with the fractions of Chef sup'n at 1 mg./ml.

(1) c¢n N (UG 83

(5) c¢n s6 (6) Chef sup'n.

(3) ¢ns, (4) Chs

L >

Note: that the precipitin reaction to Ch 56 (5) is very weak.
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the anode. Chss,which had the highest nitrogen content showed the

greatest mobility attributable to the increasing peptide content. (Fig.lth)

Gel elecfronhoresis and P.A.S. staining of the extracts ChS. to ChSh

1

showved s marked shift of electrophoretic mobility of the polysaccharide
component towards the snode with each successive fraction. The region
of staining corresponded to the region in which precipitin reactions

were obtained on I.E. The fraction ChS1 had no electrophoretic mobility

vhereas ChS) with a higher N_ content of 1.5% showed the greatest mob-

2
ility attributable to the peptide content. (Fig. 45)

Prick tests The extracts Chsl’ Chs3, ChS), end ChS. were prick tested

p]
at 1 mg./ml. on a selected group of 25 asthmatic subjects.

Prick tests with :-

' c
5 Chs, ChS, Chs), hS,
- % N, content 0.2 0.3 1.5 1.6
No. of positive Type I '
skin reactions 19 18 19 18
mean weal size in total group 3.7 mm. 2.45 mn., 2.55 mm. 2.4 mm

mean weal size in positive

reactors 4.8 mm. 3-5_ mm, 3.4 mm. 3.4 mm,

In this selected group, greater Type I skin reactivity was seen to ChS1
then to the other 3 extracts. However, there were individual differ-
énces in the skin reasction elicited by the extracts in this group of

patients. T (36.5%) gave stronger reactions to ChS, than to the other

3 extracts, 9 of these gave precipitin reactions to ChSl.’ Of the other .

12 reactors, 3 gave stronger reactions to ChSh than ChSl and none gave
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Fig. 44 I.E. test of the fractions of Chef sup'n at 1 mg./ml.

(ol s Chofs=uptt (2 )3 ' Gh 81 el i 54 .

() chn 5), S0 Eh g5 (6) Chef sup'n

with the patient's serum (I).

liote: the increased mobility of the fractions Ch §) and Ch 85 (4)(5)

corresponding to the increased nitrogen content of these extracts.
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Fig. 45 Gel clectrophoresis of the fractions of Chef sup'n at 10 mg./ml.
and stailned for polysaccharide

N

YR Gt ( 2 el ST uh 53 () ¢n su 5

1

Note: that the polysaccharide staining corresponds to the precipitine-

ogenic activity of the extracts.
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precipitin reactions. The other 9 reactors gave skin reactions of
similar size to all the extracts and no precipitin tests were made with
the sera’ from these 9 subjects.

As this group was small, a further group of 110 asthmatic

- subjects were prick tested with ChS ChSh and Chef sup'n at 1 mg./ml.

l’

Prick tests with :=~

£ o t
ChSl ChSh Chef sup'n

No. of positive Tyve 1 et

skin reactions 37(33.h%} h3(39_%) b1(37%)
Mean weal size in total group 0.89 mm. 1,08 mm. 0,92 mm.
Mean weal size i1n positive 2.64% pm. 27T m. 2.5 mm.

reactor

In.ﬁhis group there were also individual differences in the skin reactions
elicited by the 3-extracts; 11 (30%) of the 37 subjects gave stronger
skin reactions to ChSl than to the other 2 extracts, but no precipitin
tests were made. 11 (25.5%) of the 43 subjects gave stronger skin re-
actions to ChS) than to the other 2 extracts and this included b subjects,
wvho did not react to the other 2 extracts at all., The remaining pos-

» itive reactors gave skin reactions of similar size to all the extracts.
The. % N, content of the e#tracts seeried to influence the number of

reaétors, although there appeared to be very little variation in the

mean weal size of the reactions,
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Fir. 47 Absorption spectra of the extracts of C. herbarum at 1 mg./ml.

(I) ¢h 5), (II) Chef sup'n (III) Ch 8,

Hote: +that the curve of Ch Sh shows a greater absorption at 280 my

than Ch Sl' This corresponds to the increased nitrogen content and

electrophoretic mobility of the extract, Ch 8), «
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Chemical analysis of Chef sup'n and the extracts ChS1 and ChSh
Chef sup'n - Ch8) - Chs),
Total nitrogen content o .
(Microkjeldshl) 0.6% 0.2% 1.5%
Total sugar content '
{orcinol method) 847 96% 1%
Optiecal rotation -y ‘ —y 27
(1 mg./ml. soln.at 27°C fal;"-50 /al]" =60 [a7] -50
Sugar analysis galactose galactose galactose

(paper chromatography) glucose(trace)glucose(trace) mannose
mannose{ " Jmannose( " ) glucose

(Fig. 46)

Chromatographic analysis of the amino acids by the two way method was
not successful because of the small amounts of protein present in the

extract Sl .

Absorption curves were obtained with a 1 mg./ml. solution of the extract

examined in a U.V, spectrophotometer over a wavelength range of 230 mu

- 310 my. The original extract,Chef sup'n,gave an absorption curve (II)
with a slight point of inflexion at 280 my ChSl gave a weak absorption |
curve (IIi) and no point of inflexion at 280 my, "A curve vwith no
extinction coefficient at 280 my is typical of extracts without

protein moeities. ChS) gave the greatest absorption curve (I) with a
slight point of inflexion at 280 mp, corresponding to the greaﬁer peptide

content. (Fig. 47)

6.Comparison of the two extracts CaZD1 and ChSl recovered from the

D.E.A.E. cellulose fractionation
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(a),Chemicél analysis

| | CaD; o

Total nitrogen content 0.,43% 0.2%

Total sugar content 97% . 96%

Optical rotation £§7§T+6o l§7§7; 60
Sugar analysis mannose galactose

glucose(trace) glucose(trace)
mannose (

Extinction coefficients lovw low

The positive specific rotation of CaD. indicates that the glycosidic

1
linkages of the mannose units are in the a-configuration and the nega-
tive specific rotation of ChSl indicates that the glycosidic linkages
of the galactose units are in the B-configuration. Both give ab-

_sorption spectrawith no part of the inflexion at 280 mp, indicating

a lack of protein content.

(b)-Precipitin test
D.D. and I.E. tests with these two polysaccharide antigens
showed that their antigenicity was the same as, if not perhaps greater
than, the original material, despite the lower nitrogen content. However,
the I.E. test showed that these extracts lacked the small electrophoretic
mobility of the original materials.
(e) Prick tests with theée:two polysaccharide antigens have been dis-

cussed on pages 139, 160  They showed that the extract CaD. gave stronger

1
reactions than the other extracts CaD2 and CaD3 in 31% of the particular
subjects tested and that the extract Chsl gave stronger reactions than
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the other extracts ChS ChS) and ChS in 33% of the particular subjects

3? P

tested.

The above findings showed that fractionation by D,E.A.E. cell-
ulose of mannan A and Chef sup'n, gave the two extracts CaD1 and ChSl,
with high sugar contents and low protein contents, both capable of
acting as antigens giving positive precipitin reactions and as allergens

giving immediate Type I skin reactions.

T. Effect of periodate oxidation on the polysaccharide antigens

(2) C. albicans mannan A

‘Mennan A,ﬁhe extract which gave 'H' type precipitin reactions

was degraded as follows by treatment with sodium périodate.

| ‘Mannan A (30 mg.) was dissolved in water (3 ml.) and oxidised
with sodium metaperiodate solution (2 ml. 2% w/v) for 48 hours in the
dark at room temperature. The reaction was terminated by the addition
of ethylene glycol (1 ml.) and after 30 minutes a fresh aqueous solution
of sodium borohydride (4 ml., 1% w/v) was added to reduce the free
aldehyde éroups produced by the periodate. After leaving the mixture
to stand for 2 hours, the solution was neutralised with 2N HCL end the
oxidised macrcmolecular material which was recovered after passage through
a Sephadex G 25 column will be termed mannan A-oxidised . Control
samples (10vmgf/ml.) vere treated with the sodium borohyéride solution
alone (2 ml,), fo;lowed by the same procedure as above and will be termed

mannan A-reduced., Illo precaution was taken to stabilise the pH at any time.

Gel electrophoresis showed that the mannan A -oxidised gave no staining
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with P.A.S. and the Molisch teét gave a bluish instead of the typical
violet ring, whereas mannan A-reduced showed no alteration in the P.A.S.,
polysaccharide staining components.

Nitrogen determinations of mannan A-~oxidised showed a reduction in the

nitrogen content from 0.71l% to 0.59% and no reduction was seen vwith the
mannan A-reduced. -

Paper chromatography of the mannan A-oxidised showed a reduction of the

mannose content compared with the original extracﬁ mannan A and there
was no change in the mannose content of the mannan A-reduced. In the
analysis of the mannan A-oxidised, glycerol was also identified, but this
reaction was not studied quantitatively as only the précipitinogenic
activity of mannan A was being studied; no deductions were therefore
‘made as to the structure and bonding of the mannan A extract.

Precipitin tests The extracts were tested at 1 mg./ml. by D.D. and I.E.

The mennan A-reduced showed no visible alteration in the precipitin re-
actions whereas the mannan A-oxidised gaﬁe no reactions (Fig. L8),
Absorption of the sera with mannan A-oxidised gave no inhibition of the
precipitin reactions to the mannan A, whereas abéorption with mannan A-
reduced resulted in complete inhibition of the precipitin reactions.

_Théée results showed thaﬁ the degraded polysaccharide mannan A-oxidised,
hﬁd'lost its original precipitinogenic activity and this suggested that
the’reduction of the mannose content is important in the precipitin reaction.

Prick tests The extracts mannan A-oxidised, mannan A-reduced and
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(a) (b)

Fig, 48(a) D.D. test against a patient's serum showing 'H' type
precipitin reactions with some of the mannan A extracts at 1 mg./ml.
(1) mannan A (2) mannan A-reduced (3) mennan A-oxidised
(4) mannan B (5) Cacs E (1) (6) mannan A heated
(b) I.E. test of the mannan A extracts at 1 mg./ml.
(1) mannan A (2) mannan A-oxidised (3) mannan A-reduced

with the patient's serum (I).

Note: the negative precipitin reaction given to the mannan A-oxidised

(3a)(2b) and the 'HI' type reaction given to the mannan A-reduced (2a)(3b).
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mannan A were prick tested at 1 mg./ml. on a group of 1l asthmatics.

Prick tested with:

mannan- mannan-
mannan A oxidised reduced
% N, content 0.71 0.59 0.70
- No. of positive reactors 8 1 8
Mean weal size 1.6.mm, 0.07 nmn, 1.1% mm. .

These skin tests suggeét that the allerggnicity of the mannan A
was related to the polysaccharide content. However, the possibility
that the reduction of the nitrogen content of the mannaﬁ A~oxidised to
0.59% had resulted in dissociation of a peptide moiety of the fraction
associated with the skin reactivity of the masnnan A, was consicdered.

" There is evidence to suggest that this is not the case. For example,
CaDi §btained from D.E.A.E. fractionation (pJ36) with a nitrogen content
of 0.43% and mannan A + trypsin obtained after treatment with trypsin,
and a nitrogen content of 0.41%, but Qith no degradation of the poly-
saccharide component, gave skin test reactions. This suggests that the
polysaccharide component may have been responsibie for the immediate

Type I skin reactions elicited.

- (b) ¢. herbarum Chef sup'n

Periodate oxidation of the polysaccharide antigen of C. herbarum
Chef sup'n showed a loss of precipitinogen and skin test reactivity,

similar to that of the mannan A-oxidised.
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Nitrogen determinations showed only a small reduction of the

Chef sup'n-oxidised fraction from 0.6% to 0.54% and no reduction of the
Chef sup'n—feduced.

Sugar analycis showed a reduction of the galactose content of

" the Chef sup'n-oxidised; the small emount of glucose remained and there
was no reduction of the galaétose content of Chef sup'n-reduced. This
method was not studied quantitatively but it must be noted that small
amounts of glycerol and erythritol were also identified. -

Precipitin tests showed a complete loss of the precipitinogenic

activity of the Chef sup'n-oxidised, whereas the Chcf sup'n-reduced
activity was unchanged.
Prick tests The extracts Chef sup'n, Chef sup'n-oxidised end Chef sup'n-

reduced were prick tested at 1 mg./ml. on a group of 8 asthmatic patiénts.

Chef sup'n Chef sup'n  Chef sup'n-
' : ~oxidised reduced
% N, content 0.6 0.56 0.61
" No. of positive reactors 3 1 3
Mean weal size . 1.06 mm, 0.19 mm. 0.86 mm..

There was no significant loss of nitrogen content in this case but there
was & réduction in the skin reactivity which suggested that the aller-
genicity of this extract may have been related to the polysaccharide
component of the Chef sup'n.

8. Comparison of the antigenic extracts by asbsorption (inhibition) tests

The sera were absorbed with :=-
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(a) Antigens of C. albicans
(b) Ahtigens of other fungi
and the ebsorbed sera were then examined by double diffusion tests
egainst the antigenic extracts.

"~ (&) Absorption (inhibition) tests with antigens of C. albicans

Groups A and B

(i) Somatic antigens

Absorption of the sera with Cacs fp (Group A) resulted in the
inhibition of the precipitin reactions to the somatic extracts
Cacs U (Group A) and Cacs fp (Group B).

(ii) cell wall antigens

Absorption of the sera with mannan A (Group A) or mennan B
(Group B) resulted in inhibition of thé precipitin reactions
to the cell wall extracts, mannan A, Cacs E (1), Cacs E (2)
(Group A), Cacs B naphthol (unknown,but probably Group B) and
maﬁnan B (Group B) (Fig. 49).

(iii)Culture filtrate antigens

Absorption of the sera with Cafs 3 (Group A) resulted in the
inhibition of the precipitin reactions to the culture filtrate
extracts Cafs 1, 2 and 5 (Group A) and Cafs 4 (Group B).

(iv) Group A antigens

Absorption of the sera with the cell wall antigen, mannan A,
the somatic antigen,Cacs fp and the culture filtrate antigen,

 Cafs 3 gave the following precipitin reactions (Fig.50, 51).
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(a) (b)

Fig, 49 D.D. test against a patient's serum before (a) and after

the absorption of the serum with the cell wall extract, mannan B (b),

showing the precipitin reactions to the cell wall extracts at 1 mg./ml.
(1) mannan A (2) mannan B (3) Ca D

1l

i yca D, (5) Cacs E (1) (6) mannan A heated.

Note: the complete inhibition of the 'H' type precipitin reactions

to the cell wall extracts Group A and B by the Group B extract (b).



(a) (b)

F

ig. 50 D.,D. test against a patient's serum before (a) and a?ter (v)

the absorption of the serum with the cell wall extract mannan A,
showing the precipitin reactions with various extracts of C. albicans
(1) mannan A (1 mg./ml.) (2) mannan B (1 mg./ml.)
(3) ca Dy (1 me./ml.) (k) Ca D, (1 mg./ml.)

(5) cafs 4 (20 mg./ml.) (6) Cafs 1 (20 mg./ml.)

Note: +that the '"H' type precipitin reactions given to the culture
filtrate extract (5), (6), are inhibited by absorption of the serum
with a cell wall extract and that the 'R' type precipitin reactions

given to the culture filtrate extract are not.
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(e) (a)

Fig., 51 D.D. test against a patient's serum beforec (a) and after
the absorption of the serum with mannan A (b), with Cafs 3 (c) and
with Cacs pr (d), showing the reactions with various extracts

(1) cafs 3 {20 mg./ml.) (2) Cacs pr {30 mg./ml.)

(3) mannan A (1 mg./ml.) (a), Cacs U (30 mg./ml.) (b){c)(d)

(4) mannan A (b)(c)(d), Cacs U (a)

(5) mannan B (1 mg./mi.) (6) Cafs 4 (20 nmg./ml.)
Note: that the 'H' type precipitin reactions given to all the extracts
are inhibited by absorption with mannan A (b) but that the 'R' type
precipitin reactions are not., The 'R' type precipitin reactions given
to the cultvre filtrate extracts (1), (6), are not inhibited by absorp-
tion with the somatic extract Cacs pr (d) and the 'R' type reactions to

the somatic extracts (2), (3) are not inhibited by the culture filtrate
extract (c).
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Precipitin reactions with absorbed sera to :-
Sera absorbed with: '

mannan A - Cacs fp Cafs 3
(1 mg./ml) (30 mg./ml) (20mg. /ml)
H type H type R type H type R type
- cell wall antigen - _ - + _ +

mannan A

somatic antigen -
Cacs fp

culture filtrate
antigen - Cafs 3

General comments

The cell wall extracts of C. albicans'Group A or Group ﬁ con-
tained similar polysaccharide components capable of giving common 'H'
type precipitin reactions. The polysaccharide components of the somatic
and the culture filtrate extracts were both common to the cell wall
extracts. |

The somatic extracts of C. albicans Group A contained protein
components which were not common to the protein components of the culture
filtrate extracts, as shown by the failure of each to inhibit the 'R
.type precipitin reactions of the other.

| Thé culture filtrate extracts of C. albicans Group A and Group B

have simila: protein components, although the number and the intensity

of the 'R' type precipitin reactions may vary from one culture to another.

(2) Absorption (inhibition) tests with fungal antigens

‘Positive sera were absorbed with a culture filtrate extract of
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Candida albicens, Cladosporium herbarum and Aspergillus fumigatus, a

purified glycopeptife extract of Trichophyton mentagrophvtes and

Trichophyton rubrum and two commercial extracts, a mannan (Koch Light

preparation from baker's yeast) and a gelactan (Koch Light preparation

from Larch) and the following precipitin reactions were given.

Sera sbsorbed with: Precipitin reactions with absorbed sera to:-

C. albicans C. herbarunm
H type R type ’ H type
C. albicans - - : | +
C. herbarum ' + + -
A, fumigatus : + + ' -
T. rubrum o+ + +
T. mentagrophytes + + | ' +
Mannan (yeast) + + +
Galactan (larch) + o+ ‘ +

General comments

There appeared to be no cross reactivity between C. albicans
and sny of the fungal antigens tested here. The polysaccharide antigen
of C. herbarun was shown to be common to the polysaccharide antigen of

A, fumigatus, but there was no cross reactivity with any of the other

fungal antigens tested here.

In a group of 10 patients who reacted to the three polysaccharide

antigens, no cross reactions were seen between C. albicans and the common
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Fig., 52 D.D. test against the patient's se.um showing the precipitin

reactions given with the extracts of C. albicans, C. herbarum and

A.fumigatus

(a) (1)(2)(3) culture filtrate extracts of A. fumigatus (30 ng./ml.)
(k) culture filtrate extract of C. albicans, Cafs 3 (20 mg./ml.)
(5) culture filtrate extract of C. herbarum, Chef (1 mg./ml.)
(6) cell wall extract, mennen B (1 mg./ml.)

(b) (1) mannan B (1 mg./ml.) (2) Cacs E (1)(L mg./ml.)
(3) cafs 3 (20 nge/ml.) (4) mannan A (1 mg./ml.)
(5) Chef sup'n (1 mg./ml.)
(6) a polysaccharide extract of Af G4 (10 mg./rml.)

"Note: the common 'H' type precipitin reactions given with C. herbarum

and A. fumigatus, (5b)(6b) which are not common to the 'H' type precipitin

reactions given with the extracts of C. albicans. (1)(2)(3)(L4)b.
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galactose

glucose

mannose

—— ethyl acetate / pyridine —

Tig. 53 Chromatogrem showing the monosaccharides present in the poly-

saccharide extracts of C, albicans, C. herbarum and A. fumigatus

(1) mannan A (2) a polysaccharide extract of A. fumipatus

(3) mannose  (4) galactose (5) Chef sup'n

(6) mannose, galactose, glucose
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antigens of C. herbarum and A. fumigatus when tested by the D.D. method

(Fig. 52). There was a suggestion of some cross reactions between

C. albicans and C. herbarum when tested by the quantitative precipitin

curve method (p.184).
Sugar analysis by paper chromatography showed that C. albicans

vas predominantly mannose; C. herbarum was predominantly galactose and

A. fumigatus was a glucogalacto-mannan (Fig. 53).
Periodate oxidation of the polysaccharide antigens deétroyed
the precipitinogenic activity of all three extracts; galactose was the

terminal non-reducing sugar for both A, fumigatus and C. herbarum which

may explain their cross reactions, and mannose was the terminal non-
reducing sugar for C. albicans vhich may explain the absence of cross
reactivity.

Different o -~linked mannose residues may be responsible for

the failure of the galacto-mannan peptides of T, rubrum and T. menta-
grophytes to inhibit tﬁe reactions to C. albicans,as Basarab et _al.(1968)
showed that the galacto-mannan peptide of T. rubrum had a variable
mannose ~ galactose contént,but that mannose was alvays predominant,
Similarly Barker et al.(1963) showed that the galacto-mannan peptide of

T. mentagrovhytes had a variable mannose -~ galactose content and that

the galactose and mannose contents were decreased by periodate oxidation.

IV, Analysis of the Precipitating Antibody

1 Quantitative precipitin curves

The polysaccharide antigens tested were C. slbicans mannan A
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and C. herbarum Chef sup'n. The sera invesfigated were e
(a) Sérum A obtained from a patient with‘ésthma and pulmonary
ebsinophilia and with strong précipitins to Chef sup'n and
weak precipitins to mannan A,
(b) Serum B obtained from a'patient with an aspergilloma and with
strong precipitins to Chef sup'n and mannan A.
"(e) Serum C no. 3 obtained from a normal subject with precipitins
to mannan A, 2 wecks after an intracutaneous injection of mannan
A. The serum was initially negative to Chef sup'n and mannan A.
Pfecipitin curves were obtained by plotting the amount of antigen in ug.
against the proﬁein content of the complex, as measured by the Folin-
Ciocalteu method. The preéence of excess antigen in the supernatant
or absorbed serum was tested by D.D. tests against a positive serum.
(a) Serum A
No precipitin curve was obtained when 5 mg. of antigen, mannan
A was added to this serum. The lack of absorbance in this instance
was due to the solubilisation of the entigen/antibody complex in the
excess antigen, becausethe teéts with the 'supernatant' by D.D. showed
the presence of considerable antigen excess. The addition of much
lower quantities of antigen, mannan A (100 - 800 ug.) produced a typical
curve for aﬁ-'H' type of precipitation reaction (Fig. 54). Tests with
the supernatant before and after the eguivalence pqint shoved the

presehce of excess antigen only in the latter.
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0.2

Drs0

0.1

| T T T T T 1
100 200 300 400 500 600 700
g antigen per ml, serum

Fig. 54  Quantitative precipitin curve of the serum A, from a patient
with asthma and pulmonary eosinophilia, obtained by the addition of

inecreasing amounts of antigen, mannan A,
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The precipitin curve-obtained with a 'polysaccharide' antigen
gives‘a well defined equivaelence point. The precipitation reaction
occurs o&er a relatively narrow range of antigen concentration, and
soluble complexes are formed in both the antibody excess and the antigen
excess regions (Kabat and Mayer, 1961).
(b) Serum B
This serum gave strong precipitin reactions to both mannan A
and Chef sup'n. Equal emounts of the mannarmr A or the Chef sup'n were
added to the serum and two typical curves were plotted (Fig. 55).
mannan A From the precipitin curve obtained by the addition of mannan A,
the equivalence point for the curve was taken as 250 pg. antigen added
-per ml. of serum. A total nitrogen content of 40 pg. was found in the
‘washed precipitate at this concentration cérresponding to a total anti-
bbdy content of 0.25 mg./ml.
Chef sup'n  From the precipitin curve obtained by the addition of Chef
sup'n the equivalence point for fhe eurvé was taken as 80 yg. antigen
added per ml, of serum. A total nitrogen content of 53 ug. was found
in the washed precipitate at this concentration éorresponding to a total
antibody content of 0.3% mg./ml.
- This serum was'nqw absorbed with 300 j1g. of mannan A or with
300 pg. of Chef sup'n and then tested vith the alternative antigens.
The resulting precipitin curves (Fig. 56, 57) shoved a décrease in the

précipitation reactions of both sets of absorbed serum. The possibility
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Fir. 55 Quantitative precipitin curves of the Serum B, obtained by

addition of increasing amounts of

(I) mannan A or (II) Chef sup'n
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0.4 = Unabsorbed serum

- Serum previously absorbed
with chefsup'n

0.3—
0.2—
Dr50
~
0.1 " Sao -
y - -
‘4
| ] | | T | | l
100 200 300 400 500 600 700 800

Mg antigen per ml.serum
Fig, 56 Quantitative precipitin curves of Serun B, before (I) and
after the serum was absorbed with Chef sup'n (II), obtained by the

addition of increasing amounts of mannan A.
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0.4 s UUnabsorbed serum
Serum previously absorbed
- - . .
with mannan A
0.3
0.2 -
]
Daso !

]

!

]

1
0.1 7
’
[}
[ ]
[ |
'
Y
L | 1 | | | 1
100 200 300 400 500 - 600 700

ag antigen per ml. serum

Fig. 57 Quantitative preecipitin curve of Serum B, before (II) and
after absorption of the serum with mannan A (I), obtained by the

addition of inereasing amounts of Chef sup'n.
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that this was due to non specific absorption was examined by absorbing
Seruﬁ C, vhich did not contain precipitins to Chef sup'n, with Chef
sup'n and the addition of mannan A to this absorbed serum gave a pre-
cipitation curve similar to that obtained with the unabsorbed serum.
This suggested that there was a reaction in common between antigens of
mannan A and Chef sup'n in Serum B which contained precipitins to both
these polysaccharide antigens.
(c¢) Serum C

This serum when tested before the patieﬁt had had an intra-
cutaneous injection of a 10 mg./ml. solution of mannan A, gave no
detectable precipitin reaction to mannan A, Serum ¢ (No. 3),taken 2
weeks after the injection,gave strong precipitin reactions to mannan A.
'From the precipitin curve obtained by the addition of mannan A (Fig. 58),
the‘eQuivalence point for the curve was taken as 100 ug. antigen added
per ml. of serum. A total‘nitrogen céntent of 28 pg. was found in the
washed precipitate at this concentration corresponding to a total anti-
body content of 0.18 mg./ml.

2. Grading of the 'H' type precipitin reaction to mannan A

The estimation of the precipitating antibody to mannan A in
the serﬁm’was done by the quantitative precipitin curve method.
Serum B was shown to have a total antibody content of 0.25 mg./ml. and
Serﬁm C (No. 3) was shown to have a total antibody content of 0.18 mg./ml.

(see above)The total antibody content of 3 other serum samples of
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Fig. 58 OQuantitative precipitin curve of Serum C (No. 3), taken two
wveeks after an intracutaneous injection, obtained by the addition of

increasing amounts of mannan A.
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patient C was estimated by adding 50 pgs. of mannan A, which corres-
ponded to the equivalence point of Serum C (No. 3), to 0.5 ml. of the
serum.

(i) Serum C (No. 1), the ihitial serum sample gave a negative
precipitin test to mannan A and showed no detectable anti-
bédy content.

() Serum C (No. 2), with precipitins to mennan A, taken 1 week
after an intracutaﬁeous injection of mannan A, was shown to
have a total antibody content of- 0,18 mg./ml.

(iii) Serum C (No. 4 ) with precipitins to mannan A, taken 3 veeks
after «n intracutaneous injection of mannan A was.shown to
have a total antibody content of 0.21 mg./ml.

| Difficulties have been réported-in estimating the amount.of
precipitating antibody to fungal antigens in man, because they do not

givé well defined equivalence points, e.g. Aspergillus fumigatus,

Longbottom (1964) and Micropolyspora faeni, Jenkins (196L4)., An

arbitrary grading was made by these workers based on the number of
precipitin arcs given with some sera in the irmunoelectrophoresis test.
However, as the antigen mannan A ga&e only a single arc on immuno-
electrophoresis, with all the sera tested, the above method could not
be used. .

The methods used here were based on the fact that the antigen/

antibody complexes produced with mannan A were readily soluble in excess
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of antigen or antibody.

(a) Grading by serum dilution

The serum dilutions were placed in the peripheral wells (6 mm.)
and at & distance of 9 mm,, the antigeﬁ, mannan A at a concentration
of 0.1 mg./ml, was placed in the central well (9 rm.). Out of 10 sera
tested, all gave ﬁbéitive reactions when undiluted and only 2 gave re-
actions when diluted 1 in 1 {(Fig. 59).

(b) Grading by antigen dilution

In these tests, the double diffusion test was performed using
the standard pattern, the serum was placed in ﬁhe central well and
dilutions of the antigen mannan A in the peripheral wells. The
mannan A was tested at 10 mg./ml. (1%), 5 mg./ml.(0.5%), 1 mg./ml.(0.1%),

.Q.S,mg./ml.,(o.os%) and 0.l mg./ml. (0.01%). The number of reactions
are shown in the histogram (Fig. 60).
Group I  Out of the total of 28 sera tested, only 8 (28.5%) reacted to
all the concentrations of the mannan A tested here. Serunm B reacting
to all the concentrations o% mannan A has been éhown to have a total
antibody content of 0.25 mg./ml.(p. 184)., It was therefore assumed,
that these 8 sera had an'antibody'content of approximately 0.25 mg./ml.
~or more.
Groﬁn II Out of the total of 28 sera tested, 12 (43%) reacted to the
mennan A at 5 mg./ml. and to the other lower concentrations testedﬂ
L (14%) of these sera did not react to mannan A at 10 mg./ml. Serunm C

(No., L) reacting to the mannan A at 5 mg./ml. and not 10 mg./ml. has
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Fig. 59 D.D. test against the cell wall extract mannan A at 0.1 mg./ml.,
shoving a precipitin reaction with the undiluted serum only
(1) undiluted serun (2) serum diluted 1 : 1 (3) serum diluted 1 : 2
(L) serum diluted 1 : LU (5) serum diluted 1 : 8

(6) serum diluted 1 :16
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Mannan A tested at

Total 10 5 1 0.5 0.1
Tested mg/ml.mg/ml.mg/ml, mg/ml. mg/ml,

20

- e e on P ------ - on e ey and

10

SR PR IR S

No. of positive precipitin reactions

28.5% 43% 100% 100% T9%

?
Fig, 60 A histogram showing the number of precipitation reactions
given with decreasirig concentrations of mannan A when tested against

a group of 28 positive sera.
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been shown o have a total antibody,conteﬁt of.O.El ng./ml. It was
therefore aséumed, that these I sera had an antibody content of
approximately 0.21 mg./ml.
Group IITI  Out of the total of 28 sera tested, all reacted to the
‘mannan A at 1 mg./ml. and 0.5 mg./mL. 16 (57%) of these @id not re-
act to the mannan A at 10 mg./ml. or 5 mg./ml. end only 10 of these 16
reacted to ﬁhe mannan A at 0.1 mg./ml. Serum C (No. 2) and (No. 3)
reacting t0 the mannan A at 1 mg./ml. only,has been shown to haﬁe a
total antibody content of 0,18 mg./ml. It was therefore assumed,

that these 16 sera had an antibody content of approximately 0.18 mg./ml.

(¢) GCrading by the haemagelutination test

Some of the sera previously graded by entigen dilution were
tested with the mannan A and th¢ mannan B antigens. The tanned cells
were sensitised with mannan A or mannan B (1 mg./ml.) for half an hour
at 37°C.  The sera were heated at 56°C for 30 minutes to inactivate
the complement and then werc absorbed with the washed sheep cells to
femove the non specific agglutinins., The haemagglutination titres
-obtaineq with these sera were closely related to the amount of pre-
cipitating antibody in the patient's serum,

Group I  Out of the 8 sera reacting to all the concentrations of
mannan A iﬁ ﬁhe D.D. test, 5 sera were tested; 3 gave en haemagglutin-
ation titre of 1 : 200, the other 2 gave a titre of 1 : 100 with the

mannen A and all gave a titre of 1 : 50 with the mannan B.
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Group II  Out of the 4 sera reacting to the mannan A at 5 mg./ml.
and not 10 mg./ml. in the D.D. test, 3 sera were tested; 1 gave an
haemagglutination titre of 1 : 100, the other 2 gave a titre of 1 : 50
with mannan A and all gave a douwbtful titre of 1 : 50 with the
mannan B.
droup III Out of the 16 sera reacting to the mannan A at 1 mg./ml.
end not 10 or 5 mg./ml. in the D.D. test, 4 sera were tested; 2 gave
a doubtful haemagglutinétion titre of 1 : 50 and . the other 2 gave a
titre of less than 1 : 50 with the mannan A and none gave a titre with
the mannan B.

General comments

The amount of precipitating antibody in the patient;s serun
has been shown to vary by the quan£itative precipitin curve, and it
seems.that the haemagglutination titres of the mannan A and the
mannan B antigens were increased in proportion to the antibody content

of the serum to mannan A,
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DISCUSSION

Species of the genus Candida, in particular Candida albicans,

are regarded as opportunistic pathogens in man, The principal patho-
genic member of the genus, C. albicans,is often found in the human
mucosa as a commensal, but Qhen alterations occur in the host it is
capable of causing disease, although other species of Candida have
occasionally been isolated from lesions and from the bloodstream of
patients with deep»séatéd candidiasis. The frequency with which.

C. albicans can be cultured from the sputum, the presence of agglutinf
ins and of delayed Type IV allergy in a high proportion of thg
population, ﬁave méde the laboratory findings often difficult to
assess.

The problem of allergy to C. albicans has been investigated
by using the pﬁrified, polysaccharide, cell wall 'mannans' and the
culturebfiltrate extracts of C, albicans., The antibodies capable‘of
mediating the allergic reactions, in particular the reagin nediated,
Type I and the precipitin mediated, Type III reactions have been
studied by serological and skin tests. The role of the antibodies
responsible for thesg allergic reactions and their correlation with‘
disease has been discuésed.

Precipitins against C. albicans antigens héve been found

only in the serum of patients with deep seated infection by Akiba
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et al. (1957, 1961), Elinov and Zaikina (1959), Stallybrass (1964),
and Taschdjian et al. (1964, 1967). Precipitin reactions to the
purified mannan of C. albicans Group A have, however, been given with
the serum of all subjects tested by Chew and Theus (1967) and 22% of
all healthy subjects tested by Pepys, Faux et al. (1967, 1968).
Furthermore; there is evidence suggesting'that these precipitins may
mediate Arthés Type III skin reactions and that they may perhaps be
related to certain clinical manifestations.

The antigens of Cladosporium herbarum have also been studied -

because, like the antigens of C. albicans they are capable of giving
similar precipitin reactions with certain sera attributsble to poly-
‘saccharide antigens., The spores of C, herbarum are commnonly found
in the air, particularly in the summer months and they are a common
cause of asthma.

Preparation of antigenic extracts of Candida albicans

The aims of this study were to produce antigenic extracts
of C. albicans as free as possible of non-dialﬁsable culture medium
and in the case of the polysaccharide antigens as free as possible
from protein and amino acids.

Antigenic extracts of C. albicans were isolated from either
the culture filtrate or the yeast cells. A culture filtrate rich in
antigenic components was produced when C. albicans was grown in an

aerated Sabouraud medium for T days or in a synthetic medium for 2
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months. An antigenically potent culture filtrate extract (Cafs 5)
was produced when C, albicans was grown as a surface culture on the
dialysable components of the Sabouraud medium for 33 months.  The
culture filtrate extracts were good sources of protein antigens,
capable of giving 'R' type precipitin reactions and pblysaccharide
antigens capable of giving 'H' type precipitin reactions; both tjpes
of reactions occurring with the gamma globulin of the patient's serum.

The use of the terms 'protein' and 'polysaccharide' for
descriptive purposes should be explained. The term 'protein' is used -
here for an antigen containing predominantly protein and usually with
a small polysaccharide conﬁent. These antigens were heaﬁ-labile, as
heating at 100°¢C for 5 minutes has been shown to denature the antigens.
The precipitin reactions given by these protein antigens were fine
arcs with sharp leading edges of the 'R' type. The term 'poly-
saccharide' is used here for an antigen containing predominantlj poly-
saccharide and usually with a small protein content. These antigens
were heat stable and the precipitin reactions given to them were fuzzy
and diffuse of the 'H' type. guchterlony (1958) found that with
polysaccharide antigens there was a marked unilateral diffuseness of
ﬁhe precipitin band border, suggesting that the antigen or antibody
on the diffuse side was in excess of the other. Well defined
precipitin lines vere seen with the mannan A at low concentrations,

suggesting that the ratio of antigen to antibody was near to the

equivalence point,
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In addition to the cultﬁre filtrate antigené the yeast cells
were extracted and a cell wall extract containing a poiysaccharide
entigen and a somatic extract containing both protein and poly-
saccharide antigens were produced;

The structure of the yeast cell determined by Mundkur (1960)
showed that‘the cell wall consists of two layers, an outer layer con=
sisting of afmannan and an innef layer consisting of a glucan$ the
principal component of the cytoplasm was glycogen. Antigenic analysis
of the various components (Ke;sler and Nickerson (1959), Siegert et al.
(1963), Muller and Hirsch (1967)) showed that the cell wall contained
prineipally a thermo-stable'antigénvinsoluble'in a saturated solution
of ammonium sulphate and that the cytoplasm contained both a thermo=-
stable and a thermolabile antigen. Bishop et al. (1960) isolated a
glucen, & mannan and chitin from the cell walls of C., albicans.
Summers et al. (196k4) using the Féhling method of Peat et al. (1961)
found that the major component of the yeast cell wall and the major
surface antigen was a mannan,

Cell wall extracts of C. albicans

The cell wall mannan or mannan~-containing extracts used in
these investigations were prepared by extracting the cells with g-
naphthol, formamide or by the method of Peat et al. (1961), the latter
method providing a more highly purified mannan antigen. Double .

diffusion tests with the various extracted polysaccharideantigens
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against human serum gave 'H' type precipitin reactions of identity.
Fewer and more diffuse reactions were given by the g néphthol and
formamide extracts compared to thg mannans prepared by the method of
Peat et al. (1961). The weaker reactions to the B naphthoi and
formamide extracts can be attributed to their lower content of mannan,
The B naphthol and formsmide extracts contain mannose & glucose in an
approximate ratio. 1 : 1 and have a high nitrogen content of 5.4% to
7.1%, whereas mannan A contains mannose with traces of glucoée, a
total sugar content of 94% and a nitrogen content of 0.71%, and mannan
B contains mannose with traces of glucose, a total sugar content of
91% and a nitrogen content of 1.02%., The precipitin reaction to a
cell wall extract was completely inhibited by absorption of the pos-
itive sera with the other cell wall extracts, showing that they were
antigenically similar, immunoelectrophoresis of the extracts géve a
precipitin arc of low mobility lying close to the éerum trough,. 1In
the case of the mannan A extract a single arc was given in the region
of the origin whereas the mannan B extract, containing a higher
nitrogen content attributable to a greater number of'acidic groups,
had some mobility and corresponded to the faster moving component of
the mennan A,

Comparison of mannan A and mannan B

Hasenclever et al. (196la) found that there were two sero-

logical Groups,A and B of C. albicans and that Group A contained all
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the antigens of Group B and at least one additional antigen, Double
diffusion'tests against the mannan A at 1 ng./ml. gave‘a well defined
precipitin reaction whereas that of the mennan B at 1 mg./ml. gave
more diffuse and less frequent reactions. 1In a group of 56 sefa
giving a positive precipitin reaction to the mannan A, 5 (8.9%) gave
positive reaqtions to ﬁhe mannen B, All the sera that reacted to the
mannan B gave strong precipitinvreactions to the mannan A, Absorp-
tion of the sera with mannan B inhibited all the reactions to mannan
A and conversely the reactions to mannan B were inhibited by absorption” -
of the sera with mannan A, showing that they have antigens in common.
However, when the mennen B was tested at a lower coﬁcentration of
. 0.5 mg./ml., fewer precipitin reactions were given, whereas at a
higher concentration of 10 mg./ml., 2 additional sera gave precipitin
reactions. This was in contrast to the mannan A, which gave fewer
reactions at a concentration of 10 mg./ml, than at 1 and 0.5 mg./ml.
Also, since the precipitin reaction to the mannan B occurred nearer
to the antigeﬁ well than the reaction to mannan A, it would seem that
the mannan B was a weaker antigen than the mannan A, The prick test
reactions given with the mannan B being significantly wesaker than
those given with the mannan A, (p < 0.001), even though the nitrogen
content of the mannan B was higher, suggests that the polysaccharide
antigen of both the mannan A and the mannén B was responsible for the

immediate Type I skin reactions,
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Immunoelectrophoresis of the mannan A (1 mg./ml) and
mannan B (1 mg./ml.) showed that they had in common only that antigen
responsible for the part of the precipitin arc froduced by a faster
moving component. Immunoelectrophoresis of the mannan B at higher
and lower concentrations against strongly positive sera did not give
a precipitin reaction with the slow moving component, in comimon with the
mannan A. A borate buffer was used instead of a phosphate buffer,
as some carbohydrate components are capable of producing negatively
charged borate complexes with adjacent hydroxyl groups and so migra@e
in an electric field (Foster (1957)). Immunoelectrophoresis of the
mannan A in this buffer ga&e a fine precipitin arc’'in the position of
‘the origin and the manhan.B gave an arc showing a little movement
from the origin indicating no changé in their mobilities. The single
arcs obtained with bofh the antigens show that both the mannan A and
mannan B are antigens with little mobility in an electric field.

Mannan A and mannan B are chemically similar, both contain
mannose with only traces of glucose and have a total sugar content of
94% and 91% respectively. The optical rotation of mannan A is £§727+60
and of mannan B is Z§727+h5 showing that there are some differences in
chemical composition. Both mannan A and mannan B have & small
nitrogen content of 0.71% and 1.02% respectively, an amino acid content
of serine, valine, alanine, glutamic acid and leucine and no hexo=

samines as shown by a negative Elson - Morgan test. Absorption over
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a wavelength range of 230 mu - 320 ﬁu showved that .the absorption
spectrum of mannan A is greater than that of mannan B buf that both of
the extracts had low extinction coefficients and no point of inflexion
at 280 mu, indicating that their protein confent,'if any, was very
small. The selective absorption of.proteins in the region near 280 my
is mainly due to the amounts of phenylalanine, tyrosine and trjptb-
phane presentl The structure of mannan A and mannan B were deter-
mined by methylation and subsequent analysis of the crystalline
products by Yu et al. (1967). Both the mannan A and mennan B have

a back bone chain of 1 - 2 liﬁked D-mannopyranose units with branching
_ by substitution at the 02 énd C6 of the mannose units., Mannan A

has a greater number of terminal mannose units than the 1 - 2 linked
units, whereas mannan B has a greater number of the 1 - 2 linked units
than the terminal mannose units. The mannan A is therefore a more
highly branched molecule than the mannan B. The positive optical
rotation showed the predominance of oa-glycosidic linkages in both the
extfacts. Other workers using different strains of C. albicans:havé
shown some variations in the amounts of 1 - 3 and 1 - 6 linked D-
mannopyranose units. As both the mannans are highly branched it is
poséible that the distribution of the branch points may be a deter-
mining factor in the antigenicity of the extracts, or, the reduction
in the reactivity may be due to the increase of the acidic groups con-
tained in the mannan B on the 1 - 2 linked backbone or on the mannose

residues, which may cause steric hindrance of the antigenic sites.
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Information concerning the differences between mennan A and
mannan B ﬁas derived from the comparison of the mannan‘B with the
fractions obtained by fractionation of the mannan A by ion exchaﬁge
chromatography using diethylaminoéthyl cellulose; The absorption of
polysaccharides 6nto a column of diethylaminoethyl cellulose is
strongly influenced by their structure, the linear polysaccharides
are more easily absorbed onto ﬁﬁe column (Wwhistler (1965)). The un-
absorbed fraction Ca Dl was therefore probably highly branched; it
had a nitrogen content of 0.43%, a sugar content of 97% and a neglig-
ible absorption curve, and répresented 60% of the original mennan A.
Ca Dh was retained on the column until the ionicity of the eluent had
been increased and was therefore less highly branched; it had a
nitrogen content of 1.03% and an absorption cufve similar to the ab-
sorption curve of mannan B, This suggested that mannan B and Ca Dh
were similar and the latter was shown to represent only 9.6% of the
originél mannan A, Double diffusion tests of the extract Ca D, gave
stronger precipitin reactions than the original mannan A, whereas the
Ca Dh gave weaker precipitin reactions, as judged by the fact that

they were present nearer the antigen well than Ca D Jmmunoelectro-

l.
phoresis of the extract Ca Dl produced an arc without electrophoretic

mobility, whereas Ca Dh produced an arc with some electrophoretic

mobility due perhaps to the increased acidic groﬁps. Inmunoelectro-

phoresis of the mixture of equal amounts of Ca Dl

and Ca Dh produced
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a distorted arc due to an ovérlap.of the fractionated polysaccharide
moieties, whereas a similar test with equal amounts of Ca Dl and
mannan.B gave an extended arc similar to that produced by the originai
mannan A, thus further supportiﬁg the suggestién that Ca Dh méy be
more similar to mannan B, If the major and most antigenic component
Ca Dl of mannan A is not contained in the mannan B, the lower re-
activity of the mannan B mey be.explained.

The molecular weights of mannan A or ménnan B have not been
determined and it is possible that the difference in antigenicity
may be due to the nature of the cell wall mannan, Kabat and Berg
(1953) have shown that the high molecular weight dextran antigens are
capable of stimulating greater amounts of antibody than those of lower
molecular weights; and since there were more precipitin reactions to
mennan A than mannan B, it is possible that mannan A has a higher
molecular weight. However this possibility needs further study.

Somatic extracts of C. albicans

The somatic extracts were produced by disintegration Qf the
yeast cells either mechanically or ultrasonically. The extracts con-
taining both the cytoplaémic aﬁd the cell wall components, have a high
nitrogen content of 9.33% and a sugar content of mannose and glucose.
The somatic extracts were tested at a higher concentration than the
cell wall extracts in order to investigate 'R' type precipitin re- |

actions given by the protein antigens in addition to the 'H' type
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precipitin reaction given by the polysaccharide antiéeh. However,
it should be noted that the number of '"H' type precipitin reactions.
with the somatic extract was increased when it was tested at a lower
concentration of 20 mg./ml. and 10 mg./ml. In testing the sera.
froﬁ both healthy and asthmatic subjécts, by the doubie diffusion test,
with the somatic extracts at a high concentration of 40 mg./ml., Some
of the sera géve 'H' type precipitin reactions common to the reactions
given with the cell wall extracts, but none gave 'R' type precipitin
_reactions, even though 'R!' type reactions were given with some of the
sera vhen tested égainst the culture filtrate extracts. This suégested‘
that the protein antigens of the culture filtrate extract were different
from those of the somatic extract. This was supported by testing
the serum of L patients with endocarditis due to C. albicans infection
against the somatic and culture filtrate extracts. Quite different
reactions were observed as, in addition to the "H' type reaction,
multiple 'R' type precipitin reactions were given by both the somatic
and the culture filtrate extracts, but they were not reactions of
identity. This was confirmed when absorption of the sera with the
culture filtrate extract did not completely inhibit the 'R' type
precipitin reactions to the somatic extract and, conversely absorption.
with the somatic extract did not inhibit the 'R' type precipitin
reactions to the culture filtrate extraét. Immunoelectrophoresis of
these two extracts showed that the protein antigens of the somaﬁic

extracts capable of giving the 'R' type precipitin reactions had a
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greatér electrophoretic mobility than those of the culture filtrate
extract. . The protein antigens of the sgmatic extracts Group A and
Group B gave common precipitin reactions.

The serum of these subjects with endocarditis due to C.
albicans gave positive precipitin reactions with high concentrations
of the mannan A, .indicating the preseqcé of a high level of antibbdy.
Hegatlive reactions were given to such concentrations of mannan in tests
with sera having a loﬁ level of antibody, because the antigen/antibody
complex was soluble in the excess antigen. More multiple 'R' type
precipitin reactions were givén with the serum of patients with endo-
carditis than with the othér sera when tested against the culture filtrate
extracts and only the serum of patients with endécarditis gave 'R' type
reactions with the somatic extracts. The effects of the concentration
of the mannan component and of the amount of antibody present, probably
explains why positive precipitin reactions have been reported énly with
the sera from patients with deep seated candidiasis.

In patients with systemic disease it is poésible that iysié
of the yeast cell by the host defence mechanism may have occurred,
which would release antigens in sufficient quantities to stimulate
antibody production to the cytoplasmic components. In patients with-
out systemic disease the antibodies may have been induced by stimu-
lation with products derived from the cell wall and with the metabolites.
These findings are ‘likely to help in evaluating the clinical signifi-

cance of the precipitin reactions.
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Culture filtrate extracts of C. albicans -

The culture filtrate extracts of C. albicans contain heat
labile, protein,and heat stable, polysaccharide gntigens. A higher
concentration of the culture filtrate extract was required in the
double diffusion test because this extract was a mixture of antigeniec
components and unlike the 3: type ﬁrecipitin reaction, the antigen/
antibody complex produced with the 'R' type precipitin reaction is
not readily soluble in excess antigen. Double diffusion tests with
the culture filtrate extract, gave 2 = 3 well defined 'R' type pre-
cipitin arcs with certain human sera in addition to the broad diffuse
'H' type precipitin reaction, the latter being identical to the 'H!
type precipiﬁia reactions given with the cell wall and somatic extracts.
Common 'R' type precipitin reactibns vere gi#en with the Group A and -
vthe Group B culture filtrate extracts, althoﬁgh more précipitin ércs
were given with the Group A extracts than the Group B extracts, and
stronger 'H' type precipitin reactions were given with the Group A
than with the Group B culture filtrate extracts, Immunoelectro-
phoresis of the culture.filtrate extracts gave a diffuse line lying
near the trough extending towards the aﬁodé produced by the vpoly-
saccharide antigen and a seriesvof precipitin arcs in the direction
of tﬁe anode produced by the protéin antigen. Precipitin reactions
were given less frequently to the protein antigen.than to the poly-'

saccharide antigen in all the groups of patients tested. Out of a
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total of 88 sera giving positive reactions to the culture filtrate
extract, 50% gave 'R' type and 917 gave 'H' type reactions. Of the
sera which gave 'R! type precipitin reactions, 8 did not give,’H'
type precipitin reactions, although after three-fold concentration
all gave 'H' type reactions. The number of precipitin lines of the
'R! type was increased after concentration of tﬁe positively reacting
sera, whereas concentration of the negative sera did not increase the
number of 'R' type réactions.

Critical effect of concentration of mannan A on the precipitin reaction-

Tesfs with the polysaccharide extract, mannan A, at de-
creasing concentrations frém 10 to 0.1 mg./ml., divided the sera tested
into 3 groups, vhich depended in part on the total antibody content
6f the serum to the mannan A antigen. In the first group only 8 (28%)
of the 28 sera tested, reacted with the mennan A at 10 mg./ml. It
was estimated that these sera had a precipitating antibody content of
0;25 mg, /ml. or more,‘as shown by the quantitative precipitin curve
using a serum which reacted in the same way as these 8 sera. In the
second group, 12 (43%) of the sera tested reacted with the mannan A
at 5 mg./ml. and 4 of these did not react to the mannen A at 10 mg./ml.
It was estimated that these 4 sera had a precipitating antibody c6n~
tent of 0,21 mg,/ml, - 0.24 mg./ml. In the third and final group, -
all the positive sera tested reacted to the mannan A at 1 mg./ml; and

0.5 mg./ml., 16 (57%) of these positive sera did not react to the
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mannan A at 10 mg./ml. or 5 mg./ml., and as expected it was estimated
that these 16 sera had the lowest antibody content of 0.18 mg./ml, -
0.20 mg. /ml. These tests proved that tﬁe concentration of the mannan
A was inportant, because only the sera with an antibod& content of
0.25 mg./ml. or more reacted to the ﬁanﬁan A at 10 ﬁg;/ml. Of the 8
sers with the highest antibody content of 0.25 mg./ml. or more, 6 (75%)
gave positiverreactions with the mannan B at 1 mg./ml;, whereas none
of the 16 sera with & low antibody content of 0.18 mg./ml. reacted to
the mannan B. In a few patients giving strong precipitin reactions
to the mannan A, as many as 2 - 3-precipitation reactions~were gi&en
to the mannan A when tested by the double diffusion method. - This
phenomenon has also been shown by Finger et _al. (1960) with dextran.
They found that when the molecular weight of the dextran was re-
duced by partial hydrolysis to about 35,000 = 10,000, two bands were
seen in the double diffusion tesﬁ. However, in spite of the mﬁltiple
arcs given by the mannan A in the double diffusion test, no change-in
the pattern was obtained when these sera were tested by immuno-
electrophoresis. Thé_explanation of this is not clear.

The culture filtrate extract tested at 20 mg./ml. and 10 mg.
/ml. gave 'H' type precipitin reactions with all the positive sera,
The culture filtrate extract is a mixture of protein and polysaccharide
antigens and there is a lover proportioﬁ of the pure- polysaccharide
component, mannan A, in the culture filtrate extracts. It Wouid,

therefore, seem that the purer the polysaccharide component the more
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critical is the concentration of the antigen used in the precipitin
tests.,

Analysis of the literature

Previous workers have used either somatic or cell wall
extracts for the precipitin tests. Since the two Groups A and B of
c. albicané were only recognised in 1961, earlier work needs to be
reassessed, because there are some antigenic differences between the
polysaccharide antigens mannan A and mannan B and because fewer pre-
cipitin reactions are given to the;mannan B.

Precipitins were found only in the sera of patients with
systemic candid’asis when the tests were performed with the various
antigenic extracts; Akiba et al. (1957, 1961) using a phenol extract,
Elinov and Zaikine (1959) using a.B naphthol extract, Stallybrass'(i96h)
using a formamide and éomatic extract, and Taschdjian et al. (196L,
1967) using & somatic extract. These extracts have usually been crude
and it is not possible from the information given to calculate the
actual concentration of the antigens used.  Akiba gﬁ_g;.(lQST) using
their crude extract at a concentration of 0.5 mg./ml. found more pos-

- itive reactions than when the antigen was tested at 0.2 mé./ml.

Their éxtract had & nitrogen content of 1.4%, no phosphorous and a
sugar content of glucose. The failure to show £he presence of mannose
probsbly means that theirrextract contained very little; indeed the

glucose content of the extracts obtained in the present study by
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B naphthol and formemide extractions was high. It seems that the
low percentage of skin and precipitin reactions to this extract was
probabl& due to its small manncse conténﬁ. The low number of pfe—
cipitin reactions in patients other than those with deep seated in-
fections reported by Elinov and Zaikina (1959), Stallybrass (196k4)
and Taschdjian (1964, 1967) may be due to the use of antigens which
were in too high a concentration. Indeed, in this present investig-
ation, the 'R' type precipitin reactions were only observed when the
sera were tested against high concentrations of the culture filtrate
and somatic antigens. At this high concentrafion (L0 mg./ml.) only
the few patients with endocarditis gave 'H' and 'R' type precipitin
reactions with the somatic extract whereas more 'H' type reactions
vere given with the sera of patients withéut en&ocarditis vhen the
somatic extract was tested at 20 mg./ml. The number of 'H' type
precipitin reactions in subjects without deep seated infection was
reduced with high concentrations of the antigen either by causing the
reaction to take place in the central serum well or because reactions
of the 'H' type vere readily soluble in excess antigen. This was
less likely to occur in patients.with'deep seated infection because
of their higher level of antibody.

~ More recently Chew and Theus (1967) using & purified mannan
extract of C. albicans Group A found precipitins in the serum of all

healthy subjects tested. They used two immunodiffusion methods, the
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1
Ouchterlony double diffusion and the Preer tube (Preer, 1957) method

and found the iatter to be more sensitive. Using the guchterlpny
method, 3.2% of the unconcentrated sera gave positive reactions, and
after concentration of the serum globulins 15-fold, 30% of all healthy
subjects tested gave pésitive preecipitin reactions. Similar results
were_obtained in the present study using the guchterlony double
diffusion method,’6;l% of the unconcentrated sera gave positive re-
actions and after three-féld concentration of the sera, 22.7%.of the
healthy subjects tested gave positive reactions. However, using the
Preer tube method; Chew and Theus showed thatvloo% of the 15-fold
concentrated serum globulins gave positive reactions. It should be
noted that serum globulins'at this concentration are very viscous,
with a poor diffusing capacity and no other extracts vere used as

controls.

Purification of the polysaccharide antigens of C. albicans

Attempts have been made to prepare polysaccharide antigens
with as loﬁ a content of nitrogen as possible capable of giving the
'H! type precipitin reaction. - Summers et al.(196h4) for example used
trypsin to degrade the protein moieties of the mannan A and showed a
reduction in the nitrogen content of thé mannan from 0.582 - 0.1%.
Treatment of the mannan A with trypsin reduced the nitrogen content
from 0.7% to 0,41% and increased the sugar content from 9L% to 95%

and the optical rotation at [§727+ 55 was unchanged. Similarly the
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nitrogen content of mannan B was reduced from 1.02% to 0.72%, the
sugér content was increased from 91% to 93% and the optical rotation
of £§121+ 50 was similar, The nitrogen content of the mannan B after
trypsin treatment was still higher than the mannan A. Amino acid
analysis of the trypsin treated extracts showed that glutamic acid,
‘alanine, serine, valine and leucine were still present but the ab-
sorption at 280 muwas reduced showing a loss of some protein content.
The precipitin test showed that there was no loss of precipitinogenic
activity of the trypsin treated mannan A and manﬁan B. This favours
the role of the polysaccharide component of the mannan A in the pre-
cipitin reactions rather than the peptide conient.

An extract with a similar low nitrogen content of 0.43% was
. obtained by ion exchange chromatography of the mannan A. The absorp-
tiéﬂ of polysaccharides onto a column of diethylaminoethyl cellulose
is stroﬁgly influenced by their.strucfure (Wnistler (1965)). In
general, absorption is enhanced with increasing amounts of acidic
groups aﬁd with a less branched component. Therefore the unabsorbed
fraction Ca Dl’ with a nitrogen content of 0.43%, a sugar content of
97% end no absorption at 280 my may be a highly branched component.

The precipitin test with Ca D, showed that the precipitinogenic

1
dctivity was unchanged and the lack of acidic groups was supported
" by the fact that the extract had no electrophoretic mobility. However,

there was a reduction in the allergenicity of the extract compared

with the original mannan A in some subjects as shown by the skin
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test reactions, although in others stronger reactions wvere given to
the extracﬁ‘Ca Dl' Th¢ similarity of these pprified extracts of
mannen A,in particular their nitrogen contents, suggests that the
nitrogen content may be part of the internal structure of the mannan A
and not responsible for its antigenicity.

Degradation of the mannan A by periodate oxidation followed
by reduction resulted in a decrease in the mannose content, a dé-
creased nitrogen content and complete loss of precipitinogenic‘and
skin activity. Reduction only of the mannan A had no effect on the
precipitinogenic énd'allergenic activity, which is in agreement with
the theory that the reducing end residues do not contribute signific-
antly to serological specifiecity. It seems unlikely that reduction
in the nitrogen content was responsible for the decrease in the skin
teét reactions, since the nitrogen content of the oxidised fraction
was higher than that qf both the trypsin treated and the D.E.A.E.
'fractioﬁatién extracts of mannan A, both of which retained their
-allergenic'énd précipitinogenic activities, Barker gi_gi.(l963).

. stated that slight degradation of the protein content of their glyco-
peptide was apparent affer treatment with sodium periodate if the pH
was not stabilised; If the amino acid, serine, was present as a
terminal gréup, it w§uld be dégraded thus acéounting for this decrease
in nitrogen content. Therefore it appears that the activity of

mannen A is attributable to terminal non-reducing mannose residues.
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Purification of the protein antigens of C. albicans

A protein and a polysaccharide antigen were prepared from
the culture filtrate extract, as the protein antigen which géve
multiple 'R' type precipitin reactions and no 'H' type reactions, was
insoluble in a 607 saturated solution of ammonium sulphate and the
polysaccharide anfigen vhich.gave an 'H' type precipitin reaction,
was soluble in a saturated solution of ammonium sulphate.

In prick and intracutaneousbtesting vith the protein and
the polysaécharide antigens,'ét£onger immediate Type I reactions were
given ﬁo the prdtéin antigen than to the polyséccharide antigen. Out
of the 10 ?atients tested intracutaneously, 3 gave Arthus Type III
reactions to the protein antigen, mean weal size, 8 mm., and 4 gave
Arthus Type III reactions to the polysaccharide antigen, mean weal
size, 32 mm. The very weak Arthus reactions to the protein antigen
may be due to the small amount of the polyéaccharide component present
‘in it. These patients were more likely to have had precipitins to
the polysaccharide antigeﬁ than the protein antigen and it is possible
that 'if the patient had had precipitihs to the protein antigen,
larger Arthus reactions may have.been elicited by it, than by the
pdiysadcharide antigen.

Antigenic extracts of Cladosporium herbarum

Antigenic extracts of C. herbarum were isolated from the.

culture filtrate and the mycelium. A culture filtrate rich in anti-
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genic'components was préduced when C. herbarum was grown in Czapek
Dox medium'for 2 months. The culture filtrate extracts and a saline
extraction of the mycelium were good soufces of protein and poly-
saccharide antigens, Chemical extraction of the mycelium with
formamide or phenol yiélded polysaccharide antigens capable of giving
TH' type precipitih reactions with certain human sera common to those
of the culture filtrate. The sugar céntent of all the extracts was
predominantly galactose with mannose and glucose, but there was a
difference in their nitrogen content. Double diffusion tests showed
that a culture filtrate extract, nitrogen content 1.9% and a cell sap
extract, nitrogen content 1.56%, gave 'H' type precipitin reactions
"with certain human seruﬁ but no 'R type precipitin reactions. How~
ever, -both 'H' and 'R' type precipitin reactions were given with these
entigens when they were tested against the rabbit anti-C. herbarum
serum.- The phenol (nitrogen content 0.71%) and the formamide treated
mycelial extracts gave only 'H' t&pe precipitin reactions.  Immuno-
electrophofesis of all the extracts gave a broad precipitin reaction
* near the trough when tested'égainst the human serum and additional
arcs in the direction of the anode when the culture filtrate extract
was tested against the rabbit anti-C. herbarum serum.
Pfick tests with the culture_filtfaté and phenol extracts
gave stronger immediate Type I reactions to the fqrméf, mean weal

size 3.21 mm., than to the latter, mean weal size 1,8 mm.; this would
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suggest that the‘additional protein antigen of the culture filtrate
extract was responsible for the greater skin reactivity. The imm-
ediate Type I reactions with the culture filtrate extract were shown
to be significantly gfeater‘than with thevphenol extract (0,005 <
,P.< 0,001 from the 2 way analysis of variance).

Unlike the phenol extraction of the mycelium of Aspergillus
fnmigétus the phenol extraction of the mycelium of C. herbarum does
not contain C substance, which is capable of reacting with C-reactive
protein in the patient's serum (Longbottom and Pepys (1964)).

Both profein and pdlysaccharide antigens were prepared, as
the protein components, which gave 'R' type precipitin reactions with
the rabbit anti-C, herbarum serum, wvere insoluble in a 60% saturated
solution of ammonium sulphate and the pqusacchéride component, which
gave 'H' type precipitin reactions with human serum, was soluble in a
satﬁrated solution of ammonium sulphate. The polysaccharide antigen
had a low nitrogen content of 0,6%, an amino acid content of serine;
glycine, alenine and traces of threonine, aspartic and glutamic acid
and ﬁ high sugar content of BHZ, galactose being the prédomiﬁant sugar
with traces of glucose. Double diffusion tests with this polysaccharide
antigen gave a broad diffuse 'H' type preéipitin reaction and as with
the mennan A‘of C.'albicans, no reactions were visible at higher
‘ concentrations of the antigen.

- Prick testing with the protein and polysaccharide antigens
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showed that 347 gave immediate Type I skin reactions to the protein
antigen, mean weal size 2.1 mm. and that 37% gave reactions to the
polysaccharide antigen, mean weal size 1,3 mm, Stronger skin re=-
actions were elicited to the protein extract in 38.5% of the positive
réactors, mean weal size 11.lL mm. as compared to the polysaccharide
extract, mean weal size 4,1 mm, The other patients gave weaker re-
actions to the protein antigen, mean weal size 2.4 mm., than to the
polysaccharide antigen, mean weal size 4 mm,, the small polysaccharide
content of the protein antigen probably accounting for these weaker
reactions; The positive skin reactions to the protein antigen were
much stronger than any of those elicited to thg poiysaccharide antigen.

It would seem that whilst»the protein component is the most
allergenic there is no precipitating antibody aéainst it using the
test methods employed here, whereas the polysaccharide component is
veakly allergenic and precipitins to it can be demonstrated. However,
of the sera giving positive reactions to the antigens of C. herbarum,
98% gave feactions of identity with the polysaccharide antigen of

A, fumigatus; it would seem then that the latter antigén was probably

responsible for the production of the precipitating antibody and not
the antigens of C, herbarum,

Purification of the polysaccharide antigen of C, herbarum

A purer polysaccharide antigen was prepared by ion exchange .

~chromatography using diethylaminoethylrcellulose and the material
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Ch Sl,.which was not absorbed onto the column was shown to gontain
0.2% nitrogen, to have a total sugar content of 96% and an optical
rotation of-lE] 2T_ 60, this latter rotation vas inéreaéed compared
with the original rotation of 157 21 50 and probably indicates a
_ purer preparation. Sugar analysis showed that galactose was pre—>
dominant with only traces of glucose., Very little protein, if any,
could have been present since the absorption spectrum given by it was
negligible and gave no point.of inflexion at 280 my.  The.material
Ch Sh collected on inecreasing the ionicity of the eluent was shown
to contain 1.5% nitrogen and represented 31% of the total. The
absorption spectrum given by Ch éh was considef&bly greater than Ch Sl
and the original extract, showing a slight point of inflexion at
280 my indicating that the protein content was greater.

Double diffusion tests vith these two extracts Ch Sl and
Ch Sh gave a single precipitin iine, the reaction to the Ch 5, being
much stronger than to bh Sh’ as the reaction of Ch Sh appeared closer
to the antigen well than the reaction of Ch Sl' Immunoeléctro-
phoresis of Ch Sl gave‘ah arc with no electrophoretic mobility, where-
as Ch Sh gave an éxtended arc with a little electrophoretic mobility
towvards the‘anode corresponding to the higher nitrogen content.

‘Prick testing with Ch 5. and Ch Sh showed that strong

1
immediate Type I skin reactions to Ch Sl were given by 33% of the

reactors, whereas 25.5% gave stronger reactions to Ch Sh and the re-
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mainder reacted equally.to both extracts. The subjects giving
stronger skin reactions with Ch Sh also reacted very strongly to the.
protein antigen of the culture filtrate extract suggesting that the
nitrogen content of Ch Sh may be responsible for the skin reactions,
whereas thg reactions to Ch Sl were attributable to the polysaccharide
antigen.

The role of the polysaccharide moiety was shéwn by degrad-
ation of fhe polysaccharide antigen Qf the culture filtrate extract
with periodate oxidation. This resulted in loss of its precipitin-
ogenic and skin reactivity. vSugar analysis showed that the galactose
content was reduced but unlike the polysaccharide éntigen of C, albicans
the nitrogen content was‘ﬁot altered. Réduction only of this extract
did not change its skin or precipitinogenic activity. It would scem
that the galnctose non-reducing end residues are responsible for most
of the antigenicity of the polysaccharide extracts of C, herbarum.

Comparison of the polysaccharide antigens of C, albicans and C. herbarum

Precipitin curves with well defined equivalence points were .
obtained with small amounts of the polyseccharide antigens of either

C. albicens or C. herbarum. One patient was of special interest,

giving positive precipitin reactions to the polysaccharide antigens
of both C, albicans (mennen A) end C. herbarum {(Chef sup'n). In-
dividual precipitin curves were obtained using the appropriate aﬁtigens

and the total antibody content in the case of mannan A was calculated
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as 0.25 mg./ml. and in the case of Chef sup'n was 0.34 mg./ml.
Absorption of the serum with excess of C. herbarum antigen'resultéd-
in a reduction of the precipitin curve produced by adding'ﬁannan A to
the absorbed serum and vice versa. The reduction in total antibody
ip Both thelprecipitin reactioﬁs suggested that there may have been
some cross—reaétivity between the twé aﬁtigens not detected by the
double diffusion test. By contrast, in a patient with precipitins
to the polysaccharide antigen mannan A only, no reduction was seen in
the total antibody content when thé serum was absorbed_first with the ,
anfigen Chéf sup'n.

Absorption studies showed that the precipitin reaction to
mannan A.was noﬁ inhibited by a polysaccharide antigen of C. ﬁerbarum
and conversely the 'H' type reaction to C. herbarum was not inhibited

by mannan A. However, the 'H' type reaction to C. herbarum was com-

pletely inhibited by a polysaccharide antigen of A. fumigatus.

Longbottom (1964) found that periodate oxidetion of this antigen removed
‘the galactbse content completely and the mannose content considerably.

The reaction of identity between the polysaccharide antigen of C. herbarum

end A, fumigatus may be due to terminal noh-reducing galactose residues
being responsible for their antigenicity; whereas the lack of cross
reaction with mannan A may be due to terminal non-reducing mennose

residues being responsible for the reaction. The reactions to

the polysaccharide antigens of C, albicans and C. herbarum were not

inhibited by the glycopeptides of either Trichophyton rubrum or
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Trichophyton mentagrophytes. The glycopeptides of T. rubrum as

determined by Bishop et al. (1965) were predominantly mannose and
have a basic chain of 1 = 6 linked o~ D-mennopyranose wnits and 1 - 3
linked o=~ Demannopyranose residues. This is different frem the
‘mannan A of C., albicsns as determined by Bishop et al. (1960), which
they found was a highly branched molecule with short chains of 1 - 2
linked o~ D-mannopyranose units joined together by 1 - Geand 1-3
linkéges. Basarab et al. (1968) also isolated a galactomannan
'peptide from T, rubrum which had s variable mennose - galactose

content; mannose salways being predcminant.  The glycopeptide of

T, mentagrophytes also had a higher mannose than galactose content
and Barker et al. (1963) found a number of terminal 1 - 4 linked
a~mannopyranose residues in their glycopeptide, which have not been

found in the mannan A, Periodate oxidation of their glycopeptide

of T. mentagrophytes removed the galactose content completely and
reduced the mannose content consideraﬁly. The failure to inhibit

" the reaction of mannan A by these galactomannan peptides may be due
to different a-linked mannose rgsidues being résponsiblé for the
antigen/sntibody reaction. The failure.éf T. rubrum to inhibit thé

reaction of C., herbarum may be due to a relatively small galactose

content. In the case of T, mentagrophytes, all the galactose con-
tent was removed by oxidation, but even so, it had no inhibitory

effect on the reaction of C. herbarum snd again this may be due to
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different linkages, indeed Barker et al. (1963) have shown that the

optical rotation of the T, mentagrophytes was positive,indicating

the predominance of the a-linkages,whereas the C. herbarum has been
shown to have a negative rotation indicating the predominance of B
‘linkages.

Analysis of the double diffusion tests

Tests by the guchterlony double diffusion method with the
unconcentrated sera of 6 groups of patients and 2 groups of healthy
controls showed that the number of precipitin reactions to all the
antigens was lowerlin the control groﬁps, 6.1% and 10% reacting to
the antigens of C, albicans and none reacting to tﬁe antigens of

C. herbarum or A. fumigatus, than in the other 6 groups tested. Tests on

maternal and paired cord blood sera gave similar reactions to the
polysaccheride antigen of C. albicans, indicating that the pre=-
cipitating antibody reacting with this antigen was capable of crossing
the placenta.

.Of the total 34k sera tested from the other 6 groups,
- 88 (25%) gave preciﬁitin reactions to a culture filtrate extract of
C. albicans. This extract of C. albicans contained both poly-
saccharide and protein antigens, 80 (91%) of the positive sera gave
g type precipitin reéctions and L4 (50%) gave 'R' type reactions.
It was of interest to show that concentrating the 8 sera giving only

'R' type reactions, led to the appearance of weak 'H' type reactionms.
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It yoﬁld seem tﬁat precipitating antibodies to the surface mannan
component of the yeast cell are presenthin all of the positively re-~
acting sera. Of the patients with asthma, 21% of the 12h patients
with uncomplicated asthme gave precipitin reactions, whereas 38.5% of
the 73 patients with asthma complicated by pulmonary eosinophilia
gave precipitin reactions with the culture filtrate extract of
C. albicens. The most common cause of asthma complicated by.pulmon-

ery eosinophilia in this country appears to be A, fumigatus (Long-

bottom (1964)). Tests against the T3 sera of patients with complic-
" ated asthma showed that 55% gave precipitin reactions with the antigens

of A. fumigatus, in contrast to the patients with uncomplicated asthma

of whom only 2.5% gave positive reactions, Tt is possible that in

some of the patients without hypefsensitivity to A, fumigatus thaf
C. slbicans may be playing a similar role.

Special attention was paid to 90 patients with asthma com-
‘plicated by pulmonary eosinophilia, The sera were divided into 3

groups according to the precipitin reactions given with A, funmigatus

- and it should be noted that 6niy the sera from the first and second

groups gave precipitin reactions with A. funigatus. In the first

group of 16 patients, 'R' type precipitin reactions were given to the
protein antigens and no 'H' iype reactions were given to the poly-

saccharide antigens of A. fumigatus and none reacted to the antigens

of C. albicans or C. herbarum, In the second groﬁp of 54 patients,
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'H' and 'R' type precipitin reactions were given to the polysaccharide

and protein antigens of A, fumigatus respectively, 52% gave 'H' type

and 18,47 gave 'R' type precipitin reactions to C. albicans and 81.5%
gave 'H' type reactions to C. herbarum. Threefold concentration of
‘the negative sera increased the number of 'H' type reactions to C.
albicans to 81% and to C. herbarum to 98%. The high number of re-

actions to C, herbarum was due to its polysaccharide antigen cross

reacting with that of A, fumigatus. In the third group of 20 patients,

negative precipitin reactions were given with A. fumigatus when tested

against unéoncentréted or concentrated sera and only 10% reacted to
C; herbarum, vhereas 65% gave 'H' type precipitin reactions and 50%
gave 'Rf typ2 reactions to C,. albicans. On three-fold concéntration
of the negative sera the ﬁumber of 'H' type reaétions was increased
to 80%7. In these 16 patients it is possible that allergy to C.

albicans and not to A, fumigatus may have been responsible for the

clinical manifestation.

.When the sers of a group of healthy controls, of a group of
patients with asthma and of a group of patients with asthma complicated
b& pulmonary eosinophilia were concentrated thrée-fold the number of
precipitin reactions given to the polysacgharide, mannan A, antigen
wvas approximately doubied,whereas the‘reactiOns to the protein antigen
of the culture filtrate extract were not. Thﬁs, it would appear that

the total antibody content to the surface entigen, mannan A, in sone
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sere -can be very low,

The remaining hrgroups included patients with bronchitis,
patients with open healed cavities due to tuberculosis and patients
with extrinéic allergic alveolitis (i.e. farmer's lung snd bird
- fancier's lung). _ In the group of 4O patients with bronchitis but

not asthma, 18 (45%) gave precipitin reactions to C. albicans, 2.5%

gave reactions to A, fumigatus and none reacted with C. herbarum.

In addition to the high number of 'H' type reactions, 12 (67%) of the
positive éera gave 'R' type reactions to the protein antigens of

C. albicans, The fact that patients with broﬁchitis are frequently
given antibiotic treatment which favours C. albicans infection, may |

explain this high incidence of reactions. Absorption of the serum

with antigens of Haemophilus influenzae, a common causal organism of
bronchitis (Turk and May (1967)) had no effect on the reactions to
C. albicans. It would seem then, that C. albicans may be playing a
secondary role in patients with bronchitis and this needs further
investigation,

Of the 12 patients with open healed cavities of treated
pulmonary tuberculosis and with éspergillomata giving strong precipitin

reactions to A, fumigatus, 9 (75%) gave reactions to C. herbarum,

thése latter reactions given with the polysaccharide antigens of
C. herbarum were shown to be common to 'H' type reactions of A,

fumigatus and 5 (h1.6%) gave "H' type precipitin reactions, 4 out of



228,

 these 5 gave 'R' type reactions to C. albicans. It is not clear why
there should have been so many reactions to C. albicans, but it is
possible that it was playing a secondary rolej - it is not unlikely
that these patients would have been given antibiotic treatment. Of'

the 1l patients who had no precipitins to A. fumigatus or C. herbarum

6nLy 3 (21%) gave 'H!' type and 1 of these gave 'R!' type reactions to
C. albicans.

Finally of a group of 81 patients with extrinsic allergic
alveolitis, only 9.9% gave reactions to C. albicané; the number of
reactions was lower than the other 5 groups and it did not depend on
whether the patisnts had precipitins against the appropriate causal
antigen or not.

| The significance of thevantibodies produced by the protéin
and polysaccharide antigens of C. albicans needs to be investigated
further. In some of the patients, namely those with bronchitis,
those with asthma and pulmonary eosinophilia without precipitins to

A, fumigatus and those with an aspergilloma, the number of 'R' type

precipitin reactions given to the protein antigen was higher than in
‘the other groups tested, in particﬁlar as compared with the control
groups; The 'R type precipitins present together with the 'H' type
precipitins may be important, but the‘relative importance of the anti-
bodies fo the protgin and the polysaccharide antigens remains to be

established.
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Analysis of the skin tests

The capacity of the precipitins to C. albicans to produce
tissﬁe damage was shown by the skin tests, which gave immediate Type I
folloved some'hours later by the Arthus Type III reactions more
frequently in the patients with precipitins than in the patients who
gave negative precipitin reactions.

One of the problems under consideration was the relationship
between the chemical structure of the entigens (allergens) whiéh Dro=
duced skin reactions and those responsible for the precipitin re-
actions, In genéral, the study of the chemical character of the
commoner allergens eliciting Type I reactions in men suggests that
these are protein or polypeptide in nature, though small amounts of
polysaccharide mey be present., However, Barker et al. (1962)(1967)

showed that the polysaccharide moiety of the galactomannan peptide of

Trichophyton mentagrophytes was responsible for the immediate skin
reactions in subjects infected with it and in sensitised guinea pigs,

and that the protein moiety of T, mentagrophytes was responsible for

the 'delayed' skin reactions.

Immediate Type I skin reactions to antigens of C, albicans

In a group of 40 patients with asthma,which included both
uncomplicatéd and those complicated by pulmonary eosinbphilia, 5T.5%
gave immediate Type I skin reactions to & culture filtrate extract and

45% gave reactions to a cell wall, mannan extract of C, albicans Group A.
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The reactions of‘the culture filtrate extract were decreased after
heating, and a&s this has been showm serologically to denature the
protein antigen, the residual reactions ﬁere probably due to the heat
stable polysaccharide antigen. Degradation of the polysaccharide,
mannan A, antigen with periodate oxidation destroyed its skin re-
activity. It would appear therefore that both the protein and
polysaccharide antigens of C., albicans are capable pf eliciting
immediate, Type I skin reactions.

In a control group of 26 subjects, not suffering from
asthma, a iover incidence of Type I reactions to both the culture
filtrate (27%) and the mannan A (7.7%) ﬁas seen,

A close association was shown between the immediate Type I
skin reactions to a prick test and the presence-of precipitins in the
patient's serum. In another separate group of 40 patients with
uncomplicated asthma, 43% gave immediate Type I skin reactions to a
prick test with the culture filtrate extract. Of the patients with
precipitiﬁs, 55% gave immediate reactions compared with 27% of the
patients without precipitins. In a group of 1k patients with asthma

and pulmonary eosinophilia, without precipitins to A. fumigatus, 6L47%

gave immediate Type I skin resctions. Of the patients with pre-
cipitins, 89% gave immediate reactions compared with 20% of the
patients without precipitins. The close association of the prick

test reactions and the precipitin reactions in some of the patients
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_with complicated asthma suggeséed that similar reactions to C. albicans
in the bronchi to those in the skin could play a part in the appearance
of pulmoﬁary‘infilﬁrations in these asthmatic patients.

The presence of precipitins in the serum of patients and of
prick test reactions to antigens in particular to the polysaccharide,
ﬁannan A, antigen of C. albicans has been shown to be closely associ-
ated with the appearance of Arthus Type III skin reactions.,

Arthus Type III skin reactions

The Arthus Type IIT skin reactions were shown more frequently
in patients with positive precipitin reactions than in patients without
precipitin reactions. Dual skin reactions were elicited by an intra-
cutaneous injection of a culture filtrate extract of C. albicans in
" 67% of the patients tested with precipitiﬁs_in their serum and negative
dualvreactions were given by 25% of the patients with precipitins and
this was shown by the X° test to be significent (p = 0.025). A closer
correlation was given by the mennan A antigens as dual skin reactions
were elicited to the mannan A in 78% of the patients tested with pre-
cipitins in their serum and negative dual reactions were given by 11%
of the»patients with precipitins and this was shown by the X2 test
. to Be highly significant (p = 0.0005). The culture filtrate
éxtract with a lower polysaccharide content than mannan A, would
give weaker and fewer skin reactions in those patients with pre-
cipitins to mannan A. A larger number of dual skin reactions weré

elicited with the cell wall extract, mamnan A, presumably because more
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patients had preéipitiné sgainst the mannan A than the protein come
ponent of the culture filtrate extract. |

| The Type I skin reaction to a prick test bears a closer
relationship to the presence of precipifins-in the patient's serum
end the Arthus Tyre III reaction than the Type I reaction elicited by
;n intracutaneous test; the latter giving Type I reactions in all
patients tested with tﬁe culture filtrate extract and in 90% of the
patienté tested with the mannan A, A closé relationship is seen in
particular between the Type I and the Type III skin reactions to the |
mannan A, 85% of the patients giving Type I reactions to a prick test
with the mennen A gave Arthus Type III reactions t6 an intracutaneous
test with the mannan A and this vas shown by the X2 test to be highly
significant (p = 0.0002), whereas only 58% of the patients giving
Type I reactions to a prick test of fhe culture filtrate extract gavs
Arthus Type III reactions and this was shown by the X2 test to be less
significant (p = 0.04), The protein antigen of the culture filtrate
was probably responsible for the Type I reactions in those patients
not giving Type III reactions or preeipitin reactions to the maﬁnan A
antigep. |

As has been shown with A, fumigatus (Longbottom (196h),

Pepys (1968)) there is a strong correlation between the precipitating
antibody in the patient's serum and the presence of both Type I and
Type III skin reactions. Care was taken to ensure that only the skin

reactions of the initial intracutaneous test were used.
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The mannans of C. albicans were of unusual potency because
an intracutaneous injection of 100 pg. of the mannan A or the culture
filtrate extract will stimulate in all subjects, healthy or otherwise,
the appearance of, or an increase in precipitins in their serum., In
view of the finding of Chew and Theus (1967) that all the sera they
tested had precipitins against mannan A, it would seem that both the
precipitins which appeared in b -7 days and 2 = 3 weeks after the
intracutaneous tests were due to a sécondary response. - Two pétients
with precipitins appearing within one week of the initial injection
. eontinued to giverprecipitin reactions to mannan A, 6 months later,
Although the number of precipitin reactions to the mannan A aptigen
or to the mannan A component of the culture filtrate were increased
in all subjects tested, the precipitin reactioné to the protein com-
ponent of the culture filtrate extract were only increased in one
subject, one week after the initial injection.
| If vas of interest to note that in addition to the increase
'in the number of precipitin reactions to the mannan A, the agglutination
titres with both the Group A and the Group B yeast cells of C., albicans
were increased. 37% of the initial sera tested had an agglutination titre
(>1:8) with the Groﬁp A cells and'only 22.2% had a titre with the Group B
cells, 50% of the sera with an agglutinati§n titre (>1:8) with either the
Group A or Group B cells had precipitins to mannan A, After 2 weéks

all the sera tested had an agglutination titre with either the Group A
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or Group B cells; '~ At this stage, the sera with an initial positive
ggglutination titre gave a higher titre than the sera with a negative titre
(<1:8) to start witﬂ and in every case the titre with the Group B cells
was lower than the titre with the Group A cells, The increase of
'bofh precipitins and agglutinins to the mannan B is of interest and
would further support the findings that the mannan B has antigené in
cormon vith the mannan A. Also it was of interest to show that the
heemagglutination titre with the mannan A antigen of 6 of these subjects
increased as well, This close correlation between precipitins and |
agglutinins indicaies that the surface antigen, mannen A, is one of
the major antigenic components of C. albicans Grouﬁ A, |

Molecular weight determinations of the two mannans were not
made but it is quite probable thét they differ,‘Kabat and Berg (1953)
have shown that a native dextran.with & higher molecular weight than
‘8 elinical dextran stimulated larger amounts of ahtibody. The in-
jection of mannan A was found to result in the appearance af 0.21 mgs.
of antiboéy protein in the serum of a patient with no detectable anti-
body initially.

In addition to the increasse in precipitins, the Type III
Arthus reactions to the mannan A were increased in frequency and
severity as a fesult of the initial injection. The 2 patients giving
Arthus Type III reactions initially had precipitins to the mannan A,

After 1 week,'9 patients gave Arthus reactions of whom T geve precipitin
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reactions. The two patients‘with negative precipitin reactions gave
very weak Arthus skin reactions. Weaker and less frequent Arthus
reacﬁioﬁs were given.to the culture filtrate extract, except in one
patient who had precipitins to ﬁoth the protein and polysaccharide
antigens and who géve stronger Arthus reactioné to0 the culture filtrate
-extrdct than the mannan A,

In‘this investigation the protein and polysaccharide antigens
of C. albicans Group A and B have been purified and they have been
shown to give 'R' and 'H' type precipitin reactions respectively with
certain humen sera and to mediate Type I and Type III skin reactions.
The Arthus Type III skin reactions particulariy with the mannan A
antigen, occurred more frequently in patients with precipitating anti-
body in their serum to mennan A than-in those patients without,
‘Précipitins to the polysaccharide, mannan A, antigen were present in
8 high percentage of the patients witﬁ asthma, particularly those with
asthma complicated by pulmonary eosihophilia and the patients with
bronchitis. This is in marked contrast to the reports of previous
wvorkers in which precipitins were present only»in those subjects with
deep seated infection., However, the significance of these precipitins
to the,protein‘and polyéapcharide antigens in relation to the clinical
.condition of the patient has yet ﬁo be established, but with the
pufification and identification of the antigens of C. albicans Groups

A and B, & possible relationship can now be investigated more fully.
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