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FOREWORD

Tue Symposwum whose procecdings are reported in this book was
held, under the acgts of the Brutish Postgraduate Medical Federation,
at the Institute of Discases of the Chest, Brompton Hospital, m
July, 1957. It owed its origin to an offer to the Federation by
Messts E. R. Squibb and Sons to give financral support to such a
i An orgamzing was ¢ d by repre-
of those of the Fed 1n whose spectal work

fungous diseases are important, as follows:

Dr. J. G. Scadding (Chairman) Institute of Diseases of the

Chest

Dr R. W. Riddell . Insututes of Diseases of the
Chest and Dermatology

Dr F R. Bettley . . . Institute of Dermatology

Dr S Gol . . . Institute of Dermatology

Dr N F. Nornis Institute  of Obstetrics and
Gynaecology

Dr A.P. Norman Institute of Child Health

Dr G T Stewart (co-opted)

Dr Riddell and Dr Stewart acted as Honorary Secretanes of
the Commuttee and subsequently as Edttors of the Proceedings

The Symposium brought together the experience of workers from
several parts of the world  The Organizing Commuttee, in order to
encourage full and free discussion, decided to Iimut invitations to
workers active 1n the study of various aspects of fungous diseases.
While some fungous infections of man are widespread throughout
the world, others seem to have a restricted geographical distribution
Where the more serious diseases are endemuc, for example, coccidi-
odomycosis and histoplasmosis 1t the United States, the locally
endemic diseases have been studied intensively, and this has stimu-
tated interest mn the general problems of fungous infections At the
same time, tterest n these diseases 1s increasing in Great Brtamn.
The 1mportance of fung: has long been recognized in dermatology,
and the clinical aspects of the more frequent systemic fungous
infections, such as actinomycosis, are well known. The clincal
prctures of some of the less frequent pulmonary infections, such as
aspergillosss, are at present being elucidated in this country, and the
widespread use of antibiotics has focused attention upon the problem
of fungous super-infections 1n patients so treated Nevertheless,

v
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FOREWORD

the therapy of fungal nfections, with the exception of actinomy-
cosis, 1s poorly defined, 1n spite of the range of agents, old and new,
which have been brought forward for consideration.

The Symposium gave an opportunity, unique in this country, for
defining both the present state of knowledge and outstanding prob-
Jems 1n the study of fungi in relatton to human disease, Its work
was divided 1nto sesstons on pathology, under the chairmanship of
Professor Robert Cruickshank; ondermatology(Dr G.B Dowlmg),
on medi (Dr. I. G. dd 1cs {Professor L. P.
Garrod), on gynaecology (Professor W C w. leon). and on
paediatrics (Professor A. A, Moncrieff). Discussion sessions were
opened by Dr I, L Lwingstone (London), Dr C. H. Whttle
(Cambridge), Professor Roger Baker (Durham, N, Carolina), Mr.
Aleck Bourne (London) and Professor Hans Gtz (Munich)

It 1s fortunate indeed that 1t has proved possible to publish the
Proceedings of the Sympostum, and thanks are due to the partici~
pants who agreed not only to provide the scripts of their papers for
publication (which more than doubled the labour of contributing to
a symposium of this sort), but also to permut editing in order to
secure some umformity of presentation It is hoped that these
Proceedings will constitute not only a useful summary of current
knowledge and views concerming fungous diseases and their treat-
ment, but also a worthy record of the collaboration which the Sym-
poswum represented between the participants from this country and
overseas, the several Institutes of the Brtish Postgraduate Medical
Federation which were concerned in its organmization, and the
Pharmaceutical House without whose financial support it would not
have been possible

J G. ScappiNg
August, 1958
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EDITORS’ PREFACE

Our aim in preparing this book has been to condense the papers
read at the Symposium on Fungous Diseases 1nto a useful work
of reference. The Symposium was designed to bring together
mdmduals with different npproachcs to each topic, and was

d in subj tier, ‘Thus, papers on the
climeal aspects were follow :d by o\hcrs dcalmg with the wider prob-
fems of and of fungous
nfections, while the cnlcm used in the dmgnous of isolated cases
were set against the back d of phical and 1
meidence.

A book prepared from so many sources ean hardly be systematic
but 1t can highlight the principal advances in the subject and,
equally smportant, emphasize the main gaps i present-day know-
ledgc and approach  On reading the various papers delivered at

we have been imp d by the need for re-assess-
men\ of the pathogenicity of some well-known fungous species such
as Candida athicans and Aspergillus furnigatus, and by the unsuspected
prevalence 1n some communities of organisms like Histoplasma
capsulatum, The imaginative methods recently developed, particu-
Jarly i the United States, for early case detection and epidemio-
logical study n histoplasmosss deserve special emphasis both as
examples of the handling of localized incidents and as a pattern for
dealing with certain other infecions In contrast, 1t 1s apparent
that traditional methods have done much to control many of the
commoner infections of the skin and hair.

Perhaps 1he least rauonal topic mn ths field 1s that of therapy.
Some coninbutors spoke of new chemotherapeutic agents, others,
with equal conviction and authonty, spoke of classical empirical
therapy with dyes and tars The dermatologists n particular
seemed of the ad and even of the older
medicaments  The modern has so often gamed by re-assessment of
the traditional that we have felt 1t a duty in this volume to give heed
to both  But we have also found ourselves dniven to the conclusion
that a more critical study was required of the mode of action of the
few effective drugs used for treating mycotc diseases  The treat-
ment of nngworm 1infections due to anthropophilic species of
dermatophytes has not altered over the years and 13 still inadequate,
much has yet to be learnt about the treatment of the pulmonary and
systemic mycoses

xv
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PATHOLOGY, CLINICAL FEATURES
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THE ROLE OF FUNGI AS HUMAN PATHOGENS

R. W. RIDDELL

ONLY very few species of fung: which exist as saprophytes in Nature
have the ability to infect man though many of them can evoke
allergic reactions . hypersensitng subjects. The few which do
produce disease may be considered 1n 3 morphological groups and
this separates them broadly in their roles as pathogens.

MORPHOLOGICAL GROUPS

Filamentous fungi.—These are mostly only locally invasne, but
rarely some produce dissemimnated infections  The spores they form
comprise the infective elements by which disease 15 acqutred, Ex-
amples are the dermatophytes (or ningworm fungi) and Aspergilius
Sumigatus (Fig 1)

‘Yeasts.—These are unicellular fungt which reproduce by budding
and which are, by virtue of their structure, relatively readily dis-
seminated 1n the tissues. There 1s one tmportant example, namely
Cry ptococeus neoformans (Fig 2)

Orgamsms which under the same cultural conditions grow both as

FiG 1 —Aspergillus fumigatus  Mycelum and spore structure  (Lactophenol
ue, x 336 )

3






THE ROLE OF FUNGI AS HUMAN PATHOGENS

yeasts and elongated filamentous cells are called jeast-kke fungi.
They arc exemplified by Candida (Monilia) albicans (Fig. 3).

Dimorphic fungl.—This small group grow cither as filaments or as
yeasts according to whether the temperature of culture is approxi-
mately 22° C. or 37° C., or whether the fungus is existing as a sapro-
phyte or parasite. These two forms do not occur simultancously
under the same environmental conditions.  Blastom; ces dermatitidis
1s an example (Fig. 4a and b).

In addition to these groups of true fungi, the actinomycetes are
usually considered among the causative agents of mycotic discases.
They should, however, properly be classificd among the bactera.

St o L a e e s

acceptance of a uniform terminology for pathogenic fungi and this 1s
depicted 1n the Medical Research Council Memorandum No 234
In summarizing the properties of fung: which produce disease 1n man,
these organisms will be grouped according to their role as pathogens

(Tables 1, 4, 5); the climcal pathology of mycotic diseases 1s
summarized elsewhere 7. 9. 10,
SKIN INFECTIONS

‘The dermatophytes.—The fungt which exhibit the ughest degree of
speciatization from the point of view of parasitic habitat are those
which mnvade the keratin of skin and its appendages (Table 1)

TABLE 1
KERATIN INVADERS

Fungus Dusease Classification
Fung: causing superficial ]
Fmycoses
Malasseza furfur Putynasis versicolor YL
Nocardia minutissima | Erythrasma B
Nocardia tenuls Trichonocardiosis
avllanis B
Predraia species, etc Pedra F
Fung: causing ringworm
ficrosporum Species
Trichophy ton species T".“fj of skm, haie F
Epidermoph) ton species nd nails
Candida albicans Monhasis Y-L

B=Bacterium, Y =Yeast, Y-L=Yeast-like fungus; F = Filamentous fungus

5



THE ROLE OF FUNGI AS HUMAN PATHOGENS

F16 2 —Criprococeus neoformans  Yeast cells with surrounding capsules
{Periodic acid Schuff, % 420)

FI0 3 —Candida albicans Yeast cells, some clongated to form pseudo-
mycelhum  (Lactophenol blue, x 565 )

4



THE ROLE OF FUNGI AS HUMAN PATHOGENS

Fi6 5 —Actinomyces israeh  Fine branching mycelium (% 900)

The dermatophytes are the maost successful parasites from this point
of view because of their ability to lyse keratin When mvading skin
structures they may advance to the vicinity of, but never into, the
zone of living heratogenous cells (Fig 6)  Distinct differences n
potentiality for 1nvasion are apparent within this closely related
group of fung, espectally 1n connexron with the keratin of nails and
hair (Table 2)  AMicrosporum audoutr, for example, shows a great
affiity for the har of young subjects yet 1t does not attack nails,
Trichophy ton rubrum on the other hand only rarely attacks hair but
produces deep and intractable infection of nails

Only when hair 1s invaded 111100 by certamn ningworm organisms 1s
a fluorescent chemical matenial produced in amounts detectable to
the naked eye under ultra-violet hght (Table 2) Considerable
differences are apparent also 1n host reactions 1n these infections,
the most smportant single factor concerned bemg the fungous
spectes responuible  Some ningworm fungy, especially those zoo-
phulic species which infect animals as well as man (Table 3), produce
acute nflammatory lesions with erythema, vesiculation and even
suppuration (Fig 7)

Other species, generally the anthropophilic strains which only
very rarely infect ammals, excite only a shght tissue reaction consist-
g of hyperkeratosis (Fig 8) and slight mfiltration of the epiderms

7



THE ROLE OF FUNGI AS HUMAN PATHOGENS

L]

Fia 4 —BL de (2) rhase  Mycelum with

single-celled spherical spores from culture grown at 22°C  (Lactophenot
ue, x900) (b) Parasitic phase  Yeasts frem culture grown at
(Lactophenol blue, x )

6



THE ROLE OF FUNG! AS HUMAN PATHOGENS

Fic 6 —Trchophiton rubrum infection of skin  Section shows fungous fila-
m:ms deep 1n ker:lm layer  (Perodic acid Schuff, x350) (8) courtesy of
r C D Calnan})

by mononuclear cells. Trichophyton schoenfem: 15 an exception to
this generalization as s obvious 1n the clinical syndrome of favus;
exceptions also occasionally occur 1 various other ningworm
species®

Uncultured fungi —In contrast to the ringworm fungt, orgamisms
Iike Malassezia furfur (Fig 9) and Nocardia mununissima (Fig 10)
colonize only the most superficial layers of keratin and are respon-
sible only for mildly inflammatory lesions typical of pityriasis versi-
color and erythrasma respectively These fungi have not been
cultured

Candida albicans —Requiring separate and special mention among
the keratin invading fungi s C albicans, a potential pathogen which
appears to need the existence of certain predisposing factors before

9



THE ROLE OF FUNGI AS HUMAN PATHOGENS

TABLE 2

SUSCEPTIBILITY OF HAIR AND NAIL TO INFECTION BY
DERMATOPHYTE SPECIES

Harr ineasion Nad

tnvasion
Degree Spore Fluprescence |————
arrangement - Degree
Microsporum:
A, audownt ++ SSE ++ -
M cams ++ SSE ++ -
M g pseum = SSE - -
Trichophy ton:
T mentagrophtes + SSE - +
T rubrum - = - ++
T terrucosum + LSE - -
T sulphureum ++ E - +
T wolaceun ++ E - +
T schoenleint ++ E + +
Epidermoph ton*
E floccosum o - - £

SSE = Small-spored ectothrix harr infection, LSE = Large-spored ectothrix
mfectton, E = Endothrix hair infection

TABLE 3

NATURAL HABITAT OF RINGWORM SPECIES RELATLD TO TYPE
OF HUMAN LESIONS

Anthropophilic spectes Zoophilic species Soil species
producing no-tnflammatory producing inflammatory producing
festons ' lestons inflammatory
lestons

Microsporum species
A audowint M cams (cat and dog) | A1 gyprewm
M equinim {horse) |
Trichophyton species ‘

T rubrum T mentagrophyses
T sulphureum {cat, cattle, dog and horse)
T ciolaceim T rerrucosum (cattle and

T schoenlent horse)

T quincheanum (mouse)
T equinum (horse)
Epidermophyton species
E floccosum
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FiG 9 —Malassezia furfur s skin scrapings from patient with pubyriasis
sersicolor  (Periodic acid Schiff, x 900 )

FiG 10 —Nocardia minutissima 1n skin scrapings from patient with erythrasma
(x900)
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THE ROLE OF FUNGI AS HUMAN PATHOGENS

Fic 7~I'nrhoph|mn verrucosum nfection of skin of forearm Contracted
from cattle

(B) courtesr of Dr A D Porter
v
T
i -
X :
¢ . \\ '

FiG. 8 ~Truchophton rabrurm infection of paim of hand
«

Timited to humans
courtesy of Dr F R Bettley )
10



THE ROLE OF FUNGI AS HUMAN PATHOGENS

1t can become established in skin  Maceration is probably the most
important of these, and prior antibiotic therapy and diabetes are
others, Nails are very rarely invaded by this fungus and hairs
never  Compared with most fungi infecting skin, it 1s an eflicient
parasite but, unlike other skin pathogens, it also infects mucosae and,
on rare occasions, produces disserinated discase.

Parasitic and saprophytic comparison.—The dermatophytes are
markedly inhibited 1n their parasitic Iife n skin compared with their
saprophytic growth in culture. Jn tito n keratin, hyphac seg-
menting nto chains of arthrospores are formed (Fig 11b) whereas
on culture media Iuxunant growth usually develops in which a
vaniety of spore forms appear (Fig 11a) This growth and sporula-
tion 1s, in certamn species only, influenced by added growth factors
such as thiamind. It is only by study of the saprophytic phase of
the ningworm fung: that it is possible to identify them. Dermato-
phytes will grow on hairs in rirre producing the same kind of
structures as are obtained on culture mediad. The Iytic action of
enzymes of many dermatophytes growing n this way leads to the
formation of transverse wedges 1n the hair shafts (Fig 12), it does
not occur, however, in the case of 7. rubrum'  This appearance
differs from the longitudinal tunnelling of hairs which develops in

Fi 12 —Truchophyton mentagraphstes
transverse perforations produced by fungus scen
(Lactophenal blue, x 450

it 10vasion wn cutea showing multple
growing on surface
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THE ROLE OF FUNGI AS HUMAN PATHOGENS

it can become hed in shin. M. is probably the most
important of these, and prior antibiotic therapy and diabetes are
others. Nails are very rarely mvaded by thes fungus and hairs
never  Compared with most fungi infecting skin, 1t is an inefficient
parasite but, unlike other skin pathogens, it also infects mucosae and,
on rare occasions, produces disserminated disease.

Parasitic and saprophytic comparison.—The dermatophytes are
markedly inhibted 1 their pacasitic life in skin compared with thetr
saprophytic growth 1n culture. Jz rito in heratin, hyphae seg-
menting into chains of arthrospores are formed (Fig 11b) whereas
on culture media luxunant growth usually develops in which a
vanety of spore forms appear (Fig 112). This growth and sporula-
non 1s, in certain species only, influenced by added growth factors
such as thiamm?, 1 1s only by study of the saprophyuc phase of
the ningworm fung: that it is possible to identify them  Dermato-
phytes wil grow on hairs i ritro producing the same kind of
structures as are obtained on culture media.  The Iytic action of
enzymes of many dermatophytes growing in this way leads to the
formation of transverse wedges in the hair shafts (Fig 12), st does
not occur, however, 1n the case of 7. rubrum®. This appearance
differs from the longitudinal tunnelling of hairs which deselops in

FIG 12 —~Trichaph ton mentagrophytes.

Cramverie hop rophvies. Hait mvasion n et showing mltple
rse perforations produce ungus seen growm i
(Lactophenol blue, x450) o growing on surface
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it can become d in skin, M. 15 probably the most
important of these, and prior antibtotic therapy and diabetes are
others. Nals are very rarely imvaded by this fungus and hairs
never Compared with most fungi infecting skin, it 1s an ineflicient
parasite but, unlike other skin pathogens, it also infects mucosae and,
on rare 0ccasions, produccs disserminated dxs:nsc.

Parasitic and .—The der f are
markedly inhibited in their p;\rnsxllc Iife in shin compared with their
saprophytic growth in culture. Ja tuo in keratin, hyphae seg-
menting into chains of arthrospores are formed {Fig 11b) whereas
on culture media luwuriant growth usually develops in which a
variety of spore forms appear {Fig 11a). This growth and sporula-
tion 1s, 1 certain spectes only, 1nfluenced by added growth factors
such as thiamun?. It is only by study of the saprophytic phase of
the ringworm fung: that it 1s posstble to identify them. Dermato-
phytes will grow on hairs in titro producing the same kind of
structures as are obtamned on culture media®. The Iytic action of
enzymes of many dermatophytes growing m this way leads to the
formation of transverse wedges in the harr shafts (Fig 12), it does
not occur, however, in the case of T. rubruml. This appearance
differs from the longitudinat tunnelling of haws which develops n

F1G 12 —Trichoph) ton mentagrophytes

transverse pecforations produced by fungus seen growmng on s
(Lactophenol blue, x450) e growng on surface.

Hair invasion i ertro showing mulnple

13
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natural or experimental infections, a pattern probably determined by
the intrafollicular position of the hair shaft and by chemotactic
mfluences in the region of the hair bulb  The pathogenesis of tinea
infections 15 described more fully elsewheres,

SUBCUTANEOUS INFECTIONS
Certain fungt and actinomycetes have the ability to parasitize
subcutaneous tissues when they are introduced by trauma (Table 4)

TABLE 4
FUNGI CAUSING SUBCUTANEQUS INFECTIONS
Fungus Dusease Classification
Actinomyces israelt Actinomycosis B
Nocardia species Actinomycetoma B
Madurella species, etc Maduromycetoma F
Plualophora species Chromoblastomycosis F
Sporotrichum schenchs Sporatrechosis D
B= F=F fungus, D = D shic fungus

These organisms differ one from another in their ability to colonize
at this site :md m the tissue reactton and damage :hcy elicit. In
ycetoma, small colonies or “granules™
are rormed “hxch lead to the production of micro-abscesses i their
vicinity  In maduromycetoma similar lestons can be seen histologic-
ally around discrete colontes composed of true fungal mycelium (Fig.
13b). on culture media the same fungi grow profusely (Fig 13a)

In chromoblastomycosis, fungous growth 1n the tissues 1s much
more restricted so that only smail and dysgomic elements develop
which proliferate slowly by a peculiar process of septation (Fig
14b) The presence of these small cells 15, however, suffictent to
give rise to micro-abscess formation and to granulomatous disease
extending by histiocytic and lymphatic spread of the fungus, The
ussue form of the fungus bears no similarity to s original sapro-
phytic mycehal phase (Frg 14a)

Sporotrichosts, another example of 2 subcutaneous mycosis, comes
closer to an infection in the bacterral sense  The iafecting mycelal
fungus (Fig 15a) traumatically introduced mto the tssues becomes
converted to a yeast form (F1g 15b)  In prohferating, the yeasts
give rise to an intractable subacute nflammatory disease and are
carnied by lymphatics to form further subcutancous granulomata at
sites dsstant from the primary lesion

14
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4
oA

Fi6 13 —Madwrella mycetoms (a) Saprophytic phase Coarse mycclium
bearing fateral sporcs truncated by septh (A) and thick-walled chiamydospores
(B) (Lactophenol blue, x900) (b) Parasiic phase Fungal colony n
subcutaneous tissues 1n mycetoma consisting of coarse mycelium and thick-
walled celts {chlamydospores) {A) Colony emibedded m Drown matrix
geqeted by the fungus forming  dark coloured “grain™ (Periodic scid

u 0)
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Fi6 15 —Sporotrichum _ schenchi  (a) Saprophytic phase Mycelhum and
sporing structures  (Lactophenol blae, x 9907 (8] P

AraSits phase  Yeast
cells mostly oval in shape wn pus from lesion
(x800)
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) ase  Mycehum and

{a) ph
thick-walled tuberculate spores from culture grown at 22°C  {Lactopheno!
blue, x800) (b) Parasitic phase Munute yeasts from culture grown at
37C  (Lactophenol blue, x420)
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PULMONARY AND SYSTEMIC INFECTIONS

The final group of fungi to be considered show well-developed
pathogentc properties, the mayority capable of producing dissemi-
nating diseases (Table 5)

Endogenous infection.—Infection may be endogenous mn origin as___
n actmomycosis  Here A. israeli departs from its usual role as 2
harmless commensal of the oropharynx or almentary tract and
becomes invasive 1 a new habutat  C. albicans is simular in this
respect but, though its mvasive potentialities are not infrequently
seen in the respiratory or ahmentary mucosae ai autopsy, it only
rarely produces systemic_infectton, and pneumonitis due to C.
albicans is probably non-existent,

Infection by dust inhalation—Distinct from these endogenous
infections are the pulmonary and systemic diseases acquired by
inhalation of fungus-infected dust They are usually benign, but
are fatal mn the rare cases where fungus cells are dissemnated to
bram, skeletal structures, skin and elsewhere  The invading fungus
1n each case 1s unicellular, this bemg 1ts natural form i torulosis
(Fig 2) and 1ts parasitic form by adaptation 1n histoplasmosis (Ftg
16b), coccrdiordomycosis (Fig 17b), and blastomycosts (Fig 4b)

TABLE 5
FUNG!I CAUSING PULMONARY INFECTIONS

Fungus Drsease Classification
Endogenous
Actinormices israels Actinomycosts B
Candida alhrcans Momlasis Y-L

Exogenous
Primary pathogens \
i

Criptococcus neofurmans Torulosis

Cocexdrordes urmiris
Blastor ces dermanitidis

Secondary mvaders
Aspergillus fumigatis
Rizzopus specics

COCCIdeldUmyCOSIS
Blastomycosis

Aspergillosss
Mucornmycosis

QYo

B=Bacterium, Y=Yeast, Y-L=Yeast-like fungus, F=Filamentous
fungus, D= Dimorphic fungus

By contrast, 1n aspergillosis and mucormycosis the causative fungt
are not dimorphic and, n consequence, produce only localized
disease rarely metastasizing,

18
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It is not known how frequently C. neoformans is inhaled in dust,
nor how often 1t produces mimmal pulmonary lesions Since
laboratory-acquired infections appear 1o be unknown, 1t would seem
that this yc:\st has only low pathogenicity for man. In susceptible
subjects 1t g\\':s nsc to pulmonary gmnulomata which may progress
to form pread areas of p Where p of
yeasts 15 in advance of the tissue reaction a tumour-like mass
(toruloma), conststing almost entirely of yeasts and capsular mater-
1, 1s produced (Fig. 18)  The commonest sites for distant lestons
are the meninges and brain and, in these, as well as in pulmonary

Fie 18 —Torulom of
lung  Resected  speci-
men (left lower lobe)
from male, aged S5

3

travelled outside Britain
(By courtesy of Mr
W P Cleland)
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1t 15 not known how frequently C. neaformans 1s inhaled 1n dust,
nor how often it produces munimal pulmonary lesions. Since
laboratory-acquired infections appear to be unknown, it would seem
that this yeast has only low pathogenicity for man  In susceptible
subjects 1t gives nise to pulmonary granulomata which may progress
to form widespread areas of pncumomiis,  Where proliferation of
yeasts 1s 1n advance of the tissue reaction a tumour-lilke mass
(toruloma), consisting almost entirely of yeasts and capsular mater-
1al, is produced (Fig {8) The commonest sites for distant lesions
are the meninges and bram and, 1 these, as well as 1 pulmonary

NG 18 —Toruloma of
lung  Resected  speci-
men (left lower lobe)
from male, aged S5

., who had not
travelled outside Britain
By courtesy of Mr
W P Cleland)
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lesions, the similarity of the parasitic and saprophytic forms of the
fungus 15 seen.  There 1s frequently comparatively little reaction in
tissues mfected by this yeast, which may in some way be connected
with the presence of its capsule  On the other hand, 1t is possible
that the pathogemcity of C. neoformans may be attributable to its
ability to form a capsule.

In listoplasmosss, the infective spores inhaled from Histoplasma
capsulatum mycelium have a typteal tuberculate appearance (Fig.
162); these then undergo a remarkable transformation 1nto minute
yeasts on reaching the pulmonary ssues (Fig 16b) The granulo-
matous lesions which they invoke usually heal spontaneously, but on
the rare occasions when the fungus spreads the outcome 1s often
fatal; dissemnated dlseasc frequemly !akes the form of a reticulo-
endothehosis  In k-walled arthrospores, or
chlamydospores (Fig 17a), constitute the infective elements, and n
North American blastomycosis spherical spores borne singly are
responsible (FAg. 4::) The corresponding tissue forms of the fungx
are ly 1 cells }, dividing i lly to
producc endospores (Fig 17b), and thick-walled yeast cells (Fig 4b).
The pulmonary pathology n these three diseases is somewhat
simiar and has been mustaken for tuberculosts Caseation and
calaification ase features particularly of coccidiordomycosis and
tistoplasmosts respectrvely  The diseases due to dimorphic fungt
cannot be diagnosed histologically wrth any certainty unless the
causative organtsms are demonstrated 1n the infected tissues

Aspergillus fumigatus (Fig 1) does not appear to produce primary
aspergillosis i human subjects of the kind which occurs mn birds
It may, however, mvade and sporulate within the lumena of lung
cavities and proliferate to form colonial masses sometimes reaching
large dimensions (aspergillus mycetoma) (Fig 19) Similar proli-
feration may occur within bronchi distal to stenoses due, for example,
to sarcoidosts or carcnoma, It may also take place in zones of
bronchiectasis 4 fumigatus will colomize lung tissues damaged by
bactenal infection, infarction, asbestosis and other processes It 1s
believed that, as 1s the case for nngworm fungi in relation to viable
skin structures, the signs and symptoms of aspergiliosis result from
the effects of diffusable fungous products 1n the Jung

Rinzopus spectes (Fig 20) are responstble for mucormycosis, a
disease of the antra, orbats, or lungs, somettmes disseminating to the
bram? It tends to occur mn subjects debilitated by diabctes and
leukaemia, and tn patients recetving cortisone, anttleukaemic drugs
and certam antibiotics

In aspergillosts and mucormycosts the causative fung are present
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Fim 10 Scmpen o ameem a6 an Paras a3 engs mam e ote

o ey N\

FiG 20 —Rhuzopus species  Mycelum with charactenstic rhuzowds (& and
sporing structure (sporangia) (B) (Lactophenol blue, x 214
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1n the tissues as mycelium, occasionally producing sporing structures
1n ar-containing spaces such as cavities

CONCLUSION

The pathogenic fungi comprise 2 small number of species which
vary in behaviour between bemng little more than superficial skin
saprophytes and active tissue parasites. Though their morpho-
logical characteristics may, to a certain extent, be equated with such
differences, relatively little 1s known of the chemical and biologecal
factors which render them pathogenic for man.

ACKNOWLEDGEMENTS

Acknowledgements are made to Mr R J Lunnon, Institute of Dermatology,
for the photomicrographs, and to Mr. D. Kemp, Institute of Discases of the
Chest, for Figs 18 and 19,

REFERENCES

LApllo, L, and Georg, L K (1957) “In witro Hair Cultures for Differentia-
ting between Atypical Isolates of T mentagrophytes and T rubrum™
M) copathologia (Den Haag), 8, 3

2Baker, R D (1957) “‘Mucormycosts ™ J Amer med Ass, 163, 805.

3Georg, L K, and Camp, L B (1957) *“Routine Nutritronal Tests for the
Identification of Dermatophytes ** J Bact, 74, 1130

4 Medical Research Council Memorandum No 23 (1958)  **Nomenclature of
Fungi Pathogenic to Man and Amimals " London, HM S O.

S Partridge, B M (1952) “The Diverstty of Ringworm Infections ™ Trans
St John's Hosp derm Soc (Lond), 31, 34

¢ Riddell, R W (1951) *Laboratory Diagnosss of Common Fungous Infec-
tions™ In Recent Advances in Climcal Pathology Chap 2 2nd ed
London, Churchill

(1952) “Fungous Infections of the Lungs™ In Diseases of the

Chest Chap 8 London, Butterworth

— (1953) “The Pathogenests of Tinca Capitis ™ In Modern Trends in

Dermatology. Chap 10 London, Butterworth

— (1956) *Fungous Diseases of Bratan * Brit med J, 2, 783

10 — and Clayton, Y M {(1958) * Pulmonary Mycoses Qccurring n
Bestain ™ Brit J Tuberc , 52, 34

°

24



HISTOPATHOLOGICAL OBSERVATIONS

SOME CASES OT' FUNGAL INFECTION SEEN
IN GREAT BRITAIN

W. St. C. SYMMERS

Tue histopathological features of vanous deep-seated fungal infec-
tions will be considered under four headings: tissue reactions; ards to
the 1 i and 1d of fungal nfe

simulation of fungi by other structures in tissues; the comparative
morphology of some non-mycelate forms of fungt 1n tissue sections.

TISSUE REACTIONS IN FUNGAL INFECTIONS

The morphological mamifestations of the response of the tissues to
nfection by fungi range from the practically complete absence of
any reaction to the severest of inflammatory changes To some
Sl e . P D S

15 no variety of tissue reacttons which s in self pathognomomnc of
nfection by any particular fungus, and, conversely, the same
orgamsm may evoke dilferent m different
The reasons for these variations in response are still largely obscure

The types of reaction listed in the following paragraphs are men-
tioned as a remuinder of the variety of histological changes which
may be seen, Listing them n this way 1s certainly not mtended to
suggest that they necessanly have any specific aetiological or diag-
nostic sigmificance, but merely that fungal infections may be mant-
fested by various tissue and, that the
of this cause must not be overlook:d when m!crpreung such findings,
particularly 1n biopsy material

No reactions.—Absence of any detectable reaction 15 unusual
There may be no reaction around colomes of Cryptococeus neafor-
mans, particularly in the brain (Fig 21)  Similarly, although there
15 thrombosts of infected blood vessels in cases of mucormyeosis,
and leucocytic accumulation may be seen around the mycelum
within the thrombus, there 15 sometimes no reaction 2round the
mycehal threads which have grown into the tissues around the
vessels (Fig 22) Ths lack of response does mot merely reflect
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Fiu 21 —Torulosis  Colomes of Crypracoccus neoformans 10 brain, no tissue
reaction present  (Biopsy, haematoxyln-¢osm, x 105)

F© 22 —Mucormycosts  Mycelium of Rhtzopus speaies it thrombosed arter-
ole and surrounding brain ussue, Mttie or no tssue reaction present  (Haema-
toxylin-eosin, x4



SOME CASLS OF FUNGAL INFECTION SCEN IN BRITAIN

growth of the organism after death of the host tissue, for it may be
seen in viable tssues in freshly fixed biopsy material.
11t : of

P —Par P is the
most charactensstic feature of the infected tissues in cases of histo-
plasmosis  Smmple histiocytosis 1s characterisic of infection by
Histoplasma capsulatunt (Figs. 23 and 51} In cases of infection by
the larger form of Histoplasma, which 1s often designated as a dis-
unet species {Hustoplasma duborid), the parasiized cells are mulii-
nucleated giant cells of the type scen n banal foreign-body
granulomas (Fig 52)  In either 1ype of histoplasmosts the number

Fir M ti--m - . -

of celfs affected and the number of organisms in them vary greatly,
2 long search maybe necessary before a single orgamism 1s found,

or"ﬁeld after field may be completely filled by heawily parasitized
cells

Chronic pecific, ppurative i y reaction.—The
chronic pecifi y reaction ch by the
accumulation of “'small round cells”, that s, lymphocytes and plas-
ma cells, without suppuration or tuberculoid reaction, and tending
to lead to fibrosis, is unusual in fungal mfecttons other than rhino-
sponidiosss, of which 1t 1s charactenisie  Someumes this sort of
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reaction 1s all that is seen n the tissues around colonies of Crypto-
coccus neoformans, particularly 1n the mentnges and around the so-
called cerebral “torulomas” (Fig 24), and in some pulmonary
lestons

Acute suppurative reaction.—Acute abscess formation is rare m
fungal mfections. Such lesions occur n some fulminating infec-
tions, such as a case of acute septicaemic torulosis and mn the meta-
static lesions 1n a case of acute mombal endocarditis 1 a drug
addict who had been taking cocamne intravenously and whose supply
of the drug was heavily contaminated by Candida albicans

Fia 24 —Torulosis Margin of memngo-cerebral “toruloma ™, showing chronic
P ¥ fea I )

Chronic suppurative reaction.—Chronic suppuration, with pus-
filled sinuses surrounded by orgamizing granulation tissue devoid of
specific features, 1s the typical tissue reaction mn actinomycosts (Fig
25) and nocardtosts, and 1n the various forms of maduromycosis
When such lesions are found in biopsy matersal st may be necessary
to examne step sections through many blocks of tissue before
colonies of the causative orgamism are seen, sometimes only sparse
mycehal threads are to be found and colonies as such may be Jacking.
It 15 worth noting, too, that colonies of Nocardia in the tissues may
be difficult to dlSlll’lg\llSh morphologically from Actmomyces m

yl and that Nocardia may lose 1ts
acrd-fast smmmg charac(ensuc during processing of the ussues for
histological exammation
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Fic 25 —Naturally-occurring acunomycosis 1 a ferret  Colony of Actino-
myces 0 pus i sinus hned by ussue ¢ 1 s
x150)

FiG 26 —Maduromycotic granuloma of the hand  Darkly stained colony of
Atlescheria boyd: n pus-filled sinus, with many farge palc histiocytes in the

Pus and in the

tissue , x170)
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Chronic suppuration with histiocytosis.—Intermediate between the
simple chronic suppurative reaction and a suppurating form of
tuberculoid granuloma which will be described in the next paragraph
1s 2 variety of tissue response 1n which large histiocytes are a major
constituent of the cellular reaction in the tissues around the pus-
filled sinuses of some cases of maduromycosis (Fig. 26).

Suppurating tuberculoid granulomatous reaction.—This suppurat-
ing tuberculoid reaction (Figs. 27 and 28) 1s particularly important
because 1t has considerable dragnostic value. The charactertstic

A

Fic 27 —'SeerolrnchOSIS Spnralnrhum ul-encAu was culn\zled from this issue
d grant

cells, wath extensive suppurauon. (Ha:ma!oxylm-eosm x90)

*“umt-lesion™ of this type of reaction 15 the *suppurating tubercle”
(*suppurating pscudotubercle™ 1s a more accurate term), consisting
of a rounded aggregate of epithelioid histiocytes with a central
micro-abscess  Whenever this type of lesion s found unexpectedly
the possibility of a fungal infection must always be considered along
with the other types of mfecuon which may cause the reaction, such
as wiral infections, includ, and cat-
scratch fever, and certain unusual bactenial infections, for example,
tularaemia and Pasteurella septica infection
In the severer forms of thus reaction, whether due to fungal, viral,
- ’ ) - ) : which

. . . een 10
septic
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mfection. The fungal nfections in which it occurs include sparotn-~
chosts, North American blastomycosts, South American blasto-
mycosis, and coccidtordomycosis, and often the organtsm concerned
15 to be found at the middle of the purulent focus

Tuberculoid granulomatous reaction.—This 1s the most usual form
of reaction to mfection by the fungi which occur in the tissues in a
yeast-hke form; it is |hc typrcal response 1n the North and South
Amertcan types of blast and in ch 0sis,
coccidiosdomycosts, and the so-cafled African (Fistoplasma dubal.n)

(& D

Eﬁ"

T

LA RISl sl
Fic 28 —Sccton from sume specimen as Fig 27 Micro-abscess a1 entre of

aggregate of f ), sporo-
inichous asterond" i pus (H:\cmaloxylm-eosm, x400)

type of histoplasmosis  Tuberculod granulomas are also seen in
many cases of torulosts (Fig 29)

Essentially, the reaction consists of focal aggregates of epitheliond
histiocytes, with occasional multinucleated giant cells among them
The general appearance may be similar to the cl1sslcal Iubcrclc
although usually without i but the
reaction 1 the fungal infections 1s neither so well eircumscribed nor
so unformly well developed as the usual “unit-lesion™ of banal
tuberculosis or of for instance, sarcordosis  Caseation appears to
be unusuat in fungal granulomas, 1t occurs most characteristically
1 the tuberculoma-hke, encapsulated lesions which are sometimes
found, especiall; in the lungs, as a sohtary mamfestation of coccrdi~
oidomycosis or histoplasmosis or, more rarely, torulosts In such

4 -FD 31




HISTOPATHOLOGICAL OBSERVATIONS

An

(Haematovyhacosin, x400)

typtcal

O

Fic 29 —Torulosts

grant cells

P

15 also seen (arrowed)

L x300)

(

Foreign body giant cells around dead material
boydr)

d colony of Ale

Fic 30 —Maduromycosis
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instances, the lesions may possibly be mistaken for old Ghon foct or
other tuberculous lesions, or even for gummas, unless fungi are
specifically sought. Caseation may, however, occur also in some
more active fungal infections; it may develop, for instance, in
miliary pneumonic lesions caused by Blastoniyees dermatitidis.

Foreign-body reaction.—QOccastonally, dead fungal matenial may
become inspissated and evoke a typical foreign-body reactron: thus,
i a biopsy specimen (Fig 30) from a mass in a foot, brownish-
yellow amorphous foreign material surrounded by foretgn-body
pant cells caused much speculation until 1t was seen to contain
curious channels and little vestcle-tike spaces, suggesting the outhines
of a spore-bearing 1 Further fed to isolation
of Allescheria boyd:, confirming the presence of maduromycosis

AIDS TO THE HISTOLOGICAL DETECTION AND IDENTIFICATION
OF FUNGAL INFFCTIONS

Qften, the presence of fungt in the ussues 1s readily apparent in
the first sections examined, and special methods of investigation then
provide confirmatory evidence only. For obwious reasons, if the
possibility of a fungal infection has been raised and biopsy 1s con-
templated, steps should always be taken to try toisolate the organism
by culture; rehance should not be placed wholly on histological
study, invaluable though this can be

The hxs(ologlcal methods which can profitably be applled to the

of fungal infe are of the whole

range of lustological techmiques. They may be discussed briefly
under the headings of optical methods and statming

Optical methods.—Some yeasts and yeast-like organisms may be
readily demonstrated in polanzed light because of bi-refrmgent
effects which they produce (Figs 31 and 32), and this charactensstic
1s sometimes invatuable in disclosing the presence of fungi in sections
Such organisms are among the unsuspected structures which can
easily escape observation unless the microscopist makes 1t a regular
practice to keep a Polaroid filter constantly in position between the
light source and the object The amount of inherent polarization
ordinanly present in the prism system of binocular microscopes ts
then quite sufficient to show up bi-refringent material in the prepara-
tion examined, even agmnst the ordinary bright field  Tlis simple
procedure can be of great value 1n diagnostic histology, particularly
mn the of lesions

The br-refringence of fungi seems often to be mduced by the
procedures mmvolved 1n processing tissues for sectioming, or in
staining, thus, the organisms 1n frozen sections of formalm-fived
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material may show no bi-refringence while those m paraffin sections
of the same specimen may be strikingly revealed 1n polartzed light
Phase-contrast microscopy does not seem to have any special
value 1 studying sections of mycotic Jesions However, by using
conventtonal objectives of low magnifytng power with the substage
phase rings appropriate to high-power phase objectives, a low-

Fic_ 31 —Cutaneous histoplasmosis FIG 32 —Same fielkas Fig 31 photo-
{(Histoplasma  duboist nfection) graphed 1n polarized light The
The pale fungi contrast with the white spots are yeast cells of
darkly statned nuclel of the phago- Histoplasma capsulatum, only some
cytic giant cells  (F of the or ns appear to be
eosin, x 196 ) doubly refractile

magmification dark-ground effect 1s obtainable which may occasion-
ally be helpful m revealing scanty organusms, as well as 1n studying
the topography and development of the tissue reaction

Stawming.—Although fungi m tissue sections are usually readdy
detectable 1n haematoxyln-eosin preparations (Fig 33), there ts no
doubt that other stains often reveal them more strikingly, the
perrodic acid Schuff reaction, with haemalum as a counterstain, and
various comparable procedures such as the Gridley stain, are among
the most useful
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HISTOPATHOLOGICAL OBSERVATIONS

Silver methods, such as the Foot or Robb-Smuth techmiques for
silvering reticulin fibres, show up some fungi very well, including
most of the yeast-like organisms and also Aspergellus (Fig 34)
Gram’s stain, on the other hand, is more valuable m disclosing some
of the finer details of the inner structure of the organtsms than as a
selective stain (Fig 35). Mucicarmine 1s often used to stain the

capsular polysaccharide sub of cryp At least
some strains of Blastomyces de dis and Bl es brasil
R T T T e —

4 .
ie - ‘ -
i

FiG 35, —Torulosis Internal structure in_ yeasts demonstrated by Gram's
stam (x40 )

are also mucicarmuinophilic, their cell surface having a drstinct
affimty for the stamn  This affinity 1s most readily demonstrated
and most ntense 1n preparations which have been exposed as hittle
as posstble to watery solutions, the muctcarmmophile material being
evidently fairly readily extracted by water

A valuable “battery” of stams for demonstrating fungi consists
of Mayer’s haemalum and eosin, periodic acid Schuff and Mayer’s
haemalum, Southgate’s mucicarmune and Mayers haemalum, and
Robb-Smith’s method for silvering rettculin

Other mportant factors —It 1s perhaps appropriate to mention
two other obvious but most important factors which help towards
the logical of fungal infe these are cunosity
and patience

Curiosity 1s required to encourage adequate investigation of unex-
plained inflammatory processes, and to mnquire mnto the reasons for

36




SOME CASES OF FUNGAL INFECTION SEEN IN BRITAIN

pected histological app A case of 1 is was,
for example, recognized because a pathologist was curious to know
the reason for the profusion of multinucleated gant cells in the
tuberculoid granulomas in a fresh biopsy specimen in contrast with
the absence of giant cells at biopsy some years eather when the
patient had been shown to have sarcoidosis.
Patience is neeessary where examinations of many hundreds of
seetions for the presence of recognizable organisms has to be carned

Fic 36 —Ch (Ph (Hormodendrum) pedrosot nfec
uen) In this unstained section the fungal bodics are clearly seen because
of therr natural yellow-brown pigmentation (<850 ) (See also Fig 55)

out, as in looking for the rare *“asteroid™ of sporotrichosis, and as in
some cases of other fungat infections 1n which the organisms may
occasionally be very scanty

SIMULATION OF FUNGI BY OTHER STRUCTURES

Many structures can simulate fungt, but care and a little expenience
should prevent confusion  The following are by no means the only
simulants, but they are noted to illustrate the sort of problems which
occur.

(a) Cross-section of a nerve n a granulomatous lesion mistaken
for the endosporulating spherule stage of Coccidiondes (Figs 37 and
46)  (b) Groups of nerve fibres mustaken for colonies of cryptocoect
because the axons, each with 1ts surrounding clear myelin sheath,
mimicked encapsulated yeasts (Frg 38) (c) Calaific spherules in
tubercutous lestons (Fig 39), ortumours (Fig 40) nustaken for yeasts
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FiG 37 —Bundle of nerve fibres 1n a chromically mflamed tissue  This nene
was mustaken for the endosporulating spherule of Coccrdiordes (Haema-
toxyhn-costn, x400) (See also Fig 46 )
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Fi6 40 - Calaifying bodies simulating yeasts in an ohigodendrogloma The
gglscl;{y Ithrong'ichumJlke structures are probably netve fibres  (Haematoxylin-
L x
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macrophages m the germmnal centres of lymphoid follicles 1n re-
active hyperplasia, mustaken for Histoplasma (Fig. 42) (e) Intra-
cellular globules of mucin in scirrhous mucigenic carcinomas
(Figs. 43, 44, and 45) mistaken for phagocytosed cryptococci
(f) Cytoplasmic vacuoles of all sorts, particularly in the epithelioid
histiocytes of tuberculoid 1 ken for yeasts What

F16 41 —Torulosis  Caleifying cryptococer in cerebellar granuloma, Crypto-
coseus neoformant was. iolated from this Jesion - (Haematoyhe-cosin:
x

1s important 1s not just that fungi can be simulated by other struc-
tures but that as much care must be taken before dismussing the
fungal nature of a debatable structurce as must be taken when making
the histological diagnosts of a mycosis

COMPARATIVE MORPHOLOGY OF SOME NON-M} CELIATE FUNGI
AS SEEN IN SECTIONS

Photographs of various organisms at the same high magnsfication
(Figs. 46-56) 1llustrate that nerther size nor general appearance 1s
enough to 1dentify these fungt specifically 1n every case  However,
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Fic 43 —Intracellular bodies simulating yeasts in a swelling of an eyelid of as
, x400} (See abio Fig 44)

re
(By courtesy of Professor D M Pryee)
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HISTOPATHOLOGICAL OBSERVATIONS

Fig 44 —Same specimen as Fig 43 The intracellular bodics may be muci-
carmnophile fung1 i macrophages or droplets of mucin 1n tumoyr cell
and Mayer's X600) (Seealso Fig 45)

FIO 45 -Preparauun of a scirrhous mucigenic caremoma for companson with

of the mucinous vacuoles m the sumour cells hase a muci-

c:u'mmap}ulc £ and contain an eccentne muccarminophile globule  this

appearance 1s also seen 1n Fig 44, but see afso Figs 35 and 52 (Southgate's
mucicarmine and Mayer's haemalum, < 600 )
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i 46 —Ce |3 spherule of Coccrdiotdes imm-
#i1n a lymph node thought chmically to be tuberculous, from a British nurse
who had hved m Californa — (Hacmatoyhn.cosi, x 850 )

FiG 47 —Same specimen as Fyg 46 Groups of maturing spherules of Coccrdi-
oudes mmitis 10 macrophages  (Haematovyhn-eosin, x 850 )
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Fi6 48 —Rhmosporidioss m an fndian student working 1 Brtam  Parts of
two sporangta of Rhunosporiduin seebers containing spores of different sizes
{Haematoxylin<osin, x 850 )

Fi 49 —Torulosts  Typical yeusis of the classical large-cell type of Crypro-
coccus neaformans with broad capsular zone  (Haematoxylineosin, > 850 )
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SOME CASES OF FUNGAL INFECTION SEEN IN BRITAIN

Fic 50 —Torulosis  Small-cell type of Crsptocaccus neoformans with narrow
capsular zoe n gaant cells of a tuberculowd reacton i a skineson  (Haema-
loxylin-eosing x )

Fto S| —Histoplasmosis Macrophages i sinus of a lymph node heavily
parasiuzed by classical small-cell ty pe of Histoplasma capsulatamt  (Periodic
acid Schiff reaction, Mayer s haemalum, x 850 )
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F . .

Fig 52 —*Afncan" type of histoplasmosis Largecell type of Ifistoplasma
(H dubotst) 1n multinucieated gant cells of dermal granuloma (Haema-
toxylin-eosin, x 850)

el &
-u‘_"’ R d /,;:,T ,t'{j‘i X J

FiG 53 —South American b Yeasts of Bl P
within a gant cellin a from a British
engmneer who had worked in Brazd (Pertodic acid Schiff reaction and

haemalum, x 850)
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Fi6 54 —North American b Yeasts of Bl

within a multinucleated grant cellin a dermal nodule from an Amcnun reudent
n London  (Periodic acid Schifl and haemalum, x850)

Fi 55 —Chromoblastomycosts
dendrum) pedrosoi)at one pole of a
eostn, x )

Group of orgaaismts {Phialophora (Hormo-

5—FD 47
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1 i

y andk and in cases of
when the endosporulating spherule stage 1s found in the tissues.
‘Whenever cultivation is possible, however, isolation of the orgamism
1s necessary for d d and for patt y studies.
That even seemingly pathognomome pictures may prove to be
equivocal 1s shown by the recent observations of Capponi, Sureau
andjSegretain It could once be confidently said that a macro-
phage filled with small, double-contoured, yeast-like bodies was
typical of histoplasmosis  This picture no longer has the same
absolute diagnostic 1mport since Cappom and his colleagues
observed an identscal appearancc in ammnls infected with a patho-
genic spectes of Pe effer, 1solated from
a naturally occurring mfccnon m the Vietnamese bamboo-rat
This observation reflects the care necessary to ensure by all posstble
means the correct and complete diagnosis of fungal infections.
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TINEA INFECTIONS
PATHOGENESIS
R VANBREUSEGHEM

ALTHOUGH the word *dermatophyte” has been used in the past fo
cover every type of the vegetable micro-organisms ltving on the
surface of the sk, bacterta as well as fungi, 1t 15 now usually
restricted to the pathogemc fungt which produce ringworm m man
and ammals They constitute a group of fungt which have for
morphological reasons been related to the Ascomycetes, but no real
proof of therr relation with this class of fung: has yet been found
Until such proof eusts, they must be considered as Furigi imperfectt
1 that they do not exhibrt any sexual form of reproduction ~ Al-
though from the microscoprcal pomnt of view they have a rather
charactenistic morphology, they distinguish themselves from the
other fung by their ability to produce tinea nfections and by their
power to attack and digest keratin m itro as well as m vivo As
parasitic agents they manifest a true keratinophiha, this fact being
demonstrated long ago by Sabouraud?? and more recently by
Kligman17, 18

For 100 years, the dermatophytes have been considered as strict
parasites living on the skin, hair, naids, feathers, and horns of
various animals, although their ability to grow on wrdely differing
types of culture medta was well recognized  Although they could
be true parasites, they were also able to live outside of the body as
saprophytes  This mterchange between saprophytism and parast-
tism 15 a charactenstic of the dimorphic pathogenic fungt, and the
questton anses as to whether tt applies also to the dermatophytes

RECENT FINDINGS

In the last few years it has been shown that, like other pathogemc
fungi, some dermatophytes live normally tn the soit  This has been
demonstrated 1n the case of 3 species m 3 different genera Kera-
nnonnces ajellor, a non-pathogenic dermatophyte, Microsporum
gypseum, and Trichopinton mentagrophytes  From recent studies
made by Georg!2 1t appears that, although strams of K aellos as
described by Vanbreuseghem?6 are mostly non-pathogen:c, certam
strans are probably able to produce ningworm in some antmals
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This fungus, and also Mic. gypseun, has been 1solated repeatedly from
the soil 1n various parts of the world» ¢ 7. mentagrophy tes has
been 1solated 1n South Africa from sotl?® and also from the air of a
eave?l,

Dermatophytes, like many other fungi, may be cultured in the
laboratory on stenile soil*®.  The real proof that at least one of them
grows naturally in the soil has been provided by Gordon!} in the
case of Mic gypseum, for this author was able to demonstrate macro-
conidia typical of this fungus in the soil itself

T. mentagropin tes, T. rubrum, and Epidermophyton floccosum have
been 1solated from the surroundings of ammals, and from the floors
of swimming pools2. 19, As Gentles has pointed out, 1t should not
be assumed that these dermatophytes Ine on floor structures, for
they may merely persist in desquamated keratin fragments.  Sumi-
larly, dermatophytes growing in a natural state on ammal droppings
do not have the same sigmificance as dermatophytes growing within
the so1129

Many more attempts have been made to isolate dermatophytes
from the soil than 1s reflected m the ltterature, yet successes have
been few. 1t would seem unlikely, however, that only a few species
of dermatophytes are able to thrive away from the human or animal
environment. Immense quantittes of dermatophyte spores fall out
of the integuments of infected humans and arumals and become,
for short or long periods, a living part of the environment It
cannot be assumed that the spores develop further i such surround-
ings, for it could be that they are destroyed by antibrotics®*, or by
other agents or conditions  But dermatophytes must exst 1n our
environment if only for short periods and our mability to 1solate them
merely mdicates the present imperfection of our metheds

Means of infection.—It was postulated some years ago that “the
soil might constitute the great well of human and amimal dermato-
phytosis epidemics™2?  While tinea infecttons are usually acquired
by transmission of infection from man to man, from ammals to
animals, and from animals to man or the reverse, these are certainly
not the only ways?% 3  Thus, the observations by Gentles and

Holmes!! favour the view that infection 1s readtly acquired in
bathing places

The dermatophytes are very specialized parasites in being limited
to keratinaceous structures by virtue of their keratinolytic power and

their keratinophiia  Some exceptions have been noted, as for
example in rare cases where T schoenfemi has mvaded the deeper
‘issues of the skin, Tymph nodes, and even the blood stream® When
dermatophytes are ntroduced into the bodies of experimental
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animals by ways other than through the skmn, they manifest a very
selective epidermotropism  This fact has been itlustrated experimen-
tally by Brocq-Rousseu, Urbain and Barotte®. These authors were
able to produce mngworm 1n guinea-pigs by administering an
emulsion of spores of T. mentagrophytes ot T. equinum by intravenous,
mtraperitoneal, subcutaneous, and oral routes if, at the same time,
they shightly traumatized the skin of these animals The delay in
the development of the skin lesions by this routine, compared with
that after direct mnoculation n the skin, was only 2 or 3 days

Lurie and Way?! have demonstrated that spores of dermatophytes
may be introduced into animals by mhalation and remarn alive i tiro
for at least 8 weeks  Ep floccosum has been isolated from sputum3!
but contamination of the sputum sample had most likely occurred
after expectoration.

LaTouche!? has studted the transmission of ringworm by contact
and Kligman!7 has indrcated the need for shght trauma m establish-
g expermental ringworm The of
tinea pedis and of onychomycosis 1s much debated  Maceration of
the feet and repeated exposure in places where infected skin scales
are present appear to be the commonest aetiological factors; trauma
too may be mmportant. Degrees of contagiousness are difficult to
assess and 1t 1s also difficult to ascertain the time of onset of an
infection and the reasons why clintcal symptoms become mantfest
The reason for the apparent immumty to rnngworm infection of
some natls of 2 hand compared with the vulnerability of others 1s
unknown. It1s posstble that trauma to some particular part of the
nail plate 15 an important prerequistte before infection occurs?2.  In
contrast, tinea capitis 13 usually acquired by close contact, and the
same 15 usually true for tinea corponis. There remain the possibili-
ties that transmission of infection by inhalation and by mgestion
may occur

In spite of numerous studies upon the keratinolytic properties and
keratinophilia of dermatophytes?. 3 6. 22. 24, 25, prectse knowledge of
the mode of kcratmolyuc action ts scanty Lmle 13 known either of
the h of 1n nimgworm or of the
factors 1nvolved 1n immunity, allcrgy, or cure of these diseases On
the other hand, the morphology of tissue reactions of all types has
been described wnh ahugh dcgrcc uf precision

Living di and y.—The y {0 ring-
worm of different peoples living under different cond:tlons would
repay careful study Under the conditions most favourable for
transmission of infection 1n civilized countries, tinea capitis does not
spread to more than 5 per cent of children  Boys are more often

52




PATHOGENESIS

affected by tinea caprtis than girls, and the discase tends to cease at
puberty m some types of infection though not in others; tinea
capitis caused by T. riolaceum persists in female adults more often
than in males!S, These are some of the unsolved problems met
with 1n temperate countrics. Personal observations? on native
children of Central Africa have d d a very large t

n the incid of der P i among them  Thus, 5
per cent of some groups of children suffered from tinea capitis,
while up 10 40 per cent of others werc involved. These differences
could not be explained by standards of housing, education, or
hygiene; not could they be attributed to variations 1n virulence of
the dermatophyte strains concerned.  Dictary factors could, how-
ever, have explained the difference, for the less affected children had
PO YR S S

Y

. '
be expected to be most affected by tinea capitis It has been shown
1n one study that nearly 95 per cent of kwashorkor children suffered
from tinea capitis 1t does not necessanly follow that protein
deficiency 13 1n stself the essential predisposing factor i this high
incidence; avitaminosis, such as vitamin A deficiency, so often
accompanying protemn deficiency states, could also be important
This might lead to deficiency 1n the quantity or quality of sebaceous
gland secretion or to some alteration 1 the physical structure of
hairs or skin which make for susceptibility to disease. 1t 1s of
interest that work carned out in France by de Graciansky and his
colleaguest suggested that a diet deficient in protemn favours the
development of Candida albicans nfection 1n experimental antmals

Conclusions.—A better ding of the mode of transmission
of ningworm would help to prevent spread of disease, a more com-
plete knowledge of the physiology of pathogenic fungt would help
towards the discovery of more efficient therapeutic agents, and a
greater knawledge of natural and acquired tmmumty mechanisms 1n
dermatophyte infections would help to explain much of the behaviour
of these diseases
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TRICHOPHYTON RUBRUM INFECTION
C. D. CALNAN

IN company with many other European countries such as Germany,
Holland and Switzerland, as well as the United States, we in Great
Britam have experienced over the past decade a remarkable increase
1n the incidence of Trichophyton rubrum infection. It is likely that
this infection has been endemic in China, Japan and the Far East? 4
for a long time, and that during the last 20 or 30 years it has spread
progressively westwards over Asia and Europe, and eastwards to
Australra and Amenica In New York, according to Sulzberger’,
T rubrum nfections are five times as common as those due to T’
mentagrophytes, and because of their intractability they are causing
anxiety  The disease was seen only sporadically before the second
world war at St John's Hospttal for Diseases of the Skin in London.
Between 100 and 200 new patients infected with T. rubrum are now
registered each year This imcrease 1s both real and apparent.
Some of the real mcrease 15 due to immigrants and troops returning
from overseas, but many new cases have never been abroad. Some
of the increase 1s probably due to a raised ndex of suspicton in
connexion with this particular fungus ~ Apart from this, howeer,
one knows that fungal ifections 1n vanious countnes do change
therr ncidence over a period of years without any satisfactory
explanation

EXCFPTIONS TO GENERAL CLINICAL PICTURE

From the work of Lewis and Hopper? and others in the United
States the chintcal picture typical of these infectrons was well known
(Fig 57), but a number of exceptions to this general pattern occur
The chinrcal features alone are not diagnostic of the mfection for it
1s now agreed that more than one fungus spectes may produce the
same signs

Feet.—Ordinary toc-web maceration may be caused by T. rubrum
but the webs are usually considered to be spared  In fact, the toe
spaces show scaling more often than not, and fungus mycelium 1s
present  The dorsa of the feet and ankles are commonly 1nvolved,
sometimes accompanied by an acute turgid papular erythema with
Iittle or no scaling, this may cause difficulty 1in diagnosis from
erythema multiforme or chronic annular erythema  Vestcular and
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pustular lesions, sometimes of the acute type, may occur on the
feet more like those associated with T. mentagrophytes.  But, how-
ever acute the lesion, » genwine secondary trichophytide eruption
on the hands does not appear to occur. Involvement of the toe-
nals 1s extremely common though not invanably present
Hair.—Hair infection 1s being found more often, the fungus pro-
ductng exther an ectothnx ot endothnx mvasion 1t occurs m the
coarse hair of the beard and scalp, occasionally causing kerion, as
wellasinlanugo hairs, especially on the legs and hands ~ Frequently,
however, this fungus spreads extensively over hairy parts of the shin

FiG 57 —Trichophyton rubrum nfection  Fine seahing of sole of foot (By
courtesy of De H $Wallace )

without any attempt to penetrate hair follicles  On the legs foll-
cularinvasion which is confined manly to women stmulates erythema
nduratum or nodular vasculitis, or banal folliculiis  Pustules on
the legs do not always mdicate hair infection, sometimes these do
not represent follicular mvolvement and the roof of the pustule
contains a mat of fungus similar to the pustules of ordinary ring-
worm of the feet  The diagnosis will not usually be mussed If the
feet are examuned, for the feet are rarely spared

Hands.—The hands may show 5 different types of lesions; hyper-
keratotic palm and fingers (Fig 58), crescentic exfoliating scales, as
occur on soles of feet, vesicular circumscribed patches, discrete red
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papular and follicular scaly patches; and erythematous scaly sheet
on dorsum.

L

LT

3

FiG 58 ~Trichophvton rubrum infechon  Hyperkeratotic palm and fngers
) courtesy of Dr R M B Mackenna )

The hyperkeratotic palm type 15 the commonest and s unilateral
n 50 per cent of cases. the vesicular cczema-like patches are the

58



TRICHOPHYTON RUBRUAM INFLCTION

most unusual  Hand iaf are readily misd d.
m the absence of patl imvolvement  Infections of the hand duc lo
fung other than 7., rubrum are very rare in England, and finger-nail
infections are almost invanably caused by this fungus
On the glabrous skin, T. rubrum may cause typical annular lesions
of body ringworm, but olhcr pallcms appear to be more frequent
be

Crural infe may ble from those produced by

Epidermophy ton floccosum, but T, rubruny infectton often spreads

FiG. 59 —Trichophs ton rubrum infection  Circinate lesion of glans penss  (By
courtesy of Dr R Bettley )

down the thighs and over the permeum to the buttocks Perule
infections are very rare (Fig 59) Distribution tends to be asym-
metrical  Tinea cruris 1s almost unknown in women! but when 1t
daes ocour T rubrum seems to be almost invanably tesponsible
Any part of the trunk, head (Fig 60), or limbs may be affected
There may be very large sheets of scaling with or without a well-
defined margiated border, and sometimes there 1s lichenification
suggestive of 2 diagnosis of neurodermatttis

A vanant which 1s troublesome from the pont of view of diagnosis
15 the raised turgid papular erythema without scaling It appears
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as papules, plaques, crescents or rings After a few days this
type of reaction may subside spontaneously leaving some scaling
Alternatively, there may be large nings or plaques on the trunk or

Fic 60 —Trichophyton rubrum mfection  Erythemalous scaly
lesion of ear  (By courtesy of Dr B Russell)

elsewhere, with virtually no erythema and 2 mmmum of scaling at

the edges Such a lesion occurrmg in a patient presenting with

pruritis may be extremely difficult to see and 1s readily overlooked
Mixed infections are not uncommon, T mentagrophy tes and Ep
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Sloccosum being the most common adduional funp present?,
Mcrosporum canis, T, tonsurans and T, trolaceunt also occur 0+
gether with T. rubrum  In patients with climcal appearances of
T. rubrum infection but from whom only other fungr were grown,
the species concerned have been Ep. floccosum and T. mentagrophy tes
Nails were not involved in these patients and several, but not aff,
were cured with treatment,

Familial infections are not as rare as is sometimes supposed.
Relatives are often refuctant to be examtned and usually deny the
euistence of shin abnormabities even on their feet.  An appreciable
percentage of mantal partners, howener, hasve the infection, if only
m the toe webs  In the case of children and adofescents parental
infection will atmost always be found: mnfection has been seer 2
baby of 10 months,

In 1946, Rothman in Chicago noted an imcreased glucose tolerance
in 2 panents with T. rubrum infection and reported simfar findings
on 20 patients §n 19538, At St. John's Hospstat for Diseases of the
Skin, of 23 patients examined only 3 showed similar fiat glucose
tolerance curves,

Another apparent logical factor 1s Many of
the patients with thus disease have a permotic cm:ulaucn especrally
those with hand mvol and nodular folt on the

Jegs. But chilblain circufation is a common disorder i Brutain,
and ats relation to this disease 15 dilficolt to assess without stanstical
evidence.

The trichophytin lest 3s not widely used 1in Brtam A delayed
positine reaction at 48 hours 15 assowated with trichophytide
teactions  While most T rubrum infected cases give negatve
delayed tochoph a smatl prop gIve positive
results, these excephions did not have vesicufar lesions, nor were
they any fess resistant to therapy  The majoruty of cases show an
smmediate positve urtieanal wheal reaction the reason for which 1s
obseure; have o natly been d
m such pauents

Inoculation of the skin of T rubrum infected patients or of normal
subjects with a cufture of this fungus produces onty an acute -
fammatory lesion which casily sesolves enther spontansously or with
the aid of a funpistatic substance, 1t does hot seem posstble to produce
m thys way Jestons which are typieal chmically of T rubrum infection

TREATMENT

The challenge 1n 1his disease 1s 11s Yesistance 10 treatment.  Body
{esions, apart {rom the paims and soles, are often cured remarkably
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as papules, plaques, crescents or rings. After a few days this
type of reaction may subside spontaneously leaving some scaling.
Alternatively, there may be large nings or plaques on the trunk ot

Fic 60 — Tru‘hol'h)lon rubrum 1nfection  Erythematous scaly
lesion of car  (Bv courtesy of Dr B Russell)

elsewhere, with wvirtually no erythema and a minimum of scaking at

the edges Such a leston occurning in a patient presenting with

pruritis may be extremely difficult to see and 1s readxly overlooked.
Mixed are not T me phytes and Ep
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EPIDEMIOLOGY OF TRICHOPHYTON RUBRUM
INFECTION

MARY P. ENGLISH

Tue problem of the epidemiology of Trichophyton rubrum infection
15, by and farge, the problem of all other dermatophyte infections
of the glabrous skin, with certain additional special features
Dermatophytosis due to T. rubrum was undoubtedly ongimally a
disease of the tropics.  Sabouraud had never seen it when he wrote
tus classic Les Teignes'? which appeared 1n 1910 In that year
Castetfam®and Bang? (lhc Tatter working in Sabouraud’s laboratory)
bl quite inds of the fungus found
mn Ceylon, Mexico :md Indo-China  Sabouraud!® a year later
concluded that they were the same fungus, namely, T rubrum
Sabouraud also recorded the fungus from India and Stam, so
that »f 1s probable that 11 was widespread in the tropics at that ime,
Unfortunately, hittle 1s known about T rubrum 1n s natne
environment, even today, Clarke and Walker® 1n 1953 found that
it was the most frequent agent of tinea of the glabrous skin m
Nigenia, and Vanbreuseghem!? reported 3 different strains of the
fungus from the Belgian Congo  Sanderson and Sloper!s found it
to be the cause of skin lestons 1n 7 out of 9 Asiatic soldiers in Malaya
and Chakraborty (quoted by Maskin and others)!! stated, though
10 evidence was given, that 80 per cent of dermatophytosis in India
was due to this fungus

RISE IN INCIDENCE

The figures for the spread of T rubrum nto Europe and North
America since 1910 are striking  In Canada m 1947, 23 3 per cent
of all fungous mfections were attnibuted to 7° rubrum®  Maskin and
fus colleaguesi! showed that at the New York Clinic the icidence
of the fungus has increased from 20 per cent to 80 per cent of fungous
infections of the glabrous skin since 1935, In Europe a great in-
crease has been recorded in Germany?®, Switzerland?® and Hollands
1n Britan, Walker!s 1solated the fungus 97 umes between 1946 and
1949, and over the last 3 years 1n Bristol skin chimes, T rubrum
has been isolated more often than any other single fungus species®
These figures, mostly obtamed thmugh chinics or medical practi-
noners, sROUIA not He taken to indicate Wat I~ rubrum is the cmer
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easily by clinical standards even when they have been present for
many years, but the success rate falls considerably if repeatedly
negative skin scrapings are demanded as the mdex of cure. It
rubrum infection of the palms and soles 1s equally resistant whether
the nails are involved or not. The fungus 1s often surprisingly per-
sistent and readily found in the skin during treatment with fungi-
static agents  Nail mfection is at present virfually mcurable, but
indwidual infected finger-natls do sometimes return to normal as
other nails become involved Though a nail may appear to have
returned to normal 1t may vet contain fungus. Palm and sole
infections are rarely cured, and examples of cure may, n fact, have
been spontancous renussions

No one fungicide 1s preferred to another, irrespective of its ability
to inhibit sz irro.  Surgical removal of nais has, 1 general, been
abandoned for there is almost nvariably an assocrated persistent
mfection on the adjacent skin from which reanfection may occur.
The chemucal removal of a nail appears to give no better results.
Histological examination of a chronically infected nai using periodte
acid Schiff techmique for stamung shows penctration of the
fungus to the deepest crevices of the nail plate and tHustrates the
difficulties of treatment,
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first noticed while the patient was using swimming baths frequently,
or taking an active part in sports. The remaining 8 had no 1dea
where they mught have contracted the disease

Women appeared to be just as susceptible as men, and children as
adults, provided the opportunity for infection was there. In the
great majonty of cases the original infection was 1n the feet. Nail
mfections occursed in 78 per cent of all patients  Eruptions else-
where on the body appeared to be more often the result of anto-
moculation from the feet than cross-infection from another person

The evidence from this investigation shows conclusively that the
home 15 a Iikely place for cross-infectton by T. rubrum, contrary
to the opinions of Sulzberger, and other American workers!, It
also bears out the results of Baer and others! who showed that most
individuals have a constderable resistance to nfections  The evi-
dence is 1n agreement with the view of Gentles and Holmes® that
some breakdown n personal immunity must precede the onset of
climical disease, and that this breakdown must comncrde with inocula-
tion by a viable fungus  Such a coincidence 1s more likely to occur
1f the subject 1s 1n daily contact with infective particles either in his
home or elsewhere

1t appears possible that T. rubrum s, n fact, less mfectious than
T mentagrophy tes, and that 1t owes 1ts spread in recent years more to
the persistence of clinical mfections than to any unusual degree of
mfectivity  This fungus 1s more likely to become a nwisance n a
family, a residential home, 1n barracks, or pit-head baths used daily
by the mners, than in such places as swimmung baths and sports
pavilions which are mostly frequented only once or twice a week by
any one person (athletes, swimming instructors and simular persons
must obviously be excepted) In a recent, unpublished survey
carried out in day schools in Bristol, only 13 cases of tinea pedis due
to T rubrum were found as agamst 154 due to T mentagrophy tes,
and there were never more than 2 cases of T rubrum mfectton 1n any
one school
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cause of dermatophytosts 1 temperate climates  Surveys of sec-
tions of the public who may not have requested medical advice show
that T, tagrophytes 1s still the predominant cause of ringworm,
but as the symptoms it causes are less chronic and disfiguring,
its victims seek medical aid less often.

There is hittle doubt that the two world wars and the consequent
wholesale movements of troops and cwvitan populations have con-
tributed to the spread of T rubrum It has probably been atded by
the q increase in 1 living, often in very crowded
conditrons, by lack of medical attention and, according to some
workers!?, by certain predisposing diseases. An important factor,
and one 11 which 7. rubrum differs in degree from other dermato-
phytes, 1s its great resistance to treatment, particularly once the
nails have become involved; an infected person 1s hkely to be a
source of infectron for others for the rest of hus Ife.

INVESTIGATION OF SGURCES

Many patients are unable to account for their infection in the ways
referred to above, and neither have they been regular frequenters
of swimming baths or sports grounds

It was partly 1 an attempt to find other sources of infection that
from 1955 to 1956 an investigation was carried out of Bristol fami-
ltes, mn each of which one person was known to be nfected with
T rubrum  The families were visited m their homes mn order to
examinte the feet and hands of each member, to record relevant
personal and fammly histories, and to obtam scrapmgs from all
susprcious lessons A spread of mfection within the family was
recorded only when mycologically stmilar cultures of T rubrum were
obtamed from two or more persons it In 19 famihes concerned,
a spread of infection was recorded i 9, and of the 48 contacts seen,
13 (27 per cent) were infected  The rate of spread was very high
among children brought up i nfected famules, for of the § subjects
between the ages of 14 and 35 who had been exposed as children,
6 had contracted the discase  The mmimum duration of exposure
before clinical winfectron occurred was 1 year and the maximum 15
years Two wives who had been n contact wnh ther mfected
husbands for 30 years had not contracted the disease. Unhygienre
standards seemed to have liitle to do with spread of infection, for
over half the famultes were of middle class, and in the only really
filthy household among the remamder, only one of 7 contacts was
infected

Seven of the ongmal patients could trace their nfections to
residence or active service abroad, and in 4 others the disease was
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N 1911 the first pithead bath was constructed in Butain  In the
same year, a joint meeting of British and French dermatologists was
held at the Royal Society of Medicine 1n London to discuss ** Ecze-
matord Ringworm of the Extremities™. The Chair was taken by
Malcolm Morns and the opening speakers were Sabouraud and
Whitfield  Assuming that white soggy skin between the toes was
evidence of tinea pedis, Malcolm Morns gave as lus opinton that
ringworm of the extremities was common; Whtfield, on the other
hand, considered 1t to be rare

Prosser Whue, who hved and worked 1n Wigan near a prthead
bath which has been in continuous use since 1913, made no mention
of ringworm 1n mumers in the 1939 edition of his well-known book
The first desertption of this condition was made by Knowles? who,
1 1943 while 1n general practice 1n a colliery village, wrote a thests
wn which he expressed the view that tinea pedis was a new disease of
the mumers  He b this to fe in the bath-h
which had been erected for the first tme m fus district only a few
years previously

In 1951, Riddell® referred to tinea pedis in mmers and considered
that the problem arose not so much by cross-infection but by a
change 1n susceptibility of the skin to infecuon brought about by
bathing

EPIDEMIOLOGICAL FIELD SURVEY

1t was about this time that the Industrial Epidermophytosts Com-
mittee of the Medtcal Research Council was constituted It was
decided that a field survey should be carried out to study the epi-
demuology of tnea pedis  Gentles and Holmes!: 2 were appotnted
as and chnician resp ly and work began with a pilot
survey at pits which had baths  These pilot studies confirmed that
tinea pedis was common and that 1t was necessary to have laboratory
corroboratson of clinical diagnoses

The survey proper lasted throughout 1953 and 1954 Dunng
that time 12 pits and 2 power stations of the Butish Electricity
Authority were visited It was not possible to select these at random
but the places chosen were widely separated geographically The
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these were recorded as similar on the two occasions in 63 subjects,
as more severe on the first exammation than the second 1n 16, and
as more severe on the second examination in 20,

TABLE 6
DETAILED LABORATORY FINDINGS

Ringworm fung: Microscopy + 403
Microscopy + } 346 (79 per cent)
N

cultured
(92 rer cent of total
Culture only + 57413 per cenny infected)

Microscopy
only + 32 (7 per centy
Candida albicans 2
Doubtful microscopy 1
Total personnel infected 438 (21 per cent of those examined)

At one pit which had the highest incidence rate for tinea pedis, a
further examination was made about 1 year after the first. The
results for 80 of the 99 men re-examined remaimed unchanged, 46
being infected on both occasions and 34 being apparently free of
disease both times  Ten were positive for fungous infection on the
first occaston only and 9 on the second only.  The total tnfected at
one time or another was 65.

EFFECT OF ENVIRONMENT
The prevalence rates of mfection proved by laboratory findings
varied from 3 5 per cent at one pit to 50 per cent at another*@stet,
The inaidences at 2 pits 1n Scotland were similar as were those
at 2 power stations in London  On the other hand, results at some
places were d (for example, 50 per cent at one
compared with 12 per cent at another) It was, therefore, necessary
to look for reasons which would explain why this occurred, such as
seasonal factors, conditions peculiar to mining, or the presence of
pithead baths
Seasonal varration was ruled out s a factor from a study of results
over the period of the survey When attention was paid to the
effect of miming condstions, st appeared at first that those who worked
underground were most Likely to contract 1nfection  The incidence
of tinca amongst surface workers who had never been underground
was 12 per cent compared with 17 per cent 1n those who had, and
with 24 per cent 1n underground miners  This last figure is, how-
ever, no higher than that recorded at power stations, and all the
apparent differences disappeared when the bathmg histortes of
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personnel included in the trial at each pit or power station were
selected at random from wage sheets using tables of sampling num-
bers; they were notified and given appomtments mn writing.  The
response rate was satisfactory. of the 2,160 selected, 97 per cent were
seen, 2 per cent were not readily available and only 1 per cent refused
to co-operate.

History-taking and physical examination were standardized as far
as possible and the results entered on a record card.  Approximately
5 minutes was the maxmmum time available for these examnations
Skin scrapmgs were taken during thrs time from each foot irrespec-
tive of the clinical findings, The scrapings were wrapped in num-
bered ships of paper and posted off daily to the mycologist, who
remained unaware of their origin until after he had made his report.
The material was cultured 1n every case and whenever possible was
also examined microscopically  *“Mosaic fungus” was not counted
as evidence of infectron,

CLINICAL AND LABORATORY FINDINGS

Only 10 per cent of the men examined had chnrcally normal feet
and of these 2:5 per cent were found by laboratory tests to be
wnfected. Infection of the feet as assessed from mycological exam-
ation was recorded 1n 21 per cent of subjects  The detailed Iabora-
tory results are shown in Tables 6 and 7 and clinical ﬁndmgS ha\e
been described elsewhere?  Trichoph rubrum pr
greatly at one pit and at another no case of mfecuon by this
orgamism was detected

While conducting this survey an attempt was made to assess
observer error  When the laboratory findings were negative in a
subject suspected chinically as betng nfected, a further examination
was made of surplus skin materral left over from the imitial tests It
was not posstble to obtain fresh matenial from such cases owing 1o
the extensive travel from place to place which this survey entailed
From 98 such re-examinations, only 1 extra case of infection was
recorded  From a clinical standpoimt, 99 men were exammed on
two occastons and the results compared  These men were taken in
three separate groups of 30, 34, and 35 respectively, and were
examined while siting behind a screen so that only their legs were
vistble.  On the first occasion, the subjects were seen in any order,
and on the second mn order of random selection  In the first series
of examinations 18 were recorded as having normal feet compared
with 20 at the second examunation  Nmety-three of the 99 men
were classified 1n the same way on the two occasions, including 16
normals Degrees of abnormality proved more difficult to assess;
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personnel were taken into account. Similarly, though the peak
incidence of infection m the groups studied occurred at the age of
45 years, the fall in incidence of tinea which was observed after this
age coincided with a rise in the proportion of “non-bathers” in the
older age groups  Men who used the baths at places visited n the
survey are referred to as “bathers* and the others as “non-bathers”,
The regularity of bathing had little effect on the figures for incidence
of tinea provided a man bathed at least once weekly. Past bathing
history had little influence on the infection rate amongst bathers but
affected greatly this incidence among non-bathers' ™, The
rates at pits without baths depended very much on whether or not
there were other baths 1in the vicimty.

TABLE 7

SPECIES ISOLATED FROM 403 SUBJECTS FROM WHOM
RINGWORM FUNGI WERE GROWN

Trichophy ton mentagrophy tes 224
Trichophy fon rubrum 148
Epidermophy ton floccosum 1

T mentagrophyres and T rubrum 13
Ep floccosum and T rubrum 1
p floccosum and T mentagrophytes 3

Total 03

Length of employment could be used as a rough measure of length
of exposure. The infecuion rate rose relatively steeply over the first
few years of employmenl (a nise not apparent over wecks or months)
before by Simlar 1 were reached by
Vanbreuseghem, Peeters and Tritsmans in therr studies’

Gentles was successful in isolating 7 rubrum from the floor of one
bath-house and T mentagrophytes from floors at vartous other
places  Measures designed to prevent spread of snfection proved
useless probably because they were undertaken too late

By these investigations 1t was shown that 1t 1s possible to obtan a
reasonable estimate of the incidence of tinea pedis 1n a community
even when, as 1n mimng groups, only a limited time for nterview
and 10n 15 1t was luded that while personal
immunity 1s an important factor in this disease, exposure s of even
greater moment Though common, tmnea peds s, fortunately,
seldom disabling
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extract was washed repeatedly with water \mul no traces of acctic

acid d It was then d by evaporation under
reduced pressure 10 about on=~s\x(h of its original volume, further
resulting in preciy of the pigment.

A small quantity of this :uracl, about S0 mucrohtres, was streaked
across a 2-inch strip of Whatman No. 3MM paper for chromatos
grophy and the paper was then placed 1n 2 mixture of 2 parts chloro.
form to 1 part petroleum ether (b p. 60—80“) “The composmcn of
this mixture was critical for sat jon of the
and by using it 3 pig were c(early hed  The fastest-
moving pigment (A) 1s bnght yellow, the second (B) is an orange-red
pigment and the third is a deep bluish-red pigment (C)  Another
very famt yellow band can be seen travelling more stowly sull, but
the amounts of this are very small

The three main pigments were eluted from the paper with chloro.
form and their colour noted when alkah was added Pigment A
turned mauve, pigment B turned violet, and pigment C turned blue
When reduced in alkabne solution the colours of the pigments
change, decrease greatly in imtensity, and become fluorescent, A,
B and C having a green, a yellow and a yellowish-green fluorescence
tespecuvely  These reduced forms are unstable and readily revert
to the oxidized forms 1 air

The separation of these pigments on a larper scale was effected 1n
the following way  Petroleum ether was ndded to the chloroform
extract, thereby precipnating pigments B and C but feaving pigment
A n solution  This sofution was evaporated to smait bulk and
cooled but so far erystals of pigment have not been obtained, prob-
ably due to the presence of contammating mty ma!cnal Pigment
B was obtaned by g the form and
carrying out repeated fractional preclp\la\mn wuh methyl alcohol
until only one pigment could be detected on the chromatogram, this
pigment has been obtained in crystallne form  The final super-
natant was evaporated to dryness under veduced pressure and the
residue was dissolved in the smallest possible volume of hot 90 per
cent acetic acid  When thus was allowed 10 cool, pigment C crystal-
hized out as sheaths of fine purple needles

The absorption spectra of these 3 pigments have been studied and
have been found to be very closely refated, Their spectra, the
colour reactions, the sofubiliies and other properties strongly
suggest that these pigments are substituted anthraquinones. Most
of the fungal pigments which have been 1solated are, in fact, anthra-
quinones and most of them have contained at least 2 substitutes
Since the particular spectra abserved by Mier have not been recorded
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PIGMENTS OF TRICHOPHYTON RUBRUM
A TICKNER

ALTHOUGH fungal pigments in general have been quite extensively
studred, chuefly by Raistrick and his colleagues, not much 1s known
about the pigments produced by pathogemc fungi The earliest
work was by Tate 1 19292 who described what he thought was a
single substance produced by 5 species of dermatophytes apparently
including Trichophyton rubrum although this was not mentioned by
name He described the properties of the crude matertal as a red to
reddish-brown substance i 1ts natural state, soluble 1n dilute acid
and 1n acid-alcohol but not in dilute alkali  In acid solution it was
yellow, becoming red on addition of alkali It could be extracted
from acid solution by chloroform. Alkalme solutions could be
reduced to a clear yellow solution with sodum dithtomte; the
reduced solution was re-oxidized spontaneously and rather quickly
by atmosphersc oxygen ~ Guided by his biochemucal colleague Hill,
Tate made the percipient observation that the substance appeared to
be an anthracene pigment

Thompson? stated that the pigment (sic) of T purpureum (1.
rubrum) and of T gypseum (T mentagrophytes) was readily soluble
1 acetore  Oxygen caused it to change to a bright cherry colour,
and addition of water caused partial precipitatton of the pigment.
The soluble portion was cherry coloured, turnng lavender 1f the pH
was above 9 On standing 1n alkaline solution the prigment turned
yellow, but the lavender colour could be restored by the addition of
oxygen but not nitrogen, hydrogen sulphide or carbon dioxide

ISOLATION OF PIGMENTS

An attempt was made to ssolate and rdentify these pigments, 1n
the chemtcal pathology laboratory of the Institute of Dermatology,
by Mier!  Cultures of T' rubrum grown on 50-millilitre plates of
Sabouraud’s medium were sterilized by heat and the pooled contents
of 12 plates were then scraped into a mortar where they were
thoroughly ground 1n about 250 millilitres of glacial aceticactd By
protracted grinding it was posstble to extract all of the pigment
origmnally present in the plates  This extract was diluted 1o 2 litres
with water  The pigment could be extracted from the glacial acettc
extract by chloroform and was a reddish colour  The chloroform
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extract was washed repeatedly with water until no traces of acetic

acid ined 1t was then d by under

reduced pressure to about one-sixth of its onginal volume, further
ion resulting in precip of the pigment.

A small quantity of this extract, about 50 mrcrolitres, was streaked
acress a 2-inch stp of Whatman No  3MM paper for chromato-
graphy and the paper was then placed in 3 maxture of 2 parts chloro-
form to 1 part petroleum cther (bp 60-80%)  The composition of
this mixture was critical for factory sep of the pj;
and by using 1t 3 pi were clearly d d  The fastest-
moving pigment (A) 15 bright yellow, the second (B) 1s an orange-red
pigment and the third is a deep bluish-red pigment (C)  Another
very faint yellow band can be seen travelling more slowly still, but
the amounts of this are very small

The three main prigments were cluted from the paper with chloro-
form and their colour noted when alkal was added Pigment A
turned mauve, pigment B turned violet, and pigment C turned blue
When reduced 1n alkaline solution the colours of the pigments
change, decrease greatly 1n intensity, and become fluorescent, A,
B and C having a green, a yellow and a yellowish-green fluorescence
respectively.  These reduced forms are unstable and readily revert
to the oudized forms in arr

The separation of these pigments on a larger scale was effected 1
the following way  Petroleum ether was added to the chloroform
extract, thereby prectpitating pigments B and € but leaving pigment
A m solunon  This solution was evaporated to small bulk and
cooled but so far crystals of pigment have not been obtained, prob-
ably due to the presence of contarmunatng fatty material  Pigment
B was obtamed by dissolving the precipitate i chloroform and
carrying out repeated fractional precipitation with methyl alcohol
until only one pigment could be detected on the chromategram, this
pigment has been obtained i crystalline form  The final super- *
natant was evaporated to dryness under reduced pressure and the
residuc was dissolved 1n the smallest possible volume of hot 90 per
centaceticacid  When this was allowed to cool, pigment C crystal-
lized out as sheaths of fine purple needles.

The absorption spectra of these 3 pigments have been studied and
bave been found to be very closely related Their spectra, the
colour reactions, the solubiliies and other properties strongly
suggest that these pigments are substituted anthraquinones  Most
of the fungal pigments which have been 1solated are, i fact, anthra-
quinones and most of them have contained at least 2 substitutes
Stnce the particular spectra observed by Mier have not been recarded
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PIGMENTS OF TRICHOPHYTON RUBRUM

elsewhere, it 1s quite possible that these particular substituted
anthraquinones are peculiar to the Trichophyton genus and perhaps
to the 7' rubrum species

Mier has also carried out prelimimary studies on 7. violaceum and
has shown, again by paper chromatography 2and by plotting the
absorption spectra, that there are at least 3 pigments and perhaps as
many as 7 or 8. These pigments are very simlar to those of 7.
rubrum and also appear to be substituted anthraquinones  He has
mvestigated the pigment of one other fungus, Microsporum canis.
This prgment was very different from the Trichophyton pigments and
was much more difficult to 1solate, present indicattons are that 1t 1s
an unsaturated dicarboxylic acid

As to the reason why the trichophyta are so lavish in the produc-
tron of twop lities suggest th 1 First, since the
anthraguinones are rnamfes!ly able to act as electron acceptors they
could take some part in oxidation-reduction mechanisms in the
respiratory chatn It may be that under certain circumstances this
particular group of organisms may make 100 much plgmem for their
own needs, anal is to the pr of rit by
Er hecium ashy:  Anth co-enzymes appear, on the
other hand, to be unknown  Alternatively, it 1s possible that the
trichophyta may secrete substances harmful to other fungi and thus
be more successful in their struggle for existence. This effect has
not been d d with these but a Y
screening for bactericidal action was negative It is also passible
that fungt hving under unusually rich growth conditions may pro-
duce pigments 1n the same way as the overfed human produces fat

The work described was camcd ou( with very small quantities of
matenal, but conv 1 analysis 1s g the avail
ability of larger amounts

Addendum —Since this work was completed we have communi-
cated with Dr J C Wirth of Brooklyn* who has been carrying out
similar nvestigations, in partscular he has been successful
producing a pure spectmen of pigment A
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IMMUNITY IN YEAST INFECTION
H. 1. WINNER

THe sTUDY Of ml‘:cnons du¢ to fungi has mainly concemed itsell
with the and systematic study of 1 agents and
of clinical syndmmes. Immunological aspects of these discases
have received little attentson, and there has been a tendency to borrow
ready-made concepts from bacterial infections  In the lhiterature
there are accounts of human moniliasis treated with antimonilal
rabbit sETum on assumptions deduced from certain bacterial and
s On similar p attempts have been made
to actively immunize agmnst blastomycosis by mjecting Rilled
vaccines of the causative fungus  Such classical immunological con-
cepts cannot, however, be applied to all bacterial infections; for
example, one does not try to immunize agamnst Treponema pallidum
mfection in this way

An important difference between fungal and bactenial infections 1s
the relative size of the infecung orgamisms. 1t ean be assumed that the
mfecting agent in bacteriological and virus diseases 1s smalfer than
the smallest host cells, smail enough 10 pass between cells, across
ceflular membranes such as the glomemlar basement membrane
without causing and small
enough 1o pass across capillary walls  In the case of the fungi such
assumptions cannot be made Pathogenic yeasts, like Candida
albrcans and Cryptococcus neoformans, have approximately the dia~
meter of an erythrocyte and a volume which 1s usually greater
Their very physical existence 1n the host, were they merely wnert
particles, would raise mechanical problems by virtue of size alone,
problems which do not arise in the case of bactena and wiruses
except 1n the most unusual The pr
yeasts of C albicans form large masses imside the host tissues
and these orgamsms may also produce filamentous structures
(Fig 1)

There 13 a further difference between fungt and bactenia in the
nature of their ceil walls  The tough polysacchande wall of yeasts
might weil be expected to render such cells resistant to damage by
the protective mechanisms of the host.  The yeasts are hikely to be
relatively immune to the digestive action of the host enzymes, to
surface-acting antibodies, to such agents as lysozyme, and also
probably to phagocytosis
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IMMUNITY IN YEAST INFECTION

Again, fungi are different in being saprophytic organisms with a
complex metabolism imvolving enzyme systems more complex than
those of the smaller micro-organisms  The existence of such systems
operating inside a metazoan host would itself create special bro-
chemtcal problems. The fungal cell, by virtue of its stze as much as
anything else, probably possesses a very large number of antigens.

Fi16 61 —Section showing yeasts proliferating 1n_ tubule of
rabbit kidney 24 hours after nfection with C albicans
Note absence of nflammatory response  (x 392 Periodic
acid Schiff and haematoxyln)

Since a cell of Salmonella, with a volume of the order of I3, contains
a battery of several flagellar antigens and another of somatic antt-
gens, 1t 15 likely that a yeast cell, with a volume some hundreds
of times as great, would be much more complex antigemcally
Skin hypersensiivity reactions to whole fungus, or to extracts
of fungus, can often be demonstrated in mycotic infections,
though therr significance 1s not understood and their occurrence 15
inconstant

formans, provide an mstructive contrast in this aspect of immunology.

INNATE IMMUNITY

C albicans 1s best regarded as a normal commensal organism of
humans and of many other ammals  This 15 amply shown by the
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INNATE IMMUNITY

frequency with which it s isolated from the sk and mucous mem-
branes of human subjects4, and by the frequency with which agglu-
tinuns to it can be demonstrated in the absence of clinical infection.
Humans are normally resistant to the pathological effects of C. albi-
cans, but occasionally resistance is lost and chimeal disease results
Resistance 1s also shown by laboratory amimals infected experi-
mentally The mtradermal injection of large doses of C. albicans
cells 1nto rabbets gues nise to a self-lmuting disease  The organism
spreads locally, exctting a cellular response, and an abscess 1s pro-
duced, the multiplying organism 1s extruded and within a few weeks
the lesion heals The mtrapenitoneal injection of massive doses

visceral organs

Intravenous injection of C. albicans cells, on the other hand, may
cause a fatal infection in rabbits, guinea-pigs, and mice The
establishment of disease 1n the rabbit has Jong been regarded as
pathognomonic of the presence of C albicans in 1nyected material
The disease 1s, however, only fatal if the mnfecting dose of pathogenic
orgamsms exceeds a definite threshold!!, the rabbit having a degree
of natural tmmunity which can be overcome by force of numbers of
pathogenic fungus cells  Intravenous injection of C afbrcans in doses
of 2 million organisms or less fals to produce death, whereas
myectrons of 5 millton orgamisms or more almost nvanably do so
(Table 8)

TABLE 8
Number of | Orgamisms receiwed Result
animats
24 2 million or Jess each | All survived
i Saulonacmore | 40 died wattua 7 days, | died after 18
each days, 1 showed progressive discase afier

30 days, | survived

In the case of Cr negformans, 1t is uncertain whether a per-
manently subclinical infection with this orgamsm occurs 1n humans
Almost all of the clinical cases, which are coming to Light 1n -
creasing numbsers, ulttmately prove fatal, and several cases have been
reported of disease progressing to death from a comparatively trivial
mitial lesion When any relatively rare and often fatal infection s
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gaining recognition, most of the carly cases reported are fatal ones
In the of 1 disease tends to be over-
looked. Weidman in 1935 coughed up an organsm 1dentified as
cr. neoformans and 15 years later, alive and we]l hc reported the
fact®; 1t is possible that this rep d a or,
alternatively, the orgamism may have been a non-pathogen:c vanant,
Many of the clinical cases of torulosts reported have been complica-
tions of some debilitating condition such as Hodgkin's disease or
sarcoidosts, or of cortisone therapy with its well-known depression
of immunity mechamsms
There are well ked  diff s 1 bility of other
ammals to Cr neoformans mfection. Mice are extremely suscep-
uble, particularly the white Swiss stramn, and most strams of Cr
neoformans dersved from human cases will kill these animals within
21 days of ntrapentoneal or intracerebral injection of the organism.
Rats, guinea-pigs and rabbits show an ncreasing gradient of resis-
tance It has been sugpested that the relatively high resistance of
the rabbit to thus snfection 15 due to the high body temperature
(39-5° C.) of this ammal, parucularly as the organism itself shows a
marked susceptibility to heat

ACQUIRED ACTIVE IMMUNITY

Many humans and rabbits possess agglutmins to C. albieans!?
(Tables 9 and 10) There have been several other surveys 1n the
Western H here of human ag, 13,63 Inthe majority of
cases such are probably acquired, though the possibil

of their being natural agglutimins cannot be ruled out " Females
show agglutimins more often than males, suggesting that these

TABLE 9

CANDIDA ALBICANS AGGLUTININS IN SERA OF
HOSPITAL PATIENTS

Number Number Per cent

tested Ppositne posie
Antenatal cases 1391 415 320
Other females 264 : 93 56
Males | 362 \ 99 273
TotaLs ' 2017 | 638 ‘ 6
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ACQUIRED ACTIVE IMMUNITY

TABLE 10
NATURAL AGGLUTININS TO CANDIDA ALBICANS IN RARBITS
(Number tested- 35)

No agglutimins detected 1n 36 (6!
Some agglutimins detected n 1903
Tutre less than 1610 44(30%7,
Titre 16 ot higher in 1 {2050

antibodies are, in fact, acquired, since moniliasis occurs more
frequently in females.  As Norns and Rawson® have shown, there
is much cross-mmumity assoctated with various species of Candida,
so these aggluttnins are by no means necessanly specific.

It is important to establish whether the acquisition of agglutinins
confers any resistance to the pathogenic effects of C. albicans  This
has been studied m rabbits ~ Agglutmin formation is easily induced
in these animals, ¢ither by single ot multiple injections of sublethal
doses of hving orgamisms or by repeated injections of Illed
organisms. Whichever method 1s used, agglutimins develop!!
with Gtres ranging from approumately 1/32 to 1/320, but
when the ammals are challenged with a dose of C albicans
normally lethal 1o the rabbut, the acquisition of agglutinins does not
protect them'!  This observatron apparently departs from the
classical conception of wmmumnity based on bactenal and virus
studies, but the type of disease found 1n rabbits dead of systemic moni-
Tiasts has hittle 1n common with that seen 1n amimals dead of a sys-
temic bactertal disease, such as staphylococcal septicaemua, typhotd
or tuberctlosis  During the course of experimental infections the
ammals become less and less active, and may develop pareses and
convulsions  Before death, or at death, they show a raised blood
urea  The strking feature at post-mortem examunation is the en-
fargement of the kidneys, macroscopically the lymph nodesand spleen
appear normal and signs of septicaemia are absent However,
sections of the kidneys, and of other organs too, show that the C
albicans cells are multiplymng freely in the tissues with or without
the occurrence of a marked inflammatory reaction (Figs. 61, 62 and
63) A feature of the kidney lestons 1s the fibrinoid type of necrosis
seen 1n the glomeruli? (Fig 64)

The size of the infecting C albicans cells 15 an obvious mechami-
cal factor to be considered  Living orgamisms, about 7x mm dia-
meter, proliferate in the kidneys to produce large masses of cells,
and the amimals die in uraem:a  However, death 1s not due simply
to glomerular blockage If 1t were, one would expect injections of
killed C afbicons to produce similar effects, whereas, in fact, they do
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IMMUNITY IN YEAST INFECTION

FiG 62 —Scction showmng the distribution of € albicans abscesses in the rabbit
kidney, (x23  Penodic acid Schiff and haematoxylin )

FiG 63 —Scction showmng marked wnflammatory reaction 1n kiduey of rahbut
infected with C albrcans  (8S  Hacmataxylin and ¢osin )

80



ACQUIRED ACTIVE IMMUNITY .
not  Massive doses of formalin-killed organisms snjected intra.
P RPN S AT FP I RIOMPE pr

mjec\c’d. either 1n the lungs, spleen, kidneys, or lymph nodes
Furthermore, 1n contrast to what happens with C. albicans, the
njection of comparable doses of fnving celis of ather Camdida species

{for example C. tropicalis) 1s not lethal, as might be the case if purely
mechanical factots were operating.

Fia 64 ~-Section showing amorphous deposit 1 glomerulas of kidney of rabbne
fected with € albicans  (x 550 Penodic acid Schff and haematovyhn §

HennctS was the first 1o postulate that C afbicans elaborated a
1oan, and though others have supported this hypothesis no toxic
substance has yet been isolated  The cellular necrosis in the kidneys
of ammals dead from experimental momiiasis suggests either the
action of a toan or the occurrence of a loca) hypersensitivaty reaction

1t1s possible to produce erythema tn the skin of rabbits by the injec-
uon of simple safine extracts of broth cultures of C afbreans  Thus
also suggests that a toxin may be present and may mdicate why the
production of agglutinins does not appear to coincide with resistance

Few attempts have been made 10 produce acqured im-
mumty aganst expetimentat systemic infection with Cr  neo-
Sormans A and 1 fixing

P
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against this organism have been detected, not without some diffi-
culty, both in patients with natural infections and in animals
experimentally mnfected, Recently, complement fixing antibodies
have been detected 1n actively immuntzed rabbits, using as antigen
a heated ether-alcohol extract of alcohol-killed Cr neoformans™. It
remains to be seen whether the possesston of these antibodies
confers any r aganst Cr, mfection  An exten-
stve survey of natural antibodies against this yeast in humans and
ammals not known to be infected by it 1s required

Cr neoformans usually has an abundant capsule when freshly
1solated from lesions, but this tends to be lost mn subcultures  The
possession of a capsule may contribute to an important degree to
the virulence of this orgarusm  If the yeast 1s unencapsulated when
free living and when acting as a commensal orgamsm, but encapsu-
lated when producing disease, P
at once present themselves

Finally, let us consider the conditions 1 which human disease due
to C. albicans and Cr. neoformans 1s met with Infection with
C albteans s virtually universal  Disease due to this fungus occurs
1n certain well-defined conditions which were characterized by Trous-
seau 1 his studies of thrush in Paris from 1843 onwards as ““a local
expresston of a very bad state of the whole orgamism”  Normally,
the multiplication and spread of this yeast-like orgamism 1s held 1n
check by the natural defence mechanisms of the body, but the
following host factors have been observed to enhance susceptibility
to disease

(1) Infancy
(2) Debility
(3) Interference with immunity mechanisms
(a) Systemic disease (for example Hodgkin’s disease, leuk-
aemia)
(b) Steroid therapy
(c) Depresston of bone marrow activity
(d) Irradiatron of whole body
(e) Drug addtction
(4) Hormonal changes (diabetes, pregnancy, and so on)
(5) Interference with the normal bacterial flora of the body (for
example, effects of antibiotic therapy)
(6) Mechanical or chemical damage to mucous membranes (due
to smoking and so on)
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Practically nothing is known of natural fluctuations in virulence of
C. albicans from strai to strain, but one would expect these to exist.

With regard to Cr. neo) orman.r, many cases of human infectton
have been iated with d 1y those
affecting tmmunity mechanisms such as Hodgkin" s disease, or with
steroid therapy. On the other hand, when freshly grown from
lestons, the yeast possesses a capsule which has antigenic properties
1t appears hikely that in Cryprococcus, in contrast to Condida
snfections, varations in virulence of the fungus play a large part in
the determination of disease
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FUNGOUS INFECTIONS FOLLOWING
ANTIBIOTIC THERAPY

T. ANDERSON*

STUDIES on Candida albicans nfection in patients suffering from
resprratory infectsons were carried out before and after antibiotic
therapy. :

The occurrence of C. albicans was estimated by rectal, throat and
sputum cuitures at the time of admussion to hospital (Table 11)
When the incidence of C. albicans n the sputum of varous groups
of patients was compared (Table 12), it was found that the proportton
of pattents 1n the various chinical categories harbouring this organism,
even 1n large numbers, was simular, There was a trend in both
sputum and saliva towards a poorer yield of yeasts as the pH rose,
but ths difference was not within the Jevel of statistical sigmificance.

Administration of antibactenial drugs permutted an overgrowth of
fungi® which were nsusceptible to the action of these agents (Tables
13 and 14), Sulphonarmides seemed to be less liable to cause this
After treatment with a tetracycline the proportion of patrents gtving
a heavy growth of C albicans from sputum was almost doubled, and
1 the faeces the increase was very much greater?

The resuits left no doubt that after treatment with antibiotics 1t
was comparatively easy to tsolate C afbicans from sputum or faeces
This ease of 1solation did not mean, however, that the fung: were
playing a pathogenic role in all cases’-2. In order to study this
aspect of the problem, 155 patients were observed during treatment
for side-effects (Table 15) A number of patients experienced gastric

TABLE 11

ISOLATION OF CANDID4 ALBICANS FROM RECTUM, THROAT
AND SPUTUM OF PATIENTS NEWLY ADMITTED TO HOSPITAL

Rectal | Throat | Sputum
swab swab |
-
Total e;}ammcdh ot 362 91 367
tal showing heavy growth of
Tocz allummg 12 36 ‘ 119 (32 per cent)
:

« With the co-operation of Jessie L Sharp and A J Childs
84



FUNGOUS INFECT{ONS FOLLOWING ANTIBIOTIC THERAPY

TABLE 12

PRESENCE OF CANDIDA ALBICANS IN THE SPUTUM IN VARIOUS
GROUPS OF PATIENTS

Total Resatss of culture for

bicans
panents |——— |
! 1 + } +4+
percentage

Al patients. 367 0 19 32)
Patients under 40 years of age 110 2 | % an
Pauents over 40 years of age 37| 28 1 89 (34
Chronic bronchits g b3 ol o4 oan
Tuberculosts T4 7 2 @y
No history of chest dicease 172 1 30 47 {28)
Defintte prevmonia 23 3 2 (0
Cor pulmonale o e T @

{ !

TABLE 1)

1SOLATION OF CANDID4 ALBICANS FROM SPUTUM BEFORE AND
AFTER CHEMOTHERAPY

| Tetracrcmes ] Sulphonamides Tetracreline +
|
When patient | Number | Heats | Number | Heary | Number | Heary
examined | o gronth | of | growrh o gromth
\ patients | of C | patients | of C | panients | of C
Fammed | albicans | examined| albicans | examined albicans
Onadmission | 53 w1z s [ g
! pe 1 36 4 per 16 per
" cent ) cent [ cent
Id-Sthday | 53 | 25 . 33 | 10 25 | 6
471 per 30 per 24 per
e | e o
Tth-thday | 3 | 23 | P s | 7
| 435 per 48 1 per ! 28 per
| | | emt | | et

disturbances but (h]s was most often co-related with the dose, form
and fi of the ttselfl  The
diarrhoea which occumd fairly frequently also seemed unlikely to
be connected with the presence of fungus for the following reasons
(a) It arose less frequently when the patient was on a diminished
dietary 1ntake  For example, 1t was less frequently observed in
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FUNGOUS INFECTIONS FOLLOWIN
ANTIRIOTIC THERAPY

T. ANDERSON*

Stupiis on Candida albicans infection n patients suffering from
resprratory infections were carried out before and after anttbiotic
therapy

The occurrence of C albicant was estimated by rectal, throat and
sputum cultures at the time of admussion 1o hospital (Table 11)
When the incidence of C. albrcans in the sputum of various groups
of patients was compared (Table 12), 1t was found that the proportion
of patients 1n the vartous chinical categories harbouring this orgamsm,
even in large numbers, was similar. There was a trend 1n both
sputum and saliva towards a poorer yield of yeasts as the pH rose,
but this difference was not within the level of statistical significance.

Administration of antibactersal drugs permitted an overgrowth of
fungi? which were insusceptible to the action of these agents (Tables
13 and 14)  Sulphonamides seemed to be less hable to cause this.
After treatment with a tetracychine the proportion of patients grng
a heavy growth of C afbicans from sputum was almost doubled, and
1 the faeces the increase was very much greaters.

The results left no doubt that after treatment with anubotics it
was comparatively casy to isolate C alhicans from sputum or faeces
Thts ease of jsolatron did not mean, however, that the fung were
playing a pathogeruc role 1n all casesl-2  In order to study this
aspect of the problem, 155 patents were observed during treatment
for side-effects (Table 15) A number of pausents expertenced gastric

TABLE 11

ISOLATION OF CANDIDA ALBICANS FROM RECTUM, THROAT
AND SPUTUM OF PATIENTS N\EWLY ADMITIED TO HOSPITAL

Rectal  Throat Sputurm
swab Snal
Total examined 362 291 367
Total showing heavy growth of |
C albicans 12 36 | 19 (2 per cent)

* With the co-operation of Jessie L Sharp and A J Chulds
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(b) the antibiotics were responsible in different degrees.  Oxytetra~

cycline, for instance, appeared to be the most common cause,

{c)a reduc(mn of the amount or fr:qucncy of drug adrunistration

d d the incid of d

Glossitis was often associated with an absence of C. albicans and
the only side-effect which was in any way related to fungous infection
in this series was black tongue Ouly one example of urinary
infection by C. albicans has been scen n an elderly female patient
Among approumately 1,000 patients recerving broad spectrum ants-
brotics studied mycologically, no example of serious effects attnibu.
table to C, alfucans has been detected.
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TABLE 14
ISOLATION OF CANDIDA ALBICANS FROM RECTAL SWABS
BLFORE AND AFTER CHEMOTHERAPY

Tetracichnes Sulphonamides Tetracycline +
Nystatin
WWhen pattent | Number | Heavs | Number | Hearr | Number | Heary
rramined of growth of growth of growth
tients | of C. | patients | “of C. | panents | of C.
examined| albicans | examined | albicans | etamincd | albicans
On admission 110 2 69 2 25 2
1 8per 3 tper 8 per
cent cent cent
3rd day 1o 18 69 2 25 0
16 4 per 31 per
cent cent
Sth day 110 60 69 4 25 1
548 per 62 per 4 et
cent cent cent
Tth day 110 62 3] 10 25 0
56 3 per 155 per
cent cent
9th day 110 62 69 14 25 0
56 3 per 219 per
‘ cent cent
TABLE 15

SIDE-EFFECTS FROM TETRACYCLINES IN RELATION TO THE
ISOLATION OF C. ALBICANS

| Number of \ Results of culture for C_albicans
Sute-effect persons s of culture Jor & TN
1h sude-
| effects | Negatice + ++ Origin
- - ‘ e bt
Gastric disturbance
nausea, vomsing or | \ \
epigastric pain 19 303 13 Faeces
Daarrhoea “ 3 8 RXS Facces
Atrophic glossitis s |9 | 3 4 | Throat
Black tongue Lo 0 2 5 | Tongue
Ano-rectal syndrome 4 1 2 1 | Aous

I
Total persons mncluded 1n this study 155

preumonia patients who at the early stage of treatment were on a
fiusd diet than n healthy patients on a normal diet, yet 1n both
groups the frequency of 1solation of C albicans was simular,
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innumerable hospitals of otherwise good standing, rubber gloves are
regarded as @ p jon only for the gy 1 and not for
the patient, so that the same pair arc worn throughout a whole clinie
without changing and boiling between cases.

AETIOLOGY

Pregnancy as an aetiological factor has already been mentioned
This is thought to be due, m part at least, to the very highly acid
state of the vagina in pregnancy. Glycosuna also provides a very
favourable environment for €. albicans. 1t 1s difficult, however,
fairly to compare the incidence in the pregnant and the non-pregnant
state since obstetrical and gynaecological patients do not as a rule
attend the same clinic. The carrier state has already been men-
tioned and it 1s suggested that some fresh local event or complication
1S necessary to induce pathogenicity. Infection may be subprepu-
tialin the male and mtroduced thus, or the anus may provide another
source of nfection, but 1t 15 doubtful 1f the patient can become
clinically infected simply by direct inoculation without an accom-
panying alteration n local circumstances such as the effects of
trauma, the presence of glycosuna or the local effects of pregnancy.
A new source of mischicf, namely the wide spectrum antbiotics,
now requires consideration  Stewart®, for example, found that orat
are likely to a C albicans
wnfection in throat and sputum  Fortunately this problem does not
occur to any extent in the field of gynaecology, partly because, with
the exception of pelvic tuberculosis, surgeons on the whole prefer to
treat chronie pelvic infections by surgery rather than by 2 prolonged
course of anubottcs.

CLINICAL PICTURE

Whether the patient ts pregnant or diabetic, or nesther, pruntus
vulvae with superadded soreness is common to all clinically infected
cases  Discharge 1s present in the vast majonity but 1s less universal
thanr pruntus, which 15 the ‘These p

can reduce the sufferer to a state of sleepless misery 1 whuch she 1s
drven to adopt almost riteal methods of “ expurganon”, going from
one antiseptic 1o the next  The chinrcal picture 15 often confused by
Tocal eczema which 1s the result of injudicious treatment. The
infection can spread to the male partner, though usually 1n a very
mild form, in the shape of a transient scrotal dermatiis  In all these
cases specimens of vaginal discharge are taken for smear and culture
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VULVO-VAGINAL MONILIASIS
IAN DONALD

As A clinical problem vulvo-vaginal moniliasis has been wath us 1

gyna:cology for a long time, nllhcugh in n:ccnl ycars it has come to

- ¢ == -1 because

- ' ' cannot

' - which

vagmal dnschargcs are nowadays mvcsngnlcd and the greater use
now made of laboratory methods.

As a complication of pregnancy or of diabetes mellitus, infection
of the vagina with Candida albicans has long been recogmized. For
instance, Liston and Crusckshanks recorded that 49 out of 200 cases
of Jeucorrhoea tn pregnancy were due to this fungus, and figures
today would probably be higher. It s less generally recognized that
moniltal infections still account for a significant number of cases of
vaginal discharge 1n the absence both of pregnancy and glycosuria.
In 1952 a review of 585 cases of vagnal discharge at the Chelsea
Hospital for Women showed the mcidence of C. albicans to be 16:2
per cent, a surprisingly high figure®  Diagnosis 1n all these cases
was established microscopically and only 6 of the 96 cases 1n this
series were in fact pregnant Out of 478 cases enrolled mn the
Leucorrhoea Chnic at the Western Infirmary, Glasgow, 36 cases
have been proved due to C albicans by smear and culture, an mei-
dence of 7 5 per cent  Of these approximately half have glycosuna
and none 1s pregnant

Proper lat y t ly yields high figures of
ncidence smee 2 chmcally latent infectton without symptoms 1s
quite common; for example, Dawkins, Edwards and Riddell® -
vestigating 500 cases attending a Famuly Planntng Centre found
yeasts 1n no less than 57, of which 38 were due to C albicans and
the remaimng 19 to 5 other species  Only 6 of the patients had
clinical signs of infection and all of these were Candida cases

It 1s certamly true that sufferers from this infection frequently
enjoy symptomatic remissions while still showing positive cultures
Ttus raises the posstbulity of a carrier state and emphastzes the need
for a scrupulous tCChmque m vagmal examination to aveid the

which 1s even more readily
pcrpctratcd 1n the case of Tnc/nomona.r taginalis  Unfortunately, in
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examination and a note is also made of the pus/squame ratto, which
often gives a better quantitative index of the chinical state than the
bacteniotogical findings  Cultures are made on Nicherson's medrum
{Onho) and incubated at room temperature for 5 days.  Candida
colonies appear brown or black 1n colour and this dragnostic aid
shoutd be of great use to practitioners who are remosed from full

t services. Co the case with which these
cases can now be treated a readily made dragnosis 1s very important.
The discharge itself is not by any means always copious and can
often be recognized by one or two forms: the curdy type,
which may be likened to damp bread, and the more glairy type,
which 15 usually more profuse  The vapna may be considerably
reddened and the vulva inflamed, excoriated, oedematous and
eczematized.  The skin changes often spread backwards around the
anus  Where profound and chronic skin changes are present leuko-
plakia enters into the differential diagnosis  Any doubt on this
matter justifics biopsy, bearing 1n mind the sery appreciable risk of
malignant change

TREATMENT

Many treatments have m the past aggrarated the conditton and
so that the last state of the
patient was made worse than the first The only reliable treatment
was With aqueous gentian violet (3-1 per cent) and even this was
frequently preseribed m too great a strength, so that a type of burn,
sometimes severe, resulted  Pamting out the vagina with this dye
every day or two was more or less effective but relapses were com-
mon. The dye cannot be kept off underclothing and bed linen n
spite of extravagant precautions and at every turn is Likely to be a
most demoralizing reminder to the patient of her complaint  The
pregnant cases fared best of all since, though their misery was often
intractable, they nearly always rapidly got better after delivery

To1s essential to test Tor glycosuria and to treat all cases of diabetes
energetically  Relapses of momlms:s 1n diabetics are nearly always

with of gt due to control

The general principles of treatment have lost none of their
wnportance  The really acute case requires admission to hospita),
where not the least benefit 1s that the patient 1s thereby denied access
to soap and water and so-called harmless antiseptics, all of which
aggravate the local skin condition  Local cleansing can more safely
and satisfactorily be carnied out with olive oil

The advent of Nystatin (derived from Strepromyces nourser) has
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FiG 65 —C albicans m vaginal smear showing yeast cells and mycelial forms
(x102) Staned Gram )

N

A e &

66 —Degenerate flamentous structures of C_albicans i vaginal smear
Fia & (%1000~ Stamed Gram )
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TREATMENT

The cases which failed to improve fared no better with oral tablets
of Nystatin (500,000 units) given for 5 days in a dosage of 2 tablets
twice a day; a second course of local Nystatin was found highly
effective, howener, provided that any recurrent glycosuria in dia-
betic cases was dealt with at the same time.

The place of surgery in the treatment of really resistant cases
must still be mentioned. There is no doubt that continuing associ-
ated pelvic pathology, for example, an infected cervix with cervical
erosion, can or of momlml infec-
tion. In such cases surgical are tnd }
comsanon of the endocervix 1s a most valuable (hcmpeuuc measure

1 this source of reinfe
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come as a very great therapeutic advance in this disease. For-
tunately, this antibiotic does not appear to have any influence upon the
natural flora of the vagina. Reports in thiscountry by Stewart® and
Childs 1n Glasgow? on the use of Nystalm 1n infections of the upper
respiratory tract were soon foll d by im s of its
use locally in the vagina 5.1,  Symptoms wcre often relieved after
the first dayof treatment and results were, in general, better than those
obtained in a control series treated with 1 per cent aqueous gentian
violet There were no side effects due to Nystatin A week’s
course of treatment with pessaries contaming 100,000 units of
Nystatin 1s recommended; in 92 per cent of cases complete relief 15
initially obtained, often within a few hours, After a week's rest
from treatment, further cultures are taken in order to detect the
relapsing cases  Tables 16, 17, and 18 show the results of treatment
with Nystatinin the three groups : (1) pregnant; (2) non-pregnant and
without glycosuria; (3) diabetic,

TABLE 16
PREGNANT SURJECTS WITH MONILIASIS TREATED
WITH NYSTATIN
No of case: 7%
No with glycnsun: (2 diabetics) 14
Effect of trearment
Complete cure (baclermlogn:al

and symptomatic) 64 (8427
Failure bncunologmuy (but 5 symp-
tomatic cul 12
10
TABLE 17

-PREGNANT SUBJECTS WITHOUT GLYCOSURIA SUFFERING
FROM MONILIASIS AND TREATED WITH MYSTATIN

No of cases 18
Effect of treatment
Complete cure 13
Symptomatic cure 1
Relapse 4
TABLE 18
DIABETIC SUBJECTS WITH MONILIASIS TREATED WITH
NYSTATIN
No of cases I
Effect of treatment
Cured 12
Failure (2 with leukoplakia) 4
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The cases which failed to improve fared no better with oral tablets
of Nystatm (500,000 units) given for § days in a dosage of 2 tablets
twice a day; 3 sccond course of Tocal Nystatin was found highly
eflectine, however, provided that any recurrent glycosuria in dia-
betic cases was dealt with at the same time.

The place of surgery m the treatment of really resistant cases
must still be mentioned.  There is no doubt that cominuing 2s50¢i-
ated pelvic pathology, for cumplc, an infected cervix with cervical
erosion, can or of momkal infec-
tion. In such cases surgical measures are indicated. Diathermy
conisation of the endocenvix is a most valuable therapeutic measure
n el this source of reinfection.
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CANDIDA ALBICANS IN VAGINAL SECRETIONS
IN PREGNANCY

SYLVIA M. DAWKINS, JOAN M. B. EDWARDS anp
YVONNE M. CLAYTON

VaRrtous observers have reported that yeasts, particularly Candida
albicans, occur more frequently i the vagina during pregnancy than
at other times% 9% Liston and Cruickshanks concluded that the
incidence of momiliasis was greatest in the later stages of pregnancy,
and Bland, RakofT and Pincus? noted that infection by C. afbicans
was more readily established in the vagina during pregnancy. The
raised glycogen content of the vaginal epithelium rather than greater
actdity of sccretions has been held mainly responsible for this in-
creasc in susceptibility?  After partuntion, yeasts disappear for 2
time from the vagina’-® and 1t has been estrmated that less than 10
per cent of mfected pregnant women suffer from clinical recusrence
of momilrasts duning the post-natal period!.

ANTE-NATAL AND POST-NATAL INVESTIGATION

Stnce no detailed mvestigation of yeast infections in pregnancy
had been made 1 Britain, 1t was decided to carry out such a study 1n
the Obstetric Unit of University College Hospital, London  This
was similar 1n plan and conduct to the survey of non-pregnant
patients attending four fanuly-planning chimes reported by Dawkins,
Edwards and Riddell in 1953%

The first 3 or 4 patients attending the ante-natal clinic each week
for examunatton at the sixteenth week of pregnancy were included in
the investigation until a total of 250 was registered  Subsequently,
as many of these patients as possible were followed up at approxi-
mately the twenty-eighth and thirty-stxth weeks of pregnancy and
the exghth or tenth day post-natally Swabs were also taken from
babies’ mouths  One Ily hfied person was resp ble for
the great majority of the chnical observatrons and for taking spect-
mens; deputtes played only a very small role Post-natal and
babies’ mouth swabs were taken by ward sisters. Chinical data
were entered on a record card allotted to each patient, and culture
results were recorded quite separately in order to avoid observer
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bras  Age, parity and past climcal history were recorded. The
result of routine examnation for sugar in the unine was noted;
diabetics were excluded from the investigation

As in the previous suriey, 1t was necessary to posc a drrect ques-
tion about pruntus since patients show a reluctance to volunteer
information upon this symptom unless 1t is distressing, possibly
because many assocaate tching with lack of cleanliness, Thts
reluctance is perhaps less explicable during pregnancy when greater
attention tends to be paid to untoward symptoms. Care was taken
that patients did not confuse soreness, burning sensation or fre-
quency of mictuntion with pruntus vulvae; other symptoms,
ncluding pruritus ani, were also noted

Methods of —At each stage il of
nspection of the vulva and swabbing of the lower vagina and of the
vagenal pool for culture purposes  Sabouraud's dextrose agar and
penicillin-streptomycin blood agar plates were inoculated on the
same day as swabs were taken. Each plate was incubated for 48
hours at 37> C and the spectes and amount of any yeasts grown were
recorded as i the previous survey.  Only at 16 weeks was a specu-
lum passed so that a note could be made of the condition of the
vagina and cervix.  Unfortunately, a number of patients were lost
to the suney from vanous causes, such as premature burth, ad-
mission to hospital for vanious reasons, miscarriage, and change of
day of attendance and address Of the 250 pattents registered,
217 were examuned at all three stages of pregnancy.

TABLE 19

OCCURRENCE OF YEAST-LIKE FUNGI IN VULVAL AND VAGINAL
SWABS AT SOME STAGE QF PREGNANCY

Yeast species 1solated Number of patients

Candida atbtcans 50 (20 per cent)
€ gullermond: 3
C troprcatis 1
€ pseudotropicalis 1
Torulopsis glabrata 1L (4 4 per cent)
Rhodotorula sp 3
Pullularia sp 1
Sporobolomyces sp 1
Unclassified 4
Total for all yeasts 75 (30 per cent)
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TABLE 20
CULTURE RESULTS AT 16, 28 AND 36 WEEKS OF PREGNANCY AND
POST-NATAL

Stage of Nuriber of Yeasts cultured
pregnancy | parients
Canhida afbicans Other L
16 weeks 250 29 (11 6 per cent} 15 206
28 wecks 232 367 (15 5 per cent) 16 180
36 wecks 226 35 (15 5 per cent) 10 181
Post-natal 194 6(3 1 percent) 3 185

*# One patient with thrush

TABLE 21
CANDIDA ALBICANS ISOLATIONS IN PATIENTS CULTURED ON ALL
THREE OCCASIONS (16, 28 AND 36 WEEKS)

16 wecks ] 28 neeks ‘ 36 weeks
I 18+
(3 treated)
20+
(4 treated) 3=
(2 treated)
27+
6— { 1+
L treated) -
i
10+
roo12+ [
L2
190 i i S+
| 8~ | { 173-
1L (1 treated) | | (1 treatedy
. .
Totals 27+ 33+ ; 34+
190~ Ba- [ 18-
w o [T

| .

+ = C albrcans grown
— = ( albicans not grown

Culture statistics.—In the previous survey of non-pregnant sub-
Jects, yeasts were cultured from 57 of 500 (11 per cent) of them, 38
subjects (7 per cent) harbouning € albicans and the remainder at
least 5 other yeast species  Six cases of clinwally recogmzable
thrush were recorded, and smears and cultures from these patients
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were all positive for C. albicans. Patients with severe prunitus,
vulvitis, vaginitis, or profuse and curdy discharge harboured
C. albicans significantly more often than those without these symp-
toms and signs
Of the 250 pregnant subjects exammned in this later survey, yeasts
were cultured from 75 patients {30 per cent) at some time or another
during their pregnancy; 50 (20 per cent) of these had C. albicans in
their secretions (Table 19)  Two patients developed frank thrush
‘The incidence of C albicans did not differ significantly at 16 weeks
{11 6 per cent) from that at 28 or 36 weeks (155 per cent), but 1t was
reduced at the post-natal examunation (3 1 per cent) (Table 20}
The ncidence of other yeasts in the vaginal flora was simlarly
relauvely unaffected by the stage of pregnancy, though the post-
natal reduction 1s not as marked as for C. albicans. While the
likelthood of obtaining a posttive culture of C albicans from this
group remarned at the same level throughout pregnancy there was
some tnterchange of status in individual patients (Table 21).  Of 217
patients followed to 36 weeks, only 18 (83 per cent) were positive for
C albicans on all three occasions, that is, at 16, 28 and 36 weeks, and
173 (79-7 per cent) were negatave on all occasions  Of the remaining
26 patients (12 per cent of the total), 12 were culture positive on one
occasion and 14 on two occasions  So few pattents received specific
1 that 1t 1s dered unlikely that such treatment
significantly influenced conclustons  Pacty did not effect either the
incidence of C albicans or of other yeasts in the vagmal secretions
C albrcans was grown from all patients with severe pruritus,
and for severe and moderate prumtus cases taken together the
ncidence rates at 16, 28 and 36 weeks were 35, 58 and 42 per cent
respectively, compared with 7, 10 and 12 per cent for comparable
examinations in patients without or with only mild pruritus (Table
22) Such are The of
yeasts other than C albicans was lower, not higher, 1n pallcnls with
pruritus, but the diffe are not C
albicans occurred with greater frequency (33 per cent compared with
9 per cent) 1n the patients with severe or moderate vagimus as
assessed at 16 weeks (Table 23), but the occurrence of thts yeast was
not positively related to the presence of cervicitis (12 3 per cent 1n
patients with cervicitis compared with 11 4 per cent 1n those without)
(Table 24) The icidence of other yeasts did not differ significantly
n these groups Comparable to what was found for vaginitis, the
ncidence of C albicans 1n cases of severe or moderate vulvitis was
24, 25 and 24 per cent at the 3 exammation times compared with
10, 12 and 11 per cent 1n cases without or with only mild vulvitis
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TABLE 22
CULTURE RESULTS IN PATIENTS WITH PRURITUS VULVAE AT
DIFFERENT STAGES OF PREGNANCY

Praritus Number of Yeasts cultured
patients
Candida albicans | Other Nl
» Severe and 40 14 (35 per cent) 1 25
*é moderate
¢ Mudornl 210 15 (7 per cent) 14 181
M
= Totals 250 29 1s 206
w» Severe and 26 15 (58 per cent) 0 1
-ﬁ moderate
¢ Midormi 206 21 (10 per cent) 16 169
8 Touls 232 36 16 150
Severe and 26 {1142 per cent) [} 15
£ moderate
g Mildornd 200 | 2412 per cent) 10 166
2 Totals t 226 J 35 10 181
TABLE 23
CULTURE RESULTS IN PATIENTS WITH VAGINTTIS AT 16 WEEKS
Vagimitis Number of Yeasts cultured
patients
Candida alpicans | Other | N
Severe and 10 10 (33 per cent) 0 J 20
‘moderate
Mild or ml 220 19 (9 per cent) 15| 186
Totals 250 29 ‘ 15 ’ 206
TABLE 24
CULTURE RESULTS IN PATIENTS WITH CERVICITIS AT 16 WEEKS
Cervicnis | Number of Yeasts cultured
patients
Candida albicans | Other | Nt
Present 65 8 (12 per cent) s 52
Absent 185 21011 pereeny) 10 154
Totals 250 29 ’ 15 ' 206
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TABLE 25
CULTURE RESULTS IV PATIENTS WITH VULVITIS AT DIFFERENT
STAGES OF PREGNANCY

Vlews | Number of Yeasts eultured
patients

Candita albicons | Other Nt
., Severe and 3 3 (24 per cent) 1 N
2 moderate
€ Midornt | 217 21000 per centy 1 182
2 Totls 250 i T 206
o Severcand | 63 | 16QSporean | S 2
-§ moderate
% Midormt 169 20 (12 per cent) n 138
& Tonls 232 36 16 180
o Severe and 76 | 19(percea) | 5 52
-§ moderate
£ Mddormt 1350 18 (11 per cent} 5 129
A Totls l 226 ‘ 35 | 10 I 181

(Table 25); these differences are again significant, but are not so
for other yeasts. In patients with curdy vagmal discharge the
incidence rates of C albicans at the 3 stages were 31, 59 and 38 per
cent compared with 9, 12 and 13 per cent without this type of dis-
charge In patients with profuse vagmal discharge the incidence of
C albicans at the 3 stages were 11, 16 and 14 per cent compared
with 12, 15 and 16 per cent for those without profuse discharge
(Table 26) These rates could hardly be closer and this deviation
from the concluswns reached m the survey of non-pregnant patients
might be expl. d by durmg masking
any differences which may be assomated with infection

The number of patients found to have glycosuria was too smali ro
Justify valid conclusions being made upon the merdence of yeasts,
1 this group € albicans was present tn 33, 12 and 24 per cent of
these few patrents at the 3 examimation umes compared with 11, 16
and 15 per cent in subjects without glycosuria

Mouth swabs from babies born of the first 100 patientswere taken
withtn 48 hours of birth, and the remainder between the sixth and
thirteenth days  Of 201 mouth cultures, only | was posttive by
cultture for C albicans, vaginal cultures from the mother of this baby
were also posttive at the sixteenth, twenty-cighth and thirty-sixth
weeks but were negative post-natally
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TABLE 26

CULTURE RESULTS IN PATIENTS WITH PROFUSE VAGINAL
DISCHARGE AT DIFFERENT STAGES OF PREGNANCY

Discharge | Number of Yeasts cultured
patients

Candida albicans Others Nt
£ Profuse 80 9 (11 per cent) 4 67
§ Not profuse 170 20 (12 per cent) 1 139
2 Totals 250 29 15 206
2 Profuse 69 11 (16 per cent) 4 54
% Not profuse 163 25 (15 per cent) 12 126
& Totals 232 36 16 180
2 Profuse 70 10 (14 per cent) 2 58
3§ Not profuse 156 25 (16 per cent) 8 123
% Totals 226 35 10 l 181

Conclusions.—There scems little doubt that pregnancy creates
d of d vagmal ptibthty to colomzation by
C. albicans in particular and by other yeasts in general  The two
surveys m which non-p and p states were pared
were, however, carried out i different populations and over different
periods in e The ineidence of C albicans in the vagina did not
increase ly as d but a di fall m
meaidence occurred post-partum  Mouth cultures from babtes born
of these subjects, including those repeatedly shown to harbour
C albicans in the vagina duning pregnancy, were with one exception
negatve for fungt on culture  There 1s no reason to believe that the
very low incidence of C albicans 1solated from vaginal swabs taken
post-partum, and also from babies” mouth swabs, was due to the
delay n culture resulting from sending them through the post
The same positive relationship between the mncidence of C
albicans and severe and moderate pruntus and vulvitis, and also
curdy discharge, was noted for these pregnant patients as was found
1n the non-pregnant group, agamn no such relationship existed for
cervicitis The one contradiction occurred i connexion with
profuse vagnal discharge n the previous paper a sigmificant
(though only shight) increase in meidence of C albicans occurred tn
patients with this sign, but the observation was not confirmed 1n this
more recent mvestigation n pregnancy The possible reason for

thus has been given.
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SKIN MONILIASIS IN INFANTS
J. P, BOUND

SKIN MONILIASIS 1s common in infancy, but is usually confined to the
napkin area. 1In a recent investigation it was found that at least
3 per cent of the babtes born in a London obstetric hospital had been
affected by the age of 6 months. Other body flexures may be
nvolved, and rarely the rash becomes widespread. Infection of
the nails also seems to be rare in infancy.

The following description of monilial napkin rashes is based on
the appearance 1n 42 cases found in 1 year among infants born in
the Obstetric Hospital or attending the Infant Welfare Department
of University College Hospital, London  In all cases cultures were
made for the presence of Candida albicans in swabs from the lesions,
1t being shown that 1t could not be grown from swabs of other
types of mapkin rash or from the napkin area of healthy babes.
The yeast was 1dentified as C albicans in 39 of the 42 cases. In
nfants with oral thrush but no napkm rash Candida could be grown
from the penianal skin in about half the cases, but 1t should be noted
that less than one-third of the babies with 2 monilial napkin rash had
oral lesions

The appearance of a monilal napkin rash s typical, The com-
mon sites to be affected are the buttocks and inner thighs, most
cases have lesions 1n both areas  The genttalia and Jower abdomen
may also be involved and sometimes these parts, or the inner thighs,
are affected while the buttocks remaimn clear The early lesions
consist of dull red areas which often coalesce, except peripherally
Desquamatton often occurs, usually after the formation of flat,
superficial vesicles  In tsolated lestons the pertpheral part of the thin
white epnhellum frequently remains behind as a collar, producing an

1stic of skin the condi-
t|on begins as an mtertriginous leston of the gromns, but the presence
of white, macerated epithelium 1s diagnostic  Ths 1s the usual form
taken by the rash m other body fiexures, but occasionally the dry,
desquamating, dull red rash 1s seen at these sttes

‘Without spectfic treatment monilial napkn rashes usually persist
for many wecks. Not uncommonly the true nature of the eruption
1s unrecognized and it 1s attributed to a low standard of maternal

care
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1t will be clear from the foregoing description that mombal infec-
tion is readily distinguishable from two other common. napkin
rashes, namely, excorrated butlocks mnd ammeniz dermatitis,
Seborrhoere dermatitis sn the napkin arca may resemble monilasis,
but desquamating white epithetium is not scen and there are typical
lesions elsewhere, Howeser, seborrhoeic dermatitis seems to pre-
dispose to monilial infection and 1t 15 advisable to look for the
organism in all cases with involvement of the buttocks

In the series of cases already mentioned, two factors that might be
expected to play an important part in the actiofogy of momhal
napkin rashes were investigated. These were maternai thrush
vagimtis and previous antibiotie therapy in the infants

THRUSH VAGINIUIS

1t was found that there was a sigmficantly increased incidence of
thrush vagimtss 1n the mothers of babies born 1n the hospital and
who subsequently developed a momlial napkin rash compared with
2 sample of mothers delivered m the same year.  Twenty-seven per
<ent of mathers of babies with napkia rash kad thrush vagimtis, and
others may have kad an asymptamatic wfection.  These findmgs,
together with the fact that nearly half the mfants developed rashes
at home and the fact that less than one-thied of them had oral thrush,
suggested that the mfection was often transferred to the fant’s skin
by the mother’s hands when the napkin was changed Monidal
rashes occur chiefly in the first 6 weeks of hfe in 85 per cent of cases)
when the skin 18 senstive and hable to irritation, particularly i the
napkin area, and therefore hikely to present conditions which permit
C albicans to thrive,

PREVIOUS ANTIBIOTIC THERAPY

The incidence of previous antibiotic therapy was not sigmificantly
greater 0 babies with momfial napkin rash compared with other
babues born in the hospital, and onty tn 3 did rashes appear wathun 1
week of such therapy It appears, therefore, that antibiotic therapy
plays fittle part in the actiology, afthough 1t may be a preapitating
factor in a few cases

TREATMEAT

Treatment by pamnting the skin with  per cent aqueous solution
of gentian violet 1s satssfactary but has obvious disadvantages  The
magonty of cases were treated by the application of 0 1 per cent
aqueous solunon of merthiolate followed by a protective paste of
tanium dwode each ume the napkm was changed  This method
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SKIN MONILIASIS IN INFANTS

does not stain the infant’s clothes, and mothers carried it out effec-
tively, *The rash cleared up in 1 to 6 weeks, the average time being
about 2 weeks. Recurrences were seen in 16 per cent of cases from
2 to 10 weeks after the first rash had cleared. They quickly respon-
ded to further treatment. One infant had two more recurrences
before he was a year old. Nystatin omntment was used in a few
cascs; it cleared the rash effectively, but experience was too small to
say 1f 1t has any advantage over the other method of treatment

Skin momliasis 15 common in infancy and should always be
considered in the diagnosis of napkin rashes. Recogmtion 1s
usually easy, but less than one-third have associated oral thrush
Treatment is simple and effective.  Maternal thrush vaginitis 15 an
important actiological factor



INFANTILE MONILIASIS
MORBID ANATOMY
MARTIN BODIAN

CANDIDA INFECTION IN THE NEWBORN

IN a recent review from New York (Taschdjtan and Kozian,! 1957)
nearly 4 per cent of over 2,000 newborn infants had Candida (Moni-
ha) m their mouths and practically all of these developed clinical
thrush nfection Candida was found nvanably in the stools of
those who carried the orgamism in therr mouths, and more than 50
per cent of these cases had cutaneous moniliasis m the perianal and
diaper area  The autopsy findings of 7 cases investigated at The
Hospital for Sick Children, Great Ormond Street, London, will be
described to illustrate vanious aspects of Candida infections  In the
newborn this infection 1s often assocrated with persistent vormting
which leads to of h 1 mucosa

The f g 4 cases, including 2 1n p: wnfants, are

Case 1 was born after a gestation penod of 324 weeks and wetghed
2 pounds 11 ounces. This was a possible case of Hirschsprung’s
disease with of intestinal Altheugh
4 colostomy was carried out, the child did not improve and developed
Jaundice and bronchopneumonia, and died At post-mortem exami-

nation there was extensive and phary and
bronchopneumonta, but no evidence of leschspmngs disease  The

was the seat of mfection with Candida albicans
(Fig 67,

Case 2 presented with high jejunal atresia for which duodeno-jejunos-
tomy was performed Jaundice, subarachnoid haemorrhage and
kernicterus of prematunty followed, and finally death from broncho-
pnenmoma At autopsy, C albicans was present n areas of mucosal
ulceration of the posterior pharyngeal wall, oesophagus and stomach
1t was also present n both lungs

Case 3 had atresta with a trach fistula as
well as rectal agenesis and a high recto-urethral fistula Treatment
consisted m ligation of both fistulae, colostomy and oesophageal
anastomosis  This anastomosis broke down, resulting in mediastinal
nfection and Yeasts and of
C albicans were present in bronchioles (Fig 68) and alveols
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FiG 61 —Candida 1nfection of oesophagus (Case 1)
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_ Secuon of lung showin Candida mfection of bronchioles (Case 3)
Fio 68— ®" Staned penodic acid Schiff and haematoxylin )
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Case 4 presented with oral thrush infectton and vomiting, and deve-
loped bronchopneumonia and died. At autopsy he was found to have
bilateral cystic disease of the kidneys., Candida ifection was found
only in the mouth,

None of these newbarn nfants died as a result of Candida infec-
tion. Rather does invaston by this organism appear to be an index
of debuity particularly associated with severe congenital malforma-
tions and/or prematurity. All the infants described presented with
severe persistent vomiting

L

CANDID 4 INFECTION IN OLDER CHILDREN
of the pancreas The former cases were particularly those under-
going treatment with anti-metabolites andfor steroids, and the latter
those who had received repeated courses of antibiottcs or prolonged
maintenance treatment with these drugs This infection was also
associated with nephrosis

In | ia there is an hity to nf
including momiliasis.  Antibiotics tend to prolong the life of these
debiitated patients but may also increase the opportunity for
invasion by C. albicans Extensive ulceration of oropharynx and
gastro-intestinal tract and a pseud enterocolitis are
commonly observed The extensive membranes are formed of
epithelial debrs, large colonies of bacteria and sometimes of Candida
hyphae and spores These findings are particularly common n
cases treated with cortisone

Wrnter and Foley? (1956) reported from the Children’s Cancer
Research Foundation 1n Boston that 41 per cent of children with
untreated leukaemia and 59 per cent of cases of leukaemia treated
with antiblotics and corttsone harboured Candida, compared with
15 per cent of a control series of approximately 1,000 children  In
cases of fibrocystic disease of the pancreas, the incrdence of Candida
infection was 29 per cent compared with 15 per cent in the controls
There was an incidence of 31 per cent 1n nephrotic syndrome and of
60 per cent tn diabetes mellitus

Case 513 a case of leukaemua with Candida mfection m a child aged
7 years with a symptomatic course of 74 months  Treatment was with
blood transfusions, Amimnopterin and cortisone, which produced short
Temissions At autopsy, therc was extensive leukaemic infiltration of
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LI P ST R e Y |
F1G 69 —Muluple gastric ulcers invaded
by Candida 1n leukaemra (Case 5)

Fic 70 —P
with Candida infection m
(Case 5)

colitis

Fic 71 —Section of ileum m leukaemia showing invasive
Candida pseudomycelium and ulkeration (Case ) (x 366
Stamed penodic acid Schuift and haematoxylin )
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Fic 73 —Thrush proctitis (Case 6)
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F1G 69 —Muluple gastric ulcers invaded
by Candida 1n leukaemia (Case S}

FiG 70 —Pseudomembranous  colitis
with Candida infection 1n
(Casc 5)

Fic 71 —Section of ileum m leukacmia showmg mvasive
Candida pseudomycebum and ulceratton (Case 5) (x 36 6
Stained pertodic acid Schuff and haematoxyhin )
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INFANTILE MONILIASIS
PATHOLOGY

1. A B CATHIE

Candida albicans cannot be idered as a

children, the normal subject being insusceptible to mfection by lhrs
yeast. Rather should it be thought of as a facultative pathogen
requiring the assistance of some other abnormality or debilitating
condition to establish itself as of more than nuisance value.

Many cases of clinical thrush never come to the nouce of the
chmical pathologist, bemg either ignored or treated on thewr ments
without bacteriological confirmation  Furthermore, many cases of
severe thrush are severe only because of the severnty of the precipita-
ting illness which permits moniliasis to become established, so that
the major imvestigatine work tends to be focused on the primary
conditton and not on the thrush  In considenng the laboratory
records on momtasis from The Hospital for Sick Children, London,
1t 15 important to bear in mind these facts, and also that cases come
to this hospital from a wide area, 1ntake from local population and
welfare clinics being mmimal

The strains of Candida 1solated 10 1956 at this hospital divade
themselves automatically into those from the mouth, mcluding cases
of oral thrush, and those from other parts of the body

ORAL MONILIASIS

C afbicans was recorded 1n the mouth swabs of 29 babies, 17 of
whom suffered from gastro-enterttis  This does not represent the
mcidence of mouth 1nfection with this yeast, the 29 cases being those
1n whom the mouth lesion was sufficiently severe to call for investiga-
non  OF the 17 cases of gastro-ententis, oral momhasis seems not
10 have been present on admission in any case but to have developed
after a few days in hospitat  These pattents were all admitted to
hospital 1n the acute phase of their illness with a history of one or
two days duration only It appears that the debilitating effect of
acute infection necessary 1o render the baby 2 suitable subject for
thrush does not take place suddenly, but needs some days for the
appropnate conditions to be developed  Four of these babies had.
C albrcans m their stools but the possibility of monilial enterocolitis
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INFANTILE MONILIASIS

lymph nodes, liver, and kidneys. Monlial infection of areas of ulcera-
tive pharyng gastric ion (Fig. 69) and mem-
branous in the il | region, was present

{Figs, 70 and 7!)

Case 6 is an example of bronchtectasis with Candida 1nfection,
This child aged 19 months had been well until pertussts infection and
bronchopneumonra occurred at 6 months, Measles followed at 9
months and evidence of bronchtectasis was present from the age of 11
months. Thrush was persistently present in the mouth from 74
months  Weight deteriorated from 24 pounds at 6 months to 15
pounds at 15 months. There was an extension of thrush to the uvula
and epiglottis at this time and laryngeal stridor developed. Tracheo-
tomy was performed but death followed. Post-mortem exanunation
showed moniliasis with ulceration of the mouth, pharynx, larynx,
oesophagus (Fig 72), vulva, rectum (Fig. 73) and anus,

Case 7 exemplifies nephrosts with Candida infection, Thus child of
3 years of age suﬂ'ered fmm a throat mfecuon at 17 months and 2
weeks later devel Oedema,
and hyper—choleszerola:mm were present.  There were renussions with
ACTH and later with cortisone.  Urinary infection followed and then
a nise n blood pressure and pyrexia prior to death. Au(opsy show:d

cute ofan annular

Monihasis of the oesophagus and stomach was found.

In none of these nstances was infection by C. albreans thought to
have conmbuted matenally to dea(h It was considered as an index
of P y to ma d child produced by the
leukaemic process, by the presence of abnormally visaid mucous
secretions In a medium of high salt concentration in fibrocystic
disease of the pancreas, and by other factors in other diseases We
have seen no nstance of Candula septicaemua of the kind reported
in the producing g lestons 1n vartous viscera,
notably the kidneys and memnges

REFERENCES
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2 Winter, W D, and Foley, G E (1956) * Candida Infections yn Children with
Neoplastic Dnsease Influence of Therapy with Anubiotics and Steroid
Hormones *  Pediatrics, 18, 595
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TREATMENT

seem to suffer from the defect that lhcy are enher towc or inactive
when grven y, and when d toptcally suffer
from the drawback that they are difficult to maintain i situ long
enough to exert their fungicidal action Local treatment with
gentian violet continues to be used and thiomersalate, effective in
hugh ditutions in titre, has frequently been employed topically,
Encouraging results have been obtained with pentamidine isethionate
administered intravenously, and strains of € albicans so far
encountered have all been sensitive to 1-5 microgram per millilitre or
less of this agent; n few cases only, however, has montliass called
for such treatment  Usually, these mnfections resolve as the under-
lying disease process 1s corrected by general measures
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comparable to lhat seen n the adult was not entertained. Ttis a
matter for specul whether the devel of thrush 1 these
cases of gastro-enteritis was, as 1s suggested, consequent upon the
debilitating effect of the disease, or whether antibiotic therapy was
rcspcnslblc by removing bnctcnal competitors from the flora of the

y tract.  The , occurring as it did after the acute
phase of gastro-enteritis, was more an obstacle to rapid recovery
than a cause of clinical deterioration.

NON-ORAL MONILIASIS

C albicans was found in a variety of situations other than the
mouth, ncluding sputa, a mastoid cavity and the skin; there was
hittle experience of thrush of the napkin area but 5 cases of peri-anal
dermatitis were assoctated with C. albicans. Compared with adult
findings 1t 1s of interest that C albicans was not 1solated from the 155
vaginal swabs investgated duning 1956. One fatal case with
generalized monthiasis was encountered, the yeast being grown from
the lungs, pleura, peritoneum, gut and from the blood; this occurred
1n a baby with septicaemia following pneumonta and lung abscess.
In a further fatal case, C albicans was cultured from a post-mortem
lung swab from a girl with multiple congenital anomahes, Shigella
sonnet was also 1solated but 1ts origin was never eluctdated  The
various pathological conditions occurring in this patient mcluded
rectal agenests, hydroccphalus, ulcerative colitis, Hirschsprung's

disease, cystic kidney and neph-
rosis, any of which would produce a degree of debility sufficient to
No case of 1 1n this series was

p P
primary in naturc, or the only disease process present

The major chmcal problem 1n another mstance was generalized
Trichop One child y died from pulmon-
ary mombasts, she was an old case of brcnchxcctam m whom
antibiotic therapy had removed every susceptible pathogen and
commensal C albicans heavily infected the whole respiratory
system and the bronchuectatic cavities, and no treatment was of avail

TREATMENT

Only seldom does thrush call for vigarous specific therapy, 1n severe
nfection only too often 1s the Sltc of the momhiasis maccessible to
N Y

the antibacterral antibiotics are of value in the treatment of monilta-
g1 as judged by laboratory expenience Most of the new fungicides
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INFECTIONS DUE TO ALROBIC ACTINOMYCETES

In Table 27 are histed the main infections due to actinomy
Some of these are systemie infections ke actinomycous, due
ssroelth 44, and nocardiosss, due to Nocardia asterades. O
pther hand, some infections are subcutaneous, the most ympe
of these bemng the sowcaffed actinomycetomas. Fally,
diseases are culaneous, such as erythrasma, due © N, munuty
and trichonocardros:s awllaris due to N, tenus

FATHOGENC AEROBIC ACTINOWNCETES

Five species of aerobne actinomycetes sre smportant froma ¢l
pownt of view, 2 belongng I the genus Nocardia (N. asteroide
N brasihiensis) and 3 o the genus Strepromyces (8. madurc
pelletters, and S somalensis)

N astermides is the wain causatnve agent of systemic aerobic &
mycoss  Tius may savolve numerous organs, the lungs bew
most frequent  Pulmonary nocardiosts may simutate tubere
and confusion may further anse becanse N asteroides s partially
fast and frequently baosllary i form i specimens sent for diag
Though disease may apparently be hmited ta organs other tha
lungs, ¢ s most hikely that primary disease s pulmonary wn ni
Infection of bran and meninges may give nise to symptom:
signs simulattag @ brame fumour® ¥ Systemie pocardia:
assumed, perhaps wcoreectly, 10 be a rare condihion

N asteroudes may also cause suboutaneous disease of * mycets
type  Thus s gencrally an infection of tha foot or the leg, some
of the hand or the arm, which foliows 2 traumatc miroduchior
the desmis of a pathogemc fungus {causing maduromycetom

{causing Y. fess frequently the
may be mmvolwed Actinomycetoma tends t© be a Chy
siowly progressive mf:cnon charactetized by multiple subcutau
abscessey white or d gra
through pumerous ﬁsm)ac Bones are sometrnes thvolved res
i progressive osteolytie disease  Any of the 5 specres ment
above may cause this type of mf:c(mn Instances of system

of dsease { snfection have
reported  Mycetomas are faily frequent m alt and, tropie
subtropicat areast 2




INFECTIONS DUE TO AEROBIC ACTINOMYCETES
F. MARIAT

AcTiNomycrTes are bacteria producing a filamentous growth of
branching hyphae. Despite this fact, the pathogenmic actmomycetes
and the diseases they cause have received specral attention by
medical mycologists, so they may propetly receive consideration
in a symposwm on fungous infections Most of the pathogenic
actinomycetes occur m Nature and belong to the soil saprophyiic
flora  Only the anaerobic spectes, Actinomyces israels, is 2 normal
mhabitant of the mouth and an obligate parasite

The filaments of actinomycetes do not exceed 1 micron in dia-
meter, they develop branches which come off at right-angles
Sometimes the hyphae break up into bacillary or coccoid elements
In viro, the filaments may be free 1n the ussues or become aggregated
into granules which may or may not be surrounded by clubs I
vitro, most of the actinomycetes can grow aerobically, but A israelt
1s an anaerobe or micro-aerophile

On adequate medra, the aerobic actiomycetes grow as white or
prgmented colomes, the surface of which 1s more or less wrinkled,
plossy, downy or chalky In culture some pathogemc strams
produce filaments which become fragmented mto bacillary or coc-
coid forms (genus Nocardia), some species of this genus are partially
acid-fast  Other strams of actinomycetes (genus Streptomvycees)
develop a mycelum which does not fragment but which, under
certain conditions, produces chains of conidia and sometimes
spirals

TABLE 27
MAIN INFECTIONS DUE TO ACTINOMYCETES

SYSTEMIC Actinomycosis A usraelt Anaerobic culture
Nocardiosis N asteroudes
N brasiliensis
SUBCUTANEOUS | Mycetoma S somaliensis Aerobic culture
S pelletiert
S madurae
CUTANEQUS Erythrasma

Trichonocardiosis | N tentus (diagnosis by direct

exammation only)

N minutissima }} Culture uncertain
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INFECTIONS DUE TO AEROBIC ACTINOMYCLTES
TABLL 29
CHARACTE RISTICS OF CULTURES OF THE MOST IMPORTANT AEROBIC
ACTINOMYCLTES CAUSING NOCARDIONS AND ACTINGOMYCEIOMA

je8 a9 | } | devaroe opar | QES
Nasteroudes | + | + | Yeliows | Raped [30-37C | Smoath, soft.| +
wshwhute | 3-8 days| sbrous, sceeg-
<0 orange warly _ falded
(F1gx 74t and
N brasilien- | + {¥-+4] Yeilow- | Rapd {30 C Hard :nlomes. + or -
s 1sheoctt- | 3-8 days| approxt- | folded, and of-
ousred sl Hoee et
.
S somahen- |~} - \\mmsh, Rapsd } 30°C Fial, wrinkled |~
s cofontes, gisty
brown o and laer gy
Hiaknn {F1e 70}
S pelleters |~ |~ | Pkcorall Siaw | 37°C Heeped, glab- | -
red 830 rous, irfegatar,
{ Qa8 haed colomes
5 madurae | -~ | - | Whtsh |{Stow | 37°C Usually docply | ~
! tored | 8-20 foided with
i days msm ;\ .\bmux
l i i Y
TABLE 30
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| of
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INFECTIONS DUE TQ AEROBIC ACTINOMYCETES

most important single investigation of these cases and one which,
unfortunately, is often neglected The most smtable medma for
primary solation are nutrient agar, Sabouraud's dextrose agar,
potato glycerol agar and Loewenstein-Jensen egg medium

‘The properties of the acrobrc actinomycetes caustng human disease
are summarized in Tables 28, 29 and 30 These concern such
features as colonral morphology, staining properties, enzymatic
activity, wtilization of carbon and nitrogen wmpounds' 11,12
Figures 74-79 illustrate the characteristics of these organisms in
tissues and 1n culture, .

TABLE 28
MORPHOLOGICAL CHARACTERIQT!CS OF THE “GRAINS " OF ACTINO-
MYCETOMA IN PU. R OTHER PATHOLOGICAL MATERIAL, AND
GEOK‘RAPHIC DISTRIBUTION OF INFECTIONS
Characterssiics of the ™ graim ™ of actiomy cetomas G‘”&"z{"”"
B N e | hstribu-
Species Clubs | Starmng Morphology
ema-| m/mmm
10%31tn
N asterodes | Yellow- | Rare ~ Conststs_of net-work [ America,
ssh-whtte of filiments, sometimes | Europe,
s“D“ﬂ’l at an 312,
nly fragmented | Afnca
(Fxgs 74: and 75af
N. brasiliensis | Yellowish| Rare - Irr:gular and varable | South and
m siz¢ made up of | Ceatral
lobules (Fig 76a) Amerca,
it sometimes
elsewnere
S somatiensss | Yellow | Absent ~ | Regutar approxumatety | Sudan.
1 diameter) »iih | Somalr-
| smooth edges  Com- | laad, Ethu-
| posed of filiments em- { Opia,
! bedded in hard cement, | Senegal.
I shis frequcmly seen tn'| Nigeria
| sections
§ pellcnien Red Absent + | Small (app(oxtma:ely Senegal,
} 500 micrans) and nu- | Nigeria,
Smooth ot | Brazil,

gran_ frequenily fra
| mented in 2 ar 3o Afeiea,

iary granules with geo- | India,
el shapes (F18 Sudan

ous of
| Gentculate edges Mam | Afevico,
South

S maderae | Yellows | Frequent| + | Large “grams” several | Incha,
1sh-white millimetres tn diameter | Asia,
to reddosh | with lobulare - edges | Aftica,

Clubs  usuaily long, | Europe,

| narrow, and sometimes | America
| branchéd (Fig 793) |

|
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Foa: ,.L;t.—v'v:y—v v-.(\w 1

Fic 76 —() Section of a mycetoma due to N brasiliensis
(b) Culture of N brasiliensts

8 20w s kd

FiG 77-—(a) Section through a “gra” in 1afection due to §
somahensis (b} Black colony of S somaliensis

fafﬁs
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e
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P

Fic 74 —a) Section showmng a granule of N. asterowdes
(¢} Culture of N asteroides

|8

Fic 75 —{a) Section of brain tssue from a fatal case of cercbral

delic:
DN aneroides present | (b) pivhi
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INFECTIONS DUE TO ALROBIC ACTINOMYCETES

TREATMENT

The treatment of these mnfections 1s often difficult and surgery
often becomes necessary; early diagnosis gives the best prognosis
Sulphonamides are frequently inhibitory to pathogenic species of
Nocardia and Streptomyces. The few Ily treated cases of

'y or cerebral diosis recerved sulphadi alone or in
assoctation with streptomycin

When there 15 an extensine involvement of deep tissues, a myce-
toma may have to be removed by amputation of an extremity  In
such cases, sulphonamides should be given both pre-operatively and
post-operatively, together with tal agents for p t
secondary infection.

Mmcan authors repon good r:sulls n lrc:x(mg mycetomas due to

with 4 (DDS} as i
leprosy’ 45, Inutro, S madurae seems more susceptible than N.
brasthensis to this drug (10 out of 12 strains tested were susceptible
to 15 micrograms per millilitre and all of the same 12 strams were
susceptible to 30 micrograms per millilitre after a 3 weeks” incubation
peniod)? It would seem possible, therefore, that this sulphone
might also be of value in the treatment of mycetomas due to
S madurae

The infrequency with which diseases due to aerobic actinomycetes
are diagnosed may be due in part to their being poorly known and
therefore infrequently brought to mind in differential dragnosts ~ As
for the true mycoses, q y of 1d of discases
1s often the result of activity of groups of workers particularly
1nterested 1n them A large number of aerobic actinomyces species
have been falsely described as being pathogenic, a fact which may be
explained by the relative difficulty of cultural diagnosis owing to
their great varability and to the ease with which they may be con-
fused with the more frequently occurring contaminant species

2
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FIG 78 —(a) Section of “‘gram™ in a mycetoma due to S pelletiert
(b) Culture of S pelletier

won of a mycetoma due to S madurae

(b) Culture of § madurae

Fic 79 —{a) Sect
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BRONCHO-PULMONARY ASPERGILLOSIS

K. F. W HINSON

lN the examples of broncho-pulmonary asperglllosxs which will be
d, Aspergillus was the resp fungus and was
identified on cultural and morphological grounds, Other species
have been descnbed as causing the disease such as A niger, A. tersi-
color, A nidulans and A, flarus but there 1s httle doubt that in
Britain the infecting fungus is usually A funugarus  Since this 1s
such a common labora(ory contaminant, it 1s tmportant to exclude
this possibil. y il the d 1s based on cultural findings
Smglc 1solauons fmm spulum should not be stressed and the fungus
should be ly The should be
collected 1n a stenle glass j jll\‘, not waxed paper cartons, and 1nocu-
Iated on blood agar medium which has been spread with 1.1,000
streptomycin 1n order to inhibit commensal bacteria, or on Sabou-
raud’s medium  Incubatron at 37° C should continue for 48 hours.
It has been recognized for many years that this fungus occurs in
wnfarcted areas of the lungs and it ts probable that A. furmgarus
makes a saprophytic invasion of 1afarets in lungs affected by bron-
chiectasis or pneumoconiosis  An example occurred 1n a man aged
31 years, a french polisher, who had suﬂ'crcd for many years from

bulateral Foltlowing an injection he
dcveloped thrombosis of an arm vern and d:cd 3 days later from
Fig 80 the fe of the

y

mycelium within alveolar spaces, alveolar walls and thrombosed
vessels  The fungus forms 1ts fruiting heads within an infarct (Fig
81) and the species may be identified with ease

Location and —The of this
fungus disease 1s the mycetoma (Fig 82) Such cases usually give
a long history of repeated small haemoptyses over months or years
Radrologically there 1s a cavity with a sohid content which may be
mobile  With ane eption the seen have
been 1n the upper lobe  the exception was situated in the apical seg-
ment of the lower lobe  The wall of the cavity 1s almost always
lined by epithehum of the respiratory type (Fig 83) and the content

15 a morst brown crumbling mass of mycellum Some fibrin 1s
present but there 1s hitle Y The
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BRONCHO-PULMONARY ASPERGILLOSIS

K. F. W. HINSON

IN the ples of broncho-pul y aspergillosis which will be
discussed, Aspergu/fus fumigatus was the responsible fungus and was
identified on cultural and morphological grounds. Other species
have been deseribed as causing the discase such as A. mger, A, tersi-
color, A. mdulans and A. flarus but there is little doubt that m
Brtan the infecung fungus is usually A furngatus, Since this is
such a common 1 y 1t s imp to exclude
this possib ially if the d 13 based on cultural findings
Singfe isofations from sputum should not be stressed and the fungus
should be d d repeatedly. The specimen should be
collected 1n a stenle glass jar, not waxed paper cartons, and nocu-
lated on blood agar medum which has been spread with 1:1,000
streptomycin in order to mhibit commensal bacteria, or on Sabou-
raud’s medium.  Incubation at 37° C. should continue for 48 hours

1t has been recognized for many years that this fungus occurs in
infarcted areas of the lungs and it is probable that A. fumigatus
makes a saprophytic invasion of infarcts in fungs affected by bron-
chiectasis or pneumoconiosis.  An example occurred 1n a managed
31 years, a french polisher, who had suffered for many years from
bifateral bronchiectasts  Following an intravenous injection he
developed thrombosis of an arm vein and died 3 days later from
pulmonary embol Fig 80 the of the
mycehum within alveolar spaces, alveolar walls and thrombosed
vessels  The fungus forms its fruiting heads within an infarct {Fig
81) and the species may be 1dentified with case.

Location and —~The of this
fungus disease 1s the mycetoma (Fig 82) Such cases vsually give
a long hustory of repeated small haemoptyses over months ot years
Radiologically there 15 a cavity with a sohd content which may be
mobile  With one the seen p lly have
been in the upper lobe; the exception was situated in the apical seg-
ment of the lower lobe  The wall of the cavity 1s almost always
fined by epithelum of the respratory type (Fig 83) and the content

IS 2 maist brown crumbling mass of mycelium  Some ﬁbm} 15
present but there is bittle anf d 1

y The my
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BRONCHO-PULMONARY ASPERGILLOSIS

FIG 80 —Aspergiflus myceltum per- Fic 8! —Avpergillus  fumigatus
meating ah eolar wallsand a throm- within lung nfarct. hyphae and
bosed wessel tn a  pulmonary spoting structures  (Masson,
infarct  (Masson, x112} %x200) (By courtesy of the

Eduiter, Thorat)

FIG 82 —Excised  seg-
ment showing a_bron-
chrectatic cavity 1 inch
n diameter contaiming a
mycetoma  There are 2
smaller cysts above (B
courtesy of the Editor,

X}

1s strikingly outlmed by silver impregnation methods (Fig 84)
1t 15 unusual for sporing structures to be present in the mycelial mass,
but they may occasionally be found n freshly resected specimens
Mycetomas are assoctated with other diseases causing slowly
progressive pulmonary fibrosis ~ Several examples in cases of asbes-
tosts have been met with m personal expenience  The relatronship
15 obscure as the fibrosis and broncheectasis 1n this condition are
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BRONCHO-PULMONARY ASPERGILLOSIS

FiG 83 —Section of cavity walt and Fi 84 —Silver impregnation pre-
mycelial mass of an aspergilius paration of section shown in Fig
mycetoma  {Haematoxylin " and 83 (x52)
cosin, x150) (By courfes: of fhe
Edtor, Thorax )

Fi6. 85 —Mycetomas n the upper
zone of a fibrotic tung following
sarcoidosis,

most severe in the lower lobes, yet i each instance the mycetoma
was it the upper lobe  In those cases of sarcordosis which proceed
to fibrosis, mycetomas may develop Fig 85 shows a whole lung
section with 2 such lestons in the upper lobe ~ Sarcordosis had been
diagnosed on Iymph-node biopsy § years before death Cavities
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BRONCHO-PULMONARY ASPERGILLOSIS

Fic 80 —Aspergiltus mycelium pet- Fic 81 —dspergdlus furmigatus
meating alveolarwallsand a throm- within lunganfarct hyphae and
bosed vessel in a pulmonary sporing structures  (Masson,
nfarct  (Masson, x112) x200) (B courtess of the

Educr, Thorax )

Fic 82 —Excised seg-
ment showing a _bron.
chiectatic cavity 1 nch
10 diameter contaiming a
mycetoma  There are 2
smaller cysts above (B
courtess of the Edior,

horax

1s stnhingly outhned by silver mmpregnation methods (Fig. 84)
Tt 15 unusual for sporing structures to be present in the mycelial mass,
but they may occasionally be found in freshly resected specimens
Mycetomas are assoclated with other diseases causing slowly
progressine pulmonary fibrosis ~ Several examples 1n cases of asbes-
tosis have been met with mn personal expenience  The relationship
15 obscure as the fibrosis and bronchwectasis m this condition are
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BRONCHO-PULMONARY ASPERGILLOSIS

be shightly bloodstained, and often wheezing which may be severe.
There is 2 blood eosmophilia of 1,000 or more per cubic millimetrt
Radiographs show areas of collapse and consolidation,

With each febrile episode the changes may occur i different lobe
or on different sides, or even from side to side and back again.  Tw
of these cases were bronchoscoped during such an attack and
bronchus was seen to be bloched by a tumour-lihe mass. Biops
of this showed mucus and fibnn which contained sparse myceli:
elements (Figs 87 and 88). Following this observation sputur

FIG 87 —Bronchial  biopsy  In- FiG 88 —Silver impregnation pr
spissated _mucus  separated by paration of section shown in Fi
layers of fibrin and some nflam- 87 (x112)
matory cells  (x52)

cultures were made and the fungus solated repeatedly Macr
scopically, the sputum from such patients will often contain sma
brownish flecks which should be selected for inoculation  Occasiol
ally these flecks will be aggregated into plugs which histological
resemble the bronchial biopsy ~ Once they are expectorated clinic
1mprovement usually follows

The course of this type of sllness 15 prolonged for several year
One patient died 10 status asthmaticus and his bronchi were four
to be occluded by this same type of allergic exudate

REFERENCE
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BRONCHO-PULMONARY ASPERGILLOSIS

which remain patent after the bacteriologically successful treatment
of proven tuberculosts have also been observed to fill with 2 mass of
mycelium.

Empyemic infection.—Infection of the pleural space may follow
surgical intervention. During a difficult lobectomy a mycetoma
ruptured into the pleura, broncho-pleural fistula and an empyema
developed.  This was infected by proteus, staphylococcr and A
Sumigatus At post-mortem examination the glistening wall of the
empyema space was studded with sporing colonies of the fungus
(Fig 86). Further examples of mixed infective empyemata have

Fic 86 —Colontes of
Aspergillus furmieatus
on the wall of an
empyema sac

been seen following pneumonectomy  In another case, a lobectomy
for long-standing fibrocaseous tuberculosis, broncho-pleural fistulae
and emp; occurred  Staphyl Mycob -t tubercu-
losts and A furmigatus were present m the purulent fluds  When
the pleura was excised some months later 1t was noted that a muscle
graft which had been applied to the bronchial stump at the paeu-
monectomy was permeated by the mycelium There was some
evidence that cross-infection may have been responsible for this
unfortunate occurrence

Differential manifestation.—There 15 yet another manifestation of
aspergillosis described by Hinson, Moon and Plummer! in whic]
sensitization to the fungus leads to blockage of a bronchus by an
outpouring of mucus, some Charcot-Leyden crystals and some
cosinophilic polymorphs In this condition there are repeated
episodes of febrile iliness with cough, purulent sputum which may
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PULMONARY ASPERGILLOSIS

hyphae are 1n contact with the surrounding polynuciear reaction
(I‘lg 89i ThlS excmp\nﬁcs (hc pathogenic form of the fungus.
d fmm i c:mty

through a surgzc:xl emsmn the of ab

aspergilloma 1s brown 1 colour, lobulated, and usually a few cenu-
metres 1n diameter, In cross-section it shows no semblance of
organization though 1t s zonated into stnipes foliowing the contorrs
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Fic 89 —Duffuse Colony of with
radiating branchmg ﬁl;\men“ {Haematoxylin and eosin, x 260)

of the surface (F1g. 90).  The mycetoma ss found microscopically to
consist of a network of fungous filaments, and the striped appearance
seen macroscopicafly 1s refated to differing densities of fungous
filaments  Alternatmg rapid and slow growth phases of the fungous
mass prabably induces this zonaton  The aspergilus filaments have
2 refatively constant diameter of from 4 to 6 microns; they are septate,
Litle branched, mtermingled and much ramifymg  Protoplasmc
detat 15 almost absent?4, but the cell membrane 1s casily staned by
dyes, particulasly by haematoxylin and eosin  In some zones the
fitaments show hyphat sweltings with little pratoplasmic structure??,
the largest measuryng about 30 microns 1n diameter, these structures
are round or wregular, and are single or, rarely, grouped?®  In the
vieimty of such 4 zone, two or three aspergilary fructifications of
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PULNONARY ASPERGILLOSIS : SOME ASPECTS OF
THE PARASITIC FORMS OF ASPERGILLUS

G. SEGRETAIN

Growrtit of aspergilius 1n the lung was recorded about 100 years
ago, and the first cases of clntcal aspergillosis were described
60 years ago  Renon?0 reviewed this condition in a book in 1897,
and since then many papers on thts subject have been published
Nowadays, this inft I3 d relatively frequently in a
new clical form, “I'aspergiliome bronchectasiant™ or bronchial
aspergilloma, which was described for the first time in 1938 by
Deve!  Recently, Monod and his colleagues pointed to ats rather
common occurrence!S: 1718 In 1956, Meyer and his colleagues'
reviewed 21 cases of aspergilloma? 4.6.7.9. 10, 11, 13,15, 17. 18,26 while
i the last 2 years 12 new cases have been found?. 5 14, 16, 15, 21, 2%
23,25 All of these cases have been described 1n the Lterature
Europe and the st 1s certamly not complete, In this form of
infection, the Aspergilus forms a large compact body within a
cavity lined by epithehum In the two other types of pulmonary
aspergillosis, localization of the fungus 1s different  In aspergillary
bronchitis®: 29, the fungus grows only on the surface of the bronchual
epithellum, while i diffuse pulmonary aspergillosts!: 12 1t grows
within the pulmonary tssues
Aspergillary bronchitis —Bronchial casts have been observed in the
sputum 1n aspergillary bronchitis  These casts consisted of mucus
1 which the fungus was growmg as slender, shightly branching
appr ating 1 d to those seen 1n saprophytic
cultures  Typical organs of fructification develop, natural aeration
of the bronchi appearing to favour sporulation  Instead of spread-
ing over the surface of the bronchial mucosa the fungus may form
httle compact masses which are periodically expectorated  These
rarely exceed half a centimetre 1n size and are formed by entangled
fungous which show fr withn the
mass?*  The fungus s rarely invasive and the bronchial mucosa
shows only superficial changes
Pulmonary aspergillosis.—In contrast, 1n pulmonary aspergillosis
the fungus forms small or large colonies consisting of filaments
having a general radiating form  These filaments are short, twisted,
frequently branched and of almost constant dtameter; the peripheral
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PULMONARY ASPERGILLOSIS

Enjalbert and her colleagues have studied this last pathological
finding’ and have noted that the lobules of an aspergilloma represent
zones of actine fungous growth comtng into contact with a hning
= TN s e et e absent In such areas the

contact with the cellular

. . Between the lobules the
epithelium tends to be thickened,

In two cases of aspergilloma, some small fungous colonies have
actually been observed at the periphery of the mass, round or oval
m shape and formed by joinmng and radiating filaments The
filaments at the persphery of the colonies were less abundant, fre-
quently branched, and in contact with the surrounding polymorpho-
nuclear Jeucocytess. These appearances, observed by crushing the

FiG 91 —Crushed fungous mass of asperplloma Radiatimg and
brancung filiments_representing the mvasive form of the fungus
(Phase contrast x 520 )

fungous mass (Fig 91), resemble the parasitic form of the fungus
occurnng n diffuse pul but are of rare
The usual appearance of the fungus in contact with cellular reaction
tn the lung 1s similar to that of the general filamentous structure
of a mycetoma (Fig 92)

Exceptionally the fungus occurs elsewhere than in the lung, it has
been localized to a lymph node 1n which the filaments of aspergittus
tended to be scattered, and to show round bulbous forms within
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PULMONARY ASPERGILLOS!S

abnpx:mal appearance have been seen consisting of large and flattened
}tcng‘;mata surrounding large vesiclesS, but these are very rarely
ound.

EVOLUTION OF ASPERGILLOMA

A series of chest radiographs published by Pesle!® shows the
evolution of an aspergilloma over the years It would appear that
the bronchial cavity increases in dimenston pari passu with the

Fio 90 —Section of a bronchual aspergilloma The cavity
contatns a fragment of the zonated fungous mass  (Haema-
toxyln and eosin )

growth of the fungous mass  Aspergillus hyphae do not, however,
p the dified t heal hel hming the cavity
Rarely, 1n cases of aspergilloma, the fungus may mvade the pulmon-
ary tissues and as evidence of this 1t has been observed that (a) two
or more broncht may open 1n the same aspergilloma cavity* 10, and
(b) replacement of the normal bronchial ining cells by metaplastic
pavement epithelium may occur.
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PULMONARY ASPERGILLOSIS

gi:;nt cells, somewhat simulating the yeasts of Blastomyces dermat:-
s
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Fic 92 —Bronchial aspergilloma, network of filaments 1n contact with
cellular reaction  (Haematoxylin and eosin, x 350 )

SUMMARY

Pulmonary aspergillosts occurs m different chnical forms In
aspergillary bronchitis the fungous growth 1s only on the surface of
the bronchi In broncho-pulmonary aspergilloma the parasite forms
a compact body 1n a cavity lined by epitheltum, the cavity increasing
with the growth of the fungus Finally, there 1s diffuse pulmonary
aspergtllosts

In cases of aspergilloma i which culture of the fungus was
achieved, Aspergillus funigatus was the only organism rsolated
The morphological appearance of the fungus differed according to
1ts localization 1n the lung
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DIRECT BRONCHIAL SENSITIVITY TESTS

1 though the p recurred later. In
some cases there was no i diate response, but asthma developed
some hours later, In one patient transient diffuse lung shadows
appeared after the inhalation () On occasion systemic reactions
occurred, consisting ofﬂushmg, pnllor, nausea and faintness  These

were rapidly relieved by i Careful
to graded of:mngen for 1nhal can such
Teactions

‘The pattents in whose sputum A. fumigatus was found fel into the
following groups, accordmg to the clinical and pathological picture
and to the skin and bronchial reactions on testing

(1) Asthma with allergic sensitivity to aspergillus antigen:
(a) Recent onigin; (b) long standing

(2) Aspergillus mycetoma (a) With asthma and allergic sensttivity
to aspergitlus antigen; (b) without asthma or allergic sensitivity.

(3) Patients with A, funugatus 1 the sputum who did not show
evidence of skin or bronchial sensitivity

ASTHMA WITH ALLERGIC SENSITIVITY TO ASPERGILLUS ANTIGEN

Included 1n the clinical features in this group were recurrent
transient lung shadows, eosinophilia 1n the peripheral blood, and
the of plugs cells and, on
occasion, mycehal fragments

Asthma of recent origin.—There were 4 patients in this group. In
2 of these there was a hustory of wheezing of only 12 weeks’ duration.
In all cases the bronchi reacted to the aspergillus extract inhalation
Prick tests with the aspergillus extract gave a positive reaction n all
cases although mn 1 the reaction was very weak

Asthma of long standing.—In 8 patients the asthma had been
present for many years and had become more frequent and chromic
m recent years In all these patients the broncht reacted to the
nhalation of the aspergillus antigen, and positive skin-test reactrons
were also elicited

A brief outhine of the chinical picture 1s given for some of these
patients  One patient, 34 years old, had been asthmatic from
childhood  During the past 6 years transient lung shadows were
seen and a left spontaneous pneumothorax had occurred  Broncho-
grams showed marked bronchial dilatation at the sites of previous
transient shadows  The sputum, which was scanty and mucopuru-
lent, contained mostly eosinophile cells, and no bacterial pathogens
were found  Skin tests showed a wide spectrum of skin hypes-
sensitivity, positive reactions being elicited by extracts of Aspergiilus,
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DIRECT BRONCHIJAL SENSITIVITY TESTS IN
BRONCHO-PULMONARY ASPERGILLOSIS

K. CITRON anp 1. PEPYS

THis report describes the mnvestigation, by direct bronchial sensitivity
testing, of the possible sigmificance of the presence of Aspergiflus
Jfunugatus m the sputum.  The reactions elicited by the inhalation of
antigen extracts were compared with skin reactions to prick tests
with these antigens The results obtained suggest that hyper-
sensitivity 1s of importance in determining the clinical pattern of
aspergillus infection of the lung

The techmique of the direct bronchial test consists in the adminis-
tration of inhalations of solutions of various antigens to the patient,
and i measuning any resulting bronchial reaction by observing
changes m the forced expiratory volume in the first second
(FEVio Ths 1s a reliable measurement of the presence of
bronchial obstruction. To start with, recordmgs of the forced
expratory volume are made on a light spirometer until conststent
readings are ob d  Ths 1s foll i by i of a mist of
the control matenal and of the test antigens and the taking of
records after each of these

In this study a Bright-Smith nebulizer capable of giving a fine
must (particle size drameter up to 8u) was employed for the test
mhalations which were given for 60 seconds or less  An inhalation
of Coca’s flmid, the vehicle used for extracting the antigens, was
given as the control and tracings were made  This was followed by
mhalations of the antigen extracts Concentrations of 1 and 10
per cent of the antigens were employed and the choice was carefully
graded according to the patient’s chinrcal and skin sensitivity
Tracings were repeated at intervals up to 15 mrnutes after the
inhalation  When a fall in the F E V | occurred, an mhalatton of
1soprenaline (1 per cent) was given, and further tracings were made
during the recovery pertod A fall in the mean F E'V o after the
halation of the antigen, greater than that, if any, following the
control mhalation, for the individual patient, was regarded as a
positive Tesponse

Reactions of the following type were observed after the inhala-
tions () A fallinthe F E V ; o with or without symptoms of asthma
The asthmatic symptoms were rapidly relieved by the isoprenaline
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sensitization to the fungi, though they were unable to provide sup-
porting evidence from skin tests for speaific allergic sensitivity, The
positive direct bronchial sensitivity test reactions and the skin-test
reactions to aspergilus antigen in our cases supports, and adds
evidence to, the role of allergic sensitivity to aspergillus antigen in
the production of some of the clinical and pathological manifesta-
tions.  This is particularly pertinent sn selation to the bronchial
tests

Poswve skin-test reactions and chnical allergic reactions to mould
spores, including those of the Aspergilius species, are widely recog-
mized and commonly encountered  In subjects already sensitive or
capable of being sensitized, the proliferation of the fungus n the
bronehial tract may be expected to excite vigorous tissue reactions
Mucosal cedema, bronchospasm and hypersecretion of mucus may
contribute to the bronchial obstruction which results i the areas of
collapse consolidation so often scen  Such areas of collapse may in
turn be the cause of the bronchiectass at the sites of the transient
shadows

From the results of this ivestigation, 1t is concluded that hyper-
sensitivity to aspergillus antigen plays an important part in de-
terminmng climeal manifestations
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Cladc wm, Alternaria, Penicillum, pollen and house dust
The inhalation test, however, showed bronchial sensitivity only to
Aspergillus, Cladosporium and Alternaria extracts and not to the
other antigens. The most marked reaction was elicited by the asper-
gillus antigen, with lesser reactions to Cladosporium and Alternana
antigens. A. fumigatus was found mn 1 out of 12 sputum cultures

The treatment in tius case consisted of mhalations of a brthant
green solution (1 n 10,000), and specific hyposensitization by m-
Jection of an aspergilles extract under cover of cortisone. A
progressive decline in the bronchial sensttivity to the aspergillus
antigen has been demonstrated by senal bronchial sensitivity tests.

In 2 other cases, both long. di 1 ics, recently mcapaci
tated by the asthma 1n spite of cortisone treatment in one of them,
bronchual and skin-test reactions were elicited by the aspergilius
antigen  In 1 case A. fumgatus was found in the sputum after 17
specimens had been examined, and 1n the other after 23 specimens.
It would seem that intensive search for this fungus 1s indicated by the
sensttivity test reactions

ASPERGILLUS MYCETOMA

With asthma and allergic sensitisity to the aspergillus antigen.—
There were 2 patients 1n this group, showing both bronchial and
skin sensittvity to aspergillus antigen  In 1 case a mycetoma had
developed from a lung abscess, but there were present, in addition,
asthma, lung shad and hull

Without asthma.—The 2 cases in the group did not react to bron-
chial tests with aspergdlus antigen in contrast to the group with
asthma  One of the patients had sarcoidosts and a mycetoma, but
no asthma or eosmophihia  The bronchial test was negative m this
patient although a positive skin-test reactron was elicited

PATIENTS SHOWING NGO EVIDENCE OF SKIN OR BRONCHIAL
SENSITIVITY

In 7 cases, A fumngatus was found m the sputum, but it was not
possible to relate its presence to the clmical condition since both
skin and bronchial tests were negative

The patients with asthma of recent onset and with mycetoma
referred to above are similar to those described by Hinson,
Moon and Plummer! under the term broncho-pulmonary asper-
gillosts  They divided their cases into a saprophytic, an allergic and
a septicaemic group  The saprophytic and allergic types comprise
the patients described here  They emphasized the mmportance of
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dust, he gradually imp both clinically and radiologically and he
should be able to return to work in 2-4 months

Repeated episodes of this kind described in the second stage of
disease gradually give rise to permanent scarring of the lung with
fibrosis and occasionally bronchiectasis.  Unless 3t has been possible
to watch a case over a period of years a firm diagnosss an this third
stage cannot be made, for 1t 1s impossible to differentiate it from
many other causes of pulmonary fibrosis

AETIOLOGY

The possibility that farmer's Jung was a simple allergy was
considered® and solutions from hay samples and moulds were made
by extracting | gramme of chopped hay in 25 milliitres of stenle
water overnight at 2° C. and then Senz-filtering the extract  Similar
extracts were made from 2-week to 4-week fluid cultures of individual
moulds 1n glucose medim  Extracts of hay, whether good or
mouldy, gare fairly constant positive results with intradermal tests
in both farm workers and in a control subject, the response to mould
extracts was poor. It seemed likely that the hay extracts contamed
a substance gving a histamine-hike response  Evidence for simple
allergy being responsible was unconvincing

The sera of a sigmficantly large number of these patients showed
an increase in the gamma-globulin fractions  This could be inter-
preted as the result of the prodi of d f
nature, but was not regarded as of any diagnostic value  Mantoux
tests were done in 12 cases and only 2 (16 per cent) were positive, as
agaimnst 63 9 per cent of positives 1n the rural adult population n
Devonsfure

The significance of moulds 1n the sputum of these patients 1s very
doubtful, and tistological studies of the lung seemed of paramount
mmportance, a paper by Zettergren 1 1950 appeared to be of signifi-
cance 1n this respect®  The p d bed the expi of
one group of rabbuts to an h heavy
tions of sterife threshing dust and another to sterife threshing dust
contaming € albicans  Autopsy on the first group of rabbits
showed *dust granulomas™ mn the lungs with foreign-body giant
cells, 1n the second group a tuberculoid reaction {*fungal granu-
Tomas”}) occurred

Histological studies were carned out on 2 patients on whom lung
biopsy was performed

Case ] ~—A young agricultural worker aged 27 years had been using
mouldy hay to feed his cattle for one month prior to bospital admission
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C J. FULLER

FARMER'S or thresher’s lung was first described in England by
Campbellin 19311 Fawcitt, working in Cumberland and Westmor-
land, described further cases and carried out investigations from
which he deduced that the condition was a bronchomycosis2?,
Tornell 1in Sweden published a further paper mn 1945, in which he
came to the conclusion that Candida albicans was the responsible
funguss.

Observations upon this condition seen in Devonshire were pub-
lished m 19534, It was shown that the presence of fungi m sputa
from these patients did not prove the condition to be a tru¢ broncho-
mycosis, partrcularly as farm workers lived 1n an atmosphere laden
with mould spores Bronchoscopy of active cases showed some
slight reddening of the bronchial mucosa, and bronchial swabs gave
negative cultures in 3 and a growth of Pemcillum sp in one. It was
suggested that farmer’s lung was due to a tissue reaction to break-
down products of inhaled mould spores or grass particles

CLINICAL FEATURES

Farmer’s lung can occur as an acute 1llness following exposure to
heavy concentrations of hay or threshing dust The symptoms are
manifest in a few hours, as fever, malarse, shivering and a dry cough
A small amount of sticky sputum, sometimes blood-starned, may be

O e el TS W menle e

The chuef symptom then 1s breathlessness severe enough to prevent
work, and cough productive of a Ittle purulent sputum The
patient 15 cyanosed, and fine crepitations are audible over the jung
bases and breath sounds are weak Radiological findings are
characteristic and show fine mottling, particularly 1n the middle and
jower lung zones, the apices usually show some degree of emphy-

sema. .
Provided the farm worker 1s kept away from further contact with
138



FARMER'S LUNG

Differential diagnoses considered in Case 1 included tuberculosis
and sarcoidosis and in Case 2 dust pneumonitss  In neither case
was there any helpful evidence of mould spores or fungi growing in
the lung tissue.

There is a simularity between Zettergren’s *fungal granulomas™
and the tuberculoid systems in Case 1, and between his *“dust

1! ” the foreign-body giant cell systems in Case 2,
It 1s suggested that in farmer’s lung a pecubar cellular reaction
occurs n the Jung tissue as a result of the nhalation of dust and
mould spores giving rise to the clinical and radiological changes
recorded 1n this disease.
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He was admutted to Exmouth Hospital on April 11th, 1956, with a
history of breathlessness and cough His Mantoux was negative at
1.1000, and 1n view of extensive motthng throughout both lungs a
tentative diagnosis of farmer’s lung was made. Lung biopsy was
carried out on May 3rd, 1956, and at operation the surface and substance
of the lung showed mulary bodies indistinguishable from multary
tuberculosis Half lhe bropsy was d bacter

and half ly. Mycob B fosis was not isolated
In culture nor by antmal muculanon, nor was it found in repeated
examnations of sputum, bronchial washmgs and gastric residues dunng

the 3 months f the
biopsy mateml showcd a large number of tuberculoid systems. These
1 cells, and giant cells, in the periphery

with a central ring of small round cells. Some of these systems showed
central necrosis, but many of them did not contain giant cells, and
stmulated a sarcoid reaction.  No foreign bodies were seen 1n the giant
cells, nor was any doubly refractile matertal or dust present.  Lipophages
were numerous

Clnical and radrological recovery followed and the patient returned
to work 3 months after the bropsy was taken, he has been well stnce and
a radiograph taken 10 months later was normal

Case 2 —A wman aged 55 years had helped to thresh a rick of mouldy
corn mn a barn during January 1954 The same evenung he developed
a “chifl” as did 2 other members of the threshing team to a lesser
degree. A month later the patient was examined and was found to be
suffering from exertional and fatigue C an
rhonchi were apparent and a radiograph showed a broad mediastinal
shadow and areas of fine motthng at the lung bases  After broncho-
scopy and tomography, surgical exploration of the right chest was
carried out and a biopsy of lung taken, a retrosternal and partially
calctfied thyroid was observed  Histology of the biopsy material showed
only an occasional focus of endothelial cells with a few gant cells
The tissue was, however, infiltrated with masses of small round cells
including small numbers of plasma cells Many scattered grant cells
were present, mostly of foreign-body type contamnmg spear-shaped
clefts resulting from dissolved foreign-body matenal, posstbly
cholesterol A small amount of browmsh dust materral was present,
not within grant cells, but there were no doubly refractile particles
Lipophages were plentiful  The condition was considered to be a type
of chronic pneumontis around bronchioles which could well be a
reaction to dust

The pattent made very slow progress towards resuming hts life as an
active farmer Thrce mcnlhs after thc (horacotomy he was unab]e to
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reviened by Parsons and Zarafonetis in 1945 were all that had been
obsened™.  In contrast, in recent years the Public Health Service,
Armed Forces, Veterans Administration and a number of universi-
ties have vigorously pursued imvestigations into the prevalence,
palholog)", distribution and therapy of this disease.  Moreoser, the

9 distribution of #. capsult is not well defined, either
1 the United States of America or in the many other countries
where suneys for histoplasmin sensitivity have been carried outs,

Great Britain, of course, is smong those areas in which the degree of
endemsent i mms -

e . . .. .
m - P -

. . S
Tepeatedly observed in certain types of the infection will be des-
Cribed, and the way 1n which serology may be used in detecting
prmary infctions and in mapping geographic areas of high
endemscity will be illustrated.

SEROLOGICAL TESTS
The complement fixation test and the collodion agglutination test
are the wo i d ployed for Ry at
the Walter Reed Army Institute of Research The methods are
described in detadd in earlier reports?. 3%,

In the complement fixation (CF) test two antigens are used, a
standardized suspension of the whole yeast phase of 1 capsulatum
n buffered saline solution, and histoplasmin®  The latter 15 a
filtered asparapine broth medium in which selected strains of £/
capsulatum 1n the filamentous phase are grown for scveral months

¢ same type of prep ilowing appror d
tion, 5 used for skin tesng and the collodion agglutination
procedure

ADVANTAGES OF THE COLLODION AGGLUTINATION TEST

The collodion agglutmation (CA) test employs as antigen munute
particles coated with the non-particulate antigen, histoplasmin
(Fig 93) The particles require | hour for sensitization after which
they are agglutinated in the presence of serum from early cases of
tustoplasmosis  Serial diluttons of sera to be tested are made and
1o these antigen 1s added  After incubation for 2 hours, the tubes
are centrifuged and read by the conventional 4 plus, 3 plus method
One person can routinely complete 100 tests in their entirety within
a period of 4 hours Some laboratories use the more time-con-
suming and less economical precipstin test instead?®,
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SEROLOGICAL DIAGNOSIS AND EPIDEMIOLOGICAL
ASPECTS OF HISTOPLASMOSIS

CHARLOTTE C. CAMPBELL

WITHIN the past decade there has been a revolutionary change 1
the clmical concept of histoplasmosis. Once regarded as a rare,
slowly progressive and invanably fatal infection, 1t 1s now only the
fatal outcome that is considered unusual among the countless persons
who experience primary pulmonary infection.

Infectton follows inhalation of spores of Histoplasma capsulatum,
a fungus which exists saprophytically in the soils of many defined,
and some as yet undefined, geographic areas. The first evidence of
the benign infection came from the use of histoplasomn, an antigen
derived from the causative fungus, in skin test surveys of healthy
residents of the central United States of America who, despite
pulmonary calafications, falled to react to tuberculm? 3, The
nature of the benign illness, or other mechamsm leading to the
widespread production of this sensttivity, was not known at that
time In a few years, however, there was conclusive evidence
that primary histoplasmosis was an acute pneumonitis clmically
mdistingwishable from other and supposedly more common pneu-
monitic diseases of viral or bactenal aetiology. As 1 the latter
nfections, there was an acute onset with fever, malaise, sometimes
nausea and vomting, dyspnoea and dry cough. Radiological
exammation of the chest revealed varying deprees of unilateral or
tilateral mfiltration present 10 one or more {obes  The close study
of persons mvolved in outbreaks or eptdemics, and of increasing
numbers of individual cases, further disclosed that such mfections
ranged from the clinically inapparent to the extremely severe

Whle most persons apparently recovered, there were others in
whom un} y lestons p d and some m whom
widely dlssemma!cd progressive disease termunated i1n death In
brief, the cltnical spectrum of lustoplasmosis 1s as broad and varied
as that of many other nfectious diseases

There 15, as yet, litle evidence that histoplasmosts 1s a problem of
smportance 1 Great Brtam  Nevertheless, it should be remem-
pered that little more than 10 years ago this was also being said of
the United States of America, The 78 fatal or monibund cases
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TABLE
SEROLOGICAL RE/\CSI';S;S N Pkl\l ARY PULMONARY
Colladion
Days afcer onset Lomplement oxtlutination tire
Fixation tire LHestoplasmny
3 Negatne 126
12 Negane 1:256
¥ Negatsve 1256
25 §:32 1256
M Fhe 1256
(23 132 }: 123

* Whole yeass hate agtigen  Shan reachons with Aetaplisiun aegatove Karoughont
TABLE 32

TYPICAL SEROLOGICAL REACTIONS IN SERIAL SPECTVENS FROM
PATIENTS WITH PRIMARY PULMOVARY HISTOPLASMOSES

Case e Pateafier | Complement fixation titee Collodion
anser e e ggplutinglion hire
wree #Ht Histoplasmin}
3 1256 1328 1 6t
2 weeks fater ACY AC 1.3
4 wetks ter 5 ..56 18 116
6 AC AC 132
Iweckstater  Nepatoe 16 13
i Negative  Negtne 168
dweekslater  Negane 16t Negatne

T WYP  Whole yeast phave antsgen of H cagsulatim

M Ha s

1 AT Anucomblementary specimen
acquired by the casual passer-by as welf as those who work directly
with the organism

1n Table 32, ad d pes of the test are sl The

first serum samples 1 cases 6 and 11 were anucomplementary and
CF negatne respectnaly, but because of the strong collodion
reactions addional siudies were made  Subsequent specimens pa
both of these pauents had demonstrable CF anubody titres of § 64
1o histoplasmun

IFFERENCES IN THE RFAC“\TX'\ OF ‘H(E TWO ANTIGENS USED
l\ THE CO\(Pmﬁ;\T FIXATY

fxng (CF) antib au ough develop-
thy much tater 1han apglutinwes or preeypians, usuafly persist for
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.
‘

SENSITIZED POSITIV]

PARTICLES + OMIVE . AGGLUTINATION

Fic 93 —The collodion agglutination test  (By courtesy of Medical Audio
Visual Dept., Walter Reed Army Instuute of Research, Washmgtony

The collodion test has many advantages over other serological
tests. It may be performed with ease and rapidity It may be used
to demonstrate the presence of antibody In cases as early as 10-14
days after exposure to the fungus, usuvally by the time clmical
symptoms are manitfest. Moreover, agglutiiins are observed m
mmld cases in which CF antit are never d ble, or do not
anse until much later  Finally, the test 1s of value 1n sera which are
anticomplementary  Agglutinms, hike precipitins, are transitory
and are seldom demonstrable in the chronic, slowly progressive
cases  The collodion test, therefore, 1s always used 1n conjunction
with, and not in the place of, the CF test

These advantages are illustrated m Tables 31 and 32 The patient
represented 1n Table 31 was an entomologist, aged 32 years, whose
fluenza-like episode was of 5 days® duration The serum was
tested on the sixth day after he returned to work and gave a strongly
positive collodion agglutination test, but CF antibodies were not
demonstrated untl 2 weeks later when the patient had recovered
chimeally and after culture studies of the sputum, from which &
capsulatum was 1solated, were imtrated  Histoplasmosts was sus-
pected mn this case because of the patient’s frequent visits to our
laboratory The case 15 thus illustrative not only of the advantage
of the CA test in detecting the primary case, but of the highly
infectious nature of the agent. Laboratory infections can be
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of 1:32-1:512 with the whole yeast phase antigen that failed to
react with histoplasmn. There was a third group of comparable
size in which the reactions were essentially the same with both
preparations?, In other words, it is estimated that sera from
approximately one-third of the histoplasmosis cases would yield
false negative CF reactions if onc preparation were used to the
excluston of the other  Although the whole yeast antigen appears
to be more highly reactive i sera from primary cases, and histo-
plasmmn more so 1n sera from persons with restdual lesions, cavita-
ton or fibross, notable exceptions are observed even to these broad
generalizations

A much greater number of cases must be followed serologrcally
from onset before an attempt can be made to interpret these duffer-
ences, and for the present both types of preparation in the CF test
should be used

THE USE OF SEROLOGICAL TESTS IN EPIDEMIOLOGICAL STUDIES

While serological tests are perhaps most uscful in detecting
prnimary tnfections, they frequently are also the means of indicating
possible new areas of lugh endemeity  Histoplasmasis i what are
presumed to be non-endemic areas 1s usually first recogmzed by
visiting physicians, or those new to the community, who request
serological tests that lead to its early diagnosis  When 1t 1s further
ascertained that the patient has neither lived nor travelled in areas
known to be endemic, a source of wnfection 1s looked for i his
immedate environment  This, if found, leads to more defimittve
studies to determine the real prevalence of the infection tn a geo-
graphic area in which the degree of endemicity 1s not known

Such studies remind us that histoplasmosis 1s not a disease himited
to the central United States of Amertca, an impresston that, un-
fortunately, has ansen because of the impressive investigations on
histoplasmosis 1n that region It 15 sometimes quite difficult to
persuade physicians with practices outside the central Untted States
of America that their patients have this *“middle western” disease3t

The following case, 10 addstion to the serological findings observed
1n many primary iafections, exemplifies this sequence of events

The patient, a white male research chemist aged 26 years, had always
been 10 good health  One evening he developed a “chull™ and sore
throat and the following day his temperature was 103° F. and he suffered
from ngors  Attacks of sweating, shortness of breath on the shghtest
exertion and a dry cough followed He was treated with a variety of
antibiotics and when there was no improvement after two weeks he
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much longer periods, Particularly in non-primary cases, therefore,
only the CF test is positive  Moreover, there are sometimes wide
and as yet inexplicable differences in the reactivity of the whole
yeast phase and histoplasmin antigens in the CFtest. Itis for this
reason that both are used in this procedure.

The extent to which reactions with the two antigens vary 1§
exemplified in Tables 33 and 34. Recently, complement fixation
reactions were compared on the thousand sera most recently sent to
our laboratory to be tested routinely for blastomycosis, coccidiordo-
mycosis and histoplasmosis?3.  Of these, there were 146 specimens
that fixed complement to titres of 1:32 or above with histoplasma
antigens It will be noted, however, that of the 41 sera listed 1n
Table 33, 30 were negative with the whole yeast antigen but reacted
to CF levels of 1 32-1.256 with histoplasmin, Of the 57 seran
Table 34, on the other hand, there were 34 that reacted to CF levels

TABLE 33
COMPARISON OF COMPLEMENT FIXATION TITRES OF 41 SERA
(33 CASES) IN “ HlCH HISTOPLASMIN REACTED TO HIGHER TITRE
AN WHOLE YEAST ANTIGEN (WYP)

Number | CF nitre with Number of sera with CF ntre 10
of sera W YP anngen Tustoplasmn at
13 , 1128 | 1258
30 18 1 14 4 2
5 18 4 1
5 116 '
1 132 | 1
TABLE 34
COMPARISON OF COMPLEMENT FIXATION TIIRES IN &7 SERA
(32 CASES) IN WHICH WHOLE £ ANTIGEN (WYF)
CTED TO HIGHER TITRE THAN HISTOPLAS\ﬂN
Number of | CF utre with Number of sera with CF tutre to WYP
sera histoplasmun a

31 14 19 8 3 1 ' 2
5 18 2 1 2
1 116 3 3 3 2
6 132 5 i
1 162 ‘ 1
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of 1:32-1:512 with the whole yeast phase antigen that farded to
react with histoplasmin  There was a third group of comparable
size in which the reactions were essentiafly the same with both
preparations?®. 1o other words, 1t 15 estimated that sera from
pprotimate} third of the histop} is cases would yield
fatse negative CF reactions if one preparation were used (o the
exclusion of the other.  Although the whole yeast antigen appears
to be more highty reactive m sera from primacy cases, and histo-
plasmin more 50 1n sera from persons with ressdual Jesions, cavita-
tion or fibrosis, notable exceptions are observed even 10 these broad
generahizations.

A much greater number of cases must be followed serologically
from onset before an attempt can be made to interpret these differ-
ences, and for the present both types of preparation n the CF test
should be used

THE USE OF SEROLOGICAL TESTS IN EPIDEMIOLOGICAL STUDIES

While serolopical tests arc perhaps most useful m detecung
primary mfections, they frequently are also the means of mdicating
possible new areas of high endemicity Huistoplasmosts in what are
presumed to be non-endemic areas 15 usually first recognized by
visting physicians, or those new 1o the community, who request
serological tests that lead to uts early diagnosis  When 1t is further
ascertaned that the patient has nesther hived nor travelled in areas
known 1o be endemic, a source of nfection ts looked for tn his
mmmediate envitonment  This, 1f found, leads to more defimstive
studies to determine the real prevalence of the infecuon 1 a geo-
graphic area 1n which the degree of endemictty is not known

Such studies remind us that tustoplasmaosis 1s not a disease limited
1o the central Umited States of America, an wmpression that, un-
fortunately, has arsen because of the 1mpressive snvestigations on
fustoplasmosts i that region. It 15 someumes quite difficult to
persuade physicians with practices outside the central United States
of Amesica that thesr patients have this “ middle western™ disease’t

The following case, 1n additon to the serctogrcal findings observed
m many pomary infections, exemplifies this sequence of events

Tha mat ese ~ Laa b P .

antibiotics and when there was no improvement after two weeks he
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was admitted to hospttal Radiological examination of the chest
revealed *‘dense, diffuse miliary disease which was grossly nodular”
(Fig 94) and anti-tuberculosis therapy was mitiated. On the following
day a visiting physician famihiar with histoplasmosis saw the patient
and serological tests were advised.

As indicated 1n Table 35, both the CA and CF tests were strongly
posttive.  Culture studies were tmmediately mitiated and H capsulatum
was recovered from gastric washings and sputum collected on the thied
day of hospitaltzation The patient mmproved rapidly and was dis-
charged after 1 month. Radiographs of the chest 3 years later revealed
many tiny calcified nodules, now regarded as charactenistic of healed
mulary b The patient a residual CF tire of
1.8 with the whole yeast phase antigen and a strongly positive skin test
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FiG 94 —] y h showing diffuse
nodular densities throughout both lung fields (By courtesv of
Dr James S Feffer, Wasingion )
1t should be noted that the patient’s CF titres were not only hugher

but pcrsmcd for a much longer pertod with the whole yeast phase
e ~alurnine wara 14 lanser deman.

Because the same 1s true of CF anubodies m some of the miider
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cases, sera should be tested early and often in suspected cases  The
marked cross reaction with blastomyces antigen is discussed in a
later section

TABLE 35

SEROLOGICAL REACTIONS IN PRIMARY PULMONARY HISTOPLAS-
MOSIS H. CAPSULATUM ISOLATED FROM PATIENT AND SOIL TO
WHICH HE WAS EXPOSED

Period after Complement fisation tire Coltodion aggluti-
nation titre
wype L HY B Cs | UHistoplasmin)
i6days | 1312 | 168 | 1512 | Kegatwe 132
23 1256 | 116 | 125 | Negative 132
1256 | 132 | 1128 | Negatwe 131
1:256 18 1128 | Negative 1.16
1256 | 116 | 1:64 | Negatwe B
1128 | Negatve | 132 | Negatne | Negatwe
18 Negative | Negative | Negative Negative
* WYP — Whole yeast phase antigen of #f copulorum
tH — Histopiasmin
tB — Yeast phase antigen of Blastamyces drematiridis
§C — Coccidinndin

There 15 little doubt, however, that it was the serological tests
which provided the rapid, presumptive diagnosis dunng the active
phase of this infection when cultural studies, which are so rarely
carried out for # capsulatum, are also most rewarding  Finally,
when 1t was assured that the patient had nerther served i1n the Armed
Forces nor resided nor travelled beyond the north-eastern section of
the United States of America, the source of his exposure was sought
and found in lus own garden  Ten days before onset of illness, he
had cleared an area on which an old chicken house had stood  The
soil samples collected from this area were laden with spores of
H capsulatum* Moreover, a skin test survey of the county m
which the patient resided revealed a hugh dermal sensitivity rate to
histoplasmun?, indicating that other cases of primary infection were
betng overlooked or attnibuted to other causes in this area

EPIDEMIC HISTOPLASMOSIS

Histoplasmosis occurs m epidemics when a number of persons are
exposed to a common source inNature  Furcolow and his associates
have studied app: y 30 of these 19, 40 1 addition to
those described by Loosh and others). 8.22.28:29.3  Epidemics
usually come to be recogrmzed only when at least one of the patients
1s sufficrently ill to require admussion to hospital  For thus reason,
1t 1s believed that even in areas known to be endemic many of the less
severe cases are not detected
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The assoctation between awareness and known prevalence of
histoplasmosis 1s well-known. The epidemics reported from New
York?2, Maryland?: 28, North Carolina33, or even Venezuelad differ
from those described by Looslt and Furcolow192% only in that they
occurred in areas thought to be of low endemicity, but where few or
no skin test studies have actually been done to determine the real
prevalence of the infection,

In these outbreaks the serological test was used to good advantage.
For example, an otherwise healthy butcher, aged 32 years, was
admitted to 2 hospital in the District of Columbia with a severe,
acute pneumonitic iliness similar to that described in the preceding
case (Figs. 93 and 94, and Table 35) A probable diagnosis of
psittacosis was made, but positive serological reactions were ob-
served with histoplasma antigens and not with those of the
appropriate group of viruses  Moreover, it was learned that three
other members of this man's family were experiencing milder but
similar episodes of 1llness  His son recovered followng 2 weeks of
bed-rest at home, his wife after only I week, and another relative
mussed only severa] days at work because of *a very bad cold”.  As
shown m Table 36, agglutinms were demonstrated in the sera from
all 3 persons with the mulder infections, as well as the father’s whose
grave iliness required 3 months of hospital treatment  Complement

TABLE 36

SEROLOGICAL REACTIONS IN A FAMILY OUTBREAK OF
HISTOPLASMOSIS!?

Compertent xatan | Coltodion agglutinanion
titre (Histoplasmin)

WY HY
15 Neganve 644

Case Days after
onser

1 164 1
(Father) 41 164 | Negative 116
197 18 Negative 116
2 10 | Negative | Negative 164
(Mother) 43 | Nesatve | Negatve 164
191 Negative | Negative 18
3 10 164 | Negatne 132
(Son} 24 1256 132 164
191 1128 1 256+‘ 18
: e e el
SHE 27 ot done
Gisteranaw) 195 | Negawe | ‘ Not done | Negative

©1 Sec footnote to Table 35
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fixing antibodies were demonstrated with the whole yeast phase
antigen in Case 1, and also to high titres of 11128 and more than
1:256 with both antigenic preparations i Case 3, but were not
demonstrable with cither in Case 2. Prompted by the positive
apglutination test, cultural studies were carried owt and H. capsu-
latum was solated from the sputum of Case 2 as well as of Case 128,

The organism was 2iso Iater isofated from the soil to which alf 4
of these persans were exposed 10-14 days before the onset of ifiness,
The soil had been contaminated with chicken excreta used as
fertlizer?  This outbreak occurred wathin § mutes of the oity hrts
af the District of Columbia, where endemucity at that ume was
regarded as low Since the time of this outbreak 64 cases of
prnimary pulmonary histoplasmosis in local residents have been found
with the help of seralogical tests, and in a recent unrefated skin test
survey in one of the adjorning counties a high dermal sensitivity rate
to histoptasmin was revealed??.  The positive serological tests, and
the wsolation of M capsulaturn from local soils associated with &
number of these cases’: 16 had, in fact, Jong suggested that histo-
plasmosts was far more prevalent in these areas than was indicated
by the few and very htmted skin test studies previously made in this
region

SEROLOGICAL TESTS IN AREAS OF HIGH ENDEMICITY

Serological studses are also helpful 1n regions where, for vanous
1easons, histoplasmosis 1s believed to be endeme, even though the
pumary infectons are not recorded The Isthmus of Panama,
where the first 3 cases of hustoplasmosis, all fatat, were described by
Datling m 1906, 15 a case 1n pontt?  Although a fourth case was
not reported from Panama unt) 195112 there have sinee been several
others, alf of the fata} typeds In addition, Tucker®? reported a
dermal sensittwity rate of more than 60 per cent in the mdigenous
population, and Ajelio 1solated H. capsufatum from Panamanian
so  Despite these findimgs there were no reports of the pimary
fection.

In 1955 the Walter Reed Army Institute of Research began a
co-operative study with physicians at Gorgas Hospital on the
isthimus — Within a period of | year positive serological reactions
were obtained in 81 patients winh acute preumonitic infections who
wete admitted 1o the chest diseases wards at that instiiution  As
shown 1 Tabie 37, there were 60 cases on whom only = single serum
was tested and a total of 15 sera that were anticomplementary
Nevertheless, the latter were all positive 1 the CA test, as were 2
number of others with fow CF titres of 1 8-1 32. Complement
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The association between awareness and known prevalence of
histoplasmosis is well-known. The epidemics reported from New
York?2, Maryland? 28, North Caroltna®, or even Venezuela$ differ
from those described by Loosh and Furcolow!?-29 only 1n that they
occurred in areas thought to be of low endemucity, but where few or
no skin test studies have actually been done to determine the real
prevalence of the infection

It these outbreaks the serological test was used to good advantage.
For example, an otherwise healthy butcher, aged 32 years, was
adrmutted to a hospital in the District of Columbia with a severe,
acute pneumomtic 1llness similar to that described in the preceding
case (Figs 93 and 94, and Table 35) A probable diagnosis of
psittacosis was made, but positive serological reactions were ob-
served with histoplasma antigens and not with those of the
appropriate group of viruses. Moreover, 1t was learned that three
other members of this man’s family were expertencing mulder but
stmilar episodes of 1llness  His son recovered following 2 weeks of
bed-rest at home, his wife after only 1 week, and another relative
mussed only several days at work because of *a very bad cold”. As
shown 1n Table 36, agglutinins were demonstrated 1n the sera from
all 3 persons with the mulder infections, as well as the father’s whose
grave illness required 3 months of hospital treatment, Complement

TABLE 36
SEROLOGICAL REACTIONS IN A FAMILY OUTBREAK OF
HISTOPLASMOSIS!?
Case Days after| Complement fixation | Collodion agglutination
tire titre (Histoplasmin)
| wype Ht
1 15 164 Negative 1 64+
(Father) 41 164 Negative 116
197 18 Negatuve 116
2 10 Negative | Negative 164
(Mother) 43 Negative | Negative 164
191 Negative | Negative 18
3 10 164 | Negatne 132
(Son) 24 1256 2 164
131 1128 1256+ 18
4 13 } 24 r):]loc gon: l1 24
-n-law] 27 ot done
Sster-nla) 154 | Negatve | Not dons Negauve

't See footaots to Table 35
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The conversion of skin tests from negatine to positne is another
primary cnterion for determnmg whether a recent infection 1s one
of histoplasmosis.  Howeser, as exemplified by the cases in Table 38,
converston does not ;\h\nys occur dunng the earhest slagcs of the
nfection Humoral ly are d much
earlier than skin test conversion.

SEROLOGICAL TESTS IN POST-PRIMARY HISTOPLASMOSIS

In order to counteract the early concept that histoplasmosis was
rare and invariably fatal, its benignity has perhaps been overstressed,
leaving many clmicians with the impression that the morbidity it
produces is neglgble While this 1s true m many cases, there 1s
mereasing evidence thaz pmb]ems relating to the trea(mcnt of residual
and often und with H now surpass
those in tuberculosis The dewlopmenl of special histological
stains for fungi20» 21,27 led to the discovery that many of the granu-
Tomatous lesions h:rcloforc allnbutcd to (ubcrcu]os:s were, m fact,
caused by H * are being found
m an number of and muldly symptomatic
mdividuals whose muluple or single unhealed lesions are first dis-
covered 1 routme radiological examinattons In many others,
\herc 15 cavitation and fibrosis Fmally, there are the frankly

and probably To these must be

added persons with | d with 125,36

and, as recently pomnted out by Furcolow i hxs study or patients 1n
those with and h

The serological patterns observed in non-primary cases vary to
some extent with the type, duration and sometimes severity of
disease, but 1t 15 still mmpossible to relate serological findings with
prognosisé  The sera of some chronic cases with pulmonary or
extra-pulmonary lesions, and even of some persons with dissemi-
nated disease, give negative serological results  On the other hand,
there are others with complement fixing titres exceeding 1 2,048 at
the time of death’. While a negative reaction 1s not a criterion for
excluding infection, a positive one often provides the first clue that
a chronic and undetermined illness 1s one of histoplasmosts

The reactions recorded 1n Table 39 were observed 1n a chronzcally
1k person, and indicate that serological tests and the testing of serial
specimens are frequently contributory to the diagnosis of the post-
primary case

This patient was a well-developed though chromcally 1}l Negro
female, aged 35 years, who was admitted to the hospital with abdorminal
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TABLE 37

SEROLOGICAL RESULTS IN 108 SERA FROM 81 PERSONS WITH
PRESUMPTIVE PRIMARY PULMONARY HISTOPLASMOSIS (PANAMA
CANAL ZONE)

Number Specimens Number Complement fixation test
of cases of sera
Positie | Negatne | Anticomple-
mentary
60 Single sera
1, Collodton positive 5 16 14 5
2 Collodion pegative 20 20 0 0
3 Collodion not done) 5 5 ] 0
21 Multiple sera (48)
1 Cellodion positive 32 15 7 10
2 Collodion negative 16 16 0 L]
TABLE 38
SKIN TEST F . LY
PRESUMPTIV ZES
GOVER HE
(AMA !
Number of Sktn tests Hustoplasmun skin tests
cases with PPD ==~ —— =
Posttive Comerted Negatie
Sirst test (4-14 weeks)
28 Nezatve 18 9 1
17 Positive 12 5 0
s '

30 ’ 14 | 1

* Disseminated case

fixing titres 1n the majonty, however, ranged from 1:64 to 1-256
Unfortunately, cultural studies were not done, but as shown 1n Table
38 additional data 1n 45 of these cases reported by Cleve and Young
revealed that skin test reactions to histoplasmmn converted from
negative to positive in 14 of the 45 persons, or 31 per cent, during a
4-14 week peniod of observation®3  H capsulatum was also later
isolated from one of the patients with a CF titre of 1,32 when he
was returned to the Untted States of America because of a residual
lung leston®*  On the basis of positive serological reactions it 1s
now estimated that, of the hundreds of cases admitted to Gorgas
Hospital with what, prior to this study, was termed *pyrexia of
unknown orign™, primary pulmonary histoplasmosis comprised a
high proportion.
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ADDITIONAL FPIDEMIGLOGICAL CONSIDERATIONS

The duinbution of . copsulatum, cven in areas known t¢ be
eademic, appears to be patchy rather than contmuous®s It 15,
therefore, possible to find a high dermal sensitivity rate in one section
of 2 small county and a Jow one only a few mufes distant.  This may
be aftnbuted 1o certain reservors that meet the putntional require-
ments of the fungus in the one area but not m another. These
requitements are provided in soids high m mstrogenous content,
plentifully supphied with moisture and protecied {rom the direct
rays of the sun's, such as may be found tn caves, wooded areas,
cellars, clock towers, sitos and old chicken houses 819, 22,28, 29, 33
The latter have been assaciated with an impressive number of cases
of hsstoptasmons since the afimty of H ropsufotum for soils con-
taminated with the excreta of chickens or other fowls was first
pointed out by Zewdberg and Agello in 195284,

Histoplasmasts 15, howeser, not entirely a disease of rural m-
habstaats  Five of the 7 cases briefly presented in this report were
tesidents of suburban hovsing developments which were farmlands
only a few years before  In these new communities throughout the
Umted States of America, gardenng 15 a common pursmt for which
chicken compast 15 n great demand  Prmary huistopiasmoss is
therefore kept 1n mind 1m suburban and urban residents?s as well as
1 raral communities
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symptoms of 3 months® duration Her temperature varted from 102°
;o 105° F, and_ there was generahzed mfiltration throughout both lung

¢

1 . .
fungous antigens, and when blastomycin gave a positive result sero-
logical tests were carried out In 2 specimens taken over a 5-day
mterval, the agglutination test was posttive for histoplasmosis, while
the CF reactions were inconclusive with both antigens for this disease
and positive with the blastomyces antigen at a level of 1:64 (Table 39)
Six weeks later a third serum sample was sent and on this occasion a
significant CF titre of 1:256 was obtained with histoplasmin, while that
with the blastomyces antigen had decreased to 1:16  Belated culture
studies led to the 1solation of H capsulatum from the patient’s gastric
washings and sputum on three separate occasions, This patient, now
ambulatory, does not appear to be chnically worse, although her CF
antibody has increased to the very hugh titre of 1:1,024,

THE PROBLEM OF SEROLOGICAL CROSS-REACTIONS
The fungi that produce the systemic mycoses have common anti-
gens that cross-react in both skm and serological testss: 17.32.41,
yces antigen 1s especiall 1n this regard, cross-
reacting to a marked degree wx(h the sera of some patients with
histoplasmosis (Tables 35 and 39) and not at all m others. Cross-
reactions, though common and often difficult to nterpret, do not
nvalidate the usefulness of these tests, and even where they are
most extensive, attention may be directed to the possibility of 2
mycotic mfection so that cultural and additional serological studies
can then be more mtensively pursued

TABLE 39

SEROLOGICAL REACTION IN NON-PRIMARY HISTOPLASMOSIS
ASSOCIATED WITH SARCOIDOSIS

Date after | Complemenz fixation titre I Collodion agglu-
onse! tination hitre.
[ wypt [ Ht | B [ cs f (Histoplasmin)
18 weeks (7) ‘Doublful Negatve | 164 | Negative 164
tful | Doubtful | 164 | Negatve 1128
2] ” Negztlve 1256 116 Negative 132
5 0 Negatve | 1512 ! cgatne 132
% o Negative | | 1024  Negatve | Negative 116
2 0 Negauve | 1 1024 r‘Neg:mve Negauve Negatve
H
.t See footnote to Table 35

14
1" Antigen insufficiency, test unsatisfactory
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HISTOPLASMIN TESTING IN DIFFERENT
GEOGRAPHIC AREAS

PHYLLIS Q EDWARDS

HISTOPLASMIN testing is a most useful epidemiological tool for
defining the geographic distribution and prevalence of infection with
Histoplasma capsulatum. Tt is important to recogmze, however,
that not all histoplasmi y 15 caused by histoplasmal infec
tion and to distingwsh, where possible, specific from non-speciic
reactions. For histoplasmun testing, as for tuberculin, a standard-
1zed antigen is essential for the nterpretation of results and fof
comparison of findings from one area to another, General applice:
tion of the traditional millimetre criterton for a positive reaction
may give, as in reactions to tuberculm, misleadng results in some
areas By carefully measuring all reactions and presenting the
results as percentage frequency distributions, the pattern of the
distribution can be made which provides a basts for making the
distinctton required between specific and non-specific hustoplasmun
y  Addi 1 evidence can be ined from study of the
q of pul y caleification:
The map shown i Fig 95 was prepared one year ago and shows
where histoplasmun testing surveys had been carried out and the
percentage of reactions reported as postave s each locality? It
illustrates that sensivity to histoplasmin 1s prevalent m the
Americas, particularly m the east-central part of the Umted States
of America, the Central American countries, and some regions of
South America  Europe seems to be free, but so far as can be
judged from the few scattered surveys reported from Africa and
Asia, low prevalence endemic areas may exist in east-central Africa,
perhaps also n the Union of South Africa, and 1n some parts of
south-cast Asia (Indonesta, the Phulippines and Viet-Nam) The
map was compiled from data in which the percentages of positive
reactions were reported in the traditional form as reactions measur-
10g more than a specified stze, usually 5 millimetres

£

SKIN SENSITIVITY

Both animal experiments and studtes 1n man have shown that skin
sensitvity 1o histoplasmun may result from infection with other
fungus organssmsé: 5 9. We know, for example, that pcrsons
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Fi¢ 95 ~-Reported prevalences of tustoplasmin sensitwity 1 different parts of
1the world?  (By courtesy of the Editor of Amer J trop Med Hyg)
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infected with Coccidioides immutis often react to hustoplasmin as well
as to coccidiondin Histoplasmin sensitwvity due to infection with
other fungi 1s also thought to occur. In order, then, to define the
geographic dxslnbut:on and prcvalcnce of histoplasmal infectton, it
1s necessary to d h between the 2t sensitivity caused
by histoplasmal infection, which may be referred to as speafic
sensitivity, and that caused by other fungus mfections, or non-
specific sensitivity. Results of testing in different geographtc areas
have revealed striking variations in the pattern of response to histo-
plasmun!: .8, One charactenstic pattern of reactions 1s found in
areas where histoplasmosis 1s prevalen!, as evidenced by clhmical
disease and high fi of p y lestons and cal
in persons who react to hxsluplasmm but not to tuberculmn
Another and quite different pattern characterizes the sizes of the
reactions of an essenually negative population, where neither histo-
nor nor any other sensitizing agent
appears to be present. Snll another kind of pattern 1s found 1
areas where coccidiordomycosis or some other cross-sensitizing
infection 1s prevalent but histoplasmosts 1s not,

These several different kinds of patterns are illustrated 1n material
collected by the United States Public Health Service during a two-
year period from 1949 to 1951 Dunng that period, young men
from all parts of the country were e(ammed radiologically and
tested with h and t as they arrived
at a training centre 1 California for military service. Most of the
histoplasmin tests were given by mtradermal mnjection of 0-1 mulli-
lttre of a 2 1,000 dilutton of the product 1dentified as H-40, prepared
by the Public Health Service Coccidiordin C-24, prepared by Dr
Charles E Smith, and the nternational standard PPD tuberculin,
PPD-S, prepared by Dr Florence Setbert, were used for the other
two tests  The testing was done by a team tramned to use uniform
techniques and to measure and record the size of the induration of
the reactions

Results obtained from nearly 40,000 white men between the ages
of 17 and 21 years who had hved all their ives i their home counties
were used to study the response to fustoplasmn n different geo-
graphic areas throughout the country?. 6.8

In the United States of America histoplasmin sensitivity 1s highly

lent m the 1 tral area, d roughly from the
MISSISSIPPI valley in the west to the Appalachian mountains in
the east, from the Great Lakes m the north to the Gulf of Mexico in
the south (Fig 96) Insome localities within that area, more than 80
per cent of the young adults have histoplasmin reactions measuring
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§ mithmetres or more. Clinical cases of histoplasmosis are diag-
nosed frequently in that area and subchinical cases with bemign
pulmonary infiltrations or calcified lesions are very common. The
area is endemuc for histoplasmosis  Most of the eastern coastline,
as well as the entire north-west, 1s essenuially free from thus fungous

di 0sts 1S

mfection, and in the th 1, where
endemic, the prevalence of histoplasmuin reactions measuring 5
mtllimetres or more exceeds 30 per cent in some areas.

wt N "
Brme

W e ’ o e
7366 vu wase ~
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Fic 96 —Prevalence of tustoplasmin sesiivity n young adults  (By courtesy
of the Editor of Dis Chest)

Frg 97 shows the of drord
5 mullimetres or more throughout the United States of Amernica
The high prevalence area 1s sharply imited to southern Californa,
Anzona, New Mexico and the western part of Texas  Cocaidiordo-
mycosts 15 endemic 1 these south-western states, as evidenced by
farge numbers of clinical and subclinical cases of the disease anising
locally From the muddle of Texas and eastward across the histo-
plasmal endemic area, the p | of dioid; i 15
well below 5 per cent, and 1t 13 neghgble mn the north-west and
south-gast

In mterpreting the results of testing with histoplasmun, the pattern
of response as shown by the sizes of the reactions can be expected
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to indicate whether specific sensitivity is mvolved, because it is
known that reactions caused by infection with the homologous
organism are generally larger than reactions caused by mfection with
some heterologous organism3: 4, 5.9,

EEZ0-30 [:]o»;

Fi 97 —Prevalence of cocaidiowdin sensitivity 1n young adults  (By courfesy
of the Editor of Dis Chest )

FREQUENCY DISTRIBUTIONS
Frequency distributions by size of reaction to hustoplasmun in the
histoplasmosis endemic area are given it Fig 98  The results are
for recrts from 9 east-central siates, i which area most of the
reacttons to hustoplasmn can probably be ascribed to specific histo-
plasmal infecton  Groups of counties within the 9 states were
bined to the preval of sensitivity counties with a
prevalence of more than 70 per cent were combined and called
Area D, counties with from 50 to 70 per cent were called Area E,
with from 30 to 50 per cent, Area F, and with from 10 to 30 per cent,
Area G The sizes of the reactions for each area are plotted along
the honizontal axis, and the percentages of reactions of specified
sizes are shown by the height of the corresponding column
The frequency of reactions measuning 4 millimetres or more
Area D 15 about 83 per cent, 10 Area E about 67 per cent, in Area F
45 per cent, and 1n Area G 18 per cent In each instance, the
reactions distribute themselves into two groups, onc at the left
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composed of 6, 1, 2 and some 3 and 4 millimetre seactions and the
other towards the sight, 1n 2 form resembling the normal probability
cunve, with reactions measuring from 2, 3 and 4 millimetres up to
more than 25 milhmetres. It can be assumed that the population
w eack area is composed of two groups of persons, some who have
been infected with Hisroplasma and some who have nat.  The two
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Fic 98 —Histoplasmn reacuons i navy requits from the east-
ceniral states

groups of react, m gach b are asrep
mg the infected and the unmfected groups i the populauon
Parsons with 2-4 and perhaps 5 millimetre teactsons, in the range
where the two groups averlap, are & nusture of some mfected and
some unnfected  Most of the nfected, howener, bave faurly large
teactions of 10-11 maflimetres average diameter, and most of the
fected have no b
Several imphications may be drawn from these results about the
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nature of spectfic hustoplasmin sensitivity. First, the positive
(spectfic) reactions are distributed fairly symmetrically around a
central value, which represents the mean or average suz¢ reaction
Secondly, the average size of speaific reactions does not vary with
the prevalence of mfection, whether 1t 1s as high as 8G per cent or
down to only 20 per cent. The only important difference between
the four distributions is the relative proportion of large (positive)
and very small (negative) reactions In the endemuc area, the 5
mullimetre criterton 15 too high for estmating the percentage of
posttive reactions. Many of the 5, 4 and even 3 and 2 millimetre
reactions certainly belong to the positive group. The tradittonal 5
millimetre criterion would, if applied here, underestimate the
percentage of infected m the population.

In an essentially negative population, on the other hand, the 5
millimetre criterion would overestimate the percentage of infected
persons

As 1iliustrated by the results shown in Fig 99 for lifetime residents
of 5 north-western states, more than 99 per cent of the reactions
belong to the negative group at the left-hand part of the scale
Many of the 4 and 5 millimetre reactrons, and even some of the 6
and 7 millimetre reactions, are mterpreted as negative  The very
small group of large reactions centering around 10-11 mullmetres
probably represents the positive group, which can be most efficiently
separated from the negative group at about the 7-8 millimetre tevel
To make the customary separation arbitranly at 5 millimetres would
result, here, m overestimating, by about 100 per cent, the proportion
of specific reactions, as about equal numbers of mfected and unm-
fected would be classified as positive

A very diffetent pattern of response 1s found 1n the south-west,
where Coccidiordes 1s tughly prevalent  Histoplasmin reactions in
that area, as shown in Frg 100, form a step- hkc dxsmbunon from a
high frequency at 0-1 muli to ly lower fi
along the scale towards thelargersizes  The main difference between
this distribution and the one for the north-west isthe relative increase
n the proportion of small reacttons A great many more persons
1tving 1n the south-west react with 3-5 and up to 9 or 10 muthumetres
than 1n the north-west  The small group of subjects showmg large

probably rep specific to
but most of the small reactions must be interpreted as non-specxﬁc
sensitivity, In this mstance to cross-reactions resultng from coccr-
diordal mnfection  Thus 1s clearly mdicated by the distributions m
the lower part of Fig 100 where the total population has been sub-
divided 1nto two groups those with a coccidrotdin reaction of less
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than 4 millimetres (left) and those with a coccidioidin reaction of
4 mullimetres or more (rght) Most of the small histoplasmin
reactions are found in persons who also react to coceidiodn
Simply to report that some 10 per cent of the histoplasmn reactions
measure 5 millimetres or more would obscure the fact that at Jeast
two-thirds of them cannot be interpreted as specific for histoplasmal
infection

PP Nomber tasted 3 161

Fic 101 —Histoplasmtn
reactions 11 Navy recruits
from Kansas, "Oklaho-

a
SCHEMATIC. BREAKDOWN OF Th: 480VE DISTRIBUTION ma, Texasand Loursian:

PERCENRTAL Y

A somewhat simular pattern of histoplasmun reacttons is found 1n
another section of the country Fig 101 shows the frequency
distribution of reactions for lifetime restdents of 4 adjacent states
tymg cast of the coccidiordal endemuc area and on the western
fringe of the lustoplasmal endemuc area (Kansas, Oklahoma, Texas
and Lowmsiana)  Some, perhaps most, of the large reactions can be
interpreted as specific for histoplasmal infection, but the small
reactions filling 1n the range between specific and negative reactions
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by some other infection. Thus,
although some 30 per cent of the reactions measure 4 millimetres or
mote, about two-thirds of them are interpreted as non-specific
They cannot, in this instance, be attnibuted to coccidioidal infection
as the population in this area 15 essentiatly free of coccidiordin
sensitivity, nor can they be asenibed to histoplasmal mnfection
because the pattern of the distribution is so different from that
found in the histoplasmal endemic area.

Another way of trying to distinguish between specific and non-
specific sensitivity 15 by studying the relation between pulmonary

and size of . A high degree of correfation
exists between specific histopl: and pul y
fication?, so if i is i with a very

low frequency of calaification in some area, there 1s good reason to
believe that at least some of the reactions are not caused by histo~
plasmal mfection. This was found to be the case in the studies
made 1n the states referred to in Fig 101, supporting the conclusion
that the bulk of the histoplasmin reactions n this zone are non-
specific reactions owing to sensitization by some other agent whose
1dentity 15 unknown at the present time

In Fig 102, frequency distnbutions are given for histoplasmin
reactions 1n Sudan, Indonesia and India, where general poputation
groups were tested by World Health Organization teams, using
H-42 from the Public Health Service in a dilution of 1 1001 1In
Equatoria, the distnibution shows the characteristic bimodal pattern,
where the population clearly separates itself into two groups, one
very likely infected by Histoplasma, the other uninfected  The point
of separation between the two groups might be made at about
8 millimetres  In the endemic area of the United States of America,
the point of separation 1s considerably lower, but this difference
probably refiects only a difference in measuning the sizes of the
reactions, for we have reason to bebeve that the reader 1n Sudan
measured uniformly larger than the readers 1n the Unmited States of
Amenca  The important point, however, 13 that the pattern of the
distributions n the two regions 15 very similar, both show two
farrly distinct groups of reactions which can, with some confidence,
be interpreted as representing speaific and negauve reactions In
each case, a fair estimate can thus be made of the prevalence of
histoptasmal mfection 1n the locality  In Ked:san, on the 1sland of
Baly, the smail percentage of Jarge reactions recorded may represent
specific sensitavaty, whereas the great mass of smali reactions should
probably be mterpreted as non-specific, in Daneeling, India, the
population appears to consist essentially of negative reactors
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RADIOLOGY OF PULMONARY MYCOSES
J. W. PIERCE

ONLY very rarely can one look at a radiograph and say that a fungous
disease is r for the app seen, and even less fre-
quently 1s it possible to imphcate any particular fungus Like
bacteria, pathogenic fungi enter the body through the respiratory
tract and on reaching the lungs produce pneumonra, The shadow-
ing which results may be of several different types It may take the
form of finely scattered miliary mottling or the coarser, broncho-
pneumonic type of mottling; 1t may present as localized denser areas
of consolidation of varying size involving up to a whole lobe, and in
addition the dimorphic fungi may produce, during the stage of
nvasion, a primary tubercle-like picture with shadows in the lung
fields and enlarged hilar nodes. Most pathogenic fungt can pro-
duce most of these pictures, so that 1t 1s seldom possible to recognize
the causative organism from the examination of a single film. The
position 15, however, not quite hopeless dragnostically, because at
some stage 1n the course of these diseases most of them produce 2
fairly ch: 1stic, 1f not absolutely typical, radiological picture.
In general the radiological appearances of fungous diseases
resemble those seen in chronic tuberculosis or 1n the chronic sup-
purative pneumonias  When the infe 15 wid d th
the lungs the appearances usually resemble the coarscr broncho-
preumonic type of motthng rather than the finer streaking and
mottlng seen 1 sarcord or cases of diffuse nterstitial fibrosis It
1s important to note that the time to think of a fungous disease 1s not
when an unusual lung picture )s first seen, but later, when the course
of the disease and the response to treatment prove to be abnormal

ACTINOMYCOSIS AND NORTH AMERICAN BLASTOMYCOSIS
These diseases will be dealt with together because both can pro-
duce several different types of shadow and because they illustrate
how confusing may be the similanty between one mycotic disease
and another  Fig 103 shows the widely spread broncho-pneumontc
motthing 1n all zones in a case of actinomycosis Fig 104 comes
from a case of North Amenican blastomycosis, and In both the
disease has given rise to fibrosts, displacement of the hilum and a
distorted vascular pattern.  These types of the two diseases are
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Fio 103 ~Actinomycosis,
‘broncho-pneumonic  mot-
thng tn ali zones.

Fio 104 —North American
blastomycosis,  broncho-
preumomic motthng m all

virtually mdulmgulshable n mdmgmphs Both diseases may also
produce more dense Yy on one
side with smaller secondary areas of involvement on the other, and
1n this type the diseases are again indistinguishable  There 1s, how-
ever, ane farrly charactenistic picture which sometimes occurs in
actinomycosts when thickening of nbs may result from penostial
new bone formation (Fig 105) Though haghly characteniste, this

cannot be as y since
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RADIOLGGY OF PULMONARY MYCOSES

periostitis may arise 1n chronic empyemata, In actinomycosts,
however, rib involvement often occurs without an empyema, and
may appear early in the disease.

FIG 105 —Actinomycosis, peri
ostitis of rtbs

TORULOSIS

- N oo PR TR R R L AU o~ basa mncthy

to involve the hlar glands At most, they may produce some
obstructive pneumoma distal to the maimn lesion, behaving 1n this
respect Itke bemgn tumours of the lung They may be very large
and some may cavitate Torulosis may also present as scattered
small rounded shadows throughout the lungs, the appearances
beng indistingumishable from other causes of widespread pulmonary
mottling

ASPERGILLOSIS

At least 2 mam vareties of this disease are described  The most
1nteresting 1s the saprophytic or mycetoma type which takes the form
of a solid mass of fungus growing in a cavity These masses may
be found 1 any pre-exwistng cavittes, most commonly . cases of
tuberculosis, or 1n cavitated mfarcts, they do not appear to invade
bronchiectatic cavities, as all the cases so far encountered have been
1n the upper zones This fungus does not itself appear to ause
cavitatton.  The charactenstic radiologteal picture of a mycetoma ts
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Fia 106a ~Torulosss, toru-
Joma seen as farly well-
defined lesion situated in
the right muddle lobe

Fic  106b —Torulosss,
same case as shown n
106a, lateral view

that * ot .

SR

unattached within the cavity The persistence of such a mass m a
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cavity over weeks or months is almost pathognomonic of an asper-
gillus mycetoma  Similar appearances may be met with in a cavi-
tating neoplasm (though 1t is extremely rare for cavitation to occur
around the periphery of a tumour), 1 cases where there is a blood
clot 1 a cavity following 3 haemoptyss, or where there is a dead
shrinkmg hydatid cyst. These last 3 alternatives all concern dead

:
o

-
-

5 Fi6  107.—Aspergillosis; myce-
§- fandiiy toma

!

ussues which would be expected, in time, to change and ultimately

to disappear, r mas may persist h d for months and
may even show gradual enlargement How they originate 1s not
known with certamty but in the foll case their d P

has been observed The next figures lustrate the development of
an aspergillus mycetoma m a young female patient with well-
controlled tuberculosis who suddenly began to produce sputum 1int
profuston contaming plentiful Aspergillus fumigatus  Two very
large distension cavities wath flud levels and considerable thickening
of their walls were demonstrated (Fig 108a) Three months Jater
the cavities had become smaller and 1t appeared that the thickened
Iining of one had crumpled to form a mass withm the space which
remarned. One year later this mass was seen to be discrete and to
have air around 1t (Fig 108b) This suggests that the thuckened
-+ ~fantad wall mav hecame dienlaced and mav thus constitute
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TG 1081 ~Aspergillosis,
thick-walied distension ca-
vities (211253}

Fi 108b —Aspergitiosts,
same case a3 shown in
Fig 1082 Mycetoma forma-
tion in right upper 7one
3135y

repeated episodes of fever, the expectoration of mucoid piugs, and
the occurrence of transient areas of pneumonic consohdation
Figare 109a shows the radiograph of a panent suffenng from such
an episode, 6 months later all the shadowing had cleared Two
years later the shadowing returned 1n a different position with a
small extension on the other side (Fig 109b), and after a further
month additranai changes were to be seen  Such a chnical course
coupled with these with the

) o
expectoration of bronctual casts, 1s highly suggestive of this type of
aspergiitosis

V¥ p, 175



RADIOLOGY OF PULMONARY MYCOSES
COCCIDIOIDOMYCOSIS

During the stage of invasion this fungus may give rise to pneu-
monia producing areas of consolidation in the lung, the shadows
resembling those seen in any ordinary bacterial or viral pneumonia
In cases where the infection is overwhelming, the disease may spread
as a mibary motthng throughout both lungs In addition, the
mitial fnfection may closely simulate primary tuberculosts with
discrete foci 1n the lung and enlarged hilar glands, both of which
may later calaify,

FiG 109a —Aspergillosis, aller- FI6 109b —Aspergilosis, same
1c reas of pneumonic case as shown n Fig 109,
consolidation  (2153) new areas of consolidation

(121056)

The course of the disease 1s usually bemign, the shadows clearing
and leaving, at most, smal calcified foct  An occasional area of
consolidation may cavitate, or may partially resolve, leaving behind
a few 1solated rounded which are 1nd hable from
those seen 1n pulmonary tuberculosis, and which may be vistble for
years Sometimes a cavity will remain after the surrounding con-
solidation has cleared, and may persist for many months or years as
a smooth thin-walled cavity, usually without flud, and hable to
changes n siz¢ with alteration 1n tenston (Fig 110) This appear-
ance 15 highly suggestine of coccidiordomycosis, and 's almost
diagnostic in persons living 1n the endemic area.
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HISTOPLASMOSIS

Histoplasmosts may also occur in several different forms  The
disease may present with ont or more areas of preumonia (which
unhike those of coccidioidomycosts do not cavitate), with an isolated
Jung lesson and enlarged glands as in primary tuberculosis, or with
widespread small foc: densely scattered throughout both lungs

The initial stage of invasion uspally heals without permanent fung
damage, but both glands and tung lestons are very Lable ta calafy

Pio 110 ~Coctidiodomycosss,
thin-walled cavity

(Figs 111a and 11tb) These rather dense, regular, rounded
opacities are the most charactenst of
but they are not easity distinguishable from those found in tubercu-
losis  On the whale, they ate a kitle more densely calafied, tend to
remam discrete with less evadence of aggregation, and to be mare
evenly scattered oter the lung fields without the predomunantly
upper zone distribution of the calafied foo of tuberculosis

This fungus can also praduce a form of chronc fbrasing fung
disease which can exactly minue chromic pulmonsry tuberculosss,
event to progresswve fibrosis and cavitation (Figs 1122 and 112b)

The onfy 2 cases of acute hstoplasmons faund 1 this country
were bath 1 pattents who kad kved in endemic aceas, though both
had been in England for 5 years  Both patients died from the acute
dissemsnated form of the dssease, the spread tn both cases following
shortly on & biopsy, i ong case of a laryngeat leston thought to be
tubereulous, the other of a tonsillar uicer
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—_—~
P

e
et

RS Fic 111a ~Hstoplasmosis;
Ty § widespread patchy consol-
datton and glandular en-

ESY 4 largement

Fic 111 —Fistoplasmos:s,
same case as shown 10 Frg
111a, 4 years later  Calor-
fied nodules
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FiG  112b —Histoplasmo-
18, same case as shown
m Fig 112a, 5 years

later  Cawitation” and
fibrosis on nght side

16 1122 —Hustoplasmo-
sis, lestons closely re-
semblingchronic ~ pul
monary tuberculosis
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THE MODE OF ACTION OF ANTI-FUNGAL DRUGS
GORDON T. STEWART*

In ths study 5 groups of drugs were compared tn mode of action 1
wiro against 5 groups of fungi  The drugs, 10 m ‘number, repre-
sented widely differing polyenes,

aliphatic substances and triphenylmethane dyes The orgamisms
were from the main pathogenic groups, at least 2 different varieties
of each genus being represented

RESULTS

These substances varied considerably in activity (Table 40). The
widest range was shown by 2 chlonnated oxyquinolines, which were
strongly inhibutory to all the organisms tested at concentrations of
10pg per millilitre or lower. The highest degree of activity against
any one organism was that of amphotericin B agamnst Candida
albicans and Microsporum audowm, and of pentamidine against
Aspergillus ruger.  Activity of this order (1 pg. per mullihitre) 1s farrly
specific, and 18 not part of a general anti-protoplasmic toxicity.

The components of actvity shown by these various drugs were as
follows

DIRECT EFFECTS UPON THE MORPHOLOGY OF THE ORGANISMS

This was studied by microscepy of living cells from cultures con-
taimng the various drugs. It 1s techmeally important, m direct
compansons of this kind, to use the drugs in soluble forms but, at
the same time, to exclude any independent or adjuvant effects con-
tributed by the solvents  In our experiments, the solvent (dimethyl
formamide) was present at a final strength of 1 per cent n all
preparations, control and test, at which strength 1t appeared to be
quite mert

Direct microscopic observation of living, unstained preparations
showed that none of the drugs possessed an immediate, cytotoxic
effect  The earhest visible effect was the imhibition of budding 1n
the yeast-hike orgamsms 1n 3-R-hour cullures. best shown by the
polyenc b and the hal Thereafter,

mor changes gradually began to occur i hyphae
and spores, but only with certain drugs

* With the techrucal assistance of R J Holt
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THE MODE OF ACTION OF ANTI-FUNGAL DRUGS

Hyphae.~The two halogenated oxyqumolines at 2 pg. per milli-
litre caused swelling and vacuolation in cultures of A. niger (Eig
113) The hyphae were especially thin and rarefied where comdia
were forming  This type of change was obvious after 2448 hours'
growth, Rimocidin (10 ug. per millilitre; Davisson and his col-
leagues?) caused similar though less obvious changes, and also
affected visibly the hyphae of Aspergillus finmgatus and Trichophy-
ton mentagrophytes.

2 %, Y
R
%3 g
."r N :
Mo N L

@

FiG 113 ~Aspergdilus mger  (a) Notmal hyphae (b} Effect of chlorhydrosy-
quinoline (5 pg per mullilitre), swelling and vacuolation of hyphae  {» 360)

Spares.~Rumocidin (Spg per mutirtre) began to act upon €
albicans 1 4 hours At 8 hours, the majortty of the spores showed
shght swelling and vacuolanon and, by 24 hours, this change was
very marked indeed When studred by interference microscopy
(Fig 114), the changes in the refractlity and other optical properties
of the cells were very striking  This nmocidin effect was present
even while a proportion of the cells were buddmng, so 1t obviously
did not affect all phases of growth  Nystatm, m contrast, caused
an absolute cessation of budding without causing comparable
cytoplasmic changes, though some shrnkage and loss of refractility
were evident at 8 hours  This recalls the observatron of Blank?
who found by electron mrcroscopy that nystatin caused ntraceltular
tysis slowly, 1n 3-8 days, without damagmng the celt wall
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THE MODE OF ACTION OF ANTI-FUNGAL DRUGS

Another conspicuous effect was that of the halogenated oxyquino-
lines upon the sporing of 4. niger. The vesicles developed, but
were almost devoid of mature spores or pigment and “bald” in
appearance (Figs 115, 116).

EFFECTS UPON CELL DIVISION
The polyene bi idime and the hal d oxy-

qumolines were all readlly? ic, in that pl
of cell division could usually be attamed at levels of not more than

Fig 16— dsperpilis mger (@) Normal sporulation (b) Effect of

pore-bearing vesicle with absence of

spores  (x360)

20 pg per mullilitre (Table 40), which should be attamnable therapeu-
tically mm many types of lesion  There were, however, some impor-
tant exceptions

Nystatmn, 1n spite of its profound effect upon Candida and Micro-
sporum species, was much less active towards species of Aspergillus
and Trichoph whereas h tcin B (also a polyene) was
hughly active against these or that the hexaeni
or heptaenic form conferred greater activity than the diene-tetraene
structure of nystatin  None of the 3 antibiotics was active agatnst
the actmomycetes, which 1s not surprising in view of their origmn
from the Streptomyces spectes, but the oxyquinolines and pentami-
dine were fully active  In general terms, higher concentrations of
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THE MODE OF ACTION OF ANTI-FUNGAL DRUGS

all the drugs were required to inhibit the growth of Aspergiflus and
Trich.oplz)mn than that of Microsporum or Candida. Organisms
growing at subinhibitory concentrations of these substances
were successively subcultured into media containing rising levels
of the same sub without showing i ion of growth
It seemed that, in spite of the lack of lysis, drug-resistance m
titro was not easily acqurred,

10
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UNDECYLENIC ACID -
e S5Oper cent|
INHIBITION
H \

H } H
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< &
c o]
3 . .
3 i
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10 s0 10 20

LOG CONCENTRATION OF DRUG (Micrograms per milfilitre)

Fic 117 —The effect of vanous drugs upon the growth of Candida
albtcans in vitro

FUNGICIDAL EFFECTS

Interference with growth, and fungistasts, were relatively easily
obtamed m titro Fungicidal effects (Iysts of mnoculum and stenle
subculture) were rare (Fig 117) Even cells which had been
greatly altered 1n app: by n or the 1
seemed able to revive and propagate normally 1n drug-free sub-
cultures Amphotericin B was the only drug which lowered the
blastospore count and actually killed the bulk of the moculum of

Candida. The oxy p and ) ~n were
partly lethal to A. miger and A funigatus, and the oxyquinolir es had
some destructive action upon T mentagrophytes.

188




RESULTS

METARGLIC INTERFERENCE

& yd are key sub in the bolism of patho-
gene fungd  Thus faevuiose, dextrose and maftose preatly enhance,
i that order, the growth of Camsda. Thcre nrc A number of points
of between the carbohyd tsm of fungi and
theie miubition by dregs. The polycncs were found 1o be 2040
times mare active agamst Candida 1w laevelose than in dextrose
{Fig 118} whereas the oxyquinoles and pentapudine were costes-
pondingly more active in dextrose than s laevulose  This was

e e e RENTAMOIE - LhEVYLOSE

———

u

CELL EOUNT 1 10° per mutititee

10 s
106 CONCENTRATION GF ORUG {Mitrogroms pr mutiitee }

F1o 113 —The effect of nystetin and pentanmdine upon Candidy nlbnranx
m pinn peptone water, dt4) dextrost peptone water, and d(~ ) facvu
Jnse pepione wager

dependent of pH change, and no such interachions were exhubited
by these sugars agamst undecylenic acid, nmocidss or gentian viojet
A simlar, antaganstic effect was shown by dexirose agasnst the
action of the polyenes on A4 miger

The difference an the mteraction of dextrose and lagyulose
suggested that isomerssm mmght be 2 factor  This was borne out by
the fact that mpropanci was much more actwe than is somer
against Sacr , Candula and fius (Frg 119}  Such
mhiditosy actwon on the part of afcofols was ffuenced also by
ahphatie-chan fength, as ethanol, propanol and butarel were
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THE THERAPEUTIC USE OF ANTIFUNGAL AGENTS

E. DROUHET

TrE fungous diseases, often chronic and sometimes fatal, are among
the most difficult infections to control. Bacterial infectrons can be
controlled by vaccines, antisera and numerous antibacterial sub-
stances  Viral infections, though lacking spectfic treatment, can be
prevented by These are not available,
however, for the mycotic infections.

Numerous antifungal agents are active in wutro, but few are
effective 11 vivo. The great majority of chemical antifungal agents
are effective only 1n the superficial mycoses by local applications;
few can be used by the oral route (Table 41)7.36.38.39,43.45,

ANTIFUNGAL DIAMIDINES AND ANTIBIOTICS

The aromatic dramidines are effective by oral or parenteral routes
1n the systemic blastomycoses, but toxic side-effects limit their use
More promising than synthetic chemical agents for the treatment of
fungous diseases are the antifungal antibrotics  The various anti-
biotics so far 1solated may be divided after Waksmane® into 3 broad
groups on the basis of their respective antimicrobial spectra {Table
42) Besidesth by with antit {and ant
spectra there 1s another category of antibiotics (including tyrothricin
and ghotoxin) which 15 actrve both on bacteria and fungt but too
toxic for therapeutic use, the last and most Interesting category for
fungous treatment mcludes antibiotics which are selectwvely anti-
fungal such as actidione loh de) and the poly (CH=
CH),.
Actidione.—This 15 hughly active i tutro on one pathogenic fungus
only, Cryptococcus neoformans In ammals, actidione affords no
protection to muce mfected with this yeast, but 1n humans*® it has
some activity by intrathecal, intravenous and ntramuscular routes
(Table 48).

Polyenes.—The most g are the
poly prodi of eplomyces, m a conju-
gated polyene chromophore4®. They appear to possess generally
similar chemical properties but can be classified by exammation of
their ultraviolet absorption spectra into 4 subgroups, corresponding
to the presence of 4, 5, 6 or 7 conjugating double bonds
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THE THERAPEUTIC USE OF ANTIFUNGAL AGENTS

TABLE 41

CHEMICAL STRUCTURE AND ’"IERAPEUTXCAL USE OF SOME
PRINCIPAL ANTIFUNGAL AGENTS

Chemnical antifungol egents

Theropeutic use

Route of Fungous
admmsira- diseases
tort
Heary metais: Hg, Ag, Cu, Zn (salts) Locat Superﬁc\al
alogens: 1, Br, Q1 mln ror Su;\crﬁcml
parenteral (\) Spomln-
Sulphur compounds
o
£
s M dan
ads AN een!
AT 9.5 (4) Local (:,),,s;‘:,;ﬁ““
dithio tetrasthylthwram
cattamate  thodamne Bisvipmte
@ () ® !
|
Fatty acids CHFCH—(C”z)‘—CdO H g; 1(2; Oraml H (i)\;gitslycrﬁn.\l
nec a
e @ Local | (556) Drgestive
£H(CHy)COOH cu,——cu ‘moniliasis
caprylic acd propronic aad (7) Superficial
6} [yl mycoses
Quaternary ammonsum
compounds -
. .
R} Local Superficial
x- mycoses
®
Antibistammnes i
<chlorocychane HCH
methapheslene HCL Locat Dermatomycoses
diphenfiydramine HCT, et
Compounds wik Benzore Nucleus |
Benzoic desivatives | ©) (109 Supers
uperfie
ox cpocH, | )10 : ol mycows
Local (ll)D)gesuve
HO a1y meontlias)
coon  caon  how S 3 Oral

bemow  sbobe phydon. iyl
acd benzm: 2t vamilate
©) heisy an a3

3%5) “\s\wpsas—

|
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THE THERAPEUTIC USE OF ANTIFUNGAL AGENTS

TABLE 41 (continued)

Therapeutic use
Chenucal antifungal agents
Route of Fungous
admumstra- diseases
non
Sulphonamides, snlphones
”2 (505 (1) Oral | (13) Anaerobic
(15) Oral actnomycosis,
South Amenican
SONH, coau blastomycosts,
(15) Nocardiosis
a3 bcnzolc amd sulphone
a4 (15)
Phenol derivatives
pentacthylene glycolic | (18) Local [ Superficial
ether of mycoses
dichlorocresol
(18)
;Ahenol c((csol
Benzn(hlaznles 2 dxmelhyl-zmmo-&(ﬂ diethyl- | (19) Local | Superficial
amino-ethoxy) benzothiazol (19, ‘mycoses
Dyes: Trophenylmethane group
—M{CH, 3,
P
- (20) Local | Superficial
(CHyIN O i uperics
malachite green
0
Quinones
TermatomyLuses

-]
ct ct -OC
a8 OQ™™ |mp

1etrachioropara- 14 2-methoxy-
Qn 22y
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THE THERAPEUTIC USE OF ANTIFUNGAL AGENTS
TABLE 41 (continued)

Therapeutic uses
Chemical arnfungal agents
4 Route of Fungout
adminisira- diseases
Quinglines
4 1
C‘“ﬁ\: Q ] ‘“6 Q enom | @Y Digeane
o o (2% Locat | mombass
5,7-dichloro-Bhydrovy-  S-chioro-T-10do- Q4) Superficial
quinohine 8-hydroxy-quinoline mycoses
@) )
Aromatic diamidines

" % M 19 0ml | Nonh Amencan
:C"Q‘é'?" O"( and | blastomycosis
Wi « Wiy perfunon ( cmgmm
(25 l

Njystatin, Candicidin and Euclin.——The comparauve fungal spectra,
of vanous anufungal antibioties are given 1n Table 43 Nystatin, a
tetragne polyene antiblobic discovered by Hazen and Brown®” in

ay C neoformans, Blastomyces dermattidis and Histoplasma capsi.
fawm  Amph (a hep 15 parti acuve on deep-
seated fungi?2- 5359 Euclin, a new antibiotic of unknown composi-
tion, mactive against Candida, 15 Tughly inhibitory to fungt cansing
the deep-seated mycoses, as well as on some bacteria and acting-
mycetess?

Nystatin in animat studies and human therapy.—Data on the toxicity
of the anufungal antibsotics 15 summanzed in Table 44 while Tables
45 and 46 show their therapetic activity 1 experimental mycoses.
The numerous studies on vanous animals show a definite actmaty
and low toxicty of nystatin by the oral route and very favourable
actinty 1n systemic mycoses by the parenteral route but nat by the
oral route, due 10 poor absorphionts3,15,23.31

The first antifungal antibrotic that found a targe applcation 1
human therapy was nystatin. The need 1o control post-antibiotic
comphearions due to Candida Was satisfied by tus astiblotic, even
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THE THERAPEUTIC USE OF ANTIFUNGAL AGENTS

TABLE 42
A CLASSIFICATION OF THE PRINCIPAL ANTIBIOTICS

Antibiotic activity Antibiotics Producing organtsm
Pentcillin Penscilhum notatum, P. glaucum
Streptomycin Streptomyces griseus
Antibactertal and Chloramphenicol S, Lenesuelae
t Chlor S
Oxytetracycline S rimosus
Neomycmn $. fradiae
Tyrothricin Bactllus brevis
Z}l'uolulm Slr{pmm)z‘t.\; afbus
avacin Aspergillus clavarus
A'Kﬁ:‘ﬁ:;g:{ and Streptothricin S lavendulae
Actinomycin S antiboficus
Gliotoxin Trichoderma
Trichothecin Trichothe¢um roseum
Cyclohextrmde
(actidione) Streptomyces griseus, S nourser
Polyenes:
Tetraenes
Nystatin S, noursel
Rimocydin S rimosus
Antimycom S aureus
Chromin S. antibioticus
Amphotercn A | S sp
Pentaenes
Eurocidin S sp
Antifungal Fungichromin S sp
Fungichromatin S sp
Filipin S fplipinensis
Hexaenes
Flavacide S sp
Mediocidin S sp
Heptaenes
Candicidin S griseus
Candimyemn S5 grisens
Ascosiny S canescus
Trichomyein S hachyoensis

Amphotercin B | S sp

in infants and children 1n whom blood-borne dissermination of
C albicans from intestinal capillartestl, or by extension from the
bronch: and the lungs3s, may be particularly dangerous. It also
controls chromc cases of onychia due to C albicans resistant
10 ordinary treatment?6 Table 47 summarizes the results with

ny: atm mn 1he hands of various authors!?, 13,14
hn 4Lamnmnct o anb s s af cucsntin an 46 cases of

. - v laboratory
. . [ - } were cases
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THE THERAPEUTIC USE OF ANTIFUNGAL AGENTS

TABLE 44
TOXICITY OF SOME ANTIFUNGAL ANTIBIOTICS ON ANIMALS

Acute toxicty, LD 50 in mgfhg.

A Chemical Route of admumstration
nature
Oral b~ Intra- Intra-
cutaneous | perttoneal | tenous
o
g
Nystatin g 3,000 mg. 150mg | 20-26 mg
& {800,000 U} (30,000 U)
Trichomycin 250-1,000mg | 179mg 22mg 22mg
(4,300U) | (4,200} | (43000)
g
g
Amphoteriem | > >280mg | 280mg 20mg
B £l g
g
Ascosin E 500 mg 168 mg 86mg | 125mg
&
Candicidin 14mg
Antibiotic >500 mg 250 mg
1968
Actidione Cyclo~ 0 my mg
heximde cumnulative toxic effect
Euclin 430 mg 153 mg 130 mg

of generalized monihiasts with thrush, diarrhoea, vulvo-vaginitis and
multiple abscesses, and 25 were cases of digestive montliasts A
rapid clinical recovery was obtaned 1n all cases and Candida de-
creased m numbers, or disappeared completely, from the mouth,
stool, urine or blood when nystatin was adminstered m powder
form Daily doses of nystatin can reach or exceed 14 mullion umts
for infants, 2 to 3 million units for children and 6 to 10 mullion units
for adults, and can be continued at this level for many days  There
1s a remarkable lack of toxtcity The powdered substance 1s the
most adequate preparation for the treatment of digestive momliasss,
because generally the whole gastro-intestinal tract 1s involved 1n such
cases, beginming at the oral cavity  Chimeal relapses occurred 1n
several cases, particularly where thrush was unrelated to antibrotic
therapy. No resistant strains of C. albicans were encountered  In
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THE THERAPEUTIC USE OF ANTIFUNGAL AGENTS

TABLE 45

THERAPEUTIC ACTIVITY OF NYSTATIN IN
EXPERIMENTAL MYCOSES

Experimental Roupe ¢f Expetimental nerlz;peum- Refer-
cons animats efect ences
Systermic moniliass | Parenteral | Mice Favourable | 552‘7 *
Systemic monhiayis | Parenteral Favourable is
Syscermic mombawps | Parenteral Embr?'nn:(:d eges { Favourable 3
Systermic morutiass | Oral No effect o4
Dugestve monilasis { Oral Favcurable ot
Digestive monehasss | Otal Rnbhm vourable | 142720
Digeshyve monshasis | Ora} Dog Favourable »
Dermatophytossy Local Guineapig Favourable a
Systemic
STYpLoc Parenteral | Mict Favpurable | #273%
Systemse
coccrdindomyrosts | Parenteral | Mice Favourable | 8¢5
Syysemic
srorottichasis Parenteral ch: hamsters ar L
Blastomycoss Parenteral | Mice Favourable 2
Blastomycoss Oral Mice, hamsters No effect €
Histoplasmosis Parentral | Mice Fayourable | £25
Hustaptasmosis Parenceral | Mice, hamsters Favourable "

localized broncho-mionslasts of adults, results of oral nystatm are
not always satisfactory because of the poor absorption of this antt-
biotic, as Stewarts? demonstrated

In vaginitss, good results were obtawed in many trialg4 14, 13,2526,
2, even when several yelapses occurred  These refapses, which are
usually seent in pregaant wortten and ace often due to an ttestinal
facus or to reinfectson by the hiusband, were cured by a second course
of treatment

In cut the tepical of aystatin 1s very
effettive™, eyen b rases of chrome onychsa  Oruppes?s from
Hopital Samt Louss abtawed the besl results by combimn g topieaf
nystatin i with ds p of g alt
infected focy from the bases of the nais ta allow penetration n(‘ the
anubiotic to the deepest layets of heratim  In chromc cases of
monthiasts, tntensive search 15 advisable to establish primary condy-
tions (cndocnne facrors, avitasmnos:s, am) 50 on) predisposing to
fungal wfeenon and for to anti-
fungal therapy

Response (0 nystatin was offered as proof that C albicans ught
be responuble for angocholecysuns by Crismer and hus colleaguest?,
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THE THERAPEUTIC USE OF ANTIFUNGAL AGENTS

TABLE 46

THERAPEUTIC ACTIVITY OF SOME ANTIFUNGAL ANTIBIOTICS
IN EXPERIMENTAL MYCOSES

Antibiotics Expersmental Route of Ammals | Therapeutc | Refer-
mycoses admumsira- effect | ences
Digestive
momliasis Oral Mxe Favourable
Sys!cmlrc b
d moniliasts arenteral | Mice Favourable
Candiedin | g gomycosts Parenteral | Mice Favourable| 3!
Sporotrichosis Parenteral { Mice Favourable
Histoplasmosis | Parenteral | Mice
Cryptecoccosis Parenteral | Mice Fair
Moniliasis Orat or Muce, rats, Favourable
Trchomycm N parenteral | rabbits »
Trichophytosis Local Guinea-pig | Favourable|
Ascosin Montliasts Parenteral | Mice Favourable! 29
Histoplasmosts | Parenteral | Mice Favourable| 1
Systemic
Antibiotic momMasts Parenteral | Mice Favourable
1968 Sporotrichosis Parentesal | Mice Favourable| 6
Histoplasmosis | Parenteral | Mice Favourable
Euclin Blastomycosis Oral or Mice Favourable] 62
parenteral
Monhasis oral Mice Noeffeet |
onsliasts arenteral | Mice ‘avourable
AmPphotenein | pyycoptasmosss | Oral Mice arr
Blastomycosis Oral Mice, No effect
hamsters
Montlrasis Oral Mice Favourable| 5
Monshasis Parenteral | Mice Favourable | 336
Cocardioido-
mycosis 2l or Mice Favourable| ‘6
parenteral
Cryptococcosis | Oral or | | Miee Favourable| 4%
parenteral
Amphotenein | pstoplasmosis | Oral Mice Favourable| 4 5
B Histoplasmosts Patenteral | Mice, Favourable| 17
hamsters
African
hustoplasmosis | Oral Mice, Favourable| 16
hamsters
Blastomycosis Qral Mice, Favourable| 19
hamsters

who observed 2 cases, with C albicans 1 the bile, in whom persistent
fever for several months was rapidly controlled by nystatin
Nystatin m prophylaxis —Prophy of nystatin
prevented all cases of thrush 1n the Centre for Premature Infants in
Paris?s over the last 2 years, in abdominal surgery nystatin combined
with different antibacterial agents has been used for sterihzation of

the bowels? 3.
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THE THERAPEUTIC USE OF ANTIFUNGAL AGENTS

‘TABLE 48

THERAPEUTIC USE OF SOME ANTIFUNGAL AGENTS
IN CLINICAL CASES OF MYCOSES

Antiboties Fungal disease | Num- Route of Resulss | Refer-
ber of | admimstration | E=excellent | ences
cases
Jair
. ailure
Dermatophytosss | 93 | Local 4E, 7G, 481, |
(60 Trichophy= 34F
fon rubrum, 26
T mentagrophy-
tes, T other)
Coccidioidomyco-f 10 Oral 1G, 9F :“
2 | Intramuscular | 2F :
Nystatin 5 !Intravenous | 2G,3F “
1 Intravenous | F.
Histoplasmosis 2 2F o
4 Tntravenous 4F “";
Cryptococcosts 2 ©Onal 2F 30
2 | Intravenous | 2F .
Brain abscesses 1 Oral and F
with Cladospor- ntramuscular
tum trichoides
Moniliasis
Candicidin Cutaneous I Local E 2
Vaginal 1 Local E a
Maxjxhasns ! E 1
taneous Local
Trchomyein | Vagingt Local E M
Digestive Oral E *
Ascosm Tinea capitis 102 | Local 51G, 49F |
Actidione Cr 19 2G,4f, 13F | 4
ntramuscular
and intrathecall
Amphotericn| Histoplasmosis 1 J Oral G .y

Conclusion.—In the mycoses other than monihass, the results
with nystatin are unsansf‘actory (Table 48) In dermatomycosts,

there 1s no 4, and, m the sy mycoses, the
drug 1s neffectrve when ngen orally because of poor absorption
Local reaction limuts 1ts use larly By the

route (200,000-400,000 units in 6 hours perfuston daily) a good bleod
Jevel of antibtotic 1s obtamed but high fever and chills Iimet 1ts use to
very severe infections®
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Other antifungal antibiotics have found lttle application in
clinical cases, as ts shown 1n Table 48.

Expenimental studies in amimals with amphotericin B by oral or
parenteral routes have shown remarkable activity 1n the hands of
several workers (Table 46)#, 5,56, notably in the blastomycosis of
hamsters and of mice!®  In our experiments 100 per cent of control
ammals were dead after 3 weeks as well as the animals treated with

TABLE 49

RESULTS OF CULTURES FROM THE LIVER, SPLEEN AND LUNG:
OF ANIMALS INFECTED WITH BLASTOMYCES DERMATIDITIS A‘\D
TREATED WITH ANTIBIOTICS

Treatment Per cent positie cultures
o 20 40 6 80 100 per cent
LU AL L L
Control or B b ot R et £
Amphotericin A [T HTHEHFHE R b A A4 Spleen
++++++++++++++4++ 5+ Lungs
EA R Lver | B
Nystatin +4 bt Spleen | 7
R R R Lungs | o
Amphotericin B | 0 Liver
or 0 Spleen
Amphotericin AB| 0 Lungs
Control or +H+ bttt bbb+ Lwver
“Amphotericm A [T HFFHFFH+ 4ttt 4+ Spleen
+++++t++ st FHH++44 Lungs
44+ttt bttt bbb Liver
Nystatin R R e e e Spleen 8
o+ttt bbbt bbb+ Lungs |3
Amphoteren B | 0 Luver
or o Spleen
Amphotericin AB | 0 Lungs

nystatin or with amphotertcin A, All ammals treated with ampho-
terictn B remained ahive at the end of this experiment, no macro-
scopic lesions were observed and cultures of spleen, liver and lungs
were negative (Table 49)
In African hastoplasmosis we obtamned sumlar good resultsis
Preliminary chmcal results with oral and intravenous amphotertcin
m cr and 1n
reported by Lehan and his colleagues’s: 3 permut us to hope for the
eventual control of systemic and deep mycoses.
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TABLE 48

THERAPEUTIC USE OF SOME ANTIFUNGAL AGENTS
IN CLINICAL CASES OF MYCOSES

Antibwotics Fungal disease | Num- Route of Results | Refer-
ber of | administration | E=excellent | ences
cases G=good

ir
| F=fatlure
Dermatophytosis | 93 | Local 4E, 7G, 48f,} ¥
(60 Trichophy- 34F
ton rubram, 26
T mentagrophv-
tes, 7 other)
Coccidioidomyco-| 10 Oral 1G, 9F 6
2 | Intramuscular | 2F i
Nystatin 5 | Intravenous | 2G, 3F A
1 Intravenous | F
Histoplasmosis 2 2F o
4 | Intravencus | 4F 8.3
Cryptococcosts 2 2F 4
2 Intravenous | 2F 83
Braimn abscesses 1 Oral and
with Cladospor- ntramuscular
wm trichoides
Monihasis o
Candcidin Cutaneous 1 | Local E b¢
Vagmal 1 | Locat E ®
M(émhasls ) E w
‘utaneous Local
Trichomyen Vaginal Local g I3
Digestive Oral E i
Ascosm Tinea capits | 102 | Local 3G, 49F
Actidiene Cr 19 2G,4f, 13F | 4
intramuscular
and mnteathecal
1 | oral G 39

Amphotericin| Histoplasmosis
B

Conclusion.—In the mycoses other than moniliasss, the results
with nystatin are unsansfactory (Table 48) In dermatomycosss,
there 15 no fa , and, m the mycoses. the
drug is meffective when given orally because of poaor absorption
Lacal reaction fimits tts use intramuscularly By the intravenous
route (200,000-400.000 units m 6 hours perfuston daily) a good blood
level of anttbiotic 1s obtarned but high fever and chills imit 1ts use 10
very severe mfectrons*,
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THEORETICAL ASPECTS

The foll hes to of ringworm require
constderation®

DISTURBANCE OF THE HOST-PARASITE BALANCE
Inflammatory reactions, particularly m follicle infections, are
(ly curative. which may occur when
a patient becomes sensitive to a fungicide applied locally are not in
any way curative, and can only be regarded as an attempt on the
part of the patient to rid himself of the fungicide and nat the fungus

INHIBITION OF FUNGAL GROWTH

This may be effected by the use of fungistatics or fungicides so
that the outward growth of the keratin casts off infection, this has
been accepted therapy for many years  Further studies are required
on the action of mhibitors on dermatophytes??

MODIFICATION OF FUNGAL GROWTH

A knowledge of factors which determine in dermatophytes the
change from parasitic to saprophytic growth and the reverse might
make 1t possible to induce a change 1n behaviour of fungal growth
on the human body A small group of cases of scalp mnfections due
to Mcrosporum audoutn: was treated by keeping the affected areas
covered with a medium simfar to Sabouraud's agar at a high humid-
1ty, no beneficial effect was recorded  This 1s an approach which
requires greater knowledge of metabolism of ningworm organisms

TEMPORARY INHIBITION OF KERATIN FORMATION

X-rays or thallium, or depilating agents, have been used for this
purpose which 1s practicable only for hair infection, though theorett-
cally possible for nails  Its efficacy in dealing with folheular infec-
tions 1 1llustrated by the fact that radiological epilation, if complete,
may be effective without the locat use of fungicides  Chloroprene
and certan sterols bring about depulation but do not at present
seem to have any value for therapeutic purposes

MODIFICATION OF KERATINS
The structure of keratins may be altered by physical or chemical
means and such changes may result in inability of an 1nfecting fungus
o survive  Fungt are also susceptible to alterations in humidity
and probably also to changes in oxygen and carbon diowde tension®
Keratin may be disorganized by the breakdown of cross-linkages
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TREATMENT OF FUNGOUS INFECTIONS OF THE SKIN

THEORETICAL ASPECTS
A. J. E. BARLOW

TuE dermatophytes have three main sites of parasitic growth: (1) the
horny layer; (2) the hair follicle 1n its lower two-thirds; and (3) the
nail plate
In response to infection, including fungous infections, the human
host can react in two mam ways: (a) mflammation of varyng
degrees of acuteness, with the possible later development of
4 A (I8 Lo denm s ko

curative and m such infections there is no problem of treatment.
This type of reaction may also occur as the result of focal treatment
of anthropophilic infections, and 1n such mstances the value of a
fungicidal agent 1s frequently attributed incorrectly to its action on
the infecting fungus rather than to 1ts action on the skin structures
It 15 probable that treatment has 1n some way disturbed the host-
parasite balance so that the host has reacted to the mfection with
inflammation, a reaction by which 1t rids itself of the parasite
Hypersensitive reacions characterize infections of the horny layer
by Trichophyton mentagrophytes and certain other fungus species
1t 15 arguable how far such reactions are curative.

There 1s hittle doubt that treatment problems do not occur to the
same extent in those fungous infections 1 which the host reacts
vigorously as 1n those where little or no reaction results, for example,
nfections due to pop species  Accuracy of diag! and
careful assessment of cure are essential when handling these 1nfec-
tions  Diagnosis should always be confirmed not only by cultural
jdentification but also by assessment of the extent of the infection
microscopucally, for T rubrum may be most ubiquitous and may
occur 1n most unexpected sites  Chimical ympression of cure 1S
msufficsent; mfected palms, soles and nails can look normal to the
extent that even the patient may be convinced of cure yet the fungus
may be shown to persist within them  Cure should imply mability
to 1dentify the fungus 1n areas where previously it was present, and
normality of appearance of tissues from a chnical point of view
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FHEORETICAL ASPECTS

withkeratin  The yesultant compound may o fonger be fungicidat
and may also actas d barrier 1o fusthet penetration.

n 2 thin sheet of soft Reratm, as i the smooth than, fungus may
be supesfictal enough for its growth 1© ‘be mhibited by 2 fungicide
applied to the skin surface, butn the thicker horny tayer of the
sole and palmtis remate from effective fongiasdat cancentratians
Swmlarly, the fungus mMay be vulnerable in the shatlow fothicle of a
fanugo har, but protected 1 the deeper fottcle of 2 teymunat BT

This has been 1 accord with our experence, not onty with 3
vatiety of fungicides but also with cross-hnlang agents By wirtue
of the fact that the cross-hinhang agent, mnhydan, combines with
amino-acids to pive coloured compounds, §ts degree of penctrabihity
snto keratm may easity be assessed  ThiS chermeal has been used
tn T. rubrum nfecttons of the palms and soles 1 the presenice of
surface agents and alcohot; aftet prolonged sogking the shin be-
comes putple  BY superfical panng with a scaipel, fungus can be
demonstrated m the horny layer statned 1 the same way as the
feratn  In the deeper homny layer, hOWeyer the fungus 15 uUR>
stamed  The effect of surthydrtn on lesious of the th keratim of
the dorsum of the foot was to abate the wfection 35 with cOpvEn-
uonal fungicides, but mfection of the sole was unaffected

T rubrun infections can, in our expenence, be cleared from smooth
skan with Wiitfield's owntment, ambme dyes and fungicides used on
conventional mes Tt 18 doubtfut, therefore, whether there 15 80Y
wisdom 1 scarching for new funpedes at tus stage n our
knowledge, and whether the assessment of fungicrdal potency using
n vtro culture methods 15 of real value In such methods the
fungus 15 in 1ts mycehat form, and different from s parasific form,
furthermate, the fungus 1s very vuinerable m cuftures

For opemng up keratn, hithm brorude, soduN metabisulphite,
urea and thioglycotates have beent wsed, and treatment has foltowed
with cross-linking agents, \ncludmg mahydoin, dibromopropant and
piene aad  The snability to obtain adequate penetraton of keratin
has always proved an msuperable obstacle Keratalytics which pro-
duce more pradual degradation and which could be used OvEr
prolonged petiods have also been used w the hopes that their acton
would overtake keraun producuon, gwe ise to a thipner horny
layer and thereby allow better penetration of fungrosdes Sahicychic
and benzoic acids wete employed for this purpose 1t retatively ugh
concentrations and were used ir patients suffering from lang-stand-
ing T rubrum mfection of the paims and soles and of many nasls
The affected parts were soaked for half an hour daily tn Warm water
and then pamied with sotution of the two acds 1 sprrit Very
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TREATMENT OF FUNGOUS INFECTIONS OF THE SKIN

between molecules by chemical agents (for ple, k Tytic sub-
stances), or may possibly be made more “resistant™ by the use of
cross-linking agents!. The physical and chemical differences be-
tween soft and hard keratins are of importance in this respect in
explamung the differences mn behaviour of these keratins to both types
of reagents.

Disulphide bonds, salt linkages, and hydrogen bonds are the main
linkages between keratin molecules, and mndividual reagents may act
predomunantly on one particular linkage. Reducing agents such as

Iphides, sodium metat ite and thioglycol show their
matn action on disulphide bonds, whereas acids and alkalis act on
salt linkages, and Iithium bromide on hydrogen bonds. Keratoly-
tics are used 1n the treatment of fungous infections to open Up
keratins so that fungistatic agents are more Iikely to reach sites of
active fungal growth, but in so doing they probably increase the
possibilities of fungal mvasion It would, m theory, seem possible
that keratins might be made impervious to fungal attack by the
effect of cross-inking agents applied locally or by such agents
administered systemucally 1f excreted in keratins, sweat or sebum
The influences of other organisms on the skin surface also require
consideration, for 1t 1s possible that they may produce antibiotic
fungicides, or alternatively, substances which themselves modify
keratins

Most attention has been directed to the topical use of fungistatic
substances and here the vexed question of penetration arises
Penetration of keratin must be d hed from p
absorption implying the passage of substances through the skin into
the systemic circulation  Reagents which pass through the sk do
not necessanly have the ability to diffuse into keratin ~ Percutaneous
absorption 1s most Iikely to be a property of substances which are
fat-soluble and probably takes place through the sebaceous glands
For therapeutic purposes it would appear necessary to obtain

d ations of fi agents 1n the deeper part of
the soft keratin of the horny layer, 1n the lower two-thirds of the hait
follicle, and 1n the nail plate  Such penetration depends on many
factors, not the least being the penetrability of soft and hard keratins
themselves. Therr structure is such that it 1s hikely to be opened by
water, alkalis and reducing agents, and permeation 1s most likely 10
be accomplished by molecules of small size  These are accepted
facts in the textile and tanning industries

It 15 necessary also to constder the effect of a chemical agent on
keratin 1tself  Many fungicides appear to act by combining with
the proteins of a fungus and will probably, therefore, combine also
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with keratin. The resuitant ccmpound may no longer be fungmdn\
and may alsoactas a partier 10 further penetrationt.
n & thun sheet of soft keratin, a8 m the smooth skift, fungus May
pe superficial enough for us grawth 10 e ihibsted by @ fungrarde
appied 0 1he skn surface, but m the thicker horny layer of the
sole and palm it s remote fram effective fungioadat concentrations.
Sealarly, the fungus may be vulnerable m the shaltow fallicle of 2
{anugo hair, but protected 1m the decper fothicle of & terminal hatt

This has been in accord with our experience, nat only with &
vatiety of fungicides but also with erass-hnking agents- By wirtue
of the fact that 1he cross-hnking ageat, ninhydns, combines with
ammno-aaids to give cotoured compounds, its degree of pcnclmbxhty
{0 keratm may eastty be ossessed  ThiS chesmcal has beent used
s T rubrum mfections of the patms and soles m the presence of
surface agents and alcohot; after pro\ong:d soaking the skan be-
comes purple By superﬁcm panng with & scatpel, fungus can
demonsteated in 1he horny layer stasned 1 the same way 3s the
keratn  In the deeper horny tayet, hawevery the fungus 35 un-
stmned  The effect of runhydrn on tesions of the thin keratit of
the dorsum of the foat was 10 abate the miectuon a5 with conven-
nonal fungraides, but infection of the sole was unaffected

7. rubrum wfections can, It ouy expenenct. e cleared from smooth
skin with Whitfield’s owntment, amhne dyes an fungicides wsed ov
conventional nes 1138 doubtful, therefore whether there 15 81Y
wisdom in searching for new fungicides 8t (s stage W OBF
knowledge, and whether 1he assessment of fungicidal potency using
1 uitro culture methods 1S of real vatue 1R such methods the
fungus 1s mts mycelial form, and different from 1ts parasitic form,
furthermore, the fungus 18 wvery vul ble n cultures

For apenng up keratiti, pthim bronude, sodium me Iphut
yrea and thiogtycolates have been used, and treatment has fotiowed
with crossJinking agents, including nokydnn. dibromopropane an
pencaad  The natntity to obtaw adequate penetration of keratin
has atways proved an insuperable obstacle Keratolyties which pro-
duce more gradual degradation and which could be used over
prolonged periods bave also been used m the hopes that thesr action
waould overtake keratin production, give nise 10 a tunne’ horny
fager and thereby allow bettes penetralion of fungiaides Sahicyehie
and bepzose acids were employed for (s purpose 18 refatvety high
concentrations and were used 1 patienis suffersng from 1ong-stand-
wg T rubrum wiection of the patms and soles and of many nails
The affected parts were soaked for half an hout daily 1 warm water
2nd then pamted with 2 solution of the two acids ® sput Very
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free exfoliation rapidly occurred and after a month of treatment no
fungus could be found in either the palms or soles, although it was
still present in the nails of these patients  Treatment was continued
for a further month after which 15 nails were removed under general
anaesthesia  The nail beds were then treated with ninhydnn and
brilliant green, which in one instance produced a very acute inflam-
matory reaction The nails grew again but, although of normal
appearance, they were found to contain fungus one month later.

These cases have since relapsed with clinical evidence of nail
nfection although the palms and soles are still free from fungus
This expertence appears to contradict the common belief that nail
reinfection after removal is due to extension of infection from the
adjacent skin, and that a prerequisite before nail avulsion 1s clearance
of fungus from the surrounding skin areas.

At the present state of knowledge, there appears to be no place
for surgical removal of nails infected wath 7' rubrum, with the possible
exception of solitary nail involvement.

Various keratolytics applied to infected nails have also proved
meffective  There 1s unlikely to be any notable advance 1n treat-
ment of intractable T. rubrum infections until more 1s understood of
the fundamental factors controlling the parasitism of this fungus.
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TREATMENT OF FUNGOUS INFECTIONS OF THE SKIN
PRACTICAL ASPECTS

BRIAN RUSSELL

Ty treatment of fungous diseases of the skin depends on the site of
the infection and on the nature of the infecting OrgAnSmS Treat-
rent aims a1 both the controt of the patient’s snfecuon and the
preventian of s spread 10 others

RINGWORDM OF THE SCALP
T e soag dneta Aficrosporent syccies.-whcn examination under
. . " v ~uinfection there s
S emsnsnty by
vng
. «vof
. o 3 history
ammmal source,
1abrous lestons,
- b s, ot rarely A
gypseum, infection Phe EAasues sd's hight of @
suspected ammal (for example, 2 kitten of puppy) may teveal the
source of infection, but veterinary euthanasia 1$ ungustified without
adequate evidence
Pending identification of the fungus 18 useful to apply taptcal
semedies  The haur 15 cut very short over the whole head and the
B 3 okmennohly Whitfield's omtment, Of S0ME other
. . -« amibrush, and
. “he parent
15 structed 10 keep the clisd s see rose-fitng
Wnen skullcap If the dragnosis of M coms mfection 1S tater
established, this treatment cant pe contmued for the 1-3 months
during. which this type of snfection persists pefore undergoing
spontaneous resolutiont
1 15 doubtful whether treatment with amntments has any value
apart from muuuzng aensa) dissemnation of fungous spoTes and
mycehum 1 scales and harr fragments from the chuld’s head, whie
the physician awaits the spontaneous shedding of the diseased hatrs
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In some cases, ointments seem to help by inducing an inflammatory
reaction, Dithranol, phenyl mercuric nitrate, or other fungicides
allegedly more powerful than Whitfield’s ointment, do not appear to
produce earlier resolution of infection.

If M audouin: is proved to be responsble it is rarely possible to
succeed with topical remedies and recourse must be had to radio-
logical epilation. Individual variations of response occur to radio-
therapy and it may be that in a batch of 30 affected children ene or
more may fail to epilate completely, either at margns between the
S-inch drameter fields of 450r each, or 1n three converging lines where
the wooden rods of the applicator have partially screened therays It
15 helpfu] to pare down these rods to mmmmize this screening effect
An exposure of 500r instead of 450r to each field also lessens the
sk of incomplete irradiation n places without risk of scarnng
alopecia  (There can well be a +30 per cent or 2 —10 per cent
varation 1n the radiation teceived at different sites) Dr. Walter
Shanks has suggested the replacement of the rods by two converging
beams of light which when focused would enable distance to be judged
accurately without nterference with the passage of x-rays.

After treatment, the children continue to wear lmen skull-caps
and a fungicidal omtment 1s apphed to the affected areas  During
the phase of epilation the scalp 1s examined periodtcally with Wood's
light  Preferably there should be no interference with the natural

of the dual hatrs but 1t may be necessary
to assist epilation by the gentle use of forceps or adhesive plaster
The absence of fl hairs on 3 ve at

weekly intervals 1s the criterion of cure A determined search must
be made, using Wood's light, with the aid of the local authority, for
other cases 1n the child’s environment  Subclinrcal infections may
be found  All mfected cases should be treated concurrently as far
as possible

Cases which fail to epilate fully n part of the affected area are a
serjous problem unless puberty 1s close and spontaneous clearance
therefore likely Recourse may be had either to local rrritant
applications (for example dithranol) with a view to encouraging
epilation, or to repeat radiological epilation of the affected area only
{with due warming to the parents of the hazard involved) ~ Thallum
acetate 1s too toxic for serious consideration

Other infections.—Anthropophilic endothrix types of nfectron
due to Trichophyton sulphureum, T violaceum, T tonsurans and T
schoenleint are also treated by radiological eptlation, there 1s no

d to sp at puberty  All but the last of
these 4 fungous infections are specially difficult to follow up since
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PRACTICAL ASPECTS

Wood's Iight 1s of no avail, and cure can only be established by
careful inspect1ion with a hand Jens and by microscopic exammation
of any suspected hawrs that remain

1nfe due to T. phy and T. rerrucosum (T dis-
coidesy: These zoophilic infections present as kenon, and respond
well to manual epilation and to the application of a fungicidal oint-
ment, The temptation to incise a keron should be resisted
RINGWQRAM OF THE BEARD

This infection, the true fig-like sycosis barbae, due to 7. menta-
grophytes or T, rerrucosum, vesponds well to manual epilation

panied by the topical of 1f the least

evidence of keloid formation develops, then a course of radiological

treatment is indicated, such as 150r repeated weekly up to a total of
T.

RM\GWORM OF THE GLABROUS SKIN (tlnea corporis, tinea circinata)

Treatment of this type of mngworm 1s not usually a diffieult
problem but examination must be made for comcident 1nvolhement
of the scalp or nails. The application of magenta pamt or of
Wiutfield's ointment 1s usually adequate and the lesion should be
kept covered with a dressing to prevent inoculation of other sites
Affected Tanugo hairs should be manually epilated 1f they do not
faft spontancously

RINGWORM OF THE HANDS

| e e P .
from that of other glabrous sites and pustular folliculius 15 dealt
with by manual epilation  Trichophyton rubrum nfections are
particularly resistant to alf forms of treatment
RINGRORM OF THE AXILLAE AND GROINS

This condition 15 rare 1n females but relatively common 1n males
It may be due to Epdermophy ton floccosum, T rubrum or occasion=
ally other Trichophyta  Resolution, except m T, rubrum 1fections,
may follow the apphication of magenta pamt at mght and the use
of 2 3 per cent salicyhe acid dusting powder by day Concurrent
1reatment of other sites 1s essential
RINGWORM OF THE FEET

Enquiry must be made mto the wearing of unsuitable footwear
such as Wellington boots, shoes with crepe rubber soles, clogs at
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TREATMENT OF FUNGOUS INFECTIONS OF THE SKIN

work, coarse-knit woollen socks or shrunken socks. Orthopzedic
disabelities such as pes planus or hallux valgus, also perniosis and
hyperidrosis, may need attention The patient is mstructed to
wear white cotton in-socks which must be changed daily and boiled
He should have his own bath-mat and he should scrub the bath
immediately after use, to wash away infected epidermal debris.
Magenta pamt is applied twice a day to any active lesions, and 3 per
cent salicychic acid dusting powder or 25 per cent zinc peroxide
powder 1s shaken from a canister between the toes and into the socks
on nsing  These two remedies appear to be as effective as any
proprietary fungicide. Secondary infectton is treated by potassium
permanganate (1 1n 8,000) soaks, an appropriate antibiotic 1s some-
times indicated but often a 25 per cent zinc peroxide powder 15 more
useful. In this way, infections with E floccosum and T menta-
grophytes may be brought under control, but T rubrum rematns a
law unto 1tself and no method of treatment 1s conststent in its efficacy

RINGWORM OF THE NAILS
There 1s no method available for curing ringworm of the nails
resolution Hy seems to occur, and extirpation
of the nails may not be followed by recurrence 1n all of them.

PITYRIASIS VERSICOLOR

This infection due to a yeast-like organism affects the trunk more
than the limbs T nto hygenic
practices. thus, there may be mfrequent bathing and a habit of
sleeping 1n a vest  Hyperidrosts may be present and general causes
for this symptom must be excluded
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TREATMENT AND CONTROL OF CHILDHOOD
RINGWORM

J M. BEARE

ScaLp ringworm in the United Kingdom 15 usually due to one of 4
mportant fungi'®  Unfortunately, there 1s no known fungicrde
which when applied to scalp fingworm will shorten the duration of
the disease other than, perhaps, by producing a chemucal reaction
which may cause the affecied hair 1o fall out more quickly than wt
would do spontaneously. It is customary to rely upon symptomatic
treatment but 1t 1s equally ymportant to see that the source of nfec-
tion 15 eliminated

The treatment of the infected ciuid depends targely on the degree of
wfammaton associated with the wnfection, but the management
of the outbreak, whether Jarge or small, depends on the fungus
Tesponsible

In a case of scalp ringworm, a clhinical diagnosis can usually be
made by noting* (a) the degree of inflammatory response, (&) the
uze of the lesion 1n relavionstup to durauon of mfection, (¢) the
presence or absence of associated body lesions, (d) the presence or
absence of fluoreseence under Wood's light, (¢) the history of possible
contact with an infected animal (such as, cow, dog ot cat), and
(f) the name and address of the chuld and the school that the
chvld atends?

COMMON VARIETIES OF SCALP RINGYWORM

Microsporum andouini infections.—In the majonity of these nfec-
tions there is no reaction at alfs, only 2 per cent showing obvious

4 Atumes of this fungus was found to be the
most common cause of patchy dandruff 1n young chiidren, the child
ustally having no other signs  There 15 a considerable spontaneous
cure rate and though mfections will abate at puberty delay 1n treat-
ment results an further spread of mfecton. In one outbreak of
mfechion m a small town, no less than 27 per cent of the wale
:C,‘LO:)\ population were infected, and 1n some streets every child

WUSE be almost umque Tt s therefore essential to render the chuld
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free of mfecnon at the earhesl possnble moment and this can be

hieved only by radiol Besides treating the child
it is important to find \he source of infectton and evidence of spread
of infection to other children. Every child in the home, the
neighbourhood and the school should be exammed with Wood's
{tght; by such means we have elimmated an epidemic which mvolved
over 1,000 children,

Trichophyton sulphurenm infections.—This is the main cause of
human tinea capitis now that M audownt mfectron has abated, and
it may well become troublesome in Great Britain during the next
few years, It 13 already causing concern in Amertca® 12, and in
New Zealands Whittle!® has reported cases from the Cambridge
area The condition is much less common than the ammal varieties
of ningworm and 15 usually symptomless though 28 per cent of cases
aremflammatory!  Tinea corports 1s far more common in infections
by this orgamism than 1n those due to M. audoun, and occasionally
the nails are infected causing changes similar to and as intractable
as those due lo Tnclmph}lon rubrum  Scalp infectrons, whether

no. y, often remit and radlologxcal
epilation should not be hurniedly instituted  Furthermore, these
cases are not so contagious as M audouin: mfections, and 1t 1s rare
to get more than one child with scalp mfection 1n 2 single household
One can therefore temporize with a sticky ointment and a cover of
the child’s own harr over the infected area A certain proportion,
however, will require radiologtcal epilation eventually

The condition does not give fluorescence under Wood's ight, so1t
1s always difficult to find the source of nfection, but the contacts n
the home and school should be exammned carefully smce body
ningworm due to this fungus ts common

Microsporum canis—Dog and cat nngworm 1s common all
over the country and 1s much more common among cats than
dogs It 1s doubtful whether there 1s much spread of infection
from child to child  In outbreaks mvestigated personally, all cases
had direct contact with an infected antmal It 1s, therefore, un-
necessary to keep these children away from school! provided that
the affected parts are covered (scalp lestons with greased normal
hair) and that mixing at games 1s prevented  Body lesions are more
common than scalp lestons and the two may be found together in the
same child  Fifty per cent of all scalp infections are inflammatory?
Non-inflammatory cases do not require radrological epilation and
1nfectrons will clear withun 6 months

It 15 :mportant in Af canis wnfections to discover the animal source
of diseaset and to have the animal destroyed because 1t cannot be
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effectively treated. In one outbreak 2 seven-year-old tomcat was
responsible for infecting his kittens and they in turn the children
recerving them as pets!?  Adults handhing the Kittens were hkewise
infected as were dogs which came into contact with the kittens
This particular tomcat was directly responsible for infecting 22
humans (including 8 adults), 13 kittens and 2 dogs.  Local catteries
are mvariably responsible for large-scale outbreaks of Af, cams
infections?®

Cats and dogs can easily be examined under Wood's light for
fluorescent harrs, but considerable expenence 1s required since small
areas of infected fur behind ears or around the nose are difficult to
find. Ringworm 1n dogs 1s much more easily seen chncally and
diagnosis 15 seldom n doubt Cat and dog claws are often
tnfected? 20,

Trichophyton verrucosum (7. discoides) infection—This 1s the
common cause of cattle nngworm m Britarn 1t invanably causes
an 1nfl y reaction req by poultices and by
removal of loose infected hairs, radiological epilation 1s never
necessary, These cases are probably not infectious but, since spores
from the fungus are known to remain alive for years in byres, fences
and scratching posts'?, young cattle become infected year after year
This 15 of little economtc mmportance as healing 1s spontaneous
within 4 months'3,

Inthe North of Ireland almost every farm worker gets ringworm
at some time 1n his Ife.  Beard infections are often the most severe
and often leave permanent scars

Other fungi causing infections.—Trichaphy ton mentagroptiy tes 1s an
uncommon nfection, the ammal source of which frequently remains
in doubt (for example, cattle, mice)  Trichoph) ton equinum occurs
ongypsies’ horses  Trichophy ton schoenlemm, causing favus, Tricho-
phyton violaceums and Microsporum grpseums ate very uncommon
causes of timea capitis sn the British Isles Whittle!® described a

small outbreak due to Af gypseum, a fungus which may be a soil
inhabrtants. 7
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TREATMENT OF VAGINAL MONILIASIS
R. F. JENNISON®

NISTATIN AND GENTIAN VIOLET

PREGNANT and non-pregnant women with vaginal monihasis from
§ out-patient units were referred 10 a special clinic for ivestigations
ard treatment by methods afready described?- 4. The patients were
dinsded into 1wo comparable groups; each group was treated on 3
alternate days, one group having 2 pessanies contatng 100,000
units of nystatin inserted, the other being pasnted with 1 per cent
gentian violet.  After treatment, §6 per cent of the 35 nystatin
patients were free from Candida as compared with only 47 per cent
of the 33 women treated with gentian violet, differences which are
stastically significant The 5 failures with nystatin were ail
pregnant.  Six patients were withdrawn from the gentan-violet
seri¢s because of local reactions and, together wath 12 gentan-violet
failures, were treated with nystan Al 6 patients who reacted
badiy to gentian violet were cured by one course of nystatin -~ There
were 4 falures with nystaun out of 12 patents who had not teen
cured by gentian violet.  Three of these recenved a second course of
nystatin and 2 were cured

The results in all the 53 women who were treated with nystatin
erther primarily or secondanly are shown in Table SO A notable
feature of the nystatin treatment was the rapidity with which
symptoms disappeared

The results of follow-up one month later showed that 21 per cent
of the nystatin-treated patents had relapsed, compared with 46 per
cent of those treated with gentian violet  These patients had only
short courses of nystatin and the results were regarded as extremely
promising, especially when the ease of treatment with pessanes was
compared with the previous system of painting with gentian violet

Sensitivity tests.—These were carned out by both blotting paper
disc and senal tube dilution techmgues on all orgamsms solated
Fig 120) For routine use, discs contaimng 125 and 6 Zug. of
nystatin were selected  1n 90 strams tested at these strengths, the

* Acknowledgement for co-operation ts mada 10 the consultant staff of Saint
Mary's Hospuals, Manchestet , 10 the resident surgrcal officers, Dr § D Liywelyn-
Jones, P A Manohs and R. M Thomson and fo Mr P Stenton for assistance
with the laboratory work,
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after 2 days’ growth, suggesting that the early effect of nystatin at
these concentrations was mainly fungistatic and not fungicrdal. A
concentration of 25 ug per millilitre of nystatin presented all growth.
The fi dal powers were tigated further by therate
at which Candida was killed when mcubated in 50 . of nystaun per
mitliitre (Fig. 121)  When the iniual concentration of yeasts was of
the order of 1 million per millilitee the viable count rapidly fell and
all the orpanisms were dead at 24 hours. ' With jmutial concentrattons

NYSTATIN
$6 pgiml.

o

-

VIABLE YEASTS [ m! ( fogarithm |

~

———.
1 1 3
HOURS
FiG 121 —Rate of decline of viabie counts of yeasts i presence of S0ug.

w
pef millibitse of nystatin  (BY courtesy of thr Department of Medical
Hllustranion, Royal Infirmary, Manchester )

of 100 mullion yeast cells per mulliltre the organtsms were not killed
n 24 hours, though they were considerably reduced m number

The rel; between of the b and
number of organisms was of great 1m) portance in these i e12r0 studies,
and the rapid relief of symptoms sn patients treated with nystatm
suggested that concentrations of the appropriate proportions were ia
fact bemng obtained 1n the vagina
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TABLE 50

RESULTS OF TREATMENT OF VAGINAL MONILIASIS WITH
NYSTATIN IN PREGNANT AND NON-PREGNANT WOMEN

Patients Cured

Number ] Per cent

Pregnant 22 18 82
Non-pregnant 3 29 93
Total 53 ] 47 1 38

zones of mhibition were 10-22 mullimetres Al strains of Candida
isolated at this time and tested by this method were found to be
sensitive  The average mtmmal inlubitory concentration of ny-
statin was 3 2 ug per mullilitre after 1 day and 12:5 ug per milliitre
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AMPHOTERICIN B

Recently another anti-fi 1 b ten B) has
been available and a small trial has been conducted In all, 54
women were treated with vaginal tablets contaiming 25 milligrams
or 50 milhgrams of amphotericin B One tablet was inserted each
night for 15 mghts  Nineteen women were treated with 25 milh-
gram tablets, but 2 did not attend after completion of treatment
Four of the remainder were pregnant and the treatment had no
effect  Of the other 13, 11 were free from yeasts at the end of
treatment but 2 of these had recurred 1 week later  Thirty-five
women were treated with 50 mulligram tablets, 4 of wham did not
attend after treatment  Seven were pregnant and only 1 was cleared;
21 of the other 24 were [ree from yeasts at the end of treatment but §
recurred within 2 weeks

The overall cure rate estimated 1-2 weeks after the cessation of
treatment was 53 and 54 per cent respectively, with the 25 mifhigram
and 50 milligram tablets  The amphotericin tablets seemed, there-
fore, to be very much less eflectine i pregnancy than nystatin and
shehtly less effective in non-pregnant women  The recurrence rate
appeared to be higher than that following nystatin therapy
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TREATMENT OF VAGINAL MONILIASIS
TREATMENT SUMMARY

The results of treatment of all patients treated with nystatin or
gentian violet and adequately followed up 1 the years 1956-57 are
summarized m Table 51. The recent improvement in fresults 1s
probably explamed by the longer course of treatment latterly em-
ployed. Since the end of 1955, there have been 91 per cent of cures
out of 172 pregnant and non-pregnant women with vaginal mon:ia-
sis treated with nystatin as compared with 57 per cent of cures in 71
women treated with gentian violet  Oral tablets were combined with
pessaries in 9 patients, but there was no evidence that the additron of
such oral therapy was of any value

TABLE 5t

RESULTS OF TREATMENT AND FOLLOW-UP IN PATIENTS W{TH
VAGINAL MONILIASIS (1956-57)

Number Number Per cent | Per cent cured in
treated cured cured earhier trial
(1955-56)
Nystatin 119 ' 78 (+36)* 96 36
Gentian violet 35 | 17 (+ 6)* 66 41

*Clinically cured oply

The mayority of the courses of nystatm treatment have consisted
of 1 pessary mightly for 15 mights  Although most patients were
cured by this 2-week course, a number, especially among the
pregnant women, required longer or repeated courses  The length
of the course of treatment also seems to have an effect on the relapse
rate  Usmg 1 pessary mightly for 1 week, Barr! treated 64 women
of whom 10 became remfected later, grving a relapse rate of at least
15 per cent  Using a stmilar dosage, Browne? treated 25 women,
with a relapse rate of 20 per cent Pace and Schantz’ treated 38
women with a similar course, with 29 per cent relapses, whereas m
2 smaller groups treated with 2 pessaries mightly for 1 week and |
pessary nughtly for 2 weeks, less than 15 per cent relapsed

1n our first series when only 2 pessaries on 3 occastons were used,
the relapse rate 1 month after treatment was 21 per cent, but when
the 2-week course was nstituted, only 5 pattents required a second
course and 5 recurred Jater out of 113 treated, a relapse rate of less

than 9 per cent
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TREATMENT OF ACTINOMYCOSIS

Fig, 122 —Chest
radiograph of pa-
tient with actino-
mycosis of the

s carcinoma and
treated by pneu-
monectomy (B
courtesy of the Ed-
Hors of Thorax )

of sulphonamides, the prognosis improved considerably Some
patients, however, failed to respond to one sulpha drug and yet
responded well to another, particularly to sulphadiazine  There were
cases 1 which no effective form of sulphonamide was found
There are many cases 1 the literature reported as cured based on a
follow-up period of only a few months  Such cures are not accept-
able since actinomycosis 1s often a disease comparable 1n 1ts
chronicity to tuberculosis. Results of cure should be based on a
follow-up over some years
Penicillin—This has made 1t possible to cure almost all cases of
actinomycosts provided high enough doses are given for a suffictently
long period. Only 2 cases encountered failed to respond clmically to
penicillin, In one of these Garrod found that the culture of A
israelt grown was 1tially fully sensitive 1 tifro to pentcillin but its
sensitivity decreased tenfold during treatment. i the other the
had cultural ch 1stics which were very atypical
of A, 1sraek Inestro penicillin-sensitivity tests are not always reliable
Or example, one case 1n which the orgamism 1nitially grown was
teported elsewhere as beng highly pemcillm-resistant i tiro

227




TREATMENT OF ACTINOMYCOSIS
O. 8§ TUBBS

ACTINOMYCOsIS is the one form of fungous disease which responds
well to treatment. The experience recorded below deals with 23
patients seen at the Thoracic Unit of St. Bartholomew's Hospital,
London, and in which the disease was predominantly in the thorax
They are included 1n a review of the subject describing the results of
treating 85 cases by Bates and Cruickshank!,

DIAGNOSIS AND TREATMENT

The successful treatment of actinomycosts depends almost entirely
upon making the correct diagnosis It should be emphasized that
many cases of infection of the chest by Actmom) ces 1sraeli do not
present with the classical findings of multiple discharging sinuses,
the occurrence of which makes diagnosis casy. The cases 1n which
the diagnosts 15 most likely to be missed are those with a chronic
pulmonary lesion producing a radiological shadow which may be
ascribed to carcinoma or to some chronic infection other than
actimomycosis  As a result the patnent may be submaitted unneces-
sarily to resection of a lobe or even a whole lung (Fig 122), This
15 brought out clearly 1n the paper by Bates and Cruickshank for 7
of the 85 cases underwent resection of a lobe or lung and in none of
these 7 cases was a correct pre-operative dragnosis made  Prior to
the 1ntrod of the sulph des, treatment aimed at 1m-
proving the general condition of the patient, and inereasing rests-
tance to the disease by vaccines Massive doses of 10dides were
given by mouth presumably to aid absorption of fibrous tissue
Oxidizing agents, such as zinc peroxide, were applied locally to
destroy anaerobic conditions favouring the growth of A israeli
Radiotherapy was sometimes used with a view to increasing local
resistance to the disease  Surgery was employed primarily to drain
empyemas and abscesses and to excise diseased portions of the chest
wall, Successful results from surgery occurred almost entirely 1n
cases with localized empyema (Figs 123 and 124)

Before the sulphonamides and antibiofics became available, the
results of treatment were very bad indeed, Bates and Cruickshank
found that during this era, out of 29 patients whom they studied,
only 4 are known to have r d Foll g the d
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FiG 125 —Chest
radiograph show-
ing bilateral Jocu-
lated  empyema
due to actinomy-

(By_cour-
tesy of the Eafitors
of Thorax )

FI16. 136 —~Chest
radiograph ~ of
$ame pauent as
.Fl& 125 foltow-
m
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years with large
umlocular right-
sided actinomyco-
ticempyema (Bv
courtesy of the Ed-
sors of Thorax)

i1 124 —Chest radio-
graph of same patient as
Fig 123 after dramage
of the empyema




TREATMENT OF ACTINOMYCOSIS

from hospisal, - = -
pneumonic spre. - .

1,000.000 unts ¢
hospiat He re

Fia. 128 —~Long-
standing  actune-
mycosis _of the
chest wall mvolv-
g the sternum
(Bv courtesy of

itors  of
Thorar)

Other antibiotics,~For the very exceptional case winch proves
resistant 1o peniciihin afone, either an addittonal drug known to be
effecttve in combination with penicilin should be d (for
cample, streptornycin) ar, alternatively, the penicillin may be
omitted and some other antibiotic drug given, preferably chosen on
the basis of i ritro sensivity test results One patient whose
organtsm proved resistant to pemeillin 1 170 and who also failed
fo respond climeally to penicilln was gwven a long course of terra-
mycin.  This Jed to marked improvement 1 an extremely chromc
suppuration of the chest wall of 15 years® duration (Fig 128).
Terramycin apparently eradtcated the 4 israelr, but death occurred
later from secondary haemorthage from an tnternal mammary
attery, the patient having repeatedly refused resecton of the
osteomyelitic sternum,

CONCLUSIONS
n"" 8general, surgery rarely has any part to play mn the treatment of
Aean s 2 w0 ghe
. 1ally
. 0N

231



TREATMENT OF ACTINOMYCOSIS

responded to penicillin therapy in dramatic fashion. (A sub-
culture of the organism was subsequently examined by Garrod and
found to be as sensitive as the Oxford staphylococcus ) Penillin
therapy should, therefore, be proceeded with as soon as A. israelr 1s
isolated regardless of the results of sensirivity tests

Pencillin should be given 1n sufficient amount and continued for
long enough to make as sure as possible that the patient 1s cured on
a single course of treatment. From an analysis of those cases
which relapsed it may be concluded that 2,000,000 units given 8-
hourly for 6 weeks followed by 600,000 umts of distaquaine peni-
cllin given daily for another 6 weeks arc necessary to make the

F1c. 127 —Chest
radiograph  of
same patient 25
Figs. 125 and 126
following ~ final
course of penicil-
hn {By courtesy
of the Editors of
Thorax }

chance of relapse remote  The following case 15 described as an
example of relapse occurring due to imadequate penicillin therapy:

A man aged 42 years first came to hospital with an empyema on the
nght side from which micro-acrophilic streptococes were grown  Fie
was given 13 days’ treatment with 400,000 units of penicillin daily for
this streptococeal infection  He subsequently returned with a sub~
cutaneous abscess 1n the right axilla and with an empyema on the other
side (Fig 125) bol‘l‘l of which were drained  Loculation of the empyc~

Ammad am Ltk o Ame and ot e then
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TREATMENT OF ACTINOMYCOSIS

of pus 1n the pleural cavity should be dratned by nb-resection.
Chromc pulmonary infection usually clears up with pemallin
therapy alone but exceptionally the discase may cause much bron-
chiectasis and fibrosts and this may call for resection if symptoms
anse as the result of secondary infection. 1n this case the operation
is done, not for actinomycosis, but for structural damage caused by
the infection.

REFERENCE
'B:r‘rsx‘a;.and Crurckshank, G (1957). *Thoracic Actinomycosis ™ Thorat,
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Fi6 129 —Local-
1zed  abscess 1
left pectoral re-
gion due 10 ach-
nomycosis  (By
coursesy of the Ed-
tors of Thorax )

Fi1¢ 130 —Samc
patient as shown
n Fig 129, 5
months later fol-
lowing penicillin
treatment  (B)
courtesy of the Ed-
ttors of Thorax)




THE ALLERGIC TYPE

Ths attack subsided but was followed by another {Fag. 133 affecting
the bass] 7one on the night side and 2150 paving rise 10 left tower labe
collapse which persisted for a year. Subsequently, more shadaws
were seen 1n other zones (Figs 133 and 135) and the 1 fower fobe

Fig 132 &, b, ¢ ~Resolution
5 B, ¢ of
ight upper Jobe consolidation
n 2 weeks, Suly 1949

began to re-expand and finally appeared normal Bronchogram®
showed saccular bronchiectasts of the night upper 1obe, the onginad
site of the pneumonia At bronchoscopy, 2 rounded sumour-lhe
mass was seen to be oceupying the left lower Jobe pronchus I
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TREATMENT OF ASPERGILLOSIS
N. S PLUMMER
BRONCHO-PULMONARY ASPERGILLOSIS may be divided into 3 main
types: (a) allergic, (b) saprophytic, including aspergillus mycetoma,
{¢) septicaemic or pyaemic.

THE ALLERGIC TYPE

It should perhaps be stated that when the altergic type of aspergillosis
was described in 19521 no reference had been seen to this condition
1n the literature.  Later, however, such a reference was found in the
Manual of Chmcal Mycology by Conant and his colleagues? in
which 1t was stated briefly that sensitization had occurred to the

s ‘M
a7 o

PSS,

@) (®)
F16 131 a, b —Resolution of right upper lobe consolidation in 3 weeks, 1947

aspergillus, grving rise to prolonged illness it which transient lung
shadows were seen by radiography The main features of the
condition are recurrent attacks of pyrexia, typical allergtc sputum
with plugs, the finding of Aspergilius fumigatus n the sputum, blood
hiha, and sertal had

Case history.—The first patient with thes condition seen by the
author, 1n 1947, had a preumonic episode which resolved in about
3 weeks (Fig 131) In 1949 the disease recurred (Fig 132) with
fever, expectoration of copious sputum, but no asthmatic symptoms
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THE ALLERGIC TYPE

administration appeared 10 affect the cours® of disease and the
sputam remamned positive for A. fumigatus- The patient became hil
mtermmitiently wth similar episodes over & period of 4 years For
the last 4 years, howesen fungus has not been detected in her sputum

Fic 134a,b,¢ —September 1950,
he lower obe 15 beginmuing €0
rectpand

n spite of many culture eammanons Ewidence of sensitization as
indicated by blaod e and transent fung shadows has
vamshed completely and the patient 18 now trally a case O
bronchectasis with minot exacerbations of bronchtis

Presence of pneumonia and branchiectasis,—1t 15 tportant to Rote,
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TREATMENT OF ASPERGILLOSIS

each episode the patient responded well to penicillin, by the fourth
day of therapy the temperature fell, the sputum became more

mucoid and showed fewer browmish-yellow plugs ining asper-
gillus  The plugs did not, however, disappear entirely from the

ke

gﬁ;‘«;
-

et Blyjag .

Fi6 133 —a) Consolidation in
night lower lob and collapse of
Ieft lower Tobe, November 1949
(b.c) Also middle lobe consoli-
dation and collapse of left lower
fobe, April 1950

©
sputum by the time the next pyrexial episode occurred and blood
hul d 4 #-diamidinophenyl

p hydrochloride

was given by inhalation, but detectable blood levels of the drug were

not recorded The same drug was admimstered intravenously

until a total of 12 grammes had been given Nesther route of
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THE ALLERGIC TYPL

adminstration appeared to affect the course of discase and the
sputum remained pasitise for A. Sumigatus The patient became it
intermittently with simular episodes over 3 period of 4 years.  Fox
the bist & years, howeser, fungus has not been detected inher sputum

1o} o1

Fig 1344,b,6 —September 1950,
the lower fobe 18 bemnmirg &
i begnmpg

5]

in spite of many culure exammaters  Euderce of vmtitisition as

dicased by blood eounogt !
gt ard teanvert
;nmsh:d completely and the putant 13 row evter
!;:)chlcmsu with miror evscortatnes of brosch.n
Tesence of pheamania 35d brimehieetanis, - 1t 1 3 porRRALLO ROLE,

paird

hadiw Pua
iy o2 e oF



TREATMENT OF ASPERGILLOSIS

therefore, that the allergic type of aspergillosts may ultimately resolve
spontancously. Treatment with pentcillin has been used 1 another
case with similar good effect, presumably because of the supcraddcd
bacterial pneumonia almost invariably present, Antibacterial anti-
brotics should not be withheld on account of the presence of fungus
in the sputum. In another case cortisone and hydroxystilbamidine

Fic 135 —(a, b} Recurrence 1n
Tight upper labe with resaluuon
1n 2 weeks, January 1951 (c)
June 1951, the left lower lobe
has almost fully re-cxpanded

23651, _
(©)

(2-hydroxy-4 4'-di d. b were adminmis-
tered A total dosage of 24 gmmmes of hydroxystilbamdine was
given over about 3 weeks but 1t had, apparently, no effect in hastentng

the recovery of a pneumonic episode
Sometimes after years of illness with recurring symptoms, radio-
logical shadows and fungus-positive sputum, patients recover  The
and chest rad become normal yet
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THE SAPROPHYTIC TYPE

A funmgatus continues to appeat in sputum samples  Treatment by
surgery may be contemplated in view of the fact that in alf the
author’s cases there has been underlying bronchiectanis  In 3 such
cases removal of a lobe infected by aspergillus was followed by the
development of recurring lung shadows in the other Tung and the
sputum remained fungus-positive.

THE SAPROPHYTIC TYPE

The saprophytic type of aspergillosis compnises a heterogencous
group of conditions in which A. funmgatus secondarily invades fungs
affected by pub Y dosis, b h

cysts, abscesses, bronchial carcinoma, pneumoma and other pro-
cesses  In such cases, it is doubtful whether speaific treatment of
ﬂ}e aspergillosis is necessary since treatment of the pnmary lung
disease will probably lead to recovery from the fungous infection
Tn cases of pnenmonia where there is free invasion of the lung by the
aspergillus 1t 15 probable that the fungous infection 1s supenimposed
upon bacterial infection due, for example, to staphylococcus
Though 1t would seem reasonable to treat such patients with an
antifunpal drug no benefit was apparent 1n 4 cases treated with
hydroxystilbamidime. T such cases, treatment with an antibacterial
antbiotic has usually been effective, although A fumigatus has

nercictad  sla s

lzronchxal epithelium; 1n 2 cases where this was absent granujation
tissue surrounded the mass. In some instances a mycetoma has
£iven nise to no symptoms durihg a 10-year period prior to resecion
Recurrent haemoptysis frequently oceurs, however, and this 1s the
usval way the patient presents for treatment Mycetomas can
usually be resected fairly reachly though complications may foflow
such a procedure (for example, broncheal fistula feading to empy-
em3),  Experience has led to the conclusion that aspergilius myce-
tomas should not be treated by surgery unless there 1s evidence that
;uc? enlargement 15 taking place as to render them dangerous to the
cea th of the patient, or unless exact diagnosis 15 in doubt It 15
S::mvah!c that their presence could produce a condition of hyper-
" ;‘“V“_Y 1o aspergillus of the kind described above, but this occurred
Patients after resection  In 1 case 1t was found that a typical
myCetoma was sited within & necrotic carcmoma
eryoument of emp; infected with A 15
Ty dificult  On theoretscal grounds one should nstil an antifungal
M. 29




TREATMENT OF ASPERGILLOSIS

drug into the empyema cavity, but 1n 2 or 3 cases 5o treated this was
not effective in removing the fungus.
The septicaemic type of aspergillosis has not been encountered

CONCLUSIONS

Tt is, perhaps, not surprising that the parenteral admimstration of
antifungal drugs 1s meffective in broncho-pulmonary aspergillosts
since, 1n the majority of cases, the fungus lies beyond the reach of
the blood stream—for example, in the lumen of a bronchus or cyst.
Furthermore, 1n cases of local or systemic invaston by fungus there
15 usually, if not always, some underlying condition such as preu-
mona or abscess formation or some debmmmg disease like carci-
noma or agr to be reck with.  Ad 1on of
1odides has been tried but without any apparent effect on the course
of the disease

REFERENCES
tHmson, K F. W, Moon, A J, and Plummer, N S (1952) *“Broncho-
pulmonary Aspergiliosis * Thorax, 7, 317
2 Conant, N F,, Smith, D T, Baker, R D, Callaway, J L, and Martin, D §
(1949)  Manual of Climcal Mycology. 1sted Philadslphiaand London.
Saunders
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EXPERIENCES WITH THE THERAPY OF 60 CASES
OF DEEP MYCOTIC INFECTIONS
M. L. FURCOLOW*
WITH the of and nocardtosis the )

y

employed antimucrobtal agents have proved to be ineffective in deep

mycotic infections  Recently we have used a new antibrotic,
1 £

, In the ol and cryptococ-
cosis with promising preliminary results
Cnitena for the d of b L are d tn detail
elsewhere®.

REVIEW OF ANTECEDENT THERAPEUTIC TRIALS

AROMATIC DIAMINES
Following a report by Elson® 1n 1945, a sertes of reports® 3. 2227
appeared n the literature indicating favourable results obtained with

Ib: and later 2-hyd idine 1n the of
blastomycosis  Of the 5 cases of systemic blastomycosis treated by
our group results have likewise been favourable  All of our cases
teceived  2-hydroxy-4:4’-stilbenedicarb de (2-hydr ba-
midine, Merrell) intravenousty m a daily dose of 225 milligrams
In 3 cases complete resolution occurred after a 30-day course of
therapy  The remamming 2 patients required a second course before
complete recovery

In view of the i produced 1n y , 2 cases of
chrome prog cavitary 1 and one with dissem-
inated disease were treated with a similar therapeuttc regime without
demonstrable effect In rutro studies?? mdicated that the body
fluid levels required to 1nhibit the growth of Histoplasma capsulatum
far exceed those which can be attained

With the devely p and lability of the \! 2-amino
4 dstily de (A Ibamidine, Merrell), 3 patients
with cavitary histoplasmosis were treated with 250 muligrams
intravenously daily for 30-60 days No defimite therapeutic effect
could be demonstrated

?IRD—]IZ.—In 1949, Tilford and his colleagues®s described the
Lml; collaboration with P H Lehan, J Lew:s Yates, C A Brasherand H W

Acknowledosmant o wociee w0 . * < *owing physicians who co-

homa and Texas: Doctors
M Fatzpatnck, Marion J
Rogers and R Weber
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THE THERAPY OF DEEP MYCOTIC INFECTIONS

properties of S-dicthylaminoethyl fencolate (MRD-112, Merrell)
Since then various reports on the “beneficial effect” of MRD-112
on the course of cavitary histoplasmosis have appeared12, 19. 20. 21,
We have undertaken clhinical mals wnh this agent m a total of 14
patients; 2 with cryp 1 2d inated histoplas-
mosts and 10 cavitary lustoplasmosis. All recerved daily intravenous
doses from 150 to 250 milligrams for periods of 30 to 60 days The
administration of MRD-112 did not alter the course or fatal outcome

in either cryp 1 or
Smmlarly, no effect was demonstrated among those wnh cavitary
histoplasmosis.

Ethyl vanillate.—Christie and his colleagues? m 1951 reported
favourable results with ethyl vanillate in the treatment of dissem-
inated histoplasmosis. Since that time a number of favourable
results and failures have been reported in the literature? 172,
Although we have had no expenence with this drug, the apparently
erratic results obtamed by others and the narrow therapeutic index
led us to search for a better therapeutic agent,

Nystatin.—In 1951 Hazen and Brown!? described an antfungal
agent derived from several specxes of Slleplom)re: This antibiotic
was first called *fungicidin* but d nystatin
(mycostatin, Squibb)  Anmal studies by Campbclll revealed that
nystatin was an effective 1 tno antifungal agent  Neghgible ab-
sorption from the gastro-intestinal tract precluded the use of oral
nystatin i the treatment of the deep mycotic infections. Trials with
an mtravenous preparation were undertaken in 4 patients with cavi-
tary histoplasmosts and 1 with cavitary coccidiosdomycosts  In 4 of
these marked side reactions consisting of chills, fever, nausea and
vomiting prevented a full course of therapy  One case with cavitary
histoplasmosis received 200,000 umits daily for 62 days without
demonstrable therapeutic or toxic effects

Amebacide CT 686.—This compound [1, 2-Bis-para (n-hexyl-
methylaminomethyl) phenoxy ethane dthydrochlonde] showed con-
siderable activity 1 vitrol? against a variety of fungt  Stnce 1t was
relatively soluble m water, therapeutic trrals with an oral preparation
were undertaken Fourteen cases of cavitary histoplasmosis
received oral doses rangmg from 48 to 300 mulligrams daily for a

voe o Tl e .ot N d .

THERAPEUTIC TRIALS WITH AMPHOTERICIN B
NMembers of the Squibb Institute of Medical Research and therr
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THERAPEUTIC TRIALS WITH AMPHOTERICIN B

associates have recently isolated and descnibed a new anufungal
antibrotic dernved from a soil Strepromy ces? 10.11.25, Studies by
this group have indicated that amphotericin B 1s a weak base and 15
amphoteric as demonstrated by its greater solubiity in acidic or
basic aqueous alcoholic solvents. While the exact chemical struc-
ture of this compound 15 not known, its molecular formula has been
established as T, HysNOyt.  Ultra-violel absorption matima indi-
cate that there 1s a comyugated hexacnic or heptaenic system in
amphotencin B

100

73 S Schenki
B G Neoformans
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ANTIFUNGAL AGENTS
Flf;;r 136 —Comparison of she concentrations of & antifungal agents necessary 10

luce: 50 per cent inhibit
isolated from chm,::a l“é IISC ; 10n of the yeast phase of pathogentc fungi recently

IN ¥VITRO STUDIES
In utro studies by Gold and his colleagues!® have revealed that
amphotericin B does not have antibacterial activity but 1s effective
: ;’:F)b)\lng'lhc growth of the yeast and yeasthke fungi  Recent
Huwm, studiest4 1n this laboratory with 5 strams of yeast phase
s amp :Sma capsulatunt have shown that less than 0 Ipg permillilitre
o photericin B was needed to produce 50 per cent mhibition of
fains - Fig 136 compares the relative activity of amphotericin B
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THERAPEUTIC TRIALS WITH AMPHOTERICIN B

and'l.ouna" have shown that mn mice amphotencn B ss an ellectne

1 tito antifungat agent with a high therapeutic index.
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Fi6 138 “Samelesionas
appeartd approvimately
2 weeks after insttut-
g 1atravenous ampho-
terian B therapy ~ No
evidence of recurrence
after 4 months

Cryptoeoceasis.—All
evidence of meningitis

recovered from the spinal fimd
by

Fig  137-<(Case 4
Tabic 52) Chroni cut-
aneous lesion overlying
the 11th ub posteriorly
as n appeared the day
therapy was nstituted
Present withowt change
for 3 months € neo-
formans tecovered from

the cases n this series presented clinical
and Cryptococcus neoformans was readily
In cach instance pathogenicity was

mouse Table 52 outiines

Y
the pre-treatment status ang cultures, the therapeutie regime and

response of these patients,

patients

1t should be noted that 3 out of 6

d and 2 {ad d m ) died
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THERAPEUTIC TRIALS WITH AMPHOTERICIN B

Despite repeated cultures, in no instance was the organism re-
covered after 2 weeks or more of intravenous therapy. One case
had, 1n addition to meningttis, several cutaneous lestons of 3 months”
duration due to C. neoformans Figs 137 and 138 present the
rather dramatic healing of one of these lesions while under therapy.
Tn all but 1 case the cerebrospinal fiuid cell count, sugar and protermn
reverted to normat

Histoplasmosis.—As a result of our interest in this disease and our
geographical location suitable cases were readdy available All
cases selected for therapeutic trial were proved by isolation of the
fungus by culture. Daviston of cases nto the various classifications
1s based on cnteria previously outlined by Furcolow®.

Progressie disserminated histoplasmosis —Six cases of this almost
universally fatal entity received amphotericin B(Table 53)  The first
2 cases receved only oral drug and n both instances temporary
clinical improvement and negative cultures were obtained while
under active therapy Both patients relapsed approximately !
month after the therapy was stopped The remaiming 4 cases
recerved imtravenous therapy, While 2 of these patients expired,
only 3 doses were administered before their dermise  The remaining
cases d d rather d chinscal imp: and cul-
tural conversion. One case had a granulomatous ulcerating lesion
on the floor of the mouth shown to be due to H capsulatum  Figs
139 and 140 depact this lesion prior to and 3 weeks after therapy was
mstituted

Chromc progressie pulmonary histoplasmosis —Six_patients who
were classified 1 this category were selected for therapeutic trrals
with oral and intravenous amphotenicin B~ Of these, 5 had cavitary
diseases and the case had long-standing apical disease
without cavitation  Only cases 1n which H capsulatum had been
repeatedly 1solated from the sputum were selected for study Inan
effort to mimimize the possible effect of bed-rest and general support-
e measures all cases were observed for 2-3 months before therapy
was mstituted  Only 1 patient (Case 17) had sigmificant clinical
and radiographic improvement on bed-restalone  Drug therapy was
thl:?eld 1n this case until his clinial status and radiographs were
stable

The problems of evaluation of therapy on a short-term basts for
this type of disease are to those with ad d putmon-
ary tuberculosis The critera used 1n evaluating response to
therapy were (a) changes mn clinical status, (b) radiograph changes.
(c) complement fixation trtre changes, (d) converston of sputum
cultures A summary of the climical and laboratory data on these
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THE THERAPY OF DEEP MYCOTIC INFECTIONS

Fig_ 139 —(Case 12 n Table
53) Ulcerating granuloma-
tous lesion 1nvolving the
major portton of the floor of
the mouth ~ Culture and
biopsy revealed H capsila-
tum Ulcerative disease has
destroyed both sublingual
caruncles

FiG. 140 —(Same case as in
Fig 139) Complete heal-
g of lesion after 3
weeks of Intravenous am-
photericn B A small
fistulous  track  through
which both  submaxiflary
ducts empty can be seen to
the right of the attachment
of the frenulum

patients 1s presented in Table 54 It should be noted that Cases 13
and 14 recerved largely prolonged oral therapy  Both these cases
showed cltnical improvement and slight to moderate radrographic
change but sterilization of the sputum was obtatned in Case 13only
The remaiming 4 cases received oral and intravenous amphotericin
B In all these cases clinical and radiographic improvement as weil
as stershzation of the sputa was accomplished  n only one mstance,
however, was cavity closure noted  Figs 141, 142, 143 and 144

te the typtcal pul y lesions and therr response to

amphotericin B
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THE THERAPY OF DEEP MYCOTIC INFECTIONS

Fic 141 —(Case 18
Table54) Chron pro-
gresstve cavitary histo-
plasmosts with marked
involvement of the right
upper lobe  Prior to
therapy.

FIG 142 —Same case as
Fig 141 ~Considerable
clearing i both lungs,
more marked m the
night, after oral ampho-
tericin B(l grammeq 1 d
Nov 1-Dec 30, 1956,
and Feb 28 Mar 16,
1957) plus IV amphoters-
<in B 50 milligrams twice
weekly Nov 5, 1956~
Apr 11,1957

Serere acute pulmonary histoplasmosis —A  case of severe
“epidemic” histoplasmosts was selected to observe the effect of the
drug on the acute form of the disease  There was a prompt chimical
response with fall i and rapid rad, hic cleanng
which was closely dent with of the
drug (Fig 145) It should be cautioned that the course 1s difficult
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THERAPEUTIC TRIALS WITH AMPHOTERICIN B

Fi6 143 —(Case15mTable
33) Bilateral apicat hise
toplasmosis with cavita.
tion just prior 1o treat-

ent

¥
J
|
}
v
I
}
Ly

FiG_ 144 —Same case as
Fig 143 Marked re.
duction m parenchymal
disease aftcr 3 months®
therapy with amphoteri-
cn B

1o Interpret since recovery is the rule m this form of fustoplasmosts,
but, on the basis of past experience, 1t 15 our opinion that this illness
was significantly shortened

Dosage and admins —The oral p used 1n these
studies was admmstered as 200.mifhgram tablets of crystalline
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THE THERAPY OF DEEP MYCOTIC INFECTIONS

pl 1cin B Administration mn dosages up to 8 grammes daily
presented no problems; however, poor absorption from the gastro-
intestinal tract makes this a questionable route of administration
Temporary improvement of several cases while under oral therapy
mdicated that this drug even 1 extremely low levels exerts some i
vivo fungistatic effect.

EX tniravenous
orat

Range and mean of da Iy
oral temperatares (F)

"
DAYS 5 0 i5 —%5 %5 %

0 = e=e=—————x
oF Be BeB—7

AmphotencinB< o8
s[

Trend Line s mean of 6 darly recordings

FiG 145 —Depicts the temperature curve and response of a case of severe acwe
pulmonary histoplasmosis to amphotericin B therapy  Note rapid fall 1
temperature curve following intravenous amphoterictn B

Intravenous amphotertcin B used 1n this sertes of cases was
ed as a colloidal o d particle size 3

microns  The desired dose of amphotericin B was suspended 1n 3
5 per cent aqueous solution of dextrose in a concentration of 1
milligram of drug per 5-10 of water A ol
the drug over a 6-hour period greatly reduced the incidence of side
reactions  Studies by Louria, Feder and Emmons?8 indicated that
amphotericin B serum IcwclsI 020 7tol5ug Jper m:l’hh(re offered

ble levels were d ated 1n humans g a dose
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THERAPEUTIC TRIALS WITH AMPHOTERICIN 8

equinalent to { mulligram per kilogram body-werght.  Levels above
01 pg per millilitre were found to persist for approximately 18 hours
One case recensing 17 milligrams per kilogram body-weight main-
tamed a serum level of 0-3pg per mullilitre for 30 hours afier the
drug was administered  From this data it 1s evident that a dose
equivalent to at least 1 mulbgram per hilogram body-weight s
desirable  The persistence of the drug 1n the serum with higher
doses indicates that such doses could be given every other day
Despite adequate amphotericin B serum levels, measurable spial
flud levels (>0 06 g, per mullilitee) were not detected among the
spinal fluds assayed

Toxic mamfestations and swde reacttons —No evidence of either
acute or chronic tovieity was noted 1 any of the patients receving
the oral form of amphotericin B~ Several of these pauents recerved
a total dose in excess of 1,000 grammes without lleffect  In many

cases feceiving intra therapy by oral drug,
Tunor upper gast 1 and headache were noted
The colloidal ion of hotericin B d intra-

venously to the cases in this series resulted 1n several rather conststent
and undesirable side reactions  In almost every instance, shaking
chills followed by a*‘sptke™ 1n temperature, during admimstration of
the drug, were noted It has been our expenence that careful pre-
d with istamines and p will reduce these
0 2 minimum. Chemical phlebitis was troublesome but tts mei-
dence was not prohubitive if the drug was given slowly over a 6-hour
period  In several instances the drug infiltrated 1nto the surround-
g subcutaneous tissues.  Although this resulted m mild discom-
fort and redness at the site, no serious complications resulted
Repeated haematoporetic, hepatic and renal function studies failed
to show any evidence of toxicity  In only 1 patient was there any
evidence of possible toxic effect  In ths ease a transient nise in the
blood urea mtrogen followed a dose of amphotericin B equivalent
o approvimately 1 4 muligrams per kilogram body-weight  This
may have been related to persistent vomiting due to increased intra-
crantal pressure, and resultant Followir y
the blood urea nitrogen retuened to normal  In this same patient
the drug was discontnued earlier than planned because of the
development of generahized prunitus

DISCUSSION

'{hxs sluﬂy. conducted over the past several years, was designed to
screen™ promusing antifungal agents  Chimical tnals conducted on

253



THE THERAPY OF DEEP MYCOTIC INFECTIONS

amphotericn B Administration in dosages up to 8 grammes daily
presented no problems; however, poor absorption from the gastro-
intestinal tract makes this a questionable route of admimi
Temporary improvement of several cases while under oral therapy
ndicated that this drug even n extremely low levels exerts some i
tito fungistatic effect

Introvenous

Oral

Range and mean of dally
oral temperazaret LFl

GAYS 5 [

°
Amphotenein B ST
5E
°

Trend Line = mean of € darly recordings

Fic 145 —Depicts the temperature cutve and response of a case of severe acute
pulmonary histoplasmosis to amphotericin B therapy  Note rapid fall in
temperature curve following intravenous amphoterictn B

Intravenous amphotericin B used in this series of cases was
d as a colloid of particle size 3

microns  The desired dose of amphotenicin B was suspended 1n 2
§ per cent aqueous solutton of dextrose in a concentratton of 1
mitligram of drug per 5-10 mithl of water A ation of
the drug over a 6-hour period greatly reduced the incidence of side
reactions  Studies by Louna, Feder and Emmons!8 mdicated that
amphotericin B serum levels of 07 to | Spg per milhhtre offered
excellent protection and resulted in negative cultures of mice experi-
mentally infected with # capsularum or C neoformans  Using a
modification of the bioassay techmque described by Littman!®,

ble levels were d m humans a dose
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THE THERAPY OF DEEP MYCOTIC INFECTIONS

38 patients with eryptococcal meningitis or progressive histoplas-

mosis with 2 hydroxystilbaminidine, aminostilbamidine, MRD-112,
y and bacide were disappointing  In only 1 patient

was either chnical impr or cultural attatned.

Among the patients treated with amphotericin B, prelimmary
results were dramatic, with both clinical improvement and cultural
conversion  Poor absorption from the gastro-intestinal tract makes
the present oral preparation of questionable value.  Studes are now
in progress to find some means of enhancing absorption from the
gastro-intestinal tract, The intravenous preparation is moderately
well accepted by the patient in its present state and “‘adequate™
blood levels are easily obtainable.

The problems of short follow-up periods and spontaneous
remissions even among those forms of mycotic nfections generally
considered fatal must be considered. This may well account for
the response noted 1n any single case treated with amphotericin B
It is, however, unlikely that this can explain the consistently favour-
able response and conversion of cultures in all patients receiving 2

amount of drug It s difficult to explamn the
dramatic resp d in cryp 1 1n the light of
aur mability to demonstrate drug levels m the cerebrospimal fluid
It may be that only small amounts of drug are necessary and the
bioassay technique employed does not detect such levels  [nuitro
studies and climcal trials now proceeding in patients with blasto-
mycosts and coccidioidomycosis indrcate that this agent may well be

a “broad spectrum” antifungal antibiotic X
c mod rad: hic impr noted among those with
chronic p cavitary h ! 1s not surprising 1f onc

constders the underlying pathological changes  The fact that marked
reduction in sputum and cultural conversion was attamed 15 con-
sidered to be a highly significant finding ~ Recently we have followed
some 30 cases of chronic progres: I y histopl: by
frequent cultures for varying periods up to 2 years Of the 300
cultures performed, ¥ capsulatum was recovered 1n 75 per cent of
the specimens!s [t appears to us that the therapy of histoplasmosis
with amphotericin B may well be 1n the same stage as that of tuber-
culosis 1n the early streptomycin era  Combined drug therapy may
be the solution to the problem!, Although surgery has been of
definite value 1n appropriate cases. fear of complications with an
orgamism resistant to therapy has been a major deterrent to this
approach The availability of a speafic therapeutic agent will
undoubtedly make this approach more feasible
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