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Foreword

‘The symposium reported 1n this volume was organized for the
purpose of sumulating an cxchange of 1deas on both a national and
an international level concermng the therapy of fungus infections
It was held under the auspices of the Division of Dermatology De
partment of Medictne School of Medicine and Medscal Extension
Unuversity Extension Unnversity of Califorma at Los Angeles

It 15 our fecling that the symposium was successful 1n achiening
us primary purpose A total of 208 scienusts participated repre
senting 24 states and 8 foreign countries In addition to the papers
presented an important aspect of the symposium was the establish
ment of personal contact among many of the participants who pre
viously had known cach other only by name It was necessary to
ltmt the length of the papers mn this publication because of the
large number presented and therefore the majonty are condensa
uons of the matern1! given at the symposium  For similar reasons
1t was not feasible to include any of the discussions which contrib-
uted so much to the over all interest of the program In an effort
to expedite publication reproduction of tables and charts was
done by photographic process wherever feasible

This symposium was made possible by the financial assistance of
the Squibb Institute for Medical Research To a large extent the
success of the symposinm was due to the care wath which the Plan
nming Commuttee (Drs Roger O Egeberg William L Hewitt Da
wid L McVickar Orda A Plunkett J Walter Wilson and Ed
win T Wnght) formulated the program The smoothness with
which each session proceeded attested to the shill of the chairmen
Drs Harvey Blank Norman F Conant Arthur C Curtis Ches
ter W Emmons and Donald M Pilisbury The efficiency of the

symposium operation as a whole was due to the planmng and hard
work of the Medical Extenston Staft Gertrude H McSpedden
v



vi Foreword

Susie Cartt Vivian Omerberg Patnicia Martin and Macine Lustig
‘We wish also to thank Ronald M Resner for lus contnibution m
the editing of this volume Finally we should hike to express our
appreciation to the staff of Lattle Brown and Company for making
possible the early publication of the material

‘Thomas H Sternberg M D Chairman
Victor D Newcomer M D Co-chairman
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Introductory Remarhs
by Donald M Pillsbury

It 1s perhaps improper for someone who 1s pot pnmanly a
mycologist to attempt to introduce this symposium on the therapy
of fungus diseases Nevertheless any clinician who must be re
sponsible for the treatment of patients suffering from superficiat
or deep fungus infections 15 all too heenly conscious of the general
lack of speaific and effecive methods of dealing with such dis-
cases Among all the microbal infections of man the diseases
caused by fung: are perhaps the most difficult to modify in their
course or to prevent The conquest of most bacteral infections 1s
well known — though the nde of battle may turn against us 1f we
continue to use anubactenal agencies with the profligacy with
which they have been employed to date with the resultant emer
gence of resistant bactenal strains at a rate which 1s more rapid
than that at which microbiologists and chemists can develop new
anubloucs The Richettsial and Chlamydozoaccae mfections are
one by one yielding either to chemotherapy or to prophylactic im
munization Viral infections though nat influenced by any speaific
metheds of treatment can 1n some nstances be completely pre
vented by tmmumzation In the case of diseases caused by the
superficial ningworm fungi on the other hand the methods of
treatment are generally roundabout and non specific The modes
of transmission of all except tinea capius are relatively unknown
and subject to much speculaion and the available methods of
prevention are poor In only two of the deep fungus infections
blastomycosis and sporotrichosis are the methods of treatment
reasonahly sansfactory and even 1n these there 1s room for much
improvement. There are no practical methods of ymmunization
aganst any fungus infection

xvn



xvii Introductory Remarks

One of the best indices of the chncal importance of a particular
group of diseases and of the dissatistaction with available methods
of controling them may be found in the mterest and concern
shown by agencies which have a responsibility for the health of
large groups of people I have participated i the deliberations of
several of these agencies 1n respect to fungus infections and
would like to cite some of this experience briefly

The experience of the armed forces with fungus infections dur
1ng the war was most discouraging and the situation has improved
but Iittle since A major portion of the dermatologic disability
duning the war resulted from superficial ringworm infections or
condrtions which were msdiagnosed as such It was clearly ap
parent that the tramming of American physicians and laboratory
workers 1n the diagnosis of superficial nngworm nfections was
madequate Any mflammatory eruption which occurred on the
feet or gromn or any scaling dermatosts which produced ring
shaped lestons was almost automatically diagnosed as a fungus in
fection At the beginming of the war there was great official confu
sion as to the preferable methods of prevention and treatment
‘This was to some extent resolved after much discussion by the
wide scale introduction of fatty acid preparations for prophylaxis
and therapy Although these preparations are known to be very
feebly antifungal tn vivo, and rarely capable of curing a superficial
ringworm 1nfection they possess the great advantage of bemng al
most completely non sensitizing and relatively non irritating The
situation 1n respect to preventive measures was equally confused
and a variety of powders and footbaths were variously employed
Eventually 1t was agreed that prophylactic footbaths were useless
1f not actually harmful at times and that prevention was best

achieved by foot hygiene which was as scrupulous as possible with
out resort to antifungal agents Since the war the problem of su

perficial ingworm nfections has required continuing attention by
the armed forces

Another disease from fungus infection namely coccrdiordomyco

sis became a major disease problem during the war The umts
punapally affected were armored forces which had trained mn
areas mn which coccidiordomycosis was endemic This problem 1
well known to all physicians i Califorma but the numerous 1n

stances of progressive cocadioidomycosis which were encountered
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later represented a new and unusual experience to many medical
officers There was absolutely nothing that could have been done
about this either from the standpoint of prevention or treatment
a situation wluch obtains to this day

In addstion to the armed forces the Institute of Microbiology
of the National Institutes of Health has long been Reenly aware
of fungus infections as a sigmficant public health problem and of
the great need for fundamental studies 1n tns field However m
vesugations of other more spectacular diseases have gamned the
support of the pubhic and the Congress and 1t has not been pos
sible to sumulate and support such studies as fully as 1s desirable
Furthermore there are not many laboratory scientists who are
competent mycologists and the number of proposals for studies
along sound and original lines has been small to dite Within the
past few months this problem was considered at length by an ad
hoe commatiee summoned at the instance of Dr Leonard harel
Chief Extramural Programs National Microbiological Institute
It 1s hoped that cventually a larger number of fundamental
studies 1n the field of mycologv can be sumulated and that sup-
port for them wall be forthcoming

The program of this symy many titles which ex
cite one s interest In the following brief remarks on what might
be done to remedy the present situauon I shall no doubt include
somethung which has already been done and which will be re-
ported duning the next two or three days As one suneys the pub-
lished reports dealing with laboratory or chmical studies of the
mycoses the mpression mounts that too many investigators ave
sunply treading water 1n a very small and restricted pond Several
examples of this may be cited There are myriads of reports deal
ing with the botanical charactenistics of the growth of fungi in
uitro on vanous artificial media and they continue to appear
Familanty with this discipline 15 essential to anyone who pro-
poses to study mycologic diseases but as an end of and by stself 1t
1s unpromising There has been and 15 excessive preoccupation
with the development of compounds for the topical treatment of
superficial ningworm infections Thus cannot be expected to sub-
side completely because the phenomenon of a pathogenic organ
1sm growing on the very surface of the shin 1n a position where
topical therapy might fully be expected to be effective offers a
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One of the best indices of the chinical importance of a particular
group of diseases and of the dissatisfaction with available methods
of controlling them may be found 1n the interest and concern
shown by agencies which have a responsibility for the health of
large groups of people I have participated in the dehiberations of
several of these agencies 1 respect to fungus infections and
would like to cite some of this experience briefly

The experience of the armed forces with fungus infections dur
g the war was most discouraging and the situation has improved
but httle since A major portion of the dermatologic disability
during the war resulted from superficial ringworm nfections or
conditions which were misdiagnosed as such It was clearly ap
parent that the traming of American physictans and laboratory
workers 1n the diagnosis of superfical ringworm infections was
madequate Any inflammatory eruption which occurred on the
feet or gromn or any scaling dermatosis which produced ring
shaped lesions was almost automatically diagnosed as a fungus in
fection At the beginning of the war there was great official confu
sion as to the preferable methods of prevention and treatment
This was to some extent resolved after much discussion by the
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later represented a new and unusual expenience to many medical
officers There was absolutely nothing that could have been done
about tlns erther from the standpoint of prevention or treatment
a situation which obtains to thus day

In addition to the armed forces the Institute of Microbiology
of the Nauonal Insututes of Health has long been Leenly anare
of fungns infections as a significant public health problem and of
the great need for fundamental studies m this field However 1n
vestiganions of other more spectacular diseases have gained the
support of the public and the Congress and 1t has not been pos
sible to stimulate and support such studtes as fully as 1s desirable
Furthermore there are not many hboratory scientists who are
competent mycologists and the number of proposals for studies
along sound and oniginal hines has been small to date Withun the
past few months thus problem was considered at length by an ad
hoc ¢ 4 at the of Dr Leonard harel
Chief Fxtramural Programs National Microbiological Institute
It 15 hoped that cuventually a larger number of fundamental
studzes 1n the field of mycology can be stimulated and that sup-
port for them will be forthcorming

The program of this symposium contains many titles which ex
cite ones anterest In the following brief remarks on what might
be done to remedy the present situation 1 shall no doubt include
something which has already been done and which will be re-
ported during the next two or three days As one surveys the pub-
lished reports dealing with laboratory or chinical studies of the
mycoses the impression mounts that too many investigators are
simply treading water n a very small and restricted pond Several
examples of this may be cited There are myriads of reports deal
ing with the botanical charactersstics of the growth of fungt in
uitro on various artificial media and they continue to appear
Familianity with this discaphine 1s essenual to anyone who pro-
Poses to study mycologic diseases but as an end of and by atself 1t
 unpromising There has been and 1s excessive preoccupation
with the development of compounds for the topical treatment of
superficial rigworm infections This cannot be expected to sub-
side completely because the phenomenon of a pathogenic organ
1sm growing on the very surface of the skin 1n a position where
topical therapy might fully be expected to be effective offers a
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therapeutic challenge which can hardly be resisted It would also
appear that there may have been excessive preoccupation with
studies having to do with the recovery of fung: from discased
uissue particularly shin without suffictent emphasis upon deter
mining whether or not the fungus 1s contributing to the disease
process 1 question and 1f so to what extent Possibly the best ex
amples of this are the numerous studies having to do with the re
covery of Candida from the normal and abnormal shin mucous
membranes and viscera with no certam means of determining
whether the condition should be labeled monilhiasis or if the Can
dida present should be regarded only as fortutous saprophytes

It 15 my belief that the investigative approaches to the therapy
of fungus diseases must be increasingly bold and imaginative This
necessarily will mvolve basic studies which do not —indeed
should not — have any prospect of immediate practical applica
tion In the following paragraphs I have attempted to list a few
examples of approaches which appear worthwhile

What are the modes of transmission and the natural reservoirs
of pathogenic fungi? The natural reservoirs of orgamsims capable
of producing deep fungus nfections offer a fascinating and impor
tant field of study In the case of 3 disease such as coccidsodomyco
sis the available knowledge of the natural reservours of the fungus
has proved to have great practical usefulness though those work
tng 1n the field are T am sure sull dissatisfied with thewr know!
edge of this problem All of the other deep fungus infections
furnish sumlarly mviung fields of study As to reservosrs for the
transmussion of superficial ringworm fung: there 1s 2 lack of firm
knowledge which 1s truly astonishing Something though not
enough 1s known 1n regard to the contagiousness of tinea capitis
hknowledge 1n respect to the ingworm fung affecting the glabrous
skin 1s extraordinanly nebulous It has long been assumed that the
fungr which are associated with dermatophytosis of the feet are
transmitted through showers bathroom floors swimming pools
and so on Yet when these supposed sources of infection are pains
takingly and scrupulously searched for pathogenic fung: they
rarely yield any and then only a few orgamisms Familial trans
missions of such infections are almost unknown in temperate
sones Attempts to produce athletes foot in man under what
rmight be regarded as optimal conditions meet with cither failure
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or a short Irned mflammatory reaction which 15 1n no respect com
parable to the natoral disease Al this consututes a fasenaung
rayseery on which luttle light has as yet been shed

Why are the superfical ningu orm fungs necrophilic? As has been
shown by many ohservers partcularly m the series of studies by
hhgman * the superfioal nngworm fung Jack the capacity to in
vade lning tissue When they invade the scalp and the shalt of the
hair, they progress downward along the hur shaft only to the
layer of parakeratotic cells and no farther On the smooth shan
they can be demonstrated only in the stratum comeum neser sn
the undeslying living eprdermal cells excepr in decadent and
dying farm 1n Majocclis s granul There 1s some
thing 1n the Ining ceil which completely stops the further growth
of these organisms What 15 10>

What are the precise nutntional requirements for the growth of
pathogemsc fung:? In deseloping laboratery procedures to make &
diagnosis of a fungus mfection the efforts of most nvestsgators
have been directed toward providing a nutnent substrate which
Wikt farmsh the best possible growth conditions for the fungus
vitro Much s known as to the varying chamctenstics of fungus
growth with different 13pes of media but the precise reasons for
these are little understood Tlus furmshes another imyiing field
ol study but one which probably cannot be prosecuted adequately
on the basis of ordinary batanical mycology but will require the
technuques of enzymology and cytology The growth requirements
of the pathogemic fungt have not secened anything approaching
the study which has been given to bacteria sn recent years nor are
the precise cytologic changes under varywng conditions as well
established

How do the superfional ninguorm fung produce thetr harmful
effects® In many diseases of the shin and mucous membranes the
tecovery of a particular strain of fungus from the affected area
stll Jeaves the cliueran sn a quandary as to whether or not the
fungus is causing the disease m question Wich many of the deep
fungus mfections there can be no guestion that the disease state 18
largely produced by the invader In some superficial infections
(for example unea capiis or chromc Trychophyton rubrum

Abgman A M Tinea capitis due to M oudou A
chiver of Dermatology 71 13 1555 neand W cone AMA. Ar
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mfections or vesicular and bullous eruptions associtated with
T mentagrophytes) there can be hittle doubt that the pathologic
changes seen are due primanly to the fungus present though the
precise disturbances n host parasite relationship may not be fully
delmeated Under other circumstances the role of the fungus be
comes less certamn This 15 seen m many chromc mntertniginous
eruptions of the feet from which a fungus may be 1solated but
m which other factors seem to be principally responsible for the
mflammacory changes The situation 1 respect to Candida nfec
tions 1s even more uncertain This orgamsm may be recovered
from a wide varety of lesions of the skin and mucous membranes
and from viscera as well but 1t 1s extraordnanly difficult to deter
mine the degree to which it s contributing to the infammatory
changes seen 1t 1ndeed 1t 1s contributing at all It 1s fashionable
to regard many of the reactions to broad spectrum antibsotics as
due to the addition of Candida to the microflora of the skin and
mucous membranes but this may be regarded as hughly uncertain
as a rule

Why 1s toprcal therapy for the superficial mycoses so neffectsve?
As mentioned previously the general lack of speaific chemothera
peutic antifungal compounds 1s nowhere better 1llustrated than m
the diseases caused by the ringworm fung: There are I suspect
few large pharmaceutical houses 1n the world where the synthests
and testing of agents designed for the topical treatment of the
superficial mycoses 15 not being pursned One suspects that such
studzes are foredoomed to failure though this 15 a rash statement
In any event they should be preceded by 2 better understanding
of the penetration of fungiaidal or fungistatic agents into the kerat
mous dead cells of the stratum corneum hair and nals Much
more needs to be Jeamned of the mechanisms by which fungt pro
duce inflammatory changes Along with many others who have
suffered disappomntments 2 the climcal traals of such topical
agents I suspect that the eventual curatnve agent will be admins
tered systermcally and will be something which will concentrate
and persist 1n the eprdermal cells However signuficant progress
has been made 1n the development of antifungal anubiotics and
one may idulge some hope that these Iike antibactenal agents
will have curattve effects when apphed topreally to superficial
ringworm infections
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W kat are the host parasite relationships? Fungus infecuons pre
sent an array of questtons mn relation to age and sex wmadence
and varability of course which constantly puzzle the chimcian
Why do some types of tinea capitis affect onty children while
others affect adults as well? Why are fungus infections of the feet
seen with such ranty in chuldren so uncommonly 1n adult females
and sa commonly in adult mates? Why 15 cocadiosdomycosis a
bemgn self himited diserse in some indiniduals and a progressine
Iethal one 1n others? Wiy does tins infection become disserinated
so much more commonly among Negroes than among wintes?
Why 1s histoplasmosis a common deep fungus infection n some
tegions productive of climeal signs in only a few of the sndiniduals
aflected® Questions such as these mught be hsted almost ndefi
nuely and admuttedly they mmght be asked i yespect to many
bacterial and other wnfections concerning which we profess to
know a great deal mare than 13 the case with fungus mfections

‘These random reraarks have been made to gonve some mdicanen
of the extent and importance of fungus infections as a source of
banal disabling or fatal disease i man and to ate a few ex
amples of the fascinating array of imestigatine approaches which
present themsehes I am sure that alf of us i this group which
contains representatines from many lands are fully i accord with
the need for a discussion of these matters and are most apprecta
tne to the Medical School of the Universuy of Califormz at Los
Angeles for arranging tus symposium and to L R Squubb and
Sons for supporting it

June 23 1955
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SELMAN A WAASMAN

Outstanding Problems n the Study of
Antibactenal and Antifungal Antibiotics,
with Specral Reference to the Antibiotics

of Actinomycetes

Among the major characteristic properties of antibiotscs 15 thetr
selective action aganst different micro-orgamisms The range of
such acuvity has been designated as the antmscrobaal or the ann
biotic spectrum Somie of the most important antibiotics that have
found extensive appl on as ch il 1€ agents are achive
aganst bacteria and actinomycetes but not agamnst fungt On the
other hand a number of antubiotics have now been 1solated which
are active against fungs but not against bactensa and actinomycetes
There 1s also a group of antbiotics actrve agumst both bactena and
fungs

Four important sut 0§ i ycin the tetra
cyclines and b:\c:tﬂcm-——\\h\ch are pmduced by three dafferent
groups of micro-organisms namely fungs actinomycetes and bac
tenia are typical anubactertal agents Although they vary m ongin
and 1 chermeal composition they have one thing 1n common a
lack of activity aganst wrue fung They are selective i thewr action
agawnst different bactena Pemicdiin and baaitracin are active
Targely against cocer and gram positive rods streptomyain and nec-
myan are activ e against both gram posiuve and gram negative bac
tenia the tetracyclines are active against vanous bacteria nickett
s1ae and some of the larger viruses polymyxin is actsve aganst

gram negatve bactena
The antihiotics which are highly active aganst fungs but nac
tve aganst bactena and actinomycetes nclude cycloheximde
fradicin mimoadin nystatin and candiidin These are also se
3
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lective m their action agamnst different fungs Some affect only
yeasthike orgamsms others are largely active agamst filamentous
fungr still others have a broader range of acuvity extending also
to turmor cells

The antbtotics that are active against both bacterta and fung
include tyrothricin thioluun streptothricn and clavacin

CERTAIN PERTINENT FACTS CONCERNING
ANTIBIOTICS

(1) Anubiotics represent a great ‘ariety of chemical com
pounds which vary greatly in therr composition and physical prop
erues There 15 apparently no correlation between the chemical
composition of antibiotics and thew actavity against esther fung: or
bacteria or both

{2) The selecuve acnion of both antibacterial and annfungal
anubiotics aganst various micro organisms 1s 1o be looked for n
the speaficity of thewr mode of action on the one hand and i the
composition as well as the specific metabolism of the sensitsve cells
on the other

(3) Selective activity of various antibiotics agamnst different
mucro-orgamsms 1s not only qualstative but also quantitative Some
anubiotics 1n very low concentrations as 0 001 pg/m! are able to
mhibie growth of certamn mucro-orgamsms  whereas conuderably
higher concentrations of other antibrotics such as 100 pg/m! are
required to bring about growth inhibition of the same organ

Isms

{4) One of the major hmsting factors i the practical use of ants
brotics as chemotherapeutic agents 1s their toxicity to animals The
effect of an antibrotic on animal tissues varies greatly with the na

ture of the substance and frequently also wath the nature of the
amimal thus pointing to the selectrve activity of the antibiotic
agawmnst chfferent cells of higher forms of hife

{5) Differences 1n the acuon of anubsotics aganst bacteria as
compared to fung and agatnst cells of lower forms of ife as com
pared to cells of lugher forms of Iife posnt to one major signaficant
consuderation namely that the mechanism of action of anubiotics
aganst hung cells differs greatly for the various antibiotics

{6) The development among sensitave organisms of reststance to
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aguenantibrotic pomts further ta a change either 1n the nutntion
of the cells or in the mede of action of the anubiotic agatnst the
parucular cells

(7) Actinomycetes are more nearly comparable to bactersa than
to fung: mn the degree of their sensiuvity 1o annbiotics which
pomnts to the close systematic and nutnnuional relanonship of the
actnomycetes to the bacteria

(8) Some org; produce only 1al or
ubotics athers produce both types of anubioties S(rrp(omyw
griseus forms the antibactenal ptomycin and the fi
cycloheximide § fradiae guves nise to neomyan and frdan
§ rumasus to oxytetracychne and nmocidin

(9) Some of the anufungal antshiotics are farmed readily in the
broth and othiers are {ound only 1n the mycchium of the organism

(10) Certain antibioties such as pemallin polymyxin actino-
myan and neomycn may be p\'odur,td cither by the same organ
ssm ot by d i chemical difi

+ f, 12

PROBLFMS AWAITING SOLUTION

Certain aspects of the formation of anubiotics such as the effect
of the naturat en: on the org; producing anub:
oncs therr role 1 the survval of micro-organisms under natural
conditrons and the mechamism of formanen of antibiones under
arufically controfled condions must remain 1 the realm of
speculation Suff ation has ac d howesver asa
result of yecent extensive studies on anubiotics to justify ceran
broad generahzations which can be used as a basis for ¢he follow
INg pertment questians

(1} What 1s the mode of action of a given anubiotic agamnst
sennitive micro-organisms with special reference to 1ts antimicro-
bial spectrum?

(2) What 135 the difference 1n the chemical and biochemical
makeup of the cells of fung as compared to those of bactera and

yeetes that 1s responsible for the duff e 1n their Tespec
tve sensitivities to various antibioties®

{3) 1s there any 1 between the ch 1 structure of

an anubiotic and sts mode of action aguinst different micro-organ
15ms?
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(4) Is there a relation between the antimicrobral activaty of an
antibiotic and 1ts toxicity to higher animals?

(6) Is there any correlation between the selective action of antx
biotics agamnst normal cells and agamst abnormal or neoplastic
cells?

(6) If the high toxicity of antifungal antibiotics to ammal cells
15 an indrcatron of similar biochemical processes between such cells
and fungus cells might 1t indicate that one of the promising fields
of investigation for substances exerting a specific antitumor action
1s to be concerned with that group of antibiotics with specific antt
fungal activity?

These questions have z direct bearing upon our understanding
of the activity of antibiotics Any answer would not only tend to
throw light upon their potential utilization but would also help
1n the search for new compounds which still unknown at present
may prove to be more effecuve than those already known

ISOLATION AND PROPERTIES OF ANTIBIOTICS
PRODUCED BY ACTINOMYCETES

It has been said time and agamn that all the antibrotics that have
so far found practical application as ch herapeutic agents are
a result of 2 hit-or miss program or a hind of tnial and error set of
procedures Whereas this interpretation apphies to much of the
work on antibiotics which has yrelded some very striking results
as 1 the discovery of pemallin one would hardly be willing to
accept 1t when applied to the systematic screeming programs 1n
vogue 1n recent years The latter have been applied primanly to
the study of the production of antibiotics by acunomycetes They
have yrelded highly satisfying results including a large number of
effectve and usefnl antimicrobial agents

Following the rediscovery of penicillin by Florey and Cham all
the important antibiotics with the possible exception of bacitracin
and polymyxin have been obtaned from actinomycetes Virtually
all of these were 1solated mn systematic screening programs One
may begin with the 1solation 1n 1940 of actinomycin a general
anubactenal and antfungal substance and gradually proceed to
the 1solation of sarcomycin an antitumor substance 1952 of
tetracycline 1 1958 and quite recently of amno-150xazolidone
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under the names of cycloserine and oxamyan Dunng that peniod
some two hundred preparations and pure chemiaal compounds
were discorered Out of these at Jeast a dozen compounds have
atready proved to be hughly effective therapeutsc agents One need
only mention the various anubacteral agems nowbly sepromy
an and 1ts denvause dihydrostreptomycn  chloramphenicol
chlortetracycline  neomyun  oxytetracychine and  tetracycline

Tartz 1

ORIGIN CHF\ICAL NATURE, AND ACTIVITY OF
ANTIFUNGAL ANTIBIOTICS

Astibotic Produced by Chernical nature ASHY _upon
ACTINQUYCEYES

Artidtone 5t eptomye  gols me Diketons Y asts and fungl
Actinomycin Mbisticus Bacorris sad fusgl
Jattmycin A §t_ptomyc 3 6P Nitrog aoun pheesl  Yeauts sod fongi
Fr dlela Straptomye  iradis anrc] noas weak  Yeass and fangl

a
Musaria 3t plemy 8 P Oryanic actd gt aod bacterts
Streptothricin  Strapt myce | vendulae O ganic ba Fuagi and bacterts
Nystasta Streptomyse_sp Polyese Teasts nad tungt
Rimoetetn $t_ptomye it us Potyens Y o and fongl
Antimycots St pt myven ur w Poly e ¥ o woand fungh
Candy 4in Ste_prom i e Polyens Yea ta

FUNGE

Clavacis Atperpiies lavara Uneatuzated & tone  Bacte ia and fangi
Gliownia T ichod rma Contaiss sulfur 308 Bactera and fangd

niteogen
T ishothecln T iehothe fum o am Cosars ated ketone  Fungi
Vit Trickoderma wiryde Contains ca bon

bydrog n oxyg v Fungl

BACTERIA

fumy in B cflu  ubtil Altobal soluhite Bactaria and fungl
Fyocy nin P_udoman ¢ uginean 2 % tophena ine Bacte ia and tngt
Hemipyocyanin £ Bregh s s Bacterts sed fusgt

Treohei . BaciDuabr v Palypeptite Bacte i and fangt
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(4) Is there a relauon between the antimicrobial activity of an
antibiotic and 1ts toxicity to higher animals®

(5) Is there any correlation between the selective action of ant1
biotics against normal cells and agamnst abnormal or neoplastic
cells?

(6) If the high toxicity of antifungal antibiotics to animal cells
1san mdication of stmilar biochemcal processes between such cells
and fungus cells might 1t indicate that one of the promusing fields
of im estigation for substances exerting a specific antitumor action
13 to be concerned with that group of antibiotics with specific antt
fungal activity?

These questions have a direct beaning upon our understanding
of the activity of antbiotics Any answer would not only tend to
throw light upon their potental utilization but would also help
m the search for new compounds which sull unknown at present
may prove to be more effective than those already known

ISOLATION AND PROPERTIES OF ANTIBIOTICS
PRODUCED BY ACTINOMYCETES

It has been sard time and again that all the antubiotics that have
so far found practical apphication as chemotherapeutic agents are
a result of a hut-or muss program or a hind of trial and error set of
procedures Whereas this interpretation apphes to much of the
work on anubioties which has yielded some yery strrhing results
as n the discovery of pemcillin one would hardly be willing to
accept 1t when applied to the systematic screemng programs mn
vogue 1n recent years The latter have been apphed prnimanly to
the study of the production of anubiotics by acunomycetes They
hate yrelded highly satisfying results including a large number of
effectrve and useful antimicrobial agents

Followng the rediscosery of pemailhin by Florey and Chamn all
the important antibiotics with the possible exception of bacitracin
and polymyxin have been obtarned from actinomycetes Virtually
all of these were 1solated 1n systematic scteening programs One
may begin with the isolation 1 1940 of actinomycin a general
anubactenal and antifungal substance and gradually proceed to
the 1solatson of sarcomyan an antitumor substance 1n 1952 of
tetracycline 1 1953 and quite recently of amino-1soxazohidone
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Tame 3
ANTIFUNGAL ANTIBIOTICS PRODUCED BY BACTERIA
RECS 5 warily BRLAAE TR RET e agunet feg 458
tesia
Subetance Organtem Sudstancs Org nbem
Bacllomyctn B butf Fluveraycla B adbtille
Eumyeln B_ & Btille Polypeptin B__ freulans
Yangi utls B ubilis Simpl xin B_aimpl x
Myco htta  B__wwbtl To imyein B__ubul
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ANTIFUNGAL ANTIBIOTICS PRODLCED BY ACTINOMYCETES
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erythromycin carbomycin and viomyan the antifungal agents
cycloheximide thioluun trichomyan nystatin and candicidin
and the antineoplastic agents actinomyan carzmophilin azaser
ine and sarcomycin What other group of microbes even if onen
cludes all the bacteria all the filamentous fungy and all the igher
or mushroom fung1 can compare with those?

DISTRIBUTION AND ACTIVITIES OF ANTIFUNGAL
AGENTS

The existing snformation on the various antifungal agents was
summanized 1n 1952 (Table 1) Of the ten preparations reported
to have been obtaned from actinomycetes three were active
agatnst both bacterra and fungt and seven were active agamst
yeasts and fungi but not agamnst bacteria Of the four antfungal
preparations produced by fung1 two were active against both bac
teria and fung and two agamnst fung: only The four bactertal
preparations were active against both fungr and bacteria Five of
these antibiotics are examined mn further detail ;n Table 2 where
therr characteristic spectra are given

More recently because of the growing interest in antifungal
agents a large number of compounds have been isolated from cul
tures of bacterta and actinomycetes (Tables 3 and 4) The bac

ThasLe 2

COMPARATIVE ANTIBIOTIC SPECTRA OF DIFFERENT
ANTIFUNGAL ANTIBIOTICS

Amount of mater 1 pgl/m! rzequired to inlubtg owth

Testo gani m Cycloh xam & Anymy n Fr dicin Ny tatin  Antimy oln

'a d da alb can 1 ooo 1 0s 31 17
Cryplo 0 cu__ fo ma s 02 30 to 14
T_ch phyto m nt g_ophyt »1 ooo »33 40 63 200
ophyton ub_um 1 000 146 63 200
Twtomy 4 mattds
castpha ¢ >1 000 [ X3 18
HI_top!_#ma cap ulatum 20 16
Co d d immt »1 000 13 63
S ch omye c f visi 10 31 30
Py Nan tatm 3 04 31 1s
Ay, Tan 20 33 z4
Noci daa tero des 1 000 100 0
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tenial products are largely polypepndes The subsiances produced
by actinamycetes largely bers of the genus Streptomyces be
long to seseral types of compounds

CHEMISTRY OF ANTIBIOTICS PRODUCED BY
ACTINOMYCETES

Our present knowledge of the chemustry of anubtotics produced
by actinomycetes 18 sumnmarszed in Table 5 Among the annfungal
substances some {cyclohexymde candicidin) are acuve primanly
afamst yeasts whereas others (fradian obgomyen) are actne
targely against filamentous fungy There are also differences in the
fungutauc and fungicidal propetues of the various antibioties Of
the several compounds that possess both antbactenal and anu
fungal properties the streptathnan group 1s of paruicular interest
unce thus 152 banc water soluble compound and 38 not too toxic

On the bans of their uitraviolet absorption spectra the polyene
antibrotics can be divided ynto tvo groups (1) comprising nysta
tin anumycomn chromn and nmoadin (2) compnsng asconn
andiadin trichomyan and candidin The polyenc nature of
these and other antibiotics 13 brought out funher yn Table 6

Any correlation of the speaific activity of antbioties against dif

Tante 6
CLASSIFICATION OF POLYENE ANTIBIOTICS

Aaiht te Foty n mel ty 1o sbsorption maxims lrey)
Trnta 232 33318
Rimecidia 291 304 s
Aatimycata Tetre vet 291 LS 1
Th ewnls WS S 10
Tu ocldin Rit} m 351
Fu gichromin Pestaenes

Tungichramatin

Tl acld 341 358 373
Medlocidin Hemaenes nT e 3% 7
€ adicldln 39 s 1295 401 S
€ &dia 363 s 406
Ascorta Heptaencs E 39y

Trt Mormsyetn 344 4 46
Candimycia 3 382 406
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Tasie 5
CHEMISTRY OF ANTIBIOTICS PRODUCED BY ACTINOMYCETES
A Carbohydrate type molegule (amino sugar + acetal tinkage)
Streptomycin group

Neomyein group
Erythromyein group

wawne

g oup suga
Puromycan group {containing sugar + purine o7 pyrimidine derivative)

L

Polypeptide type molecule {amino acid + amide linkage)

1 Amino sugar also present (streptothriean)

2 Contalning no sugare (cinnamycin)

3 Cont ining & chramophore {actinomycins)

4 c:mxasn ng a pyridine derivative {pyridomyein)

5 molety yein)
6 AmSno acid derivatives (azaserine cycloserine)

a

Allphatic acids

1 Containing polyenyne {mycomyein)
2 Contatni g polyen (cand cid n)
3 H gh mol cular containing mtrog n (nig ricin)
alleyelic o7 aclde
{actithiazic a:;d)

-]

Miscellaneous bases (antsomyein)

L

Miscellanecus neutral compound

1 Chloramphenicol
2 Not chemically defimed (griseoviridin)

]

Plgments

Tetracycline g oup

Quinones containing sugar moiety (rhodomyc n}
Quinones containing amino ac s {actinomycin}
Quinonew with indicatot prop ties (actinorhodia)
Quinones of the xanthomyein type

Quinonen of the luteomycin typs

Miscellaneous quinones

Thistutin grovp

Miscellaneous pigments

CoNcRreNw

G Miacellmeous corapound of unknown atructurs

Contalnlng € H © N
Contalning € H O N S
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Usknown composition
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tenal products are largely polypeptides The substances produced
by acunomycetes largely bers of the genus Streptomyces be
long to several types of compounds

CHFMISTRY OF ANTIBIOTICS PRODUCED BY
ACTINOVYCETES

Our present knowledge of the ch y of anut s produced
by acunomycetes 18 summanized tn Table § Among the antifungal
substances some {(cycloheximide candicidin} are acine primanly
agunst yeasts whereas others (fradiain ohigomyetn) are active
largely against filamentous tungt There are also differences tn the
fungitatic and fungiadal properues of the vanous antubioties Of
the several compounds thar possess both anubactertal and ant
fungal properties the streptothricin group 1s of particular interest
since this 15 2 basic water soluble compound and 15 not oo toxic

On the bags of their ultraviolet absorption spectra the polyene
antibiotics can be divided 1nto two groups (1) comprinng nysta
tin anumycoin chromin and nmoaidin (2) comprining ascosn
andiadin trichomyan and candidin The polyene nature of
these and other antibiotics 13 brought out further w Table 6

Any correlation of the specific acuvity of antibiotics against dif

Tartz 6
CLASSIFICATION OF POLYENE ANTISIOTICS

Antibiotte Folyens molaly ] of sbeo prion maxima (rou)
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ferent micro-orgamsms or combmation of organtsms and their
chemical structure 1s hampered at present by a lack of sufficient
information concermmg the exact chemical composition of the ma
Jority of these substances The structure of only two agents speaif
1cally active agamst fung: isolated from the actinomycetes 1s
known to date out of the more than thirty compounds so far re
ported These are cyclohextmide and thiolutin Suif Jess informa
nion 15 avaslable concernimg the mode of action of these anubrotics
against sensitive orgamusms as well as the reasons for the speafic
antibiotic spectra

PRACTICAL UTILIZATION OF ANTIFUNGAL
ANTIBIOTICS

Beginming with tyrothnicin pemalim and streptomycin which
are primanly antibacterial antibiotics various other agents have
found extensive application 1 the treatment of numerous mfec
tious diseases 1n man and in ammals It 1s sufficient to mention the
tetracychines which possess antirichettsial properties Trnichomycn
and nystatm two antifungal agents have recently been mtroduced
mto practical medicine streptothricin has also been used m a
fimated way but nothing has been heard of it recently

In the contro} of plant diseases certain antibrotics are beginning
to find extensive apphicanon It 1s sufficient to mention streptomy
ctn among the antibactenal agents The anuifungal agents have so
far found only lmuted practical use as 1s the case for cyclohexi
mide Candiciin appears to have definite promise

Certainly the need for addinional antifungal antibrotics 15 great
and the posstbility of finding such sut es 15 highly pr 4
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Soil As the Natural Reservorr for Human
Pathogenic Fung

{mpressine evidence 11 on hand w support of the theas that
many of the fung: capable of causing human disease exist as ac
tvely growing saprophytes sn nature From 1892 to the present
twenty one species of pathogemic or potentiaily pathogeme fungt
hase been wolated from non living saurces (Table 1} Asa con
sequence few can doubt that sail 1s the ultsmate source of the ety
alogic agents of many of the mycoses

As demonstrated by Emmons soil surveys are one of the most
frustful ways for discorening the natural habuas of the fung: that
canse human disease Duning the past five years 1313 soil spea
mens collected from widely seattesed geographic areas hase been

31 our lak y for pati funpg:

Two techmques were employed for this purpose One method

which has yielded Hustoplasma capsulatum and other systerme

Tasre 1

PATHOGENIC OR POTFNTIALLY PATHOSENIC FUNGU ISOLATED
FROM AQ™MLIVING SOURCLS

Absdia corymbifera Hormodendrum pedrosot
Abndia ramosa Mucrosparum gypseurt
leschma boydss Nocardia asteroides

£ ealont 1
Candida alticans Phn]u;;hnrz verrucosa
Candida guillzermondn Rinzapus arrhizus
Candida kruset Rhizopus oryzae
Coccsdiondes smmits Sporatnichum schenckn
Ceyy hophyton hytes

Epid phyton B ‘Trchophyton rubrum
Hustoplasma capsulatum

12
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pathogens involved mjecting the supernatant from soil suspen
sions mtraperitonelly wmto mice with subsequent culturing of
thewr liver and spleen Dermatophytes were sought by baing
plates of mostened soil with pieces of human hair From 1039 of
the souls through use of the mouse procedure 72 1solates of H
capsulatum were obtamned as well as 19 stramns of Alleschena
boydn, 12 of Cryprococcus neoformans and 1 of Candida ¢lbicans
By baiting 389 so1l samples with filaments of hair 114 1solates of
the dermatophyte Microsporum gypseum were vecovered These
findings along with the geographic location of the sail samples
exammned are presented in Table 2

TasLe 2
SOIL STUDY DATA

o of Pathogeme Species Tsolated
s g
Yocality Samples | 4 boyd :; ’:lbr ’t;‘m:,e‘ynr Z’imf:pm M gypseum
Tennessee * 710 15 1 5 67 30
Hawan 100 1 1 23
Panama 100 1 1 36
Georgra t 79 2 2 13
Michigan 44 5
Nigena 26 1
West Virginia 16 2
Canada 12 2
Maryland § 11 1
Alabama 10 2 3
Venezuela § 5 4
Totals 1,113 19 1 12 72 114

No of sotls tested

for each fungus 1039 1,039 1039 1,039 389
Per cent positive 18% 019 129 69% 341%

Only 73 tested for M gypeeur
Only 44 tested for M gypseum
Not tested for H ¢apsulatum
Not tested for M gypseum

This group of surveys although Iimuted 1n geographic coverage
and numencal scope has grven an msight mto the global distribu
s1on of certain of the discase-causing fungt The United States 13
not unique mn harbonng such organisms 1n 1ts soils Screeming of
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sotly 1 most areas of the world undoubtedly wall result 1n esten
ually siafar findings One should not however expect to en
counter the same array of specses throughout the world for 1t 18
well known that some fungs hase siuch cntical ecologie require
ments that thesr geographuc distnbution 1s necessanly lumited

In addition some light has been cast on the ecologre require
ments of human pathogenic fung Studies carned out i Wilham
son County Teanessee wih Zeidberg have revealed shat aveas fre
quented by chickens are espeaally fnvorable for the growth and
proliferstson of H capsulatum Approumately 38 per cent of sauls
gathered 1n chichen houses and chichen yards yieided ths mold
camras ta x 15 per cent yield from soils gathered mn other habirats
{Table 3) In addison 1t was learned that protection of the sod

Tanie 3

INFLUENCE OF HARITAT ON OCCURRENCE OF FUSTOPLASYA
CAPSULATIIA! IN SOIL FROM MWILLIAMSON COUNTY TENNESSEE

Recocery of Histaplamza capralatum

Ao of

Haoat Sempies ?;w ;{“Pinnrc Frr Cent Porttase
Chicken areas 54 21 389
Other areas 46 & 130
Totals 100 27 2790

* Data denved from a group of 10 1 spesimens collected for chemical apalysls

from the elements fasorably mfluenced the occurrence of this
fungus Chuclken house soils were 46 2 per cent poste winle
chicken yard sals gave only a 20 per cent recovery (Table 4)

“The snfluence of chuckens on the presence of M capsulatum m
soi} 1 1ndirect since laboratory tests and field ahservations indicate
that chickens are not carriers of s organism

The desire to determine what indirect imfluence sf any chickens
exert on the growth of tius fungus has fed to two types of invesuga
ton the chemical and physical anzlyns of posiune and negatne
soils and a comparanve study of the mycoflora of soils yelding
H capsulatum and those negative for this mold

The phystcal and chermcal studses not unexpectedly revealed
that chicken area soils have a sgmificantly Ingher organie and mors.
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pathogens involved 1njecting the supernatant from soil suspen
sions intraperstoneally into mice with subsequent culturmg of
therr Iver and spleen Dermatophytes were sought by baitng
plates of moistened soil with preces of human hair From 1039 of
the soils through use of the mouse procedure 72 1solates of H
capsulatum were obtained as well as 19 stramns of 4lleschena
boydut, 12 of Cryptococcus neoformans and 1 of Candida albicans
By barting 389 so1l samples with filaments of hair 114 1solates of
the dermatophyte Microsporum gypseum were recovered These
findings along with the geographic location of the soil samples
examined are presented tn Table 2

Tasre 2
SOIL STUDY DATA

Yo of Pathogentc Specres Isolated
X
Localsty Samjtes [ 4 pya C e C mfor Htbs 1 v
Tennessee * 710 15 1 5 67 30
Hawan 100 1 1 23
Panama 100 1 1 36
Georgia T 79 2 2 13
Michigan § 44 5
Nigenia 26 1
West Virgmma § 16 2
Canada 12 2
Maryland § 11 1
Alabama 10 2 3
Venezuela § 5 4
Totals 1113 19 1 12 72 114

No of sols tested

for each fungus 1039 1,039 1039 1039 389
Per cent positive 18% 01% 12% 69% 341%

* Only 73 tested for M gypseum
+ Only 44 tested for M gypseum
3 Not tested for H c¢apsulatum

§ Not tested for Af gypseum

This group of surveys although hmited 1n geographic coverage
and numerical scope has given an insight 1nto the global distribu
tion of certain of the disease-causing fungt The United States 15
not umque in harbonng such org n 1ts souls S of




Soil As the Reservosr for Pathogenic I'ung: 17

cuses of mycetomas and rare cases of systemuc disease 15 wide
spread 1n nature In addition to the recoveries from Tennessee
Hawau Panama and Ceorgra (Table 2) this orgamism has been
discovered in Maryland and Virgima soils by Fmmons and 1n Ca
nadrn soils by Cain Cooke has obtatned numerous isolates from
apoltuted stream 1 Olue as well as from several sewage treatment
plants

It1s truly remarkable that only one dermatophyte M gypseum
15 1solited with regularity from soil The ease with which most
dermatophytes grow 1 soil under laboratory conditions encour
ages one to believe that most dermatophyte species may exist as
saprophytes in nature

The survey of soils for human pathogenic fungy has provided
some mformation regarding the natural habutats of these organ
tsms It 1s hoped that data obtained from such studies may ulu
mately lead to the development of rational control measures for
the mycoses
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ture holding capacity than sols from other habitats and that they
are more acid It may be postulated that these and other properties
of chicken contamnated soils may create an enuronment more
favorable for the growth of H capsulatum than occurs mn other
types of so1l

An analysts of the mycoflora of chicken area sous and those from
other habitats has been imnated 1n an effort to determune what
role competition among sol fungr may play i influencing the oc
currence and development of H capsulatum n soil

Tasrz 4

INFLUENCE OF SHELTER ON THE OGCURRENCE OF
HISTOPLASMA CAPSULATUM IN SOIL

S of Sampl No of Histoplasma capsulatum Irolations
ource of Samples Histoplasma capsu atum foiations

Semples ) Per Cent

Chicken house 39 18 462
Open chicken yards 15 3 200
Under house 26 5 192
In open 15 1 67
Under barn 3 0 -
Other 2 0 -_—

Totals 100 27 270

Isolation of C neoformans from sails collected 1n four of our
states as well as Nigena and Hawan ndicates that this unicellular
fungus has 2 wide distribution and 1s a normal component of the
so1l s mycoflora Of the souls from which this orgamism w1s isolated
8 came from chicken areas 1 from a pigeon nest and 1 each from
the edge of a pond a barn and a tractor shed Although these 1s0-
lations are few in number they seem to point to a correlation be
tween avian habitats and the presence of C neoformans

1 Menna s 1solation of C albicans from soil was confirmed by
the recavery of that fungus from soul collected 1n the basement of
an abandoned house Since C albicans 1s thought to be a compo-
nent of the normal flora of human bemngs and animals the question
whether 1t exists passively in so1l followng sntroduction by animat
carriers as Di Menna has speculated or actually grows in soil

remains to be resolved
Cons mang proof 1s on hand that A boydu one of the common
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natural habitat ‘The true ecology of these fung: can be established
only by studying the envivonment where they occur in one area
and not 1n another Preliminary studies of this nature have been
made 1n only two org Histopl psul and Cocaid
tordes immatss

The two diserses } and cocadiodomycons have
much 1n common n that the pnmary pulmonary nfections are
mitiated by the inhalation of air borne spores and frequently heal
by calafication They differ mdely mn lhcxr distribution 1n the

United States The two org; le although both are
soll borne require an entirely dlﬂ’crem environment
The end area for histopl: m this country as ewt

denced by numerous cases of the disease a very hugh prevalence of
histoplasmin reaction and soil and anmmal 1solations of H capsu
latum, 15 1n the cast central region The endemic center 13 1n the
lowlands near the junction of the Misstssippr Missour: and Ohuo
mvers Here we find a warm temperate climate with high humidity
and an average ramfall of 40 to 80 mnches These sotls are charac
tenstically acid relatnvely shallow and of slow permeability with
excellent water holding capacity

Zeidberg * postulated a soil theory based on the correlation of
red yellow podsolic sotls over arcas which correspond quuite closely
with the regions in which the lughest prevalence of histoplasmin
sensitivity has been observed He does not attempt to determine
what particular physical chemical or biologic characterstics make
these soils or any soil a good or poor matural hahtat for the
fungus

Furcolow and Sitterley * express the opinton that the average
ramfall may be the determining factor whereas Beadenkopf and
Looslt* postulate that H capsulatum 1s dissemnated 1n the Mis
s1ss1ppr Valley by flood waters which carry the fungus 1n washed
out 3011 which 1s later dispersed as wind blown dust Mochi and
Edwards ¢ state 1n their reviews of world distribution of histoplas
min senaitivity that the localizanion suggests an association of the
fungus with large rivers runming through relatively low country

It has been established that a high morsture content 1s certainly
one essential for soils supporting the growth of H capsulatum
This 18 shown by the fact that most so1l 1solations have been made
from sheltered locations where the soil was not permutted to dry
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Ecology and Spread of Pathogenic Fung:

A review of current Iiterature on mycotic 1nfections shows that
most 1f not all of the fung: capable of producing mycoses tn man
exist 1n nature as saprophytes i soil or en vegetation and organic
debris When these organisms are transferred to a parasitic habitat
i man with a complete change of environment most of them
change their mode of growth and reproduction A diphasic cond:
tion 15 thus brought about by a change of environment to one
which 1s usually less favorable for their grow th but which they can
tolerate Many other saprophytic fung: of a stmilar nature wiich
are not able to adapt themselves to a new environment by chang
ng thetr growth habits farl to become pathogenic aithough their
spores are prevalent in man s environment In the past in studyng
the ecology of disease emphass has been placed on the relatton of
host to environment ignoring the influence of enviranment on the
causal organism

The environment of the soil mmhabiang fungt has many phases
which may be classified as iving and non Itving The chief factors
of the non living environment are temperature humudsty precipt
tation wind direction and velactty type of sail water holding ca
pacity of so1l and the chemical nature and organic content of soil
The Itving environment consists of the microscopsc and macro
scopic fauna and flora 1n the sail the type of vegetation growing
there and the ammal life feeding on the vegetation These vant
able factors produce numerous ecologic conditrons wiych 11 tarn
support vatious species each adaptable to 1ts particular environ
ment

In our laboratory studies 3t has been possible to determine under
controlled conditions cultural reqanrements for maximum growth
and spornlation of the pathogeme orgamsms but we must not as
sume that these orgamisms behave n the same manner n therr

18
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months of July August and September when dust 1s most preva
lent Summer runs which tend to Iy the dust reduce the number
of infections by prevenung the nhalation of airborne arthro-
spores It has been observed that 1 heavy ranfall duning the winter
results 1n a heavier production of arthrospores during the follow
ing summer and thus increases the incidence of nfection

Smauth ctal ¢ studying the incidence of cocaidiordal infections at
four army airfields 1n the San Joaquin Valley found 2 heavy na
dence of infection in the southern part of the valley with a decrease
as one proceeds northward In the southern aren there 1s more and
uncuttivated land than in the northern part this may play an 1m
portant part in determining the distnbution of € immates 1n the
sorl Irngation and cultivation change the environment by increas
ng the mossture content of the so1l and the humadity

Sorl 1solations of € tmmitts have heen made from many areas in
southern Califormin and Arizona most of them from virgin desert
sorl samples taken from the vicinity of rodent burrows Failure to
1solate C immuhis easily from culuvated soils leads us to beheve
that the fungus does not thrive so well 1n cultivated sorls because
of the increased organic content and the competition with other
mCro-organisms

Cattle sheep and dogs as well as certain species of rodents are
mfected with C tmmites There 15 no evidence of transmussion of
the disease from one ammal to nother or to man Fudence from
numerous eptd s of cocaidrordomycosis definitely proves that
wmfections occur through the inhalation of dust borne arthrospores

One recent eprdemic 1s of considerable interest In May 1954
several anthropology students from the Unnerstty of California
at Los Angeles dug and sifted the soil from an old Indian camp
site for relics and artifacts About two weeks later four of these
students and one who cleaned the specimens after they were
brought 1nto the lab y developed primary pul Y cocad
1oidomyeosts The site of the camp was an open faced cave hol
lowed out of a sandstone clsff ten miles south of Inyokern 1n 2
rough desert area with no habitations within ten miles

So1l samples taken from the site n June 1954 gave positive cul
tures of C 1mmutis Soil samples taken from various other stations
within a half mile radus of the cave were negative No todents
were taken at the cave site but 155 pochet mice and kangaroo rats
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out Grayson and Furcolow * report measurements of temperature
and humudity from two pomnt sources from winch infections oc
curred and cultures were secured Here the humudity reached
above 95 per cent somenme durmng the day over an extended pe
r10d while the temperature ranged from 49 to 80° F They state
that general obsersaton of other known exact pont sources re
vealed evidence of frankly moust areas with the suggestion of high
humidity

In a study of thirteen eprdemics Grayson and Furcolow found 2
common place of exposure m which 1n the majority of cases large
quantities of dust beaning infected spores were mhaled In four of
these cases decaymg wood was involved as a vehicle of tnfecuon A
correlation between the number of lestons and the severity of il
ness on the one hand and mtensity of dust exposure on the other
was established both between emdermics and within 2 gien ept
demic

H capsulatum has been 1solated predominantly from soils near
human habrtation such as barnyards chicken yards under duwell
g houses etc In many of these soils chicken manure has been
present Chickens are not mfected by X capsulatum and cannot
be considered a reservoir It 1s concluded that the chicken manure
wncreases the organic content n the soil thus making it a better
medium for the growth of the fungus

Many ammals mcluding dogs cats rats mice shunks raccoons
woodchucks and ferrets are known to be infected with H capsu
latum There 15 no evidence that man 1s ever wnfected from ans
mals

The endemic areas for cocadiord osts are confined to the
dry and regions of the southwestern United States northern
Mexico and certamn areas of South America having a similar ch
mate In these regions the soil 1s shallow sandy or gravelly with a
low organic content and poor water holding capacity The seasonal
rainfall varies from 2 to 15 inches with long periods of low hu
mmdity High temperatures and frequent high winds resulung in
dust storms are encountered 1 most of the endenmc areas

The incidenice of nfection 1s not evenly distributed over the
whole endemic region but 1s locahized 1n various small areas One
of the largest of these areas 1s the San Joaquin Valley of Californua
Here the highest incidence of infection occurs in the dry summer
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trolled by treating the mune tumbers Smuck et 21 found that by
grsang pavng roxds and ranways and oihng athleuc ficlds the
wnfection rate with € smmslis was reduced by onehalf to two
thrds on army arfields 10 the San Jowqun Valley

Except for the der phiytes which are ble from man
to man or anunals to man we have lintle hnowledge of hos fungus
diseases are spread Cases of cocauthioidomycosss and histoph
occauonilly occur i wnduidaals who have never heen ncar en
demuc areas Comudia canpot be air borne for long dustances and
remam vioble Most ammals anfected with histoplasmosis do not
ravel long distances from therr home areas It has been shown that
H capsulatum can be ssolated from vorutus unne and feces from
wiected dogs In thys way new small endemic centers may be es
tabhished w1 nearby arcas «f the ecologic canditions are favorabte
We have never been able to wolate € tmmutts from the feces of m
fected ammals Howerer 1113 known that the orgamsms wall wath
stand passage thraugh the atimentary tract 1€ miccted animals are
eaten by predatory animals 1t 1s posuble for the organisms to be
wansported to a new fotation It s also possible for catde horses
2nd sheep feeding on dust<overed {odder 10 harbor the orgamyms
tong encugh for them to be transported for mny miles where the
spores may be depostted 10 feeal matenal Ie 15 also posuble for i
fected indniduats to mfect soals an 3 new Jocation by means of
sputumn Adequate proof of any of these suggestions s lacking and
new endemic areas could only develop tf the environmental conds
tions weve suitable for the saprophytic growth of the organism
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taken from an area half a mile distant were not wfected. In Octo-
ber surface soil samples taken at the cave site were practically
stertle and failed to yield C wmmstes It was thought possible that
the mntense heat of 120 to 130°F had destroyed the fungus near the
surface One hundred and twenty five pochet mice and kangaroo
rats taken at various ponts withun a five mule radrus of the cave
were not mfected
In April 1955 sorl samples were agam taken from the surface and
at depths of 4 and 8 inches at the cave site Three of five surface
samples were positive for G tmmults, as well as two of four samples
from 4 inches deep Samples taken at 8 mches from the surface
were all negative The soil at this time was quate moust at the lower
Ievel Other soil samples from various pownts near the site were also
negative for € unmetes Ninety four rodents taken at this nme
were not wlected
Further studies on this area are being conducted It would ap-
pear from the prelummnary observation that this 15 a very small
localized area 1 which the soi} 15 mfected and has not spread to
adjacent areas as evsdenced by the fact that no infected rodents or
positive soil samples were obtaned It also seems probable that al
though the arthirospores may be hlled in the surface layers of the
soif during the hot summer the myceltum survives at deeper levels
but does not penetrate deeply into the sort
Sporatrichum schencks and Gryptococcus neoformans have both
been 1solated from soil wood and vegetation Becauwse of ther
worldwide distribution 1t appears that their environment 1s not s0
restricted as that of Histoplasma and Coccrdiordes No comprehen
stve ecologrc studies have been made on these two organisms Blas-
tomyces dermabitsdss winch has an endemsc area hmited to the
upper central past of the Umted States has never been isolated
from nature
Recent ssolations of pathogentc species of dermatophytes have
been made n our laboratory and elsewhere from lungs of rodents
and from soif samples taken from beaches and rodent burrows
Teologic studtes of the saprophyuc stage of pathogenic fungt
correlated with shin testing will aid 10 rdenufying endemic areas
and 10 determinung the spread to new areas A knowledge of the
natural environment may awd 1 the control of mfections In the
South Afrscan munes the epidemics of sporotnichosis were con
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irolled by treating the mune umbers Smuth et a} ¢ found that by
grassing paving rods and runwys and othing athleuc fields the
snfection rate with € pmmiiis ws reduced by one haif to two-
thirds on army arrfickds in the San Jorxquan Vatley

Except for the dermtophytes whick are transmsseble from man
toman or ammals to man we hase hittle knowledge of how fungus
diseases are spread Cases of cocesthordomycoses and histop!
occassomitly occur 1n sndivsduats who hve never been near en
demic areas Comidia cannot be air borne for fong distances and
remamn vable Most anumals infected wsth hastoplasmons do not
travel long dastances from their home areas 1t hay been shown that
1 capsulatum can be ssofated from vomuus unne and feces from
mfected dogs In this way new small endemue centers may be es
tablished 1 nearby areas of the ceologic condinons are favorable
T e have never been 1ble 1o solate C immilis from the feces of in
fected amimals Howeser 3t ss hnown that the organtsms wall with
stand passage through the shmentary tract ¥ mfected animals are
taten by predatory anumals it 18 possible for the organisms to be
transported to a new location It is also possible for cattle horses
and sheep feeding on dust-covered fodder to harhor the orginssms
long enough for them to be wansported for many mtles where the
$pores may he deposited 1n fecal matersal 1t 1s abso possible for in
fected sndissdunls to nfect soils i 2 new jocation by means of
sputum Adeguate proof of any of these suggesuons xs lacking and
new endemac areas could only develop if the environmentat condi
uons were sustable for the saprophytic granth of the organism
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] WALTER WILSON

Possible Approaches to the Therapy
of Fungus Diseases

There 13 considerable cvidence that the inadence of duease
cased by pathogensc fungt s sncreasing In some sastinces this 1s
absolute yepresented for cxample by the westward wave of ept
demic Microsporon andonpvm unea capus i the Umited States
which began about fifteen years ago and the mote vecent rmiasion
of the Trichophyton tonsurans variety from the Soush and ilius-
trated as well by the possibality that coccidiordomycosss may be

preading s end area by the 1on of the soll of new
regrons by nind or vumal borne spores In ather cases the mncrease
sn mcidence 1s only relatsie since improved contxol of other ds
seases cauises the percentage due o the activiises of fungs to loom
farger The wreatment of fungus diseases ss therefore bikely to be of
mounting importance i the future

Although the swady of the mycoses the orgamises which canse
them and chemical rethods directed toward thetr control has be
come ever more popular 10 recent decades 1w has as yet afforded
but hitle adsancement 1n our methods of treatment of such nfec
uvons The smplest concervable way m which complere controt of
all fungus disease could be achieved would be through the discos
ery of a perfece fungrade Such 2 substance should have many at
tributes to be wdeal st should be stable soluble colorless odorless
sasteless absolutely nontoxic to buman beings {ree of undesirabla
sde effects and acne aganst all pathogemic fung: wherever they
mght be in concentrations eastly atiamed and muataned by oral
or parenteral admmstration To reach such a goat would mdeed
Tequire a Hation of fortuitous ¢ far heyond the
anucipation of any senious saientist and yetan astounding amount
of effort has been expended mn ths direction

25
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Of thousands of medicaments intended to suppress the tneas
and all too frequently erroneously clatmed ta be able to do so none
can be truthfully said to have earned a place beside the wonder
drugs such as those now available i other fields of medicine
nerther has any of the scores of compounds tested as yet achieved
such status 1n the treatment of the deep mycases In both these
classifications 1t has been especially discouraging to observe that
the more closely a chemical has approached relable fungicidal effi
crency the greater has been the incidence and severty of toxic re
actions mn the human being on or in whom 1t has been used
Thas trend long ago became evident also in the anubiotic field
since the same screening of the sotls of the world which yielded so
many marvelous and reasonably safe antibacterial weapons fur
nished only some antifungal compounds fairly effective n vitro
but tending to be tao toxic for patenteral use 1 human betags

Such compounds have also had other disadvantageous features
They have usually been almost mnsoluble highly unstable unless
kept mn lughly punified powdered form away from hght and heat
and highly colored It 1s probable that the somewhat higher post
tion among the natural forms of hfe occupied by the fungt makes
them less susceptible to drugs than their simpler relatives and
more likely to be harmed only by medicaments tending to be toxic
also to higher animals and man

For a tume 1t seemed logical to expect the discovery of chemical
compounds which could effectively cure the tineas by topical apph
cation 1n spite of the fact that they mught be too hazardous for 1n
ternal admunstration Since these superficial mycoses represent all
but a small percentage of human fungus mmfections such medicines
would solve the greatest portion of the problem leaving only the
oceastonal case of a severe or fatal deep mycosis Howeser 1t has
become panfully evident that no drug yet devised can penetrate
reliably the keratu of skint hatr and nails so deeply as cant patho
gemic fung1 At best such medications can do no more than slow
down the rate of penetration of fungal elements tnto keratn and
1ts predecessors enough to allow 1t to be exceeded by the rate at
which such structures grow toward the surface thereby pushing
the fungus entirely away from the body to be eventually shed

Faslure to realize that this mechanical barrier can defeat the 2t
rainment of success by any chemical howeser potent as a fung
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ade has led to the use of stronger drugs 1n ever stronger concen
trations unul nstances of local irritation have been frequently
encountered and tn a few 1nstances serious toxicity within the body
has occurred by absorption from topical adminustration I have
emphasized my preference for long commucd persistence 1n the

1 ofact g series of ly antifungal prepara

¥
uom rather than reliance on an intenstfied use of any one such

matenal since in my opimion none has emerged as superlative
Since toprcal medication has such Irmitations the 1deal ant
fungal drug even for the superficial mycoses would seem to be one

which could be safely ad ed internally in sufficient
to endow the cells eventually destined to produce keratin with
power to resist fung completely thus power p as they be

come keratimized and the drug thus exerting us effects from
within outward Although 1t would be unwise to advocate aban
doning the search for such a panacea 1t seems unhikely that such a
goal can soon be reached for once again as with the deep mycoses

the probalulity of associated toxicity appears large

The financial success which would result from the discovery of

atruly effective safe universal fungicide has provided a lure suffi

cient to cause too large a majonty of the support available for re

search 1n mycology to be directed along this line For the same rea

son 1 am sure that nothing which mught be said or done here 1s
hikely to cause this phase of the program to be harmfully neglected
i the future It seems wise therefore to emphanze at this time
that the eventual successful control of fungus infections may not lie
1n this direction at all and to plead for the expenditure of a greater
Pproportion of research effort 1n investigating other approaches to
the problem

The suppression of fungal activity within the body by means of

a chemical does not necessarily imply that 1t must be directly toxic
or poisonous to the microbe 1t may only need to enter into 1ts
metabolism and cause some change incompatible with 1ts contin

ued virulence such as that which explained the fungistatic abihity
of the topically applied fatty acids or the mechamsm of the action
of the sulfonamides It 15 entirely possible that some substance not
actually a drug perhaps can be found which mhibuts the growth
and reproduction of fung: without any associated toxicity Several
studies have recently revealed certamn susceptibilities on the part
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of certain orgamsms to deficzencies 1n one or more vitaruns From
such studes a specific treatment for a specific infection mught be
developed

One investigation even suggested that increasing the glucose con
centration of the skin could combat otherwise intractable Tricka
phyton rubrum infection Although this was advocated as a toptcal
procedure only 1t 15 mteresting to consider 1ts employment by sys
temucally snduced change m glucose content. The possiblities of
approaches such as these should be more thoroughly studied even
though at present it seems doubtful whether any such change ef
fective agamnst fungt could be induced in the human body mn a de
gree sufficient to be curatrve withourt some danger

In the control of the tineas 1t 1s sull possible although appar
ently remotely so that an antifungal element could be drniven suf
fictently deeply to be effective by the assistance of galvamc 1onte
phoresis So far this modality has ahways proved more adequate
theory than in practice but 1t should not be entirely forgatten
Smce m many mstances keratin prosides a barnier to the penetra
t1on of fungiades to an appropriate depth 1mprovements sn hera
tolytics mught help It 1s even possible that chemical or electronic
measures capable of causing shedding of keratn structures such as
hairs when apphied locally might be developed to a successful de
gree One chemucal was observed by me and my colleagues to cause
epilation of the scalp resultng m cures m many cases of resistant
T tonsurens infecion Unfortunately 3t became apparent that
some of this activity was due to systernic absorption and alarming
although so far not serious 1CILY Was enc d Con
sider for a moment how advantageous 1t would be if a method
could be developed by which those nails imvolved mn a fungus m
fecion could be nontraumancally cansed to be shed temporanly
anad completely without sequelae

Perhaps this same result could be obtained by another approach
Since the rate of growth of keratn structures toward the surface
of the body can result 1n the cure of a dematomycosis if 1t exceeds
the rate of penetration of the funge inward measures to mcrease
the rate of hatr or natl production would be distinctly beneficial
There has as yet been only one suggestian along this ine the ad
mimstration of thyroid extract It would be mnteresting to explore
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the subject of hair and nail growth and the factors controlling the
rates of each
However the most important of all such theoretrcal approaches
to treatment stems from the reahzation which has become ever
more certain 1n recent years that a serious or sntractable fungus in
fection occurs only when there 1s something abnormal about the
pattent Tather than because of an enhanced virulence on the part
of the microbe The staustically sigmificant assoctation of the inc
dence of certain of the deep mycoses such as cryptococcosis and
¥ with at 1 1 the yeticuloendothelial sys
tem cannot be 1gnored Fuen though no such relationship has as
yet been discorered 1n cocaidiordomycosis 1t 15 amply evident that
this disease reaches sertous proportions only in those few individu
als who are immunologically defective 1 some manner probably
event before the infection was acquired
As another example some similar mechanism must underhe the
fact that many mdividuals have been observed to be infected exten
sunelyby T rubrum continuously for many years without infecting
the spouse or others in the family except occasionally a ciuld who
mught thus be assumed to have mherited the sigmficant defect
Also moniliasis presents many aspects indicating lowered ind:
vidual resistance
Thus the study of immunology may reveal methods by which
these abnormally susceptible individuals can be veturned to good
health not by kiling their fungal enemies but by rendering them
normal in their ability to resist the infection This 15 an extremely
complicated subject and one m which I myself have expended a
great deal of effort without as yet having seen the least glimmer
of light but I am all the more convinced that some highly intelh
gent scientist will some day make a tremendous contribution along
this line
Aside from studhes directed toward discovering how the patient
deviates from the normal 1n the p of natural y
toward fungus diseases or toward the development of immunity by
natural means the possibihity of accomplishing the same result by
artificial methods cannot be entirely sgnored There 1s certainly no
more reason to be discouraged by the lack of success attained 1n the
past with vaccines antiserums and hormones than with thag
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gained from mvestigations of antifungal chemicals Perhaps there
15 st1ll hope that an active immunity (or at least a passive one) can
be art1ficially induced

In the past the greatest handicap which such nonfungierdal
studies as these have had to face has been the difficulty of obtarming
financial support they have usually been looked upon as too
esoteric too impractical too lacking in commercal possibilities to
warrant being underwnitten by the pharmaceutical industry Even
governmental and philanthropic institutions have become mnter
ested but rarely and with difficulty The application of the words

basic research to such a project has usually sounded 1ts death

knell

It 15 difficult however to escape the conclusion that regardless
of the type of approach which eventually proves to be 1deal 1n the
treatment of fungus diseases 1t must of necessity entail the em
ployment of some sort of matertals be they strictly chemical or
biologic in nature There will therefore be opportunity for some
degree at least of commercial exploitation simply because the serv
1ces of commercial outlets cannot be dispensed with

Thus 1t would appear advisable to distribute the research effort
1n mycology more equitably 1n all of the directions where possible
success might be attained rather than to channel 1t as in the past so
predommantly 1n the direction of chemical fungicides lest the
achievement of the ultimate goal n such an mmportant field be un
necessarily delayed



D 111D L McPICRAR

An Evaluation of the Laboratory Methods
for Testing Fungicides

None of the anubiotics employed so effectively 1n the treatment
of bactenal and rickettsial infections are effective in the treatment
of mycotic infections systemic or superficial

Ingeneral the atttibutes requured of a fungicidal or fungistatic
agent do not duffer greatly from those required of an anubacterial
agent Such compounds should be (1) water soluble preferably
(2) capable of being transported to and penetrating into nfected
areas (3) capable of being maintained at an effective therapeutic
level 1n the infected tissue —and this does not necessarily mean
that the plasma content must be at this level and (4) nontoxic
even on long-continued administration No anufungal substance
with these charactenstics 18 yet available

For the most part the in vitro techmques which have been de
veloped for testing the anufungal activity of compounds parallel
closely those developed for testing antibacterial agents wath suit
able modifications for the comparatively slow growth rate and
more highly developed morphology of fungi Thus we have tests
1n which pathogenic fungi are grown 1n the continuous presence
of 2 compound erther 1n nutnent broth or nutrient agar 1 agar
cultures the argamsms may be either distributed evenly through
out the medium or restricted to a thin layer on the surface of the
medium The compound to be tested may be incorporated directly
mto the medium whether hiquid or solid however when an agar
medm 15 used the compound can be confined to a small area
through the use of impregnated dishs or strips of absorbent paper
Much useful information has also been gained zhrough testing the
antfungal activity of sut by TiC ques and m

experimentally infected animals
3
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Since we are stll 1n a sense in the pre pemcillin era of the
treatment of mycotic infections 1t 15 perhaps natural that the neces
sity for standardization of 1n vitro tests although well understood
as a result of studies on antibacteral agents has yet to receive the
attention 1t merits n the testing of antifungal compounds In the
screemng of large numbers of compounds for antifungal activity
the need for meticulously standardized procedures 1s possibly not
of paramount importance

Certain mimmal requirements should however be met (1)
The medsum must support optimal growth of all orgamsms (2) It
should contain adequate amounts of serum or albumin (3) Sev
eral different fungus pathogens should be used 1n particular net
ther Candida albicans nor Cryptococcus neoformans should be
used as the sole test orgamism since both these fung: appear to be
somewhat less sensitive to antifungal compounds than the patho-
gens which possess a distinctly mycelial phase of growth (4) Inso
far as posstble the compounds should be tested on organisms which
are cultured 1n their 1n vivo phase of growth 1t seems clear that the
metabolism of the 1n vivo yeast cell phase of Blastomyces derma
ttides for example must differ greatly from that of the mycehal
phase of this fungus

Parenthetically 1t might be noted that compounds should not be
rejected because their antifungal activaty 1s of a low order that s
cannot be expressed mn terms of a few micrograms per mull:hiter It
15 not unlikely that had the sulfonamides been investigated after
rather than before the discovery of penicillin they would have
been rejected Furthermore until a really potent antfungal agent
has been found 1t may well be that excellent therapeutic results
could be achieved by combining two or more substances of com
paratnsely low anufungal actvity Apparently such a procedure
has not yet been trred

When 1t becomes necessary to 1mvestigate exhaustively the
actnty of one particular compound or to make a detailed compan
son of the activity of two or more such agents complete standardi
zation of all procedures 1s mandatory In addition to the require
ments listed above the following conditions must also be met (1)
The medium must support the growth of 1solated single cells this

15 of particular smportance when Histoplasma capsulatum 1s used
asa test orgamism  (2) More than one straw of any guven pathogen
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must be tested (3) The orgamisms must be standardized ndi
vidually with respect to age of culture from which obtained and
espeaially with respect to the concentration used (1) The test
should be a quanuitative one and should mclude the element of
ume

It must be admitted 1n conclusion that there 15 at present no
proof of the need for complying with certain of the standardiza
tion procedures discussed well controlled experiments to establish
the point have not yet been carried out ‘The lack of information
m thes field reflects 2 general dearth of knowledge concerning the
fundamental metabolic processes of the pathogemc fungt
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Studies on Mycotic Diseases in India*

The climate of India varies widely because of extreme vana
trons 1n phystography of the subcontinent High mountans for
ests vast alluwial plazns arid serm desert areas a long sea coast —
all provide a variety of environmental conditions

Mycotic diseases vary 1n type and incidence 1n various parts of
India and 1n different seasons In hot and humid areas different
types of ringworm infection are common The superficial mycoses
constitute the vast majority of diseases caused by fungi and most
of these are correlated with climatic factors occupation and hab
its Fortunately the deep mycoses appear to be uncommon but
therr true mcidence can only be determned by further study

THE SUPERFICIAL MYCOSES

An analysis of 12 002 patients with superficial mycoses attending
the skin clinic of the Calcutta School of Tropical Medicine during
the last five years (1950-1954) was made with respect to sex age
and meteorologic conditions The results were as follows

SEX AND AGE INCIDENCE

The number of male cases was about double that of the female
cases In the age group 04 years the number of male and female
cases was about the same while m the age group 5-14 years the
female cases were more numerous In the age group 15 years and
over males predominated These features were present during the
entire five year peniod

Since the cases were largely drawn from the population of the
aty of Calcutta the effect of sex and age was also studied by relat

T am indebted to Dr G. Chandrasckaran of the All India Institute of Hygiene
and Public Health Calcuua for analyss of some eptdemiologic data and a report
including Tables 1 2 and 3 *
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Tasee 1
SEX AND AGE DISTRIBUTION OF 12002 OUT-FATIENT CASES

Aumber P Cent
4g¢ Gre
s Gmp (o) Afals Female Total Male Female Total
04 135 136 271 11 11 22
514 444 653 1097 37 55 92

15-29 4275 1766 6041 356 147 503
30 and over 2852 1741 4593 238 145 383
Totals 7706 42% 12,002 642 358 1000

1ng the number of ca.es to the 1951 census population (The hm

tations of using hospital data in studying incidence are well known
and also apply to this data) The number of cases per year per
10000 population of specificd sex and age gronp given in Table 2

show a somewhat different picture from that stated above The
mcidence among males and females was about the same 1n the age
groups 04 years (28) and 15 years and above (137) In the age
group 5-14 years however the female incidence was higher (77
for females and 4 6 for males) The ncidence was found to 1n

crease with age

RELATIONSHIP TO WEATHER CONDITIONS

In Calcutta mimmum and maximum temperatures mnumum
relative hurmdity and ramnfall vary considerably from month to

TasLE 2
NUMBER OF CASES PER 10000
POPULATION OF SPECIFIED SEX AND
AGE GROUP (ANNUAL BASIS)

AgeGoup (yrs) Mle  Female B thSeves

o4 28 27 2.8
5-14 46 77 60
15andover 132 150 137
All ages 12 116 114

caleni figures fo. Both sexes and all ages have been obtamed by the following

Nurmber of average cases per year of both
sexcs and specified age group
Fopulation of both sexes and spec ficd age group

X 10 000
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month while maximum relative humidity shows hittle varsation
The number of cases per month was correlated with the meteoro-
logic data for the same month All the correlations were posttive
showing a rise 1n the incidence with an increase m the ntensity of
the meteorologic factor and vice versa (Fig 1 and Table 8) The
highest correlation of 0 67 was seen with munimum humidity Cor
relation coefficients were also worked out allowing one month for
the effect of the meteorologic condition to be reflected n the nc1

TasLe 3
CORRELATION COEFFICIENT * OF MONTHLY NUMBER
OF CASES WITH METEOROLOGIC FACTOR OF
THE CURRENT AND PREVIOUS MONTH

Moeteorologic Factor Grrene Pemous
Maximum temperature 001 021
Mimmum temperature 043 045
Maxmmum humidity 022 003
Minunum humdity 067 439
Ranfall 045 063

The correlation cocflicient can take values from — 1 to 41 Values from —~ 1§
to 0 show negative correlation and 0 to - 1 show positive eorrelation The higher the
value of the correlation coefficient in the range of O to + 1 the greater the degree of
positive association

dence of the disease that 1s the meteorologic data for January
were correlated with the number of cases in February and so on
Rainfall gave the highest correlation coefficient 063

INCIDENCE OF DIFFLRENT SPECIES OF FUNGI

The relative mcrdence of different species of fungt responstble
for the superficial mycoses of glabrous skin 1n India and other
countrzes ts shown m Table 4* It can be seen that certaw spe
ctes are Tesponsible for the majority of cases 1n each country

(a) Ringworm of the scalp 1s rare among Indian children It
was found among English and Jewish chuldren residents of board
1ng schools 1n hill stations and the causative orgamsm was Micro
sporon audouins ** These children were not exposed to infection
outside India and had not been 1 contact with children recently
armved from zbroad The remamung cases of ringworm of the
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menth while maximum relative humidity shows little varianon
The number of cases per month was correlated with the meteoro-
logic data for the same month All the correlations were positive
showing a r1se 1n the meidence with an increase m the intensity of
the meteorologic factor and vice versa (Fig 1and Table 3) The
ghest correlation of 0 67 was seen with miimum humdity Cor
relation coefficients were also worked out allowing one month for
the effect of the meteorologic condition to be reflected m the mna

TasLe 3
CORRFLATION COCFFICIENT OF MONTHLY NUMBER
OF CASLS WITH METEOROLOGIC FACTOR OF
THE CURRLNT AND PREVIOUS MONTH

Metearolagsc Factor Corremt Promons

Maxamum temperature 001 021
Mimmum temperature 043 045

Maximum humidity 022 003
Mimmum humdity 067 039
Ranfall 045 063

* The correlation coeflicient can take values from — 110 + 3 Values from ~ 1
ta 0 show negative correlation and 0 to + 1 show positive correlation The higher the
value of the correlation coefficient 1n the range of 0 to 4 1 the greater the degree of
positive association.

dence of the disease that 1s the meteorologic data for January
were correlated with the number of cases 1n February and so on
Rainfall gave the highest correlation coefficient 063

INCIDENCE. OF DIFFERENT SPECIFS OF FUNGI

The relative incidence of different species of fungt responsible
for the superficial mycoses of glabrous shin 1 India and other
countries 1s shown 1n Table 41 It can be seen that certain spe
cies ave responsible for the majority of cases 1n each country

(a) Ringworm of the scalp 1s rare among Indian children It
was found among English and Jewish children residents of board
1ng schools n hull stations and the causative organism was Micro
sporon audoutnt * * These children were not exposed to mfection
outstde India and had not been 1 contact with children recently
arnived from abroad The remaining cases of nngworm of the
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sng his condition 18 difficult to culture A K Baneryee of my de
partment has recemly succeeded 1n growsng Micrasporon furfur
on the surface of modified Petroff s medium Tt deselops as a dry
chally or pinkish beadhhe colony Subcultures are difficult to
maintam

(&) Antmal mycoses communecable to man In the course of
recent snvesugation on this subject he wolated fungr from 13 of
137 anumals examined [ rubrum infecton was obsersed i 4
of these 13 amumals (1 dog 1 <at 2 caule) The infection was con
fined to the shan and the hair was unaffecred The tungus grew
readify tnn culture and these strans grew more rapdly than those
ialated from man By applying the culture to hghuly scartfied hu
man skin a tingworm snfechion could be produced 110

From one of the 13 ammals (1 cow) a species of Acunomyces
that was idenufied as A bostroem: Bald was wolated ©

THF DFFP MYCOSES

As already ndicated cases of the deep mycases ave rather un
common 1w India However sporotrichosts thunosporsdiosis and
nocardiosis are oceassonally seen in our chme

Inadentatly a strain of Sporotnchum § schenknr was isolated
froma leston s a cow  The fungus was found 1o be pathogenic ta
both guinea pigs and rablnts 1t was also shown 1o be infectious 1o
man afrer subcutaneous injecuion

Recently a case of histoplasmosis tnt man was reported from this
school M A suryey ' ¥ using instoplasmun m pauents with respira
tory camplaints resealed three positive reactions out of a total of 64
cases tested but the probability of 2 nonspectfic reaction was sug
gested by the caexstence of 1 tub or d
mycoses 10 these cases A case of North American blastomycosis in
volving the shan the nght clavicle and the liver has also been re
ported from Bengal but such cases of histoplasmosis and blastomy
cons ase distinetly rare

TREATMENT OF SUPERFICIAI MYCOSES

In India prevention and cure of the superficial mycoses 1s com
phicated by the following factors The lesions occurning in the 1n
digent population are often extensive and iflammatery Some ate
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scalp described from India were caused by Trichophyton wola
cetm,* * T gypseum? T crateriforme,” and M fersugmum*® T
gypseum was observed smong Gurkba soldiers duning World
War I+

(b} Fovus 15 found among the people of the northwestern re
glons of India 1z the mountainous areas of hashmr the plains
of Punyab and the semu desert areas of Rajasthan Occasionally 2

Tante 4

COMPARATIVE INCIDENCEL OF SIECIES OF RINGWORM FUMNG
INFECTING THE GLABROUS SKIN IN DIFFFRENT COUNTRIES

N brum £ Ok
Coy | 20,9 T £ fepn T w7 magn G

India 706 6300 3323 238 141 -

China ~ 8158 790 — 1052 -~
United

hangdom | — 2900 44 50 26 50 -~ s
United

States —~ 1833 325 7542 - 300

few imported cases are seen in Calcutta A new species of fungus
Achorion actan, was wolated from such cases of favug? 1©

{c) Actinomycotic lestons of the hands and feet Castellam™
desenibed a pecubiar pitting of the hands and feet and commidered
it as a mamfestation of yaws Later 1t was found that 1t was due to
afungus Actinomyces keratolyhica It1s commonly seen among the
mdigent populanon of Bengal What actually happens is that the
horny layer 1s dissolved or eroded by the fungus which produces
pits or fissures that coalesce to form deep pits and furrows hence
the species name In Bengal the condition 1s generally known a8
chaluni, meaming sieve owing to the pitted appearance of the soles
1t 15 also known as kaja which means a sodden or evoded condt
non The disease has been reported 1n Ceylon and aiso the Pubip-
pine Islands People who walk barefoot duning the monsoons or
whose occupation necessitates working barefoot on damp earthand
manured so1l (for example agricultural laborers domestic serv
ants or b ) are prone to develop this cond o

(d) Twnea versicolor 1t 15 generally held that the fungus caus
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actinomycotic lesions and ningworm of hands and fect (athletes
foot) 2to4 per cent glacial acetic acid 12 per cent formaldehyde
m glycerine 12 per cent resorcin 1n balsam of peru or solution of
amline dyes 1n water or 10 to 20 per cent alcchol

For prevention of tingworm of the glabrous shin and foot 1t 1s
useful to employ a 2 to 4 per cent solution of glacal acenc acid 1n
10 per cent alcohol and a dusting powder to heep the parts dry
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secondanly nfected 1nd others 1re chronic and lichemfied The
chmatic conditions cconomuc factors and certain habats and occu
pations also account for difficulty 1n prevention and cure

The results of clineal trals with some fungicidal drugs in
groups of cases of superficial mycosis of the glabrous shin are shown
1 Table 5 Mercurothiosalicylate (005 per cent solution 1n alco-
hol and acetone) and phenylmercuric mitrate (1 per cent solution

Tanre 5
CLINICAL TRIALS WITH FUNGICIDAL DRUGS

Duration Im, md
of Treal to Mo
No of Fungridal Drugs ent s Do Inmprote
cases éuak.r) Cure: ment
azerage) (pn mu) fpn eent)  {per cent)
100 | Synthetic Equivalent of 2 840 160 -
Chrysarobin
1% 1n Lassar s paste
50 | Mercurothiosalicylate 2 670 330 -
005% 1n alcohol and
acetone
100 | Aniline Dyes 3 360 590 50
brilliant green and gen
tian wviolet solution of
4% 1 10% alcohol
500 | Whtfield s ointment 4 280 620 100

further diluted 1 500 1n 10 per cent alcohol) were the organic
mercursals used The latter was used as a spray on the affected parts
and produced satisfactory results among troops in estern India
during World War II

With respect to the aniline dyes 1t was shown that bnllant
green was more effective 1 vitro agamnst T wiolacewm than crystal
violet the latter was more effective against Staphylococcus than the
former and a mixture of brilhant green and gentian violet was
more effective aganst Epedermophyton cruris but not against
T wiolaceum * *

It has been found that the combination of several drugs often

works better than a single drug
The following pants are generally used for the treatment of
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The Status of Fungus Diseases in France

DERMATOMYCOSES

The dermatomycoses are the commonest mycotic infections
seen 1n France The number of cases of tinea has decreased con
siderably from the time when Sabouraud began s fustonc stud
1es on dermatomycoses and thesr treatment The average of 658
cases observed annually at that ume m chldren mn Hopual St
Lous has been reduced to 108 cases per year * * (See Fig 1) After

ANNUAL AVERAGE OF TINEA IN CHILDREN

-G HOSPITALIZED IN ECOLE LAILLER HOPITAL
55 ST LOUIS PARIS
I
b3
§2 180
revion 1307 400 130 w37 1937 1940 nso 1933
FIGURES FROM SABOURALD BLAOS RASUT &RIVALIER

Ficure 1

World War II a temporary 1ncrease was observed which was re
lated to economic conditions and displacement of population Sev
eral epidemics of tinea with Aficrosporum audousns were ob
served 1n cluldren s homes as well as endemic cases 1n schools *

The percentage of Microsporum remains constant at about 50
per cent (Table 1) but M audoun: has decreased from 91 to
13 per cent while M canss has nsen to 86 per cent This 15 ex
plained by the increased habit of heeping pets 1n apartments

4
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TaBLE 1
DISTRIBUTION OF DERMATOPHYTES IN PARIS
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In Panis Trickophyton schonletnt has wcreased shightly from
10 to 23 per cent mostly due to cases of African origin In the en
dothrix trichophyton group T wviolaceum has taken a more 1m
portant place having been imported from Mediterranean and
Oriental regions

A unique variety of Microsporum was described rather recently
under the name of Sabouraudites (Microsporum) praecox which
rapidly produces numerous elongated fuseaux This condition 18
constant and has remamed unchanged 1n the ten years of observa
tion ®

The nutritional studies of dermatophytes 1solated 1n France*
show vitarmn deficiencies 1n the faviform and tonsurans group of
Trichophyton and a hisidine requirement for all strawns of T
rosaceum which have been studied

MONILIASIS

‘The 1denufication of numerous species of Candida and therr re-
lation to chnical manzfestations also takes an tmportant place at
present 1n medical mycology in France For the determination of
different spectes of Candida the well estabhshed critersa of classifi
catton by Langeron ** based on morphology fermentation of su
gars and assimilation of carbon and nitrate have been adopted
Several technical modifications of these criteria were studied n the
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atrics * ** 1n obstetrics and gynecology * 1n the field of chest dis-
cases 1n der logy ** and in | logy * In all chinical mant
festations where thrush was found € albicans was identified as the
species with the closest relation to the clinical aspects of moniliasis
Afew KCCPUOI’IS were represented by two isolates of C tropicalis
mb 1 one of G pseudotropicalis in a case of pneu
mona and one of C [mmkm.m n a subcutaneous abscess

Black tongue was relatively rare and was obsersed only in adults
several species of Candida were observed and in two cases G pseu
dotropicalts was 1denufied The latter requires mcounic acid for
1ts deselopment 3

A new species of Candida was described m a case of canine mo-
niliasis **

The treatment with oral nystatin applied 1n numerous cases of
generahized and localized moniliass showed that chis antibrotic has
adefinite therapeutic activty # 2 *

The cutaneous allergy to C albicans extract was studied 1n chil
dren and showed a high mcrdence for the first year with a steady
increase with age *

A hypersensitivity to C albicans seemed to be responsible i a
case of asthma **

ASPERGILLOSIS

Nine cases of well-established aspergitlosis were desenbed by
Monod Pesle and Segretain * The cases had tumorlike lesions due
to Aspergillus in the bronchial wall causing a charactenistic radio-
logic 1mage and repeated hemoptysis 4 fumigatus was 1dentified
m the majonty of these cases more cases of bronchial aspergillosis
were recently observed

SPOROQTRICHOSIS

This fungus disease once beheved to be typrcal for France and
described by Gougerot ¢ between 1906 and 1910 1n not less than
200 cases has completely disappeared 1n the last ten years A single
observation of sporotrichosis in a dog was recently described

An expenimental sporotrichosis with orchitis and gummous le
sions of the legs was obtained 1n hamsters¢ In this experimental
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TasLE 3
DISTRIBUTION OF 387 CULTURES ISOLATED FROM SPECIMENS
OF HUMAN ORIGIN BETWLEN 1952 AND 1955 IN THE INSTITUT
PASTEUR LABORATORY OF MYCOLOGY
(DIRECTOR G SLGRETAIN)

Number Medically
of Important
Cultures Fungt
259 Candida
38 Dermatophytes
37 Geotrichum
34 Aspergillus
6 Nocardia
S C neoformans
3 Mucor
1 M apiospermum
1 H capsulatum
1 B dermatitidis
1 Hormodendron
1 P hortal

Institut Pasteur and permitted 1n the last years the rapid 1denufi
cation of a considerable number of Candida ** #* (Table 2)

The mcidence of Candida 1n specimens from human origin m
the past few years (Table 3) was considerably increased sumilar to
the increase n chnical mamfestations of momliasis Fatal cases of
generahized C albicans infection occurred 1n infants ¢ ** Numer
ous generahzed and localized cases were observed chiefly in pedi
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n horses Two unpublished cases of human histoplsmosis were
observed the first 1n n engineer who had been mn the United
States and Syria and while 1n France developed an acute bemign
pulmonary Iustoplasmosts and the second 1n a man from Bordeaux
who had spent most of lus life 1n the French colonies and who de
veloped as the most ding chnieal i 1on ulcerations
of the oral mucosa

Four cases of histoplasmosis were observed 1n French Africa by
Cataner and hervran ™ and by others ** ™ 2 In all these cases sub
cutaneous abscesses were observed and the cultures were idenufied
as Histoplasma capsulatum by the presence of the characterssuc
tuberculate spores however in the ussucs the yeast cells were
larger than the classical H capsulatum A case of fatal hepatc my
cosis was observed by Bablet et al 2 but without cultures Van
breuseghem described a case 1n the Belgian Congo He considers
the fungus sluch was 1solated from this patient a new species and
named 1t Histoplasma duborst Further studies will be necessary to
show whether thus thought 1s justifiable

Recently three African monkeys which were kept 1n captivity for
ten months in the Institut Pasteur in Paris developed spontineous
cutaneous ulcerations with large Histoplasma orgamsms

An experimental generahized histoplasmosis was obtained in
golden hamsters an ammal very susceptible to Histoplasma infec
tion ¥

TORULOSIS

Torulosis 1s not exceptional in France Cry ptococcus neoformans
has been 1solated 1n the Institut Pasteur five imes 1 the last three
Years In one case isolation was from sputum of a healthy person
Ten French cases are on record* ¢ ' 4 In one patient a tumor
like form of the sacral region with chronic meningitis was seen *
Surgical intervention and treatment with actidione stopped the
evolution of paralysis but C neoformans was constantly 1solated
from the spmal fluid In a case of cutanecous torulosts C neofor
mans was 150lated from the skin and from the sputum of the pa
tient which 1s mdicatnv e of a pulmonary ongin of torulosis

Drouhet and Segretain studied 1n a mucoid and a smooth variant
of C neoformans (1solated from a fatal meningitis) the relation
between the capsule and virulence Aylose mannose and uromc
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nfection the various morphologic forms of the orgamisms were ob
served 1n tissue The yeast phase of Sporotrichum schencki was
obtained and studied 1n a synthetic medim contamning biotin and
thiamin and having a 5 to 10 per cent carbon dioxide tension %

SYSTEMIC MYCOSIS

If we consider 1ctinomycosis 1n the group of fungus diseases
then we have to state that 1t 1s a very common disease in France
Prévor! presented a new concept n the systemization of anaerobic
Actinomycetes based on the characters of respiration fermenta
tion and other physiologic activities He distinguished i human
actinomycosis Actinobactersum 1sraely, A meyers, A abscessus, and
A cellulitis,and in the canine and feline actinomycosis 4 baudets
The stramn of Actinomyces bovis originally described by Harz was
an aerobic Actinomyces

NOCARDIOSIS

A case of this disease with multiple brain abscesses and caused by
a vanant of Nocardia asterordes has been observed *

BLASTOMYCOSIS

Blastomycosis produced by Blastomyces dermatitidis was de
scribed for the first time 1n a natve from Tumis A man twenty five
years of age had fatal pulmonary blastomycosts with multiple sub
cutaneous and osseous abscesses An experimental infection using
the culture 1solated from this case was reproduced n an African
rodent (Gerbllus hurtipes) an animal which 1s very susceptible to
the systermc fungs ¢

HISTOPLASMOSIS

A single case of autochthonous histoplasmosis was described 1 an
adult presenting histoplasma like bodies mn the mesenteric lymph
nodes but unfortunately no cultures were obtained 2t Several sur
veys 1 Pans ** and Bordeaux ** with histoplasmin showed no spe
afic reactors 1t human bemngs  Analogous findings were obtamed
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acid bound with mannose were 1dentified i the chemical compost
tion of the capsule *° Segretamn and Couteau * showed that 2 nne
toral differentiation 1s possible between C neoformans and the
amyloid bodies tn the central nervous system

RARL MYCOSES

The first case of thinosporidosis was observed wn Vietnam in 2
young native from Pondichéry ©

AMonosporium aprospermum was repeatedly 1solated by us from
sputum 1n a case of pulmonary mycetoma

In a case with multiple mycotic brain abscesses a vanety of Hor
modendrum was tsolated which was very close to the form of Clado-
sportum described by Emmons 1 similar bram lesions
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toplasmosts and finally coccodiordomycosis and pul y pseu
dotuberculosis caused by Trichosporon cutaneum 1 case each

We believe that among the deep mycoses acuinomycosis 1s the
commonest but since 1t 15 casily diagnosed the internists do not
usually send these patients to the Mycological Center Moniliasts
of the respiratory tract 1s frequently reported 1n our country but
Candida albrcans 1s considered as a secondary imvader 1 the ma
Jomty of these cases

Rhinosparidiosis seems to be 1n the damp zones along
the great rivers Parana and Paraguay Fifteen human cases have
been reported up to now and about the same number of animal
cases 1n horses mules cows and dogs

South Amenican blastomycosis 1s endemuc wmn the damp and
wooded Chaco region Fifty five cases have been diagnosed 1n the
[ast twenty years

Cocaidiordomycosis (Posadas disease) 15 also endemic i Argen
tina in a wide and zone located between 27 5 and 40 south lau
tude This area has the same geographic and chmatic charactens
ties as the endemic areas 1n the United States Itisa desert far from
the humid winds of the oceans the climate s subtropical and of
continental type the soil 1s sandy and clayish and the vegetation 1s
xerophulic. Half of the chinical cases have been reported from the
north end of this area where we have found 20 per cent posiive
reactors to coccidiordin among rural school children

The first Argentine case of lustoplasmosis was described 1n 1940
and since then 14 new cases have been reported All patients were
adults and the majonity seem to have acquired the infection 1n the
neighborhood of Buenos Aires The primary lestons were fre
quently found 1n the mucous membrane of the oral cavity We
have just completed our first end 1 nvestigation by using
the cutaneous histoplasmin test at a public dispensary for diseases
of the respiratory tract and found only 4 positive reactors among
1635 patients TThese cases were p 1c and not d
with pulmonary calcfication
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We have been able to study at the Mycological Center of the
School of Medicine of Buenos Arres 1505 cases of superficial my
costs and 73 of deep mycosis during the five years between 1949 and
1953 Among the superficial mycoses the mfections produced by
dermatophytes were the most frequent 1107 We also found 337
tnfections due to yeasthihe fungi and 61 cases of muscellaneous m
fections (erythrasma pityriasis versicolor etc)

The dermatophytic infections were distributed as follows 615
cases of ringworm of the scalp 226 cases of ringworm of the gla
brous skin 74 cases of tinea pedis 24 cases of ringworm of the
hands and 98 cases of onychomycosis More than two-thirds of the
tinea capitis cases were caused by Microsporum We also studied
146 cases of trichophytosts capitts and 11 cases of tinea favosa The
latter 15 an exotic disease It OUT country

Microsporum cants was the commonest agent n the cases of
tinea capitis M gypseum has been cultured from only one case
The most commonly found Trichophyton species were the follow
g n decreasing order of frequency T wtolaceum T rubrum,
T mentagrophytes T schonletse and T flavus

The comparatively few cases of tinea pedis reported here are
probably due to the fact that dermatologists do not usually require
microscopic examination of these patients

The nfections caused by yeastlike fungi were distributed as fol
lows 276 mycouc paronychia 40 intertrigo blastomycetica and
21 mucous membrane infections

The deep mycoses menttoned above had the followng distribu
ton 25 cases of actinomycosts 4 cases of maduromycosis caused by
Madurella species 30 cases of South American blastomycosis 1 case

of European blastomycosis 5 cases of sporotrichosis 6 cases of his
54
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that w potusuam wdde Howerver tlus therapeutic agent s en
tirely contrasticicated n pulmonary tuberculosis No shan smvohe
ment has cver been reported in cases of the type described by
Magalhaes

In no wnstance has there been 1 rehble report of 1 human case
occursing 1n Brazl of pulmonary mycosis being produced by As
pergiilus or Pemarlhum

A ery interesting mfection which up to now has always been
described as protozoal wn onga bus which we definitely conuder
to be a mycosis 15 that produced by Preumocystis cannn This
parasite was first seen by Chagrs durning his well known studies on
Americin try panosomuasss He found st m the fungs of guinea pigs
which he bad 1noculated with his Schtotrypanum crua Led by
the then (1909) prevahing views of Schavdinn that there occurred
a h:mospandmn stage m the hie cycle of the trypanosomas Chagas
described the parasite as the hiemosporidian stage of Schizotsy
panum Later Carins and then Argao both i Braz! reported
findsng the same parastte 1n a spontancous infection m guinea pigs
Then the Delanoes an the Pasteur Insutate in Pans restudyimg
the queston established the new genus and spectes and gave the
parasite 3ts present name Tor many years P caninu has been con
sidered only as 2 pirasuologic cursosty munly of historical inter
est and seldom of ever seen by other myestigators

It 13 only recently that several cases have been reported from
Central Europe of a pecuhar type of severe lung disease found es
pecially i children 1 which P caninn was considered as the only
possible etiologic gent We had the oppertunity of examining ma
tenial from these Curopean cases fisst 1n the Tropical Diseases In
sutute 1n Hamburg and then on shdes of the cases submtted by
Jrrovee to the Sixth Intermanonal Congress for Microbiology
Rome 1n 1953 In bothinstances we were convinced that the para
site must be a fungus and nat a protozoan Recently on slides pre
pared mn our laboratory by Dr A $§ Gabral from the lungs of
gunea mgs we agawa sndred the motphalogy of P carins and te
affirmed our opituon that st 15 not a protozoan but a fungus which
atleast p Hly should be considered as belonging to the As
comyeetes swnce i dusplays eight endospores (ascospores) as its
only known form of reproduction

The discosery of Ppenmocystss 1 the human lung had already
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Deep Shin and Pulmonary Mycosis
m Brazl

In spste of the fact that the literature on mycotic dseases of Bra
@il as well 15 of the Spanish American countries 1s rather copious
many problems relating to these pathologic conditions are stll
unsolved

We shall not discuss here coccrdiondal granuloma which 1s a
well known disease 1n the United States but 1s seldom found 1n
other American countries The early reports of its occurrence 1
Braul were the result of a tendency to confuse 1t with the now well
known Lutzs disease produced by Lutziomyces histosporocellu
lare

Among the histoplasmoses we shall mention only Darling s his
toplasmosis several cases of which have already been reported from
Brazl although not enough attention has been paid to 1ts mvests
gatton

Pulmonary mycosis produced by Trichosporon pulmoneum
(Neogeotrichum brasiliense) and probably by other related spe
cies of fungi as well as by dufferent species of Candida has been
fairly commonly observed particularly 1n the State of Minas
Gerais where Octavio de Magalhaes was the first to report 1ts oc
currence Tlus disease exemplufies the need for an accurate micro-
brologic nvestigation of all cases with a chnical diagnosis of pul
monary tuberculosis in which no acid fast bacill are found in the
sputum Cases are not nfrequently found 1n Brazl in which pa
tients have been unsuccessfully treated for tuberculosis for a pe
riod of months before the diagnosss of pulmonary mjycosts has been
estabhished ‘The correct diagnosis 1n such cases 1s particularly 1m
portant because the disease produced by 7' pulmoneum responds

readily to the simplest of all treatments for the deep-seated mycosis
56
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tehable and very confusing indeed As o matter of fact now with
a wider experience and a more thoreugh hnowledge of the com
plexaty of the problem m Braztt we behieve that only recently and
Justn one instanice we mght hre been dealing with true Amen
can blastomycosy Esen 1n thas ease however the cultures aung
not yet deseloped and the dingnosis having been based only an the
chmeal preture and on the appearance of the patastes 1o nssue
smers and sections our diagriosisas by no means finl Wah Drs
Menandra Tapajés and A E Trndade we are studying the pa
tient who 2 young Brazthan male of mived white and Induan
biood hiving near Manans in the State of Amazorras He bas been
suffering for seseral months with a large collar hle ulcerovegeat
myg and somewhat verrucous leston on the neck wathout apparent
leng ar ather xisceral imoh emment We no Jonges hiold the opimon
expressed m eathier works of the 10205 abous the two Branlan
cases first published by Terra which we then beheved coutd be
chagnosed as Gilchrises disease With no enhures made 1n these
cases and with the skin sectiony displaying parasstes whose mor
phologic characterastics are somewhat different {rom those of Gu
christia dernatitidss we should actually prefer not 1o venture a
dragnons
Lut. s Disease Smcee the socalled Brazilian or South American
blastomycoss 1 not a true blastomycosts we have been catting 1t
Lutz s disease or lutzsomycosts the proper and caceect name of s
parasse bemg accordmg te the mzernational rules of botamcal
nomenclatare Lutaomyces hustosporocellulare As for the erm
pical bl yeosd g 1 winch we formerly
adopted 1t should now bie used mn the plural and should be apphed
0 agroup of diseases not 1o a single one
The chinucal and pathologrc featurcs of Lutz s chsease are farly
well known but quesuons related ta the euologic parasite have
been subject to much discussion As a matter of fact very e 15
known about L Justosperocetiulare whose natural saprophytic
stage has never been discovered and whase reproductive forms m
30 far a3 they have been found in anum) ussues and m cultures ap-
pear to be the result of abnormal and unfavorable developmental
condrons This lack of fundamenial knowledge teads to differ
ences of opinion on the systematc position of the parasite
1€ we are to comply at a1 with the international rules of botan:
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been made by Chagas in Brazil but later had been considered asa
mistake due to the confuston of shdes from man and from guinea
pigs Its discovery in Europe as the agent 1n a new type of pulmo
nary mycosis calls attention to a problem that probably has been
overlooked that of the existence of the same disease 1n other coun
tries at least 1n those where guinea pigs have been found to be 1n
fected We should add that so far as 1s known 1n the guinea pig
Pneumocystis wnfection does not seem to be followed by patho-
logic changes or clinical symptoms
After mentioning these two types of pulmonary mycosis 1n
which no skin involvement has ever been reported let us consider
the several types of what we have called blastomycoid granuloma
tosis observed in Brazl Since 1938 we have grouped under this
name the diseases commonly referred to as the blastomycoses but
which are not produced by yeasts (consequently not by Blastomy
cetes) The budding or yeastlihe forms which these agents assume
1 the diseased trssues should be interpreted as a convergent adap-
tation leading to similar appearances 1n organisms not necessarily
related The rounded form 1s probably the result of a process of
defense and resistance to unfavorable condrtions found by occa
sional parasites 11l adapted to condstions in the host tissues Inartt
ficial culture media these fungt usually reassume therr normal
threadlike forms although occasionally n certain media they can
appear as rounded cells
Among the bl ycord granulc we nclude at least
four different diseases
(1) The so<alled American or North American blastomycosis
or Gilchrist s disease produced by Gilchnstia (Blastomyces) der
matitrdes
(2) The Brauhan or South American blastomycosis to which
we gave the name of Lutzs disease
(3) Amld hghly chronic shin mycoss which we called Lobos
disease because 1ts first known case was detected and studied from
the clinical point of view by Jorge Lobo in Brazl
(4) Sull another skin mycosis similarly bemgn and very chronie
1n evolution which has only recently been studied 1n Brazl
American Blastomycosts So far as Gilchnist s disease or North
American blastomycosis 1s concerned earher reports from Brazil
as well as from several Spanish American countnes are far from
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rehable and very confusing indeed As a matter of fact now with
a wider expenence and a more thorough knowledge of the com
plexity of the problem 1n Brazil we believe that only recently and
Just 1n one instance we might have been dealing with true Amernt
can blastomyconts Even 1n thus case however the cultures having
not yet developed and the diagnosts having been based only on the
clinical picture and on the appearance of the parasites 1n tissue
smerrs and sections our diagnosis 1s by no means final With Drs
Menandro ‘Tapajés and A E Trindade we are studying the pa
tient who 13 a young Brazihan male of mixed white and Indian
blood living near Manans 1n the State of Amazonas He has been
suffering for several months with a large collar ike ulcero-vegetat
g and somew hat verrucous lesion on the neck without apparent
lung or other visceral involvement We no longer hold the opinion
expressed 1n earhier works of the 19205 about the two Brazilian
cases first published by Terra which we then believed could be
diagnosed as Gilchrist s disease With no cultures made in these
cases and with the shin sections displaying parasites whose mor
phologic characteristics are somewhat different from those of Gil
chnstia dermatitsdis, we should actually prefer not to venture a
diagnosis

Lut. s Disease Since the so-called Brazihan or South American
bl ycosis 1s not a true b, ycosis we have been calling 1t
Lutz s disease or lutziomycosis the proper and correct name of 1ts
parasite being according to the mternational rules of botanical
nomenclature Lutziomyces histosporocellulare As for the term

neotropical blastomycord granulomatosis which we formerly
adopted 1t should now be used 1n the plural and should be apphied
toa group of diseases not to a single one

The climeal and pathologic features of Lutz's disease are fairly
well known but questions related to the etiologic parasite have
been subject to much discussion As a matter of fact very litle 1s
Lnown about L histosporoceliulare whose natural saprophytic
stage has never been discovered and whose reproductive forms m
so far as they have been found 1 ammal tissues and 1n cultures ap-
pear to be the result of abnormal and unfavorable developmental
conditions This lack of fundamental knowledge leads to differ
ences of opinion on the systematic position of the parasite

If we are to comply at all with the international rules of botant
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cal nomenclature we cannot go on using the names of Paracocerd
roides or Blastomyces brasiliensts for this fungus The name
Blastomyces was applied to a different species of fungus (2 mere
synonym of Aleurssma flavissimum Lin\) described mn 1888 by
Costantin and Rollan ten years before being used by Gilchrist and
Stokes for the parasite of Amerscan blastomycosis So far as the spe
cific name brasiliensts 1s concerned 1t 1s based on Zymonema bra
stltensis whuich even if 1t 15 not a nomen nudum, as some people
seem to believe 1s undoubtedly a nomen confusum since 1t was
established by Splendore for a mixture of at least two but probably
several different fungi whose dentification 1s now 1mpossible But
few people bother to read crincally Splendore s orsginal paper and
the prevailing tendency continues to be that of using a2 name for
the South American parasite that cannot find support 1n the inter
national rules of nomenclature Of course the genus Paracoccid
1oides based on the nonsalid species brastlhiensts, also has no
valid nomenclatural status

One of the most characteristic features of Lutziomyces in the
host s tissues 1s 1ts mode of reproduction After dnision of the nu
cleus 1nto a large number of small nucler the latter migrate to the
periphery of the mother cell Then successive layers of the newly
formed nucler together with a very small amount of protoplasm
push through the cell wall a part of which 1s pressed out and be
comes the cell membrane of the ectospores so formed In this way
a layer of ectospores appears on the surface of the mother cell
These spores (some people prefer to refer to them as muluple
buds others call them cryptospores) and successively new layers
of ectospores appear until all the nuclear material contained in the
mother cell 1s exhausted This mode of reproduction was first seen
by Lutz and was then well described by Vianna Haberfeld our
selves and many other authors It can at tumes be observed mn some
artificial media although usually only chlamydospores are to be
found As stated 1n some of our early works depending on the
media there may be 2 complete absence of round cells or they may
appear tn more or less great numbers

We feel justified 1n continuing to group as we have done since
1928 the clinical forms of Lutz s disease into lymphatico tegumen
tary and lymphatic visceral However we should add that quite
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often such forms represent only different stages of the development
of the same disease

When a purely lymphatic visceral picture develops without any
cutaneous oral or tonsillar lesions the disease 1s easily mustaken
for Hodghws 1ympliogranuloma or a malignant visceral growth
These honever are rare occurrences

More frequently the lesions are first noticed exther i the shin
most commonly on the face or on the orl mucosa or 1n the tonsils
Simultancously there 15 1n enlrgement of the submaxillary cer
vical or other groups of lymph nodes 1n the neighborhocd of the
tegumentary lestons The cutineous lesions as well as those of the
mucosae spread slowly over 1 period of months New ulcerative or
ulcerovegetating lesions may appear on the shin mainly on the
face displaying as in the earlier lesions many munute hemorrhagic
pomnts on their surface

In these cases an infiltrative process usually develops 1n the us
sues of the lips cheek and nose This severely reduces facial move
ments and almost completely suppresses movement of the lower
maxilla and also at times gives to the face a more or less elephan
trasic appearance Sialorrhea develops simultaneously and a more
or less pronounced state of cachexia raprdly ensues

However long before this stage 1s attained pulmonary lestons
may be found 1n most patients The lung mnvolvement 15 followed
by the clinical picture of pseudotuberculosis with cough thoracic
pamns and bloody or purulent sputum Roentgenologic examina
tion may reveal either a mihary distribution of the lestons or more
or less marhed areas of rarefaction leading to the formation of
cavities The parasites may be found in the sputum or are ingested
and are excreted 1n the stools Finding of the parasite 1 the pa
tient s stools however 15 not pathognomonic of lung involvement
not only because 1t could come from an oral or tonsillar lesion but
also because among the most frequent lesions 1n this disease are the
ulcers found n the mucosa of the cecum occasionally 1n the colon
and much more rarely 1n the rectum

In Lutz s disease as 1n granuloma coccidiondes there may be bone
lesions and gummatous lestons of almost any organ

Until the mtroduction of the sulfa drugs in the treatment of
Lutzs disease 1t was always fatal death ieviably occurring after
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a few months or a year or two With the help of sulfathrazole sul
fadiazme or the other sulfonamides a climical cure can now be
obtained But since relapses always occur when this treatment 1s
mterrupted for a more or less protracted period 1n the course of
several years a patient may recewve a few hilograms of one or the
other of these sulfa drugs a situation that 1s now currently seen i
Brazil

Purely Cut s Bl yeord G lomat Since 1931
two new and very peculiar types of blastomycord granulomatoses
have been discovered 1n Brazil Therr clirueal histopathologic and
mycologic features differ markedly both from those of North
American blastomycosts or Gilchrists disease and from those of
South American blastomycoss or Lutz s disease These two condt
twons have 1n common their chromc and benign character the non
ulcerative nodular or tuberous lesions and the fact that they seem
to be prevalent n the Amazonian region

The clinrcal and histopathologic aspects of the first of these dis
eases have been mvestigated by Jorge Lobo who sent his patient
to us 1 order to have mm studied from the parasitologic point of
wiew In several instances we consistently succeeded 1 1solating
from hus lesions the same species of fungus which we described
under the name of Glenosporella lobor

Lobo s patient displayed a number of tuberous more or less
keloid like at first somewhat pruntic later shghtly painful lesions
with no noticeable mflammatory reaction around them All these
lesions were localized 1n the lumbar region and most of them were
confluent A chimcal diagnosts had been made of tuberous angt
oma The lesions had begun to develop mneteen years previously
at which time the pauent lived 1n the State of Amazonas n the
north of Brazil No systemic lestans could be detected by thorough
climical and radiologic examination

From the histologic point of view a characteristic of the lesions
1in Lobo s disease 15 the large number of histiocytes

The parasites or their empty cell walls are found 1n large num
bers 1n the skin and 1n the subcutaneous tissue wn the form of
roundish hyahne cells measuring from 6 to 11 micra at tumes up
to 14 micra with a double-contoured cell membrane either 150
lated or geminated or at times in chains or wrregular clusters Re
production 1s by binary diwision simular to budding In aruficial




hwoure
Pauent A P1 Lesions on the ear

Bl T
binsed T
gbf.i% < BF

pC0 A%

Froess 2

1 hotomurograph from tissue obtamed trom AP L demonstriung
el walls of parasites Large number of grant cells

CLINOSEURGPAIS IV RZONICA TATE OF (LRFIY CLTANFOLS
BEASTOAIRCOID €RAN L OVATOMS



62 Therapy of Fungus Diseases

a few months or a year or two With the help of sulfathiazole sul
fadiazine or the other sulfonamides a climcal cure can now be
obtained But stnce relapses always occur when this treatment 15
nterrupted for a more or less protracted period n the course of
several years a patient may receive a few kilograms of one or the
other of these sulfa drugs a situation that 1s now currently seen in
Brani

Purely Cut. s Blastomycoid Granul Since 1931
two new and very pecuhar types of blastomycoid granulomatoses
have been discovered 1n Brazil Their chmeal histopathologic and
mycologic features differ markedly both from those of North
American blastomycosts or Gilchrists disease and from those of
South American blastomycosis or Lutz s disease These two condt
tions have in common their chronsc and benign character the nont
ulcerative nodular or tubtrous lesions and the fact that they seem
to be prevalent in the Amazoman region

The clinical and histopathologic aspects of the first of these dis
eases have been 1nvestigated by Jorge Lobo who sent his patient
to us 1n order to have him studied from the parasitologic pomnt of
view In several instances we consistently succeeded 1n 1solaung
from his lesions the same specics of fungus which we described
under the name of Glenosporells lobot

Lobo s patient displayed a number of tuberous more or less
keloid like at first somewhat pruritic later shghtly painful lestons
with no nouceable mflammatory reaction around them All these
lesions were localized 1 the lumbar region and most of them were
confluent A clinical diagnosis had been made of tuberous angt
oma The lesions had begun to develop mineteen years previously
at which time the patient lived in the State of Amazonas in the
north of Braul No systemic lesions could be detected by thorough
clinical and radiologic exammation

From the histologic point of view a characteristic of the lesions
1n Lobo s disease 1s the large number of histiocytes

The parasites or their empty cell walls are found n large num
bers 1n the skin and 10 the subcutaneous ussue 1n the form of
roundish hyaline cells measuring from 6 to 11 mcra at imes up
to 14 micra with a double contoured cell membrane erther 150
lated or gemmated or at times 1n chains or wregular clusters Re
production 15 by binary division sumlar to budding In aruficial
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atltures at room temperture on all usunl medin 1t forms whate
colomes reaching 1 or 1% em 1n diameter within two to three
weeks These colonies are covered with ernl hyphac Microscopt
ally they show a filumentous branehied septate hyaline myce
lom with at firet a few cylndrowd arthrospores and Iter many
tpal enieellular voundish cihpsoid or ovord hyahine sleuno-
spotes witha double-contoured ccll membrane which reaches 85
10100by 151080 micra It as difficult to culture the orgamism
direetly from pathologic matenal Subcultures are always eanly
obtarned

Several new cases hase been found an Brant which were de
smbed as Lobo s disease However the diagnosis remains doubtful
unless confirmed by culture

Unfnmm:ucly the ongimil strun of Glenosporella lobor was
9% and as an obvious result of an ervor 1 culture undoubtedly of
Lumam):n histosporocellulare mustibeled as G lobot was studied
from the expersmental point of view Thus error accounts for the
conflicting Teports found 1n the literature and for the unacceptable
oPinion held by the authors of these experimental works that Lo
bos dusense 1 Just 1 chinieal form of Lutz s disease

< other type of chronic and bemgn blastomycond granuloma

tous observed 1n Brazl was first described by us 1n 1943 The first
Patient we studied had acquireq the disease in the Amazon reglon
thenty years exrhier while w orhing as a rubber collector He 1s sl
ale after thitty tho years with this fungus infection Durning this
tme he has been treated in many ways and several attempts have
been made to cure him by clectracoagulation and surgical proce
dures The lesions are Jocalized on the extensor surface of the right
forearm ang consist of a number of hard nodules firmly adhering
to the skin and movable with 1t The nodules measure from 2 or
3 mm up to 15 em They begin as 1solated clementary lesions
which under vitro-pressure have an appearance comparable to thae
of luparmata Over the nodules and around them the skin 15 more
or less tense pinkish or reddish and shining The old nodules may
be confluent and show a more or less polycyclical contour or may
form masseg which attarn diameters up to 3 em Around the nodu
1ar lesions there 15 a wide mfiltrated reddish patch which may
measure up to 10 em 1n diameter On this patch some lupoma hike
clementary lesiong may he seen from time to tume The lesiong
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1876 was just the imperfect form of Basidiomycetes of the genus
Septobastdium Par 1892 Also the genus Trichosporium Fries
1849 1n which one could also contend that the parasite might be
ncluded 1s not considered more valid since T fuscum (Link)
which 15 considered by many as 1ts type species seems to be only
the comdral stage of the Pyrenomycete Rosellima aquila (Fr)
De N Laccardo Lindan and several other authonities agree in
considening Trichosporium as a most doubtful genus As we could
refer the parasite to no other known genus we decided to establish
anewone Glenosporopsis to replace the no longer accepted genus
Glenospora

The descriptton we gave 1n 1913 for the genus Glenosporopsts 1s
about the same adopted for Glenospora by most authorities and
reads as follows

Branched septate hyaline or brownish hyphae sometimes in
synuemae Aleuriospores acrogenous or pleurcgenous hyaline or
brownish 1n color ovoid or pyriform unicellular with a smooth or
shightly corrugated cell wall esther 1solated or in short chans of
two or three

Type species  Glenosporopsis ama onsea O da Fonseca 1943
(Parasitologia Medica vol 1 710-711)

Two new cases are now being studied 1n Manans State of Ama
zonas Brazil by Gilberto de Azenedo Terxeira A E Trindade
and ourselves

‘To conclude this paper 1t scems pertinent to present a brief
comment about the classification of the Fungt tmperfects that find
a place 1n Vwllemuns (1910) order Aleuriosporales (suborder
Aleursoconidiales Nammzny  Two different criterta can be
adopted According to the first one only two types or genera should
be disttnguished one mucedinic with hyaline mycelium namely
Aleurisma the second dematial with brown or black mycelium
Glenospora or as we put 1t Glenosporopsts According to the
other point of view the mucedintc group should be split in differ
ent genera and a place could be justified 1n the classtfication for
Aleunisma Corethropsis M m Gilchnstia Histopl
and Glenosporella
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never ulcerate except after and as a result of biopsies and then
only temporarily No lesions on any of the mucosae have ever been
obsersed A careful and complete clinical and radiologic examina
tion failed to demonstrate any bone or visceral involvement Exam
tnation of the sputum has always been negative for the fungus
found 1t the shin The patient s general health has not been af
fected

The histopathologic mvestigation of this case was made by our
colleague the late Professor Perma de Azevedo who found a his
tologic picture characterized by a large number of wrregularly ar
ranged grant cells of the Langhans type with many nucler and an
eostnophilic and delicately granular cytoplasm Some macrophages
were also found There was almost no lymphocytic or plasmocytic
wfiltration No necrosis or caseation was seen ‘The histologic pic
ture duffers from that of Luzs disease in which there 1s severe
destruction of the normal structure It differs also from that of
Lobo s disease m which there 1s an intensiye macrophagic reaction
with few grant cells

The parasites or their empty cell walls are seen 1n enormous
numbers i the skin sections They are roundish hyaline double
contoured cells measuring 7 to 12 micra exther isolated or grouped
1n chains of three to six or mn irregular clusters They may be ex
tracellular but quite often they are found mside grant cells Arti
ficial culture starting from the lesions 1s always difficult The first
colonies appear 1n about twelve days and may reach 35 em 1n
diameter The young cultures are white or slightly grayish and cov
ered by 2 hairy thin layer of aeral hyphae After twenty or thirty
days they assume a darker gray or brownish color and their sur
face becomes powdery Microscopically there 1s a filamentous
branched and septate mycelium which at first ts hyaline and then
takes on a brown color Reproduction in the cultures 15 through
lateral aleuriospores roundish or ovoid sessile or with a short
peduncle with a smooth or shightly corrugated cell wall measuring
4 to 13 micra and also by terminal aleuniospores which are at
tmes ellipsoid or elongated reaching 6 to 19 by 35 to 12 micra

These morphologic charactenistics would lead one to place this
fungus 1n the genus Glenospora as 1t 1s usually understood by
medical mycologists that 1s sensu Vuillemm But Couch m 1933
showed that the type species of Glenospora Berkeley and Curtis
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Concerming the deep mycoses the greatest Mexican problems are
presented by the acunomycotic mycetoma of Nocardia brasilien
515 ¢ and by sporotrichosis *

The name mycetoma which connotes the syndrome consising
of tumor fistula and granules 15 an ancient highly appropnate

When the g les are formed by an Actinomycete
the disease 1s referred to as an actinomycotic mycetoma when they
are formed by a mold 1t 15 referred to as 2 maduromycotic myce
toma In other words the presence of granules makes the dragnosts
of mycetoma and the structure of these granules determines the
type of the disease

Maduromycotic mycetoma 18 rare 1n Mexico at least 1n contrast
with the high incidence of actinomycotic mycetoma We have seen
cases of maduromycotic mycetoma caused by Cephalosporium
Madurella and Monosponium *

The anaerobic Actinomycete 4 boues as well as members of the
genera Nocardia and Streptomyces all produce tumors with fistulas
and granules N asterordes differs from the other Actinomycetes
causing deep mycoses 1n that as well as appearing 1n the tissues as
granules — that 15 producing actinomycotic mycetoma — it can
alsa be present as short branchung filaments and bacillary forms
which possess 2 partial acid fastness In such cases the clinical en
uty should be called d or pseudotut losis Theresa
tendency to use synonymously the terms actinomycotic myce
toma and n d or to give pref e o the latter term
for lestons with tumor fistulas and granules This constitutes an
error because the name mycetoma has prionity and 1 addition
mjycetoma can be produced not only by members of the genus No-

cardia but also by Streptomyces species such as those designated as
madurae pelletiers and paraguayensts which do not fragment and
which upon culture 1n natural medta such as dung and wheat
grains do produce conidia? Therefore the name nocardiosis
should be used only for granulomatous infections of the lung
brain and subcutaneous tissues where the etiologic agent N as
terordes has the morphology of bacilh and short branching fila
ments N d or pseudotut losis 15 frequent in Mexica
Actinomycosts or actinomycotic mycetoma caused by anaerobes 1s
world wide 1n 1ts distibution It 1s also frequent 1n Mexico

The difference between lesions cansed by aerobic Actinomycetes
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The Status of Fungus Diseases 1n Mexico

Due n part to the widely varying biogeographic conditions all
the fungus diseases that have ever been described n the cosmopolt
tan literature are encountered m Mexico with the exception of
black piedra

Concerming the dermatophytes their incidence 1s extremely
high and the most striking feature 15 the preponderance of tinea
capitis caused by Trichophyton (90 per cent) compared to that
caused by Microsporum (10 per cent) Practically all the tricho
phytic nningworm of the scalp 1s caused by 7 tonsurans (94 per
cent) and the microsporal by M canss (100 per cent) ! The use
of thalllum acetate has to a considerable extent solved the thera
peutic problem

Infections of the glabrous shin are charactenized by the ranity
of tinea peds mn rural districts as contrasted with a marked pre
domunance of tinea unguis 2 Generalized tinea corporis caused by
T rubrum consttutes an unsolved problem with respect to treat
ment ® 1n the tropical regions about the Gulf of Mexico particu
larly in the States of Veracruz and Tamaulipas In the State of
Puebla a subtropical regron there exusts a focus of tinea imbricata
which at present 1s not a public health problem 2

In some coastal regions on the Pacific as many as 50 per cent of
the people suffer from pityriasis versicolor The so<alled achro
mmia parasitania  the achromic chinical variety of pitymasis verst
color 15 also frequent This must be constdered 1n the diagnasis of
pinta partcnlarly mn zones where both diseases exast such as 1
the State of Chiapas

Tinea negra 1s a very rare dermatomycosis which has been ob
served only in the State of Yucatan

The other superficial mycoses with the exceprion of black
piedra are commonly seen but;svuhout any speaific peculiarities
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three types comprise chmcal forms which have a morpliclogic basis
that 15 i close correlation with the physiopathology of the lesions

The lymphangutic type represents the classical picture of the dis
ease When the iminal lesion occurs on the extremities usually the
upper 1t1s referred to as gummatous ascending because the lesions
follow almost straight lines along the fength of the limbs In the
gummatous form affecting other regions (face back abdomen)
the nodules do not show arrangement in ascending hnes but ap-
pear wrregularly in the sicimty of the primary lesion

Tante 1
CLASSIFICATION OF CUTANEOUS SPOROTRICHOSIS
" G ding on
Lymp
type Gummatous 1n other regtons
Ulcerative
CUTANEOUS Verrucous

SPOROTRICHOSIS Fixed type Acneiform
Infiltrated plaques
Erythematous and scaly patches

H: G d d over the
type cutaneous surface

The fixed type 1s characterized by the fact that the fungus when
1t enters the body and produces the pnmary lesion remains in
situ does not spread and only enlarges locally forming a chancre
The clinical forms of the fixed type are ulcerative verrucous acnel
form infiltrated plaques and erythematous and scaling patches

‘The hematogenous type has only one clinical form the gumma

tous type d; d all over the ¢ surface 1t 1s charac
tenized by numerous subcutaneous nodules scattered over the en
tire body

We have suggested that the systemic sporotrichoses be classified
into three types (1) primary the designation being self explana
tory pulmonary localization being the most frequent (2) con
comutant the primary type being associated with the hematoge
nous type of cutaneous sporotrichosis and (3) secondary which
follows neglected lymphangtic or fixed types
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and those caused by 4 bouis (anaerobic) may be suspected clint
cally largely by their location Thus cervicofactal and abdominal
localizations are due ordinanly to 4 bouss, whereas those on the
extremties are caused by Nocardia and Streptomyces species How
ever there are some clinical forms such as the thoracic pulmonary
mycetoma which may be produced by esther 4 bovis or N bra
stliensis Here 1t 1s not possible to make the etiologic differenta
tion by symg logy roentgenologic examination morphology
of the granules or biopsy Study of the differentiation of the van
ous types depends on successful culture of the micro orgamsms

In a recent paper® we suggested two means of establishing an
etiologic diagnosis 1n this thoracic pulmonary condition The first
means 1s based on the different habitat of the two Actinomycetes
which determines the pathogenesis of the infection In the case of
4 bours an orgamism of endogenous ongin the infection goes
from the lung to the thoracic wall whereas in N brasiliensis the
source of which 1s exogenous the mfection starts on the thoracic
wall and eventually extends into the lung The clinical picture 1s
indistinguishable from that of pulmonary actinomycosis

The second means 1s based on the acid fastness of the central part
of the N brasiliensis granule and the absence of this characteristic
n the 4 bows granule

In regard to treatment we have been using diamino dipheny!
sulphone since 1947 with good results ®

The prevalence of sporotrichosis in Mexico 1s so noticeable that
1t 15 not rare to see patients in the streets and in the markets in en
demic zones One of the most 1mportant sources of infection 1s
packing straw As regards classification of the clinzcal forms of the
disease we consider that the French classification and all those
which originate from 1t are completely mnadequate We have pro
posed ® that the cutaneous sporotrichoses be divided into three
types on the bass of their pathogenesis (Table 1) The classifica
tion 1s based on the evolution which the Sporotrichum follows
after 1ts cutaneous entrance on whether or not the fungus spreads
from the primary leston and on whether dissemination takes place
through the lymphatics or the blood vessels If the spreading 1s by
way of the lymphatics the lymphangitic type results 1f the fungus
remains 1n situ the fixed type 1s produced and if the dissemnation
occurs through blood vessels the kematogenous type results These
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three types comprise climeal forms which have 2 morphologic basis
that 15 1 close correlation with the physiopathology of the lestons

The lymphangitsc type represents the classical picture of the dis
case When the rmtral lesion occurs on the extremities usually the
upper 1t1s referred to as gummatous ascending because the lesions
follow almost straight lines along the length of the hmbs In the
gummatous form affecting other regions (face back abdomen)
the nodules do not show arrangement 1 ascending lines but ap-
pear uregularly in the vicinity of the primary lesion

TasLe 1
CLASSIFICATION OF CUTANEOUS SPOROTRICHOSIS
C d
Lymphatic on
type Gummatous 1n other reglons
Ulcerative
CUTANEOUS Verrucous
SPOROTRICHOSIS Fixed type Acneiform
Infiltrated plaques
Erythematous and scaly patches
H. G d over the
type cutaneous surface

The fixed type 1s characterized by the fact that the fungus when
1t enters the body and produces the primary leston remans n
situ does not spread and only enlarges locally forming a chancre
The climical forms of the fixed type are ulcerative verrucous acner
form 1nfiltrated plaques and erythematous and scaling patches

The hematogenous type has only one climical form the gumma
tous type di d all over the surface It 1s charac
terized by numerous subcutaneous nodules scattered over the en
tre body

‘We have suggested that the systemic sporotrichoses be classified
1nto three types (1) prumary the designation being self explana
tory pulmonary localization being the most frequent (2) con
comitant the primary type being assoctated with the hematoge
nous type of cutaneous sporotrichosts and (3) secondary which
follows neglected lymphangitic or fixed types
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Sporotrichosis of the mucous membranes may occur on the su
perficial internal mucosae This condition 1s governed by the same
factors as cutancous sporotrichosis being of the lymphatic or fixed
type the pathogenesis follows the pattern of systemic sporotrt
chosis

A skin test 15 now used 1n Mexico for the diagnosts of this dis
ease The intracutaneous 1njection of 0 1 cc of a polysaccharide
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Endemic zones of cocaadioidomyceosis 1n Mexico

that we obtained from Sporotrichum schencku eliaats a positive
skan reactton after twenty four hours ** This test has been evalu
ated 1n hundreds of cases and 1nvariably shows a high specificity
Cocaidiordomycosis 1n Mexico 1s as important as 1t 1s in the
Unzted States The only regions where 1t has signtficant endemucity
are the desert area north and south of the border between these two
countrzes Our end zone of cocaidiond
the northern states of Baja Cahforma Sonora Chihuahua Coa
huila Nuevo Leon and Tamaulipas which are in Iine west to
east with Caltforma Arizona New Mexico and Texas (Fig 1) ¥

ycosis encomp
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In addition to our endemic northern states there 15 1n the south the
State of Colima 11 which a tugh inaidence of cutaneous reactors to
cocardiordin 1s present (65 per cent 1n a rural center) This area 1s
surrounded by states free of coccidiordomycosts

South American blastomycosts has also been discovered 1n Mex
1o We found two patients within an interval of six months who
lived 1n the same locahty an area where flowers are cultivated and
where there was the possibility that gladiola bulbs had been 1m
ported from Sao Paulo Brazl*?

Two months ago in collaboration with Martinez Biez and
Reyes * we reported the first Mexican case of North Amencan
blastomycosts

‘Two cases of cryptococcosts hav e been found 1n Mexco up to the
present

The number of patients with chromoblastomycosis that have
been seen 1n Mexico makes us realize that this mycosts 15 important
‘There 1s no one zone of prevalence 1nd the cases originate from all
over the Republic We started to use diamino-diphenyl sulphone
to treat this disease but the number of cases treated to date does
not permit us to draw defimite conclusions

Inregard to the olher deep mycoses 1n Mexico cases of systemic
candid: h poridiosis ** and |
have been obscned Among these 1t 1s worthwhile to gne some
consideration to histoplasmosts Every day we discover more cases
by means of the intraperitoneal moculation of the hamster with
the blood of febrile patients * Two epidemics of acute histoplas-
mosis one 1n seventeen boy scouts who entered a cave * the other
1n four men who visited an abandoned mune ** have also been re
cently recorded The highest incidence of cutaneous reactors to
hastoplasmosts 13 1n the area surrounding the Gulf of Mexico
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The Status of Fungus Diseases
in the Plulippines

The Phaltppine Islands being a tropical country have available
an abundance of matenal for fungus studies From reports found
1n our literature 1t seems that we are not entsrely unaware of the
possibility of fungt in the etiology of disease However since 1t 1s
well known that the systemic mycoses have protean manifestations
1t 15 possible that some diseases may have been misdiagnosed Drs
Barrera® and Punsalang + mentioned cases that went to the autopsy
table and were discovered as due to fung: only after histologic sec
tions were seen

In Table 1 we see that mycoses account for 13 94 per cent of all
skin diseases scen during the period 1952-1924 Of these 139
per cent were superficial and 0 04 per cent were deep The super
ficial mycoses are the mam mycologic problems encountered in
medical practice in the Philippines The five most important of
these 1n the order of incidence are tinea pedis tinea arcnata
unea cruns tinea manuum and tinea flava (Table 2)

The earliest report of fungus disease 1n the Islands was made by
Strong n 1906 * when he described a lesion simulating Delhi boil
n a thirty five year old Filipino woman He noted the presence of
oval bodies found free and enclosed 1n endothehal cells which he
thought were fungi Meleney * in reviewmng the cases seen by
Strong and another reported by Wade * considered the intracellu
lar orgamisms described by them as histoplasma like thus mnclud

ing the Phihipp as in the g phic area for | 1
The case of hxswplasmosns reponed by Mendoza* 1n 1947 proved
to be a systemic Candida albicans inf on further Iab y

Chief Pathology Department College of Medicine Untversity of the Phulip
1 Setuor Chmician San Lazaro Hospital Mamila
7
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study by Davis ¢ No other cases of histoplasmosis have been re
ported and the fungus has never been 1solated

Melo and Belmonte ® failed to elicit any positive reacton to his
toplasmin among 50 children admitted to the U § T pediatnc
ward Bocobo and Reyes ® and Halde and Reyes 4 skin tested 1301
adult Filipinos i the Manila area of whom 3 68 per cent reacted

TasBLE 1

INCIDENCE OF FUNGUS DISEASES IN SKIN DISPENSARY PATIENTS *
MANILA 1952-1954

Number of Cages Per cenl

Mycoses 3,372 1394

Superficial 3,361 13 90

Deep 11 04
Other skin diseases 20,807 8606
Totals 24179 100 00
*Based on data iled by the 1

Association,

to histoplasmn Very Iittle sigmficance 1s attached to this small
percentage Thus histoplasmosts if 1t exists must be rare indeed

In Calhforma Filipinos have been shown to be susceptible to
coccrdiordal granuloma Coccidiordin testing by Halde and Reyes ¢
showed no reactors in 824 Filipinos No cases of cocaadioidomyco
sis have been reported in the Philippines indicating that 1t 15
probably not present there

Three cases of Madura foot have been reported by Musgave and
Clegg * Monserrat ® and Romulo ® Nocardia species were 1solated
from the 2 cases m which cultural studies were done

Three other cases were seen by us and will be reported 1n the
future In 2 of these cases there was discharge of yellow granules
which on biopsy and staining showed actinomycotic type granules
The other case showed only a pipoint size white granule dunng



The Stalus of Fungus Diseases 1n the Philippines 75

operation which when cultured turned out to be Pemcillium fun:
culosum

There are 4 cases of pulmonary nocardiosis 1n the Philippine
Iiterature One case reported by Monserrat ** was that of a four

TaeLe 2
PERCENTAGE DISTRIBUTION OF CASES OF SUPERFICIAL MYCOSES

ACCORDING TO TYPE OF LESION (DISPENSARY CASES)
MANILA, 1952-1954

Number of
Type of Leaion Casos Per Cent

Tinea pedis 958 28 50
Tinea circinata 677 2014
Tinea cruris 545 1622
Tinea manuum 530 1577
Tinea flava 519 1544
Tinea capitis 59 175
Tinea unguum 57 169
Tinea mgra 9 027
Tizea imbricata 7 o2t

Totals 33 10000

* Based on data compiled by the pp

month old gurl who died of syplults There were no physical find
ngs referable to the lungs but autopsy showed a lung abscess from
which a pure culture of Nocardia asterordes was obtained The 3
cases reported by de Santos ' were those of adults (two males one
female) who suffered from subacute pulmonary symptoms The
sputum contained granules and mycehal filaments No cultures
were reported
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There has been one report of rhinospordiosis *# This was dis
covered only on histologic examination of a tissue specimen la
beled nasal polyps taken from a seven year old boy from Negros

Sporotrichosis blastomycosts and cryptococcosis hase never been
reported Although the names blastomycosis ** and cryptococcosts
have been used 1n describing certain cases n the Philippines the
cases do not cotrespond to our present day concept of these dis-
eases

We reported a case of chromoblastomycosis ® 1n a fifty eight
year old farmer with skin lesions of twenty five years duration He
presented an ulcerated tumor cauhiflower hike growths and a ver
tucous plaque The fungus 1solated was Hormodendrum compac
tum This 15 only the fourth pauent i whom this organism has
been discovered The other three were from Puerto Rico Tennes
see and California

Monihasis was first reported 1n 1924 by Smuth ** when he ob
served yeasts 1n the mouth and feces of 8 patients with anema and
the sprue syndrome All hus patients were whites with the excep-
tion of a male Filipino He 1solated Montha psilosis Later mvestt
gations have shown that Monilia has no ettologic sigmficance in
sprue

Aragon and Halde ** were able to 1solate yeasts from the vagina
of pregnant Filipino women with no vagmnal symptoms In those
cases associated with vaginal prurtss they found abundant growth
of C albicansand C tropicales

Of the superfictal dermatophytes three investigations have been
done by Bocobo et al ** # to determune the species in the Philip
pines (Table 8) In tinea pedis Trichophyton mentagrophytes
and T rubrum are found to be the cause with T mentagrophytes
predominating by 3 6 per cent compared to T rubrum 04 per
cent In the Unuted States the work of Hophins # and Burke and
Bumgarner * also show 7" mentagrophytes as the commonest
causative OTganism 1n tinea pedis

In tinea cruris howeter, the findings are the reverse of those
tinea pedis T rubrum 15 more commonly found than T menta
grophytes (30 per cent compared to 3 per cent) Tlhis type of imfec
tion by T rubrum has a greater tendency to spread to adjacent

areas and may even become generalized Eprdermophyton flocco
sum has been 15olated only onice Since some textbooks # mention
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this orgamsm as the common dermatophyte responsible for tinea
cruris this 1s an nteresting observation

In tinea corports T rubrum again 1s the predominating organ
1sm (222 per cent) This 15 1n contrast to the findings mn the
United States where Microsporum especially M canis ts the com
monest cause Bocobo * 1solated M gypseum only once Halde **
also menuoned that 1n her mvestigations 1n the Plulippines the
Microsporum mnfection was uncommon She 1solated M gypseum
from the skin 1n 3 mstances

Bocobo reported no cultures from tinea unguium and tinea
manuum 2lthough Halde % said that the mcidence of T rubrum
nfection of the toe and fingernail associated with tinea pedis was
commoner than that of C albicans mfections Nearly the same 15
true for tinea manuum The over all picture for the dermatophytes
shows that T rubrum 1s a constant infecting organism m practi
cally all of the superficial types of mycotic infection

Otomycosts 1s prevalent dspergsllus fumigatus * was 1solated in
the one published case In addition Halde ** cultured 4 niger
and 4 clavatus Her cases were associated with bactenial infection

The etiology of trichomycosis nodosa was studied in 1914 by
Schobl *¢ who cultured Corynebactertum from the hair We * saw
white concretions of the scalp hair 10 school children which we at
tributed to trichomycosis nodosa We were unable to grow any
fung: on Sabouraud s agar only Staphylococcus aureus and § al
bus Our concrenons showed gram positive coccord forms

Tinea versicolor 1s seen frequently and 1s interesting because of
the color charactenistic which distinguishes 1t from the cases seen
m temperate chimates We see cases with brownush scaly macules
but the more prevalent type 1s the pseudoachromic lesion Varrous
names have been gnven to the Jatter such as tinea flava by Castel
lan: and achromia parasitica by Pardo Castello and Dominguez
In exther case we find that treatment with some photosensitizing
agent aside from the parasitic medicament helps 1n restoring the
normal color of the skin

Tinea mmbricata 1s seldom seen :n Mamila but we had an occa
sion to visit 2 Moro village where we found 1t occurring 1n almost
epidemc form Many families including one with fourteen mem
bers were infected with the disease Anthropology books show pic
tures indicaung that the pagan tribes living 1 the mountains are
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also affected We can only attnbute the extensive infection 1n them
to their infrequent bathing habits and to the practice of sleeping
close together on one mat Some pauents affected with this disease
who came for ¢ ltation at a free disp y saud that in their
town many persons had the sxme disease When we interviewed
them they said that 1t was a common behef that the disease occurs
among those who have come 1n contact with fish washings  How
ever since they hve along river banks we surmise that the spread
of infection can be traced to the habit of using a common stone as
abrasive for cleansing of the skin The disease 15 caused by T con
centricum, and 1t had been successfully cultured by Reyes and
Halde from cases in the Philippines

Although a photograph labeled Philippine case 1s 1n Sutts

g Pr and Treat; of Tropical Diseases te

wised by Strong no hterature on tinea imbricata 1s available in the
Phihippines The first mention of the presence of this infection
there was by the Bniush navigator Willam Dampier 1n his
¥ oyage Round the World in 1729 =

The disease 1s easily recogmuzed The lestons consist of shingle
like papery scales arranged 1n concentric circles and once seen can
hardly be mustaken for any other disease We have seen cases with
mnvolvement of the entire body except the palms soles nails and
scalp even in children as young as one year old

Although tinea imbricata 1s considered a superficial skin disease
many authorities claim that 1t 15 ressstant to treatment We have no
experience in the treatment of this disease as we were unable to
follow up the few cases we saw in the dispensary but I consider
this disease 1nteresting enough to warrant further studies From
what we have seen 1n Mindanao 1t1s one of the major skin diseases
among the Mohammedan tribes and also possibly the pagan tribes
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this organism as the common dermatophyte responsible for tinea
crurs this 1s an interesting observation

In tinea corporis T rubrum agam 1s the predommating organ
1sm (222 per cent) This 15 in contrast to the findings mn the
Unuted States where Microsporum espectally M canss, 1s the com
monest cause Bocobo * 1solated M gypseum only once Halde *
also mentioned that 1n her investugations 1n the Philippnes the
Microsporum 1nfection was uncommon She 1solated M gypseum
from the skin 1 3 instances

Bocobo reported no cultures from tinea ungumum and tinea
manuum although Halde * said that the incidence of T° rubrum
mfection of the toe and fingernail associated with tinea pedis was
commoner than that of C albicans infections Nearly the same 15
true for tinea manuum The over all picture for the dermatophytes
shows that T rubrum 1s a constant mfecting orginism m practt
cally all of the superficial types of mycotic infection

Otomycosis 15 prevalent Aspergillus fumigatus @ was 1solated in
the one published case In addition Halde ** cultured 4 niger
and 4 clavatus Her cases were associated with bacterial infection

The erology of trichomycosis nodosa was studied in 1914 by
Schobl ** who cultured Corynebacterium from the hair We * saw
white concretions of the scalp harr m school children which we at
tributed to trichomycosis nodosa We were unable to grow any
fung: on Sabouraud s agar only Staphylococcus aureus and S al
bus Our concretions showed gram positive coccord forms

Tinea versicolor 1s seen frequently and 1s interesting because of
the color characteristic which distinguishes it from the cases seen
1n temperate chmates We see cases with brownish scaly macules
but the more prevalent type 1s the pseudoachromic leston Various
names have been grven to the latter such as tinea flava by Castel
lam and achromia parasitica by Pardo Castello and Dominguez
In either case we find that treatment with some photosensiuzing
agent aside from the parasitic medicament helps in restoring the
normal color of the skin

Tinea 1mbricata 1s seldom seen 1n Mamila but we had an occa
s10m to visit 2 Moro village where we found 1t occtrring 1n almost
epidemic form Many families including one with fourteen mem
bers were infected with the disease Anthropology books show pic
tures indicating that the pagan tribes living 1 the mountains are
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A new fungus capable of producing dermatophytosts was rdents
fied as Stachybotns elternans This fungus was unlnown to the
medical world until 1937 and us appearance as a cause of shin
dhsease was a complete surprise to physicians as well as to mycolo-
gists The axillac the pubes and other intertnigmous regions ap-
peat 1o be the sites of predilection m man Here 1t first appears as
erythematous mcules which fater develop snto the charactensstic
lesions When the genitalia ave smobed considerable inflamma
uon and suelling resuft However this s pnmanly a disease of
horses Between 1931 and 1938 this discase caused the death of
30000 horses 1 the Ukrame In the horse the disease 15 mam
fested by general mtoxicanon and nflammation of the mouth
esophagus stomach and hidneys This fungus grows pnmaniy on
wetstraw from which 1t passes to horses and man

Oromycosss 10 the Ukraine 1s caused by such fungr as 4 niger
A flavus 4 furmgatus and sometimes Pemcithum From the ear
wmfection ean extend mto the brasn producing memingins Dr Pol
jansky s article on an abscess of the temporal tobe of 2 man from
which he 1solated Penrathum 1s an example of this 1 have ob-
served a case of stomycoss due to 4 mger sn a laboratory techm
cian who worked consistently with thus fungus

Fungus infectzons of the eye are to my knowledge httle known
n the Ukrame Personally I hnow of only one case in Rharhov 1
which A fumigatus was wolated from an mnfected cornea

Dr Tschernyal has described sexeral cases of fungus infection of
the stomach and hidney sn ansmals in Russia Idenufication of the
fungus was made by the coloraton of the imolved organ 1t w hus
opinion that fungus miections of the g:mmmcsxmal mct mnang
mals are much more widespread tham s ¢

So far as I know there 1s no published data on fungm wfections
of the gastrointesunal tract of human bengs in the Ukraine How
ever at a conference of the Microbiological Institute of the Acad
emy of Science of the USSR 1 1938 afier I gave my report on
towie and pathogemc fungt duscussion brought out that dunng
the autopsy of famine victims sn 1932 and 1933 many cases of fun
gus nfection of the gastromtestimal tract were observed It was
explaned by the fact that the hungry population was eatng moldy
refuse and that the famune weakened wdviduals were an easy prey

for these mucro-organisms




V T PANASENKO

The Status of Fungus Diseases
m the Ukrame

The fungus diseases of man and animal are widespread 1n the
Ukraine We do not possess factual data concermng the morbidity
and mortality of fungus diseases 1n man since only case reports are
recorded 1n the literature This lack of data in part stems from the
fact that few physicians are working i the field of mycology 1n the
Ukramne

Of the various types of fungus disease found 1n the Ukraine the
dermatomycoses are the most widespread and have been the most
thoroughly studied Dr J S Popov of the Institute of Dermatology
1 Kharkov has recorded 529 cases of the dermatomycoses observed
during a two year period These represented approximately 9 per
cent of all skin disease recorded at that istitution The commonest
causes of these dermatomycoses were species of Trichophyton but
other fung1 were also encountered 7 wiolaceum was the most
commonly found in the Ukramne followed by T gypseum T ac
cuminatum T cratertforme and occasionally Microsporum lano
sum

The scalp extremities nails and buttocks were the usual areas
of involvement with these fungi

Bestdes the indicated species other fung: were 1solated but their
participation 1 the pathologic process often remamned unex
planed The fung: most often recexved by us from the Institute of
Dermatology 1 Kharkov which were 1solated from skin lesions
and abscesses were Aspergillus mdulans 4 flavus A versicolor,
Pencillium Ulacinum  Scopulariopsis brevicaults etc Whether
they were the primary causes of the mentioned diseases or second
ary 1nvaders was undetermined Dr Leshchinshy reported the 150
latjon of 4 flavus from an abscess He contended that this organ

ssm was the sole cause of the abscess
82
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of the significant forces which 1ncite and maintain disease sve for
the obvious role of the parasite itself When medical students an
swer that the cause of eprdemic tinea capitis 15 Microsporum
audoutns, such a reply 1s not wrong but 1t 1s certainly madequate
and unsatisfying This type of answer also shows how the germ
theory has come to domunate thunking to the extent that the mere
presence of the germ 1s constdered 1 sufficient cause for the mncita
tion of disease A considerable experience shows otherwise

Even when one tries to noculate the heads of chuldren with
great quantities of M andouin: spores 1t 1s found that about 50
per cent of the theoretically susceptible population are resistant
Furthermore the mfection 1s trivaal and short lasting 1n many 1n
dicaung high resistance Considering the intimate play habats of
children and the billions of spores shed from infected scalps 1t
seems remarkable that the great majonty of urban children escape
mfection yet rarely in large aities 1s the incidence greater than
1 per cent Siblings escape far more often than 1s consistent with
the notion that disease 1 caused by exposure to pathogens Some
thing more than the parasite 1s required This something 1s an elu
sive quality which we call suscepibality an mnnate factor defying
precise defimtion

It has been claimed that the adult immunity to tlis type of
tinea capitis 1s due to an increased concentration of antifungal
fatty acids in post pubertal sebum a thests which 1s exceedingly
attractive but one which I believe 1s without expenimental sup
port 2 It rests entrely upon an 1nference and not 2 direct biochem
1cal determination As yet in no nngworm disease has 1t been pos
sible to reduce to biochemical terms the forces which govern
Tesistance or immunity

Modern views force us to focus less attention upon the organism
and more upon the qualities of the host as well as upon various
ecologic and environmental factors which influence the relation
ship between the host and the parasite What seems impressive 1s
not the infectiousness of the ringworm fungr but the high natural
resistance of the skin of normal human beings

There are many commonplace examples of the high native re-
sistance agamnst dermatophytes Innumerable individuals have
chromie 1nfections of the feet and especially of the toenails from
which sources a steady shower of organisms contamunate the gla
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Some Reflections on the Biology
of Ringworm Infections

While a good deal 1s known about the dermatophytes lasgely
through the work of mycologists and although dermatologsts
have given detailed descriptions of ringworm diseases there has
been insufficient attention pard to the area which hes between the
mycologists and the dermatologusts that 1s the host parasite rela
tionship or the reciprocal interaction betwveen the parasiized and
the parasite The purpose of this communication 1s to present cer
tain formulations concermng the host parasite relationship n ning
worm mnfections

In the first place the nfect and ¢ % of ning
worm fung: have been greatly exaggerated Ths 1s 2 consequence
of an overly nawve view of the way 1 which organisms produce dis
ease To be sure there can be no ningworm disease without rng
worm fung: but thesr mere presence 15 not sufficient to establish an
mfection Yt 15 only when the host 1s susceptible and the environ
mental circumstances are favorable that the fungus 1s given an op
portunity to become mnasive Unfortunately these other forces
which contribute to the pathogenesss of disease are not at all obv
ous for the most part and especially are we unable to analyze sus
ceptsbihity All that can be said 15 that some mndividuals for un
known reasons scem readily able to become infected winle athers
despite adequate exposure are resistant Causation 1s complex and
consists of 2 network or chain of interacting forces No single ele
ment 1 the netwvork 15 by 1tself capable of producing the disease
unless the proper combmnation of other favorable factors exists

This concept can be i up m an el y fashion by
considering disease to be a result of predisposing, precspitating

and perpetuating factors Only rarely can one discern all or smost
]
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plamation I beheve s that the tsue upheaval leads to collapse
of the follicle with rupture of the wall and sequestration and frag
mentation of fungus infected hurs into the cuns
From time to time in clymeal discussions mention ss made of dor
mant singworm mfections @ concept winch wilt not bear close
analysis 2 by dormant 15 meant the persistence of resting or in
active fungus elements 1n the skin The normal dynamacs of skin
growth makes such a condison unposuble for there 1s 2 steady
outward stream of heratinized cells which must cause any passie
or resting object to be remoied w the same way as a drop of India
ink 15 exfoliated To stay i suu the fungus must actively grow
against the & of the epsthelial current ¢ 1y tmvad
mg the newly formed keratin Caly by establishing such a growth
equilibnium with the growth of the shin can the fungus reman in
the same velatue position
Granted that there are no dormant mnfections can nngworm it
fecuons be asymptomatic that 1s to say can the fungus grow m
the stratum corneum harr or nasls withow producing disease? We
can practscatly dismss this passibihity 1o the case of haw or nuls
since the growth of the fungus disorganszes these structures re
sulting s some sssible damage vi. broken-off haws dystrophic
nails In respect to the glabrous shin asymptomatic wfections do
not appear to exist signsficantly 1f at alt except n regions such
as the patms and soles where the very thickness of the stratum cor
heum may protect the underlying structures We have never been
able to visualize probferating hyphae m the normal loohing gla
brousshsn even m pattents with widespread ringu.om lesions
On the other hand occasionally 1n a definstely mnor propor
ton fungus elements may sometmes be observed between the
toes and on the plantar surface of the foot although there may be
no visible reaction or  disease  The epsderniologie significance of
such latent mfections 18 wmconsequential as it would have to be
stnce event quite active snfections are not for the most part highly
transmussible
One of the most provocatsse questions in this field 1s how nng
worm produce infl o1 Any chinieal reaction such
as redness vesiculanion edema infiltravon scaling ete must be
medated at a distance by some diffusible substance excreted by the
fungus for the orgamsm 1s not actually m the tissue which 15 e
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brous skin yet spread to other parts of the skin from these foct 18
rare indeed Neuther do the contacts of such persons acquire ring
worm infections as indicated by the resistance of conjugal mates
Moreover we have all been perplexed at the extraordimary tend
ency for certamn chrome infections to remain confined to a local
1zed area for years as for instance mdividuals who have palmar
ringworm of one hand but not of the other or who have one 1n
fected fingernail but no others

Fnally the real coup d etat for the belief in the mgh infectious-
ness of ringworm fung: 15 the exceeding difficulty 1n establishing
expenimental rgworm infections of the glabrous skin We have
been greatly frustrated 1n attempts to produce actively spreading
ringworm lesions conforming to the natural disease by expernt
mental moculaton carried out under a wide variety of circum
stances using the entire spectrum of ringworm fungt Agam 1t 1s
evident that something besides the organisms 1s required
though how to measure or recogmize that something 1s a puzzle
The individuals 1n whom expertmental moculations take do not
appear palpably different Only rarely can one discern the opera
tion of some major etiologic force which predisposes to infection
iz ingworm 1nfections 1n persons with generahized ichthyosis
various endocrinopathies 1 malignancies etc and even these 1
stances are uncommon As for environmental factors no one will
gainsay the enhancing effect of heat and mousture on certain fun
gus mnfections of the skin and particularly of the feet

Anatomically the relationship between the host and the parasite
1n a situation such as the glabrous skin 1s umque These fung: are
not only keratinolytic which enables them to digest the horny pro
temn keratin the bmlding stuff of the stratum corneum hair and
nails but even more important they are necropmlic that 1s to
say therr proliferation 1s restricted to dead substrates The der
matophytes cannot reproduce themselves or grow n hiving tissue
In the mnfected hair particularly one can observe the fungus ele
ments stopping abruptly at the zone of nucleated cells just above
the matrix, indicating a very definite imitation to mvade even
partially viable cells When fungus elements are found in the cutis
as in Majoccha s granuloma or m kerion Celsus 1 would strongly
dispute the contention of some * ¢ that this shows a capacity for
dawnward growth 1mto the viable layers of the skin The true ex
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actng According to the classrcal teaching s substance 1s an al
lergen to which the tissue 1s sensitized and the mamfestation of
ringworm 1nfection of the glabrous skin 13 therefore essentially
an allergic one * While such a concept might hold for extremely
mflammatory mfections 1t 15 elearly mapplicable to the socalled
nonmflammatory ringworm lesions m which the mflammation
mald

It should be noted moreover that the term noninflammatory
denotes a difference mn degree rather than a total absence of
flammation The tissue reaction s greatly reduced 1in say A au
dowin ingworm of the skin but there 1s sull obvious redsess
scahng and an active border Assuming that the host has not
through any previous or current circumstances acquired an allergy
to the fungus (trichophytin sensitivity) how shall we account for
the mflammatory signs of mnflammation? 1 behieve that the answer
15 2 very simple one We have demonstrated that the dermato-
phytes produce exotoxins as well as allergens These toans are to
be sure very nuld when compared to let us say tetanus or deph
theria toxmn but they are cytotoxuc nonetheless The undiluted fil
trate of ringworm cultures mjected or apphied epicutaneously to
nonallergic normal slin will produce a primary toxic effect m
most individuals In individuals who are allergie such filtrates ap
plied 1n the same way produce greater inflammatory responses ok
mg to a combination of allergic and toxic influences The eytotoxic
agent has also been detected in cultures grown on ground up kera
tin obtained from catluses so that there 1s reason to suppose that
1t can be produced under 11 vivo circumstances

In short 1n the case of ringworm lesions of nonallergic skin the
ringworm infectson 1s 2 kind of biologic contact dermatitis of the
primary srratancy type 1 which the irrtant 1s produced by the In
ing organism but evokes the response m a way essentially stmalar
to the epicutancous apphcation of any writant chemical On the
other hand 1n violently mflammatory lesions such as kerons al
lergic mechamsms are doubtless dominant
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senved the favorable effect of stilbestrol on ningworm of the scalp
1 humans Foley and Aycock * 3n 1944 obsened that a single dose
of 4050 R U of sulbestrol rendered mice hughly resistant to the
sirulent hemolytic streptococer Reiss * found in 1849 that Candida
albicans and Cryptococcus hustolyticus showed enhanced growth m
medim contning sterord
Abernathy et al ¥ showed 1n 2831 that cartisone nereased the se
serity of expennmental brucellosis In 1951 Redaell et al® ob
senved that rats mypected with and infected subcutane
ously with Coccrdiotdes pmmatis had developed visceral changes
Glaser et al* and Thomas ** showed that cortisone ancreased the
seventy of streptococenl and pneumococeal tafections hass et al
studied the effect of cortisone and ACTH on the development of
preumococcat infection in mice They found that snemals injected
with cortssone died sooner than the controls Southam etal *2 noted
that large doses of cortisone greatly increased the susceptibilaty of
mice to the development of mfection with West Nule Itheus and
Bunyamwera viruses hhigman ** and his co-workers observed that
cortisone caused a spread of the cutaneous Trichophyton men
tagrophytes snfecuons Selye in 1951 summarized his expen
ments asfollows  Experuments on the rat show that both cortisone
and ACTH ginven at toxic dose levels can cause fatal systemic i
fections whuich are presumably due to otherwise non pathogeruc
microorganistas such as are normally present sn the body Thus
effect of cortisone and ACTH can be completely prevented by
sutable doses of purified STH  Roth ¢t 213 111 1952 showed that
cortisone mereased the severty of miection induced by € albscans
1n 1953 Schesr ! showed that cortisone shottened the survival time
of mice infected wath € albicans and that STH reversed thus effect
Present reports show the effect of various dosages of corusone on
a number of different fungus snfections The usual experimenal
pracedure consisied of presngection of mice with cortisone acetate
{Merck) *in 1 1 dilution with ssotonic sahne The hormone was
wjected for three successive ddays (one mjection per day) preced
ing wocutation of the organism The results of these expermments
are summanized m Table I
1t may be seen that cortisone in dosages of 895 10 375 mg per
G appreciat i extended o Merck Co for the generous supply of Cortone

Atetate and ‘Schering Co for Progynon B{Estradiol Benroate USP)  Prolewn
{Progostevane USP) and Oreton {Testosterone Fsop onase USP)
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The Influence of Hormonal Conditions
on Expenimental Fungus Infection

It 1s becoming evident from the literature that the pathogenic
action of micro organisms depends not only on the characterstics
of the tnvading organism but also on the condition of the host For
example there 15 a chimcal report dating as far back as 1899 dem
onstrating beyond doubt the influence of hormonal conditions on
the course of mycotic infections Devillers and Renon * reported 2
case of 2 woman with chronic membranous bronchitis due to 1
fection with Aspergillus sp A few days before each menstruation
she would have dyspnea and a severe cough The attack would last
a few hours and following it she would expel a membrane of green
1sh color measuring from 3 to 6 cm 1 length and from I to Zcm
mn width Microscopic examination showed that the membranes
were formed exclusively by mycelium of Aspergilius sp In this
case there was a chronic membranous bronchitss due to Aspergil
lus infection which became worse at the time of the increase 1
the level of estradiol Also the known tendency of favus to disap-
pear at puberty s most probably due to hormonal influences

The widespread use of hormones m treatment of different hu
man pathologic conditions has stumulated many insestigators t0
evaluate hormonal influences on the course of infectious diseases
In 1936 Aycock * brought attention to the frequency of poliomy
ehus during pregnancy OQut of ten castrated female monkeys 1n
fected with pohiomyelitts sirus four out of five not treated with
estrm developed pohomyelitis while only one out of five estrin
treated animals developed the infection Sprunt et al ® in 1938 re
ported that the resistance to the vaceima 1 1ncreased 1f the rabbit
has been castrated and then given the estrogenic hormone for a pe
riod of three weeks before being vaccinated  Law ¢ 1n 1943 ob-

90
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mjection increased the mortahty rate of mice infected with fung:
Higher dosages led to no further increase in death rate The most
striking results were obtained with those fungus infections which
require a relatively long ume for development In the case of C
neoformans all animals treated with cortisone were dead alter two
weeks although none of the controls died during this period
When mice were infected with Histoplasma capsulatum the con
trols survined whereas those treated with cortisone were all dead
within a pertod of seventeen days Cortisone had a similar effect on
the course of nfection when the moculation was performed with
a suspension of fung 1n 5 per cent muain

The effects of low dosages of cortisone ranging from 0 000> to
01mg werealso tested In these low-dosage expenments no sig
mificant action of cortisone was observed However 1n one expen
ment a dose of 0 1 mg of cortisone seemed to have a shight mhibit
1ng effect on the infection

Blood cultures on Sabouraud s agar (0 0> ml of blood was with
drawn from the tail vein of each mouse) showed that the number
of colonies was greater in cultures of cortisone treated mice than
1t was 1n cultures from mice not treated with cortisone (Fig 1)

Detailed results of whitecell counts 1n bacterial infections un
der the influence of ACTH hase already been published by hass
et al ** Investigation of white-cell counts on fungus mfections un
der simlar conditions appeared to be of interest. Seseral counts
dunng the course of each expersment under standard conditions
were performed Cortisone 1n doses above 09 mg consistently de
pressed the number of white cells and produced eosinopema
smaller doses had no such effect and 1 some cases leukocytosts was
observed Autopsies were performed 1n all cases 1t was found that
the livers of cortisone treated ammals were sigmficantly heavier in
comparison with those of the controls The spleens of the cortisone-
treated mice were marhedly reduced 1n weight 1n companson with
the controls The adrenals were diminished 1 weight The organs
were mmmersed 1n Allens solution 1mbedded in paraffin sec
tioned and stamned both with hematoxylm and eosin and with the
McManus techmque No differences between treated and un
treated animals were found The examination of McManus stained
slides showed wide varation 1n number and size of fungus colonzes
in cortisone treated and control animals alike In sporadic cases
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Growth of colomes of Candida albicans on Sabouraud s ngar streaked
with blood from untreated and cortisone treated fungus infected ani
mals respecuvely




94 Therapy of Fungus Diseases

among the treated animals the number of colonies 1n the tissues
reached high levels never attained 1n the controls

Limited expeniments performed 1n order to evaluate the influ
ence of ACTH on the development of experimental aspergilloss
showed results sumilar to those obtained from njections of cor
tisone

Effects of estradiol on the course of fung: infecuion were also 1n
vestigated The results are presented 1n Table 2 It may be seen
that mice infected with C albicans, H capsulatum and C neo
formans which recerved estradiol have definitely shorter survival
time than the controls Among the control mice infected with
H capsulatum none were dead 1n a penod of twenty days whereas
ail infected mice treated with estradiol were dead during the same
period of ume Dosages of 0025 mg (150 RU) 005 mg (300
RU) Olmg (600RU) and02mg (1200 R U) of estradiol
were used For all these dosages the life span of hormone treated
animals was shorter than that of the controls this finding was more
conspicuous i1 females than m males During the experiments
whte-cell counts were made systematically Results are plotted
the graph shown in Figure 2 Each point represents the average of
two counts It may be seen that mice which did not recewve 1mnjec
tions of hormones responded to noculation with G albicans with
an early and high leukocytosis while the hormone treated mice
faifed to show a similar effect

Animals treated for a prolonged length of time with estradiol
frequently showed distention of the urinary bladder A survey of
the hiterature on the subject reveals that Lacassagne ** was first to
observe this effect in mice after prolonged treatment wath estradrol
He noted that distention of the bladder occurred 1n females as well
as in males Hastological examination of the bladder wall showed
proliferation of the epithelium of mucosa Swmilar observations
were made by Burrows ** Murray and Stemnkamm # observed the
same effect of estradiol on the urnary bladder of rats and Ray
naud # on the bladder of cats (Fig 3)

The mechanism of action of estradiol on the change of course of
mycotic mfection 1s unknown It 1s improbable that the hormone
acts directly on the micro-organisms Presumably estradiol acts on
the tssue of the host exther directly or by unbalancing the usual
hormonal relationship
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FIicure 3

Urninary bladder of mouse after prolonged treatment
with estradiol
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The fact that mjections of estradiol enhanced fungus infection
n mice suggested that ovanectomy mught also affect thus type of
snfection * In previous expensments the animals were treated with
very high nonphyssologic doses of h We expected ovariee
tomy to have & more conspicuous effect on chrome than en acute
mfections After several experiments with many different organ
1sms we found that I ml of a § per cent mucn suspension of No
carda ngected P Ity killed almost all mice
during a persod of seven to fourteen weeks It was observed that

ovariectomuzed muce bved tonger than the controls Duning a pe

Tamz 3
INFLUENCE OF OVARIECTOMY O EXPERIMENTAL CANDIDIASIS

o :2 Day of Dextt aftar Inoculation
wize 56 786 % 10 MIWIIZIE AT LI 19202122 22
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nod of fourteen weeks ail of the eight miected control mice died
but seven out of mine ovaniectomzed mice sunvived Injection of
estradrol mnto ovartectomized mce effected a mortalsty rate simalar
to that of the control group Addiuonal expersments on 2 larger
scale using ovantectonuzed ammals infected with a more virulent
thatis G alb were perf d The results are pre

lcmcd 1 Table 3 These cxperxm:m.s also showed that the sur
vival trme of ovanectomized mice was appreciably longer

In the course of mmitial expeniments the apimals were hept for
several months afrer ovariectomy before being infected In later
expersments the tmie between ovaniectomy and infection was short
ened to one week The results of this procedure were sumilar

The leukocyte counts m ovanectomized unmiected mice were
generally higher than i the control mice However the sigmft
cance of these data s difficult to evaluate because of the well
known varmability of the white-cell counts in mce

The few exp performed on d males showed only
a shght deleterions mftuence of the castration on the course of ex
penimental fungus fection
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The injection of 5 mg of testosterone to a mouse gave much less
clear-cut results than treatment with estradiol 2 In experimental
aspergiliosts the testosterone treated muce had a shghtly longer
survival time than the controls A mild protective effect of testos-
terone in candidiasis was also observed

CANDIDA ALBICANS

ESTRADIOL
o —X—02
—e—0!
208 ———0.05 HE
+ ' . 1
4 8 12 16 20 DAYS

FIGURE 2

Total whate cell count of fungus infected mice treated with different
doses of estradiol

Progesterone showed no effect on the course of experimental
fungus 1nfection when mjected alone *2 However 1t showed re
markable capacity to nhibit the deleterious effect of estradiol on
fungus-imfected female mce

As both estradiol and cortisone showed the deleterious effect on
the development of fungus infection the effect of these hormones
given simultaneously has been mvestigated It was found that these
hormones were synergistic 1n therr deleterious effect The fungus-
nfected mice treated with estradiol and cortisone had a shorter
survival ume than the mice treated with one of these hormones

alone
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and eight 414 month-old guinea pigs were inoculated 1n the man
ner described for Group 1

Group 3 A batch of eight 414 month-old guinea pigs were mnoc
ulated with Trichophytin Hoechst ina dilution of 1 2 without oily
adjuvants

Group 4 Eight 414 month-old guinea pigs received no immu
nizing injection and served as a control

Ammals tn all groups were infected three weeks after the 1m
mumnizing mjections with a recently wolated strain of T gypseum
on the night shaved and sandpapered flank Thus challenging infec
tion did not take place and therefore the left flank was scanfied
with 2 blunt scalpel and agamn infected with the same strain Since
the second inoculation failed to produce a umiform infection a
third 1noculation was made one month after the second unsuccess
{ul challenging infection All animals were inoculated on the right
flank with a highly sporulating red pigment producing strain of
T gypseum * Thus stratn produced the classical chinical mamifesta
uon of a T gypsenum infection which was followed nine weeks
later by a rernoculation on the left flank

The results are tabulated 1n Table 1

‘The trichophytin test ranged as follows

Groupl Group2 Group3 Groupd
After 3rd woculanon 0 —2+ 0-2+ 0—=x 0—-1+
After 4th moculanon 0-1+ 0—= 0 0-1+

I EXPERIMENT WITH T GYPSEUM IRRADIATED
WITH SUPERSONIC RAYS

In a preliminary experiment ? an alignot fungus suspension of
T gypseum (Dr Hazens strain) was placed tn a spectally made
glass balloon and 1rradiated for six hours with a Siemens ultrasona
tor Because pertinent data were unavailable as to the optimal os
cillation time which would destroy fung: a tnial of exposure time
varying from one to six houts was instituted The six hour osalla
tion exposure was found to be the lethal ime and was adopted 1n
the preparation of the vacane In the following experiment cited
the supernatant fluid of the urradiated fungus or the irradiated
fungus suspension was used

Courtesy of Dr Ehzabeth Haren New York State Department of Health
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Active Immumzation aganst Trichophyton
gopseum Infection 1n Guinea Prgs*

Attempts to produce immunity against superficial fungus mfec
tions 1n experimental ammals have generally met with farlure m
the past An exception 1s the successful active immunization of rab-
bues against Trichophyton purpureum infection * This was accom
plished with the help of otly adjuvants and killed tubercle bacillt
a well known method to enhance antibody production

T purpureum mfection however, cannot be reproduced 10 rab
buts with such regularity as T gypseum infection 1n guinea pigs In
view of this 1t was considered feasible to explore the possibilitres
of active immunization agamnst 7' gypseum infection in gumed
pigs tn which species T gypseum runs a farrly regular and typreal
course

MATERIALS AND METHODS

1 IMMUNIZATION WITH TRICHOPHYTIN

Group 1 Trichophytin Hoechst was ncorporated in an emul
ston composed of Bayol F (paraffin o1l) and Arlacel A (manmde
mono-oleate) to which dned formahn killed A butyrscum were
added Eight 414 month old guinea pigs were tnoculated intrader
mally with the above emulsion on ten sites (0 1 ml per site) Each
guinea pig received a total of 2 mg of M butyricum, 05 ml of
Trichophytin and 0 5 m! of the Bayo! Arlacel combination

Group 2 Broth contaiming 1 per cent Difco beef extract, 2 per
cent Difco dextrose and 05 per cent phenol in distilled water
served as a medium control for the Trichophytin This liquid was
ncorporated nto the A butyricum Bayol F Arlacel A emulsion

“This investigation Was aided by a grant DA-47-007-MD-181 from the Unsted
States Army 100
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diated T gy pseum and formalin Milled M butyricum incorporated
1n aily adjuvants

Group 5 Three 214 month-old guinea pigs recerved saline inan
oaily suspension of formalin hilled M butyricum

Group 6 Three uninoculated guinea pigs served as a control for
Groups4and 5

The challenging infection was performed with Dr Hazens T
Lypseum strain two and one half weeks after the immunizing 1n
jection

The results are tabulated in Table 2

Tare 2
MEAN DURATION

Eypthems Seating G Mlpena Benbee
Group 1 26 days 45 days 19 days 47 days 38 days
Group 2 26 days 48 days 21 days 47 days 42 days
Group 3 25 days 47 days 18 days 47 days 42 days
Group 4 25 days 47 days 24days  45days 35 days
Group 5 28days  47days  15days  43days  52days
Group 6 28 days 45 days 24 days 47 days 41 days

The trichophytin test (eight weeks after infection with T gy p-
seum) ranged from 0 to 1+ 1n all groups with an average of one
plus

I REINOCULATION

Since the interval between the :mmunizing injections and the
challenging infection was too short remfection with the same
strain was performed on all amimals two weeks after the last nega
tine mycological findings Rewnoculation was done for the purpose
of reinvestigating the p of an exising Y aganst
T gypseum The findings are tabulated 1n Table 3

The tnichophytin test was performed eight weeks after the remn
fection with T gypseum Due to an entenc disease the test was
performed on only 13 surviving animals One ammal 1n group 5
hada 1+ reaction the rematming 12 animals were negative
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RESULTS OF IMMUNIZATION WITH TRICHOPHYTIN
AGAINST TRICHOPHYTON GYPSEUU

TasLe 1
Croup 1 Group 2 Croup 3 Croup #
15t Inoculation
Erythema 0 days 0 days 0 days 0days
Scaling 18 days 19 days 19 days 19 days
Alopecia 20 days 19 days 19 days 19 days
Positive cultures 0 days 0 days 0 days 0 days
2nd Inoculation
Erythema 8 days? 1 day 2 days 5 days*
Scaling 21 days 23 days 24 days 20 days
Alopecia 21 days 23 days 27 days 22 days
Posiuve cultures 14 days? 14 days* 14 days® 14 days*
3rd Inoculation
Erythema 9 days 12 days 10 days 10 days
Scaling 27 days 27 days 29 days 32 days
Alopecia 33 days 32 days 35 days 31 days

Positive cultures 23 days 21 days” 18 days 23 days*
4tk Inoculation

Erythema 8 days 9 days 14 days 15 days
Scahing 36 days 32 days 33 days 36 days
Alopecia 40 days 32 days 40 days 32 days

Posiuve cultures 23 days 26 days 26 days 16 days

(1} Only 2 pigs 10 this group showed erythema the other 6 pigs were negative.
(2) Only 1 pig showed erythema for 6 days 1 pig for 4 days Pihe other 4 pigs showed
no erythema

(3) 2 pigs gave positive cultures for 14 days the other 6 pigs were negative

(4) 2 pigs gave posiuve cultures for 14 days the other 6  PIES were negative

(5} 4 pigs gave a pasitive culture for 14 days the other 4 pigs were negative.

56) 2 pigs gave 2 posiive culture for 14 days the other 4 7p:gs were negative
7) One animal 1n this group had a positive culture for 37 days

{8) One ammal 1n this group had a postwe culture for 51 days

Group 1 Eight 214 month old guinea pigs were 1noculated on
ten sites (0 1 ml per site) with the above described oily adjuvant
and formalin killed M butyricum and the supernatant Irquid of
T gypseum

Group 2 Fight 214 month-old gunea pigs were inoculated with
oily adjuvant formalin killed M butyricum and sahine

Group 3 Five 214 month old guwinea pigs uninoculated served 25
a control for Groups I and 2

Group 4 Five 214 month-old guinea pigs received six hour 12
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that the ime tnterval between the immunizing mjection and the
challenging infection was not long encugh

All these factors have to be taken into consideration and new
avenues of active immunization explored

REFERENCES
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DISCUSSION AND CONCLUSION

The experiments which are reported here show that immumnty
agamnst T gypseum mfection 1 guiea pigs was not achieved The
oscillated supernatant fluid in which washed T gypseum culture
was suspended contained 28 per cent carbohydrate * and no pro-
temns but apparently the antigenicity of the sonic treated matersal
was not sufficient to produce tmmunity The trradiated T gypseum
culture as well as Trichophytin Hoechst, both mcorporated i oily

TasLe 3
MEAN DURATION

Epna Satog G, dpens
(average)
Group 1 17days  36days 9days 39days 13% days
Group 2 13days 35days 13days 37days 9} days
Group 3 19days 40days 12days 42days 8] days
Group 4 16 days 43 days 12days 45days 17§ days

Group 5 22days  35days 18days 37days 119 days
Group 6 14days 43days 13days  46days  16]] days

The Iist of figures in the Positive Cultures column cannot be considered 232
true mean because of the great discrepancy in the results
In this group fung! were recavered for 6 days m 1 ammal 14 days 1n 2 amimals
and 23 days 1 another animal
1 In 1 animal in this group fung: were recovered for 27 days for only 6 days in the
other 6 animals (1 anmal bad died previous to the remoculation)
§ Fung: were recovered for 14 days in 1 amumal for 6 days only in the other 4
§ Fung: werc recovered for 27 days in 1 animal 6 days 1 the other (one died before
reinoculation)
Fungt were recovered for 27 days i 1 amimal for 6 days in the other 3 animals
I Fungi were recovered for 27 days 1a 1 amumal 14 dags ia 1 anicnal 6 dayt in
ammal

adjuvant with the addition of formalin killed A butyricum, also
failed to produce immunity

“This failure may be due to vartous factors It 1s possible that one
immumzing mjection 1s not sufficient to produce mmunity and
furthermore that the carbohydrate content was not enough concen
trated 1n the sonic treated supernatant flnd It 15 also concenvable

« Grateful acknowledgment 13 given to Dr C. ] Umberger Senior Towcologust
and Microanalyst of Bellevue Hospital for his vajuable assistance.
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A tentative diagnoss of tinea capitis was made on 2 climical basis
and by use of Wood s lamp This diagnosis was confirmed myco-
logically by demonstrating the fungus spores in the infected hair in
a hOH mount The species of fungus was determined by cultuning
on Sabouraud s medium

RESULTS AND DISCUSSIONS

Of the 21 cases diagnosed chinically as tinea capitis all were post
tive by ROH mounts the infected hair showing fungus on the out
side 1n 3 cases and inside the hair shaft in 18 cases Cultures were

Tasee 1

SPECIES OF FUNGI ISOLATED FROM
TINEA CAPITIS

Specres Aumber Inolated

T wiolaceum 9
T tonsurans 6
T megnmni 1
M canun 2
M gypscum 1
Unsuccessful cultures 2

Total 21

successful 1n 19 cases The organisms 1solated were the following 1n
order of mnaidence Trichophyton wiolaceum T tonsurans T
megmmt Microsporum camis and M gypseum

Our results m this study show that Microsporum 1s not as fre
quent a cause of tinea capitis as 1t 13 1n the United States Only 3 of
the 21 cases were due to this organism Two were due to A cants
and 1 to M gypseum

In most of our cases the duration of infection varied from one
week to five months The longest duration was in T wiolaceum n
fecion which had become widespread in one year The shortest
mfection one week was found 1 a case of T tonsurans The le
sion looked like a circinate ningworm of the shin and the scalp hair
did not come out easily on epilation The most rapid spread was
dueto M canss the inf b g widely d after only
a month




SOCORRO A SIMUANGCO CARLYN HALDE,
and ALEJANDRO C REYLS

A Further Report on Tinea Capitis
mn the Plippines

Attention was focused on the subject of tinea capitiy as 2 result
of our discovery 1n 1950 of 2 cases of this disease * Our anterest 11
this subject was further aroused becausc of the public health aspect
of this infection In the United States this disease constitutes one of
the important public health problems because of the frequency
with which 1t occurs 1n epidemic form 2 Prior to our report 1n 194
the only mention of this disease m Filipino medical literature was
that by Bocobo and Gutierrez ® i 1952 who suspected tinea capitis
1n 7 children seen at the Philippine General Hospital dispensary
These cases however had negative findings on mycologic examt
nation

In 1955 the Philippine Dermatologcal Society through a co-
operative effort tabulated the incidence of tinea captts reported
from four hosprtals in the city of Mamla for the persod 1952-1954
Fifty nine cases were scen out of a total of 24 179 patients or an
mcrdence of 024 per cent The diagnosts was made mostly on 2
climcal basis Only recently has there been any knowledge of the
species of fungus responsible for the disease

METHODS AND MATERIALS

This study covers the period from 1950 to 1955, during which
trme 21 cases of unea capitis were seen These cases were discov
ered as follows

School survey 3 cases
North General Hospatal 5 cases
Phihppine General Hospital 3 cases
Private pagents 7 cases

Referred by other doctars 3 cases
106
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A tentatuve diagnosis of tinea capitis was made on a clinical basis
and by use of Wood s lamp This diagnosis was confirmed myco-
logically by demonstrating the fungus spores in the infected hatr in
a hOH mount The species of fungus was determuned by cultuning
on Sabouraud s medium

RESULTS AND DISCUSSIONS

Of the 21 cases diagnosed clinically as tinea capits all were post
tine by ROH mounts the infected hair showing fungus on the out
side 1n 3 cases and inside the hair shaft in 18 cases Cultures were

Taste 1

SPECIES OF FUNGI ISOLATED FROM
TINEA CAPITIS

Specres Aumber Isolated

T wiolaceum 9
T tonsurans 6
T megninl 1
M cann 2
M gypseum 1
Unsuccessful cultures 2

Total 21

successful in 19 cases The organisms 1solated were the following 1in
order of inadence Trichophyton vtolaceum T tonsurans, T
megnin: Microsporum canis and M gypseum

Our results 1n this study show that Microsporum s not as fre
quent a cause of tinea capitis as 1t 15 1n the United States Only 3 of
the 21 cases were due to this orgarmism Two were due to M cants
and 110 M gypseum

In most of our cases the duration of infection vaned from one
week to five months The longest duration was in T wviolaceum 1n
fection which had become widespread 1 one year The shortest
infection one week was found 1n a case of T tonsurans The le
sion looked like a circinate ningworm of the skin and the scalp hair
did not come out easily on epllauon ‘The most rapid spread was
dueto M camis the inf g widely d after only
a month
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Except for 2 cases which had widespread mvolvement most in
fections were localized The site of greatest predilection was the
occrput folloned by the panetal parieto-occpital and temple
areas There was more evidence of inflammation 1n T tonsurans
and Microsporum infections kerion formation was seen m 4 of 6
cases of T tonsurans 1n 1 case of M canis and 1n the 1 case of M

TasLe 2
AGE AND SEX DuSTRIBUTION

gt Croup Male  Femcle  Total
0-6 5 1 6
7-12 10 4 14
13 and over 1 - 1

Totals 16 5 21

gypseun This follows observations 1n the Untted States that
kerion 15 frequently found 1n mfections with M canss, M gypseun
and T tonsurans* We had 2 cases of tinea glabrosa assoctated with
tinea capius caused by 7' tonsurans and T megnin: Broken hair
stumps the so called black dot ringworm  were scen frequently
m T wolaceum nfection and were also seen n our case of T
megnins infection

The ages of the patients varied from four and one half years to
thirteen years The greatest number of cases was found 1n the
seven to twelve year group Only 1 case was found in an adolescent
There was a preponderance of 16 males to 5 females (a ratio of
3w ])

Infection was encountered almost equally in Filipinos and Cht
nese In our series there were 10 Chinese (8 males and 2 females)
as compared to 11 Filipinos (8 males and 3 females)

A breakdown of the 1solated species according to nationality 1€
veals that among Clunese the predorminant infecting organism 15
T wiolaceum, whereas among Filipinos no one orgamism predom:
nated hurotchhin ® stated that T wolaceum 1s common in North
Chma Bocobo * mentioned two Chinese children svho took 2 1a
cation 1 China and returned to Manila with a T weolaceum 1
fection of the scalp There 1s a sizable Chinese community Ma
mla totaling 72 876 n a ity population of 1 076 240 or 672 per
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cent In view of the fact that every now and then a fair number of
these Chinese go to Cluna for a visit in the homeland there 1s al
ways the possibility of bninging more of thas infection into the
Philippines

Taste 3
INCIDENCE OF SPFCIES OF FUNGUS BY NATIOVALITY

. Flpror Ch nese ot
i Vidle  Female | Male  Female |
T wiolaceum 0 2 6 1 9
T tonsurans 3 [ 2 1 6
T megmm 0 1 0 [} 1
M canis 2 [ 1] o 2
M gypscum 1 0 0 o 1
Unsuccessful
lrores 2 oo o |02
Totals 8 3 8 2 21
FPIDEMIOLOGY

In connection with this study suneys were made of schools
where our patents were studymng and the neighborhood wheremn
they were ressding The school sunveys were done on a chmcal
basis and also by examinatton of the scalp under Wood s lamp 1n
a darkened room From our expertence the Wood s lamp was of
little value m detecuon and follow up of cases because the major
1ty of the cases were caused by Trichophytons Of the Microsporum
cases we had the opportunity to examine under the Wood s lamp
only the case infected with M gypseum The infected hairs within
the patch gave a dull greemish fluorescence

Of a total of 6478 school children examined 3617 were Fili
pinos and 2476 were Chinese In addition 385 children of school
age belonging to the pagan tribes were examined Apayaos i
northern Luzon 75 Bilaans 1n southern Mindanao 185 and Moros
1n Davao 125 Three cases of tinea capitis were discovered among
Chinese school children none among the Filipino both Christians
and non Christians Each of the 3 cases among the Chinese school
children was found m a different school and there was no evidence
of spread of infection to immediate contacts
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The results of this study also indicate that trnea capitis 1 com
moner 1n the urban than 1n the rural areas Only $ cases came
from the rural areas the rest were from the city of Manila

The absence of cases among the pagan tribes may be attributed
erther to the msufficient opportunity for transfer of the infection
due to absence of contact with enivilization or to natural immuntty
to the disease

The socroeconomuc condittons likewise seem to play an impor
tant role i the eprdemiology of this disease Most of the cases of
tinea capitis were 1n children of the low income group who Ive 1n
congested districts of Mamila Five cases 1n this series however
came from the middle mncome group

In the 2 cases infected with M canss there was history of contact
with a puppy mn one case and with a hitten 1 the other It was
learned from a vetermarian in Mamla that they have found clim
cal fungus mfection in dogs aged four to six months However no
cultural studies had been done to verify the fungus identification

Spread of infection to one or more members of the family was
apparent 1n 7 mstances n our series In the 2 cases of M cams i
fections the disease was transferred to a brother of each of the p2
tients In a case of T tonsurans infection a brother of the patient
developed tinea circinata In the case of T megnim: mfection the
mother developed tinea circinata caused by this organism Ina case
due to T tonsurans infection was spread to a neighbor who also
developed tinea capitis due to the same organism

In 2 cases where the hair showed large endothnx spores but
whose cultures were unsuccessful the patients were Filipmo twins
who acquired infection at apparently the same time They at
tended a Chinese school and there 1s the possibility that they may
have the infection which 1s common among the Chinese
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CHARLOTTE C CAMPBELL, LAYNE L CARSON,
and WALTLR H MOURSUND

Tmnea Pedis in United States Army Troops
Stationed in Puerto Rico and the Com-
parative Effectiveness of an Antihistamme
(Dlphenylpyrahne) and Undecyleme Aad
mn Its Treatment

Thus report 15 concerned with the extremely high prevalence of
tinea pedis in United States Army troops stationed 1n a subtropical
chimate the mycotic flora involved and a comparison of the effec
tiveness of an antimstamine and undecylenic acid 1n 1ts treatment
The latter phase was not completed because of emergency mihitary
measures

The study was carried out on 466 mfantrymen who were exam
med 1mmediately after a period of active field traiming near San
Juan Puerto Rico The group consisted primanly of persons na
tve to the island and 1n many tnea pedis probably had been pres
ent since childhood

PREVALENCE OF INFFCTION

Following chinical 1nspection of each individual skin scrapings
were removed from 1nfected areas of both feet and sent to the lab
oratory for study The latter included a three weel. period of cul
ture at 30 to 32°C on Littman s Oxgall agar (Difco) containing
40y/mi streptomycin and direct microscopic examination with 10
per cent potassium hydroxide Isolates suspected of being dermato-
phytes were transferred to Sabouraud s or potato dextrose agar for

definitive 1denufication Shin scrapings which did not yield der
nz
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matophytes after 14 days were cultured a second time on the Ox
g2l medium and held for 1n additional twenty-eight d1ys before
betng considered negative Finally specimens that were culturally
negative following both 1solation attempts were examined micro-
scoptcally for branching filaments

The data shown m Table 1 reveal that 445 of the 466 persons
(95 5 per cent) had one or more infectton sites on the feet Of
these 1nfections were generahized on both feet 1n 72 1 per cent

Tante 1

CLINICAL EVALUATION OF TINEA PEDIS AMONG 466 UNITED STATES
ARMY PERSONNEL IN PUERTO RICO

Ao %
Positive 445 955
Generalized both feet 32 721
Localized between toes 101 227
Localized other 23 52
Negative 21 45
Degree of infection
Scaling only 199 447
Sealing plus maceration 177 398
Scaling plus maceration plus vesicles 66 148

Secondary bacterial infection

were localized between the toes 1n 22 7 per cent Infection sites 1n
52 per cent were confined to discrete areas on the heels insteps
plantar surfaces etc As to the degree of infection 1n the 445 chin
1cally positive persons scaling only was noted in 199 (447 per
cent) scaling with maceration m 177 (39 8 per cent) and esicles
1n addition to maceration and scaling 1n 66 (14 8 per cent) There
was little evidence of secondary bactenal invasion

This high p ge of climeally app infection was con
firmed by laboratory study as illustrated 1r Table 2 Cultural and
mucroscopic studies on specimens from 439 individuals disclosed
that 406 (92 5 per cent) were positive by one or both of these ex
aminations Dermatophytes were 1solated from 303 persons (69
per cent) and fil were di rated 11 103 add 1 cases
1 which a dermatophyte was not 1solated (23 5 per cent) Spec
mens from 33 men (7 5 per cent) were negative
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TasLe 2
INCIDENCE OF TINEA PEDIS IN UNITED STATES ARMY TROOPS

IN PUERTO RICO AS DETERMINED BY MICROSCOPIC EXAMINATION
AND CULTURAL STUDY Or SKIN SPECIMENS

Mo %
Positve by culture 303 690
Negative by culture
Positive by microscopic examination 103 235
Negative by culture
Negative by microscopic examination 33 75
Totals 439 100

Tasre 3
DISTRIBUTION OF 326 DERMATOPHYTIC STRAINS ISOLATED FROM
TINEA PEDIS INFECTIONS SEEN AMONG UNITED STATES
ARMY PERSONNEL IN PUERTO RICO

Wo Cases,
Srownten iy Sootste | Teotates | oo
Trichophyton rubrum 08 19 27
chophyton mentagrophytes 85 n n
Epidermophyton flotcosum - 15 102
Conbinstions in dual infectionsd
I rubnmand E floccosmm 12
I mentagrophytes and E floccosum h
I pentazrophytes and T rubmm 1

As shown in Table 3 326 dermatophyte strains were recovered
Of these 127 (39 per cent) were identified as Trichophyton 1u
brum, 97 (30 per cent) as T mentagrophytes, and 102 (31 per
cent) as Epidermophyton floccosum Two orgamsms were wolated
from each of 23 persons

THERAPY

In earlier studies certain antthistamines were found to possess
considerable mhubitory actrvity agatnst growth 1n vitro of patho-
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geme fung: especially those species which are mvolved 1n infec
tions of the hair skin and natls \Vhen diphenylpyralne (Nopco),
the most inhibitory of the used n earlier studies
farled to produce reactions in 200 volunteers following repeated
topical applications of a 5 per cent concentration it appeared to
be suffictently Free of sensiizing and irritant properties for tral i
these cases It was reasoned that such 2 compound 1n addition toa
possible fungistatic acivaty 1n vivo would also alleviate pruntus
and other allergic festations frequently d with such
nfections

The primary object for the second phase of the study therefore
was to compare the therapeutic efficacy of this anuhistamine with
that of undecylenic acid which 1s used extensively for the treat
ment of der ycoses in Army p 1 For this purpose each
of the two drugs was mixed 1n a vanishing cream base at a final
concentration of 5 per cent Following removal of the first skin
specimen each man n the study was given an unlabeled jar of
omntment and mstructed to apply 1t to all parts of both feet once
daly Men in Group I were 1ssued base without drug those mn
Group II base containing undecylemc acid and those in Group I1T
base with diphenylpyraline All degrees of infection were present
1n each group

The anitial plan called for a four week period of treatment but
for reasons noted earhter the experiment had to be termnated at
the end of 2 two week peniod Final skin specimens moreover
could be obtained from only a hmited number of men 1n each
group Chnrcal inspection of necessity was also cursory Thus the
results of therapeutic studies are based on 124 selected subjects
viz persons whose skin scrapings were positive by culture befare
treatment and from whom 1t was possible to obtain specumens at
the end of the two week pertod

The results of these cultural studies are summarnized 1n Table 4
A substantial reduction 1n the total number of isolates was ob-
served 1n both treated groups (Il and III}) whule 1 the control
group (1) almost as many organisms were recovered at the end of
the two-week period as before In addition the number of indi
vidual species 1solated 1n each of the treated groups appeared to
be reduced

Statistical evaluation of these data by chisquare analysis was
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Tasre 4
NUMBER OF ISOLATES OF SPECIFIC MYCOTIC AGENTS BEFORE AND AFTER
A TWO-WEEh PERIOD OF THERAPY WITH DIPHENYLPYRALINE
OR UNDECYLENIC ACID

Organtans fmolated:
Tual
Croup Drug Total 2 mentsgrophytea [T yubpum [g Sfloccosum | Infections
) 51 B T% CHWY 4

I {Vaniehing eresa [T |
bese without drug | 36 | 28 3 3 2 115 w0 |0 2 &

(Controls)

1T [Undecylenic aeid { 4L [ 12 %3 B2 W7 2 0
It |Diphenypyraline 58 | 26 5018 17 b 16 7 7 2

«  Before treatment
# After treatment

also carried out separately for each treatment by causative agent
On the basts of this analysis diphenylpyraline was found to be as
effective as undecylenic acid n treating tmea pedis caused by T
rubrum or E floccosum On the other hand comparison of the
available data on T mentagrophytes mnfections fatled to adicate
that exther drug was more effective than the placebo

No evidence of sensivity to exther drug was observed during
this short course of therapy

Since thus study was carried out the antihistamines 1n general
have been almost umversally discredited as possible therapeutic
agents for the superficial mycotic infections primarly because of
their senstizing properties The results 1n this imited trial how
ever indicate that at least one antithistamine 1s nexther more sens
tizing nor less effective therapeutically in the treatment of tnea
pedis than a drug that 1s already widely emplayed for this purpose
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Fung of the Human Bile

‘We hate carried out a mycologic invesugation of the bile of 20
pauents suffering from various conditions of the bihary tract and
duodenum and the bile of a normal person We have studied sep-
arately four types of bile from the cystuc and hepauc bile ducts
{(type A) from the gall bladder (type B) from the liver (type C)
and from the duodenum (type D) They were collected asepucally
after instructing the patient to wash Ins mouth thoroughly with
sterile water

Each sample was centrifuged smmediately after collection and a
drop of the sediment was examined under a high power micro-
scope The remainder of the sediment was treated with a stenle
solution of 10 per cent atnic aaid for twenty four hours to elimy
nate bacterial contamination and then cultured on Sabouraud's
honey agar 1n petrt dishes After two to six days mcubatton at 28
and 37 C the various colonies were 1solated and studied for spe
aes wdenuficatton We have found that bile contains yeastlike
fung: D and A types of bile gave about the same yield of posiive
cultures (13 of 18 specimens of the D type and 14 of 20 of the A
type) We obtained posittve cultures of yeastlike fung: from 8 of
14 samples of the B type and from 6 of 18 samples of the C type

These fungr were classified as follows Candrda albicans 26
stramns C solan: 8 strains Torulopsis famata 4 strawns C stella
tordea 1 strain and Saccharomyces rouxs var polymorphus 1
strain We seldom checked the following common contaminants
Aspergillus flavus Pullularta Hormodendrum and Strey es

‘We do not know the role of the yeastlike fungi i pathologic
conditions of the biliary tract but we believe that they play a role
similar to those found 1 the feces respiratory tract oral cavity
and other natural cavities

From our own expertence and from the reports of other authors
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we can quote the following facts (1) 4 to 24 per cent of normal
persons harbor yeastlike fungi 1n the mouth and pharynx ¢ albx
cans being the most frequently cultured (2) 19 6 to 30 per cent of
sputum samples from patients suffering from tuberculosts cancer
of the lungs and other condztions of the resprratory tract yield
posttive cultures of yeastlike fungi Again C albicans 1s most com
monly found (8) 36 of 50 specimens of feces examimed by us n
1940 gave positive cultures for yeastlike fungi belonging to the fol
lowing species 1 decreasing order of frequency C kruser, C par
akruser C albicans C zeylanoides, C tropicahs, and C chalmerst
(4) finally 1t should be remembered that Candida 15 a common
nhabitant of the vagma We obtained positive cultures m 9 per
cent of nonpregnant and 30 per cent of pregnant women C alb
cans was the usual organism cultured 1n this serzes
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Studies on Candida

Since the use of anubiotics became general several observers
have commented on the apparent wcrease 1 the number of yeast
ke orgamisms 150lated from pauents This impression 1s supported
by data obtained at the Childrens Hosputal of Pittsburgh The
present study was undertaken with the hope of ascertaining the
reason for this phenomenon

One hundred strains of yeastlile fung were collected from the
primary 1solation plates of cultures taken from children who were
recensing antibiotic therapy Thurty-one per cent of the cultures
were from the nose and throat 13 per cent from the urine and 10
per cent from the mouth Other sources were the feces vagina
broncht skin and sputum At autopsy specimens were obtained
alsa from the lung and heart The system of 1dentification was that
of Martm et al (J Bact 3499 1937) Fermentation reactions
were controlled by using 1n addition the medium suggested by
Wickertham (Tech Bull 1029 U S Dept of Agriculture May
1951 p 14) Morphology wasstudied also by the Dalmau cornmeal
side (Ann de Parasitol 7 536 1929) and the tissue culture tech
mque of Fusilloetal (Am ] Chn Path 22 83 1952)

The present findings (Table 1) indicate a species distnbution
sumlar to that reported before the era of anubiotic therapy
Seventy six per cent of the strams were tdentified as Candida albi
cans and G albicans var stellatordea, whereas Martin and Jones
reported 74 4 per cent from a greater number of cultures (461)
C parakruses was not 1solated 1n this serzes

Of the one hundred stramns collected fifty 1solates of C albicans
stxof C parapsilosts and six of C tropicalis were used to test more
than a hundred compounds and mixtures reported to possess fun
grstatic properties the sensitivity disk technique was employed As

controls five species were procured from the Delft collection 1n
119
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Holland and six from the Duke Unmersity collection Results
were recorded as no effect (NE) mllimeters of inhubition (I} or
mullimeters of enhancement (E) Figure 1 illustrates the type of
reaction seen

The reagents tested were classed as acids and their esters alco
hols aldehydes anubiotics antihistaminics detergents dyes halo-

TasLe 1

RELATIVE FREQUENCY OF SPECIES OF
CANDIDA ISOLATED

Martin et al Children s Hospital
% %

C albicans 744 70
C tropicalis 67 10
C kruser 78 60
C parapstilosts 102 60
C pseudotropicalis 07 =

Ascogenous yeast 10

gens heavy metals oxidizing agents phenols sulfonamides and
miscellaneous 1tems such as Castellam s paint Burrow s solution
and Bactine

Only four reagents were notably fungistatic sodium caprylate
with zones of inhibition from 3 to 17 mm  boric acid which 1
notorrously toxic to tissues gentian violet the stains of which are
unsightly and Cresatin which must be used on mucous mem
branes with caution A number of reagents were erratic having no
effect on some strains causing mhibition of others or producing
increased areas of growth Cepacol was curious m thus regard
Among the forty 1solated strains of C albicans 1t showed no effect
on thirteen strains 1 to 8 mm  of inhibition on twelve and 2 to 9
mm of enhancement on fifteen

An unexpected result was the appearance of a pronounced zone
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Results of testing with sensuitinity disk technique
= enhancement

no eflect

I = inhibhuon
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of growth around the sensitimity disk 1n the expenimental series
As scen 1n Table 2 enhancement was evoked with aurcomyan
paraben 1n forty nine of fifty strains ssolated from patients with

Tazee 2
SENSITIVITY DISk REACTIONS

50 stralna of C atbicans 11 strains uzed
fsolated from pattents as controts
NE 1 E NE 1 E
Streptomycin 45 0 5 10 0 1
Penicallin 43 1 6 10 o 1
Terramycin 43 1 6 9 2 o
Aureonycin 47 0 3 8 0 3
Aurecmycio-
paraben 1 [} 49 5 0 6
Sulfathiazole 47 1 2 10 1 [1]
Benadryl 10 o 40 11 0 0
Sodium
caprylate 2 48 0 0 11 [}

NE = poeffect
1 = [shibition
E = enhancement

Benadryl 1n forty of the fifty strains There was no enhanced
growth with Benadryl in the control series

The cause of these differences 1n strain response was not un
equivocally established nor did any factor studted mediate the ef
fectiveness of inhibition by sodium caprylate Noncontnbutory fac
tors were the source 1n the patient duration of mamtenance m
culture size of inoculum or presence of nitrogen phosphate vary
1ing species of blood or growth factors in the medium
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Contributory factors icluded preservation 1n paraffin o1l as op-
posed to lyophilized cultures presence of blood 1n the medium
which was shown previously by Danotwsks and Tager and occur
rence of more than one stramn of yeastlike fungus i the sample
this was studted from 1 vivo isolations (Table 3) and by mixmng

Tasre 3

REACTIONS OF A MIXED YEAST * CULTURE AND OF ITS
COMPONENT SPECIES

Mixod
Cultute € atblcans Hansenuls

Penicillin 0 m m
Gantrisin 0 4 0
Aunreomycin

paraben 0 X 1
Terramycin 0 v n
Benadryl [} Vil 0
Bone acad 15 8 14
Cresatin 0 32 ]

* Culture fselated from patient

0 =no effect
Arablc numbers = millimeters of inhibition
Roman = mill of

cultures 1 vitro Strains repeatedly 1solated from a pauent showed
progressive resistance to fungsstasis as seen 1 Table 4 Incubation
with radioactive 1odine or antibiotics tncreased the resistance to
fungistatic agents

Five strams which had reacted maximally by showing wider
sones of enhancement and one stable strain of G albicans from the
Duke Umversity collection were studied by quantieative tech
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TasLe 4

SENSITIVITY DISh REACTIONS ON CULTURLS OF CANDIDA
ALBICANS FROM BRONCHIAL SECRETIONS

June Decembor October
Aureomycin paraben Vi vin IX
Benadry} v vi X
Cepacol 0 m v
Aureomycin [} [} i
Gantrisin [} 0 v
‘Tesramycin 0 0 14
Sodium hyposulfite [} ] h
Neopenl m
Bonc acid 14 n 8
Cresatin 20 15 10
Sodsum caprylate 8 8 7

*Izolated from patient

0 =no effect
Arabic numbers = millimeters of inhibition
Roman numerals = millimeters of eahancement

miques One tenth milliliter of a twenty four hour culture from
glucose acid broth was seeded 1n 5 ml of glucose acid broth to
which increments of test solution (aureomycin paraben) had been
2dded Growth curves were plotted at s1x hour ntervals by three
techniques turbidity readings Kjeldahl mitrogen and volume of
packed cells Inhibition where present was one fourth to one half
that 1n the control enhancement did not exceed twice the control
level Variations were pronounced within twelve hours actamned a
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peak at thirty six hours but were at control levels at forty eight
hours

With the techniques employed one can conclude that stramns re
cently 1solated from patsents showed wider vartations among them
selves than did the control group there was marked resistance to
fung 1 the exper: 1 series The cause of the phenome

non was not established




G W REITT and D M BOONE

Expenmental Genetic and Nutritional
Controls of Pathogemeaty of Venturia
wnacquabs*

The nature of the reactions between pathogen and host which
condztion infection and disease development 1s the central funda
mental problem of nfectious disease Although this problem has
many aspects that duffer from one disease to another and from am
mal to plant disease the basic principles concerned are sinular
throughout the entire range of infectious disease Plant diseases
afford some umquely favorable materials for researches on these
basic principles Indeed the first adequate experimental demon
stration and 1nterpretation of the role of a micro-orgamism 1n the
causation of a disease so far as we hnow was given 1n the work of
Bénédict Prévost 1in 1807 on the destructive bunt or smut disease of
wheat which 1s incited by a parasttic fungus

Although great progress has been made m the study of nfec
trous diseases of plants knowledge of the specific biochermcal re
actions that primanly control the inception of disease 1s disap
pomtingly meager Perhaps the situation in the field of medicine
18 ot very different In our opinion the cheef reason for the slow
ness of progress in elucidating these cnitscal reactions 1s that the
factors concerned are generally too vanable or too complex to be
1dentified and analyzed sausfactonily by the methods that have
been available

In the simplest case parasitic disease results from the interac

Grateful acknowledgment 15 made to the many co workers who have paruiat
pated in these nvestigat ons

These stud s we c supported 1 part by the Research Commuttee of the Gradu
ate School of the Um e s ty of Wiscons n from funis supplied by the Wascon n
Atumm: Research Foundation and n part by grant E-140 (C) from the Nat onal
Microbiologacal Institute of the National Institutes of Health Public Health Sexy ce
and grant G-661 from the Nat onal Saence Foundation

125



126 Therapy of Fungus Diseases

tions of a parasite and a host each varying under the infiuences of
heredity and environment Knowledge of the nature and extent of
variation 1n both parasite and host 1s fundamental to the under
standing of the nature of their interactions 1n the processes of m
fection and therapy Adequate control of vanation 1s essential m
most lines of basic experimental work on infectious diseases The
understanding and control of vanation are especially important 1n
fundamental studies on pathogemiciry Strams or biotypes of m
cro orgamsms differ in pathogemicity How do such strains ongt
nate? How stable are they? What controls their pathogemcity?

The most fruitful approach to the understanding and the con
trol of variability 1n organisms has been through genetic studies
Much attention has been given to genetic studies on the higher
plants and animals but unul recently comparatively little has been
done on the genetics of micro organisms

In recent years great progress has been made 1n genetic and e
lated studies of micro-organisms The techniques and principles of
genetics are now being extended to deal with bacteria and viruses
Stll more important to the interests of the present symposium
great advances have been made 1n the genetics of fung: Outstand
1ng among these has been the development of so-called biochenical
genetics tn which genetic controls of specific brochemical reactions
furnsh keys to fundamental knowledge of Iife processes These re
cent advances have made available powerful new tools of genetics
and biochemistry which enable new approaches to many funda
mental biological problems mcluding some of the most basic prob
lems of infectious disease

Of all the groups of plants and animals perhaps none 1s so rich
as the fung: 1 forms with favorable adaptations for genetic studies
m relation to fund 1 brologic probl Many fung: have
sexual stages which enable refined genetic experimentation and
possess vegetative thallt which can be grown 1n vitro and studied
under a Ingh degree of expertmental manzpulation and control

Certain nonpathogenic fung m the genus Neurospora were the
subject of a series of brilhant mvestigations which drew attention
to some rare adaptations of this type of fungus for genetic and bio-
chemucal studies Mutagenic treatments incited mutations for 2
wide variety of nutritional deficiencies Correlated studies on the
imhentance of the mutant characters and the physiology of the
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fungus 1n vitro established expenmentally the genetic control of
many fundamental biochemical syntheses The mutant characters
generally were inhersted as if under singlegene control Thus
single-gene control or conditioning of specific biochemical synthe
ses or steps 1n synthesis was shown

The aum of the work reported 1 this paper was to employ a
pathogenic fungus m genetic and nutritional studies similar to
those made with Neurospora and to correlate the results with stud
1es on pathogemicity In this way 1t should be possible by genetic
and environmental control to mampulate the pathogen expen
mentally through 2 wide range of 1ts potential plasticity and to
study the effects of known changes on 1ts pathogentcity

Weand our co-workers have shown that the apple scab pathogen
Ventuna inaequahs an ascomycete with many sumilarites to the
eight spored Neurosporas has exceptional adaptations for corre
lated genetic brochemical and pathologic studies on the nature
of pathogenicity and related basic problems This pathogen freely
anfects young vigorous unwounded leaves and fruits and may live
for many weeks tn mntimate association with Irving host cells It
has many biotypes with diffe pathogenic capabilities in relation
to different species or varieties of host It can be cultured through
out 1t hife cycle and cross bred at willin vatro Tt can be maintained
for many years 1n vitro with satisfactory stability of the characters
studied It 1s haploid throughout the parasitic phase and 1n its
vegetative stage mvitro thus permitting study of effects of a single
set of genes The asens the complete progeny g
from a single miosis with survival of all nuclet 1 an orderly ar
rangement which permuts tracing the line of nuclear descent by 150~
lating the ascospores 1n their serial order and studying the derived
cultures The vegetatise cells are umnucleate and free from impor
tant problems of heterocaryons The fungus responds well to mu
tagenic agents

Studies on the inhentance of pathogenicity 1n wild type lines of
the fungus laid the necessary foundation for the correlated studies
onits geneties nutrition and pathogenicity Only two main types
of pathogenic reaction were encountered with monosporic wild
type lines of the pathogen namely lesion and fleck (Fig 1) The
lesion reaction was typically pathogenic with abundant sporulation
of the fungus the fleck reaction was nonpathogemc or shightly
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pathogeme with sporulation Jacking or sparse Witk 2 grien apple
vartety the fungus lines were referred to as lesion or fleck accord
ing ro the veaction incited In lesion X fleck crosses pathogeniaty
to a given varzety ordinanily was conditioned by a single lesion/
Reck gene parr which segregated alternatively sn the first or the
second nuclear division in the ascus Each lesion/fleck gene paw
studied conditioned pathogematy to one group of apple varetses
and not to another group The worlang hypothesis was advanced
that criteal single gene controlled brochemucal rexctions com
monly condition the pathogemaity of ¥ tagequalis

It was concluded that the species ¥ snaequalis comprises a great
number of biotypes with differentsal pathogenicaty to various ap-
ple vareties and Malus spectes and that a major source of such bio-
types in nature 15 genetic combinaton

Cultures of the fungus were carnied out mn vitro for some fifteen
years without evidence of loss or gamn in pathogencuy

With thss background of informatson experiments with bio
chermeal mutants were undertaken Although this work 1s stll 1o
process the following progress can be reported at this tine

Ouer one hundred brochemucal mutants have heen induced by
mitrogen mustard or ultraviolet treatments of consdia of 2 typcally
pathogeruc monpascosporic wild type line of ¥ inaegualis and
wdenufied as 1o the end product compound for which there was 3
deficrency Each biochemical mutant character stucdhed genetscally
segregated {rom normal i t 1 yane indicating single gene ol
trol In many cases the approxsmate map distance of the mutant
gene from 1ts centromere was determned The fact that 1n numer
ous cases genes at cifferent Jocs affected the requirement for the
same end product metabolite makes possible the study of stepwise
biochesmucal reactions

Some sixty five biochenuesl mutant lines were tested for patho-
gemeity The general categories of their nutritional deficrencies
were reduced sulfur vitamm nutrogen base and aminoacid Mu
tants which were deficrent for reduced sulfuy generally showed un
dummshed pathogenscity OF the vitarmin mutants studied those
deficient for biotin 1nositol sicotsmc actd or pantothenst aad
were as pathogenic as the wild type e those deficrent for choling
or riboflavin showed greatly reduced pathogemeity None of the
autant hnes deficient for nitrogen bases or for anuno acids were
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pathogenic although many of these hines inated nciprent infec
tion The typical pathogenic reaction was however ncited by the
mutants deficient respectinely for choline miboflavin hisudine
arguune methiomine or uracil when the deficient nutrilite was
suttably apphed to the leaf surface duning the incubation period
This work shows that the pathogeniaty of a microorganmism
can be reduced or nullified by experimentally induced mutations
that the effects of such mutations on the nutrition of the pathogen
an be identified 1n terms of deficienaies for speafic metabolites
that the mutant characters are unusually favorable materal for
geneuc study and manipulauion through crosses made m vitro
and that in cases the pathogenicity lost through muta
tion can be restored by malung the deficient metabolite available
to the mutant duning the incubation pertod The metheds and
concepts employed 1n these mvestigations seem to afford an ap-
proach for further studies on pathogemaity and related banic
problems of infectious disease The work 1s being continued
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C E YARWOOD

Therapeutic Action of Sulfur for
Powdery Mildews and Rusts

When sulfur 1s appropnately applied 1t may cure plants of es
tablished infections of powdery mildew (Erysiphaceae) and rusts
(Uredinales) and protect them against further infections by these
fung1 This therapentic and protective action depends upon such
factors as dosage form of sulfur, sensitivity of species age of infec
tron permeatton and temperacure Therapeutic applications usu
ally require higher dosages of sulfur than protective applications
and are therefore more likely to cause injury The practical appht
cation of this knowledge to commercial disease control 1s limated
by environment sensitivity of host species to sulfur and economic
considerations

There are several alternative chemicals which may be used 11
place of sulfur but sulfur 1s stull widely used for the control of
these diseases Commercial control of powdery mildews 1s by both
therapy and protection whereas commercial control of rusts with
sulfur 15 pumanly by protection Therapeutic control of rusts
whule rather unsuccessful 1n the past 13 of greater anterest because
of past fallures and because 1f practical 1t would permut delay of
fungicide apphication to a much later date than now necessary *
Since the infecting rust fungus 1s inside the leaf therapy 1s natu
rally more difficult than with powdery mldews where the myce
lium of the fungus 1s external For the same reason therapy of rusts
1s more like control of dermatophytes of humans where also the
fungus 1s frequently mside the tissues and control 1s usually started
after infection 1s established

The outstanding charactenstics of sulfur as 2 commercial fungt
cide are 1ts volatility ats saf to b and 1ts y My

remarks will be most concerned with its volatlity A sumple
130
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method of demonstrating this 1s to place a test source of sulfur in
the bottom of 2 jar suspend an infected leaf or fungus spores over
the sulfur and seal the Jar After an appropniate time the leaves or
spores are removed and the amount of infection or spore germina
uon 1s determined * Using sodium sulfide as the source of sulfur
the effect of sulfur dosage time pH temperature and age of 1n
fection are determined Some results are presented 1n Figures 1

*
S
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PERCENT CONTROL BY THERAPY
3

o
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CONCENTRATION OF No,S SH,0
FIGuRE 1

“The relation of concentration and pH of sodium sulfide solutions to
therapy of bean rust by sulfur vapors 1n closed chambers

and 2 As concentration increased control increased sharply (Fig
1) As tme of exposure mcreased control increased (Fig 2) As
pH increased control decreased (Figs 1and 2) As temperature
increased control increased and the temperature coefficient for
therapy of bean mildew was about 4 8% As age of infection 1n
creased control decreased

If part of the sulfur 1s radioactive the amount of sulfur absorbed
may be quantitatively determined and correlated with the response
of the host and the fungus If infected leaves are used 1t 1s possible
to make autoradiographs of the leaves and relate the accumulation
of sulfur to the diseased areas of the leaves ¢ and ta the efficiency of
therapy It further possible to explore the mechamsms of fung:
cidal action
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PERCENT CONTROL BY THERAPY

°c 1 2 4 5 6 7 8 9 0
HOURS OF EXPOSURE TO NA,S

Ficure 2

‘The relation of time of exposure and concentration of sodium sulfide
solutions to therapy of bean rust in closed chambers

MECHANISM OF FUNGICIDAL ACTION

There are many principles and hypotheses of fungicidal action
One 1s that of selectsve accumulation * According to this the lethal
dose of fungicide per umt of tissue may be the same for host and
fungus but the fungus accumulates the fungicide in larger
amounts than the host and 1s therefore killed at a lower applied
dosage than the host Another principle 1s that of selective toxicity
According to this the of fungicide ac lated per umit of
wssue may be the same for host and fungus but the fungus 15 illed
at much lower accumulated dosages than the host Exther or both of
these principles must be involved in all cases of fungicidal action
but 1t may be difficult to determine to what extent each applies
‘These two principles are contrasted in Table |

The role of selective toxicity and selective accumulation was ap-
praised with nfections of powdery muldew (Erysiphe polygoni}
and rust (Uromyces ph I:) on bean (Ph lus vulgans) Up
to erght tumes as much sulfur accumulated 1n rusted as 1n healthy
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TasLe 1

SELECTIVE ACCUMULATION VERSUS SCLECTIVE TOXICITY
IN FUNGICIDAL ACTION —TYPES OF ACTION

Amount of Lethat
Treated Orgarasm Fu pod Dose of Result
Accumulated Fu gad
Host 1 101 100 ¢ Lattle or no host injury
Host 2 10 10 Host kulled
Fungus 1 on host 1 10 100 No control lttle or no
host injury
Fungus 2 on host 1 10 1 Control by selectne
toxieity
Fungus 3 on host 1 1000 100 Contral by sclective
accumulation
After arbitrary standard treatment.
1 Arbitrary umits
ERMINATION o 100
001 iEogsrais \ &

MICROGRAMS OF SULFUR ABSORBED
PER MILLIGRAM DRY WEIGHT

FiGure 3

The relation of dosage of sulfur to accumulation (absorption) of
sulfur by rust spores mildew spores and bean leaves and to germina

tion of rust spores and rmldew spores
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areas of leaves This naturally suggested that selectnve accumula
tion might be responsible for therapy 1n this case However up to
nineteen times as much sulfur accumulated 11 lesions caused by
tobacco mosaic virus 1n Nicotuana glutinosa as 1 healthy tissue
and there was little 1f any reduction 1n virus content due to the
treatment No selective accumulation was detected in most tnals
with powdery mildew infections Therefore we would expect se
lective toxicity to be the mechanism of fungicidal action here

TABLE 2
SELECTIVE ACCUMULATION AND SELECTIVE TOXICITY IN THE
FUNGICIDAL ACTION OF SULFUR FOR BEAN POWDERY MILDEW
AND BEAN RUST

Mg S/g Dy Waght

LDy, 05
Treated Organtsm }‘/":’Y’ bed from 0 %? M Sfe Diy Result
@ 20 at aght
Bhrs at 5 C
Bean leaf 04 12 No mjury
Mildew comidia 03 01 Selective toxiaaty
Rust uredospores 20 05 Selective

accumulation

Because of the close morphologic assoctation of host and fungus
and the low resolution of the autoradiographs the separate accu
mulation by host and fungus could not be determined from such
trials 'With healthy leaves powdery mildew conidia and rust ure
dospores tn separate chambers 1t was possible to measure separate
accumulation of sulfur by each Results of two trials with data on
spore germination are presented 1n Figure 3 Accumulation by rust
uredospores was much greater than by midew comdia Thus sup-
ported the 1dea derived from infected leaves (Table 2) Itistenta
uvely concluded that sulfur therapy of rusts 1s by selective accumu
lation and sulfur therapy of powdery muldew 15 by selective tox
1aity There are two faults with this type of data however First we
do not know how much of the sulfur 1s external and how much 15
nternal to the fungus although Goldsworthy * has demonstrated
sulfur inside the germ tubes of peach rust uredospores Secondly
we do not know to what extent these separate responses of host and
parasite can apply to nfected tissues



Therapeutic Action of Sulfur for Mildews and Rusts 135

REFERENCES

I SnurLerr M C Premoculaton and postinoculation application
of fungiardes for stem rust of Merion bluegrass Phytopathol
ogy 45 186 1925

2 Yarwoop C E Therag for rusts Phytopathology
38 542 1948

3 Yarwoon G E Effect of temperature on the fungiadal action of
sulphur Phytopathology 40 173 19,0

4 Yarwoop C E and JacomsoN L Accumulation of chemicals mn
diseased areas of leaves Phytopathology 45 43 1955

5 ALBERT A Selective Toxiaty with Special Reference to Chemo-
therapy Wiley New York 1951

6 Gorpsworty M C. The fungicidal action of hquid hme sulphur
Phytopathalogy 18 355 1928




ARTHUR C GURTIS

The Aromatic Diamidines, Cinnamic Acids,
and Nitrostyrenes m the Treatment
of Fungus Diseases

Most of the presem knowledge of the pharmacology and cimcal
use of the aromatic d d; — prog dime and
stilbamidine — arose from the extensive studies m connection with
therr activity against protozoa and the treatment of diseases such as
trypanosomiasts and leishmaniasis caused by these organmisms
These data were already available 1n 1946 when Elson s discovery
of the 2 vitro antifungal activity of these compounds led to fur
ther in vitro and 1n v1vo animal experiments which justified clint
cal tmals The application of the clinical experiences with these
drugs 1n the treatment of protozoal diseases facilitated therr use
the therapy of mycotic infections

The growing list of cases of systemic mycoses treated with aro
matic diamidnes reveals that they are chinically effectve against
actinomycosts  sporotrichosis and particularly North American
blastomycosts but not aganst histoplasmosis cryptococcosts and
coccidiordomycosis 1n man  Of the aromatic drzmidines stilbarnt
dine and s dertvative 2 hydroxystilbamidine hasve been found to
be the most effective and best suited for parenteral administration
Consequently most clinical experzence with the aromatic diamt
dines 1n mycotic diseases has been with stilbamidine Of 51 re-
ported cases of North American blastomycosis treated with stil
bamudine 42 reacted most favorably with disappearance of actve
lesions and demonstrable organisms Nine of these cases or 18 per
cent of the total were unmfluenced by the therapy or developed

relapses and were thus considered as clinical failures

The dosages and mode of ad ration of stilbamidine have

been adequately described It has been customary to administer
135
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the drug in daily doses of 150 mg dissolved i 100-1000 ml of 5
per cent glucose solution as a slow ntravenous drip m one to three
courses of ten to thirty injections each with rest intervals The
daily dose may be rased to 300 mg or even to 450 mg on occa
stonal patients The total doses tried 1 adults ranged from 1 35 to
96 gm averaging 3 to 5 gm The patients with recurrent disease
have occasioned the administration of relatively large doses of the
drug Two such patients have been seen one received 24 5 gm and
the other 22 7 gm of stilbarmdine isethionate On the other hand
blastomycoss has been known to clear up 1 a chuld wath as little
as 09 gm of sulbamidine

The two¢ toxic 10ns of are the
acute mtritord like crises and the chronic neuropathy over the
tuigeminal nerve distiibution The immedhate reactions after intra
venous 1njection of stilbarmidine may be alarming consisting of
tachycardia breathlessness dizziness nausea vomiting headaches
fainting and sweatng The present method of administering the
drug as a slow mtravenous drip has minsmized the occurrence of
the nitritord ltke reactions as well as local thrombophlebstis at the
site of injection The development however of the trigemunal
neuropathy which consists of sensory disturbances and dissociated
anesthesia appeaning one to thirteen months after a course of st1l
bamidine has not been prevented inasmuch as the mechamsm of
1ts production 1s sull not definttely known Among 51 cases treated
with stilbamidine 27 or 53 per cent developed thus peculiar facial
neuropathy

In order to obviate the app of these und ble side ef
fects of sulbamudine a closely related compound 2 hydroxystil
bamidine has been used clinically m 1ts stead It has the same
order of effectrveness as stilbamidine in the test tube agamst patho-
genie fungi and clinical experience with 1t sn the treatment of
kalaazar multiple mycloma and North American blastomycosis
revealed a comparable acuvity without causing any of the disa
greeable trigeminal neuropathy In view of this freedom from such
toxic £ 2 hydroxysuit dine can be grven 1r much
larger doses and may eventually replace stilbamidine 1n the treat
ment of systemic mycotic mfections

The occurrence of clinical relapses and the development of toxie
manifestations with the use of slbamidine have led to further mn

£ b d
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vestigations of other compounds chemically related to 1t Diethyl
strlbestrol by virtue of 1ts stulbene nucleus which 1s also presentin
stilbamidine was examined Curtis and Harrell reported two cases
of cutaneous North American blastomycosis as successfully treated
with diethylstilbestrol pomntng out the sumlarity between its
chemucal formula and that of sulbamidine In vitro antifungal ex
periments revealed that diethylstilbestrol had a lgher activity than
stilbarmdine agamnst a greater number of pathogenic fungi The
obvious deterrent to the use of diethylstilbestro] clinscally as an an
tfungal agent 15 1ts potent hormonal action which precludes ats
admuinistration 1 doses hugh enough to be clinically antifungal

Other groups of compounds related to stilbarmdine were also
screened for 1in vitro antifungal activity by means of the senal dilu
twon agar slant method These mncluded cinnamic aad dervatives
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and nitrostyrene compounds The foregoing chemucal formulae
show their relationships

The cxnnamuc actd derivattves showed varied and encouraging
amounts of activity but the most promising activity was revealed
by the ntrostyrenes The nitrostyrenes exarmined were (1) 8 nitro-
styrene (2) p-methoxy g nitrostyrene  (3) p acetoxy 8 nutrosty
renc (4) B methyl g nitrostyrene  (5) p methoxy 8 methyl g ny
trostyrene and (6) o-methoxy g methyl g nutrostyrene Compounds
(4)and (5) completely inhibited the growth of most of the patho-
genic fung at a concentration of 1 pgm per milliliter of medium
The systemic fung: were especially sensitive to their action

These nitrostyrene denivatives were further investigated to eval
uate their posstble chimical use 1r fungus infections keeping in
mund that the results 1n 1 vitro experiments and even 1n labora
tory ammal studies do not apply to human cases Very meager data
regarding the toxic properties and pharmacologic action of these
compounds are available

The antifungal acuvity of the nitrostyrenes as revealed by the
serial dilution agar stant method was confirmed by the filter disk
agar plate technique The fungidical nature of this activity was
proved by the results of fungicidal experiments The activity of the
drug mn solutton particularly 1n oily solvents exhibited sufficient
stability The drug was found to be available from its ointment
form when tested by the agar diffusion plate method

In vitro addition of whole blood decreased the antifungal actry
1ty of these drugs This was true for blood obtamned from the
mouse rat guinea pig rabbit and mar This may unfortunately
lessen the possible clincal effectiveness of the nutrostyrenes espe
cially with parenteral admimistration

As a prelminary for ammal protection experiments the LD,
of each compound was determined The values noted 1n Table 1
were obtamed using mice as test amimals

Animal protection experlm:nls agamst mfection with Crypto
coccus forman. ! and Blastomyces
dermatitidis failed to dnsclose any sigmficant protection by
B methyl B mutrostyrene or p methoxy g methyl 8 mitrostyrene ex
cept possibly 1n experiments with € neoformans where there ap-
peared to be some degree of protection when two 1njections of the
drug were given one and six days after infection Inasmuch as the
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Tasre 1
THE LD;, FOR MICE OF -METHYL-§-NITROSTYRENE AND P-
METHOXY-$-METHYL-S-NITROSTYRENE IN VARIOUS SOLVENTS
WHEN GIVEN INTRAPERITONEALLY OR SUBCUTANEOUSLY

Bmethyl B 2 methoxyf methyl
sutrostyrene B nitrosiyrens
Intrapentoneal,
with propylene glycol
as carrier 82 mg /kg 130 mg /kg
Intrapernitoneal,
with gelatin
as carrier 232 mg /kg 327 mg /kg
Subcutaneous,
with peanut ol
ag cartier 457 mg /kg 728 mg /kg
Subcutaneous,
with Merch vehicle
as carrer 480 mg /kg 960 mg /kg
Subcutaneous,
with aleohol glycerin
as carrier —_ 700 mg /kg

mitrostyrenes are water msoluble one of the main problems 1n
these expertments was to find the appropriate solvents for these
compounds suitable for parenteral injections

In anticipacion of the topical use of the nitrostyrenes in super
fictal mycotic infections rrrtation experiments by percutaneous
corneal intradermal and intramuscular routes were performed
They revealed a certan amount of primary 1rritation caused by
p methoxy g methyl g nitrostyrene

Taking 1nto account the LDj, values the solubilities and the
comparative i vitro antifungal effectiveness of the different mitro-
styrenes p methoxy g methyl B nitrostyrene was chosen for use 1n
clinrcal trials being carried out Clinical experience with the drug
1s still prelimnary but certamn sigmficant findings have emerged
even at this early stage

No favorable effect could be claimed with the topscal use of
p-methoxy 8 methy! 8 nitrostyrene 1n the few cases of Trichophy
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ton rubrum nfection treated One case developed contact senst
tizauion to the drug in omtment form

In the light of the relative resistance of Candida albicans to the
1n vatro action of the mitrostyrenes 1t was surprising to obtain fa
vorable clinical results in the local treatment of buccal and vaginal
candidiasis with p-methoxy 8 methyl g mitrostyrene  This success
was siygmificant enough to warrant more extensive climeal trals
and to jusufy the recommendation of 1ts local use 1n candrdiasis of
the skin and mucous membranes The drug was used as mouth
nnse or vagmal douche 1n concentrations of 50 to 100 mg n 1
liter of water

The parenteral use of the drug however 1n the treatment of a
pattent with recurrent North American blastomycosts was a fail
ure Oral and ntramuscular administration did not influence the
course of the disease This was at first explamned mainly by the
nonabsorption of the drug Intravenous adminmstration was accom
panied by an imuial improvement which however stopped after a
week In spite of the failure of the treatment this case was 1nstruc
tive as regards the cimcal use of the drug As with the animal ex
periments the mam difficulty ed was the preparation of
the salution for injections masmuch as the compound 1s water
msoluble The drug was given in concentrations of 50 to 150 mg
per liter of 5 per cent glucose solution as a slow intravenous drip
This was associated with v g and thrombophlebitis which
may be explained by the irritative qualities of the drug Astde from
these untoward effects no other toxic mamfestations were shown
by the patient No blood levels could be shown by the agar diffu
sion techmque The reduction of the 1n vitro activity of the drugs
upon mixture with whole blood and certain observations 1n amy
mals that suggest a \: of these compounds with hemo-
globm may possibly explain their mefficacy when given parenter
ally




DAVID GOTTLIEB

Filipin, an Antibiotic Inlubiting Fung

Streptomyces filipinens:is nsp produces a new anubiotic, fil
pm ** This compound 1s a broad spectrum antifungal agent which
does not inhibit any of the bacteria that were tested The anub:
otic 1s present in both the mycelrum and filtrates of the culture me
dium in which the orgamsms have grown Media containing oils as
a carbon source give greatest yield of antibrotic and the fatty acd
components of these o1ls appear to be the important constituent for
optimum synthesis

Filipin can be extracted from the mycelium with ethanol or
butanol and can be removed from the culture fluid with ethyl ace
tate butanol or ether After the solvent 1s removed the crude ma
terzal 1s washed with petroleum ether and then crystallized from
chloroform Filipin 1s soluble 1 methanol ethanol = butanol
pyndine dimethy! formamide and glacial aceticacid but1s nearly
insoluble 1 water The materal 1s a yellow crystalline solid that
exists mn two allotropic modifications the first form undergoes 2
transition to the second form at 147°C and the compound melts
at 195 to 205°C with decomposition Analysis of the filipin indt
cates an empirical formula of C,,H,,0,, molecular weight 571 It
15 nonaromatic and relatively unsaturated

The ultraviolet spectrum of filipin 1s characteristic of a poly
ene * * with three peaks 855 338 and 322 mu and a shoulder at
305 mu (Fig 1) These data together with a study of the nfrared
spectrum suggest that 1t contains isoprenoid groups and 15 related
to the carotenoid series of compounds It has a specific rotation n

22
methaniol [a] D —14838 Filipin undergoes autoxidation 1n air
when exposed to hight but not when Lept under nitrogen This
compound can be separated from 1ts nearest relatrve fungichro-

+ Complete reports on ths lnllbmuc‘are now in press
42
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min ¢ by paper chromatography the mnfrared absorption and the
presence of two allotropic forms

Filipin can be assayed either by the paper disk seeded plate
method or by the determination of the amount of absorption of
ultraviolet Iight The biologic method can be carrted out with
esther spores of Pentcillium oxalicum or with Saccharomyces pas
torianus for seed The ultraviolet determinations were made with
a Bechman spectroph With solid preparation the optical
densities at any of the maxima vary directly with the concentration
of methanol In culture filtrates however there 1sa bachground ab
sorption which interteres with the assay Thus effect can be null:
fied by using the difference 1n absorption between adjacent max
1ma and mmima since the background effect 15 equal at both wave
lengths Such differences are proportional to concentration of fili
pit A typical absorption curve 1s given in Figure 2 Solutions of
crystalline filipin are used as a standard 1n both assays
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BIOLOGIC PROPERTIES

‘The data in Tables 1 and 2 mndicate that 2 wide vanety of fungt
are inhibited by filipn mcluding saprophytes plant pathogens
and human pathogens Cryptococcus neoformans was the most
sensitive of the pathogens tested being inhibited by approxxmate]y

Taste 1

MINIMUM INHIBITORY CONCENTRATION
OF FILIPIN AGAINST FUNGI PATHOGENIC

MAN

Test Organusm se/ml
Candida albicans 77
Coccidiordes immitis 150
Cryptococcus neoformans 095
Geotnichum sp 310
Histoplasma capsulatum 77
‘Hormodendrum compactum 155
Microsporum audouint 77
Monosporium aprospermum 77
Nocardia asterordes 310
Phialophora verrucosa 155
Sporotrichum schenckn 77
Trchophyton rubrum 77
Blastomyces dermatitidis 310

* Incubation time was 48 hours
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Tasre 2

MINIMUM INHIBITORY CONCENTRATION OF FILIPIN AGAINST
VARIOUS MICRO-ORGANISMS

rgiml
Tet O gamem 72h %6 s
Saprophytes and plant pathogens

Aspergillus mger 39 310
Colletotnchum hndemuthianum 19 39
Dendrophoma obscurans 78 78
Diplodia sp 310 1000 0
Endothia parasitica 19 19
Fusarium oxysporum dianthi 78 150
Gnomonia fraganae Kleb 095 095
Helminthosporium sativum 78 78
Pentcdhium digrtatum 39 78
Penicillium notatum 310 620
Phoma betae Fr 39 78
Phomopsis sp 39 78
Rhuzoctonia solant 5000 5000
Sclerotima sclerotiorum 78 150
Thielaviopss sp 39 39

1 pg per milliliter 1n an agar dilution test The remainder of the
ammal pathogens were inhibited by concentrations that varied
from approximately 8 to 81 g per milhliter depending on the
species Plant pathogens were mhibited within the same range of
concentrations except for Rhuzoctonia solans which requrred
500 pg per milliliter for complete inhibition When the cultures
were incubated for longer periods of time 1n the presence of the
anubiotic higher concentrations were necessary to prevent growth
of the orgamsm Only 1n the case of Diplodia sp was the mcrease
s0 great that 1t might affect the use of filipin 1n any program for
dasease control

The infubitory effect of filipin on Monilia albicans was due pr1
manly to 1ts fungicidal activiey At 50 pg per milliliter death of
M albicans occurred within a two-hour exposure to the antibiotic
Ten ,g per milliliter of the compound was also effective but
this case between seven and twenty four hours of exposute were
necessary A greater concentration or a longer exposure was neces-
sary to kill spores of P oxalicum
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Filtpin also has antitrichomonal acuvity Filipm killed Tricho
monas foetus Riedmuller at a concentration of 50 ug per millt
liter markedly inhibited 1ts multiplication at 25 pg and had a
delayed effect at concentrauons as low at 1 ug

Filipin has very little phytotoxic activity and has been safe even
when sprayed at 1000 g per mulliliter It had no phytotoxic ef
fect when seeds were soaked in methanolic solutions of 100 ug per
mulliliter for three hours Such treatment prevented the rotting of
pea seeds by fungt Inaddition sprays of crude fil:pin reduced the
seventy of gray leaf spot on tomatoes
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CARLYN HALDE and DONNA NEIWSTRAND

The Sensitmty of Pathogenic Actnomy-
cetes to Vanous Sulfonamide and
Sulfone Compounds*

Definte clinical improvement as the result of treatment has es-
tablished the 1mportance of sulfonamides and sulfones i the
therapy of nocardiosis and actinomycosis These drugs have been
studied for 2 number of years and considerable knowledge has
been gained concerning structure activaty relationship and mechan
1sm of action Although contradictory observations hase been
made the currently held theory of mterference with enzymes nec
essary for growth 1s generally used to explamn the mechanism of
action These drugs by disturbing the utilization of para amino
benzoic acid 1nterfere with the action of certain coenzymes essen
tial for bactenal growth The action of sulfonamdes 1s primarly
bactertostatic Recovery from disease caused by sulfonamide-sens:
tive micro-orgamsms 15 believed to be due to the mhibition of
growth of the pathogen within the host which thereby provides an
opportunity for normal defense mechamsms to destroy the n
vaders

In the past most 1n vitro sensitivaty tests of Nocardta species and
Actinomyces bouvis have been carned out in complex media con
taimng sulf de and sulfone 2 Although these tests
have shown inhibition of growth of the micro-organisms 1t 1s be
lieved that media free of antagonists would be more accurate for
!he determination of the drug most effective aganst individual

Annhitor free med {SR medium base t) has re
cemly become available Oniginally designed for testing the sul

Thus invest g tion was supported by a rescarch grant No E 786 of the National
Mltrohxologlnl Institute of lhc Nat onal Inst tutes oFHenllh Pubhc Health Service
% Availible from the Difco Laboratories Detroit Michigan
147
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fonanude sensitivity of Group A hemolytic streptococcus, this
medum supports growth of Nocardia spectes and 4 bous
This sem synthetic medwm contains casamino acids, ammo acids
dextrose munerals various growth accessory factors and 01
per cent agar Although such a complex medum 15 not neces
sary since most species of Nocardia will grow i Czapek s broth
and other stmple synthetic media growth 1s considerably heaver
and the test 1s complete wathin five days to one week

There are two aspects to the present study (1) The sensiivaty
of thurty four strawns of Nocardia spectes and three stramns of 4
bours to sulfonamides and sulfones was imvestigated using SR me
dium {2) Animal studies using infected mice were undertaken to
compare the therapeutic effectiveness of drasone and sodwun sulfa
diazine

PROCEDURES

IN VITRO $STUDIES

The dehydrated SR medium was reconstituted with distilled
water and autoclaved The sulf des (sulfad Mfath
zole sulfisoxazole, sulfamethazine and sulfamerazne) and the sul
fones (diazone promun and promuzole) were tested Those msol
uble 11 a 0 9 per cent solution of sodium chlonide were diluted 1
etther 1 N hydrochlonc acid or sodium hydrovide Further dilu
tions were made m sterile normal saline and added to the medum
to make the desired concentrations The Nocardia species were
grown on Sabouraud s agar and triturated m sahine for the woct
lum The 4 bows strains were grown 1n SR medium All cultures
were meubated at 37°C Readings were made at five seven and
ten days With only a few exceptions the end pane was evident at
five days

N VIVO STUDIES

Strain 108 of Nocardra asterordes which was sensitnve 1n vitro {0
100pgm of duasone and which was parcally wnhibited by 10000
pgm of sodwm sulfadiazine was used in animal studies Young
white muce averaging 15 gm were mnoculated mtraperitoneally
with 0 6 ml of the orgamism  whach was suspended 1 50 by solume
1n sterile 5 per cent hog gastric mucin Swx hours later and then
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daily for three days 05 ml of various concentrations of sodium
sulfadiazine and diasone were given by mtrapentoneal mjection
All mice surviving at one week were killed and examined for ev1
dence of mfection

RESULTS

IN VITRO STUDIES

Table 1 presents the results of this mvestigation The figures
represent total inhibition of growth Partial mhibition was ob-
served always at the next lower 10 fold dilutton In some in
stances partial inhibition was noted at a 100-fold didution The
variation 1n susceptibility of each strain to the different drugs 1s
clearly evident

The sull diasone and p: le are effective 1n controlling
the growth of most of the strains of Nocardia tested Two stramns
of 4 bows which appear ve to the sulf des were

1nhibited by these compounds

Sulfamerazine appears to be the most effective of the sulfonamde
drugs i mh:bltmg the growth of N asteroides in vitro It pro-
duces pl b atdil usually 10- and occasionally
100 fold less than other sulfonamides In general a strain which 1s
sensitive to one drug at a low concentration 1s also comparatively
sensttive to the other sulfonamides Other strains were by compan
son sensitrve only to high concentrations of the drugs

Strains 104 and 107 of N madurae are from the same patient
strain 107 being 1solated after seven months of intermittent sul
fonamide therapy There has been no apparent change 1n senst
uvity

IN VIVO STUDIES

The results of this study are presented in Table 2 The strain
used produced only 80 per cent mortality 1n the control mice
Those control animals surviving appeared 11l and when sacrificed
showed numerous lesions Examination of all infected control and
test ammals succumbing to the infection revealed many small nod
ules scattered throughout the organs of the pentoneal cavity
“There were adh between the diapt and liver and be-
tween the stomach spleen and peritoneal wall
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Tasre 1
SENSITIVITY OF VARIOUS PATHOGENIC ACTINOMYCETES TO SULFONA
MIDES AND SULFONES (IN MICROGRAMS PER MILLILITER OF MEDIA)

Sulfa- Sulfa-  Sulfi.  Sulfa. Sulfs~
diagine thiazole soxazols methazlne merazine Diasone Promizele Prowin

10000 1000 1000 1000 2000 W 000 W00
33 1000 520 000 10 000 1000 1000 100 1 1
%0 10000 1000 >10000 10000 10 000 10 2000 10 00
52 b bt 1000 10 000 100 100 10 100
106 bt 000 10 000 10 2000
108 210000 10000 10 M0 0000 10 000 00 1000 510 000
10 000 100 000 1000 100 000
nz 10000 100 10 000 1000 00 2000 10 100
2000 100 2000 00 00
Pty 10 000 100 2000 1000 000 10 000
s 210000 1000 510 000 2000 10 000 1 10 000
16 210 000 10 600 2000 10 000 10 GO 10 100
uy 1000 300 100 100 00 1000
n8 10 000 10000 10 000 100 10 00 0 o0
100 10 200 100 3110
120 210 000 0 000 1000 1000 310 000 1000
2000 000 510 000 2000 20000 1000
127 210 000 100 1900 100 00 0 o
128 20000 1000 1000 100 %0
1000 1000 1000 200 10 100 0 00
130 10 100 1000 1 100 20 100
fx:8 »10000 1000 1000 1000 210000 10 0O 10 00
132 3000 1000 2000 1000 1000 10 000
Nocardis brasiltensts
12 2000 510 000 310 000 20 00 0 1 0
123 1000 20 10 000 20 1 0 100
12h 1000 100 2000 2000 1000 1000 w00 1000
125 >10000 300 1000 1 10 100 00 10 000
Vocardia madurse
30 1000 100 1000 1000 200 1 0 1000
3 100 3000 2000 1000 510 000 1000 w1
0 10 10 10 0 100 10 o
307 0 10 10 100 100 10 0 X
Jiocardis pellatieri
n 100 100 00 2000 1000 10 w1
136 1000 100 10 000 100 100 100 10 s
138 10 000 1000 100 1000 1000 100 »10 000
ces bovis
iadirh 10000 10000 >I0000 0000 210 600 21000 200 1000
647 510 000 >10000 10000 10000 19 000 100 -
2029 510000 ;20 000 10,000 720 000 10 000 w0 -

The mice on diasone which survived the test period appeared
healthy At autopsy however small nodules were found in all
mice The mice recerving sodium sulfadiazine and surviving the
test period presented more extenstve lesions

Diasone 1n 10-and 50 mg doses appeared to be the most effective
of the drugs tested 1n vive However larger concentrations of thus
drug apparently enhanced the mortality rate when mtroduced 1nto
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Taste 2

EFFECT OF DIASONE AND SODIUM SULFADIAZINE OV SURVIVAL RATE
OF MICE INFECTED WITH NOCARDIA ASTEROIDES

oy Fusber Oeatts aft.r &y

s of Hice Par Cent

(e fie) Tagectes 12 34 5 & Sarvivd
Centrol 1 L] »
Dlasons 10 n 2 12 &
E u 2 2 3 1 B
pho U 18 & 1 o
Drug control 100 5 10
Sodiza sulfadissine k1] n 28 1 z
1 wn 1L 1 3 35
200 n 11 212 &
rug eontrol 100 s 100

the 1noculated animal Sodium sulfadiazine 1n 100-mg doses gave
a large degree of protection At lower dosages a somewhat benefi
cial effect was also seen

DISCUSSION

Although strain vanaton 1n the susceptibihity of pathogenic
actinomycetes to sulfonamides and sulfones has been observed by
Strauss et al * and by Gonzdlez Ochoa et al 73 sensittvity testing
has rarely been used for the chorce of drugs 1n treatment The rela
nively slow growth of these orgamisms and 1n the case of 4 boves
the necessity for anaerobiosis have further complicated these tests
Moreaver most media on which these organisms are routinely
grown contain substances antagonistic to the action of these drugs
However since Nocardia infections respond to sulfonamides and
sulfones more readily than to any other form of medication pro-
cedures for determining which drug 1s most effective 1n vmo
should be useful in the sel of the most
for treatment

Diasone and promizole appear to be the most effective of the test

P
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Tasie 1
SENSITIVITY OF VARIOUS PATHOGENIC ACTINOMYCETES TO SULFONA
MIDES AND SULFONES (IN MICROGRAMS PER MILLILITER OF MEDIA)

SBulfa-  Sulfe-  Salfi-  Sulfee Sulfa~
lazine thiazole soxazsle msthailne merssing Diasons FPromizole FPreain

¥ycaraia asteroldes
210

Y] 000 2000 1000 1000 1000 10 000 00
u 1000 510 00 210 00 bt 100 1
se 10 000 1000 ¥10,000 0000 110 000 10 10 om0
2 0 00 1000 00 00 100 10 100
og 1900 1 woen 10 000 18 1000 100
108 1000 20000 10000 210 000 210 000 00 2000 »20 000
prig W00 30 1000 1000 1000 1000 10 000
unz 2 000 10 0% 1000 00 2000 10
1y 2000 109 1000 2000 Eid 100 10 10 000
i1 10 00 100 1000 2000 10 000 »
e NG 10X 230 0N 1000 10 000 1 16 00
us JIR 00 100 10 00 2000 110000 10000 0 2000
m 1000 1000 1003 0 00 100 000
na 00 100 1000 1000 100 510 000 w0 100
ung 100 100 10 w09 100 1 100
120 MO0 1000 1000 1000 3000 310 000 00 1000
12 1000 1000 20000 210 000 1000 20000 100
27 210 000 200 00 100 100 10
128 10000 2000 1000 200 10 200 00 1000
129 1000 2000 A0 100 1 100 @ o
lulg » zgg 333 200 }ooo oloou 1” wx%
» 000 3000 000  vi0 00 X
132 310 000 v, 1000 10 000
Focasrdla brasiliensis
12 1000 30000 210 X0 10 20000 10 1 10
123 1000 ¢ 10 0 10 2 10 0 100
2L 2000 200 1000 2000 100 1000 w00 2000
1y 210 000 W a0 1 0 200 100 30 0%
Focargia medurse
0 X 100 1000 000 200 1 10 300
a1 wa 2000 100 1000 10 000 1000 wo 10
104 10 10 10 100 10 10 0 100
w07 w w0 10 100 100 10 30 1000
Focardls pedietiert
n 100 100 100 1000 1000 1 w109
236 1000 100 10 000 100 100 10 0 1%
38 000 3000 100 1000 2000 oo swwo X
ctinomrees bovis
* pied 310 000 10000 20000 10000  »10 000 20 X0 100 10 oz
1647 510000 10000 10000 5100 510 000 200 - e
09 310000 J10000 30000 220000 >0 00 200 -

The mice on diasone which survived the test period appeared
healthy At autopsy however small nodules were found all
mice The mice recetving sodum sulfadiazine and survivang the
test period presented more extensive lesions

Diasone 1 10-and 50 mg doses appeared to be the most efective
of the drugs tested 1n vivo H larger ratuons of this
drug apparently enhanced the mortality rate when ntroduced 1nto
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1mportant as those carried out on bactena 1n the choice of thera
peutic agents Both sulf de and sulfone compounds should be
tested along with anubiotics and possibly drugs found useful in
the treatment of tuberculosts
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drugs i mhibing the growth of pathogenic actinomycetes
vitro It 15 believed that sulfones inhibit bactemia because they
break down 1n vivo 1nto diamino diphenyl sulfone (DDS) This
compound presumably has a mechamism of action simylar to that
of the sulfonamides Gonzdlez Ochoa et al * have shown this com
pound to inhibit the growth of Nocardia n vitro and have cured 2
number of mnfections due to N brasliensts Garcra ¢ has reported
success 1n treating a case of nocardrosis with diasone

Studres 1n mice showed that diasone was of benefit only when
used 1n low concentrations The mterpretation of these results 1s
difficult Actinomycotic diseases m man are not comparable to
those 1n ammals where mfection can be induced only by drastic
means (large volume of inoculum 1n gastric mucin) Recent chnt
cal studzes tndicate that man can tolerate a fairly large dosage of
the sulfones before symptoms of toxicity appear

Sulfadiazine has been used with success 1n treating many cases of
Nocardia infection Although this study showed that this drug was
relatrvely mneffective 1 vitro aganst most straimns of N asteroides,
sulfadtazine 1n a farrly large dose sigmificantly lowered the death
rate 1n mice mnfected with one of the nonsensitive strains Appar
ently fungistatic action at concentrations below that required for
complete mnhibition of growth 1s all that 1s needed to enable the
host s natural defense mechanism to overcome the mfection

Prior to the use of antibiotics for treatment of infections due to
A bowrs the sulfonamides had been used with varying success
Many cases where sulfonamides alone were employed have met
with failure However where sulfonamide therapy was supportcd
by surgical intervention X ray therapy and the admnistration of
1odides cure has more often been recorded Arnold ® has rcPOHCd
a successful cure of cervical factal actinomycosts with drasone
after having first observed sumlar treated cases by Latap:

Cutting and Gebhardt  reported complete inhibitson of A bovis
with 500 pgm of sulfathiazole and sulfadiazine per milliliter of
media whereas heeney Ajello and Lankford? were able to
achieve inhibition only 1n concentrations of 5000 pgm per milh
liter The three strains of 4 bovis 1n this study were completely
jnsensitive to the sulfonamides but two were sensitive to two sul
fone compounds The strain variation n reaction to varous drugs
suggests that sensitiity tests for pathogenic actinomycetes are as
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of chlorquinaldol (Sterosan) * as an intestinal antiseptic 1 pre
surgical preparation of the large bowel

METHODS

The effect of chlorquinaldol was studted 1n 16 adult hospitalized
patients who were normal from the gastrointestinal point of view
and who had recerved no antibiotics or sulfonamudes for at least
four weeks prior to this study The first group of 4 patients was
gtven 600 mg of chlorquinaldo) in three divided doses for one day
This dosage was chosen because 1t had previously been used thera
peutically ® To determine whether increased dosage would produce
better or more consistent results than those obtained with 600 mg
2 second group of 8 patients recerved this medication at the level of
16 gm of chlorquinaldol 1n four divided doses for one day

Since chlorquinaldol was found to exhibit greater activity
agamnst the gram posttive flora i the stools than against the gram
negative organtsms 1t was deemed advisable to combine 1t with a
drug inhibiting the gram negative organisms As neomycin t has
demonstrated these necessary properttes * # this antibiotic was used
in comt with qunaldol One gram of neomycin four
times a day 1 addition to 200 mg of chlorquinaldel four times a
day was administered to 4 patients the total medication thus be
1ng 4 gm of neomycin and 800 mg of chlorquinaldol per day

CULTURE METHODS

The general culture methods employed 111 this study have been
teported previously * Control stools were secured from all pauents
before medication was mtiated Stool specimens were collected 1n
clean and drately sent to the Iab y where 1f
storage was necessary before processing they were placed 1n a deep
freeze umt a¢ —20 C

One gram of wet stool was weighed 1nto a sterile flask and emul
sified with a known volume of physiologic sahine solution The ho

Ge gy Pharmaceuticals kindly furnished the chlorquinaldol employed 1n this
mvestigation under the trade name of Sterosan  Qutside the United States this
intesunal ant septic 3 marketed under the Geigy trademark  Siosteran

comyan under the trade name of Myeifrada Sulfate  was supplied through
the courtesy of the Upjohn Company
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The Effect of Chlorquinaldol Alone and m

Combumation with Neomycmn on the Intes-

tinal Microbial Flora of Man Prelimmary
Report*

As new chemotherapeutic agents are introduced they must be
subjected to therapeutsc evaluation before being accepted for ron
tine use Although good therapeutic agents for presurgcal prepa
raton of the bowel are available * there still exists 2 need for a drug
or combination of drugs which will provide the maxsmum reduc
tion of mtestinal flora with mmimal or no side reactions

Recently chlorquunaldol (57 dichloro 8 hydroxy quinaldine)
was reported not only as being active aganst gram positave bac
terta ? but also as possessing fungistanic properties * Due to these
properties chlorquinaldol appeared to be of value exther alone or
1n combimation with other drugs for intestinal anttsepsis

Chlorquinaldol 15 a yellowssh synthetic crystallme powder which
15 not readily soluble 1 water However 1t 1s soluble m alcohol
ethyl acetate benzine petroleum ether and propylene glycol and
other carbowaxes It 1s recovered almost completely 1 the feces*
Brun et al * using filter paper impregnated with chlorquimaldol
found 1t to be fungistatzc whereas Weg and his associates *
and Canaan ® presented data indicating that this drug 1s pnincpally
active against gram positive bacteria

The present study was undertaken to evaluate the potentialities

s 1nvesugation was supported in part by grants from Geigy Phagmaccuts
al g?v::m;: of (ﬁxgy Camparryp Inc. New York City and the ug,yohn Company

Kalamazod Michigan 151
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by approximately 60 per cent 1n the remaining 2 pauents Results
on the yeastlike population were sumilarly vaniable ranging from
msigmificant reduction in 1 patient to over 85 per cent 1n the re
mainng 3 patients

When the dosage of chlorquinaldol was increased to 400 mg
given four times 1n one day for a total of 16 gm (Fig 2) there

PERCENTAGE REDUCTION OF THE INTESTNAL MEROFLORA 8Y
400 WGS OF STEROSAN GIVEN Q1D FOR ONE DAY
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Figure 2

duction 1 the gram positnve flora which mncluded enterococer was
approximately 80 to 90 per cent in 7 of the 8 patients The effect
on the gram negative flora (Escherichia colt Proteus A faecalts,
and Paracolon bacillus) was variable and ranged from 45 to 95 per
cent The yeastlike population was reduced from 72 to 95 per cent
1n all these patients

The smaller dosage of 800 mg of chlorquinaldol given mn four
divided doses was combined with 1 gm of neomyan given four
times a day for only one day (Fig 3) This combination produced
over 90 per cent reduction 1n both the gram positrie and the gram
negauve flora This reduction occurred within twenty four hours
following the adminsstration of the medication These results were
consistent 1 all of the 4 patients The yeastlike organisms were re
duced between 75 and 99 per cent 1 all cases

Chlorquinaldol displayed no toxic or side effects 1n any of the pa
tients treated
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mogenous suspension was diluted with sterile physiologtc saline to
give dilutions ranging from 10~ to 10-* One mulliliter aliquots
of approprnate dilutions were then used to make pour plates with
Endo agar blood agar azide agar, and Littman s ox gall agar One
mulliliter of an appropriate dilution was placed 1n throglycollate
broth The thioglycollate growth was used to 1solate and 1dentfy
the various micro organisms present 1n the given stool specimens
These 1solates were later used to determine their sensitivities to
chlorquinaldol and neomycin alone and in combination

Counts of coliforms lactose nonfermenting bacill: including
Proteus A faecalis, and Paracolobacterium gram positive cocct
and yeasts were thus obtained

RESULTS

The results of medication 1n the first group of patients who e
cewved 600 mg of chlorquinaldol in three divided doses for one day
are summarized m Figure 1 This dosage reduced the gram positive

PERCENTAGE REDUCTION OF THE INTESTINAL MICROFLORA
BY 200 MGS OF STEROSAN GIVEN TID FOR ONE DAY

P  ReoucTion
I/ oF Gram NES
4REDUCTION
OF GRAM POS

¥ REQUCTION
OF YEAST

K4
100 |

PATIENTS HM Nw RS 0s
Figure 1

flora 1n 2 of the 4 patients by over 95 per cent In the third patient
the reduction 1n these micro-organisms was 80 per cent and 1n the
fourth patient 1t was only 50 per cent The effect on the gram
negative flora was msigmficant 1n 2 pattents but they were reduced
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concentranons of either of the drugs alone Thus effect 15 being 1
vestigated further

The effect of this combination on the yeastlihe organisms and
{ung suggests 1ts possible usefulness in the treatment of disorders
of the alymentary tract caused by these organisms

The problem of the emesgence of resistant strains 1s 10 the
process of further evaluauon although we have not encountered
any to date
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PERCENTAGE REDUCTION OF THE INTESTINAL MICROFLORA
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DISCUSSION

It 15 obvious that the intestinal contents of man are not sterilized
by chlorquinaldol alone Even n the large dose of 16 gm of chlor
qumaldol enterococcl were not consistently reduced i all of our
patients The effect on the gram negative organisms was relatively
unpredictable However when this drug was combined with neo-
mycin over 90 per cent of both the gram posttive and gram nega
tive orgamsms were reduced consistently

It 15 of interest that the chlorquinaldol neomycin combination
not only enhances the reduction of the gram negative organisms
but also potentrates the reduction of the gram positive ntestinal
bacteria This potentiation produces results which exceed those ob
tamned using the large dose of 16 gm of chlorquinaldol for one
day This marhed reduction 15 also observable in the yeastlike
population 1n stool samples Thus result suggests that the mechan
1sm of this potentiation 1s synergistic

Similar results were demonstrated 1n 1 vitro studies The enter
ococa wolated from stools were ntubited by smaller concentra
tions of the chlorquinaldol neomycin combination than by larger
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concentrations of enther of the drugs alone Thus effect 1s being 1n
vesugated further

The effect of this combination on the yeastlthe orgamsms and
fung suggests 1ts possible usefulness in the treatment of disorders
of the alimentary tract caused by these orgamisms

The problem of the gence of strams 1s 1 the
process of further evaluation although we have not encountered
any to date
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PERCENTAGE REDUCTION OF THE INTESTINAL MICROFLORA
BY 1 GRAM OF NEOMYCIN WITH 200 Mgs OF STEROSAN
GIVEN QIDFOR ONE DAY
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DISCUSSION

It 15 obvious that the mtestinal contents of man are not stentlized
by chlorquinaldol alone Even m the large dose of 16 gm of chlor
quinaldol enterococc: were not consistently reduced wmn all of our
patients The effect on the gram negatie orgamsms was relatnely
unpredictable However when this drug was combined with neo-
mycin over 90 per cent of both the gram positive and gram nega
tive organmisms were reduced conststently

It 15 of interest that the chlorquinaldol neomycin combination
not only enhances the reduction of the gram negative organisms
but also potentiates the reduction of the gram positive ntestinal
bacteria This potenuiation produces results which exceed those ob-
tained using the large dose of 16 gm of chlorquinaldol for one
day This marked rednction 15 also observable 1n the yeasthihe
population 11 stool samples This result suggests that the mechan
1sm of this potentiation 1s synergistic

Simular results were demonstrated 1 1n vitro studies The enter

ococer 1solated from stools were inhibited by smaller concentra
trons of the chlorquinaldol neomycin combination than by larger
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kept 1n an 1ce bath duning the period of moculation as suggested
carlier by Rowley As a further check on the possible loss of via
bility 50 per cent of the untreated contral mice were nfected at
the beginning and 50 per cent at the end of a series of mnocu
lations
The crude drug (lots 5 and 12) was supphed by NEPERA
Nepera Park New York and the Antibioucs Diviston Food and
Drug Admmutnuon ‘Washington D C Insoluble in water 1t was
1toneally asan aq j: which was
prepared just prior to injection Individual doses were contained
m05m! and ranged from 0 5 to 20 mg

RESULTS

As shown 1n Table 1 775 per cent of 40 mice infected with
S schenckn and treated with a total dosage of 10 mg  (group 2)
and 62 5 per cent of those recerving 8 6 mg (group 3) of lot 5 sur
vived through the fourteenth day as compared to 20 per cent i
infected untreated controls (group 1) Although death rates in
creased 1n both treated groups thereafter the total mortalities were
sull reduced 1n these groups on the twenty first day A more ex
tended period of protection was observed in group 5 where 70 per
cent of the mice treated with the 10-mg total dosage survived
through the twenty-eighth day and 50 per cent through the fort:
eth A mortality of 65 per cent on the fourteenth day 1n the control

Tasee 1

THERAPEUTIC EFFECT OF ANTIBIOTIC 1968 (LOT 5)
IN EXPERIMENTAL SPOROTRICHOSIS

P Daly E:'fl, . Percentage Fatality on Day
roup (mg f (mg ¥ Fd " 21 28 £0
1 40 —_ — 0 80 975 975%
2 40 10 10 0 225 650 800%
3 40 05 85 5 375 750 850t
4 20 — — 0 65 100
5 20 10 10 0 0 15 30 50

Drug adaunutered at time of ln(ccmm and IX day thercafter
t Expenment termunated on thus d
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Prelmmary Results with a New Antibiotic,

1968 (NEPERA), mm Mice with Expen-

mental Hhstoplasmosis, Sporotrichoss, and
Candidiasis

Prelimnary studies with an antibiotic derived from Strepto
myces sp 1968 (NEPERA) reveal that a1t possesses therapeutic ac
tivity 1n mice expertmentally infected with Histoplasma capsule
tum Sporotrichum schencku or Candida albicans

The experiments were carried out 1n groups of male Swiss albmo
muce (O Grady strain) weighing 18 to 20 gm  which were treated
once daily for ten days with varying concentrations of the drug be
ginning at the ime of infection Evaluation of therapeutic activity
was based on the prolongation of survisal time of treated as com
pared with untreated amimals Unless otherwise noted expert
ments were terminated on the twenty eighth day after infection

Inoculating suspensions were prepared n cold physiologic saline
solution from forty eight hour yeast phase cultures of H capsula
tum (G-8) S schencku (F-20) and C albicans (E-70) grownon
brain heart infusion agar at 37°C The procedure consisted of 1€
suspending washed cells to a 20 ml volume followed by centnt
fugaluzation at 500 rpm for five minutes to remose the larger aggre
gates and by further dilution of this supernate to a desired light
transmission on the Coleman spectrophotometer In these studies
susp of H capsul S schenckus, and C albicans which
transmatted 50 70 and 90 per cent light at 500 my respectively
were employed The moculum for a mouse was 02 ml and was
administesed by the intravenous route As determined by pre
limary expeniment this dose resulted sn a mortality of 70 to 90
per cent by the fourteenth day ,’I‘he tnoculating suspensions were

50
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the twenty-eighth day 1n contrast to a 90 per cent mortality i un
treated controls by the fourteenth day (group 6)

The data in Table 3 reseal that the thempeutically active sub
stance at Streptomyces sp 1968 15 extractable by methano!l but not
by water The survinal ume of mice infected with H capsulatum
was prolonged m groups 11 12 and 13 which were treated with
total dosages of 20 mg of the first second and third methanol ex
tractions respectinely Fquivalent concentrations of five successive
aqueous extractions (groups 15 and 16) made prior to the meth

TanLe 4

THERAPEUTIC EFFECT OF ANTIBIOTIC 1968 (LOT 12)
FRACTIONS G AND H IN EXPERIMENTAL CANDIDIASIS

N Daly Total Pereentage Fatahty on Day
C oup cfw'; Dosage Dosage —_—
(mg ) (mg) 7 T
17 20 — — 20 70 9% 9
18 20 5 15 0 5 20 20
19 20 10 10 ] 0 25 35

1 mg admunistered at ume of infection and IX daly for mne days

anol extracuons were neffective The fourth fifth and sixth
methanol fractions (group 14) also failed to suppress mortality

Small aliquots of fractions G and H remained after completion
of the preceding study and were combined for further mnsestiga
tion 1n expenimental candidiasis These results are shown in Ta
ble 4 Of mice treated with total dosages of 10 and 15 mg (groups
18 and 19) 65 and 80 per cent respectively surstsed the twenty
eighth day observation period By contrast there wasa 70 per cent
mortality 1n the untreated controls on the fourteenth day

The prolongation of survival tume 1n mice mnfected with lethal
doses of H capsulatum S schencku or C albicans effected by the
admimistration of experimental antibiotic 1968 1n adequate con
centration suggests that this drug warrants further investigation as
a potential therapeutic agent for these mycoses in man The drug
1s nontoxic for mice 1n the concentrations employed

Efforts to punify the drug as well as studies to determine possible
relationship to Ascosin or Mycostatin are 1t progress
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TavLe 2

THERAPEUTIC EFFECT OF ANTIBIOTIC 1968 (LOT 5)
IN EXPERIMENTAL HISTOPLASMOSIS *

Daly Total Prercentage Fatality on Daj
Group Mo Do, ) | Lorcentoge Taaliyen T
Grop (mg ) il 7 7] 21 %
6 20 [ — 6 9 95 9%
7 20 20 20 5 15 35 3
8 20 10 10 10 35 70 70
9 20 05 5 10 65 85 %5

* Drug admunutered at the tune of Infection and IX dady thereafter

ammals for this experiment (group 4) suggests that the mfections
m groups 4 and 5 were less severe than those 1n groups 1 2 and 3

The therapeutic activity of antibiotic 1968 (lot 5) n mice 1n
fected with a rapidly lethal dosage of H capsulatum 1s tllustrated
i Table 2 Survival time was significantly prolonged beyond the
fourteenth day 1n the animals receiving total dosages of 10 (group
8) and 20 mg (group 7) lessso in those treated with a total dosage
of 5 mg (group 9) The protective activity was most marked 1
group 7 which received the maximum total dosage of 20 mg em
ployed 1n these studies In thus group 65 per cent survived through

TaBLe 3
THERAPEUTIC ACTIVITY OF METHANOL AND WATER EXTRACTABLE

FRACTIONS OF STREPTOMYCES SP 1968 (LOT 12) IN MICE INFECTED
WITH HISTOPLASMA CAPSULATUM*

Prrcentage Fatality en Day
Gup  F B [ ety 2w
10 - —_ 0 70 85 90
11 G* Methanol 1 0 20 65 75
12 H* Methanol 2 5 5 30 35
13 M* Methanol 3 5 35 55 60
14 N* Methanal 4, 5 5 75 95 100
and 6 (combined)
15 A* Water 1 o 9% 100 100
16 B* Water 1-5 0 80 90 95
{combined)

*1 mg administered at ime of infection and once daily for nlne days
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the twenty-eighth day in contrast to a 90 per cent mortality 1n un
treated controls by the fourteenth day (group 6)

The data 1n Table 3 reveal that the therapeutically active sub
stance at Streptomyces sp 1968 15 extractable by methanol but not
by water The survnvat time of mice infected with i capsulatum
was prolenged 1 groups 11 12 and 13 which were treated with
total dosages of 20 mg of the first second and third methanol ex
tractions respectively Equivalent concentrations of five successive
aqueous extractions (groups 15 and 16) made prior to the meth

Taste 4

THERAPEUTIC EFFECT OF ANTIBIOTIC 1968 (LOT t2)
FRACTIONS G AND H IN EXPERIMENTAL CANDIDIASIS ¢

Darls Total Pereentage Fatality on Day
Ao m A ge Fotality on Doy
D | e Ty
Cob Tap Dig Qe 7 oM a
17 20 — — 20 70 920 90
18 20 15 15 0 5 20 20
19 20 10 10 0 0 25 35

1 mg admunutered at ime of mfection and IX dady for mne days

anol extractions were ineffective The fourth fifth and sixth
methanol fractions (group 14) also failed to suppress mortality

Small ahiquots of fractions G and H remained after completion
of the preceding study and were combined for further nvesuga
tion 1n experimental candidiasis These results are shown in Ta
ble 4 OFf mice treated with total dosages of 10 and 15 mg (groups
18 and 19) 65 and 80 per cent respectniely survived the twenty
erghth day observation period By contrast there was a 70 per cent
mortality in the untreated controls on the fourteenth day

The prolongation of survival time 1n mice infected with lethal
doses of H capsul S schenckn or C alb effected by the
admimistration of experimental antibiotic 1968 1n adequate con
centration suggests that this drug warrants further mnvestigauion as
a potential therapeutic agent for these mycoses in man The drug
1s nontoxic for mice 1n the concentrations employed

Efforts to purify the drug as well as studies to determine Ppossible
relationship to Ascosin or Mycostatin are in progress
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Nystatin and Actidione Two Antifungal
Agents Produced by Streptomyces nourser

Investigations have been concerned with the two antifungal
agents that are produced by Streptomyces nourser* In the early
work with this actinomycete nystatin was recognized even int crude
form as a new antibrotic because of 1ts broad anufungal spectrum
More recently the second antibrotic has been 1dentified by chemt
cal and physical means as actidione 2 *

The simultaneous production of these two antifungal agents by
§ nourses 1s of mterest Subsequent to the discovery of nystatin
other antibiotics relared to 1t have been reported in particular an
trmycon ¢ which 1s very simuilar but which 1s produced by S au
reus Acudione had been 1solated previously from S griseus broth
cultures that produce streptomyain also

Under conditions for static growth the two antibiotics are pro-
duced simultaneously They can be separated crudely by straiming
out the mycehum Nystatin the less soluble of the two 15 found
here while actidione a water soluble antrbiotic 1s present mn the
culture liquors ‘The yreld of actidione averages ten times that of
nystaun Both antibiotics have been obtained 1n crystalline form

The great difference 1n solubilities of the two products makes
possible a ready separation nystaun 15 almost nsoluble in water
slightly soluble 1nt lower aliphatic alcohols and glycols One of the
most satisfactory neutral solvents 1s 70 per cent ethanol Actidione
on the other hand 1s readily soluble in water and many orgamc¢
solsents

Nystatin 15 most stable as 2 dry powder In this state 1t has been
stored under refrigeration for four years without appreciable loss
of actinaty In solution nystatn 1s unstable to heat aad and alkalt
Alcoholic solutions begin to detersorate within one weeh under

184
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ordinary refrnigeration Aqueous suspensions may be stored n the
frozen state at —25°C however for at Jeast two months without
deterioration

Acudione 1s more stable to heat an aqueous solution at 100 C
began to lose activity only after 15 hours Acid 2nd alkaline solu
tons stored at 4° to 8°C maintained their activity for four weeks

Tante 1
ANTIFUNGAL SPECTRA OF NYSTATIN AND ACTIDIONE
Least Amount Inkud ting Growsh
Eop (g /md)
Agstatin Actid one
Candida allncans 313 > 400
Candida guilliermond: 313 > 400
Monosponium apiospermum 200 > 400
Blastomy ces dermautidis 156 > 400
(ycast phase)
Histoplasma capsulatum 156 > 400
{ycast phasc)

Geotnichum lactis 625 > 400
Tnchophyton mentagrophytes 625 > 400
Cryptococcus neoformans 156 313
Aspergillus furmigatus 625 400
Pemiaillium sp 13 100
Saccharomyces cerevinae 313 <078
Candida kruser 625 <078
Saccharomyces pastorianus 313 03y
Rhodotorula mucilaginosa 156 039

Chemically the two antibrotics are unrelated Both are nitrogen
containing compounds The ultrasiolet spectrum of nystatin shons
three marked bands at 291 30> and 319 my indicative of a poly
enc the spectrum of actidione shows weak absorption at 287 my

The antifungal spectra of the two anubiotics as determined by
the agar dilution method differ markedly (See Table 1) Of the
many fungal pathogens sensitive to nystatin only Cryptococcus
neoformans 1s sensitive to actidione The nonpathogenic yeasts are
somewhat more sensitive to actidione than to nystaun Effective
doses of nystatin range from 156 to 13 ug /m! those of actidione
from 039 to 3 13 ;g /ml

Both agents are strongly fungistatic and fungicdal In a concen
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tration of 125 pg /ml the fungicidal effect of nystatin 1s greater
than that of acudione

The tovic effects of the two anubiotics are quite different 1
muce For nystatin the acute LD, 1s 20-26 mg /hg by the mua
perttoneal route and greater than 150 mg /kg by the subcutaneous
route Repeated subcutaneous injections are accompanied by ne
crosis but no gross cumulative toxic effects were noted following
njections of a rotal of 1250 mg /kg during a perrod of eight days

For acudione the acute LDy, 15 138 mg /kg by the trapent
toneal route and 110 mg /Ag by the subcutaneous route There 1s
evidence for cumulatiy e toxac effect upon repeated mtraperironeal
njections of sublethal doses

Nystatin 1s proving to be of value as an ant:fungal agent both m
vitro and 10 vivo Because of 1ts very narrow spectrum actidione
15 of less value

At the Division of Laboratories and Research * nystatn 1$
used routmnely 1n tissue culture techniques A concentration of
10 pg /ml 1s employed for the preparation of throat and fecal 1t
ocula for the 1solation of viruses This concentration has not been
toxic for HeLa monkey kidney or normal human epithelial cells
Hela cells were marntamed conunuously 1n the presence of ny
statin at this concentration for five months without damage For
the examunation of sewage and polluted waters for enteric viruses
by means of 1solatron on Hela cell culture 20 g /ml 1s added to
the mamtenance medium The antibiotic 1s also useful m the 150
lation of bactera from pathologic specimens contaminated with
yeasts and molds

There are many reports of protection afforded by nystaun to
muce infected with several of the pathogenic fungt Ninety per cent
of mfected mice were protected agamst cryptococcosis and 80 per
cent against histoplasmosts whereas all untreated antmals died*
Newcomer and others © reported that 80 per cent of mice nfected
with Coceidiotdes smmtss were protected when none of the un
treated muce survnned Campbell and others ? reported 275 per
cent protection of muce infected with Spovotrichum schencku,
while none of the controls survived Sternberg and others reported
92 per cent protection of mice mfected with Candida albicons
when only 27 § per cent of the untreated muce survived When the

« New York State Department of Health,
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mombhiasis was mduced by mnjection of C albicans mixed with
chlortetracychine ® or with oxytetracychne ** and the mice were
treated with nystatin 53 per cent and 73 per cent respectively
were protected whereas there were no survivals among the un
treated mice
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tration of 125 ug /ml the fungicidal effect of nystatmn 1s greater
than that of actidione

The toxic effects of the two antibiotics are quute different n
mice For nystatin the acute LD, 1s 20-26 mg /kg by the mtra
peritoneal route and greater than 150 mg /kg by the subcutaneous
route Repeated subcutaneous injections are accompanted by ne
crosis but no gross cumulative toxic effects were noted following
mjections of a total of 1250 mg /kg during a period of eight days

For actidione the acute LD,, 1s 138 mg /hg by the intrapen
toneal route and 110 mg /kg by the subcutaneous route There1s
evidence for cumulative toxic effect upon repeated intrapenitoneat
njections of sublethal doses

Nystatin 1s proving to be of value as an antifungal agent both i
vitro and 1 vivo Because of 1ts very narrow spectrum actidione
15 of less value

At the Division of Laboratories and Research * mystatin 18
used routinely mn ussue culture techniques A concentration of
10 ug /ml 1s employed for the preparation of throat and fecal n
ocula for the 1solation of viruses This concentration has not been
toxic for HeLa monkey kidney or normal human epithehal cells
HelLa cells were maintained continuously 1n the presence of ny
statin at this concentration for five months without damage For
the examunation of sewage and polluted waters for enteric viruses
by means of 1s0lation on HeLa cell culture 20 gg /ml 1s added to
the maintenance medium The antibiotic 1s also useful 1 the 150
lation of bacteria from pathologic specimens contarminated with
yeasts and molds

There are many reports of protection afforded by nystatin to
mice mnfected with several of the pathogenic fungi Ninety per cent
of nfected mice were protected agamnst cryptococcoss and 80 per
cent against histoplasmosis whereas all untreated animals died®
Newcomer and others ® reported that 80 per cent of mice 1nfected
with Coccidtordes smmatis were protected when none of the un
treated mice survived Campbell and others* reported 275 per
cent protection of mice infected with Sporotrichum schenchis,
while none of the controls survived Sternberg and others rcpcrlcd
92 per cent protection of mice infected with Candida albicans
when only 27 5 per cent of the untreated mice survived When the

* New York State Department of Health,
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hols 18 increased by the presence of 10 to 20 per cent of water The
compound has considerable solubihity in pynidine dimethylform
amide glacial aceticacrd and 0 05 N methanolic hydrochloric acd
or sodium hydrovide although in these solvents 1t suffers rather
rapid mnactivation

The specific rotation of nystaun s ~8 1n glacial acetic acad and
+21° 1n pynidine The analytic data are in good agreement for an
empinical formula of C,H,,NO,, and show the absence of any

ULTRAVIOLET SPECTRUM OF NYSTATIN
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FIGURE 1

halogen or sulfur as well as any methoxyl ethoxy!l or N methyl
groups Analysis has md d the p of four G-methyl
groups

Figure I shows the ultraviolet absorption spectrum of nystatin to
gether with methyl @ parinarate a compound contaimng four con
Jugated double bonds Both have absorption maxima at 292 mg
805 mpu and 320 mp and the close resemblance of the two spectra
leaves no doubt that they both contain the same chromophore The
very slight maximum at 230 mp 1n the case of methyl @ parinarate
15 typical of these conjugated systems and 15 called the s peak
The enhanced absorption of the nystatin mn this same regron 1s best
ascribed to the absorption of a dienic system supertmposed on the
ais peak As will be seen later there 15 further evidence that ny
statin contains two double bonds 1n addition to the four involved
1 the conjugated tetraene system As Oroshnik et al * have pointed
out this type of ultraviolet absorption spectrum with 1ts charac
tenistic fine structure 1s typical of a whole class of polyenic ant1
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Studhes of the Chemical Properties and
Structure of Nystatin (Mycostatmn)

Nystatn the antifungal antibiotic discovered by Drs Hazen and
Brown *1n 1951 which ordinanily 1s obtained as an amorphous of
parually crystalline product has been obtamed 1n pure form as
very fine needles This purified materzal has the physical properties
listed 1 Table 1 It 15 wmsoluble 1n nonpolar solvents such as
hexane and chloroform and only shightly soluble in water, meth
anol ethano! and butanol The solubility of nystatin mn the alco-

TasLe 1
PHYSICAL PROPERTIES OF CRYSTALLINE NYSTATIN

B

Solubslity

1 Insoluble in acetone chloroform, or ether

2 Shightly soluble 1 water methanol, ethanol or butano} Sotublity
ncreased 1n water alcohol mixtures

Soluble n pyndine, glacial acetic acid, dimethyHormamde, ¢ 05N
methanohic HCl or NaOH The last threc solvents however
rapidly mactivate Nystatin

B Mdung Pomnt
Gradual decomposition above 165°C No definite melung

C Specific Rotation
[a)} —8° (glacial acetic) +21° (pymidine)

w

D Analysts
Caled for CeHNOy,y (M W = 948) G, 5827 H,818 N 148
Found C,5842 H,818 N, 166

C 5856 H §28 N 162
N E =955, 956 Cmcthyl 586 halogen sulfur, methoxy acetyl
N methyl, negauve

168
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of a carboxylate group The 1onic character of this latter group 1s
indicative of the fact that in the erystalline form nystatin must
existasa zwitter ton  As chemical evidence for the presence of a
carbonyl group 1t has been demonstrated that the compound re
acts stotchiometrically with one equivalent of methoxide 1on mn
methanol and reacts with diazomethane to form a mono methyl
ester The mitrogen exinbits 1ts basic nature on titration with
perchlonc acid 1n glacial aceticacid Also the basicaty 1s lost upon
acetylatton The fact that ammonta 15 evolved when nystatin 13

INFRA RED SPECTAUM OF NYSTATIN
oo rany

PLACENT TRANSMISSION

u58‘688833§

g g
WAVELENGTH  MICRONS
Ficure 2

heated with strong alkali suggests that the mitrogen may be present
1 the molecule as a primary amino group

Since the hydrogenation experiments indicate the absence of any
reducible carbonyl function such as an aldehyde or ketone group
the infrared band at 5 87 # must be due to either 2 lactone or ester
group Of these two possibilities the lactone seems most probable
since 1t has been obsersed that in the presence of excess base both
nystatin and 1ts hydrogenated derwvative rapidly consume two
moles of base with concomtant loss of the carbonyl band 1n the
snfrared This consumption of two moles can be accounted for by
reacuon of the first mole with the carbonyl group and the uptake
of an addtional mole of base by hydrolysts of the lactone group
The rate of this hydrolyss 18 much greater than would be exacted
for an ordinary ester

Table 2 lists some additional chemical properties of nystattn and
the dodecahydro compound The reaction between nystatin and a
muxture of acetic anhydride and pynidine leads to a difficultly sepa
rable mixture of acetylated compounds from which no clean prod
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fungal agents which have been discovered 1n recent years mostly
as products of various Streptomyces fermentations The locations
of the maxima are useful in determining the exact nature of the
chromophore The ultraviolet spectrum of Rimocidin an anut
biotic 1solated by Davisson et al * 1s practically tdentical with that
of nystatin and even the chemical composition of the two 1s quite
sumlar However they do differ in their general biologic and
chemical properties The spectrum of Ascosin included 1n Fig
ure 1 also showed the triad of maxima but at wave lengths which
tndicate the chromophore to be a conjugated hep Inats gen
eral chemrcal characteristics 1t also appears quute sumilar to ny
statin but of course the two can be differentiated by means of their
ultraviolet spectra Candidin the antifungal agent discovered by
‘Waksman and his co workers * has 1ts maxima at the same waie
lengths as Ascosin Since the latter two antibiotics have not yet
been obtained pure their specific extinctions are not known and
therefore the curve of Ascosin shown here 15 intended to indicate
merely the position of the peaks The extinctions of the pure antt
biotic would almost certainly be greater than depicted here

The unsaturated nature of nystatin has been confirmed by cata
Iytic hydrogenation In the presence of either Adams platinum
catalyst or 5 per cent palladium on carbon nystatin takes up 6
moles of hydrogen per mole of compound 2 moles 1n excess of that
required to saturate the tetraene system Since 5 per cent palladium
on carbon 1s capable of effecting only the hydrogenation of carbon
carbon double bonds and since the ultraviolet absorption 1s ab
normally intense m the region of dienic absorption this finding
confirms the presence of a conjugated diene system tn the nystatin
molecule The difference 1n extinction at 231 mu between nystatn
and a normal tetraene system 1s equal to the intensity of absorption
one would expect for a conjugated diene system The dodecahy
dronystatin has only end absorption 1 the ultraviolet and has no
anuifungal actvity It 15 readily erystallized possesses greater chemt
cal stability than nystatmn uself and therefore 15 more suitable for
certain structural investigations

The infrared absorption spectrum of nystatin 1s shown n Fig
ure 2 Besides a broad intense hydroxyl band at 3 0 4 the strong
bands at 5 87 s and 6 37 p are very sigmificant The lower band 18
charactersstic of a carbonyl functien and the higher one s typteal
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and ranous peroxides and epoxides show a positive response
When pure nystaun reduces nesther Tehlings nor Tollens re
agent and does not form a 2 4-dinitrophenylhydrazone The latter
tests are additional evidence against the presence of a reducible
carbony! group

Since there are nineteen oXygen atoms 1n nystattn with only
four nccounted for by the carboxyl and lactone groups 1t 13 obwi
ous that the compound 1s heavily hydroxylated This immediately
suggests the possibility of there being 1 carbohydrate motety in the
structure perhaps attached through a glycosidic linkage to the re
mainder of the molecule However both nystatn and the dodeca
hydro denvative guie only a famnt Molisch test and under hydro-
Iytic conditions which normally cleave glycosidic linkages namely
Leating with methanolic hydrochlonc acid nystatin yrelds no car
bohydrate f N pts to cleave the molecule
m this manner have all fuled The negative Millon s phenol test
indicates that none of the hydroxyls are phenolic 1n nature

‘When nystatin 1s reacted with base several different reactions
may occur depending upon the concentrition of the reagent In
the presence of just one equivalent of sochum hydroxide the so
dium salt of the carboxylic acid 1s formed This compound has a
greater solubility 1n water than nystaun and still 1s biologically ac
tive but 1t 15 relatively ble A sccond equtvalent of base
cleaves the lactone group and at lgher alkali concentrations a
basecatalyzed polymerization occurs and the biologic activity 1s
rapidly destroyed Thus latter reaction does not occur with the hy
drogenated compound

With acids nystatin forms the corresponding salts which are
water soluble They also lose their antifungal activaty if stored for
relauvely short pertods of time

Before an audience whose primary nterest 1n nystatin 18 1ts ther
apeutic application 1t seems appropriate to make a few additional
comments about the solubility and stability of this substance The
solubtlity properties given 1n Table 1 indicate that considerable
difficulty might be n the pref of p al
solutions having a significant concentration of nystain However
if mnstead of employing crystalline nystatin one uses lyophilized
nystaun the situation s greatly improved The lyophilized mate
Tial 15 much more soluble 1n neutral solvents than 1ts crystalline
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uct could be 1solated However the hydrogenated dervatve
yielded under similar conditions a chloroform soluble product
which could be purified by chromatography on alumina Analysts
showed 1t to contain six acetyl groups one of which was on mtro-
gen since the product was neutral

With potassium periodate 1n neutral solutton or lead tetraace

Taste 2
CHEMICAL PROPERTIES OF NYSTATIN AND
DODECAHYDRONYSTATIN
Nystatin Dodecakydronystotin

Acetylation with acetic an~ Causes considerable  Hexa acetyl  de

hydride and pyndme decomposition rivative
Penodate oxid Unspecifi C 3 moles
Lead tetra acetate oxidation  Unspeaific Consumes 3 moles
Schiff aldehyde test Posstive (atypical) Negative
Reaction with 2,4 Dimtro  Negative Negatve

phenyl hydrazine
Fehling or Tollens test Negative Negauve
Mohsch carbohydrate test Famt Fant
Millon pherol test Negative Negatve
Reaction with alkals Alkaline salts Alkaline salts
Reaction with acid Acid salts Acid salts

tate 1n acetic acid nystatin was oxidized n an unspecific manner
and consumed up to 10 moles of either reagent Dodecahydronysta
un under the same condittons consumied 8 moles rapadly and fur
ther oxidation proceeded only slowly When the reaction was
carried out stoichiometrically with a 8 mole uptake 1 mole of
formaldehyde was 1solated from the reaction mixture as the dime
don dernvative The matn product of the reaction 1s under mvestt
gation at the present time

Nystatin gives a slow positive reaction with the Schaff test which
we believe to be atypical The lack of specificaty of this test has
been demonstrated previously by the observation that viny! amines
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counterpart For example 1t 15 soluble m propylene glycol to the
extent of 100 000 units per mulliliter If sull higher concentrations
of nystatin are desired 1t 15 expedient to use stabilized suspenstons
of the lyophihized materzal

It 15 easy to understand that nystatin which contans diene and
tetraene systems as well as a lactone group would exhibit some n
stability toward extremes of PH and also to light and oxygen
When neutral solutions of nystaun are allowed to stand at room
temperature 1n ordinary sunlight as much as 30 per cent of the ac
twvity may be lost 1n three days 40 per cent 1n a week and 50 per
cent after two weeks Under refrigeration these solutions show
much greater stability As would be expected nystatin 15 more sta
ble 1n the solid state than n solution Crystalline nystatin 1s stable
mdefinitely at room temperature The lyophihized powder under
goes some 1nactivation about 20 per cent during the first two
weeks but after that the potency remains essentially constant for
months Both light and oxygen are involved 1n the mactivation
process but the two effects are independent of each other

Unfortunately our mnvestigation has not yet led to the develop
ment of a satisfactory and convement chemucal assay procedure
The prospect of employing the ultraviolet absorption as an assay
method had to be discarded when the lack of strict correlation be
tween the ntensity of absorption and biologic activity was demon
strated Under varous conditions samples of nystatin showed al
most maximum absorption 1ntensity after a considerable portion of
the activity was lost

Our mvestigation 1nto the chemical nature of nystatin will con
tinue ‘We feel that dealing as we are with one member of a group
of polyemc antifungal agents the knowledge derived from nystatin
mught very well be of value in elucidatng the structures of the
other antibiotics of this type
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pleted by shaking If the solution 1s then permutted to stand for
seseral hours at room temperature stenilization 1s generally of
fected through the action of the alcohol

(?) For many uses a solution of 10 to 100 umts per millihiter 1s
required but the alcohol contained therein may have undesirable

EFFECT OF VARIOUS SOLVENTS OR
AGAR DIFFUSION OF NYSTATIN

#——a 70X 150PROPANOL
#— -8 10X n PROPANOL
@— @ PROPYLENE GLYCOL

a

IR et i

i 19 20 23 25 2T

DIAMETER OF ZONE OF INMISITION (MM)
Ficure 1

effects at the levels added In such cases a second procedure may
be preferred Here 10 mg or more of nystatin 1s weighed nto a
stertle container and rubbed to form a smooth paste with I m! of
70 per cent alcohol The paste 1s permutted to stand for several
hours at room temperature for sterilization and 1s then diluted to
the desired volume with stenle distilled water The resulung sus
pension contaimng only about L per cent alcohol may be added
to most biologic materials without fear of effects from the solvent
Nystatin 15 soluble to the extent of at least 300 units per milliiter
1n most aqueous media

It 1s obvious that not all contaminaung organisms are necessanly
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Some 1n Vitro Charactenstics of Nystatin
(Mycostatin)

PREPARATION OF SOLUTIONS OR SUSPENSIONS

Because of the himited solubility of nystatin mn water certaint
problems arise 1n attempting to carry out 1n vitro studies with this
antibiotic Unless these problems are circumvented or overcome
the results of 1n vitro studies may be very misleading As an exam
ple varymng the organic solvent employed may lead to different
rates of diffusion of the antibiotic 1n agar Tlus 1s exemplified ;n
Figure 1 In these experiments crystalline nystatin was dissolved in
four different solvents and diluted 1n each case with the same sol
vent to give various concentrations of antibiotsc The rates of diffi
sion from paper disks placed on agar plates were then determined
by measuring the zones of nhibition using Candida albrcans as the
test orgamsm It can readily be seen that attempting to compare
antibiotic activity of a given weight of pure nystatin 1 two differ
ent solvents may lead to anomalous results

The rate of solution of nystatin 1s markedly affected by the par
ticle size of the dry powder and amorphous preparations dissolve
more readily than do those consisting of relanvely large crystals
For preparng sterile solutions to be used m various 1 vitro pro
cedures for example 1n tissue culture studies several procedures
have proved useful

(1) One to 2 mg of nystaun are weighed nto a sterile container
and then rubbed to produce a smooth paste with a few drops of 70
per cent ethanol or 70 per cent 1sopropanol A solution containing
2000 to 4000 units per milliliter may then be made by bringing to
a final volume of 1 ml with the same solvent Any undissolved
granules are crushed with a gle:;: rod and final solution 13 com
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mg of yeast extract per mlliliter were added various concentra
tions of the sodium salts of the fatty acids to be tested Candida
albicans was then added to give an 1mnal count of ca 500 cells per
milliliter Nystatn 1n the form of an n propanol solution was
added 1n two-fold dilutions the tests were incubated at 30°C for

Tapte 1

EFFECTS OF VARIQUS AGENTS ON NYSTATIN
ACTIVITY IN VITRO *

Agent Concentration MIC of Nystatin

T eg/ml '__unitu;_ml
none - 50
caprylate 010 Lo
oleate 050 80
" 0,20 8.0
noleate 0 50 12,0
» 025 20
. 010 8o
rieinoleate 0% 60
- 010 60
yeast extract 50 Lo
casamino aclds 50 ko
Tween 80 0 50 Lo

*Test organism = Candida albicans

esghteen hours and the MIC was determined Casamuno acids
yeast extract and Tween 80 were tested 1n a simlar fashion

It 15 evident from the data shown that the unsaturated fatty acids
tested lowered the activity of nystatin whereas the saturated com
pound caprylate had no effect Yeast extract casamino acids and
Tween 80 were also 1nactive On the basts of studies carried out 1n
another laboratory 1n the Squibb Institute there are indications
that unsaturated fatty acids may contnibute to the mnstability of
nystatin (Table 2) but mn short term tests this 15 apparently not
250 mg ZnSO 10 mg MnCls, 10 mg FeCls 05 mg CuSO.SH:O 01 mg KI

0¥ 01 mg 1 sspasagne $¢ hydsolyed casein 200 mg inostol § g thia
mine 2 mg Ca pantothenate 03 mg agar 20 g pH 70



178 Therapy of Fungus Diseases

killed through the use of alcohol 1n dissolving the nystann and
therefore prevention of the outgrowth of most remaining viable
bacterta may be aided by incorporation of other antibrotics for
example tetracychine mto the medium

Nystatin 1n solution 1s partrally adsorbed by various types of
bactenial filters but 1f quantitative recovery 1s not amportant al
coholic soluttons may be sterihized by filtrauon through UF fritted
glass filters

Alcoholic solutions of nystatin stored at room temperature will
show measurable losses 1n activity over a period of one week but
for practical purposes these losses may not be troublesome oter 2
four day period At 1cebox temperature (ca 4°C) such solutions
reman stable for much longer perzods of ttme with no evident loss
over a pertod of 2 month Both nystatin powders and solutons are
best stored 1n the dark and m the cold Because of the mnstability
1 the presence of pH changes 1t 15 well to remember that aad
media (below pH 6 0) and basic media (above pH 7 5) should be
avoided At 37°C nystaun even in neutral media will begmn to
decompose m a day or two and 1n those cases where nystatin 1s be
1ng used to hold down growth of fung: and where there 15 a posst
bility of continued exposure to contarmnating fung 1t may be nec
essary to replenish the antibiotic periodically

FACTORS AFFECTING IN VITRO ACTIVITY
OF NYSTATIN

Hickey * has reported that the actwvaty of the antifungal anti
biotic Ascosin 1s markedly lowered in the presence of unsaturated
fatty acids such as oleic, inoleic and linolenic but not by satu
rated straght chamn fatty acids This author also found that
Tween 80 and to a lesser degree yeast and liver extracts showed
this acion We have noted that qualitatively nystatn responds
similarly to the unsaturated fatty acids but apparently to an ap-
preciably lesser degree than does Ascostn Tween 80 casamino
acids and yeast extract on the other hand had no effect on the
actton of nystatin These findings are shown 1n Table 1

In this study to a synthetic medium * supplemented with 05

. edium used 15 a modificatton of that described by Williams et at 3
,um:h-zgn; '(';m),so 3g KILFO 2g MgSOJJHO 250 mg CaCl"H:O
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On the other hand 1f Saccharomyces cerevisiac 18 used as the test
organism this decrease in zone size does not occur ‘This may 1nds
cate that tetracycline simply increases the rte of growth of € al
bicans resulung in some decreasc in the zone of inlubition caused
by nystatin It 1s interesting to note that 1f a tube test 1s employed
normal results are obtained in the assay of nystatin whether or not

EFFECT OF TETRACYCLINE ON
ACTION OF NYSTATIN
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tetracycline 15 present The problem of the effect of other anta
biotics on the actinty of nystatin under various test conditions 1s
sull under acuive study in our laboratories

FUNGICIDAL ACTION

Hazen and Brown ¢ demonstrated that nystatin showed fung
adal action against Cryptococcus neoformans We have obsersed
sumilar results with C albicans With 2 strain of the latter for
which the minimal mhibitory concentration of nystatin 1s ca 4 to
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the case As already noted, interference with the activity of nys2
tin by the unsaturated fatty acids was considerably less than that
noted for Ascostn by Hickey As regards Hickeys findings that
Tween 80 interfered with Ascosins action one might rase the
question of whether his sample of Tween 80 was completely free of
oleic acid resultng from hydrolyss

Several years ago Raubutscheck Acker and Waksman * described
ananufungal antbiotic obtained from Streptomyces aureus which

TasLE 2
STABILITY OF MIXTURES * OF NYSTATIN AND FATTY ACIDS

Totency of & Loss in

Compound Controls Activity
u/cc

nystatin 300 1
nystatin +

palmitate 6 L
nystatin «

cleate 277 100
nystatin +

undecenoate 2L 10

#Incubated in air at L0°C for 3 weeks

they reported to be stmilar to nystatn (then called fungicdin)
In passing these authors noted that 1/100 M cysteine hydrochlo-
nide caused complete reversal of activty of their antibrotic 1n agar
streak plates Their test orgamsm was not given Using C albtcans
we find this concentration of cystemne hydrochloride mhibitory m
both agar or broth but at a final concentration of 300 y/ml this
amuno acid causes 2 four fold increase m the mimmal mbubiting
concentration (MIC) of nystatin

In certain types of commercial formulations of nystatin one may
be faced with the problem of assaying this antibrotic 1n the pres
ence of other antibiotics The second antibtotic may commonly be
tetracycline and when this 1s the case very musleading results are
obtained 1n agar diffusion tests using G albicans as the test organ
ysm Thus 1s shown 1n Figure 2 Here increasing concentrations of
tetracycline cause decreasing zones of inhibitton of the Candida
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DEVELOPMENT OF RESISTANCE

Repeated efforts to develop strans of C albicans resistant to
nystatin by means of incorporation of the antibiotic 1n agar dilu
tion tests broth dilution tests and gradient plates have not been
successful With prolonged tncubation the presence of viable cells

Taste 3
EFFECT OF PROLONGED INCUBATION AT 3?7 C ON COLONY
COUNTS OF CAADIDA ALBICAMNS ON AGAR PLATES
CONTAINING NYSTATIN

Concentration Durstion of Incubation et 37°C (Days)
of Nystatin Y 2 3 it 5 [3
units/ad Colony Count/Petri Plate x 105
o 2 267 267
10 298 302 305
20 w2 2 22
uo 265 265 265
80 240" 20 20 20
%0 0 meay* 19 19
20 ° o o oosk [X:3%
180 o ° o 0 0 o o
6o 0 0 ° [ o o

*iicrocolonles, t0o small to gount with accuracy

may be demonstrable but on resolation and retest they have in
vanably been found to be as sensitive as the parent Judging from
the manner 1n which col of C alb dually appear on
plates containing nystaun with prolonged incubation at 37 C
and because of the constant sensitivaty of the orgamisms reisolated
from these colomes one 1s led to the conclusion that outgrowth 1s
only possible because the nystaun has become nactivated 1n the
medium dunng the incubation The rate of appearance of G albs
cans colomes on agar plates contaiming various concentrations of
nystatin 15 shown 1n Table 3

The rate of decomposition of nystatin :n culture medium at
37 C can be demonstrated in another quite simple fashion Here
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8 umts/ml rapid killing 1s observed over a six hour penod of ex
posure to 32 units/ml at 37°C Thus 1s shown 1n Figure 3

It can be seen that the cell count dropped rapidly from 10° to
10? cells per milliliter (or 99 9 per cent kill) However at ths con
centration of antibiotic ca 0 1 per cent of the cells were still viable
even after twenty four hours exposure The surviving cells were

FUNGICIDAL ACTION OF NYSTATIN

108 ON CANDIDA ALBICANS
[ g CONC OF NYSTATIN
Z 'NONE (CONTROL)
2 e 4 U/ML
9 10%1 s 8 o
v ® 16 U/ML
* 32 UsmL
-
]
o
o 10% 107
u
]
o
<
> 10%- 105
10? 10° T
6 12 I8 24 6 I2 I8 24
HOURS HOURS
Ficure §

found to be as sensiive to nystatin as the parent culture The ex
planation for the survival of these cells therefore was of necessity
sought elsewhere than in the development of resistance A natural
question was whether nystatin became mactivated 1n culture me
dium at 37°C Since this proved to be the case 1t could also ex
plain the apparently peculiar behavior of lower concentrations of
nystatn for example 8 units/ml 1n which the Candida cell count
dropped somewhat over the first six hours of exposure and then
began to rise again a situation usually attributed to the develop-
ment of resistance
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DEVFLOPMENT OF RESISTANCE

Repeated efforts to develop strains of C albicans resistant to
nystatin by means of incorporation of the anubiotic 1n agar dilu
tion tests broth dilution tests and gradient plates have not been
successful With prolonged incubatton the presence of viable cells

Tapre 3
EFFECT OF PROLONGED INCUBATION AT 37 C ON COLONY
COUNTS OF CANDIDA ALBICAAS ON AGAR PLATES
CONTAINING NYSTATIN

Concentration Durstion of Incubation at 37°C (Days)
of Kystartin 3 2 3 L 5 3 7 8
unita/a Colony Count/Petri Plate x 105
o %2 267 267
10 298 302 305
20 W A2 w2
Lo 25 265 265
X a0 20 20 Ao
160 0 mmt 9 W9
2o [ [} o oo 061
wo ] [ ] o o 6 o
&0 o o o 0 4] o o

*iicrocotontes, too small to ¢ount with accuracy

may be demonstrable but on ressolation and retest they have 1n
variably been found to be as sensitive as the parent Judging from
the manner 1n which col of C albi dually appear on
plates contaiming nystaun with prolonged incubation at 37 C
and because of the constant sensitivity of the organisms ressolated
from these colonies one 15 led to the conclusion that outgrowth 15
only possible because the nystaun has become nactivated 1n the
medium dunng the incubation The rate of appearance of C albs
cans colomes on agar plates containing various concentrations of
nystatin 1s shown 1n Table 3

The rate of decomposition of nystatin 1n culture medium at
37 C can be demonstrated 1n another quite simple fashion Here
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the anttbiouc was incorporated 1n agar pour plates and incubated
at 37 C a new sector of each plate being seeded with C albicans
each day of incubation The apparent increase 1n minimal anhib-
1tory concentration of nystatin for the test organism shownin Ta
ble 4 15 mdicative of the rate of decomposition

At 5°C nystatin 1s apparently much more stable 1n culture me
dra From the results of experiments gomg on at present m our

TasLe 4
RATE OF DECOMPOSITION OF NYSTATIN IN
PENASSAY AGAR PLATES

Time of Incubatien Apparent MIC for
Before Inoculation Candida albicans
ays units,

o 8
1 z
2 16
3 LO-48
L 48

laboratortes 1t appears that the anubiotic shows 1sttle loss 1n actiy
1ty for a period of at least ten days when incorporated n agar
plates and stored at 1cebox temperature These studies will be 1€
ported 1n fuller detail elsewhere

Preliminary efforts to obtain nystatn resistant stramns of Micro
sporum cams Trichophyton mentagrophytes, and Penscilluum 1o
tatum have thus far failed but several stramns of Ceratostomells
ulms (the plant pathogen which causes Dutch elm disease) have
been 1solated which are two to four fold more resistant than the
parent culture The question of development of resistance to nysta
tn obviously remams open and 1s beng actively pursued in our
laboratories

BIOASSAY OF NYSTATIN

Pagano and Stander describe n the following paper the detarls
of a procedure for assaymg nystatin in body flurds However solu
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tions of nystatin 1n menstra other than body flds for example in
water or 1n organic solvents are assayed in our laboratories 1n a
different manner The latter procedure will be described 1n detail
elsewhere but may be summarized as follows 14 inch paper disks
are d with varrous dil of the unknown solutions of
nystaun and placed on large agar plates (S<quart pyrex baking
dishes seeded with C albicans) according to a predetermined de
sign which allows for staustical analyses Appropnate controls are
included on each plate The plates are incubated at 37 C for six
teen to seventeen hours and then photographed on autopositive pa
per wn order to provide a permanent record The zones of inhibi
uon are then measured and by comparing the average zones for
unknowns and standards 1n a four point design (low and high con
centrauons of unknown and standards respectniely) the potency
of the unknowns may be determined In this test the 95 per cent
confidence limits for a single test are approxumately + 10 per cent

When 1t 1s necessary to assay nystatin i the presence of tetra
cycline Saccharomyces cerevisiae (SC #£1600) 1 substituted for
C albicans as the test orgamsm and Tween 80 1s omitted from the
medium These changes provide an assay procedure in which no
distortion caused by the presence of tetracycline occurs It1s how
ever necessary to continue the use of C albicans in the assay of
such experimental materals as nystatin fermentation broths be
cause a second antifungal factor 1s also formed (see Hazen and
Brown 1951) which 1s active against S cerevisiae but not against
C albicans
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J F PAGANO and H STANDER

Bioassay of Nystatin (Mycostatin) m Body
Flnds

The growing use of nystatin (Mycostatin *) as a therapeutic
agent 1n the treatment of fungal mnfections * ¢ has necessitated the
development of quantitative assay procedures for the antifungal
agentn vartous body flurds Tarbet et al ¢ have estmated the con
centration of nystatin 1n blood by measuring the effect of the drug
on the mhibition of germination of blastospores of Candida tropt
calis A tube dilution procedure was reported by Gold et al T to be
useful 1n the assay of blood samples

The procedure to be described 1s a2 1 ml volume tube dilution
bioassay having the properties of sensitivity simphesty and repro-
ducibility these properties having been established by continued
use of the assay 1n connection with the experimental pharmacology
of nystatin ¢

MATERIALS AND METHODS

The assay consists of four tube dilution procedures (Table 1)
arranged to determine the concentration of nystatin 1n samples at
different levels of potency using as the test organism the yeast Sac
charomyces cerevistae, Squibb #1600 The organism 1s grown at
87°C on agar slants of a nutrient medium having the following
composition

Tryptone 5gm
Yeast Extract 8gm
Malt extract 3gm
Glucose 10 gm
Agar 15gm

Distilled H,O to 1000 ml
Sterihized at 15 pounds for 15 minutes

“The culture on agar slants 1s stable at 50°C for at least one month
® Mycostaun s the E. R Squibb & Sons trade name for nystatin
186
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Tasre 1
FOUR-TUBE DILUTION TEST PROCEDURES
0f Tent Tube
a2 3 1y L3 [3 k] 3 (] W
Sepls (a1 } S 4 0 28 21 o7 n L W9 o7
Tormal
g (a1 i o a8 <h 29 a3 b} 39 a1 oS3
Modim (m1 ) -4 & < s < L 5 L1 s <
Sepls flatten 2 VRS VD2 1D85 W6 5B VraS Myl VR v
200 Tust Ie
2 2 bJ L 3 3 1 8 ]
Swmple (m ) I G N S O 2 R
ey FR a5 0w a1 2 am 2t
Aodtum (a1 ) [ ] 1 1 7 1 1 7 k3
te dilatton 130 A TS 159 WIS WA V1 1ih 3 1A V233
L Tont Tibe
kY 2 3 L3 -3 [3 i L} 2. 0
Bemple (a1 ) ORI S L R . - T T S U
m;-n 1 O M LB M 0 2 1 s 26 an
Yodten (m3 R R A T B R B 1
Sample dusttem 367 V34 219 3128 M1 V20 3RS VA A8 16
[. 3.2 Iibe
2 2 k] LY 5 3 k] ] L]
Laple (m1 ) OB O6h  JOS2 030 W29 W23 LmB Ol o1
nua (m i D 028 28 2 5L W57 082 086 W09
Yetiu (a1 ) 2 2 " 2 R w9 2 w2 »
Sumple dintien 32,8 VISH V193 1264 VS WS 15546 VLS Va0

In prepaning inoculum for the test a 250 ml flask containing
80 ml of the above medium from which the agar has been omtted
1s moculated with the yeast culture taken from an agar slant The
culture flask 1s ncubated at 37°C (static) for seventeen hours
This inoculum culture can be used for one week if stored at 5 C

The test medium 15 prepared with Difco Penassay Broth made
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up at triple strength by dissolving 52 5 gm of the powder as sup-
plied 1nto 1000 ml of distilled water and sterihzing in 250 ml lots
for fifteen minutes at 15 pounds pressure ‘The final glucose con
centration 1s raised from 0 3 to 13 per cent by the separate add
tion of a concentrated sterile glucose solution To depress the
growth of bacterial contamimants which may be 1ntroduced with
the sample to be tested the bulk medium 15 dosed with 10 units
each of penucillin G and streptomycin HCE per milliliter of me
dium

To increase the sensitivity of the test a concentration of nystatin
15 added to the test medium equivalent to one half the expected
minimal mhibiting concentration (MIC) In addition to givinga
100 per cent ncrease 1n sensitivity the test can be performed with
smaller sample volumes

The 1noculation of the test medium 1s made by adding 1 ml of
moculum to 100 ml of the test medium The tnoculated test me
dium 1s dispensed 1nto clear sterile 13 X 100 mm culture tubes
the amounts spectfied 1 the table of test procedures (Table 1)
After addition of the appropnate standards and samples the tubes
are incubated at 25° = 0 5°C for seventeen hours

The matntenance and preparation of the nystatn standard *
constitutes one of the most important steps 1n obtaiming reproduct
ble assay results The nystaun standard should be stored at 5°C
a desiccator containing a suitable drymg agent In preparing the
standard a weighing of 10 mg of the solid 1s dissolved in 20 cc of
70 per cent n propanol by acidifying to pH 30 with 0 IN Hl
‘When complete solution has been achieved the solution 1s neutral
1zed to pH 6 8-7 2 with 0 IN NaOH The neutralized solution 1
stable for at least one week at 5°C

A concentration of n propanol above 1 per cent 1n the test tubes
1s inhibitory to the yeast The standard should therefore be diluted
to a concentration of approximately 200-300 units/m! tn 70 per
cent n propanol and the dilution to the desired test level made 1n
the body fluid 1nvolved 1n the test

Determination of the nystatin level in blood 1s carried out by
collecting the whole blood 1n a vessel contaiming sodwm atrate (A
nal concentration of 0 5 per cent) and centnfuging the sample for

o The nystatn umt is based on the valuc of 1000 units/mg aswigned to the
master standard HA224AX maintained at E R. Squibb g Sons
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fifteen minutes at 2000 rpm Alter decantation the plasma is ready
for assay Due to partial loss of nystatn acuvity during the process
of sample preparation 1t 1s necessary to mclude controls to meas
ure and correct for the de of this loss 1 ly with
the drawing of the blood sample an accurately prepared solution
of nystatin 15 diluted 11 normat whole blood to the level expected
in the sample This control should recene the same treatment as
the test sample that 1s centrifugation temperature time of expose
etc The test sample potencies should then be adjusted upward by
the percentage loss 1n acuvity found in the control

An acetone solvent extraction procedure 1s utilized 1n the deter
mination of nystatin 1n feces Equal weights of feces and water are
mixed to a smooth consistency 1n a Wanng blender One part of
the mixture 1s diluted with 50 parts of water and the suspension 1s
mixed thoroughly Analiquot of the dilution 1s added to an equal
portion of acetone After thorough mixing the sample 1s centn
fuged at 2500 rpm for twenty munutes The supernate 1s decanted
nto a graduated centnfuge tube and evaporated to half volume to
remove the acetone by directing an arr stream to the surface of the
sample The diluung fluid used 1n the assay of fecal samples 1s pre
pared by making a ssmilar extract of normal feces In addition to
1ts function as an extracung solvent acetone serves to eliminate
the bactenal contaminants in the test sample which would other
wise seriously 1nterfere with the assay An accurately weighed and
diluted control should be included to measure extraction efficiency
and loss of acuvity due to manipulations

‘The preparation of urine for assay requires acetone treatment to
reduce the problem of contamination of the test Equal volumes of
urine and acetone are mixed together and allowed to stand for
several minutes The acetone 1s then removed by use of an air
stream as described above and the sample 15 ready for assay A con
trol of a known concentration of nystatin 1n urine treated in the
same manner as the sample 15 essential

The inclusion of a control consisung of normal body flurd at a
level comparable to that used 1n the test 1s necessary to determine
the effect 1f any of the normal body fluid on the growth of the
test organism

In the design of the assay a 20 per cent difference 1n concentra
tion of sample exists between tubes With changes 1n the nystaun
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concentrattons of this magnitude several tubes will contamn partial
inhibition of the test orgamsm To facthitate the reading and to1n
crease the sensitrvity of the test, an 1luminated reading box (Fig
1) 15 used Essentually the end pownt 1o the parually whibited
group of tubes 15 selected on the basis of a degree of turbidity n
the tube which just obscures the readability of a group of numbers
letters or words The tube preceding this tube 1s considered the
end pomnt from which the mnunal inhbiting concentration
(MIC) 15 calculated The calculation of a potency 1s made as fol
lows

1 The MIC of the nystaun standard 1s obtamed

C of ny Jard sol mn MIC of
units/ml =  pystaun
Reciprocal of the dil of the dard re standard 1
quired to obtain the end pont umts/m!
2 The potency of the sample or control 1s calculated
Rectprocal of the Po:er;cy of
dilution of the sam sample or
MIC of nystatin 150
X ple or control solu  ws  contro
standard in units/ml tion requured for Iation 11
the end posnt umis/ml
RESULTS

The reproducibility of the assay results was estimated from €<
perimental data obtamed with a group of sixteen urne samples
The urine samples were assayed using the 8 per cent test (Table
2) They were then frozen overmght and reassayed the following
day The reproducibility of results was estimated from the duffer
ence 1n sample dilution required to nhibit the test orgamsm on
day 1 as compared to day 2 Calculation of the standard deviation
using this difference (Table 2) was based on the method described
by Duncan *

R
o'.=d_;

Where o 1s the standard deviation K 1s the average difference of
average of the ranges hetween samples on day I and day 2 and d,
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15 2 computational factor which increases with the ncrease in the
number of samples

‘The results (Table 2) indicate that the standard desation of a
single determination 1s of the order of magnitude of 15 per cent
‘The error of the test can be decreased by increasing the number of
independent assays conducted on each sample The magnstude of

Taste 2

BETWEEN-DAY REPRODUCIBILITY OF 1-CC. TUBE
DILUTION BIOASSAY OF NYSTATIN

Rectprocal of the Minsmum Ratto of the High MID

Sample Inkibr ¢ D1 tiom (MID) MID
Day i/Day 2 Expressed vn Loganithms

1 556/556 0000
2 345/345 0000
3 193/193 0000
4 435/7115 0215
5 556/556 0000
6 435/556 0107
7 435/435 0000
8 193/193 0000
9 345/264 0117
10 715/715 0000
11 125/125 0000
12 125/125 0000
13 193/156 0093
14 556/43 6 0107
15 264/125 0324
16 264/193 _0137

R0 069

Rt 0089
=3 "1 =001 =15%

Caleulated f om test dats of urine samples
t From Duncan

the decrease 1n the standard deviation can be calculated by divid
1ng the standard deviation for a single determnation by the square
root of the number of replicates

The nystatin concentration required to produce the inhibition
pomt 1s influenced by both the concentration of total solids tn the
medium and the concentration of body fluid used 1 the test The
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effect of changes in the total solids of the meditm on the MIC was
studied Several concentrations of Difco Penassay Broth were pre
pared and their effect on the MIC 1n the 30 per cent plasma test
was obtained

It 15 apparent from the data i Table § that mcreasing the total
solids 1n the test medium decreases the concentration of nystatm
required to inhubit the assay organism What 15 not apparent from
the data presented 1s that at a higher level of solids the growth
of the yeast 1s more vigorous and the contrast tn turbidity between

TasLe 3

EFFECT OF VARIOUS CONCENTRATIONS OF DIFCO PENASSAY
BROTH MEDIUM ON MIC OF NYSTATIN IN DOG PLASMA

MIC i unsts/ml

Difco Penassay Broth 30, Plasma Test
Half strength 11
Repular strength * 09
Double strength 08
Triple strength 07

* Made by adding 175 gm  of Difco Penassay Broth powder to 1000 ml of ds
tilled water

the tubes at or near the end point 1s more marked than that ob
tamned n the less concentrated media Hence the mcreased con
centration of sohids 1n the medium gives both an increase 10 senst
tivity and 1n readability of the test

The introduction of sample plasma nto the test results 1n 2
marked shift m the MIG of nystatn as evidenced by the data 11
Table 4 As the concentration of plasma 1s increased from 0 to 50
per cent the MIC increases Therefore the necessity for equilibra
tion of each tube of the test to a constant level of plasma or other
sample flurd becomes obvious

It1s freq ly y to hold ples for a period of hours ot
days prior to performing the assay The delay between the tme of
collection of the sample and 1ts assay may under certatn cond1
t1ons lead to considerable loss in activity The controls which have
been discussed above permit the estimation of the loss and correc
t10n of the observed potency figures

The stability of nystatin 1n dog urine at various pH s has been
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TabLe 4
EFFECT OF DOG AND MOUSE PLASMA ON MIC OF NYSTATIN

Dog Plarma Concentration Jé}ﬁ,

%

1] 10

8 10
15 11
30 20
50 20

Mouse Plasma Coneentraion

%

8 06
15 07
30 10
50 17

determined (Table 5) The data indicate that no loss 1n activity
occurs for a period of one hour at room temperature It has been
previously shown that if normal urine samples containing nystatin
are frozen for twenty four hours there 1s no loss of nystatin activ
ity (Table 2)

The stability of nystatin 1n dog plasma and 1n water at room tem
perature was nvestigated (Table 6) Activity losses occurred
both samples over a period of iume However no loss of acuvity was
detected within the first hour Additional data have indicated that
refrigeration of plasma samples at 5 C overmght resulted in a
greater than 50 per cent loss 1n nystaun actvity Plasma samples
kept 1n the frozen state for twenty four hours showed no loss in
activity

Tante §

STABILITY OF NYSTATIN IN DOG URINE
FOR ONE HOUR AT pH 6 7 AND 8

i | MG Rout tmn ]l
It ol One Horr
6 093 093

7 093 093
8 074 074
-
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TABLE 6

STABILITY OF NYSTATIN IN WATER
AND DOG PLASMA AT 25C

Time Intervals Per Cent Loss tn Actinity
¢

s Plasma 0
0 0 0

1 1] 0

2 165 0

35 165 165
5 375 165
6 500 375
19 700 —

The method of using solvent sterilization of samples of body
fluid was employed after experimental data indicated that loss of
nystatin activity occurred on passage of small volumes of 2 ddute
solution of the antifungal agent through bactersal filters of asbes-
tos (Seitz) porcelain (Selas) sintered glass or plastic (millipore)
Especially marked were the activaty losses found on using the Seitz
filters

REFERENCES

Hazen E L and Brown R Science 112 423 1950

Hazen E L and BrownN R Proc Soc Exper Brol & Med 76 93
1951

SternBERG T H Tarser J E Newcourr V D HupdLESOY
H G Wem R H Wrichr E R and Eceeerc R O Antt
brotics Annual 1953-195¢ p 199

NewcoMer V D Wrient E T Leen A J Tarser J E and
SternBERG T H ] Invest. Dermat 22 431 1954

BrowN R Hazen E L and Masox A Saence 117 609 1953

Tareer J E and Sternpere T H Mycologia 46 263 1954

Gotp W Stanper H and Pansy F E Antibiotics Annual p 195
1953-1954

Experimental Pharmacology of Mycostatin (to be published)

Duncay A J Quality Control and Industrial Statistics p 113 and
Table M p 628 Richard D Irwin Inc Homewood Illmots
1952

L

Now

©w



B A STEINBERG and W P JAMBOR
with the technical assistance of MRS A SORIANO

The Effect of Nystatin (Mycostatin) on Ex-
penmental Candhdiasts 1n Mice and Embry-
onated Eggs

Screening techmques 1n the search for antifungal materials are
simular to those employed for the study of antibactenial agents One
problem confronting the 1m estigator 15 the necessity of having ad
juvants administered with infectious agents to promote pathogene
515 1n the experimental ammal We believe that the use of such
adjuvants adds another vaniable to the biologic system bemng stud
1ed and therefore should be avorded

Our object 1n planning this work was to determine whether a
suitable screening test for antifungal agents was possible using em
bryonated eggs as the expertmental tool Our data will show that
the test utnlhizing Candida albicans and embryonated eggs 1s easily
done and convement to use We also attempted to devise a simple
easily standardized test :n mice The latter test was planned to ehm
nate the need of an adjuvant to enhance the infectivity of C albn
cans 'The secondary test we developed 1n mice 15 also of a simple
nature and gives rapid accurate results Finally we demonstrated
the activity of nystatin 1n both of these tests

Dr Ernich Seligman of Beth Israel Hospital New York City sup-
plied us with the culture of C albicans used 1n eggs We mtiated
wnfection by washing the growth from a forty eight hour culture on
Sabouraud s d agar and 1ny g various dil of the
washings via the yolk sac into seven-day-old chick embryos The
eggs died with average survival times of 63 to 129 hours and the
LD,, was 10-7#

‘We harvested and pooled the yolk sacs of a number of dead em
bryos which had been nfected with a 10~ dilution of the cell sus
1%
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pension A 20 per cent suspension of this pool was then prepared
1n normal saline solution We ampuled the pool and stored half
the ampules at 5°C and the remainder at —40°C 1n a dry ice stor
age cabinet Qur data (Table 1) demonstrate that the titer of the
yolk sac pool was not adversely affected by storage at either tem
perature for periods up to one year

The PD,, of nystatin against C albicans 1 embryonated eggs 19
approximately 4500 units/egg (Table 2) By using 6000 umts/egg
we succeeded 1n stertlizing 60 per cent of the eggs whereas all con
trol eggs yrelded rich cultures of C albicans We have demon
strated that with 7500 units/egg 1t 1s possible to reduce the LDy, of
C albicans for eggs by three full logs The actvity of nystatin ap-
pears to be fungistatic rather than fungicidal in embryonated eggs

Tasre 1
INFECTIVITY TITRATIONS OF CANDIDA ALBICANS YOLK SAG
SUSPENSION IN CHICK EMBRYOQS AFTER DIFFERENT
STORAGE CONDITIONS

Storage Temperature Length of Storage Egg Infectionty LDwo®
Control 0 1014
- 40°C 1 month 1077%
2 months 10772
6 months 10774
12 months 1077¢
5°C 1 month 1077*
2 months 10774
6 months 1077¢
12 months 10-°7

* Reed and Muench methed

TaABLE 2

ACTIVITY OF NYSTATIN AGAINST CANDIDA ALBICANS IN
EMBRYONATED EGGS

No Ey A St l Surowors/
e R s
6000 32 230 17/25
3000 32 196 1/31
1500 32 122 0/29

Controls 32 98 0/25
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For our studies 1n mice we used the CF #1 stramn from Carworth
Farms Dr Ehzabeth Hazen hindly supplied the culture used in all
these studies We grew the organism on Sabouraud s dextrose agar
1n Roux bottles for forty-eight hours at 37 C and washed the re
sultant growth off n 8 0 ml of physiologic saline solution The cell
count was read off a standard curie after turbidity determinauons

TavLe 3

NYSTATIN TESTED IN MICE USING DIMETHYLACETAMIDE
AS A SOLVENT

Mice CF #1 males 21-24 gm

Infection sntravenously with 05 ml of a C albicans suspension (2 X 10
cells/mouse)

Treatment bid as indicated below for 2 days

Drug Preparation i DMA with a ratio of 1 10 of drug DMA

domege e
Bopwnm D Ul e gl Sy Sl B
[CA AN
Saline 05ml  —  sc 0 — 0/20 4
M3602- 1500 3000 sc¢ > 240 >210 20/20 4
HV340-1F* 750 1500 sc > 186 > 156  13/20 4
(free base) 375 750 se¢ > 91 > 61 2/20 4
M3602- 1500 3000 se >240 > 210 20/20 4
HV384-3 750 1500 se¢  >203 >173  15/20 4
(crystalline) 375 750 se >128 > 98 5/20 4

M3602 18 the Squibb code number for nystatin

1 a Bausch & Lomb colortmeter We adjusted the suspension to
contain 4 X 10° cells/ml The mice were infected by wnjecting 05
ml of the suspension into the tail vein In this manner we were
able to produce an mnfection that was umiformly fatal with an aver
age survival time for mice of thirty to forty hours

We noted that early batches of nystatin did not possess all the
activity they theoretically should have This we learned was a
funcuion of the physical state of the matenal being used When we
suspended these preparations 11 water or gum acacia we were able
to demonstrate only a low level of acuvity ‘To show actwvity we
found 1t necessary to solubilize the batches we were tesing We
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did this imitially by using a mxture of calcium chlornide and ethyl
alcohol but later we found that N N dimethylacetamide (DMA)
was more suitable With erther solvent the addition of water pro
duced a fine colloidal suspension Prepared 1n this way nystatin
was extremely active against expenimental candidiasis Under these
conditions the PD,, for mice was approximately 750 units/mouse
by the subcutaneous route (Table 8) We attempted to determne
whether nystatin would ehimmate C albicans from infected mice
Prolonged treatment failed to clear the mice and small foct of 12
fection remained m the kidneys (Table 4)

In another test we demonstrated that nystatin given subcutane
ously would protect mice that had been mnfected intracramally
We nfer that nystatin 1s able to cross the blood brain barner at
least 1n the presence of mfection Autopsy of the mice showed some
munor renal lesions but the main infection was 1n the brain

TasLe 4
CANDIDA ALBICANS IN MOUSE TISSUES AFTER TREATMENT
WITH NYSTATIN
Mice CF #1 males 20-23 gm
Infection intravenously with 0 5ml of asuspenston of C afbicans (2 X 10
organisms/mouse)
Treatment b1d as indicated below by the subcutaneous route

Cell Caunt 1n Ground Tissue

Time
;;’;”' Untreated Controls %ﬁ“"/’; ﬁzgr""‘”/ il
ofecton Heart Kidney Splean Heart Kudney Spleen
4hours | 51000 290000 92,000 | 68,750 110000 74,003
1day | 3,700  1,465000 14350 | 13900 1,750 3 250
2 days D E A D 410 200 8
3 days 1250 130 233
4 days 70 400
5 days 50 135 123
Agstat n 3000 unts/mouse
| bad for Ty
3 day D E A D ) 30
3 daz: 135 67 73
5 days 0 9§ 0
6 days 0 425 0
7 days 0




ELIZABETH L HAZEN, RACHEL BROIWN,
and GEORGE N LITTLE

Monthasis m Experimental Ammals Pro-
phylas and Therapy with Nystatin*

Experimental monihasts induced m mice and rabbats in conjune
non with tetracychine and 1ts treatment with nystatin have been
mvestigated

MICE

A rapidly fatal montliasis was induced 1n mice by intraperitoneal
njection of a mixture of Candida albicans (approximately 19 000
000 cells) and tetracycline hydrochloride (8 mg) € albicans was
recovered from the heart s blood 1n 67 per cent of the amumals and
from the peritoneal cavity 1n 100 per cent Pinpomnt white masses
were present on the surface of the spleen and Inver of 76 per cent
of the mice This effect was markedly reduced exther by subcutane
ous wnjectron (I ml) of nystaun in aqueous suspension (2500
units/ml ) two to three hours before or at the time of admnistra
tion of the lethal mrxture or by 100 unuts of nystatin suspended 1n
the lethal mixture (Table 1) The infection bore scant if any re
semblance to the chinical disease

RABBITS

Moniliasis of the mucous membrane of the mouth and muco
cutaneous junctions having certain features of the chnical disease
1 man was nduced 1n four rabbuts receiving tetracychine The
nfection appearing usually on the third day after the oral admm
wstration of € albicans was charactenized by a spreading inflamma
wry reaction covering the inner aspects of both lips the gingna

R Squibb & Sons D 1son of Olin Mathieson Chem cal Co porat on sup
phied The tetracycline (Stecl n) and mystaun (Mycostatin) used 1n th s 1nvest gation
199
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and the mucocutaneous junctions particularly at the commussures
On the reddened surfaces a number of small white lesions ap-
peared usually on the lower gingiva 1nner aspects of the lower
lip and i1n some instances on the dorsum of the tongue near the
up A more constant and striking feature was the many small whit
1sh lesions 1n the labial commssures where they coalesced and
formed a whatish membranous film consisting chiefly of yeastlike
cells and mycchum from which € albicans was solated 1n pure
form

Monihasis was induced 1n the rabbits under the follow:ng condi
tions tetracycline hydrochlonde (50 mg /kg) 1n capsules was ad
minustered orally twice daily for four days and C albicans (1 ml
of packed cells) was gitven orally between the two doses on the
third day After a rest period of two days tetracycline was admin
1stered twice daily for two more days Moniliasts was not demon
strated 1n two other rabbits which receved the above regimen with
the additton of nystatin (125 600 umts/kg) to the capsules of
tetracychine Nor did two rabbuts which received G albicans alone
develop mfection

In one expenment two of three infected rabbits were given
nystatin (125000 units/Lg ) orally in honey or 1n capsules twice
daily for three and 2 half days Marked improvement 1n the infec
tion was noted between six and eighteen hours after the second
dose and the infection had cleared after two days whereas the nat
ural course of the disease tn an untreated amimal ran for twelve
days The results of the expertment are summarized 1n Table 2

The effect of the anubiotics on the rabbit s normal intestinal
bacteral flora and fungal flora following the ingestion of C alb:
cans was studied 1n the five rabbits shown in Table 2 three receny
g tetracychine one tetracycline nystatin combination and one no
anubiotics Fecal material (1 gm ) was macerated and divided into
aliquot portions of 500 mg for the bactenal and fungal counts
Exudates on swabs were obtained at the same time from their
mouths for determination of C albicans growth The fecal mate
rral and mouth swabs were obtained before and forty eight hours
after treatment with antibioucs twenty four and forty eight hours
after admimstration of C albicans and thereafter at forty eight
hour mtervals for seven days

For the fungal counts the ground fecal material was suspended
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msterile salt solution 1000 umts of Ihn 1000/xg
of streptomycin and 100/pg of chlortetracycline per mulhiliter to
gurea 1 20 ditution from which further dilutions were prepared
Dilutions were plated in 1 ml amounts on Sabourand s glucose
medium to which was added 1 ml of the anubiotic solution The
plates were incubated for forty erght hours at 28 C The bacterial
counts were made 1n the same manner with the exception that the
dilution of 1 20 was made 1n a stertle salt solution contamnng 250
umts/ml of nystatin and placed m the refnigerator for three hours
before prepaning the lugher dilutions The plaung medium was an
extract agar to which 250 umts/m! of nystatin were added then
cubatton period was twenty two to twenty four hours at 36 C The
mouth swabs were streaked on Littman s agar and incubated for
forty eight hours at 28 C
C albicans was not found 1n the fecal matenial or 1n the mouth
exudates hefore administration of the C albicans The bacteral
and C allicans counts indicated that the infection was established
only 1n those rabbuts recerving tetracyclime The counts showed as
a consequence a marked reduction 1n the normal bacterial intestt
nal flora at the tune of admimstration of the infective dose of C
albicans and an almost complete substitution of the bacteral flora
with C albicans forty eight hours after ingestion of the fungus
Mouth cultures also showed a heavy growth of C albicans
The rabbuts receving the combinauon of nystatin and tetracy
cline did not develop the infection although they showed a marked
reduction 1n the normal intestinal bactenal flora at the time of in
gesuon of C albicans but forty eight hours after the infective dose
there were fewer than twenty C albicans cells per gram of fecal
matenial and there was only a scant growth of the mrcro-organism
1n the mouth cultures The rabbits recerving only the € albicans
did not become 1nfected and showed 1o reduction 1n the normal
bacteral intesunal flora at the time of ingestion of C albicans
‘Twenty four hours later the fungal count was less than twenty cells
per gram of fecal material and there was only scanty growth of the
fungus 1n the mouth cultures These results appear in Figure 1
The establishment of this infection apparently cannot be attnib
uted to an enhancement of virulence 1n C albicans by tetracycline
since no differences could be derected 1 the fatahity rate m rab
buts recerving lethal mtravenous doses obtained from 1solates from
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FIGURE 1

Therapeutc and prophylactic effects of nystatin on the mtestnal
bacterial and fungal flora and mouth fungal flora of five rabbits 1n
fected orally with € albicans 1n conjunction with tetracycline

an infected rabbst an untreated control rabbit and the stock 150+
late used 1n the experiments nor was there any difference the
gross pathology at autopsy

The establishment of the momliasis however appeared to be
directly related to the alteration of normal bacterial ntestinal Rora
and apparently that of the mouth of the rabbit as a consequence
of the tetracycline therapy

The results of these studies indicate that the rabbit 15 a sunable
amimal for the study of experimental mombasis mn conjunction
with the broad spectrum antibiotics and for demonstration of the
efficacy of nystatin as a prophylactic and therapeutic agent



BOHDAN DOBIAS

Cutaneous Momlrasis in Pediatnes  Diag-
nosis and Treatment with Nystatin

Moml

of the skin 1s probably not as rare or always as benign
2s most commonly considered espectally in young infants Appar
ently many cases of cutancous monihasis are frequently diagnosed
as diaper rash infantile eczema ot atopic dermatitis This chinreal
entity was almost simultanecusly described for the first time by
Beck *1n 1910 and Tbrahim 21n 1911

Very httle accurate information 1s available to indicate how com
monly Candida albicans plays a role as an etiologic agent of skin
disorders Epstein ® reported 4 cases of shin thrush among 270
cases of oral thrush In two years he saw 24 cases Maria haufmann
Wolf * pointed out 1n 1915 that  this mycosts of infants was 1 no
way rare in Berlin  In my experience 1t appears to be quite com
mon Out of 70 patients presented here 61 were seen between No-
vember 1924 and April 1955 among our clinic patients and on the
wards In this time about 1000 cluldren under the age of twelve
years were seen in the chinie

This study deals primanly with cutaneous momliasts No pa
tients wath other lesions due to G albicans were included unless
they revealed in addition evidence of skin monihasis Only patients
mn whom the climcal diagnosis was confirmed by cultures of scrap
ngs from skin lesions are dealt with 1 this series Thirteen pa
tients were white and 57 were Negroes Most of them iwere from
the lower economic group of the aty population

Table 1 shows the age distnibution at the onset of the disease

The lesions most commonly encountered 1 the newborn started
as erythematous papules or tny vesicles in the penanal or genital
regions usually extending withim one to seven days over the mnner
and posterior aspects of the upper thighs and lower abdomen to

205
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the inguinal regions rarely also to the lower back (Fig 1) In
most cases the lesions stopped spreading below the level of the um
bilicus 1n a few the spread continued to the upper abdomen and
chest and 1 4 children the entire body was covered Soon after
the appearance of papules or vesicles the lesions tended to become
confluent The center was usually formed by a wide area of thin
glistening pink or dusky red shin  The borders were almost n
vartably sharp with 2 fringe of somewhat macerated epiderms

TarLE 1
AGE DISTRIBUIION AT ONSET

Age at Onset No of Patrents

0~ 3 mos 40
3~ 6 mos
6~ 9 mos
9-12 mos
1~ 2 yrg
2~ 4 yrs
4~ 6 yrs
Over 6 yrs
Total

3l
Sl whrnuewn

Generally there were a few satellite lesions present (Fig 2) In
intertriginous areas there was i some cases 2 vanable degree of
oozing

At the ume when the rash 1n the dtaper area appeared or a few
days later some children developed similar lesions on the face A
stuking feature 1n nearly all Negro patients seen was a variable
degree of transient depigmentation which was almost complete 1n
2 cases with very extensive lestons (Fig 3) Ten children with ex
tensive mvolvement of the skin developed scaling lestons of the
scalp 1n most cases with some transient loss of harr

Oral thrush was usually noticed several days before the onset of
cutaneous mamifestations In this serzes 1t was seen 1n 25 children

‘Whereas most of the newborn and young nfants revealed a
rather umform pattern the morphology and localization of skin
mamtfestations 1n older children were more varied Therr lesions
were generally deeper Joulia and Le Coulant ® characterized this
type as the chronic form of second childhood as compared to the
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Typscal case of cutaneous manidiasss seseral days afier the onset
“ote peripheral desquamanon and satellue lestons
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Ficure 3

Deprgmentauon of 1 Negro mnfant with cutaneous mombhiasis Note
siellize lestons and loss of Pigment m axillary regrons face ind nech

Ficure 4

Same prtient as i Figure 1 after oral 1nd topical mystatin
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acute infantile form Some cases 1n this age group presented a con
tinuation of the typical shin monihasis of young mfants

Two children p 1 erosio interdigitalis bl yeetica 5
children had paronyclual swelling Angular stomatitis (perléche)
was obsenved in 4 cases Somewhat elevated scaling erythematous
psotnasiform patches 1 to 5 mm 1n diameter were noted 1n 7 clul
dren scattered mostly on the face especially around the nose
mouth and eyes

Unusual skin changes were found 1n a seven year-old boy with a
few eryth and vestculof lar lesions of the face with
shight scalsng at the border of the erythema and shight facial swell
ing Bilateral blephantis two rather large scaly scalp lestons with
almost complete absence of hair and pustular scahing lesions on
one hand were also present He had been having skin disorders
since early childhood Two younger siblings had similar less pro-
nounced lesions the mother had extensively involved shin on the
extremities A simlar fanulial incrdence of moniliasis was found
1n s1x other families A history of maternal vaginitis was present
1n 16 cases

An even deeper type of lesion was seen 1n a thirteen month-old
retarded girl with granulomatous mombasts Her legs and arms
were almost entirely covered with ulceratis e confluent lesrons com
posed of many small nodules and abscesses some of them discharg
ing grayish pus The borders of the lesions were elevated shightly
eryt! and sharply del d Similar smaller lesions were
present on the back of the neck and on the forehead The panent
had a marked generalized lymphadenopathy

Lesions regarded as candidids were encountered several tumes
‘They were mostly widespread papular or scarl form eruptions
or vesicular lesions on the hands

Several cases of 1 presented symy of
montlial lesions 1n other organs Bronchial or pulmonary monilia
s1s was suspected 1n 6 cases because of sudden bouts of dyspnea
cyanosis and persistent cough All these patients had thrush le
stons on the uvula and soft palate some also on the posterior
pharyngeal wall Tihs localizatton of thrush was unusual 1n other
pauents One patient also had a history of hemoptysis with pro-
longed expirauon In one imnfant two months old with marked
dyspnea and cyanosis who had x ray evidence of pulmonary infl
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tration symptoms disappeared on treatment with nystatn alone
within three days Thus was regarded as being somewhat suggestive
of a monilial etiology Balamus was encountered tn 2 cases vulvo-
vagimtis 1n 1 and conjunctivitss :n 1 Many Candida organisms
were cultured from a discharging ear of a two-year old gul with
chrontc bilateral otitts media treated for fifteen months mtermut
tently with several antibiotics It 1s difficult to decide howeser
whether otitis was primanly due to Candida or whether the growth
of C albicans was enhanced by prolonged anubiotrc treatment

Three cases of generalized monilzasis with death from alympho-
cytosis were reported 1n the hiterature (Glanzmann and Rimiker
Donohue ") A similar patient was admutted to the Babres Hosputal
m Newarl. and transferred to another hospital where he died of
alymphacytosis several weeks later It 1s mteresung to note m this
connection that 1n several reports (Lederer and Todd * Ebbs*)on
patients with widespread infections due to C albicans the autopsy
findings 1n some cases do not clearly explam the fatal outcome
Most of the reported cases as well as the case admtted to the Ba
bies Hospatal presented oral and esophageal thrush refusal to take
feedings vomiung and symptoms of severe toxema with pallor
and weak pulse No case of alymphocytosis has been described ina
child without 2 Candida nfection The theory that monilia mfec
tion was primary and that the fungus elaborated a toxin which re-
sulted 1n an almost complete lysis of the lymphoid tissue constd
ered unlikely by Glanzmann and Rmiker ® as well as Donohue
deserves further investigation especially 1n view of the recent W ork
done by Salvin ** who prepared a soluble endotoxin from the yeast
cells of C albicans It would be interesting to invesuigate 2 posstble
action of this or a sumilar toxin on the lymphoid tissue

The mmportance of the knowledge of symptoms of cutaneous
mombhasis deserves full appreciation since 1t can serve as sup-
portrve evidence 1n detecting some other more serious monihal le
sions frequently associated with cutaneous monihasis

Forty eight of the 70 patients 1n this sertes were treated with
nystatin Tharty recerved nystatin by mouth alone 16 1n both oral
and toprcal form and 2 topically nystaun alone

In fants oral nystatin was usually gren n doses of 100000
unats of the flavored powder in 14 ounce of formula milk or water
three to five imes daily In several instances crushed tablets were
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used nstead Nystatin omtment was apphed two to four times
daily to the skan lesions The mouths of 15 patients in whom skin
lesions were associated with extensive oral thrush were swabbed
with nystatin powder mixed with formula milk or glycerm One
patient with chromic ouiis media yielding C albicans was treated
successfully by introducing crushed tablets in an imigating solution
concormtantly with oral medication
The best results were ot d 1n superficial ¢ moniha
s1s of young mnfants Twenty one of 28 patients 1n this age group
were cured 6 were improved and I was umimproved Improve
ment of shin lestons of this type was usually observed within two
to seven days (Fig 4) Recurrence of symptoms in this category
was observed 1n 5 cases but all of them showed complete clearance
of lestons after the second course of treatment
All scalp lesions and perléche 1 infants and older chuldren re
sponded to topical and oral treatment Symptoms of vulvovaginius
ma two-month old girl disappeared after five days of oral nystatin
Four infants with oral and cutaneous monihasis and € albicansin
the stools experienced complete disappearance of the complicating
diarrhea which was probably due to gastromntestinal monihasts
Slower but definite improvement was usually observed in older
children with chronic lichemified or hyperkeratotic lesions A three
year old girl with extensive monilial shin lestons that first started
at the age of two months was cured after three months on oral and
topical nystatin
No side effects including diarthea reported by some work
ers ' 12 were noted 1n any of the patients 1n this sertes Oral treat
ment of pediatric patients with cutaneous montliasis has been suf
fictent m some cases even though relatively hittle absorption from
the intestine occurs The concomitant use of nystatin ointment ap
pears to be the treatment of choice In my expersence the treatment
should be continued for several days after complete disappearance
of the symptoms 1n order to prevent recurrences
The use of nystatin 1n pregnant women with vaginal monihasis
one of the important sources of mfantile infection could probably
prevent many cases of neonatal monilasis
The results of treatment 1n 48 patients are summarized 1n Ta
ble 2
In concluston 1 should hike to emphasize that in my opinion

9
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TasrLe 2
RESULTS OF TREATMENT

Route Yoy pasnts oot dmpod e
Oral enly 30 12 18 0
Oral and topical 16 10 5 !
Topical only 2 2 0 0
Totals 48 24 23 1

nystatin is a very useful substance mn the treatment of cutaneous
moniliasis 1n pediatrics especially in superficial infections of young
nfants and also i other forms of the disease

o~
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EDOUARD DROUHET

Therapentic Activity of Nystatin (Mycos-
tatin) 1n Candida Infections*

The clinical manufestations of Candida (Monilia) infections
have been known for many years Oral thrush considered as a rel
atnvely mild C albicans infection occurning especially o debily
tated children and 1n the elderly may become a more sertous con
dition by extension to the pharynx broncht or esophagus or 1t
may even invade the blood stream and reach the kidneys brain
and other organs Trousseau and Parrot * in France have observed
and described such cases as having occurred 1n high inadence 1n
nurseries more than one hundred years ago

With the introduction of intensive antibiotic therapy there has
been a considerable increase not only 1n the incidence of Candida
wmfections but also 1n the severity of the infections observed 1n 1n
fancy as well as in childhood and 1n adult age

1In France Lelong et al * and recently Debré et al * observed and
described fatal cases of generalized thrush n infants complicating
prolonged therapy with broad spectrum antibiotics The 1ncreased
incidence of Candida infections 1s observed also i adults in gyne
cology and obstetrics * 1n dermatology ® and 1n hematology *

The need for an effective agent to control the complications of
Candida was satisfied by nystaun the antifungal antibiouc dis-
covered by Hazen and Brown ' This antibiotic was effective 1 ex
penimental monilasis 1n mice * © and decreased the yeast flora of
ammals and man® °

Additional experiments n the Pasteur Institute showed the ant
fungal effect of nystatin 1n vitro and 1n animals and the lack of
toxicity after oral administration This made 1t possible to apply
nystatin mn human cases particularly n 1nfants and children

The material used n this work was suppl ed through the couttesy of
Squibb Tnst tute for Med cal Research Mew Drumswick Mew Jersey 5 of the

21n
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where a generalized € albicans may be particularly dangerous* *
After the fasorable clinical results obtamed 1n the first cases treated
and presented by Debré et al * at the pediatric meeting 1n Panis n
June 1954 numerous other cases of generalized and localized mo
mliasis were treated with nystatn The mycologic studies and the
muluple controls of these cases were made i the Laboratory of
Mycology of the Pasteur Institute Recently Grupper® also ob
tamed favorable results in cutaneous monilasis treated with
nystatin

Thus report summanizes our data concerning the effect of nyst2
tn 1n s1tro on vanous strams of Candida in expermental nfec
tion with € albicans i rabbits and 1n 43 cases of human monl
1asis

IN VITRO

Nystatin mhibited the growth of all species of Candsda studied
(fifty five strains)  the minimal concentration for a total inhibtion
for forty eight hours on a semi synthetic agar medium was between
638 and 25 56 units (Table 1) lower values were obtamed 11
liquid medrum Nystatin 1s not only fungistatc but also fungicidal

Tasre 1

SENSITIVITY TO NYSTATIN OF VARIOUS STRAINS OF
CANDIDA AND GEOTRICHUM ON AGAR MEDIUM

SPECI .o TUYBER OF STRAITS| MYSIATIN ,/

STUDIED pg/ce units/ec

—

€ slbicans 3 312 638
28 625 12 78
12 50 25,50
C tropicalls 4 6,25 12,78
C pseudotropicalls 3 6 25 12 78
€ 12 50 25 56
© krusel 2 12 50 25,56
C parakrussi 5 12 50 25 56
Geotrichum sp 2 6 £5 12 78
3 12 50 25 $6

- Mnlml concentration for total inhibition for
hours on & aemi-synthetic medium
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FIGURE 1

Fungiadal acuvity of nystaun on Candida albicans strain MIC.

when sufficiently high concentrations are used (Fig 1) No case of
reststance to nystatin has heen observed as yet The sensuuaty of

€ albicans to nystaun was unchanged in the several cases i which
relapse occurred

IN VIVO
EXPERIMENTAL INFECTION OF RABEITS

The mortality of rabbits infected intravenously with C albicans
was reduced to 62 per cent by subcutaneous admingstration of 40
mg (80 000 units) daily for five days With oral administration no
effect on the mortality rate was observed due to poor absorptian
of nystatin

The experimental infection of the digestive tract which com
pares better with the natural human infection was studied in rab
bits and 1t was proved that the adminsstration of nystatin produces
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a considerable reduction of the number of yeasts mn the mntestinal
tract When nystatin was discontinued early C albicans reap
peared 1n the stools

HUMAN CASES

Forty three cases of moniliasis were studied 1 infants (24
cases) children (12 cases) and adults (7 cases) The laboratory
diagnosts mcluded 1n all cases microscopic exammnation and cul
tures from the oral mucosa stools urine and sometimes from pus
as well as from blood In all these cases C albicans was identtfied

Of the 43 cases studied 13 were cases of generalized moniltasts
with clinical mamifestations appearing as thrush darrhea vulvo
vagimus and muluple abscesses There were 25 cases of localized
digestive monihass (thrush diarthea or abdomunal distress) 2of
cutaneous momhiasis with onychia and paronychia and 3 with
moniliasis of different localizations (Table 2) All these cases had
been intenstyvely treated with the usual antibacterial antibiotics 1t
‘arious combinations prior to the use of nystatin The clnreal
manifestations such as thrush were present from several days to
several weeks and the ordinary therapy was without effect

Nystatin was remarkably effective A rapid recovery of chinical
moniliasis was obtained 1n all cases and the organisms decreased 11

ber or disappeared completely from the mouth stool urne
or blood Nystatin was admumstered 1 powder form mixed with
food 1n doses of 01 gm per hlogram weight daily (200 000 units)
for infants and children under 5 kg and for others between 0 5and
1gm (1 to 2 million units) daily The powder form 1s the most
adequate form for the treatment of digestive momiliasis because
generally the whole gastromtestinal tract 1s 1nvolved in such cases
beginmng from the oral cavity The best results were obtained 12
cases of C albicans infection complicating antibacterial therapy
where only four to eight days were needed to obtain clinical heal
1ng and sterthization In many cases clinical relapse did not occur
even though Candida organisms reappeared A few relapses oc
curred (8 1n 43 cases) and these relapses were seen ** chielly 12
premature infants (4 of 8 studied) m which the appearance of
thrush was unrelated to antibiotic therapy (Tables 3 and 4)

The chronic cases as in the cutaneous cases with 1nvolvement of
the nails require a more prolonged oral and topical treatment In
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Tavre 2
CANDIDA ALBICANS INFECTIONS TREATED WITH NYSTATIN

I GENZPALIZED VONTLIASIS113 cases(4 infants 7 children 2 edults }

CLINICAL MANIFESTATIONS KO OF [ ISOLATIO! OF NO OP
OF VONILIASIS CASES G ALBICANS CASES
13 LOUTH 13
5 sTooL 13
YULVOVAGINITIS 2 URINE 13
GLUTEAL CESS 2 BLCCD 3
FLEURAL ABSCEZSS 1
PRIMARY DISEASE ANTIBIOTIC TRCATVE! T PRICR
TO APPEARANCE OF JONILIASIS
STAPHYLOCOCCOSIS € PENICILLIN 11
LEUKEMIA 4 STREPTONYGIN 10
TOXICOSIS 2 CHLORAVPHENICOL 6
OTOPEARYNGITIS b3 TERRALYCIN 5
AURCCHYCIN 4
ERYTHROMYCIN 3

11 LOCALIZED MONILIASIS OF DIGESTIVE TRACT,
THALSH D!AHRPEA ABDOKTNAL DISTRESS

25 CASES 8 PRCLATURE INFA TS
12

3 CHILDREN
2 ADULTS
II1 CUTANEQUS CHRCNIC VONILTASIS WITH PARONYCHIA AND ONYCHIA,

20ASZS 1 CHILD- S years
WOUAN-70 years

1V YARIOUS LOCALIZED LONILIASIS,

3 CASES VHginnn(udulc

aryngitis and chronic bronchitis{adult
Urlnar] complication{infant)

tensn¢ search 15 advisable to estabhish the primary condrtion (awi
tammnosts endocrine conditions) responsible for the C albicans
myolvement

The lack of toxicity of nystatin 1s remarkable It 1s perfectly tol
erated by infants even those 1n very poor condstron
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FRANCO TLARER

Furst Results 1n Italy with a New Antumy-
cotic, Nystatin

Hazen and Brown 1n 1950 discovered a spectes of Streptomyces
which produced substances possessing broad antimycotic activity
Progress has been rapid toward the 1solation and standardization of
one of these substances namely nystatn so that at present matersal
with a potency of 400 umits per miligram 1s available for clintcal
use

Thus abstract summarizes our data n respect to the use of an
omtment with a carbowax glycol propylene base and containing
5000 units of nystatin per gram Twelve patients with various der
matophytoses were treated 8 cases of dermatophytosis of the feet
2 cases of trichophytosis and 2 cases of inguinal epidermophytosis

The average period of treatment was twelve days There were
no signs of ntolerance to the drug even 1n those patients who had
considerable eczematization associated with their dermatophytosis
of the feet

Good clinical results were obtamed 1n the cases of dermatophyto
s15 of the feet In 4 cases recovery was constdered complete 1n the
rematmng 4 msufficient time has elapsed for a final evaluation

The results aganst the specific fungus infections (trichophyto-
sisand epidermophytosts) were rapid and favorable In addition to
the local applicauon of nystatin omtment 1n the patients with
trichophytosts the diseased hairs were epilated and the patients
were given orally four tablets of nystaun per day (500 000 umts
per tablet)

Although only 2 small number of patients have been treated we
can tentauvely say that nystatin appears to be well tolerated and to

have clinical value 1 the treatment of dermatophytoses
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JAMES H GRAHAM, EDWIN T WRIGHT,
VICTOR D NEWCOMER,
and THOMAS H STERNBERG

The Use of Nystatin As a Topical Antifungal
Agent

Nystaun * an antibionc 1solated from Streptomyces noursei by
Hazen and Brown *- has been shown to possess in vitro activity
aganst both saprophytic and pathogemc fung: including Candida
albicans * * In vivo actwvity has been demonstrated agawnst C albt
cans, Histopl capsul and Coccidiord t1 5 8 Several
clinical reports have appeared regarding the parenteral and topical
use of nystatm 1n man ® ** These studies have demonstrated the
effectiveness of nystaun agamst C albicans In general 1t has been
shown to be relatrvely nontoxic and well tolerated This paper
deals with the topical use of nystatn 1n the treatment of 187 p2
tients with various superficial fungus mfections

MATERIALS AND METHODS

The majonity of these patients were adult males whose ages
varied from twenty two to seventy nine years A number of women
and children were also included The type of fungus mfection w23
determined by the climcal appearance of the lesions and confirmed
by the presence of 2 positive culture on Sabouraud s media In
those wnfections due to C albicans periodic subcultures were made
on cornmeal agar to demonstrate the presence of chiamydospores

Nystatin was applied toprcally 1n several different forms These
included omntments solutions powders troches capsules \—.xgmal
supposttories and vaginal gel

¢ The nystatin used in this stady was supplied through the courtesy
Squibb Insutuse for Medical Rescarch
220
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The omntment and gel consisted of a plasucized petrolatum
Dbase * containing 5000 10 100 000 unuts of nystatin per gram A sec
ond ointment was used contaimng 200 000 umies of nystaun 25
mg of neomycin and 025 mg of gramicidin per gram of omnt
ment base Two types of sol were used g 5000 to
100 000 unyts of nystatin per cubic centimeter One was a solution
of propylene glycol and the other was a solution contarmng, 2 per
cent procame and 0 25 per cent Tween 80 withand without 2 5 mg
of hydrocortisone The powder contamed 175 000 unuts of nystatin
per teasp The troches d 2000 units of nystatin each
In addition some contained 2 5 mg of neomyain and 025 mg of
gramicidin The capsules and tablets which were used as troches
and suppositonies contamed 125 000 to 500 000 unuts of nystatin
The vaginal suppositories contained 10 000 unts of nystatin and
1n addinion some contaned 2 5 mg of neomyan and 025 mg of
gramiadin

Cutaneous nfections were treated with omntments and solutions
three times daily Oril infections were treated with solutions
troches and capsules and tablets used as troches four times daily
In addition the powder was used orally four times daily and ad
mimstered by mixing one teaspoonful 1nt a glass of mulk or water
Infections of the female gemtaha were treated once daily with the
use of disposable vaginal applicators contaiming the gel vaginal
supposttores and tablets and capsules used as suppositories

‘Treatment periods varied from three days to eight months The
results are summanzed 1n Table 1

DISCUSSION

The resnlts of treatment were judged on both the climcal re
sponse and Jaboratory demonstration of the fungus The clinical
response was graded as no change fair good and excellent Lab
oratory follow up was determined by performing potassium hy
drovide mounts and/or demonstrating the fungns by culturing 1t
on Sabouraud s media

A total of 94 patients were treated with infections due to ¢ al
bicans These mcluded 30 patients with oral momhasts 15 with
vaginal momliasis and 49 with cutaneous involvement Treatment

Plastibase Squibb
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pertods varied from three days to exght months Climeal response
was 1n general good to excellent Thus was often dramatic 1n cases
of thrush and perléche the lesions frequently disappearmg within
forty-eight to seventy two hours However ingeneral climcal clear
ng occurred within two to three weeks Relapses were infrequent
and when they did occur were noted within one week after discon
tinuance of the drug No resistance to the drug was noted 1 pa

tients being re treated or treated for prolonged periods of time
Relapses were seen most frequently 1n patrents suffering from ser

ous diseases such as pemphigus vulgans sy lupus eryth
sus leukemia and severe diabetes

All the preparations of nystatn used were effective in the vant

ous concentrations used When hydrocortisone was added to the
solutions erythema decreased rapidly and in many patients sub-
jectrve sensations of itching and burning subsided within twenty
four hours The presence of neomycmn and gramiadin provided
no additional clinical benefit The majority of patients were seen
two to three times weekly Potassium hydroxide mounts and/or
cultures on Sabouraud s media were done after chnical clearing of
the lesions occurred It was noted that 1n a number of patients
with severe systemic illnesses and particularly diabetes there was
no chnical evidence of momliasis at the end of the treatment pe

riod however C albicans could still be demonstrated by culture

There were 93 patients with dermatophytosis sncluding 60 with

Trichophyton rubrum 26 with T gypseum 3 with Microsporum
lanosum and 1 each with M fulvum M furfur Epidermophyton
fls and T £ The results of treatment 1n
thus group were 1n general less dramatic than in those patients with
momliasis Treatment periods varied from one week to eight
months the average being three months Clinical improvement
was much slower There was little difference 1n the response to
the treatment of the various dermatophyte infections In the ma

Jomity of nstances even though there was chinical tmprovement the
cultures were still positive at the end of the treatment period

Clinical results were better when preparations contaimng higher
concentrations of nystatin were used In those pattents treated with
Ppreparations contaimng hydrocortisone and nystatin  erythema
and pruntus when present subsided 1n twenty four to forty eight
hours Here again clinical improvement was good but repeat cul
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tures were positive This was especially true of dermatophyte in
fections due to T rubrum

All the preparations of nystatin were acceptable for patient use
There were no 1nstances of allergic contact dermatitis or of pnt
mary uritation

It 15 our impression from this study that nystatin gives good to
excellent results when used for the treatment of momliasis It 18
less effective when used for the treatment of superfictal dermate-
phyte infections
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ANTONIO GONZALEZ OCHOA

Two Cases of Abdominal Wall Monilasss,
after Colostomy, Treated with Nystatin

The much discussed increase 1n ntercurrent mycotic infections
resulting from the widespread use of the broad spectrum antibtot
1cs has been exaggerated by some authors and de emphasized or de
nued by others Nevertheless one fact concerning momliass remains
mcontrovertble This 1s the sigmficant overgrowth of Candida al
bicans in the intestinal and respiratory tracts following prolonged
admimistration of the broad spectrum antibiotics From this fact 1t
1s possible to draw the inference that the ncreassing number of
subjects with large numbers of € albicans suggests that some cells
of this yeasthke population acqurre pathogenicity and produce
disease

Even though systemic momlias:s 15 not common everyone who
works tn clinical mycology has observed authentic cases and the
clinicians must be acquainted with this disease When € albicans
15 1solated from closed abscesses and body flurds such as blood and
ascitic flud the mere 1solation makes the diagnosts since the micro-
organism does not exist there as a normal mhabitant However 1n
other pathologic substrata such as open abscesses ulcers sputum
or stools the diagnosis of moniliasis must be made with considera
ble caution The reasons for this are well known

The usual agents employed in the treatment of systemic momlid
s1s such as gentian violet potasstum odide and ethyl 10dide have
Little or no effect and the cures reported with such medicaments
make the intial diagnosis doubtful

The marked activity of nystatn agarnst some pathogen:c fungs
particularly 1ts capacity to suppress Candida has been shown by
many tnvestigators from the experimental point of view * * Thest
studies have been followed by clinical mvestigations concerning
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the treatment of intestinal ¢ oral * ' vaginal ** ** cutaneous ** ** and
systermic moniltasis 27

Chronic regional 1leiss or regional enteritis 1s well known to
surgeons for 1ts almost hopeless prognosis in elderly patents The
operative therapy consists of resection of the imvolved 1leum and
colon but the high recurrence rate after resection indicates that
surgery alone has not proved adequate and additional measures
are absolutely necessary Sulf des and antibiotics to date
have had no demonstrable effect upon the primary inflammatory
process and no particular benefit has resulted from therr long
continued admnustration

‘Thus paper deals with two cases of regional entenius which pre
sented a marhed similanty in chinical prcture including therapy
with broad spectrum anubiotics before surgical treatment and a
severe postoperative course 1n spite of antibiotic therapy Each pa
tient had ulceration of the abdominal wall around the colostomy
sutures Large numbers of C albicans were found 1n the exudates
as well a3 1n the stools The oral and local adminustration of nysta
tin 11 both cases was accompanied by a noteworthy improvement
of the ulcers defervescence and a favorable change 1n the gen
eral conditton and eventual recovery

REPORT OF CASES

The first patient a 65 year-old man complained of indefinite at
tacks of pain in s ight lower abdomen accompanied at times by
vomiung low fever and moderate leukocytosis (about 10 000)
S1x courses of broad spectrum antibiotics were admimstered over
2 period of eight months Tetracycline and chloramphemcol were
given 1n an average dose of 1 gm daly The last and most severe
attack persisted for three days with a clinical picture of high fever
vomiting and a leukocytosis of 18 000 A clinical dragnosts of 1leo-
cecal intussusception was entertained and a laparotomy was
deemed necessary A seg 1 phl was found lving the
coats of the terminal ileum and cecum An anastomoss hetween
the 1leum and transverse colon was made and a colostomy per
formed The patients condition remained entical with prostra
tion and fever despite admimistration of antibiotics Two days
later the skin around the colostomy sutures began to ulcerate ac
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companted by a profuse sanguinopurulent discharge Microscopic
examination revealed numerous yeastlihe cells and short pseudo-
mycelial elements diagnostic of C albicans Large numbers of this
organism were also seen 1n the stools

The patient s condition continued to deteriorate and eleven
days later a course of nystatin was imtiated which conssted of the
daily administration of 15 million umts orally Nystatn in sus
pension was also introduced mto the lumen of the colostomy, and
nystatin powder was applied to the ulcers Two days later 2
marked 1mprovement was observed which paralleled the dis2p
pearance of C albicans On the sixth day of treatment with nysta
tin the fever subsided and the ulcers began to heal By the ninth
day the patzent had completely recovered and treatment with nysta
tin was discontinued

The second patient 2 67 year old woman had had pertods of
tenderness 1n the right abdomunal region for seven months prior
to admusston She was hospitalized because of an acute attack with
mntense pain fever and leukocytosis and had recerved courses of
broad spectrum antibiotics during her earlier attacks Physical
examnation revealed a mass localized 1n the right lower quadrant
and a laparotomy disclosed a mass 1involving both the cecum and
terminal ileum An anastomosts was made between the ileum and
transverse colon and a colostomy was performed No malignancy
was observed on microscopic examunation of histologic sections of
the removed tssues The postoperative course was smular to that
1n the first case 1 that this patient showed continued fever to¥
emicsigns darrhea and phlegmonous ulceration in the abdominal
wall around the colostomy ‘These mamfestations did not subside
with the administration of antibiotics Large numbers of C albt
cans were seen m the exudate from the ulcers and 1n the stools
Two weeks after surgical intervention nystatn was started both
locally and orally as in the first case The same favorable results
were obtained with defervescence healing of the ulcerations and
remarkable systemic improvement within nine days During this
penod suppression of C albicans was also observed No side effects
attributable to the use of nystatin were observed m either patient
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DISCUSSION

As we hnve emphasized these two patients strikingly resembled
one another in the climical chroncaty of their disease 1n the lestons
found at laparotomy 1n the postoperative course and 1n the results
obtaned with nystaun During their chronic course both patients
recerved broad spectrum antibiotics on numerous occasions

It 15 difficult to say to what extent the presence of C albicans
was responsible for the severe preoperatnve and postoperative
course However the patients did recover and C albicans did dis
appear from therr abdominal ulcers and stools when nystatin was
given This suggests that 1t will be worth while to make similar
trrals 1n the future

Finally the etiology of chronic terminal 1leitis 1s doubtful Bac
terral protozoal and viril agents have been considered but the
current opimon 1s that none of these has a primary etiologc rela
tionship to the disease Since most of these patients recerve numer
ous courses of sulfonamides and broad spectrum antibiotics during
the chronic stages of the disease we should constder the possibility
that C albicans plays 2 part in the etiology of this ailment orisa
complicating agent which should not be overlooked 1n future 1n
vestigations
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The Action of Nystatin* on the Growth of
Spor trichum schenchn and on Its Behavior
m Vivo

The antifungal antibiotic nystatin discovered by Hazen and
Brown * has been evaluated 1n vitro and 1n vivo against pathogenic
fung: and they * have listed the fung: which are inhibited by this
new antibiotic Other papers have appeared concerming the ant1
fungal action of nystatin 1n vitro or in vivo aganst Candida albt
cans Histopl psul and C diordes tmmitis* ¢ Drou
het 7 * obtamned 1nteresting results with € albicans both expent
mentally and tn the treatment of humans Segretain * has observed
an mhibition of growth of many strains of fung: 1solated from
Madura foot

‘The effect of nystatin on Sporotrichum schencku the fungus
which causes sporotrichosis was first studied by Hazen and Brown *
Growth was mnhibited 1n vitro on solid medium 1n a concentration
of 13 pug /ml Campbell etal studied the action of nystatin on ex
penimental sporotrichosis in mice

The first results of our work concerning the effect of nystatin on
Sporotrichum schencki 1n vitro and 1n vivo are reported here

MATERIALS AND METHODS

IN VITRO EXPERIMENTS

All experiments were performed employing the following hquid
medium kH,PO, 036gm Na,HPO,12H O 142gm MgSO,
7H,0 06gm KCl 100gm casemn hydrolysate 10 gm solution

The nystatin used m this stud; Lindl s
e e ly was kindly supplied by Squibb & Sons New
283
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of micronutrients, 10 drops glucose 10 gm bidisullated water
1000 ml pynmidin of thiamine 10-¢ brotin 10~ (pH 69) This
solution was distributed m Legroux tubes and m Erlenmejer
flasks The antbiotic (lots HL-162-G HL-99-E and St 695-
21715 F) was added to the medrum to make a final scale of concen
trations ranging from 24 1o 4 pg /ml All these concentrations were
made from an mual solution of nystaun (480 pg /ml ) 1 70 per
cent alcohol buffered at pH 7 The same quanuty of alcohol (35
per cent) as contained by the medium with the highest concentra
tion of nystatin was added to controls (such a percentage of alco-
hol 1n media does not prevent growth of fungi) Pemallin (25
pg /ml) and streptomycin (50 g /ml) were also added to the
media to prevent the development of bacteria present 1n the 0y
statin powder which were not hilled by alcohol Pemcillin and
streptomycin do not act 1n any way on the growth of § schenchu
1n vitro or on expermmental sporotrichosis **

The moculum consisted of a drop of a suspension of contdra
or of yeast cells of the fungt Two strains were used a white one
S schencku (IP n°29) and a black one § schencku beurmannt
(IP n°30) The evaluation of growth of the fungt was made by dry
weights The mycelial phase was prepared from cultures grown for
fourteen days at 30°C and the yeastlihe phase was prepared from
cultures grown for ten days with shakmg at 37°C* ** Three to
seven flasks were used for each concentration

IN VIVO EXPERIMENTS

Male hamsters were used The animals were inoculated mntr2
peritoneally with a suspension of the yeast phase of § schenchu
(about 5 mullion Irving cells) Nystatn 25ug /ml of perucithn
and 50pg /ml of streptomycin were njected intrapertoneally 11
different concentrations and at different times

RESULTS

IN VITRO ENPERIMENTS

Mycehal Phase In a first sertes of experiments § schenchkn ‘::!
inoculated mnto media contaning 50 25 125 625 3 l:J
0 ug /ml of nystaun After culturing for fourtcen days at 30°C
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the dry weights of the mycehum were obtained A sigmificant inhi
bition occurred 1n the media contaimung 6 25 g /ml of nystaun
No growth of the fungus occurred in those media contaimng 50
and 25 pg /ml

Experiments summarized in Table 1 are performed with a more
accurate scale of concentrations The antifungal action of nystatin
1s significant between concentrations of 8 and 12 pg /m]

Taste 1
GROWTH OF SPOROTRICHUM SCHENCKII AND S SCHENCKI!

BEURMAXNN! (MYCELIAL PHASE) IN DIFFERENT
CONCENTRATIONS OF NYSTATIN

Dry Weights of Mycel um

Concentrations of Myst t (mg /ml ﬁn wm)
(ug fmi) S schenck S sehenck  beurmanns

24 010 045

20 020 095

16 100 085

12 455 155

8 645 211

4 560 245

0 550 250

Yeast Phase In the yeast phase S schencki: grows more rapidly
than 1n 1ts mycehal phase No growth of § schenckss was observed
with 12pg /ml of nystatin 1n the first experiment The experiment
was repeated several umes but the same sensiuvity was never ob-
served The results obtained were always similar to those shown in
Table 2 where inhibition was noted i concentrations of 8-16
ug /ml

Fungicaidal Action Suspensions of the yeast phase of § schenckn
were mixed with two solutions of nystatin (200 and 400 pg /ml)
and shaken for eighty two hours At time zero the mixtures con
taned about 2 000 000 lving cells per muilliliter After fourteen
honrs and after eighty two hours no hving cells were recovered
upon culturning Sporotrichosts did not develop mn hamsters 1nocu
lated with such suspensions

In another experiment a contact of twenty six hours between
§ schencku and a solution of nystatin (100 pg /ml) was not suf
ficient to kill all the cells of the fungus These same washed cells
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TasLe 2
GROWTH OF SPOROTRICHUM SCHENCKII AND § SCHENCKI
BEURMANN! (YEAST PHASE) WITH DIFFERENT
CONCENTRATIONS OF NYSTATIN

Concentrateons of Nystatin '(),I." 7,',.’;”;}’,:’,{}:;‘,’,’, !
(g /mi )
S whonckn S schenchn beurmanms
24 025 00
20 005 040
16 235 145
12 350 155
8 400 280
4 470 410
0 430 400

when subsequently moculated mto hamsters produced sporotricho-
s1s

IN VIVO EXPERIMENTS

Generally within four to eight days after moculation with s
schencku all male hamsters develop an orchitis which rapidly
breaks down and dramns Characteristic lestons are also observed on
the paws The ammals die after a vanable length of nme not only
of the sporotrichosis (S schencki 1s found 1n the viscera) but
also of secondary infections **

Sporotrichosts does not develop when the fungus and a solution
of nystatin are introduced 1nto the peritoneal cavity at the same
time Thirteen male hamsters were inoculated with the fungus and
450 pg /ml of nystaun After four and onc half months 12 of the
13 animals showed some evidence of sporotrichosis The thirteenth
as did the controls developed a severe orchitis and died after two
and one half months

We are now 1n the process of studying the therapeutic effect of
nystatin when inttiated at various tume ntervals following mocu
lations of § schencku mto hamsters and gumnea pigs The results
will be published elsewhere For the present 1t can be said that 1n
the case of hamsters delayed treatment with nystatin (1000 pg the
fifth day after moculation with § schencku, 500 pg the sixth
seventh eighth and minth days 2000 pg the twelfth day 1000 #g
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the thurteenth fourteenth fifteenth and sixteenth days) does not
prevent the deselopment of sporotrichoss

CONCLUSIONS AND SUMMARY

Like other pathogenic fung studied S schencku and its variety
$ schencku beurmanns were found to be sensitive to the anuifungal
actron of nystatin In vitro the growth of the yeast phase (the para
sitic phase) as well as that of the mycelial phase (the saprophyuc
phase) are inhibited by concentrations of the product ranging from
810 16 gg /m! There 1s practically no growth at concentrations of
20and 25 pg /ml It appears that after a period of time such as that
requured for the incubation of Sporotrichum nystatin loses part of
s actuvity The threshold for nystatin activity must be established
with adequate precision

Modifications of the morphology of the fung: were never found
1mn our expeﬂmcms

The develop of § schenchu 1s also inhibited n vivo but
1t seems that the action of nystatin 1s impeded by the fixation of the
fungus 1n the ussues However Campbell and others* obtained
an increased percentage of survival in mice with expertmental
sporotrichosts when treatment was delayed (three days) The dos

ages of nystatin used 1n their experiments were much higher than
ours
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EDOUARD DROUHET and JAN SCHWARZ

Evaluation of the Action of Nystatin (Mycos-
tatn) on Histoplasma capsulatum m Vitro
and 1n Hamsters and Mice*

Hazen and Brown * demonstrated the mhibitory action of ny
statin on Histoplasma capsulatum 1n the yeast phase with a con
centration of I to 6 ug per mulhliter of media

They also demonstrated prolongation of survival rate mn mice
after wntraperitoneal 1noculation of the yeast phase of H capsu
latum when nystatin was given sumultaneously These results were
essentially confirmed by Campbell et al % 1n a vaniety of schedules
of treatment of mice They were able to show that the prolonga
t10n of the survival rate was greatly dependent on the tume of 1nt
tiation of treatment

The nystaun used 1n the following expermments was lot HL~
185+

One milligram of the lot was equuvalent to 2500 umts Fourteen
strains were tested 1n the myceltal phase 8 mn the yeast phase The
former were grown on Sabouraud s glucose agar at room tempera
ture the latter on cystemn blood agar at 37°C

Of the 14 strains 1 the mycelial phase all were mhibited with
as little at 2 5 units 1 the first three to five days while most cont
trols developed quite visible colonies At seven days 13 of the 14
tested strains showed mhibiion with 5 umts and only one was
growmg At ten days 7 showed inhibiion with 10 units and at
twenty five days 6 showed inhibition with 20 umits At this time
only 3 strains were growing 1n the presence of 50 umits per mull

T smestigaon was supported 1n part by a research grant (E-5 6) from the

National Institute of Health and i part by a research grant from the Squibb Tnsti

cal Research
h E‘;‘;:(;nd:lzeml used 1n this work was supplied through the courtesy of Harvef

1
., Squibb Institute for Medical Resear:
Blank M D, 5q1 o
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Taste 1
FUNGISTATIC ACTIVITY OF NYSTATIN IN VITRO ON MYCELIAL
PHASE OF 14 DIFFERENT STRAINS OF HISTOPLASMA

The figures refee to sz¢ of colony 1n milhmeter of diameter Readings were taken
daly but only cight readings are reproduced

TRV Vet Ry Liinjee T st 7 Fup AL/ o et
225 30 3¢ MmN ol e 2 0 JC.22 M w0 25 s 135 2 X

Strein 38 @119 atr Ia 20

o o o oltJo o o 0 o

TR C R EE « o] R 36 8 e 8 - J[HX 35 5C 6 v wlH




240 Therapy of Fungus Diseases

ek strela £522 ntret FITY

3] 2o o o o0 o o 0O o6 0 0 0 BoR
| 42 3l o oo o 000
ol a6 & s 3 7|2 o o0 ¢
BIVWE n T s o o o0 0
WP B A un o6 63 3 2je ?
w{ira x ¥ 3 15 5 5|00
2|nn 2 vy 7 ) 0 2 w3 d 8 S|
sl n 2 o0 9 s 2 35 15w 1o
£l strotn 98 1.7

d3Jo o © o ¢ 0 o o

"ye e e e e SENSITIVITY TO
vl e o o e NYSTATIN

Bl s ? e o OF VARIOUS SERAIRY OF

Bl s 3 P o ¢ ”§IQE ﬁﬁ“!
b I * ° e Of cromx ensavoveava uina ar3 4
bt I s oo INDCULISE, & FRAGMETNY o7 LI
L1 K] 1 6 o o

liter but the size of the colonies was markedly smaller than 1n the
controls (Table 1)

Of the 8 strains 1n the yeast phase inhibition was obtamned with
10 units 1n 1 strain for three days 1n 2 for ten days Twenty umts
wnhibited 6 strains for about ten days and fifty umts snhibited all
strains except one which was also considerably resistant 1n the my
cehal phase (Table 2)

From this we can conclude that the yeast phase seems to be I
sensitive to the action of nystatin than the mycel:al phase But one
must take 1nto consideration that nystatn 1s destroyed more 12p-
1dly at incubator temperature and that the media used for the yeast
phase are much more complex and interference with the fungt
static activities may well occur

ess
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Tasre 2

SENSITIVITY OF HISTOPLASMA TO NYSTATIN ON BLOOD-
CYSTEIN-AGAR MEDIUM AT 37 C (YEAST PHASE)
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15 &
ANIMAL EXPERIMENTS
HAMSTERS

Hamsters were selected because 1t was shown that this species 15
much more susceptible to infection with H capsulatum than mice
Inaddition they offer an advantage for the experimenter inasmuch
as mortalities occur 1n relatively few days which permuts evalua
ton of treatment with great ease® Two separate experiments
were made with hamsters the first with 2 moderately virulent
strain the second with 2 ful 1ngly virulent

First Experiment One hundred and three male hamsters ap-
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proximately 25 to 30 gm 1n weight were injected intraperitoneally
with 35 million yeast cells of our strain 19 1solated from a patient
n Cincinnatt with disseminated lethal histoplasmosts The stram
was grown on hurung s ® media for about ten days The following
results were obtamned After approximately eight weeks the mor
tality of the controls was 87 per cent The amimals treated sumul
taneously with the inoculation had a mortality of 10 per cent Am
mals treated seven days after moculation had 2 mortahty of 60
per cent But 6 of the 9 ammals died within five days after initia
tron of treatment and hiberation of toxin from destroyed yeast cells
must be considered Control animals treated exclusively with ny
statin showed no toxic effects

Cultures from all ammals were positive except those from 4 ham
sters of the group which was treated with 1250 umts per day sumul
taneously with moculation

Microscopic examination of the principal organs revealed as the
main difference between treated and control antmals the fact that
spread to the lungs was practically eliminated and mvolvement of
the liver and spleen markedly decreased 1n the treated anmmals
The difference 1n organ involvement was parallel to the amount of
nystatin given and to the ume of the imtiation of treatment

From this experiment 1t seems obvious that treatment should be
started early but with slowly increasing dosage with mystatin
which we learned later should be given twice daily (Tables 8 and
4 Fig 1)

Second Experiment In the second experiment with 116 ham
sters 80 were mjected with 50 mullion yeast cells grown on hut
ung s ® medza of strain 27 1solated from z dog 1n Cincinnatt wiuch
died of ed histopl 36 Is were mnjected with
25 million organisms intraperitoneally

All controls injected with 50 million organisms were dead witlun
sixteen days At this ime of the amimals injected with nystagin on¢
hour prior to 1noculaton 15 were sull alive Of 20 treated for the
first ttme six _hours after 1noculation 12 were alne and of 20
treated three days after wnoculation 5 were alive Of the control
hamsters tnoculated with 25 mullion yeast cells 16 of 18 died withinn
sixteen days and all hamsters were dead 1n twenty days Before
treatment was started microscopic examination of two sacrificed
hamsters showed severe and generalized histoplasmosts Treatment
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proxtmately 25 to 30 gm tn weight were njected intrapentoneally
with 35 million yeast cells of our strain 19 1solated from a patient
in Cincinnati with disseminated lethal histoplasmosis The stram
was grown on kurung s ° media for about ten days The following
results were obtained After approximately eight weeks the mor
cality of the controls was 87 per cent The animals treated sl
taneously with the moculation had a mortality of 10 per cent Ant
mals treated seven days after moculation had 2 mortahty of 6
per cent But 6 of the 9 amimals died withun five days after imt2
tion of treatment and liberation of toxin from destroyed yeast cells
must be considered Control animals treated exclusively with ny
statin showed no toxic effects

Cultures from all animals were posttive except those from 4 ham
sters of the group which was treated with 1250 umts per day simul
taneously with inoculation

Microscopic examination of the principal organs revealed as the
main difference between treated and control animals the fact that
spread to the lungs was practically eliminated and mvolvement of
the lver and spleen markedly decreased 1n the treated anmals
The difference in organ 1nvolvement was parallel to the amount of
nystatin given and to the tume of the inttiation of treatment

From this experiment 1t seems obvious that treatment should be
started carly but with slowly mcreasing dosage with nystatn
which we learned later should be given twice daily (Tables 3 and
4 Fig 1)

Second Expertment In the second expeniment with 116 ham
sters 80 were mjected with 50 mllion yeast cells grown on hur
ung s * media of strain 27 1solated from a dog 1n Cincinnatt which
died of dissermnated histoplasmosis 36 animals were njected with
25 mullion organisms intraperstoneally

All controls injected with 50 million organisms were dead within
sixteen days At this time of the amimals injected wath nystatin 0n€
hour prior to moculation 15 were still alive Of 20 treated for the
first time six hours after moculation 12 were alne and of 20
treated three days after 1noculation 5 were alive Of the control
hamsters 1noculated with 25 millton yeast cells 16 of 18 died withn
sixteen days and all hamsters were dead in twenty days Before
treatment was started microscopic examination of two sacrificed
hamsters showed severe and generalized Iustoplasmosis Treatment
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thus was started 1n progressively sick ammals seven days after imoc
ulation Stxteen days after moculation 7 out of 18 were still alive
but died subsequently witlun twenty three days

The extremely fulmnating course of disease with strmn 27 was

considerably retarded with ail schedules of treatment Again the
benelit of treatinent depended largely on the ume when treatment

started and on the amount given (Table 5

Tanwe 5

Pig 2)

EFFECT OF NYSTATIN ON HAMSTFRS EXPFRIMENTALLY INFECTFD
WITH THE YEAST PHASE OF HISTOPLASHA CAPSULATUM (STRAIN 27)
BY INTRAPERITONEAL ROUTE 116 HAMNSTERS

Group
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Tasre 4

PRESENCE OF HISTOFLASMA ORGANISMS
ON CULTURE AND MICROSCOPICALLY
IN TREATED AND CONTROL ANIMALS

(HAMSTERS) GRIDLEY STAIN
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Microscopic exammation did not teveal striking differences be
tueen the treated and control ammals We were however forced
to the conclusion that the many organisms visualized 1n the tissues
which could not be cultured represented dead cells Nine of the
treated animals showed such behavior as contrasted with only 2 of
the controls

TasLe 6
EFFECT OF TREATMENT WITH NYSTATIN IN
EXPERIMENTAL (CHRONIC) HISTO-
PLASMOSIS IN MICE

TRATED Al ILALS{28) cct TROLS(2T)
Cultures
poaitive 1 19
16 2
Cuttures
miseing or 1 s
cont einat
Organtsoe
pr vent 19 it
aicroscop
absent ) 10
sliden missing s
Org lsms
present 1in
o but
rile cult ° ]

Orgamsms morphologically consistent with H capsulatum have
been found 1n the past 1n human organs and cultures were nega
tive 1n 40 such cases indicating that these orgamisms remarn vistble
1n organs for a long time ®

In this sertes of mice with chronic hustoplasmosis positive cul
tures were obtained 1 90 per cent of the controls but in only
40 per cent of the treated animals (Table 6)

Second Sertes of Mice Close to 2 hundred amimals were treated
one hundred days after intraperitoneal moculation of the yeast
phase of strain 18 of which 40 million cells were given This stramn
was 1solated from a fulminating lethal human histoplasmosts
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MICE
Fifty five ammals were mjected with the mycehial phase of strain
27 and developed chronic histoplasmosts demonstrated by cultur€
and microscopy Treatment was started four months after lnoculii2
tion Progresstve doses were given once daily starting with 31
units for three days 625 for four and 1250 unis for seventecn con
secutive days Three days after the cessation of treatment all mice
were sacrificed Of 27 controls positive cultures were obtamcdéf;
19 negatnve culturesin 2 and 6 were missing or contamnated g
the 28 treated animals 11 had positive and 16 negative culture:

with one rmissing
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Microscopic examination did not reveal striling dufferences be
tween the treated and control ammals We were however forced
to the concluston that the many organisms visuahized in the tissues
which could not be cultured represented dead cells Nine of the
treated animals showed such behavior as contrasted with only 2 of
the controls

‘TaBLE 6
EFFECT OF TREATMENT WITH NYSTATIN IN
EXPERIMENTAL (CHRONIC) HISTO-
PLASMOSIS IN MICE

TR.ATED ALILALS(28) CCl TROLS(27)
Cultures
posttive n 1
cutter »
negative 16 e
1 s
orgenisma
present 1 1
croscop
abaint s 0
*11der stsaing s
Orgsnia »
reannt 1o
t1 8 s but
sterile colt 9 :
O hol Ny ¢ with H capsul; have

& T 8
been found n the past 1n human organs and cultures were nega
tive 1n 40 such cases indicating that these organisms remain visible
1n organs for a long time *

In this senies of mice with chronic histoplasmosis positive cul
tures were obtamned 1n 90 per cent of the controls but 1n only
40 per cent of the treated ammals (Table 6)

Second Sertes of Aice Close to 2 hundred ammals were treated
one hundred days after intraperitoneal noculation of the yeast
phase of strain 18 of which 40 mullion cells were given This strain
was isolated from a ful. g lethal human }
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The mortahty 1n both groups was mitmmal (8 per cent) Treat
ment was progressive starting with 312 umts for three days 675
units for three days and increasing to 1875 umts for four days Sub
sequently after three days rest two courses of 1250 umts vere
grven twice daily for four days each All mice were sacrificed after
a total length of treatment of twenty eight days this was done two
days after treatment was stopped to avoid mhibition of cultural
growth by nystatin accumulated in tissue

Definite and marked mhibition of growth was observed n the
treated animals but 100 per cent positive cultures were obtamed
from controls
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LEE E GORDON end CHARLES E SMITH

Mycostatin and Amnostilbamidie Treat-
ment of Expenmental Coccidiordomycosts*

The proximity of the San Joaquin Valley and 1ts associated valley
fever has provided a great impetus for many innestigators 1n the
southwestern Umited States to matntain a vigilance for therapeutic
agents that might be used in the manigement of cocaidioidomy
costs

The recently available anubiotics have been tried and found not
to be helpful except 1n cases of concurrent secondary infecttons
Other drugs have likewise been shown to be neffective or 1ncon
clusive These fathnies may 1n part reflect the mitations 1n quan
taties of drug that can be admimustered and the fact that their thera
peutic levels 1n the body are not attamned Ethyl samllate can be
cited as an example

Our attention was directed to fungicadin an antrbiotic reported
by Hazen and Brown to be active agamnst Coccediordes smmutas
This antibiotic 1s now prepired by F R Squibb R Sons under
the name of Mycostaun

Another compound which has occupied our mterest 1s aminostil
b d a stilb il derivative St has been used
successfully 1n the treatment of blastomycosis

The present report will deal with our studies on the effect of
Mycostatin and aminostitbamidine on experimental coccidiordo-
mycoss

h q

“These wvest gat onx were condutted 1n part under the sponsorsiup of the
Commussion on Acute Respt atory Diseases Armed Forces Ep demiological Board
1n pa t by the Off ce of the Su g on General Department of the Army and m part
by a contract between the Un vers ty of Cahifo n a and the Off ce of Naval Research

e opinions conta ned 1n this ¢pOTt are not to be onstrued as reflect ng the
views of the Navy Department or the Naval Service at large (Arucle 1 5 US Navat
Regulations 1948)
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IN VITRO STUDIES

Mycostatin suspended 1n sterile buffered phystologic salne solu
tion pH 74 wasadded to asparagine medium so that the final con
centrations were 0 1 to 1000 ¢ per milliliter of medium One drop
of a saline suspension of C tmmatis was added to each tube and
cubated at 35°C It was found that growth of the fungus was sup
pressed 1n concentrations of 100 4 per mulliliter for thirty days of
obsenvation Smaller amounts of antibotic prevented growth fora
few days but with continued incubation growth occurred 1 these
tubes

Ammostilbamidine was prepared i 6 per cent gum acacia and
added to asparagine medium with final concentrations varying over
a ten fold range of 01 to 1000 p per mulliliter of medwum The
tubes were inoculated with a spore suspension of C tmmals andm
cubated at 35 C Observations made durng a thirty day period
showed complete inhibition of growth with concentrations of
100 g per mulliliter of medium and temporary suppresston of
growth with small guantties of drug

IN VIVO STUDIES

INFECTION

‘White male mice weighing approximately 25 gm were moct
lated intrapenitoneally with an 0 5m! saline spore suspension of
C tmmitts Determinations of the nocula were made n each €x
periment and found to vary from 100 to 700 spores

TREATMENT

All treatment was admmstered by subcutaneous njection

Mjycostatin T'wo mfected groups of 100 mice each were treated
with Mycostatm beginning the day of mnfection One group ¢
cetved 0 5 mg and the other 1 0 mg daily for five consecutnve days
The animals were then allowed to rest for two days This schedule
was followed for thirty days Fifty infected animals recen ed physt
ologic saline

In Figure 1 are shown the results of this experiment In the con
trol group ammals began to dic on the tenth day and by the exght
centh day 92 per cent were dead The mice which had received
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The treatment of coccidioidomycosis 1n mice with Mycostatm given
1mmed:ately after infection

cither 05 mg or 1 0 mg of Mycostatin showed a marked reduction
1n mortahty (13 per cent and 28 per cent of deaths respectively)
seventy five days after infectton or forty five days after treatment
was discontinued

In Figure 2 are the results of an expeniment 1n which groups of
25 muce recerved 1 0 mg of Mycostatin for thurty days beginning at
varying times after infectron Over 90 per cent of the infected non
treated ammals were dead twenty nine days after ifection Am
mals which had been started on treatment four six or eight days
after infection showed a favorable response to the treatment When
treatment was delayed beyond eight days the reduction 1 mor
tality was less strilang

Aminostilbamidine The effect of ammostilbamidine treatment
alone or i combination with Mycostatin was studied In this study

treatment was started the day of infection 'These results are pre
sented 1n Figure 3
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Ficure 2

The effect of delayed Mycostatn therapy on coccidsordomycosis 11
mice

All 50 infected mice which had recetved ijections of 6 per cent
gum acacta were dead twenty days after infectson Of 100 mce
which had recetved 10 mg of ammosulbamzdine for thirty days
62 per cent were dead forty five days after treatment was discon
tinued

Another group of 100 amumals m this study was treated with
10 mg of ammostilbamidine and 1 mg of Mycostatmn for thurty
days This combined therapy was not more beneficial than the
1 mg of Mycostatn treatment presented 1n an earlier cxpersment

In the last group of expeniments treatment of mnfected ammals
was delayed until the earhest sign of severc coccidiordomycosis
(The results of these expertments are shown 1n Figure 4) The
onset of deaths with extensive lestons of the lungs and viscera was
the criterion used for beginning therapy On the fourteenth day
after infection, 8 of 100 amimals designated as controls 7 of 108
mice designated to recerve 2 0 mg of Mycostaun and 2 of 100 mice
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FIGURE 3

The effect of Mycostatin and amunostilbamidine therapy on coc
adioidomycosis 1n mice

designated to recesve 2 0 mg of aminostilbamdine died so treat
ment was begun On the twenty sixth day of treatment the daily
dose of Mycostatin was reduced to 1 0 mg

In this very vigorous test of withholding the drugs until the mice
began to die the treatment was soon associated wath a reduction in
the mortality rate However the mice continued to die

Although Mycostatin and aminostilbarmdine delayed the course
of infection as indicated by the mortality curves 1t was found that
mice which had died duning the course of treatment had extenstve
pulmonary and visceral lesions The amimals sacrificed at the con
clusion of the experiments had equally extensive lesions of the
viscera but fewer pulmonary lesions These lesions contained many
spherules

While there 15 no evidence that the infection has been erady
cated these experimental results are encouraging in that these
drugs delayed deaths and reduced the mortahty during the period
of observation However the search for additional antimicrobial
drugs for cocaidiordomycosis should continue
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The effect of Mycostatin and aminostilbamudine therapy on severe
coccidiordomycosts 1 mice
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CHARLOTTE C CAMPBLLL

Therapeutic Actnty of Mycostatin i Mice
Infected with Hustoplasma capsulatwom, Coc-
adwides imnutis, Cryptococcus neoformans,
Candida albicans, or Sporotrichum schenchn

Since the report of the discovery of Mycostaun 1 1950 a num
ber of investigators have shown that this antbiotic exerts a marked
beneficial effect on the course of experimental systemic mycotic
nfections 1n animals The present report 1s a summary of the stud
1es that have been carried out mn this Jaboratory with Mycostatin *
1 mice nfected with Histoplasma capsulatum Cocadiotdes tm
mutrs Sporotrichum schencku Cryptococcus neoformans, or Can
dida albicans

Male Swiss albino ruce (O Grady strain) weighung 18 to 20 gm
were infected by the intravenous route with these agents suspended
1n cold physiologic saline solution Each of the strains employed
was 150lated from human sources The 1noculating suspensions as
described 1n earhier reports were standardized spectrophoto
metrically or as 1n the case of C tmmists by dilution of 2 washed
stock suspenston of spores so that the 0 2 m! ioculum per mouse
produced a mortality of at least 60 per cent by the fourteenth day
1n untreated ammals Except for C tmmifis where the stock sus
pension was made from filamentous cultures grown on Sabouraud s
agar for fourteen days at room temperature and maintained at
4 C for a series of evperiments the mnoculating suspensions were
prepared fresh for each expeniment from forty eight to seventy
two hour yeast phase cultures grown on brain heart infusion agar
at 37 G Only shightly soluble 1n water the drug was employed in

“The several lots of Mycostatin (HV-1 HA- 49-H HV-340-1F ey
used 1n these stud o were Jupphied by E R Squibh & Soms and HA-337-4)
255
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aqueous suspensions prepared tmmediately before use and admn
1stered subcutaneously Single doses ranging from 05 10 30 mg
were contained 1 0 5 ml and were given 1n the various regimens
descnibed n Tables I through 6 Nonnfected animals treated with
each concentration of drug and nfected but untreated mice were
mncluded 1n each experiment

Evaluation of therapeutic activaty was based on the prolongauon
of survival time of treated as compared with untreated amimals
Except where otherwise noted experiments usually were termi
nated after twenty eight days

RESULTS

In animals infected with H capsulatum, a considerably higher
percentage of those treated with Mycostatin (Lot HV-1) etherat
the time of infection or one week later survived than did the un
treated controls This 15 1llustrated in Table 1 which shous that

TasLe 1

THFRAPEUTIC EFFECT OF MYCOSTATIN (LOT HV-1) IN
EXPERIMENTAL HISTQOPLASMOSIS (STRAIN G-8)

Wo of Tiig 5 fotal . Fercent Swvirel o
Growp _ Miey _ TVosage  Regimen® Drug(mg) 1k ]

(€
1 20 - - - 30 ¢
2 20 10 A 7 100 95
3 20 X3 A 3 85 55
& 20 10 B 6 75 0
5 20 o5 B 3 L] 35

#feginen A At tims of infection and twice daily for 3 dayy
® B Delayed Twice daily on 7th, 8th and 9th daya.

35 to 95 per cent of the treated amumals survis ed the twenty eight
day observauon period Thus 13 1 contrast to a 100 per cent m:;'
tality by the twenty first day 1n untreated controls (group I As
would be antiaipated the survival percentage was highest 10 am[
mals 1n which ther2py 1n adequate dosage was started at the ime O
nfection (group 2) However there was also some protection 1ft
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Tarre 2

THERAPEUTIC EFFFCT OF MYCOSTATIN (HA 337-A) IN
FNPFTRIMFNTAL CRYPTOCOCCOSIS

To Trvg o Jotal Tt oorvivalon B3y
Group ¥ic Do sre % ximen Drup(ms) hTY ]
{zg)

s
1 w0 - - -~ 25 °
2 40 0.25 A 175 %o 200
3 L 5 A 3s 1000 kch3

® Pegizan A At time of infection and at alx approximately 13-bour intervals
thereafiar

the groups m which the dosage was inadequate (group 3) or
therapy was delayed (groups4and 5)

Similar types of expeniments carried out with Mycostatin (Lot
HA-337-A) and mice infected with C neoformans C immulis or
C albicans reveal that the drug also has a marked therapeutic ef
fect 1n these experimentally induced diseases The acuon of the
drug in sporotrichosis was less dramatic These studies as well as
the dosages and regimens employed are tllustrated iz Tables 2
(cryptococcosis) 3 (coccrdiordomycosis) 4 (candid and 5§
(sporotrichosis) It will be noted that the maximum total dosages
required for good protection 1n the different infections ranged
from 35 to 10 mg This ind that and

F 8

Tazre 3

THERAPEUTIC EFFECT OF MYCOSTATIN (HA-337-A) IN
EXPERIMENTAL COCCIDIOIDOMYCOSIS

Yo of Trog . Toiad P Trent Surxival on Day
Group _ Mice Dos ge Regimen  Drup(mg) §y 28 10

(o)
1 “ - - - 65 10 25
2 w0 10 c 10 100 s e2s
3 L0 10 o 10 95 65 415

* Regizen € Dally for 10 days beginning with time of infection
D Daily for 10 days begloning 72 hours after infection
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Tame 4
THERAPEUTIC EFFEQT OF MYCOSTATIN (HA-337-A) IN
EXPERIMENTAL CANDIDIASIS

Total Percent Survival on Day
). 1 28 10

No of Drug
Group  Mice _ Dosage _ Regimen” Drug(mg

[C7)
1 20 - - - 20 [} o
2 20 05 [ 50 €0 o &
3 20 10 c 00 95 e
& 20 10 D 100 775 60 &

* Regimen C Dally for 10 days, beginning with tizme of infection
" D Daily for 10 days, beginning 72 hours after infectlon

dosage 1n human cases of these diseases might vary also not only
with the type and degree of infection but also with the causative
agent

The maximum total dosage of 10 mg (500 mg /kg) given I#
10mg daily doses of Lot HA-337-A used n most of the expert
ments reported heremn was well tolerated However there 15 ¥
dence that the maximum tolerable level as well as therapeutic 4¢

TabLe 5
THERAPEUTIC EFFECT OF MYCOSTATIN (HA-337-A) IN
EXPERIMENTAL SPOROTRICHOSIS

Total Percent_survival on De¥
) 1 21

Vo of Trig
Group  Mice  Dossge Regimen® Drug(mg
(wg)

g,
1 4o - - 125 [
2 0 05 A 35 550 25
3 40 10 A 70 675 50
4 w0 10 c 00 925 275
5 W0 10 D wo 950 200

® pegimen A At time of infection snd tudce dally for 3 days
® ¢ Daily for 10 days, begluning with tine of infection
« D Daily for 10 days, beglnning 72 hours after infection
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tuaty varies appreciably from lot to Jot As shown 1n Table 6 10
mg daily doses for ten days of Lot HV-340-IF protected 79 per
cent of the amumals infected with H capsulatum, whereas similar
regimens with Lots HA-242-H and HA-337-A were considerably

Tame 6

COMPARISON OF THERAPEUTIC ACTIVITY OF DIFFERENT LOTS OF
MYCOSTATIN IN MICE INFECTED WITH FISTOPLASMA CAPSULATUM

No in Pr\:ntm'&loﬂﬁl
Experir Lot No. Group pYY
1 HV-3L0-2P £0 = untrested 0o 50
40 - troated® 915 80
2 HA-22-4 30 - mtrested 290 100
30 = treated” 800 530
3 BA-33T-A 20 - witreated 350 50
20 = treated’ 0 350

#1 0mg.at time of infection and daily for 9 days

less effective The increased percentage of deaths 1n treated groups
4 and 6 by the fourteenth day also suggests that 10 mg total dosages
of the latter two lots approached or exceeded the tolerable level for
sick amimals whereas the sumilar dosage of Lot HV-340-1F did not

Such vaniation of course 1s a common experience 1n the develop-
ment of any new drug Nevertheless 1t emphasizes the importance
of employing only those lots with maximum actvity for trial in
human cases
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THOMAS H STERNBERG, JAMES H GRAHAM,
ROBERT H 1WIER aend ROGER O EGEBERG

Evaluation of Nystatin 1n the Treatment of
Cocadioidomycosis n Man

Nystatin an antufungal antibiotic has recently been wolated
by Brown and Hazen® from cultures of Streptomyces nourset
They have presented 1ts chemical brologic and fungicidal prop-
erues 1n subsequent articles * * In amounts of 1 56 to 6 25 g /ml
of broth 1t was found to inhibit effectively the growth of a large
variety of nonpathogenic and pathogenic fung mcluding Cocatd
tordes immutrs In a more detailed study * we have evaluated the
effect of nystatin both 1n vitro and n mice aganst C smmlis Ny
statin was found to have an inhibiing effect on the growth of €
tmmutis m broth cultures n as low a concentration as 1 56 pg /m!
and had a fungiaidal effect 1n a concentration of 6 25 ug /ml The
course of expertmental coccidioidomycosis 1 mice was signifi
cantly altered when they were treated parenterally with nystatin
This was manifested by longer periods of survivability and an many
nstances apparent brologic cures These observations were partict
larly striking 1n those nfected ammals 1n whom treament Was
begun early Such favorable results assocrated with minimal evt
dence of toxicity led us to consider nystatin as a possible agent for
the treatment of coccidioidomycosis in humans and this paper
summarizes our experience to date

ORAL ROUTE

Nystatin was first grven orally to a series of 10 patzents with dis-
semnated coccadioidomycosis It was admimistered capsules of
tablets in divided doses four times daily ‘T reatment was conunued

260
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for periods as long as six months and 1n dosages as large as 12 gm
daily No senious stde reactions were observed necessitating discon
tinuance of the drug and no abnormal laboratory studies were
encountered which could be atnbuted 1o the admimstraton of
nystatin Transitory hausea and diarrhea were occastonally encoun
tered with the higher dosages These symptoms either ceased spon
taneously or disappeared when the dosage was lowered Blood levels
were ascertained periodically throughout the course of treatment
and specimens were taken two to s1x hours after the admimistra
ton of the drug These were determined by the microbiologic
procedure described by Tarbet and Sternberg® In no instance
were sustained or high therapeutic values obtained 1n the blood of
any of the patients Clinically only one patient showed any 1im
provement This patient 1s reported below in detail

Case ] T P a 12yearold man entered the hospital on Sep
tember 30 1951 with a history of the onset of swelling and tender
ness 1n the nght flank and night lower quadrant of the abdomen
of nme months duration An extensive psoas abscess was discov
ered at surgery A biopsy of the abscess wall and cultures of the
purulent material later revealed the presence of C tmmitis The
cocardioidin skin test was 3 plus in a 1 1000 dilution and the com
plement fixation test was positive 1n a dilution of 14 Two fis
tulas 1n the nght flank persisted following surgery and intermit
tently drained purulent materal and at times undigested food
particles A barium enema demonstrated a cecocutaneous fistula
An 1leotransverse colostomy was then done and later a nght colec
tomy The nght flank sinuses persisted and numerous mmeor sur
gical procedures were done over the following two years without
improvement The pauent then dewelopcd patn and tenderness 1n
the night hip and Iytc lestons in the nght greater trochanter the
head of the femur and the crest of the 1lenm were found on roent
genologic examination

At the time nystaun therapy was begun the pauent s weight was
126 pounds and there was considerable imutation of motion 1n the
Tight tup Nystatn was first given 10 a dosage of 05 gm daily and
was gradually increased over a four month pertod to 12 gm daily
Thus dosage was continued for two months Duning this time the
sinus tracts healed the soft tissue swelling of the nght hip sub
sided and considerable 1mpre t 1n fi

of the night lup
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was observed Roentgenologic examnation of the night hip re
vealed a regression of the previous lytic lesions The patient also
experienced a feeling of well being his appetite increased, and he
gamned 42 pounds

The patient was discharged from the hospatal on August 20
1954 after receiving nystatn for approximately six months Re
cent follow up studies have shown no evidence of actve disease

INTRAMUSCULAR ROUTE

Two patients with d ed coccidiordomycosts who had
previously received nystatin orally were given a preparation of ny
statin intramuscularly Imtially 25 000 unuts of nystatmn were given
four umes a day and this dosage was gradually increased until both
pauents were recerving 200 000 unuts twice daily Blood lesels
were determined at perrodic interials and they varied from zer0
#g /cc of serum to 3 0 ug foc of serum when the daily dosage was
400 000 units When 200 000 units of nystatn were given twice
daily both panients developed chills fever, maluse and marked
pam and tenderness at the snjection sites Various amounts othy
drocortisone hyaluromidase and procame hydrochlonde were i
jected along with the nystatin i an effort to prevent the severe
local reactions However this was unsuccessful The mtramusct
lar route of admimstration of nystatin was discontinued because
of the severe local reactions and the low blood levels obtamed.

INTRAVENOUS ROUTE

‘Two intravenous preparations of nystatn have been made avall
able to us for climical use The first nystatin hydrochloride w3
gtven an extensive trial 1n one patient in whom very favorable re
sults were obtained

Case 2 E S a 38 year-old Negro was admtted to the hospital
on November 23 1953 One month prior to entry he had developed
chills fever cough and chest pain Raentgenologsc examunation
of the chest d rated a bl. Ip 15 Pemicillin was
given without benefit and subsequently he deseloped hemoptysts
subcutaneous abscesses and progressive weakness and lost 2P
proximately 50 pounds
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The physical 1on on revealed a
iltappearing thin poorly nourished Negro weighing 137 pounds
Several large subcutaneous abscesses were present on the trunk and

1es A diag: of cocard osts was madeand € :m
mitis was subsequcmly recovered from the sputum and several of
the sub. On D ber 18 1953 the precpita
nion test for C smmatss was 4 plus in undiluted serum but negatve
1n dilutions of 1 10 and greater The complement fixation test for
G mmits was positive 1n dilutions as high as 1 64 and on Janu
ary 27 1954 1t was 4 plus in a dilution of 1 128 The cocaadioidim
shin test was 2 plus m a ditution of 1 1000

The patient was given nystaun orally for approximately six
weeks ina dosage as hugh as 16 gm daily Duning this time he con
tinued to have a daily temperature of 102°F and addstional sub-
cutaneous abscesses developed which required repeated aspira
tions He subsequently developed lytic lesions in the left clavicle
and left 1leum

Nystatn was adminustered daily wntravenously from March 12
t0 28 the dosage being 200 000 units four times a day Blood levels
varied from 10 to 18 pg /m! during the six hour period following
the first 200 000 units injection Therapy was discontinued on
March 28 because of the lack of additional drug The imitial injec
tions were accompanied by severe shaking chills and fever as high
a3 102 F These reactions subsided within one to three hours and
did not necessitate discontinuance of therapy

Intravenous treatment with nystatin was remnstituted on Aprnl
12 Because of the sclerosing effect which 1t had on the superficral
vems 1t was necessary to insert a polyvinyl tube into a deep vein
and administer nystatn through 1t It was necessary 1o insert the
polyvinyl tube 1n several additional vemns because of the develop-
ment of thrombophlebitis A daily dosage of 200 000 units four
tumes a day was given until August 8 at which tume 1t was discon
tinued due to the techmcal difficulties encountered n admnister
g the drug

During the early weeks of treatment the patient developed a
roentgenologic picture of miliary pulmonary cocardiordomycosis
which completely cleared 1n one month At the completion of treat
ment he had gained 38 pounds most of the subcutaneous abscesses
had disappeared and the rest had decreased i sze and Tepeat

t 11
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roentgenologic examnation of the previously affected bones
showed no increase 1n the lyticareas He had been afebrile for sev
eral weeks The patient left the hospital agamst medical advice
and a follow up has not been obtained

During the course of treatment numerous blood levels for ny
statin were determined These were mn the range of 40 to 45
#g /ml

Inan effort to detect any toxic effect of the drug a large number
of laboratory procedures were performed throughout the period of
treatment No abnormalities were encountered which could be
attributed to the drug

Recently we have obtamned another preparation of nystatn for
intravenous use This preparation 1s said to be more stable and of
greater purity ® and our clinical experience to date indicates that
1ts sclerosing effect on the verns 1s much less

We are now treating three patients with dissermnated cocaid
1oidomycosis with ths latter preparation One patent has been
treated for a period of two months and 1s reported in detail

Case 3 T h a 31 year old Negro first developed sudden onsct
of chills fever and general malaise on January 1 1954 This was
accompanied by pleuntic pamn 1n the left chest and a mild cough
with hemoptysis Two weeks later < ray examination of the chest
revealed a night lower lobe bronchial pnenmonia One month fol
lowing the onset of 1llness the patient entered the hospital with an
exacerbation of his previous symptoms and 1n addition a history of
a 10 pound weight loss

Physical findings revealed a chronically 11l young man No other
significant findings were present No disease was found on roent
genologic examnation of the chest Acid fast bacilli were not found
on examination of the sputum The sedimentation rate was moder
ately elevated The cocadiordin shin test was 2 plus with the use of
a1 1000 dilution and the complement fixation test for C smmalts
was I plusmnal 4 dilution

While the patient was 1n the hospital an abscess developed 1n the
night deltord area This was asptrated and microscopic examnation
of the purulent material revealed the presence of spherulcs of
C immtis A pure culture of C immubis was obtaned from this
matenal Later an additional abscess developed 1n the left anterior
axallary fold which opened and dramned purulent materzal contaih
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ing the spherules of C immutis About this same tme a Iytic area
was d rated by g g 101 to be present in
the antenor portion of the nght eighth nb

Njstatin was imtially given on October 10 and at this time the
complement fixation had nisen to 4 plus in a 1 64 dilunon The
drug was given via the intramuscular route 1n a dosage of 100 000
units four times a day for approximately three weeks Severe pamn
and tenderness developed at the sites of the mjections and 1t was
necessary to discontinue the drug

The tzter of the complement fixatron test gradually dropped dur
ing the following five months so that by March 22 1955 1t was
4plusinal 8 dilunon However the cutaneous abscesses contin
ued to drain ntermuttently

Treatment with the new ntravenous preparation of nystatin
was begun on Apni 14 This was adminstered n a dosage of
100 000 unts 1n 1000 cc of 5 per cent glucose m water over a four
hour pertod This has been gradually increased until at the present
tiume the patient 1s recening 400 000 unuts daily without any evz
dence of toxicaty The two abscesses have healed The lyticarean
the previously affected eighth rib has remained unchanged

Several blood levels for nystaun were obtained and these have
been as high as I5 pg /ml three hours after the admimistration of
200000 unuts The only side reaction observed to date was the de
velopment of chills and fever one hour after the first admimistra
tion of the drug

The most recent complement fixation was 4 plusn a 1 4 dilu
tion and the patent shows no evidence of active disease

DISCUSSION

This 1s 2 preliminary report regarding the use of nystatin 1n the
treatment of coccidiordomycosis i man and only general observa
tions can be made The drug 1s poorly absorbed when admimistered
via the oral route With the use of relatively large doses over a long
penod of ime apparently enough was absorbed to mnfluence fa
vorably the course of cocaidioidomycosis m the one patient who
was reported 1n detail No toxicity other than transient nausea and
diarrhea was noted

The mtramuscular preparations which we used were unsatis
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factory because of the development of severe pain and tenderness
at the site of injection

The intravenous route of adminstration appeared to be the
most satisfactory n that the hughest blood levels of mystatin have
been obtained The first 1ntravenous preparation was unsatisfac
tory 1n that 1t produced thrombophlebtis and ultimate sclerosis of
the veins and this occurred even when the drug was administered
through polyvinyl catheters placed 1n large veins The one patient
who was treated responded dramatically and 1s 1n 2 period of remts:
sion The most recent intravenous preparation appears to have a
much less umtating effect on the veins and indwelling catheters
have not been required The patient who 1s presently recervng the
latest tntravenous preparation has shown a simslar response

No serious side reactions necessitating the discontinuance of the
drug have been noted with the use of the most recent intravenous
preparation 1n the dosages employed to date Laboratory studies
have failed to demonstrate any evidence of toxicaty

With the imtial admimstration of intravenous nystatin Herx
heimer like reactions has e been obsersed These consisted of chills
fever up to 102°F and general malaise beginning approximately
one half hour to one hour after starung treatment The reactions
usually subside within four to six hours Stmilar reacttons were ob-
served with the second and third njectsons but were mulder in
character

No defimte conclustons can be drawn with regard to the ulumate
therapeutic value of nystatin 1 the treatment of coccidiordomyco-
s1s1n man However we do feel that nystatin menats further clins
cal evaluation 1n the treatment of this disease
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The Sensitiity of Hstoplasma capsulatum
to Rhodanine and Related Compounds‘

Organic sulfur compounds, especially dithiocarbamic acid de
rivatives, have been used profitably m agriculture as fungreides
and mnsecticrdes for a number of years ! Infrequent reports of thew
possible value as chemotherapeutic agents m human fungus wlec
tions could be found i the hiterature * * The activity of these com
pounds has been ascribed to the presence of the dsthiocarbamate

[l
hnkage, —N—C—8~— In other known antfungal t:szP‘"“ﬂds
such as the chalcones, acrylophenones, clavacin, and penicilie
acid, the actiity has been ascribed to an e, £ unsaturated car

[y
bonyl hinkage, —C.—=C-—-(l;__ ‘

Compounds contatmng the dithiocarbamate as well as the o, B
unsaturated carbenyl linkage mught be expected to exhibat antt

I
fungal actvity Rhodanine contains ——IL—-C—S—- as part of its 110
structure and undergoes condensation with aldehydes to yaeld com

pounds which also contain the —(l3=('}—-(‘3=0 linkage Several
such rhodanine dervatives have been synthesized * ¢ and tested for
therr mildew preventing activity *-* Some of these compounds
were tested for antifungal activity against Histoplasma capsulatum

Detrick

Thus paper is based on work done for the Chemical Corps Camp De(ity
e

Frederick Maryland under Contract No  DA-18-064-CML—485 with Duke
versity
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MATERIALS AND METHODS

A yeast phase stock culture of H capsulatum, £1071, was main
tamed on paraffin sealed, brain heart infusion blood agar slants
at 37°C The inhibutory effect of the compounds on yeast phase
cultures of H capsulatum was assayed in Salvin s hquid medium at
37°C (Salvin ) Duplicate samples of cach compound were added
to 75 ml of the above medium 1n each of two 250 m! Erlenmeyer
flasks In the lower dilutions the compounds were weighed and
added directly to the medium (for example 15 mg /75/ml = 200
ppm) For the lugher dilutions 1t was necessary to dissolve the com
pounds 1n propylene glycol from which the proper dilutions cou!d
be made Also, one of the dupl. flasks a
previously dissolved 1n propylene glycol was heated for five mmutcs
1 the autoclave to mcrease solubihity Control flasks contained me
dium only and medium with propylenc glycol in the amount used
for dissolving the compound

All cultures were examined microscopically on the fourth day
and growth was recorded as present (+) or absent (=)

The following compounds were tested for amu'ungal acuvny

hod , 3 sub d

dcmamcs as well as 2 tt lidinett 2,4-dioxothiazolid
and tetraethylthiuram disulfide

RESULTS

A prehmunary assay of 1 activty of r} against
five fung1 was made (Table 1)
Table 1 shows that rhodamne was more active agamst H capsula
lum than agamst any of the other fungt H capsulatum was selected,
fc to changes 1n 1 actvity caused by
substitutions on the rhodanine nucleus
The effect of substituting >CH’ for the >C=O 1n the 4-position

and >C=O for the >C=S 1n the 2 position on the rhodanme
nucleus 1s presented in Table 2

Table 2 shows that these substitutions greatly reduced the antt
fungal activity of the rhodanine moicty Such results indicate that
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TasLE 1
ANTIFUNGAL ACTIVITY OF RHODANINE

1 Histoplasma eapsulatum 10 ppm*
2 Blastornyces dermatitids 200 ppm
3 Candida albicans > 200 ppm
4 Cryptocaccus neoformans > 100 ppm
5 Trnchophyton mentagrophytes 200 ppm
H /0
4
N——-oC
3 4
C2  5CH,
7\
s S

* Parts per mullion giving complete hiition
1 Salvins medm 37 C yeast phase
2 Sabouraud s agar 37 C 'yeast phase
3 Sabouraud s agar 37 C.
4 babouraud s agar 37 C
5  agar room

the actvity of rhodanine might depend equally on >C=S and
iy

=0—C=0
Rhodanine undergoes condensation with aldehydes to yeld com

pounds with substitutions at the 5 posiwon The actvity of aght
such rhodanimne derivatives 1s presented 1o Table 3

TABLE 2

ACTIVITY OF RHODANINE AND RELATED COMPOUNDS
AGAINST HISTOPLASMA CAPSULATUM

Rhodamne 2 thiazohidineth 2 4-diovothiazolidin®
) /0
Vs

T

3

sz sCHy C CH: J: CHy

N\
s/ \é/ s/ \S/ 0/ >

10 ppm 200 ppm > 200 ppm
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ANTIFUNGAL, ACTIVITY OF SOME 5-ALKYLIDENE DERIVATIVES
OF RHODANINE AGAINST HISTOPLASMA CAPSULATUM

Compound Mo

R

o
HN_(I/

cC C
S/ \s/ \R 233

223

247

26t

239

255

260

244

CH;
=C

/N

CH,

I

Q
p/ \n
= =

CHy

1
2N

Gt
CH;

CsHu
CH:

AN /A\

‘II’
/

CeHi
Cats
e
=C\
¢339
Cill
=CH—CH
CH,
CH—CH,
7
=C

\CHz—CH.

CHCH,

200 ppm

200 ppm

50 ppm

200 ppm

10 ppm

50 ppm

5 ppm

50 ppm
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I
The compounds 1n Table 3 contamn —N—]C-—S~, the dithio-
carbamate system, and also have an a, B unsaturated carbonyl

system, -—-C(J=O-—-C=O, as n clavacin, pemcillic acd, etc In
mildew prevention tests wath this group of compounds, Brown
et al * reported an increase in antifungal activity with an increase
m the length of the carbon chamn up to six carbons Such a gen
eralization could not be made from the results of tests with H
capsulatum However, the actwity lost by replacing

\ S
CH with =C

CH,
at the 5 position was regained when the substitution was

CH,

/
=C

GeHs
and, also, activity was greater than that of rhodanine when
GH,

=CH—CH/

CH,

was the subsutuent

Condensation of rhodanine with various aromatic aldehydes
gave a <ertes of benzylidene rhodanme denwvatives The actvity
of seven such compounds 1s presented 1 Table 4

Table 4 shows that benzylidene rhodanne as well as the ph:nohc
compounds and an alkyl denvatve exlibited the same or shghtly
better activity than unsubstituted rhodanmne It 1s imteresting 10
note that inhibition by the halogen dervatives was related to the
position of Cl on the benzine ring When chlonne was substituted
at the ortho and meta positions, the compounds showed excellent
whibitory actvity Substitution at the para posttion however,
greatly reduced the acuwity of the compound
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P P

Tamg 4

ANTIFUNGAL ACTIVITY OF SOME 5-ARYLIDENE DERIVATIVES
OF RHODANINE AGAINST HISTOPLASMA CAPSULATUM

Compound Mo
/0 159 10 ppm
H
N——-o©~G
I L 209 5 ppm
7 \s/ AN

366 5 ppm

250 200 ppm

<O
O
3
O

OH
193

10 ppm

oH
292 =<l:—© s ppm
Ha

The actvity of compounds with substitutions on the mitrogen
at the 3 position 1s presented 1n Table 5

In Table 5 all of the compounds tested with Lhc cxccpuon of
3(p carboxyphenyl) rhod d
acuvity Substitutions of an alkyl radical and the halogens Cl and
Br at the para posiuon of the phenyl ning increased the activity
over that shown by 3 phenylrhodamine 50 ppm The subsutution
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TabLe 5

ANTIFUNGAL ACTIVITY OF 3-SUBSTITUTED RHODANINES
AGAINST H CAPSULATUM

Compound No R
370 @ 50 ppm
R o
N 466 —QGH. 10 ppm
(L (’: 5, 396 { da 10 ppm
Y 454 —@Br 10 ppm
o

393 & on 200 ppoa

GH~—CH,
391  —CH cH,  Sppm

CH—CH,

of a carboxyl group m the para position resulted mn a greatly de
creased inhbitory effect 200 ppm  Greatest actvity occurred 18
tests with 3 cyclohexylrhodanine, 5 ppm

Rhedanine with substitutions at both the 3 and 5 positions was
tested for actvity against H capsulatum The Tesults of these tests
are presented 1n Table 6

Table 6 shows that the substitution of —CH, for —H m the 3
position reduced the actiity of 5 benzylidene rhodanine (159,
Table 4) from 10 ppm to > 200 ppm A simlar substitution ot
p methyl 5 cyclohexylidene rhodanine (244, Table 3) reduced its
actty from 50 ppm to > 200 ppm In a sumilar manner, the
actvity of 5(methylethylidene) rhodanine (223, Table 3) was
changed from 200 ppm to > 200 ppm It would scem that the s12¢
of the molecule and/or 1ts inability to be tautomerized might make
the 3,5-cisubstituted rhodanines less active

Many of the more active compounds discussed above were tested
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TasLe 6

ANTIFUNGAL ACTIVITY OF SOME 3 5-DIS
RHODANINE DERIVATIVES AGAINST HISTOPLASMA CAPSULATUM

Compound ho F3 I3
354 —CH, .=.¢~,© > 200 ppm
k
CH—CH,
355  —CH, -c/ CHCH, > 200 ppm
\cm—cn,
CH,

7/
20 —CH,-@ =< > 200 ppm

4 N
s/ \s/ R’

for acute and chromic toxicity 1n mice 1n preparation for 1n vivo
protection tests agamst experimental histoplasmosis 1n these am
mals Unfortunately 1he compounds tested proved to be toxic,
Furthermore, when some of the more active compounds were tested
i the presence of 20 per cent human serum their actvity was re
duced greatly

Due to the remarkable y activity of rhod: and 1ts
various derwatives agawnst H capsulatum a search was made for
other compounds of known pharmacologic actvity which con

S

[
tamcd the —N—C—S structure Because the pharmacologic
b of thyltt disulfide (antabus) 1s known ™ and
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1ts antifungal activity 1s not greatly reduced in the presence of whole
blood,? this compound was tested for 1ts antifungal actvity The
results of these tests are presented 1 Table 7

TasLe 7

ANTIFUNGAL ACTIVITY OF TETRAETHYLTHIURAM DISULFIDE
AGAINST FIVE PATHOGENIC FUNGI

Histoplasma capsulatum 5 ppm
Blastomyees dermatitidis 200 ppm
Candida albicans 100 ppm
Trichophyton mentagrophytes 100 ppm
C;H; S s C:Hy
N |/
N—C—S—S§—C—N
s/
C:Hs CyHy

Table 7 shows that tetraethylthruram disulfide 1nhibited the
growth of H capsulatum at 5 ppm The other three fung: tested were
nhibited only at much igher concentrations of the compound

The effect of tetraethylthiuram disulfide on cxpenmemal histo-
plasmosis 1n mice was mvestigated White Swiss muce werghing 20
gm were noculated intrapentoneally with 05 ml of a 1 100 sus
pension of a three day old yeast phase culture 1n 5 per cent hog
gastric rucin

Dosage was determined on the basts of the mummal effective 11
vitro concentration of the compound Twothree fold dilutions above
and one three fold dilution below this level deterrmned doses of
45 15, 5 and 17 mg /mouse/day The individual doses were
divided, half being given m the morning and half in the afternoon
Treatment by intraperitoneal injection was begun on the afternoon
of the first day and continued for the next four days Drug controls
were included in the expertment (Table 8)

Table 8 shows that intraperitoneal mnoculation of tetracthy!
thiuram disulfide, at the levels used, did not protect mice against
experimental histoplasmosts
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TABLE 8

PROTECTION OF MICE INFECTED WITH HISTOPLASMA
CAPSULATUM

DRUG TETRAETHYLTHIURAM DISULFIDE (ANTABUS)*

“Number of Mice Survice g
Day J Expersment 4 Dra Zosefd
;n;unl ry” g 1n r;g 1 m’/7;1 A
1 5 5 5 5 5
2 5 4 4 4 s
7 4 4 4 4 5
Infected mee | A
11 10 1 1 4
14 o o 1t 1 3
21 o o 1t 1 2
1 5 5 5 5
Drug control | 14 s 5 5 5
21 5 5 5 5

Complete 1 vitro whibation 2t § ppm
4 Drug gven morning and afternoon for 5 days
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S B SALVIN and EDGAR RIBI

Structural Elements of Histoplasma capsu-
latum and Therr Role in Immumzation
aganst Eapenimental Disease

Immature male white Swiss muce were protected against a lethal
ntracerebral challenge with Histoplasma capsulatum by prior 1
traperitoneal inoculation with killed whole cells of the yeast phase
The 100 effected a red n the bers of viable
fungus cells in the hver and spleen and 1n other tissues associated
with the site of 1njection

This immunizing activity was exammed to determine whether 1t
was located 1n the capsule the cell wall or the internal protoplasm
The capsule was eliminated as a possible source of protective ant1
gen since nesther a true capsule nor a fine shme layer could be de
tected with the aid of the electron microscope Thus fact became
uadent after parative studies of capsulated and noncapsulated
fungt wherein a techmque of specimen preparatton was used that
did not alter the oniginal morphology of the organisms

A techmque was devised for separating cell walls from the mter
nat protoplasm This technique 1nvolved lilling the cells exposing
them to mechanical vibration and then by centnfugation wash
ing out the protoplasm from the broken cells When these two cell
fractions were tested 1n mice the g antigen was d
only in the cell wall
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Histoplasmosis  Pathogenesis and Immu
nology mn Relation to Therapy*

The specific effectiveness of antibiotics and chemical agents
the therapy of systemic histoplasmosss 1n man 1s difficult to 2p-
prase Infection may exist without apparent disease and chmeal
manifestations of the disease are protean probably owing t0 2
complex nterplay of several factors such as the biologic properuies
of the fungus the type of infection the distribution and stze of
lesions the immune status of the papent and the hustologic fea
tures of the lesions Ordinanily histoplasmosis seems to be a be
mgn infection with or without symptoms and signs of Hliness but
a massive moculum or poor resistance of the host or both may
lead to slowly or rapidly progressive fatal disease *

PATHOGENESIS

One approach to an understanding of the pathogenesis of histe-
plasmosis 15 to analyze the mortality curve and pathologic findings
determined by postmortem examinations Much of the matenal
for the present study consisted of 112 fatal cases selected from the
Iiterature ? and 11 additional cases examined by us the choice of
cases being based on availability of adequate data

Two peaks of mortality were noted ore in the first decade of lfe
and another during the fifth and sixth decades (Fig 1) The nset
graph indicates that 72 per cent of deaths 1n the first decade o€
curred 1n infants twelve months old or less and both sexes were
affected 1n essentially the same frequency Durng the fourth to

Depatt
 We are indebted to Messrs James F Glore and Paris Johnson of the
ment of Hlustration Induana University School of Meducine for preparation orlhe

Line drawings and graphs 280



Hustopl Pathog and I togy 281
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sexenth decades there was 2 stniang predominance of the disease i
males parncnlarly 1n the flth and sixth decades (36 men 6
women) Apphication of the chu square test sndicates that ths daf
ference 15 statisuically signaficant

Inasmuch as a break in the modence of fatal mfections occurred
after four years of age the authors arbitranty classified 39 patients
asa younger group and 84 pauents as an older group  The
Itver lymph nodes lung spieen bone marmrow kidney and ileum
w decreasing order were mvolved morve frequently m the younger
pauents than s the older (Fig 2) The chr square test was apphed
10 these differences and the figuses sthustrated 1n the bar graph had
3 Pvalue of 805 or tess Thus the different frequencies of 1nvolve
ment of these organs scem to be statsucally sigruficant In add:
tion certain other organs or tissues were affected more frequently
1n the younger group but these values are of doubtful significance
the P value bemng more than 005 (Table 1) The greater fre
quency of mvolvement of more organs or tissues w mfants and
young children mdhcates more widely dissermnated disease 1n that
group

In contrast to the above findmgs the buccal cavity (and tongue)
nasopharynx and larynx were imolved more frequently mn the
older group particularly men and the differences shown in the bar
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7103  FAEQUINCY OF INVOLYEMINT OF ORGANS IN BYSTENIC KINTOPLARNONS
(VALUSS FOR WEICH P <0 08)

I vouarrarove e #hadopries
EZ]ouozronowr § 0t Wiy le
6 wvuman o7 paTIRNTS

graph (Fig 2) are of statstical sigmficance according to the cht
square test In addition certain other organs were mvolt ed excln
stvely in the older group (Fig 2inset) but the number of patients
was small and the differences are not statisticallv significant Al
though adrenal glands were affected with almost the same fre
quency i both groups there seemed to be a relatively greater
tendency for this organ to be diseased 1n the older patients
Systemic histoplasmosis 18 a disease mvolvng principally oTgans
that are nichly endowed with reticuloendothelial and Jymphord
uissue, such as the hiver lungs spleen lymph nodes and bone mas
row The skin or gastromtestinal tract may have been the portal
of entry 1n some tnstances but the skin was involved 1n a2 relatnvely
small number of patients 1n this series and the frequency of lesions
1n the tntesunal tract was only about half that observed 1 the
Iungs On the other hand the lung was the most frequently 18
volved organ in the older group (63 per cent) and thus frequenty
was exceeded only by lesions mn the liver and lymph nodes 10 the
younger group It seems pertinent that histoplasmosts of the b“:
cal cavity (and tongue) nasopharynx and larynx was present 3



Hustopl Pathog and I logy 283

TABLE1 FREQUENCY OF INVOLVEMENT OF ORGANS IN
HISTOPLASMOSIS (VALUES FOR WHICH P >0 05)
YOUNGER GROUP OLDER GROUP
UPTO4 YRS OLD | ~5 B0 YRS OLD
ORGAN 39 AUTOPSIES 84 AUTOPSIES
NO WITH [PCT WITH | NO WITH |PCT WITH
LESIONS | LESIONS | LESIONS | LESIONS
ADRENAL GLAND | 4 a 5
COLON 13 3 21 25
SKIN & SUBCUT TISSUE 8 21 1 13
HEART 3 15 15 18
PANCREAS 5 13 7 []
BRAIN & MENINGES 2 5 ° 1
APPENDIX 3 8 5 [
BLADDER 2 5 3 4
TESTIS H 5 3 N
JEJUNUM 2 5 2 2
DUODENUM 2 3 1 3
ESOPEAGUS 1 3 1 1
PARATHYROID GLAND 1 3 1 1
PITUITARY CAPSULE 1 3 1 1
MIDDLE EAR 2 5 [ 0
SKELETAL MUSCLE t 3 0 o

most exclusively in the older group and such lesions were assoct
ated with one another to a significant degree

If these three sites were considered as a group and compared
with the liver lung spleen lymph nodes and bone marrow as a
group there was a significant degree of nonassociation Thus the
data support the concept that the respiratory tract 1s the usual por
tal of entry 1nfection of the upper respiratory tract may exst as a
localized process 1n the older group becoming part of disserminated
histoplasmosis later 1n the sllness Furthermore the mode of in
ception and develop of systemic histopl 1n the younger
patients 1s probably different from that usually observed 1n older
persons

REAGTION TO INFECTION

Eprdemtologic and clmical studies indicate that 50 to 86 per
cent of persons mn certam regions of the Umted States may have
been or are 1nfected with Histopl; psd and
ally sporadic eruptive outbreaks are observed® Nevertheless
deaths from histoplasmosis are relatively rave It seems likely that
man has little ability to resist mitial infection and that the organ
1smas are not highly virulent for most persons Ordinanly the host




284 Therapy of Fungus Disases

seems to acquire resistance during infection * and the lesion tends
to heal, resulting 1 a calaified nodule

Studies on organs from fatal cases of histoplasmoss provide evt
dence of different types of tissue reactions related to the hosts m
mune status and similar to those observed i first infection and re-
mfection tuberculosss Particularly 1n nfants but sometimes i
older persons the organisms multiply and disserninate widely par
asitizing reticuloendothelial issues in many parts of the body (Fig
3A) There 1s little 1f any evidence of reaction 1n the tissues In
certain other 1nstances n this group there 1s evidence of wide dis

Ficure 3

A. Sketch of liver with small yeastlik g €ngorg
g large reticuloendothelial cells 1n the sinusoids between hepatic
cells no inflammatery reaction noted

B Sketch of tubercle hike granuloma tn the lung with fi
ginning at the edge of the lesion

C. Sketch of adrenal gland with massive coagulative necrosis on
left and mflammatory reaction on the right

D Shetch of solitary nodule in the lung calafic flecks and numcmu;
organisms are present in the caseous necrotic region 1n the lower hal
of the field adense collagenous wall encloses the caseous focus

brosis be

the
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semmation to many organs but the reticuloendothehial cells prohif
crate and tubercle hike granulomas are formed Some patients show
even more evidence of resistance and fibroblasts proliferate about
the peniphery of the lesion (Fig 3B) The lesion sketched 1in Fig
ure 3A 13 usually associated with a negauve skin test and negative
tests for circulating antibody whereas such tests are negative or
equivecally positive tn many patients with the tubercle like reac
tion diagrammed tn Figure 3B The tissue reacuions and clinical
courses observed 1n such patents are similar to those experienced
1n fatal first infection tuberculosis

Locahized or less widely disseminated lesions usually observed in
older persons provide evidence that tissues may acquire resistance
sumilarly to the phenomenon 1n reinfection type tuberculosis On
the other hand :f infection 1s established 1n an organ the tissue
reaction 1s usually violent resulting in greater degrees of coagula
tive or caseous necrosis with associated mﬂammamry reaction at
the periphery (Fig 3C) Thus sort of response 1s usually assoc
ated with hyp vity thel 1 skin test 1s positive 1
the majonity of these patients but 1t may be negative dunng late
stages of the disease

THERAPY

Partially healed relatively large solitary nodular pulmonary le
s1ons have been noted 1n several patients Those found 1n fatal
histoplasmosis of infants and young children probably represent
the primary sites from which dissemination occurred during the
process of healing Simuilar solitary nodules 1 the lung are ob-
served 1n radiologic studies of older patients most of whom have
little or no symptoms related to the lesion We studied solitary
nodules removed surgically from 4 young adults who had positive
reactions to histoplasmin and negative to tuberculin Histologic
examinauons revealed nodular foc of mscous necrosts with nu
merous H )t losed within a wall of highly
celtular or denscly co]lagenous connective ussue (Fig 3D) Surgt
cal removal of these lesions would seem effective 1n preventing pos-
sible future dissemination of the disease 1n such patients

In our expenence treatment of disseminated histoplasmosis 1n
winfants and children 1s discouraging Numerous chemical agents
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and antibiotics have been unsuccessful In the past four years ethyl
vanullate ¢ was used for treatment of 7 infants and children with
proved dissemmated histoplasmosis and only 1 survived Appar
ently unavoidable severe toxic symptoms seemed to be correlated
directly with the adminstration of ethyl vanillate in amounts suffi
cient to attain a blood level of 20 mg per 100 ml and m one 1t
stance serious rmbalance of electrolytes occurred in a patient with
ablood level of only 9 mg per 100 ml On the other hand we have
observed apparent recovery from proved dissemtnated histoplasme-
s1s 1n 8 infants and children who were treated only by nonspecific
supportive measures In considertng the use of certain chemothera
peutic agents in disseminated histoplasmosis one must consder
judiciously the possibility that the drug may antagonze or coun
teract one or more of the several mechanusms that are sigmficant
1n a patient s natural resistance
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CHARLES A BRASHER
and MICHAEL L T'URCOLOW

Problems 1n Treatment of Chronic Histo-
plasmosis As Expenenced in Over
Twenty Cases

The problems presented by the treatment of the type of histo
plasmosts most commonly seen 1n our group and requinng treat
ment — that 1s the chronic cavitary type — are largely the same as
those encountered 1n the expertmental treatment of chromic pul
monary tuberculosis It 1s evident therefore that a drug with
marked therapeutic effect must be employed 1n order for the effect
to be visualized with these chronic cases 11 whom the progress 1s
ordinanly slow and fatal termination occurs only after years of
observation

1t 13 obvious that large numbers of cases must be observed and
adequate controls set up 1n order to determune therapeutic effect
Due to the chronic nature of the disease slight effects would obyvz
ously be mussed Accordingly the Veterans Army Navy Therapeu
tic Conferences have been followed carefully and some prelimi
nary thought has been given to setung up control series However
due to the mnfrequency of these cases nothing beyond preluminary
experiments involving attempts at finding a good therapeutic tool
has been run The present sertes of cases does demonstrate the
lack of either marked therapeutic effect or marked toxicity 10 any
of the various therapeutic agents tried

The finding of chronic cavitary histopl mn three dxff
tuberculoss sanatonia 1n the area of high hustoplasmm sensitivity
indicates that this 1s a problem of sizable importance Between 7
and 8 per cent of the patients 1n these sanatoria demonstrated ex
ther proved hustoplasmosis or positive serology suggesting active

28
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disease Many of these cases are of the chronic cavtary type which
1n our expenence is chronic progressive that 1s leads usually to
dissermnation and death The time required for dissemination may
be some years

It has been estimated that there are probably as many as 1300
cases of histoplasmasts masquerading as or combined with tubercu
losis 1 the various tuberculosis sanatoria mn the high arez At
tempts have been made to encourage the finding of these cases
and 1t 1s expected that a large pool of potenual therapeutic cases
will be available within the next year or so The mportance of
these trials therefore cannot be overstimated n setting up proce:
dures for the treatment of these cases and outhning difficulties



MICHAEL L. FURGOLOW
and CHARLES A BRASHER

Tnals with 2-Hydroxystilbamidine, Amino-

stlbamidine, MRD-112, and Other Agents

m Pulmonary Histoplasmosis, Expertments
with More Than Twenty Cases

A total of 21 cases of pulmonary disease have been treated with
various drugs during the past two years Most of the cases are of
the advanced cavrtary type of histoplasmosis The results are diff
cult to evaluate Due to difficulties of evaluation 1t was decided to
set up protocols 1n an attempt to screen the drugs looking for
marked ymprovement with any given drug Any favorable drugs
uncovered would then be more carefully evaluated 1n 2 control
method

It should be noted that a few of the patients were treated with
more than one drug No one was treated with more than one drug
at 2 time When no response was observed with an earlter drug
other drugs were subsequently tried The total number of indi
viduals involved m this report 15 21

The first drug available to us was a compound 8 diethylamino
ethyl fencholate (MRD-112) from the Willlam $ Merrell Com
pany A total of 14 cases were treated with this drug — 12 of them
had histoplasmosis and 2 had other diseases One of the latter cases
had cutaneous and cerebral cryptococcus the other had tubercu
lous menmgitis undiagnosed unul post mortem Five of these 14
Ppatients have expired 1 with tuberculous memngitis 1 with dis

d histopl and tubercul 1 with cavitary histo
plasmosis who died following surgery and a six year old boy with
disseminated histoplasmosis who died within two days after sty
tution of treatment Another case had cryptococcus of the skin
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which later became cerebral and the patient expired It must be
stated that no marked effects of MRD-12 1n suppressing fungus
growth were noted However sufficient experience was acquired
with this drug to know that 1t was also relatively nontoxic at least
1n the dosages we used The dosage employed on these patients was
150 mg daily Several of the patients also recerved combined oral
therapy either before or after intravenous therapy Some dufficulty
was experienced 1n one or two patients with sclerosing of the vems

Four cases were treated with 2 hydroxystilbamdine (also sup-
plied by Wilhlam § Merrell Company) Three were patients with
histoplasmosis and one had blastomycosts of the larynx and lungs
The latter patient appeared to have a satisfactory recovery but
died some time later apparently of cardiac disease although no
autopsy was obtained The second patient with disseminated histo-
plasmosts died without any evidence of response to the drug He
also suffered from artertosclerotic heart dsease and liver damage
This was not connected with the use of 2 hydroxystilbamidine A
third patient died following treatment but he had both tubercu
losis and histoplasmosis The fourth patient was treated without
marked effect Our experience with 2 hydroxystlbamidine also did
not indicate any marked fungicidal effect

A total of 3 cases have received aminostilbamidine — all of these
being cases of disseminated histoplasmosis of the cavitary type No
toxic responses were observed and no definite therapeutic effect
was observed All of the patients completed their treatment of sixty
days without adverse effects

Two patients have been treated with nystatin supphed by the
Squibb Institute One of these had histoplasmosis and the other an
undiagnosed fungus disease of the lungs — probably blastomycosts
No toxic effects have been observed nor has there been any marked
evidence of therapeutic effect although 1t 1s probably too carly to
decide

One case has been treated with testosterone This patient had
disserminated histoplasmosis and lesions on the tongue and has been
treated with several other drugs He scems to show eatly Tesponse
to the drugs and later relapses He has shown slow progression
of the disease and lately a positive blood culture Testosterone does
not seem to have had any marked effect Thus man also has been

treated with ammosulbarmidine and MRD-112
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A patent has been treated with antabuse (tetraethyl X) made
by Ayerst Laboratories This pauent has been treated for thirty
days and no toxic cffects have been observed nor have any marked
effects on the listoplismosis been found The use of antabuse was
suggested by Smith and Conant

SUMMARY

Twenty-one patients with histoplasmosis or other proved or sus
pect fungus discases of the lungs have been treated with various
chemicals or antibiotics 1n an attempt to set up techmical proce
dures and to demonstrate 1f possible some marked therapeutic
effect

The value of the present series Lies largely in the absence of
demonstrated toxicity with these various chemicals No sigmificant
therapeutic effect has been observed although this type of case —
that 1s the bilateral cavatary case of chronic nature —1s a difficule
one 1n which to determine any except marked therapeutic effect

It 1s quite probable that therapy with these agents should be con
tinued longer 1n these cases Our present plans ate to attempt to
continue treatment for ninety or even 180 days 1n these casesin the
future as therapeutic effects are sometimes slow 1n appearing



R L MAYER, E KONOPKA, S GEFTIC,
and | TANZOLA

Sulfonamides and Expernimental
Histoplasmosis

In view of the contradictory results of the mftuence of sulfon
amides 1n histoplasmosis we have investigated the action of a num
ber of sulfonamides by both the 1n vitro and in vivo techniques

IN VITRO EXPERIMENTS

The ant1 sulfonamide action of twenty sulfonamrdes was tested
1n fluid Sabouraud s medium and synthetic medum free of PABA
The organism grew more slowly 1n the synthetic medium than 11
Sabouraud s medium but the amount of growth was ulumately
1dentical in both media A number of experiments were made with
the synthetic medium to which 2 m! per cent of beef serum w2s
added In this medium the organism grew at 37°C 1n the yeast
phase throughout the experiment

RESULTS

The results obtamned with these two media were virtually 1den
tical and we shall therefore report only the results obtained with
the synthetic medium (Table 1)

The lowest concentratton in which complete fungstatic activity
was obtamned with any of the sulfonamides tested was 1 1000 How
ever a few compounds for example sulfapyridine sulfapyrazin®
and sulfadiazine strongly retarded growth even ata concentrationl
of 1 10 000 Numerous compounds erther showed activities only 1n
a concentration of 1 500 or were completely inactive

Differences 1n the sensttvaty of the yeast and mycelial phase were
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regularly observed Sulfathiazole sulfad and sulfameth

were mactive against mycelial growth but were active when the
organism was majntained in the yeast phase at 37°C As seen from
Table 1 Histoplasma capsulatum n the yeast phase was more sen
sitive agarnst compounds which had only shight activity against the

Taste 1

IN VITRO ACTIVITY OF VARIOUS SULFONAMIDES IN SYNTHETIC
MEDIUM AT 25 C AND 37 C. INOCULUM 380000 CELLS/MI.

25%° € Mycelial Growth 37° C Yeast Phase

Compound Complete  Partial | Complete  Partial
Sulfanilamide 11000 15000 11000 15000

Sulfathiazole 0 1 500 11000 110000
Sulfapynidine 1500 11000 1750 1 5000

Sulfadiazine [ 110000 | 1500 110000

Sulfapyrazine 1500 110000 | 1.500 110000
@l}wzlne 0 [} 11000 11000

Tnactive
sulfasuxidine

fungus growing 1n the mycelial phase Whether this 1s due to an
enhanced sensitivity of the yeast form to sulfonamdes or to an en
hanced activity of the sul des at lugher b tempera
tures has not yet been established

The stmularity of results obtamed 1n both the Sabouraud s and
the synthetic medium virtually devoid of PABA may be due to
several facts namely (1) that amounts of PABA not detectable by
chemical means nterfere with sulfonamide activity (2) that the
organtsm wself produces PABA (3) that PABA does not interfere
with sulfonamrdes an the case of H capsulatum or (4) that factors
other than PABA may interfere with the acuvty of sulfonamides
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We have ascertained that PABA 15 formed by Hastoplasma grow
ingn the yeast phase with the use of the Bratton Marshall method.
The amounts produced by the organism are very small the mau
mum concentration detected 1n cells being 002 mg per cent (T2
ble 2) Compared with the relatvely large quanuties of PABA

TasLe 2

AMOUNTS OF PABA IN HISTOPLASMA CAPSULATUM AND OTHER
MICRO-ORGANISMS FORMED IN SYNTHETIC MEDIUM

Amount of

Micco-organism P A B A Forzmula
me /7)

Saccharomyces cerevisiae 026 63
Candida albicans 128
Staphylococcus aureus 001 0220
Histoplasma capsulatum not

lysed yeast phase 002
Histoplasma capsulatum

broken by ultrasonc

vibration yeast phase 002

produced by other micro-organisms particularly Candida Sac
charomyces and certain Staphylococct this amount may scem neg
Lgible But they are apparently sufficient since PABA 1s capable of
terfering with the sulfonamide action against Histoplasma in ex
tremely munute concentrations as shown :n Table 8 where the ac
tnvatzes of three sulfonamides on Histoplasma n absence or pres-
ence of PABA are recorded In concentratrons up to 1 5 milhen
PABA completely nullfies the action of sulfantlamide and 1 2
concentration of 1 50 mullion 1t nullifies that of sulfathiazole The
antt sulfonamide action of PABA so strong 1n the case of sulfaml
amide and sulfathiazole 1s much less pronounced m the case of
sulfathuourea As shown 1n Table 4 these results corroborate an
earlier finding by Mayer * that at least part of the anufungal and
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TasLe 3

ACTION OF PABA UPON THE ANTIHISTOPLASMA ACTIVITY
IN VITRO OF SULFANILAMIDE AND SULTATHIAZOLE

295

Dilutions of Sulfonamide
1 1 1 1 1 PABA
PABA 500 | 1000 | 5000 | 16000 | 20000 | Control
Sulfanilamide + + + + ++
plus PABA W:)O e dl Rl e Bl baas N B3
iﬁo'o' B e S oo I A o I PR
.
o Rasadll Masadh Biasadl IR o dl Rod +HH
Tl?'n +H L I o I B s
-X—Ol-l; e e Al Rl s -
—L |
o | e + +
1
5 |+ ++ + + + R

antimycobactenal activaty of sulfathiourea 1s due to the thiourea
moiety which 1s not amenable to the action of PABA

IN VIVO EXPERIMENTS

Mice were infected with 40 million cells (yeast phase) by mtra
venous njection The average survival time was ten to twelve days
after infection with a survival rate varying between 0 and 10 per
cent on the thirtieth day after infection Treatment was started
twenty four hours prior to mfection and continued for fifteen days
The sulfonamdes were mixed with ground diet
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TasLe 4

INFLUENCE OF PABA ON THE IN VITRO ACTIVITY OF
SULFONAMIDES AGAINST HISTOPLASMA CAPSUL4TUM

Compound N I S S (U S O S
500 1000 5000 10 000 | 20 000
PABA 0 + +
Sulfanilamide o 0 + + +H
plus PABA lTl(ﬁ R
plus PABA b UV [ [T
Sodium sulfapyridine /] + + H+ [+

plus PABA 1000

L o+
plus PABA 000 + | H )
Sulfathiourea + + ++ [
L +
plus PABA 1006 + + + +
1
plus PABA 5000 ++ ++ + +H

0 indicates no growth
+ to +HHH+ indicates alight to massive growth.

RESULTS
Diet Experiments The results of the 1n vivo experuments are 1t
scribed 1n Tables 5 and 6 All readily absorbed sulfonamides at
the calculated daily oral intake of 25 to 50 mg per mouse yielde
survival rates of 100 per cent with an average survival nme of

more than twenty days beyond that of the control group 5]1;l
e sulld

fonamides demonstrating this activity were sulfamlamud
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P
Taste 5
IN VIVO ACTIVITY 1
MICE CONCENTRATION IN DIET FED 24 HOURS BEFORE

TO 15 DAYS AFTER INFECTION INFECTION
INTRAVENOUSLY 20 MILLION CELLS

Percent Survival on 35th Day
In Vitro
Compound Activity Limit of
37°c 90 100 50 Activity
1
Sulfanilamide 1000 1« 025 015
1
Snlfathiazole 1000 1 025 <01
Sodium sulfathiazole 0 05
Sulfapyridine - -
1
Sodlum sulfapyndine 000 05 o1 <01
1
Sulfadiazine 10000 025 [ <01
partial
1
Sulfapyrazine 500 01 <01
Controls 57 survival

* Denotes concentration in diet

thrazole sodium sulfapyridine sulfamethazine  sulfameranine
sulfadimethine sulfisoxazole and sulfathiourea Two other com
pounds sulfadiazine and sulfapyrazine were defimtely more ac
twve producing 100 per cent survivals at doses of 5 to 10 mg per
mouse Fifty per cent survival rates were obtained at daily doses
below 5 mg with sodium sulfapyndine sulfadiazine sulfapyrazine
sulfamethazine and sulfamerazine

Delayed Therapy These favorable results m experimental histo-
plasmosis of mice were unexpected since they were not 1n agree
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Tasre 6
IN VIVO ACTIVITY 2
Inviteo | PO Survival on 30th Dey
Compound Activity Limit of
37°c
90 100 50 Actlvity
1 *
Sulfamethazine 1000 05 01
Sulfamerazine 1] 05 01
1
Sodium sulfamerazine 1600 05
Sulfadimetin [ 10 06
Sulfisoxazole 0 1 035 0125
Sulfathiourea ] 0s 01
Sulfathalidine 3%6 Very slight activity
Sulfasuxidine ) Inactive

* Denotes concentration in diet

ment with the negative results obtained by Levy 2 with sulfamla
mide and because of the poor results recorded n the literature mn
the treatment of generalized histoplasmosis 1n humans with sulfa
drugs Since the sulfonamide therapy was stituted 1 our expert
ments twenty four hours prior to infection and then continued for
fifteen days 1t was possible that our favorable results could be
ascribed to a preventive rather than a curauve effect of the sulfon
amides employed In order to more closely simulate actual thera
peutic use of 2 drug 1n a well established nfection the mtiation
of the therapy was delayed for one to four days several days after
the infecion The results of this experiment using sulfadiaznine
and sulfathiourea are recorded 1n Table 7 "
It 15 evident from these data on delayed therapy that the sull2
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Tasre 7
DELAYED THERAPY
SULFADIAZINE AND SULFATHIOUREA
MEDICATED DIET PER CENT SURVIVALS ON 3TH DAY

Compound Delay alter Infection in Days
c
in Diet .0_ l 2 3 :
Sulfadiazine
05% 100 100 100 100 70
017 80 80 90 80 40
Sulfathiourea
17 100 100 0 40 20
[ o 30 20 20 )
Controls s

drugs not only exert a prophylactic action but are defimitely cura
uve as well A daily oral intake of 25 mg of sulfadiazine st1ll re
sulted 1n 100 per cent survival when delayed for three days follow
1ng infection Five milligrams of sulfadiazine started on the third
day after infection resulted in a survisal rate of 80 per cent Sulfa
throurea was less active 1n that 50 mg resulted 1n 100 per cent sur
vival only when the delay did not exceed twenty four hours after
mfecuon Ths type of experiment 1s particularly useful for the
detecuion of dfferences mn the actiity of two different compounds

VARIOUS ROUTES OF ADMINISTRATION

In the following expenment we have assessed the influence of
the route of adminsstration on the effectiveness of sulfonamide
therapy Levy admmustered sulfonamide ntraperitoneally and
found 1t without effect whereas 1n our diet experiments it was
highly effective We have therefore investigated to discover
whether administration by the intrapenitoneal route was less cf
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fective even when higher therapeutic doses were employed In the
experiment recorded 1n Table 8 groups of ten mice each were in

TasLe 8
ACTIVITY OF SULFANILAMIDL BY DIFFERENT ROUTES OF
ADMINISTRATION PER CENT SURVIVAL AT VARIOUS
DOSE LEVELS (PER MOUSE)

Dossges
Route of
Adminlsteation 50 mg 25 me 75me 6o
Diet 100 50 20
Intrapenitoneal 10% of (three
(twice times
daily) dauly)

* Administered in divided doses
tAdministered in three equal doses

fected and treated with medicated diets containing 1 05 and [
per cent sulfamlamide corresponding to 5 25 and 50 mg darly
oral intake respectively A second group of ten nfected mice Was
treated 1ntraperitoneally twice daily with 125 mg of sulfanila
mde which corresponded to 25 mg 1n the above mentioned diet
expeniment A third group of ten nfected mice recerved in three
divided doses a towal of 6 mg corresponding approximately 11
medicated food to 012 per cent the dose employed by Levy
Whereas a daily dose of 50 mg of sulfamlamide was ughly active
when given n the diet resulung in 100 per cent sunnal on the
thirtieth day a daily dose of 25 mg gave 50 per cent survinal anda
daily dose of 5 mg of sulfonamude st:ll 20 per cent surt nal xth
same compound showed minimal activity when a total doscnor
25 mg was injected intraperitoncally in two dasly doses of 1-“['
mg each and completely mactive at the dose employed by Levy O
18 mg per day

1t was shown m previous expernments that the nitr
rmdes have a hugher activ ity agamnst infections than has the corre

o sulfona
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sponding amino sulfonamide * ¢ Nitro sullathirzole showed consid
crably higher activity than the corresponding amino sulfathiazole
{Table 9) Further expeniments on the acuvity of mitro derva
tives and other intermediates are under way

Tapie 9
AMINO SULFATHIAZOLE AND NITRO SULFATHIAZOLL
COMPAPISON OF IN VITRO AND IN VIVO ACTIVITY
(PTR CENT SURVIVAL)

In Vitro In Vive
Compound | Inhibiting Concen Concentration in Diet
tration at 37°C 1 ] os~ fo2s” [ o
A otla Bla BiA B
Amino sulfa 1 10021 9| 85[17 1{50{12 7|50[10 9
thiazole 1000
Niteo sulfa b
thiazole 366 100{21 4{100{21 4] 90{20 5{90]|20 7
Contrels 5% survival

* Per cent survival.

flncrease in average survival time
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CHESTER W EMMONS

The Isolation of Cryptococcus neoformans
from Pigeon Droppings

Although Cryptecoccus neoformans 1s the cause of about 10 per
cent of the 300 to 400 fatal mycoses reported annually mn the
Unated States * the nature of the primary disease and the sources of
mfection have remamned obscure The familiar memngeal sy
drome 15 known to have been preceded in some cases by 2 pul
monary lesion and 1t 15 probable that the primary lesion of cryp-
tococcosts 1s usually in the lung * It may be that cryptococcosts 182
frequent benign pulmonary disease and that the neurotropic pre
dilection of the fungus 1s a rare mamfestatton Cryptococcos:s 15
not contaglous and we must look as we have learned to do
most systemic mycoses for an exogenous source of the 1nfectious
agent
C neoformans was actually first 1solated as a saprophyte from
fruit by Sanfelice in 1895 * Its 1solation from a source unrelated to
ussues exudates or surfaces of man or ammals was not reported
again until 1ts 1solation from soil 1n 1951 ¢ Despite the paucity of
evidence accumulated during the past sixty years recent obser
vations have shown that the fungus 1s not rare in man s environ
ment
Isolations of C neoformans from twenty spectmens of sotl and
organic debris were reported 1n 1954 ° Most of these spectmens
were collected from vanzed environments such as barnyards grand
ries and 1n and around chicken houses However 1n one collec
t1on C neoformans was 1sclated from eight of eleven specimens
consisting of old pigeon nests and pigeon dung taken from the at
tic of a partally demolished house near Gaithersburg, Maryland
A systematic study was then undertalen to determine whether
there 15 a frequent assoctation between the saprophytic occurrence
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of Cryptococcus and pigeon dung Collections were made i Lou
doun County Virgima *

MATERIALS AND METHODS

Spectmens were collected during the winter and early spring of
1955 and consisted of pigeon nests of the previous season and drop-
pings taken from under the roosting places of pigeons The pigeon
bunlds a flimsy nest of straw weed stems and twigs and raises sev
eral broods during the season Unlike most birds 1t does not re
move excreta from the nest so that as successive broods are raised
the nest 1s transformed mnto a firm mortar hike mass Therefore the
nests as well as materzals collected under roosting places tvere es
sentially pigeon excreta in various stages of weathering and decay

From sixteen farm premses and three buldings 1in Leesburg
one hundred and eleven specimens weze collected The only basis
for selection of premises was the observed presence of pigeons One
location was a bell tower over the City Hall where an accumula
tion of pigeon manure reached a depth of 3 inches Most of the
collections were from stables and haymows on farms

Specimens were collected directly into 25 X 150 mm stenle
tubes stored at 2to 5 C unul processed and suspended 1n physio
logic saline solution A portion of the supernatant with added pen
1atlin and streptomycin was injected intraperitoneally mto white
mice The mice were killed three to four weeks later and cultures
were made from the spleen and liver and incubated at 30 C This
method with various modificattons has been described 1n several
papers & 12

The frequent 1solation of C neoformans from dung suggested
that the fungus may parasitize the tissues of the pigeon or at least
be ingested with food and pass uneventfully through the digestive
tract Twenty young pigeons including half grown birds and feath
ered squabs nearly ready to fly were collected as they became avail
able in the spring A host parasite relationship was sought by drrect
culture of the spleen liver and kidney of the birds Presence of
the fungus 1n the digestive tract was sought by mjecting separately

1 am indebted to Dr Chatles G Souder Loudoun County Health Officer for
hus courtesy and cooperation m this study
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the contents of the crop, gizzard upper imtestine and lower m
testine nto the peritoneal cavity of mice as described above

It was possible 1n most cases to 1dentify colomes of € neofor
mans by gross examination of primary cultures Usually subcul
tures were made on Sabouraud s agar contamning pemcilln and
streptomycin to free the culture of contammating bacteria In or
der to confirm the 1dentifications 1solates from twenty specimens
were tested for therr ability to produce acid 1n various sugars and
1solates from the first forty seven positive specimens were tested for
virulence 1 mice A forty eight hour culture was suspended in
saline counted 1n a Levy chamber and adjusted by dilution s0
that 0 05 ml contaned an estimated 10 000 cells This amount was
then injected intracerebrally into four mice per isolate Mice were
abserved for 1llness death and development of intracramal lesions

RESULTS

C neoformans was 1solated from sixty three of the one hundred
and eleven specimens collected and from sixteen of the mneteen
premises from which collections were made (Table 1) From onc
farm none of five spectmens yielded the fungus From another farm
the pigeons had been driven away and the single spectmen col
lected may have been sparrow and starling droppmgs From 2
building 1n Leesburg one specimen from an exposed roof gutter
and a second consisting of a2 newly constructed nest were negaive
From the remaining srxteen premises C neoformans was isotated
from 20 to 100 per cent of specimens collected From five farms
every specimen collected yrelded the fungus

Many of the mice mjected intraperitoneally with specumens
were alled after only three wecks Splenomegaly was observed 1
a few mice but for the most part no lesions which could be at
tributed to Cryptococcus were observed Cultures were usually
contaminated with saprophytic bacteria or molds which surv ed
the short incubation period 1n the mouse

The strains of C neoformans 1solated from pigeon excreta €
Hbited the usual variation 1n encapsulation pigmentation and
acd production noted in isolates from soil and human nfec
pions 2 + They produced 1n mice a typical dome shaped elevation
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Tane 1

1SOLATIONS OF CRYPTOCOCCUS NEGQFORAAAS
FROM OLD PIGEON NLSTS AND PIGEON DROPPINGS

Prevuse it e
Cla 5 5
Fra 5 5
Sto 5 5
Bu 5 5
Jen 1 1
Bel 10 9
Sal 6 5
Jac 5 4
Hor 4 3
Pax 13 9
LMS 5 3
Mch 10 3
Nor 4 1
LTH 10 2
Aha 10 2
Gal 5 1
har 1 [}
LCB 2 (]
Cor 5 o
19 11 63

of the skull and intracerebral lesions 1 which the encapsulated
cells of Cryptococcus were eastly demonstrated

Twenty birds have been examined to date wathout finding Crvp
tococeus either 1n the spleen lhiver or hidney of the bird by direct
culture or 1n the digestive tract by mouse passage A fatal mfection
caused by Trichomonas gallinae regularly developed in mice re
cewving crop contents

DISCUSSION

The frequent 1solation of C neoformans from old pigeon nests
and droppings has revealed an important habitat of this patho
genic fungus unrecogmized since 1ts first 1solation from a sapro-
Pphytic source sixty years ago The association appears to Tepresent
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a fortuitous colomzation of dung by the fungus A host parasite
relationshtp with the pigeon 15 not to be expected because C neo
formans daes not grow well at the normal body temperatures of
the bird It 1s reasonable to suppose that the pigeon mav mgest
contammated food and that the fungus survives passage through
the digestive tract but as yet this supposition has not been sup-
ported by evidence This pont 15 still under mhestigation

The presence of nesting pigeons m barns 1s relevant to veter
mary mycology Cryptococcosis occuts i cattle horses cats and
other animals and two large epidemics of intractable bovine mastt
tis caused by C neoformans have been reported 12 4 Farmers gen
erally consider pigeons a nuisance and dairy farmers in the area
under study had made an effort to exclude them from dairy barns

An association between cryptococcosts in man and exposure t0
pigeon excreta has not been recogmzed The grave implications of
such an exposure should be considered m future case studtes and
1n appropriate environmental situations One of the premuses from
which C neoformans was 1solated (mne of thirteen specimens)
an old estate (now used as a ciuldrens home) 1n which pigeons
nest on ledges and cornices 1n the old residence and 1n stables and
mows where children play Pigeons should be excluded from the
grounds of an insutution housing many children m order to reduce
2 hazard now recognized for the first time

Outbreaks of pneumonitis among persons exposed to accumuld
tions of pigeon droppings while cleaming out belfries abandoned
water towets or attics have been dragnosed in the past as ornithosis
or histoplasmosis In some instances the diagnostic critersa have
been incomplete or unsatisfactory The diagnosts of cryptococcosts
must be considered 1n such epidemics
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ROBERT LUBARSKY and ORDA A PLUNKETT

Some Ecologic Studies of Coccrdrondes
vmmadzs 1 Soil

It 15 now accepted that coccidiordomycosis usually occurs asa
pulmonary mnfection resulung from the mhalation of dust con
taming the arthrospores of Coccdiordes immutss This plus the
facts that the incidence of the disexse 1s ugher after sand and dust
storms and that many researchers have been able to wsolate the
fungus from the sail led us to the followmg ecologc study of the
orgamism i the so1l

Since the disease 1s endemic 1n the southwestern United States
the soils utilized 1n thus first expersment were as follows sixteen
from southern California and two from southeastern Arizana The
sotls varied from almost pure sand to rich loam to clay Attempts 2t
1solatton of C tmmitis from these soils were unsuccessful and 1t
was concluded that they were free from the fungus Fifteengram
subsamples of each so1l were placed 1n each of ten cotton stoppered
test tubes to which an additional 2 mi of watcr was added The
subsamples were divided mnto two sections one being sterilzed
and the other rematning 1n the unsterihzed state Thas was done
1n order to see 1f any of the natural occurring organssms present n
the soil had any mhibitory effcct on the fungus All of the sub-
samples were then inoculated with 1 ml of a hewy suspension of
fungal elements and incubated at room temperature

At the end of ten days the tubes containing the sterthized soil
showed signs of fluffy white growth on the surface and i the air
spaces between the so1l particles At thus ume there was no visible
evidence of growth 1n the nonstershized sorls At the end of fifteen
days there was further evidence of growth m the tubes onginally
contasming the sterilized soil and the beginning of vistble growt

1 the nonsterihzed soil At the end of thurty days all of the tubes
s08
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of inoculated sauls revealed the presence of heavy fungal growth
with the tubes onginally containing the stenilized soils producing
the most profuse growth The fungus growths were shown to be
€ ammuis when moculation of 1solates produced the typical dus
case 1t mice and autopsy of these ammals revealed the typical
coccrdsordal spherules

Some of the sandy soils were nifted 1n order to scparate the sand
from the buts of leases and twigs The sand was placed 1n one set of
test tubes and the twigs and Jeaves 1n another set When treated in
the same manner as descrbed above both the sand and the segeta
tive matter supported profuse fungal growth A single dry leaf
when inoculated with an aq p of fungus el
produced profuse growth of C tmmatts for as long as moisture was
present

$ince the preceding expeniment showed that the soils of south
e California and Arizona could support the growth of C smmitis
it was decided to determine whether the soils from other areas of
the United States could do fikewise Soil samples were obtained
from various areas of New Yorl New Jersey Pennsylvama Okla
homa Colorado and Texas These soils were free from the fun
gus and when they were subjected to the same treatment 38 the
sotls desctibed pressously the results were almost idenncal In
all cases the soils supported the gronth of C tmmitis as long as
moisture was present and the fungus could be tsolated from these
soils in a viable state for over eighteen months

Since all of the soils tested supported the growth of G smmitis
we decided 10 attempt to simufate some chimauc condons that
1s hugh and low temperatures and see what effect this might have
on the survival of the fungus 1n the soil Soils obtained from the
aforementioned areas were prepared in the same manner as de
scribed earhier 1n thns paper and each soil sample was noculated
with a 1 ml of 2 heavy suspension of C smmutis arthrospores and
mycehal fragments These wete then allowed to incubate at room
temperature for a2 minimum of four days Haif of these sl sam
ples were exposed to a constant temperature of 42 C and the
other half of the samples were exposed 1o freezing at minus 20 C
and thawing at room temperature The perod of alternate expo-
sure to freezing and thawing was four days at a tume for each type
of exposure Both the freezng thawing and constant temperature
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exposures were carried out over 129 days Viability checks were
run every day on each soil sample and viable C 1mmults was 150-
lated from each tube each time Two four day old agar cultures of
the fungus were exposed to a constant temperature of 42°C and
at the end of eight days of exposure were no longer viable
Realizing that the profuse growth of the fungus mn the soul in the
above experiments would result 1n a change of the soil pH the fol
lowing check was made on the pH range that would support
growth of the fungus on media Plates of Saboutaud s medium and
Stewart and Meyers medium were prepared with adjusted pH
ranges of 30 to 95 and moculated with C smmutis The plates
were Incubated at room temperature and at the end of the forty
eight hours there was evidence of growth n the plates 1n the pH
range of 4 5 t0 90 At the end of 120 hours growth was visible 1n
pH range 851090 with the most profuse growth at pH 65075
It may be concluded from the aforementioned experiments that
€ immutis can grow and survive 1n soils ranging, from nich loam to
almost pure sand obtained from different parts of the United
States Growth 1s not confined to the soul alone but can be and 18
supported by the dead vegetative matter normally found m sotls
The pH range at which the fungus will grow covers the pH ranges
found 1n most so1ls Extremes of heat and cold have little effect on
the viability of G imsmutis as long as the fungus 1s within the sotl
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Coccrdrondes mmmafas i the Soil of the South-
ern San Joaquin Valley

1n searching for the nidus of the mycelial phase of Coccidiordes
immins one must consider among other posuble sites mammals
liingand dead reptiles vegetanon dung and the solatself Inor
der to throw light on the possible relationship between the ant
mals and the soi! and 1o learn more about the behavior of C am
matis in nature we began several years 1go to trap small mammals
catch repuiles gather plant hfe and cotlect sorl samples 1n the
southwestern part of the San Joaquin Vallev

This paper deals with the percentile recovery of C smmhis from
500 soil samples collected between Buttonwiliow and Mchatnelh

EXPERIMENTAL METHODS

Sonl samples were collected 1n test tubes or jars from the walls of
ammal burrows and from the open areas between burrows At
each random site — all bewng, 5 or more feet away from the nearest
burrow — four samples were taken one from the surface one 4
wnches below the surface of the ground and one each at 8 and 12
tnches below the surface One hundred and seventy seven burrow
samples 93 random surface samples 78 samples 4 snches below the
surtace 77 samples 8 inches below the surface and 75 samples 12
tnches below the surface were thus collected Three hundred and
eighty of these samples were collected in tnd January 1954 toward
the end of the seven month dry sexson One hundred and twenty
were collected 10 early Apnl 1955 shortly after the end of the wet
seasor and following several weeks of warm weather

In the Iaboratory the samples were handled as follows After
onemunute of shaking of cach sample [ gm was removed and sus

m
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pended m 9 cc of sterile water 1n a test tube From this 1 10 dilu
tion suspensions of 1 100 and 1 500 were made (In the case of the
larger samples 10 gm was removed suspended and diluted pro-
portionately ) Plates of Sabouraud s fortified medium were nocu
lated 1n duplicate with 05 cc from each of the three dilutions
thus making six plates from each so1l sample The plates were al
lowed to mcubate at room temperature for ten to twenty days and
were then exammed grossly All colontes that were suggestive of
€ smmutis were examined microscopically Subcultures sere made
on straight Sabouraud s medium from those colonies whose micro-
scopte morphology was typical of or sumilar to C tmmutss If after
suitable incubation they looked typical grossly and microscopically

materzal from the colony was inoculated into mice for obsernauon
of lesions and/or recovery of spherules the final proof that the
fungus was C rmmutis No cultures were constdered posive for
C immulis unless the above critena were met

RESULTS

From the first 500 so1l samples tested 1n this analyss G tmmilis
was recovered from 35 or 7 per cent This included random sam
ples and burrow wall samples collected at the end of the dry and
wet seasons

The distrsbution of € tmmutss was as follows 177 samples from
amimal burrows yielded 24 positive cultures or 13 6 per cent 32%
random samples from the surface and varying depths yrelded 11
posiive cultures or 3 4 per cent (See Table I)

Taste 1
POSITIVE CULTURES

Numb Posnt ve Cultures

Sa':;;'}lz 4 Ho %
From burrows 177 24 136
Random samples 323 1 34

Samples collected 1n the two major seasons were distributed :l;
follows 380 were collected 1n mid January and 120 1n mid Apn2
(Table 2) In the first group there were 16 posune samples or 4

per cent In the second group there were 19 positive samples oF
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TasLe 2
POSITIVE CULTURES AT END OF SEASON

Number of Pos troe Culturer
Samples Ne %
Collected at end
of dry season 380 16 42
Collected at end
of wet season 120 19 162

16 per cent In the first group 137 amimal burrows yielded 10 post
tive cultures or 7 3 per cent Two hundred and forty three random
samples from the surface and at 4 8 and 12 inch depths yielded
6 posstive cultures or 25 per cent These positive cultures were
found primanly below the surfice As opposed to this the 120
samples taken at the end of the rainy season gave the following re
sults Forty amimal burrows yielded 14 positives or 33 3 per cent
Eighty random samples taken from the surface and at 4 8 and
12 inch depths yielded 5 positives or 6 1 per cent In this instance
the only posittve cultures of the group were on the surface

DISCUSSION

The over all staustic of 7 per cent positive cultures from 500
sotl samples corroborates the worh of Plunkett and Lubarsky who
found approximately 6 per cent of their soil cultures to be positive

Inourseries the striking statistical difference between the pos:
twve results found 1n the samples obtained from the walls of am
mal burrows and the samples taken at random seems to point to
the ammal burrows as offering something 1n the environment that
was conducive to the growth and/or concentrauon of C tmmitis
One could postulate many things i this connection Protection
may have been afforded by burrows from the very high summer
surface temperatures or from short torrential winter rains or the
burrows might act primanly as collecting receptacles for the fung
picked up from the surface of the ground by the burrow tenants
fur Concervably the mitrogen content of the sol at the site of the
burrow might be shghtly higher and more conducive to growth
Insects assocrated with the ammals could play a part or organisms
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carried by the animal might encourage the growth of C tmmubs
‘Whatever the reason the statistical difference 1s signficant and we
are mvestugating this further

A comparison between the results obtamned from soils collected
at the end of the dry season and those collected at the end of the
wet season deserves comment First the percentage of posine
samples 15 appreciably hugher at the end of the wet season Second
the ratio of burrow samples that gave positive results to random
samples that gave positive Tesults 1n the two seasons 1s stmular if
not exactly proportionate and finally the location of the posive
random samples 1n the two different seasons 1s interesung OF the
6 positive random soil samples procured at the end of the dry se2
son only 1 came from the surface the others being from 4 8, or
121nch depths (Table 3) As opposed to this all of the posune

Tapre 3
POSITIVE CULTURES IN RANDOM SAMPLES
Fanuary April
Posti
Source Xoof G | oo Gl

Samples A o Samples r 5

Surface 73 1 13 20 5 25
4 inch depth 58 2 34 20 o O
8 inch depth 57 117 20 0o 0
12 inch depth 55 2 36 i 20 o 0

random samples collected at the end of the wet season came from
the surface There were no positive random samples below the
surface 1n this group

The paucity of positive results on the surface of the ground at
the end of the dry season probably mndicates the sterihizing effect
of the sun s heat which for weeks on end keeps the top centimeter
of so1l above 125°F through the four or five hottest hours of each
day The negative results 1n the subsurface specimens gathered at
the end of the rainy season are more dufficult to explan

We should like to suggest a possible explanation for the large
percentage of positive surface samples among those collected at the
end of the wet season It 1s known from the work of Plunkett and
Lubarsky Smuth and others that C 1mmalis can be grown 1n §1€7
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1hized so1ls with ease but only with considerable difficulty or care
ful nursing does 3t seem to grow 1n untreated or unsterihized soil
Could 15 be that this scorching sterthzing summer heat 1s necessary
tothe hifc of G tmmitis in that 1t prepares a thin layer of relatively
sterile soil which needs only mosture to make 1t susceptible to in
vasion by the fung: living below and adjacent to 1t Could tius
heat be an ally of the orgamsm by giving 1t for 2 brief peniod of
ume a growth medinm not thoroughly comammated winh 1ts an
tagonusts and competators?
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In Vitro Inhibition of Cocaidioides
ummues by Antihistaminics*

Independent observations of Carson and Campbell  and Resss
and Caroline ? indicated that several systemic fungi as well as der
matophytes could be wnhibited 1n vitro by certain antihistamines
Similar findings were reported by Fahlberg * Although the antt
histamines appear to be therapenucally successful aganst superft
cial mycoses (see for example Sokoloff4) they have not been ef
fective 1 experimental systemic fungus infections (Reuss and
Caroline ¢ Fahlberg ¢

In attempts to elucidate the mode of action of antthistamines
Landis and hrop ? noted a reversal of fungistatic effect of antt
tustamines by the addition of histamme but not hisudme i cul
tures of Trickhophyton mentagropyhtes On the other hand Retss
and Caroline * observed no reversal of antihistarnine mhibstton of
Blastomyces dermatitsdis by erther histamine or histidine whereas
addstion of ashed neopeptone did neutralize the fungistatic effect

Wihle Reiss and Caroline 2 and Chinn et al  hase demonstrated
inhubitton of Coccidioides immatss by several anthustamines the
present report deals with some aspects of the coccrdiordostatic ef
fect of two other anuhistammes

MATERIALS AND METHODS

+

Two antthistamines Benadryl R+ and Pynbenzamme R 3
were imually tested but only the former was used thereafter since

* These i were d under the sp hip af the Department
of Dacteriology University of California and the Off ce of Natal Rescarch

The opinsons concained in this report are not to be construed as reflecting
yiev s of the Navy Department or the Naval Sence at large (Article 157 U § N
Regulations 1913)

Tte Penadryl (®) wos supplied by Parke Dyus & Company

{ I Frank A Trz enof Gila ¥ | Prod scts made Py ©

available to us 316
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it proved effectise at a lower concentration Solutsons were made
up 1n saline adjusted to pH 73 and stenlized by Seitz filtraion
Inocula were saline suspensions of spores collected from cultures
an 2 per cent glucose and 1 per cent yeast extract agar Approxi
mately 5 X 10¢ cells per mlliliter were seeded into the test mix
tures Tests for viability were performed at the end of this ume by
dilution of the infubited cultures to below mnhibitory levels of the
drugn I per cent glucose and 0 5 per cent yeast extract broth In
those instances recorded as no growth  viability tests proved that
the cultures had not been sterslized by the anulustamine that 1s
there was primanly fungsstatic action

The horse and human sera used as test media were diluted with
buffered saline adjusted to pH 73-74 and stenhzed by Senz
filtration

RESULTS

The comp ¢levels of infut by Benadryl and Pynbenza
mine of three strmns of G immutss are shown 1 Table 1 There
appeared to be no difference 1n suscepuibility of these strains and
as pornted out carlier Renadryl was the more effectve compound

Asa means of studying the possible mechamism of intubition 1t

Tamze 1

COMPARATIVE INHIBITION OF THREE STRAINS OF
COCCIDIOIDES [MMITIS BY TWO ANTIHISTAMINES

Strain of Q. wnmutss

Molar Concentyat on Sta o YT
Benadryl

00002 + + +

00004 - - -

00008 - - -

00016 - - -
Pynbenzamine

006002 + + +

00004 + + +

00003 + + +

00016 ~ - -

+ denotes visble

~ denotes mhnhm!on of growsh
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Tasrr 2

THE EFFECT OF CULTURE MEDIUM USED ON ANTIHISTAMINE
INHIBITION OF COCCIDIOIDES IMMITIS

Molar Corceniration  oppa pocl o} 25 per cent Human S

of Benadryl
00001 + T T
00004 + 1 I
00016 + + z

* 1 per cent glucose and 0 5 per cent Difco yeast extract broth pH adjusted to 73
t One half strength synthetic medium of Roessler et al

was believed most desirable to work 1n a chemically defined $yn
thetic medium Table 2 indicates that a concentration of Benadsyl
which was inhibrtory 1n the presence of serum was not so 1f tested
tn synthetic or glucose and yeast extract medra The farlure to ob
serve nhibition 1n the yeast extract medium was at first thought
to be referable to the presence of histidine or histamine like sub
stances However these substances were not present in the syn
thetic medium Consequently our attention was drawn to the ar
bohydrate content of the yeast extract and synthetic media_both
of which contained 1 per cent glucose Although the range of con
centrations of Benadryl tested was rather imuted the essential ef
fect of glucose addition as shown 1n Table 3 was to raise the min
mum mhibitory concentration of antihistamme two to four fold

The effect of lustamine and histsdine on the mhibitson 1s 1nds
cated 1n Table 4 Two other tests of reversal by histamine 1mdi

‘TanLe 3

LFFECT OF ADDITION OF GLUCOSE ON INHIBITION OF
COCCIDIOIDES IMMITIS BY BENADRYL IN SERUM MEDIUM

50 per ¢ent Haman Serum
Py Plus L per cent P glacose
» -
of Benady 2lucose il
0002 - -
0001 - -
00005 +* -
000025 T -
000012 + +

Mucroscopically extensive hypha formation but taany ungerminated spores
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TasLr 4

REVERSAL OF ANTIHISTAMINF INHIBITION OF COCCIDIOIDES
IMMITIS 8Y RISTAMINE AND HISTIDINF

Madar C 1 Sl ne 25 per cent Human Serum Plas

of Benadipt H staming molat cocente | Huatd e molor concentt

00125 000125 0 00025 |0 0125 0 00125 0 00025
+ - - + - -

00025 -
000025 + ]+ o+ + 4+

+ 1+ 0+ 4+ + o+ F
000000 IR + 4+

cated that n the general range of equimolar concentration the
histamuine counteracted the effect of the antihistamine However
the molar ratio of histamine to antihistamine was varable again
indicaung the need for more defined conditions than those pro-
vided by the complex serum medinm

DISCUSSION

It 15 apparent that the molar concentration of Benadryl re
quired for inhibition of C smmitis in these experiments was
lower than that reported by Reiss and Caroline * and that 1t con
forms more to the inhibutory level of Phenergan (Clunn et al®)
These discrepancies of inlibitorv dosage might reflect differences
n techmques employed

As to the nature of this inlubition 1t 15 of nterest that differ
ences have been observed 1n attempts to reverse the fungistasis We
have observed a reversal of inhubition by histamine as did Landss
and krop® for T mentagrophytes But whereas histidine seemed
effecuve for the latter workers we observed reversal by this
amino aad Reiss and Caroline ® ascribed to the mmeral ({ash)
fraction of neopeptone the capacity 1o oercome the infubitson of
B dermatitidis by tnimeton maleate This presumably was due to
Tteplacement of metallic 1on enzyme cofactors possibly bound by
the zntihustamine Added to ths 1s our observation that addition of
1 per cent glucose to 50 per cent human serum raises the mimymum
inhibitory level of Benadryl Thus could imply interference with
carbohydrate metabolism

It 15 unteresting to nore the studies of Jauregu: and Goldner ™
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on the hypoglycenma induced by an antilustarmine 1n humans and
rabbits Thus effect appears referable to inhibition of glycogenoly
s15 of the Iiver cells Should the relatively high rate of endogenous
oxygen uptake by C smmutts (Pappagianis ) mmplicate a glyco-
gen like storage product the antthistamine inhubrtion of this fun
gus might likewse reflect impairment of mntracellular glycogenoly
s1s

It 15 evident from the foregomng that the mode of action of the
antihistamines 15 far from clear Indeed there may be several bio-
chemical sites of action of this group of compounds
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Effectveness of DDS 1n the Treatment of
Chromoblastomycosis and of Mycetoma
Caused by Nocardia brasiliensis

The drug 4 4-diamino-diphenyl sulfone (DDS) was synthesized
by From and Wittmann 1n 1908 * although the first compound of
this nature had been found by Mitscherhisch n 1834 ¢+ and de
scnibed under the name of sulfobenzine the name sulfone having
been contnbuted by holbe * The bactenostauc action of the drug
agunst Streptococcus in mice was demonstrated independently by
Fourneau et al ¢ and Buttle et al* Rust et al * and Feldman et al *
found that DDS was acune agmnst Mycobactenium tuberculoss in
vitro and against tuberculosts in the guinea pig At that ume DDS
was thought to be highly toxic and the mono- and di substituted
dervatives were proposed as being less toxic These sulfonic de
nvatives were used therapeutically in pulmonary twberculosis and
1 leprosy * but since the results were discouraging 1 tuberculoss
and hughly optimistic 1n leprosy their use remained restricted to
leprosy

In a personal communication Latap: 1 1946 * suggested the use
of a disubsututed sulfonic derssative {Diasone *) for the treat
ment of mycotic mycetoma and one year later we obtamed good
Tesults with 1ts use 1n the treatment of two cases of acunomycotic
mycetoma caused by Mocardia brasiltensis® Arnold also™ re
ported the cure of one case of cervicofacial actinomycosts after
treatment with Diasone Thys author did not ssolate the etiologic
agent bt 1t grohabl ded to dcttnomyces bouvts Taa
comparative m vitro sludy on the inhibitory action of sulfadia
zine peniatllin streptomyein and Promin + we found  that the
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sulfonic derivative was the least active showing only a slightly
hibitory effect 1n high concentrations (1 2000) Bojahl and
Shiels ** studied the m vitro activaty of Promn and Diasone
against varrous Nocardize and showed that only N brasiliensis was
sensitive

In sprte of the supposed toxicity of DDS Floche and Destombes
used the drug in leprosy and did not find a higher madence of
side effects than produced by 1ts sulforuc derivatives Two years
later 1n a study of the use of DDS and other therapeutic agents
m patients with leprosy we came to the conclusion * that the ac
tive parent DDS was superior to 1ts dernvatives and smce smaller
daily doses were required 1t could be given orally Its toxicity was
no greater than that of the sulfonic dernvatves and 1t was eco-
nomical i price

‘With this 1n mind we started 1 1947 to use DDS * mnstead of 118
sulfonic denvatives for actinomycotic mycetoma caused by N
brastliensis a species that 1s the etrologic agent 1n 98 per cent of the
mycetomas caused by aerobic Actinomycetes We performed 1n
vitro studies aganst the acrobic Actinomycetes which cause deep
mycoses and found that N brasiliensis alone was sensitive 1S
growth bemng partially inhibited at 1 50 000 and completely 1n
Hibited at | 10000 * In the same paper we presented the results
of treatment with DDS both 1n expertmental infections of mice
with N brastltensis and 1n 8 cases of actinomycotc nrycetoma 1
man caused by the same Nocardita These clinical cases have been
obseried for more than three years In the experimental infec
tions the results were not conclustve but 1n the series of 8 p2
tients we obtamed very encouraging results Six patients were
cured In a second paper ** we reported our results with DDS 1
the treatment of patzents having hitherto fatal thoracic mycetomas
with pulmonary mvolvement and were able to reconfirm the ¢f
fectiveness of this therapeutic agent

Since that time we have admimistered DDS to more than 100 p3
tients but since the majonty were agnicultural workers and non
cooperative patients 1t was not possible to observe them for a pro-
longed period of ime Howeser we consider those pattents who

he Squibb Institute

sed 1n this research was supphed in part by ¢
e D et i Lol The' Institute also

for Medical Rescarch under the trade name of “Fenamum "
dunated a grant which covered part of the expenses
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have not returned as cured because 1n those nstances in which
relapses did occur the pitient lias returned for addional therapy
Therelore we believe that the majority of patients are sull free of
symptoms

In Table 1 we present the resuits on 21 patients whom we ob
served for four ycars Of these patients 15 were cured and the
other 6 patients expenienced such marked improvement that they
were considered to be clinically cured These 6 pauents whether
due to premature suspension of treatment or to the development
of resistance suffered relapses which did not respond to subsequent
treatment ‘This series of patients confirms the conclusions of our
first report ** However we now consider 1t advisable to prolong
duration of treatment

‘Those aspects of treatment which have a bearing on the results
obtained mav be listed as (1) dosage (2) duration of treatment
(3) curability 1n relation to the type of ussue involved (4) re
lapses and (5) development of resistance

(1) Dosage The total dose of 200 mg a day one 100 my tablet
after breakfast and the other aiter dinner 15 recommended This
average dose has been proposed after trving doses varying from
100 to 400 mg daitly Thus 1s purely empinical and there 15 no cor
relation of dosage with blood levels With 200 mg daily the blood
concentration vartes from 0 26 mg /cc to 088 mg /100 cc which
1s ten times less than 5 mg /100 cc  the amount required to par
ually intubit N brasiliensis in witro

(2) Duratton of Treatment Both chmeal cure and absolute or
radical cure must be considered Clinical cure occurs eatly After
one year of treatment the ulcers heal the fistulas close leaving hy
perchromic depressed scars the nodules disappear and the tumors
are reduced 1n size Durnng this time improvement 15 also reflected
m the Iaboratory findings The high sedimentation rate and the
leukocytosis with neutrophilia which are present 1n the active stage
of the disease also return to normal There 18 no way of determin
g whether the mycetoma has been actually cured or whether a
latent focus exists However 1f treatment 1s suspended earlv re
lapses may occur and to provide a margin of safety DDS should be
adminstered for two to three years after climcal recovery 1s ob
taned If treatment 1s suspended prematurely the patient may not
show improvement again when the drug 1s remnstituted at 2 subse-
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quent date ‘This was the case in patients 2 14 19 and 21 as
listed in Table 1 Amputation 1s then indicated 1f the mycetoma 13
localized toa imb and 3f surgical measures are not possible death

oceurs

{3) Curability in Relation to Type of Tissue Involved As a
general rule the prognosis of any disease 15 closely related to the
duration and extent of the lesions But 1n mycetoma the type of
tissue 1nvolied 15 as important as and perhaps even more wmpor
tant than the duration and extent of the lesions Those located in
soft tissues which are ersily unigated are more readily cured and
two years of treatment arc sufficient to obtain a radical cure (Cases
2 7 13 and 18) When the infection involves bones—and this
happens 1n the majonty of cases which are localized to the lower
extremutics — 1t 1s necessary to prolong the treatment for mare
than two years In the case of thoracic mycetoma the infection
sooner or later extends into the lung producing pulmonary con
densations with small cavities and eventually involves the verte
brae and spinal cord produning distressing neurologic complica
tions The thoracopulmonary mycetomn has a poor prognosis but
m some cases st 1s possible to obtan a complete cure (Cases 3 and
16) When the central nervous system 1s 1mvolved the prognoss 1s
hopeless and wn spite of high dosages of DDS lutle effect 1s ob
served and the disease terminates fatally At autapsy the cutaneous
and muscular lesions are usually healed but the pulmonary and
vertebral lesions show Dhitle evidence of healing Cases 10 and 17
were representattve of this condition

(4) Relapses Relapses are due prinaapally to the premature sus
pension of ¢ We have d that there are no en
tenia by which one can consider the pauent to be completely cured
The discussion of the curability mndex 1n the previous paragraph
can be utthzed as a pattern to provide information for determiming
the duration of treatment

(8) Development of Resistance In addition to the tesistance
that appears as a result of early suspension of treatment we hase
observed that when Nocardia infects the lung (Cases 10 and 17)
1t continues to spread unuil 1t produces an tmpairment of vital
functions and death ensues even though treatment has been con
tinued without interruption When both of these conditions oc
cur simultaneously — that 15 early suspension of treatment and
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pulmonary mvasion -— subsequent resistance becomes even more
stribing We have observed different degrees of sensitvity in the
same orgamsm 1solated when the patient 1s ymproving under DDS
treatment and 1n the 1solates obtained when the lesions did not
respond to treatment

SIDE EFFECTS

In spite of the long duration of DDS administration the serious
toxic phenomena described 1n the literature were not observed
The commonest side effect was a moderate normocytic iron defi
clency anemia which was not difficult to control or to prevent by
the admmstration of iron Three patients developed dermatologic
eruptions as well as conjuncuvitis dizziness and nausea In 2 of
the patients the eruption was polymorphous and in the other 1t
was papular These patients were all recerving a DDS preparation
from a single lot made 1n Europe No dermatologic reactions were
encountered with the use of Fenamum and these pattents were
able to continue treatment with this medicament

MODE OF ACTION

We do not know how DDS acts It 1s difficult to explasn the re
sults obtained by 1ts funggstatic activity As we have mentioned *°
there 15 no relauonship between the blood levels attained and the
amount required 1 vitro to mhibit N brasiliensis In addstton
the experiment m which guinea pigs were infected with N' brasilt
ensis and treated with doses of 300 200 and 100 mg /kg duringan
average of two months was nat conclustie ** Furthermore the ef
fectneness of DDS 1n the treatment of chromoblastomycosts alse
mitigates agamst the hypothesis that DDS acts primarily as a fun
gistatic agent

REFERENCES

1 Frov and Wittman 1908 Quoted i Encyclopédie médico-chirur
gicale Dermatalogie cahier 21 2040 A% 19,3

9 MiTscieruiscat 1834 Ibid

$ hotee Ibid
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H SEELIGER and M REIFFERSCHEID

Successful Treatment of Mycetoma Caused
by Monosj)onum aprospermum

Mycetoma caused by Monosporium aprospermum or Alleschena
boydi: and related fungi have been reported from various parts of
the world The disease 1s chromc lasting sometimes for several
decades Although 1t usually does not endanger life 1t disables the
patient progressively and may eventually end fatally To our
knowledge the only successful treatment so far reported 1s drastic
surgery 1n which all of the infected area 1s removed

CASE REPORT

In January 1952 a 57 year old housewife who had never been
outside of Germany was admitted to the Surgical Clinic Umiver
sity of Bonn with the diagnosis of a therapy resistant actinomy
cos1s

In 1926 the patient had suffered an intragluteal injury when she
fell mto a privet bush on her buttocks Although the superficial
lesions healed rapidly she continued to have pain at the site of 1
Jury radiating over the buttocks and the right upper thigh It was
assumed to be rheumatic and was treated with salicylates

Nineteen years later 1 1945 the patient agam fell on her but
tocks She suffered no external lestons however the right thigh
and mntragluteal area became swollen and inflamed There were
intermuttent attacks of spiking fever In the inflamed and mdu
rated region fistulas developed with pus formation Irom one of
them a wooden splinter 1 cm 1n diameter apparently introduced
at the first injury was recovered However the patsent s condition
did not 1mprove From 1945 the area of inflammation and fistula
formation ncreased steadily A diagnosis of actinomycosis was
made 1n 1951 when white granules were found 1n the pus So far

328



Frewwrr 1

Clinical condation  at

admisston in - January
1952

Fietrr 2

N ray photograph show
1, bone lestons




e

%

T

e

Y
i Sy
e

,‘;‘% v“‘

a4

Ficure 3

A White granule found 1n pus stuned with methylene blue

B Macroscopic 1pperrance of the isolated strun of M aptospermum
after 2 weeks at 37 G on Sabouraud s agur (V61/02)

C Shide culture of the 1solated stramn of M aprospermum (VG1/52)
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as we know this diagnosis was based only upon the demonstration
of granules not upon cultural findings

‘The panent was then treated without effect by oral administra
uon of 156 gm of sulfonamides by injection of 52 million umts
of penuciliin and finally by application of 20 gm of aureomycin
She was transfetred to our service sn January 1952

On admussion the patient showed the typical picture of a well
developed mycetoma 1mvolving the nght upper thigh buttocks
part of the intragluteal avea and the pubic bone

In the pus of the multiple fistulas and 1 biopsy matenal taken
under aseptic precautions numerous white granules could be scen
from which pure cultures of A apiospermum were grown re
peatedly at 22 and 37 C on Sabouraud s agar {Figs 32 b c)

The patient s serum agglutinated at 1 40 a comidial suspension
prepared From three 1solates (V 64 1417 1994/52) and from com
parative strains of M apiospermum ind 4 boydu * The serum
also ¢ d speaific preap and compl firang ann
bodies (uter 132) for antigens of M apiospermum A4 boydn
Intracutaneous tests with crude enlture filtrates and partially pun:
fied polysacchanide extracts of M apiospermum A boydu gave
strong positive reactions after twenty four to forty exght hours

Since the serologic results were identical with those obtamed
with a hypenmmune rabbit serum they were considered as expres
sion of the immunologic response of the patient Negative results
were obtamned regularly with normal control sera from man and
Tabbit Comparative tests with a great number of antigens from
other pathogenic and nonpathogenic fung: were consistently nega
tive Details of this study are reported elsewhere (see page 332)

On admussion the hemoglobin was 70 per cent with 3 600 000
erythrocytes and 21 000 leukocytes mm * per cubic millimeter The
blood sedimentation rate was 125/131 and the patient had septic
temperatures

On account of the above findings the diagnosts of a mycetoma
due to M aprospermum (monosporiosis) was made

THERAPY
Massive sulfonamide and antitwotic therapy blood transtusions
and x ray treatment had no apparent effect Due to 10dine senst
Kindly furnished by Dr Conant and Dr A de Leso
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tivity the admimistration of potassium rodide had to be discontn
ued The recovery of the wooden splinter and repeated attempts
at susgacal cleaning did not result i any noteworthy unproyement
but radical surgery could not be performed because of the mmolve
ment of the pubic bone

Therefore the fungistatic action of several chercal compourds
used an the therapy of dermatomycoses was tested i vitro aganst
six strams of M apiospermum 4 boydn Throughout these ex
perments Sabourauds agar was used The compounds were
mixed with the hquefied mediom giving drduniens of 1 1000 to
1 500 000 Plates were poured and themr surface nas seeded with 2
heavy moculum of comdia prepared from ten day old cultures of
M aprospermum 4 boydi grown at 837°C The results were read
after fise days at 87°C

Of the compounds tested D25 (2 2 Dioxy 5 5 Duchlordiphemy!
sulfide) * — which had been recommended by Richter and co-
workers for dermatologic use~—showed a complete mhibition
of the growth of M sprospermum A boydu up to a dilution of
1 200 000 Fuli growth occurred 1n a simtlar test wath a 1 100 dilu
tion of the solvent of D25 The fungistatic effect was reduced to the
1 25000 dilution of D25 by addition of 25 per cent asaitic flud to
Sabouraud s medium

No fungicidal effect could be observed when suspensions of
M aprospermum comdia were ruxed with ditutions of D25 rang
1ng from 1 100 to 1 10 000 incubated for seven days at 37°C and
then plated

These findings and previous investigations by Richter showing
that the drug was tolerated by man mdicated that the admunstra
t1on of thas compound might be helpful for our pauent

Two preparations of the drug were made avatlable mn fgm
tablets i diacetylated form and in o 05 pro injection

Daily oral admimstration of 6 gm dnided in four doses was
statied 1 April 1852 After three and four weehs therapy no ef
fective blood level could be found by the followsng method

tive mdliltters of senous blood were drawn citrated and mixed
with 5 m3 of double strength hiquefied Sabouraud s agar cooled 1o
50°C After hardeming the surface of this medwum nas smocu

» Obtaned from BochAninger und Sothne Mannheln Cermany
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lated with comidia of the pauents stran of M aptospermum
Vigorous growth occurred within five days incubation at 37°C

At this time the D25 1n o1l became available Injection of 2 5-
50ml (corresponding to 05 and 1 0 gm ) was made directly into
the infected area at two- to three-day mtervals Care was taken that
within a pertod of three months all parts of the mycetoma were
filtrated

At first the oral admimstration was tolerated well but after six
weeks toxic symptoms such as loss of appetite nausea abdominal
cramps and palpitation necessitated reduction of the daily dosage
from 6 gm to 3 gm Within eleven months 560 gm of the dia
cetylated D25 was taken orally without any untoward effect on the
blood prcture or the nervous system

The intramuscular infiltration therapy was tolerated without
any toxic symptoms or untoward tissue reactions A total of 110 ml
of the o1l emulsion was injected over a period of six months

RESULTS

Although the patients clinical condition mproved somewhat
after the first four weeks of the oral D25 treatment no fungistatic
blood level was demonstrable Whether this was due to a lack of
absorption of the compound from the intestinal tract or to tnac
uvation by the blood 1s not known

Shortly after the intramuscular therapy was begun rapid and dis
unct improvement was noted The fistulas closed spontaneously
the area of induration became softer and pamnless and the inflam
mation disappeared The leukocyte count slowly dropped to
12000 and later to 8000 and the erythrocyte count rose to
4000000 The blood sedimentation rate decreased to 60 1n the
first hour One month after the mtramuscular therapy was started
the patient was able to walk In July stx months after admussion
she was discharged to her home but failed to continue therapy as
advised

In the following September 2 new subcutaneous abscess de
veloped and formation of a fistula was noted After readmussion to
the chintc another three months course of combined oral and
tramuscular D25 treatment was grven In December the patient re
turned to her home 1n satisfactory condition with no fistulas or any
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signs of an active mycotic mfection The serum reactions were at
that time sull postisve with a shght drop i titers

FOLLOW up

At the time of this writing the patient was baing observed by her
physician and no sign of an active mycotic nfection has been noted
since the end of 1952 In fact this posstbality was flatly dented by
another well known clinic where the patient was sent on account
of increasing pan predonunantly involving the scatic nerve This
pain was obviously due to extensive scar tissue formation 1 the
treated area The scar tissue surrounded the sciatic nerve and its
radicles

CONCLUSIONS

A case of mycetoma caused by M apiospermum the first known
case 1 Germany of twenty six years duration and six years ac
tive progresston was successiully treated by oral and local admmn
sstration of D25 The local treatment apparently had a deane
effect and had to be continued for a period of six months In the
follow up pertod of two years no sign of recurrence of the actne
mycotc infection has been noted

New data on the poriosts were obtamed
Detals of the above ﬂndmgs wﬂl be reported 1 the followng
publications

Reifferschesld M and Seeliger H  Deutsche Medwmusche

‘Wochenschnift 1955 (in press)
Seshgcr H Expcnmentclle Untersuchungen zur mykolog
h to be published mn Lrgeb der Hy

h

giene und Baktcrmlogxc
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