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PRFI'ACE

'I‘hcrc 1s not the hast doubt about the propnety nd need
for « monogriph on hstaplramoss A disewse that has rocheted
10 the forefront of medicine s has ustoplismosts wsthun che st
twelie yerrs demnds 1 clear conctse authortave snd 1l indu
sine exposition of the subject  Thus diserse s so mitmtcled other
diseases especially tibercalosis that it has caused much confusion
m diagnosts and trexttent of pattents i the past  The medicnd
professon will be erger to find out mare wbhout this disese that
b so many perfect musquerwdes It s hoped thae this book will
achieve the intended gonl and help to clear up some of the confu
sion that hs exasted

Credat for smuanng, ths project must hie with the pubhisher
Chiarles C Thomns who has recogmized the need for such a2 work
for mwany yeirs and has mde severad attempts 1w have someone
write on the subgect  Upan seetng some miternd that the present
eduor wis thout to publish an the subject My Thosmas thought
 was what he fid been looking for nd suggested that Twne the
book he had m mind

Certunly that was v fhetening offer but T knew Al too well
that the work m thes freld hid become <o speartliced that amy
attempt § should mike alone would he only a chep tntanion of
whit was needed  The present work 1s 2 result of 1 counter pro
posal mmely th lerders m ench specialty should be wshed to
write chapters alony, the line of thar speond mterest and thae §
was to edit the project and contribute wine 1 could 1 the field
1hnew best  From thus o effort there has resulted 1 work that
has exceeded onur fondest expectanon

Wiale severa] jeading authoruzes much to our regret were
oo preaccupied to jom in the sk others hane waken over with
little more thn the loss of the name of the oustinding speciabist
As 2 muuter of fact the myonty of the chapters are witten by the
most rcuve research men wn thesr parucubir frelds at the present
tme and the result 1s generally more down to date than what
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mght haie been prepired by the men who are more widely known
As 1t 15 most of the chapters are written by the present leaders
the field whose names are second to none 1in the work each has
undertaken

It should be pointed out also that some of the authors have
been asked 1nd graciously consented to write on subjects a lintle
afield from thetr greatest mterest and consequently most effecuve
potential  Nobody however can detect in the Jeast any defects m
the text becruse of these special assignments  Some are equaily
adept 1 more than one field

In such 1 work 1t 15 only natural 10 have some mcongrutties
and repetition but the overlapping his been surprsingly hittle
Ths 15 perhaps due o proper selecuion of the chapter headings
In some such as the Saprophytic Reservorrs of Histoplasmosts
the Geographic Distribution  and the Shin Reactions  repett
uon may be expected As also with the Introduction 2nd

History

ft 15 recognized that a subject that 1s s0 new as the many prob
lems mvolied m histoplasmosts will require frequent reviston to
keep knowledge up to date  This we shall endensor to do 1f there
1sademind  For the present we must see how thus farst attempt
wall fill the need

Recogtition of a1l who heiped m tins effort would be rather
difficult since there were numerous small fnors performed by
many who would not expect nor mernt any more thin verbal
recognstion  Of those who performed noteworthy contnibutions
mention should be mtde of the many who prepared chapters m
the many speailties  Their names appetr at the heds of the
respective chapters Dr Charles A Brasher has been most coopert
tive i Iending fus time wnd facrhies of the mstitwnon as well s
his secretary Mrs Louvina Baker  Along with them wwe meluded
Afrs Mary H Wicks AMiss Dorothy Rent Mrs Hildred Cox who
hefped m typing the manusceepe aad Mes Fors L Aern far asist
ance n praofreding and prepanng the mdex

Most important m helpmng to bring this work to fnnton were
the untinng efforts of my late wife Mrs Tibyle M Sweany  Men
non should also be made of the asustance 1n many wys goen by
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my coltergues Dr David F Corehel Dr Fred € Coller and Mr
Jhmes L. Jones

Last but not feast tn fct the mosing {orce behind the whole
work 15 that of the publisher \Mr Charles G Thoms nd his able
asistanes whose work s usual ss superb an every way

HCS
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INTRODUCTION
SRy Iovtiso Miresn

'—_Dw devclopment of our hnowled,e of lnstoplismons 1s one
of the most fascinung stories i the mmalks of Amerian medicine
It1s 1 story studded with comadences and with «xamples of mental
alertness persistence ingenuity nd cooperition m saentfic o
search It brings great aredit to modern medical and iologueal
mestigation an the Umted States where practwally all of the
fundamental research on the subject has been conducted

Discovered m the Panann Canal Zone m 1900 by Samudd Tay
lor Darhing 1young \mencan pithologist who wasinsearch of (aves
of stseerl lesshmanists it was established 15 1 fungus disease 1n
1912 by 1 Brazihan Henrrque d1 Rocht I i in Hamburg through
compirison with 1 stlar equine parstte [t remuned unreco,,
mzed n the Unuted States until 4 footnote m the writer s (1) paper
on the hustopathology of kal1 17ar 1n the Clhunese hamster in 192,
clled ittothe attention of an alert patholojist Ceurl | Watson and
his parasitotogical colleague Wilham v Riley in Minnesotn when
they discovered similar prrasites tn the qutopsy tissucs of n enda
genous case of splenomegaly

After mother mterval of four years a second comadence
occurred when the writer then at Vanderbit Unnarsity in Nash
ville Tennessee recensed from John F Ressel (2) in Los Angeles 4
tissue section from n Jll!()pi) cmuauung I)TT:ISIIES which were sus
pected of bemng I esshmama but which resembled Histoplasma
The section was shown to Fdn1 H Tompkins who was studym,,
blood cells by suprasital starming This led after another thiee
years to the recogmtion by Dodd and Tomphuns of the first case
dentified before death n an nfant born n the Vanderbilt Um
versity hospital and to the cultnvatton and description of the
parasite by DeMonbreun Following the publicition of that work
fatal cases were recognized with increasing frequency mamly in the
central valley of the Lnited States but also in the middle Atlantic
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ats and other burrowing ammals 1 an endemc area m Virgima
and also from rats nd skunks n € corgia where a sery small propor
tion of the papulition reacted to hustoplasinmn - Their remarkable
persistence and ingenuty 1 1solation of the fungus not only from
ammals but from sml and ather sources has added greatly to our
exact knowledge of 1ts natural hibstat. This work has demonstrited
that anmmals re not a resenvoir for infection of man but that the
sotlas the direct source of atl infections
The dual form of Histoplasma capsulatum  parasiic in the
yeast form and saprophytic in the mycelial form adds to the mterest
and complexity of the infection  In the yeast form 1t human body
temperature 1t 1s essentially an intracellular parasite muluplying
hike T esshmania mminly in reticulo endothelsal cells and thus dif
fering from other systemic fungt v hich multply more often in giant
cells or extracellulirly  Honever Histoplasma mfection differs
from Lala azar 10 producing areas of necrosis i which the yeast
cells are present i enormous numbers  Although the yeast form
readily reverts to the mycehal form in culture at room temperature
wapparently 1s not 1 source of infection to other persons or animals
The mycelial form although requiring monture for 1its develop-
ment produces spores which are apparently resistant to drymng and
which give tise to human and ammalainfection mainly by mhatanion
of dust
‘The recognition of subclinical infections led to the supposition
that similar to cocaidioidomycosis there were probably early cases
of histoplasmosts with acute respiratory symptoms 1 ung imolse
ment as a terminal episode was first described by the writer (7) ina
case of ascending renal infection but the first recogmzed group of
<ases of primary lung involvement was reported by Loosls and co
workers 1n members of a farm family who had cleaned out a sila
Thesecases recovered demonstrating that clinical infections are not.
always fatal The episode also emphasized the possibility of focal
epidemics
The recogntion of eprdemics of acute pulmonary hlsmphs
mosis 15 one of the most interesting develop 1 our knowl
of the disease  Several were recogmized retrospectnvely by flndmw
mihary calafication 1n the lungs ot by the association of the cases




4 HISTOPLASMOSIS

region and 1n South America By 1940 the wniter (3) was able to
publish records of 32 cases and by 1945 Parsons and Zarafonetis
swmmarized 71 cases

Another comneidence occurred with the appointment of Dr
Amos Christie to the profescorshup of Pediatnics at Vanderbat
Unnersity With his knowledge of the emdemiology and pathology
of cocadioidomycosis in California and on the advice of us former
colleagne Charles E Smith he and Peterson demonstrated a high
prevalence of shan sensitivity to hastoplastmuin sn fus chinic patients
thus suggesting the presence of subchinical infections m that Area

Stll another cotncrdence was the exsstence i the adjacent
{Wilhamson) county of a long term study of the eprdemiology of
tuberculonss supervised by the Tennessee State Health Department
under a grant from the Roclkefeller Foundation Indidual and
farmly records of pracucally the entire population had been accu
mulated 1nd showed the baffling fact that many mdividuals had
calafication n the Jungs with negative tuberculin reactions (f)
Histoplasmin shan tests shoned an exceedingly tugh prevalence of
sensitnaty and led 1o eprdemiological studies which tocalized Husto-
plasma infections more n damp than m dry envronments (5) wnd
pointed to the chicken coop s the most frequent source of the
fungus (6

Memnunhile the problem of lung calafications with negatne
reactions 1o tuberculin particularly in the midwestern states led
1o the application of the hustoplastin shan test fust to student
nurses by Palmer and then to population groups by Furcolow nd
others and thus to the mapping of the distrtbution of histoplasmin
sensitis1ty n the United States The establishment of a lustoplas
masis research center by the Public Health Service in kansas City
hansas m 2 region of high prevalence under the direction of
Mich1el 1 Furcolow made possible imtensive studses along clmical
d logical and fogical lines

After DeMonbreun s cultnanon of Histoptisma capsulatum

the fungus was frequently cultinated from human cases nd De
AMonbreun soon solated 1t from 3 dog in Nashville This raised the
question of possible resernvorr hosts  Emmons and hus co workers
purssied this possiblity and recovered the fungus from dogs cuts

P
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tve Chrntie s use of ethyl vansbie e farst gase promse but has
proved meffectn i some eases and hias 1narrow theripeatic mdex
The tendency for spontameous cure of <arly infections nd even of
some dissenunited cases makes it chfficult to wssess the effectneness
of therapeutic agents Tt may be that 2 non speafic simulbition of
resistance by 2 number of theripentic agents an tip the balace
n fuor of the pitient in 1 disease of Jow toxiaty  Hloweser with
the development of amphoterian B an anufungtd agent hs been
found which 1 wdmunsstered mtrinenously appears to be curatne
1 severe dissemmated nd chronic progressine pulmonry lusto
phismosts and appears to shorten the course of early ute pulmon
ary cases The therpeutic conaqusest of the disease appears to be i
sight
The fact that Histoplasmt sometimes does not stamn well in

tissue sections with the usual hanatoxylin stun may be the reason
why 1t was overlaoked for so many years by pathologists in the
United States 1 ven after 1t became recognized and was found
profusion 1n certun orgns such 1s the lungs or the wrenal glhnds

1 sometimes could not be recognized m tubercle ke lesions m other
orgmsof the samecise It also seemed to be 1bsent from the caseous
center of some hger lestans w which 1t was plentiful w macre-
phages 1t the periphery  Thus cifficulty has been overcome by the
application of the Fuelgen reaction and the peniodic Schaff stan 1o
ussue sections: briging out 1 magenta color the polysaiccharide

capsule of the fungus even an apparcntly healed lesions: Fyven a
single orgamism ¢an sometsmes be identified m this way This
advance 1s another aid in deternining the presence of the infection
it both man and amimals

One of the interesting features of disseminated cases of histo-

plasmosss 1s the affinity of the fungus for the adrenal glands which

often become lrge and ¢iseous and hve ocersionally been the

princepal or only demonstrated focus of infection  Another interest

inglocalization 1s on the heart valves prinaipaily the rortic perhaps

developing on an aiready scarred vilve The striking feature of

these lesions 1s that this 1s one location where the yeast form of

Histoplasma muluplies extracellularly in the flbnin comprising the

vegetaion This makes such lestons similar 1n appearance to those
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with the tearing down ot bwldings m which pigeons had nested
The re examination of the recovered patients by x r1y wnd serologi
<2l md shin tests establihed the dingnosts wnd the cultis wion of
Histoplasma from the environment added conviction to the evt
dence The foresight ot the Army and Public Health offici1ls who
originally studied some of these eprdemics m preserving sery om
pattents which could be tested for Histaplasmi anubodies tlus
trates the thoroughness with which serrch was made by those wen
c1es for the euolo,ic dirgnosts of the eprdernics In 1997 ¥ ehn wnd
Furcolow recorded 38 hnown eprdemics in the United States three
m South Africy wnd one exch mn Peru wnd Venezuelr Doubtless the
hist will conunuc to Siow rapudly
Intensise work h1s been done n the past decade on the serolog)
cal “nd mununologual aspects of histoplistasts The development
of the shin test with histoplasmun an extract of the mycehal phise
has bieen follow ed by three types of serologrcal test mamely comple
ment frvanon collodion pirticle a glutinatton and preciprition
The permanence of the skin reiction suggests the posstbility that
the fungus remains anugentcally wianve m the body for mny years
once 1t has ,uned entrange to the tissues  The agglutination nd
preupitin reactions are pparently relwted primnly to the early
acute stages of the disease v hereas the complement fixatton reaction
1s of Jonger duratton The best types of antigen for these tests we
stll mrters of study
Immumity i histoplasmoss s difficult to assess but there s
evidence that it occurs It has been noted that eprdenics hise
usually occurred either m areas outaide the hnown highly endemme
reglons or MMong persons not natve o those a1 such v military
personnel  Anumls can he protected by sublethal mfections from
heavy challenge inoculitions
The speaific therapy of dissermated histoplasmosis has until
recently been 1 stery of altermung hope and disrppomtment
Penrnsalent orgaice “ntuneny compounds so dffectne m kah
have been assouated with temporary amproycment m some cises
but have fuled m others Sulbamndme 2lso effcctine in ki ar
fasled m the few cves inwhich it wis tried tad 2 hydroxysutbunt
dine which 1s curatise in blstomycosis also proved to be meflee
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tne Chosucs use of ethyl vantllate 1t finst gave pronuse but has
proved meffectne insome cases and has 1 narrow theripeutic mdex
The tendency for spontineous cure of exrly mfections and even of
some dissemmated cvses mhes it difficule to wssess the eflectneness
of therapeutic 1,¢nts bt may be that 2 non speaflic sumulition of
resistance by 1 number of thempeutic agents ¢ up the balnee
m fror of the paient in 1 discase of low toxtaty  However with
the development of amphotenicin B an antfungal agent has been
found which 1 wdmnnstered mtrvenousty appears to be curtive
m severe dissemmated nd chrome progressinve pulmonary listo
plumosss and appers to shorten the course of early cute pulmon
wycases The theripeutic conquest of the disease 1ppers to be i
sight
The et that Histoplisma sometimes does not stun well m

tissue sections with the usual hematoxylin stan my be the reason
why 1t was overlooked for so many years by pathologists m the
United States  1ven after 1t became recogmized and was found in
profusion 1n certamn orgns such 1s the lungs or the wdrenal glhnds
it sometimes could not be recognized in tubercle like lestons i other
organsof the same case Tt also scemed to be absent {from the ¢1seous
center of some larger lestons 1 which 1t was plenuful tn macro
phages at the periphery  This difficulty has been overcome by the
1pplication of the Fuelgen reaction and the pertodic Schiff stan to
tisstte sections bringing out sn magenta «olor the polysiccharide

capsule of the fungus even m appirently healed lestons Esen 1
sngle organism ¢m sometunes be denufied 1 this way  This
adsance 1s another ud 1n determining the presence of the nfection
tn both man nd animals

One of the interesting features of disseminated cases of histo

plasmosis 15 the affinity of the fungus for the adrenal glands which
often become large and c1seous and have occasionally been the
principal or only demeonstrated focus of infection - Another mterest
tnglocalization 15 on the heart valves principaily the aortic perhaps
developing on an already scarred vilve The striking feature of
these lesions 1s that this 15 one location where the yeast form of
Histoplasma multiplies extracellularly m the fibrin comprising the
vegetation  This makes such lesions similar in appearance to those
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caused by Candida which is not charactenstically an intracellular
organism m systenuc infections This was brought out 1 a confus
ng case which occurred n an army hospstal during World War I
m which Candida was 1solated 1 culture fram the blood stream
mtemortem and from the aortic valve lesion and ather organs at
autopsy whereas histological sections showed extracellular yeast
forms in the hewrt vahves and intraceliular forms typical of Histo
plasmiin the hidney and larynx (8)

The mass of eprdemiologscal evidence which has been rccumu
lated parucularly by Furcolow and his assocates mndicates that
man ¢ become 1nfected with the spores of Histoplasm? from the
so1l not only in rural areas and especially 1n moist spots Iike chicken
coops but 1lso m urban vreas such as hanss City  Here the older
parts of the cty show higher presalence but even in the newer
parts mfection may come from the dust blown m from the henly
seeded rurtl areas Increase of infections has followed tornadoes
and it 1s probably more chan a cosncrdence that the Inghly endemmic
portion of the muddle west 15 also the region most troubled by tor
nadoes T'hat the spores escape mnto the air of laboratortes where
histoplasmosis research 1s conducted has also been demonstrited
by the comverston of negative to positine shin tests in most of the
personnel of the Public Health Service laboratory mn kinsas Caty

These facts mdicite that the prevenuon of human infection
with Histoplism capsulatum i endemic areas 1s pracecally tmpos
sible The spots seeded with the multiplying fungus in motst soil
are usually sharply localized and there 1s no way to tell where they
are Inhabitants of these areas can be warned to asaid mhalavion of
dust by wetting 1t down or if that 15 impossible by wearing a mash
Infants should be especnally protected from dust because the mfec
110n 15 more often acutcly fatal 1w it ige The mapparent infection
caused by the inhaltion of a few spores 1s usutlly a safe method of
immunization and the acute respiratory wmnfectton usuilly termi
nates m healing and mmmunity  The arenmstances leading to
chronic progressive pulmonary snfecton with casitation and to
isceral dissemination are not well understood but they 1re prob
ably sinular to parallel conditions 1n tuberculosis  With the dis
covery of effectn e therapeutic agents and with the surgicnl resection
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of resistant lestons fatalitses from the infection should be practically
chmunated if the mlection 1s recogmized ntime - The development
of an effectine raceme for Iaborutory personnel and for certan
population groups with known nisk of exposure will doubtless
recenve greater attention i the future

The problem of differentianon of Instoplsmosis from pul
monary tuberculosis has been present ever since the recognition of
the Dist few cases nd the unexpluned occurrence of puimonary
ailaficaton with negine wberculin reactions The finding of
both fungi and acid st bacills in the same tungs has occurred not
mirequently but many patents have been held for years in tuber
culosts hospitals when they were actually sulfering from histopls
mosis Wath the rapudly sprewding knowledge of tus fact such
errors should soon disappear from areas where histoplasmosts 1s
understood by chest physicians

Ateview by the World Health Orgamzaton m 1992 recorded
cases of histoplasmosts from Laun Amenien (Mevico to Argentnny
kurape North and South Africa the East Indies and Austrlia
There 15 no doubt of 1ts endemiaity m Latin Ameriea or South
Africa but shin test sunveys in Europe have been Almost umformly
negatne and little 13 hnown about the presalence farther et The
ases from the Phulippines and Javt may have been caused by a
closely related fungus of which Histoplisma farcuminosus which s
prevalent m cquines seems to be the most ikdy - Future studies
will undoubtedly clucidate this situation Tt ss of interest that early
acute pulmonary cases have recently been recogmzed mn Panama
and that the Army md the Public Health Scrvice have started an
imtensie epidermological study there It 1s also of intcrest that the
first clinical cases were recognized recently m Costa Rica aind Puerto
Rico

The writer has been a fortunate observer of this fascinaung
infection since 1ts  resurrection  from obscunity rather than a
contributor to 1ts elucidation  He has attempted 1n this introduc
tion to set the stage for what 1s prescnted in this volume by the
resourceful and persistent workers whom the Fditor has recruited
as contributors  He has had the opportunity to review some of the
chaptets and has borrow ed from them and from the hterature freely
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without histng references which are avaulible i later chapters
Students of medical history of mycology of immunology of ept
demtology of pathology of climcal medicine and of preventne
medicime will profit by the reading of this voliume nd the volume
will undoubtedly stimulate the solution of some of the stili unsolved
problems of histoplismosis

This introduction wonld be incomplete 1 1t did not pay tribute
to the man who first found the diserse md deseribed the cusatine
organism  Samuel Taylor Darling was born in Harnison  New
Jersey on April 6 1872 of English parentige  After attending
schools m Pawtncket Rhode Islind he became 1 druggist He
entered the Collcge of Physicians and Surgeons ot Balumore md
recerved his medical degree 1 1903 at the head of tus class  After
two veTs as mstructor in histology and patholosy at lns 1lma mater
and 1s 1 resident pathologist at the Baltimore City Hospital he wis
appomted 1 1905 intern 1nd physician 1t the Ancon Hospral i
the Panama Canal Jone  He lso acted as pathologist and 1n 1906
became chief of laboratories of the Isthmin Canal Commission
His alert mind set am searching for unfamiiar diseises 2t the
autopsy tabie and it was in December 19075 that he encountered his
first case of histoplasmosis  He was 1n search for T esshmanin md
perhaps for that reason made smears from visible lesions and from
spleen and bone marrow and applied a blood stain which smme
diately disclosed the parasites 1n good condition to study thar
morphology prior to the exammnaton of fined tissue sections 1t
was undoubtedly his Inck of familanty with fung) which prevented
Tum from making his own correction of his error in clssifying the
panme ’wa pl’OI()ZDO“

After his three cises of histoplismosis encountered withn 1
year 1o others nere detected hut his heen obsers wwons led to the
discovery of two human cases of sarcocystosts Trypanosomn hippt
cum 1n horses 1d 1ts transmission by sexual contact cutaneous
lesshmaniasis relpsing fever and the wide ringe of helnuntf and
mtestinal protozon infections present sn that region Yellow feser
w1s coming under control but malar was rimpant nd became one

of his tmportant interests
In 1913 and 1911 he accompamed Corg1s on a mssion to South
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Afnicr to imvestrate the e of the luh mortdity amon,, workers
n the divmond mmes i 1915 he was ippomied 1o the stilf of the
Internanonal Heatth Board of the Rockefeller Foundanon and for
the next threc years servad s head of 1 commssion o study the
cases of memr i the people of Malya Juawmd hip This work
reveiled the miportinge of hnokwor s the Guse of anann the
vahite of worm counts i estunatin, mtensity of mlection and the
practictl valpe of mass trewment without prior stool cvumnation
i hewaly mfeeted populaton groups  This ad later work alo
Ted to his calling attention to the relonship between the gro
griphical dustibution of the two speces of human hookwors and
the ethme onigin md migration of their hosts

From 1919 to 1920 Dashing senved 1s professor of Hygene and
director of the Iabortories of Hygiene m the Mediaat School of
S1eTauto Bzl which the Rochedciter Toundatron was assisumg,
Here he cstablished 1 wedl equipped hbortory for 1texcdhung md
research and carrted out extensive studies on haokworm diserse

In 1920 he ws forced by thiness to return to the Umted States
and in 1921 he became 1 fellow by courtesy m the department of
medical zoology of the School of Hytene and 1 ubhc 1Tealth of the
Johns Hophins Unisersity

1n 1922 Darhing cstiblished for the Rockefeller Foundaton
a ficld Jaboratory 1t Leesburg Ccorgin for the imvestigation of
milarir Many young men were sent to lum for ficld and Inboratory
rnng before proceeding, 1o foreign countnes s directors of
malarsa control campugns - Heabo continued lus research develop
mg the spleen ndex i children 15 a tool for mesunng malarnn
endemicity 1nd dentifying the larvae and breedm,, places of the
three common spectes of Anopheles mosquitoes in the southesstern
Umited States so as to concentrate on the control of the breeding
places of v quadrnimculatus the malira transmitting species

It was here that the writer liad the privilege of spending a weck
with Darling nd fus latest pupil Paul F Russcll 1 October 1921
Russell had nearly completed his work on the differentiation of the
larvae of A quadrimaculatus A punctipennss and A crucians
The days were spent n the field and Inboratory or confernng with
famous visitors The evenimgs were spent on the porch of the hitle
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hotel with Darling reminiscing about his expertences especially
during the proneer days in the Canal Zone

On March 21 1925 Darling left the United States s 2 cotres
ponding member of the maliria Commussion of the Health Organi
zation of the League of Nations to join 1 a malaria survey of Syna
which then included Lebanon He was killed with two other
members of the party n an automobile accident on a mountain
road several miles from Beirut The Government of Iebanon
erected a jomt monument to the three victums at the sight of the
accadent which overlooks the Mediterranean Sea and the cape of
land on which Betrut 1s locited The writer had the privilege of
paying homage to Darling at this monument 1n 1949

Darling was recogmzed during his lifetime as a world figure 1n
tropical medicine - He was the author of over 70 papers during hus
twenty years of research He recerved the honorary degree of Doctor
of Science from the Unwversity of Maryland 1n 1923 He was prest
dent of the Americmn Socsety of Tropical Medicine 1924 25 wvice
president of the American Society of Parasitologists 1920 and n
honorary fellow of the Royal Society of Tropical Medicine and
Hygiene London The Lebanese government twarded him the
Medal of Mert posthumously

Darling s professional mnd personal qualities are best descitbed
m the obituary note 1n the annual report of the International
Health Board of the Rockefeller Foundation for 1925

Dr Darling possessed 1 emment degree the qualities of the

successful investigator—joy in the exploration of nature and the
search for truth command of methods nd mngenuity in techmque
knowledge of the literature of his subjcct the scientific imagination
and analytic type of mind  His own example hus attractive personal
quiliies md his genarosity secured the enthustastic loyalty nd
devonon of his assistants and fellow workers (9)
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THE HISTORY OF HISTOPLASMOSIS
Grrarp L Bavw

In the course of the vast amount of work that has been done
1 the last half century in the medical sciences 1t has become neces
sary for the men v ho devote thetr efforts to this seudy to concentrate
on the dseases that are relatively common  This 15 stmply expluned
by the urgency of the work and the painful imitation of time

In the mstance of histoplasmosis tor many years 1t was felt that
the number of men afflicted with the disesse was very small d
consequently the work done was little To the resewrch man the
disease was a curtosity caused by a rarely seen orgamsm to the clint
cian the whole situation was of hitle interest since the number of
pitients was mitiscule nd the treatment non exstent

With abrupt suddenness the story changed pice From the
carly 1940 s until the present there h1s occ irred an unbelievably
rapid rccumulition of knowledge about histoplismosis since 1t #15
rethized that instead of hemng the rire disease 1t was ongimnlly
thought to be histoplismosis afflicts millions of men (md women)
i the endemic rea and quite 1 few ontside of 1t

This work has been wccomplished through the efforts of many
dedicated and mtelligent men who had the perception to see what
at first were obscure 1ssoctations nd who had the courige to speak
out when they were sure of themselies esen m the face of well
estiblished opimuons to the contrary  This 1s not unusual among
physiaans but this has happened with such diimatie speed m the
case of lustoplasmosis that the attention of the whole profession hs
been drinn to 1t

In 1905 Dr Samuel Taylor Darhing went to the Ancon Canal
Zone hospital as pathologist He was 33 yens old but only two years
out of medical school and had qualified by examinaton for the
appomtment  Soon after arriving he was wshed to perforn an

Froutesd 5 € 4 J anl11 Uthischapt rare repnntc ] witl permis ion of the
pull hers of the New F gla1? fournal f Med ct4e (236 -5 .8 195 )
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Do i S ned £ od r Darling taken b 1910

Ttapsy okt 1 ngGan lom Marunigue who had died from w over
whelming mfanon  The cxvanuminon reveded rass Jestn 1e
sembhing dissenmnated tubecutons but the miooscopic sty dong
socwrefully by Dr Duting vuckled v ubao stnhing findings fun
«Hulr s sgamisins seon i Intoy tey resambiked lansniadia and i
Awddition seemed to lve 2 capsule (1)

Thew mtriccdiular o ansms aroused the mterest of Dr Dn
hing beaause he had been dhrecting has studies tow nd the indin,, ot
an Amencn forn of Teshmun e b birst thou bt that these
mtraccudicor, msan rproented £ asimun but on close mspec



16 HISTOPLASMOSIS

tion he noted that no hinetoplast was visible He therefore felt that
what he had seen represented a new orgamism which he named
Histoplsma capsulatum (14)

Dr Darling s observations prompted him to classify s Histo
plasma 1s an 1nimal pirasite probably because of 1ts close resemb
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big 2 Dravings of the organism Histoplasma capsulitum as they appeared

1o Duhng This plate appeared in a summary arucle wnten by Darhing

about the three cases of lustoplasmoss that he had observed  Reprinted with

penmssion of the publishers of the drchises of Internal Vedicine (- 10713
1908)
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fance 10 Lesthimamin 1t 1s of mterest to nate that of the many
obsen1ons mde of the organiam by Dr Darling s represented
one of the few errors

One cmnot reflect on the work of Dr Darhing wd of the
Accuricy of tus observations 1s mandested by drinings whick
appewed n subsequent pubhicinons (16) without bewn, wmwzed
The work was cxrmed on under tmost primistes e concitions 2t fewst
by modern stmdards  Cotunly the steamng yungles of o
did not provsde a sumulating tmosphere for bard work T dd
uon the microscopres of the 1y were not ones which raveated theu
sectets eastly The work done on tistaptismosis by De Darling 15
one of the truly fine commbutions by W Amernicin research
physician

The oniginil ease observed by Dr Darling was seen i 1900
The fallowing vear Dr Daching observed tho wore eses (15) The
second being 1 1 \Marumque Negro and the third cse bungma
Chinese laborer who had been i Panama for 1o years prior to ins
Winess Al three cuses repotted by Darling were wdults all were
dissermitated and all cases died

Thaugh @t wis Darhing whose first report has guned recogm
tion one must mention the work of Ruchard P Strong who n 1966
reported orgunsms whuch he obsenved while working m the Pluhip
pwe Islands which were consistent with H capsulhtum (66)  His
report preceded Dr Darhng s however hie Juer expressad the behef
that the orgausm which he saw and deseribed was H faraannosam
By companson Darling s deseription was considerably more com
plete and lus drawangs more correct therefore he has been gnen
the prune credit  The present withor feels unquairfied o deade
rho should recen e the prior credit but i 1s pparent thu Darhing s
work wis the niare complete md therefore deserves mentwon at
least for that fact

Following Duhing s work and the pubhcation which resulted
from lus observations nothing was scen of Wustoplasmosis unut
shortly priorto World War T Henrique ds Rotha Limi 4 Brazibian
who spent 19 years in The Instiate of Tropral Dise sses i Ham
burg Cermuny reported i 1912 the following obsenvation A
companson of the microorganism of Darhn, with Leshmama and
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tion he noted that no hinetoplast was visible He therefore felt that
what he had seen represented a new orgamism which he named
Histoplisma capsulatum (14)

Dr Darling s observations prompted him to classify lus Histo
plism1 1s an animal parasite probably because of 1ts close resemb
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big 2 Dravings of the Histe plasma capsulatum as they apy

to Darling  [Ins plate appeared an a summary article wniten by Darling

about the threc cases of histoplasmosis that he had observed  Reprinted with

pernussion of the publishers of the Archues of Internal Medicine (* 107 123
1908)
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Dr Henry | Meleney who showed hum sections of siscerat tessh
mant1us 13 Chinese hamsters Dr Darling called attenuion to the
similanty of this infection to tustaplismoss nd demonstrated sec
tons from iy cases This seemingly casual mecting was an oppor
tune one 1ssubscquent cyents were to prove

In 1926 Drs Willlam Riley and Ceal § Watson described a
case of hustophsmosis ongniting i a resident of Minnesota (56)
Thas was the fist c1s¢ well documented since Darling s three were
reported and the first cise recogmyed 1 the Umited States A case
seen 1 Furope bnd been deseribed s nstoplwmosts by Rielil
1921 2% (55) but the documentation noted was not convincing

The case desctibed by Rifey and Watsont was 1 woman with
dissemmated diserse who 1t amopsy demonstrated widespread
mvolietnent  The findings were identical with Darhings cses
Jt 15 of interest to note that Riley 1nd Watson speculated on the
occurrence of more ¢ases in the U § in the folloning way  Aswe
attempred to poins ont the bnding of wn endemc case of Wistoplas
mosis in \hnnesota 1s evudence that 1t 1s not A purely tropcal
disease but that it must be considered as 1 possible factor i any
obscure cwse of splenomegaly 1ccompanied by rregular pyrexa
amuation md wemia (O7)

In 1929 Dr Meleney then at Vanderb It U'niversity School of
\Medieme recenced from Dr John T hessel of Los An_eles tissue
sections from 4 local autopsy showin,, Histoplwms hike organmisms
Dr Meleney shoned these to Dr TdnyH Tomphins who was study
mg suprasital staming of blood cells  This casnal exchange of
mformation was 1o prove significant In 1932 Dr Kathenne Dodd
was cirng for 1 dduld on the 1edintric service At Vanderbnle who
w1 suffering from an unhnown type of wnema (19) Dr Dodd was
awre of Dr Tomphins nterest in supyaynal stuning of cells and
she asked Dr Tomplons to use this technique on her patent What
subsequently bappened 1s best quoted from Dr Tomplins  Once
detected supravitally by virtue of mtensc refracunty and droplets
of dye they (Histoplasma erpsulatum) could be demonstrated in
fixed £1ms yn which thev had heen overiooked previously Dr
Meleney once showed me one of thesc sections (of a case of histo
plasmosis) Just because of my wterest i the reticulo endothelial
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with yeast showed 1 much greater smularity of therr quality with
yeast than with protozon (13) This observation had been made by
da Rochn Limn after comparm, D uhing, s maternl with ussue nd
smears trom cases of epizootic lymphangitis caused by H frramt
nosum nd Leishmanir  This observation which was the result of
exacting work his proven in subsequent years to be correct md
certamly represents 1 sigmficnt contribution  For completeness
1t should be mentioned that da Rocha I tma also pomnted out that
Darling s observauon of flagellate cell forms of H capsulatum wis
prot 1bly 1n erroneous one

In October 1924 Dr Darling who was then 1n charge of the
Malrn Experiment Staton at Ieesburg Georgin was vistted by
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Dr Wilham A DelMonbrenn pathologst ar Vanderbilt s
nottfted of the diagnosts mde by Dr Dodd and Dr Tomphons The
child s demmise was smzmnent and Dr DoMonbreun wis prepared
when 1t accurred to razhe cultures on « saniety of meda These
proved successfut and H capsulatum was gronn Dr DeMonbreun
after culturing che osgamism worked out the detals of 1ts morph
alogy culture and growth charactenstics (17} His word wisof such
excellence thar lntde Bras had to be added up 1o the presenm nme
s sindhes included myecting ammals and reeayermg the orgasm
from the blood duving hfe and agamn after e anumals died  He
cseablished heyond any doubt the etatagic relattanrsdup between the



20 HISTOL { 4SMOSIS

Iig { Rathenne Dodd

system m general That picture cime back to me s I puzzled about
the parasites that fulled the circulating monocytes of the nfant
under study (61) According to Dr Tomphins Dr Meleney nas
in the bulding at the ume she made her observation  She called
him 1nd he came runnung down the sturs 100k a short look through
the mucrascope and uttered enthusiastic corroboration of Dr
Tomphns suspicions (68) Dr Lrnest Goodpasture subsequently
agreed w ith the wmpressions of both Dr Tomphins and Dr

Meleney
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kg s Willam A DeMonbreun

Dr Witham A DeMonbreun pathologist at Yanderbilt was
notified of the diagnosis made by Dr Dodd and Dr Tomplns The
child s demise was inminent and Dr DeMonbrenn was prepared
when 1t occurred to make culturcs on a vancty of media These
proved successfuland H caipsultitum wasgrown Dr DeMonbreun
after cutturing the organsm warked out the detals of s morph
ology culture and growth charactenisties {17} His work was of such
excellence that little s had to be added up to the prescnt time
Hus studies included mjecting animals and recorering the organism
from the Llood durmg fife and agnn after the animals died  He
established heyond any doubt the ctiologic reltionship between the

-«
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organism which he had cultured Histoplisma capsulatum and the
dsease histoplasmosts in the experimental animals  He established
the dimorplism of the orgimsm and he described and photo
graphed the tuberculite spores which since that time have been
recognized as dragnostic of the mold phase of the organsm In
addition DeMonbreun concluded that the saprophytic form of H
capsulatum probably evisted free m nature  As can be seen the
micro brological charactenistics of the organnsm were bullantly
worked out by Dr DeMonbreun His only failure was in trying to
change the name of the disease to cytomycosis  Despite the fact that
Dr Meleney was a strong proponent of this nime 1t never ciught
on (47) DeMonbreun was only 34 years old at the time he did his
work and the resulting paper which was presented i November of
1933 at the 29th annual meeting of the American Society of Tropt
c1l Medicine was a masterprece (17)

In 1933 at a meeting of the American Association of Patholo
gists and Bacteriologists a few months before DeMonbreun had
presented miswork Dr G H Hansmannand Dr John R Schenken
presented work related to the ssolatton of a fungus which they
constdered to be Sepedonium (35) Review of thetr work revealed
that this ws undoubtedly the first culture of H capsulatum  Therr
report preceded Dr DeMonbreun s by approximately six months
however 1t lacked the completeness of Dr DeMonbreun s and has
been subsequently overshadowed However as with Dr Strong
and Dr Darling one 1s faced with the decision of whom should
receive prior credut for the cultural work  Hansmann and Schenken
most certainly preceded DeMonbreun m their report but DeMon
breuns work was considerably more complete In all justice 1t
would seem that the word of Schenken who has approved of the
statement of Conant DeMonbreun Hansmann and Schenken
finally cultured the organism and proved 1t to be a fungus
should be taken (61)

One cannot but wonder at the rather amazing comncidence that
both the orsginal denufication of the organism and the disease as
well as the first culture of the organism should be 1ccomplished
almost stmultaneously 1n two separate laboratories

Despite the excellence of work done up to this point histoplis
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mosis w1s still considered to be 1 discase of lutle sigmificanee i the
Umited States It was felt to be a rre generihzed infection mvoly
g the reticulo endothelinl system which was uniformly fatal (17)

Bernard et al veported 1 1931 (2) 327 of 1 000 New York aity
adolescents tested were negative to tuberculin Of these 11 (3 197)
showed fihrous and for calafic scars i the lungs andfor nlr In
1933 Ciabtiee et al (11) mde the obsersation that in Sullnan
county Tennessee over 175 of persons older than 5 years of age with
pulmonary calaficitions were negin e to tuberculin. In 1938 bhoth
Nelson et al 1nd Gass et al (30 19) noted that about 40%, of tuber
culin negatnve cluldren and young adults had pulmonary cilafica
tions on xt1y In 1938 Dr Michiel I Furcolow 2nd others
paruapited 1 1 conference m Hagerstown Md 2t which general
agreement wis reached that these Mbore mentoned observations
did m fact represent 1 true relionsiup betw cen negitine rexctions
to tuberculin nd claficition m the lungs (20)

In 1939 Crimm and Short (12) 1eported cornardence of pulmon
ry calafications and negatne tuberculin reactions m Eyvanswaille
Indiana The same yer I umsden (15} on the basis of prominent
comadence of negitive tuberculin renctions and pulmonary cilar
ficauions in Ciles county Tennessee where the tuberculosis mor
tality 1ate was high questtoned the salue of the tuberculin test as
an index of tubercutlons infection

In 1913 there 1ppeared 1 report of observauons of a large num
ber of chest x rays made on men being inducted into the service (17}
Because the number of calafications present on chest X ray conld
cause rejection from military service these concretions were noted
rather carefully Review of these films yiclded the interesting
conststent observation that calcilications of the lung were much
more frequently seen in people who came from the Mississippr Ohio
Ruver Valley area

In 1911 a case of laryngeal histoplasmosis w1s reported by
VanPernis et al (69) and what makes this of particular nterest 1s
that the authors wsed a filtrate of a broth myechal phase culture of
the orgamism 1solated from the case to skan test the patient Delryed
posttive reactions were noted to both undiluted and several ten fold
dilutions of the matersal This represented the first application
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of histoplastun 1s a shin test anngen m man At about the same
ume use of the filtrate and a heat killed yeast vaccne as 2 shin
antigen 1 animals was found effective (70)

The next crucal event was the appomtment m 1943 of Dr
Amos Christie as professor of pedratrics at Vanderbilt Untversity
D1 Chnistie had been working with Dr Charles E Smath prior to
coming to Vanderbilt and 1t was through this assoctation that he
had witnessed the elucidiuon of the problem of coccidiordonmycosis
Shortly after his wri1val at Vanderbilt he was puzzled by the presence
of pulmonnry calaficitions i persons with negatne tuberculin
tests He consulted Dr Smith about this observaton and he sug

Fig 6 Amos Christie
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gested that hastoplasmosss nught be responsible for the claflicwtions
m the chests of people who were negattve to both tberculin nd
coccidiordin (61) It 1s rather prophetic that an a letter dated Dec
30 1913 Dr Smub should make the following comment  P§
Old Histoplsma holds 1 soft spot prolnbly becuse T know so little
About 1t but DeMoubreun did do his epochal trmsmission studies
1t Vanderbilt and the status of histoplismosss now 1s Iike that of
cocercdiondal granuloma before Cifford and Dickson showed mld
infections oceurred  (61)

The lunt had been ginen previously by Dr DeMonbreun be
cruse 11 1939 lie had smd It 1s probable then that the disetse 1s
more common thn 1s generidly supposed  possibly breanse the
diserse may occur 11 relatinely mild and non faat form and not be
recogmzed  (18)

It must be temembered that 2t this point Tarsons and Zara
foneus (42) were prepann, their classic report and review an which
71 cases of hustoplismosts were collected from 190, to the nme of
wrting AW of these were (ital e1ses and at was their opiion that
this wis the rule  Ther work was detatled 1nd represents the fast
time tht listoplismosis was referred to as 1 rire umformly fatal
disease

During 1911 Chinsie and Dr | C Peterson tested appron
mately 180 cluldren internes and residents with skin test anu,ens
They found 1 lugh imnadence of pasttine reactions to histoplhsmin
i the fice of negatnne tuberculin tests (%) Ths then was the g
lead from winch the epid logy of 1 pl has been
worked out

Dr Chnistie communicated his informauon to Dr Fdwards A
Park professor of pediatrics at Johns Hopkans (61) who suggested to
Christie that be discuss the matter with Dr Carroll Palmer an oflr
cerof the U $ Public Health Service Tt was Dr Palmer s study of
the skin sensitvaty n student nurses which alrendy hnd revealed
marked geographic varitions in the presvalence of pulmonary cala
fications 1n tuberculin non rexctors. Dr Palmer had suspected that
spores of s1praphytes were the cause of the non tubereulous pul
monary calaficauons Dr Chester W Emmons espressed the feel
g that Histoplasma capsulatum was the cause (61) Dr Palmer and
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Dr Michael L Fuicolow sissted Dr Christie my March of 1945
Fhey were apparentdy fascinated with his results Dr Palmer then
obtamed hustoptismin from Dr Immons and ncorporated histo
plasmin shin testing 1n Jus nattonwide project of shan tesng student
nurses In May of 1915 Dr Palmer reported the results of his work
which showed enormous differences tn the shin sensitnty to histo
plasmin between persons Iiing in different wreas of the U § (50)
Itwasthen that i Ghisstie s ovigindd obsers ation was corroborated
withowt quesuon There was 1 ugh degrec of correlation between
positnve lustophismin shan tests nd pulmonary caludfications m
people re wum, neginsely to tuberculin

Dr Palmer s studies wac done on severnl thousmd subjects
wnd requived close wooperation of several people Dr Charlotte
Silvernian wnd Dr Caroline Chandler did the ctunl shin testing
and Dr Henry Zwerhing reviened 1l of the x rys

And 50 1t nas that with the reports from both Chrisue and
Palmer the existence of a bemgn subchme! form of hustoplismoss
was estabhished  \lmost = of the cuses tested were without symp
toms and h1ve remamed completely nell A few cases were reported
by Chnstse to have shown the organisim i the ussues (8) The out
growth of Dr Palmer s work winch myohed a hrg,e number of
persons from many different wes was the mapping out of the
geographical 1naidence of the infecuion (51)  The ongim! work
Ins been confirmed on nuneraus ocersions subsequently

A more recent contribution to the eprdermology of histopls
mosts wis made by Dr P I dunaids who mapped the worldwide
madence of lustoplasnun sensitnsty  These pipers established
arews of endemuaty 1 presiously unsuspected regions of the
world (22 23 48)

Before carrying the story further t seems fitting to pruse and
reflect on the sigmificmt phice w this drima thae is held by Vander
bitt Unnversity D Meleney was there with the cracal information
which prompted Dr Dodd Dr Tomphns and Dr DeMonbreun to
do therr oniginl work on the isohtson mnd sdentification of Histo
plsma capsulatum  The culture of Histoplasma ongmally grown
by Dr DeMonbreun sers ed as the source of histoplasmun which was
used by Dr Chyistie some 10 yeirs bater i tus shan test survey which
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Fig 7 Carroll k Palmer

established the existence of the benin form of histoplasmosts W hat
males this tale most f1sanaung indeed 1s that the sienificant con
tributors conunue to work and arc nailible for comment and
eluadation

It must now become obvious that histoplasmosis lind outgrown
1ts statns 1s a rare umiformly fatal disease of luutle concern to Amen
can physicians  More and more people became nterested 1n thss
disease and their combined efforts produced 1 rapid accumulation
of facts

In 1947 Tenenberg developed the first of the serologic meth
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ods of diagnosts the complement fixation test (67) This gave great
prommse of clarifying dingnostic problems since the expertence with
coccrdiordomycosts had pointed to the pertinence of serologic find
mngs Subsequent to the description of the complement fixation test
two other techmques h1ve been described 1 precipitin test (59) and
a collodion agglutiniuon test (60) These tests particularly the
complement fination test have been useful i helping to clanfy
epidemics acute primary infections and chronic cavitary infections
The 1mportant 1spect of cross reactions of the serologic tests
with other deep fungus diseases has been worked out 1n detul (6 7)
Despite the fact that the growth charactenistics of H ¢ipsu
latum were well known by the late 1940 s particularly that 1t room
temperature and therefore 1n nature the orgnism must grow as a
mold there was no 1bsolute proof that the organism did exist
nture 1nd therefore 1 important fact w1s missing from the pattern
of pithogenesis of histoplasmosts Al evidence wccumulated up till
this point indicated that the infection was primanly a respiratory
one Fal proof that the organism does exist in nature was con
tributed by Dr Chester W Emmons mycologist for the U § Public
Health Service (26) Tt wasn October 1918 that he cultured Histo
plasmn from two soil specimens the site being from a mound of
earth 2t the entrance of 1 rat burrow under the eage of 1 chicken
house The tuberculate spores which are diagnostic of the
mold phase of Histoplisma capsulatum were actually microscop-
ically demonstrated 1n the soil  Positive cultures were obtaned
only after 156 specimens were negative poinung up the perserver
ence necessiry for the successful completion of such a job
Following Dr Fmmons original 1solinion of the organism from
nature several people hwve cultured the organism from soil samples
n various areas around the country A very sigmificant contribu
ton made by Dr Libero Ajello and Dr L D Zerdberg ws that
H capsulatum more hewily contaminites the soil around chicken
houses than any other are (1) The relation of this fact to the dis
cussion of epidemics will hecome 2pparent
In 1939 Dr Delonbreun had demonstrated the first case of
spontaneous histoplasmosts 1 a dog (18) Some ten years later Dr
Fmmons demonstrated spontaneous histoplasmosis 1n 10 species of
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ammils includin, dogs and cats 23 25 271 He su,,ested thatam
mal infection was 100d ndey of the madens ¢ of the disesse in any
guven region (59)

In wddition o iy eprdemiolo et work wih Dr Carroff
Palmer Dy AMicnd © Fuicolow bas contibuted realy to the
eluaidauon of mny problems concaimng lstophsmoss In 1915
Dr Furnolaw estiblished m hanss City honsys 2 field stiton of
the L 5 Public Health Service for the study of histoplasmosis
From thus center bas cnmnated considerible imformaton Dr Fur
colow demonstrated H oapsubrenm in mr ssmples (37)  He was the
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first ta il wtention to the chronte pulmoniry ciery form of
hustoplasmosts and to nate 1ts copfusion with tubercnloss (32) In
fact masurvey in 1nenhy sanitorum he uncosered a surprisingly
Inrge number of cases of hustoplismasts that hid been called tuber
culosis for many yeurs Dr Furcolow has been actrve in emdermo
logical work ever since he wd Dr Palmer did therr onginal skin
teststudtes  Dr Furcolow wd hus colleagues hu e s estigited many
of the socalled epidesnics of lustoplasmosis and have analyzed them
m great detal (28) He 135 had expersence with 1 Iarge number of
chintel cases of histoplasmosts and has recently reported the use of
nen therapeusic toals {39)
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“The firet of the epidemis  ocanted n soldiers 1t Camp
Cruber Ollhomn (¢ 10) nd since thit tme many interesting
examples of these focal omtbrerks af lustaplsmosts e heen
reported (28) The 1ssociation with soud wound chicken houses ind
with bat and pr.con exeretr has been stnking - Thirty  epudenues
hmve been reported imvolving some 350 persons The many st
Tartties in these vansous epademics hive been pointed out by Fur
colow ind Cryston (28)  The pattern as recurrent exposure to the
sporccontumng dust nuld to sesere widespread pulmoennry disese
folloned generlly by 1 recovery and often cilaficauon m the
pulmonary lesions Very fow deths have been reported A rising
serologtc titer dunng the 1ctite phase often has been demon
strable (32 13)

In 1953 Dr Thomas T Puchett examined specimens of so
illed tubercnlomas remored from patients at the Twzsimunons
Army Hospital  Making use of specal fungus stains he demon
strited orgasms wlich were morphologically compatble with
Histoplasma eapsulitum (23)

The genests of histologic recogmiion of 11 capsuluum has
depended m great part on deselopment of specinl stuns - Bauer an
1933 (3) described the selecttve stuning by Schuff s rexgent of lde
Inde groups released from carboliydrtes by oxidition wath chromi
actd In 1946 McManus (16) reported good demonstration of mucin
usin, 1 smlar technique but rephan, the chromie wad with
periodicacid In 1916 Gomon (31) using the chromic acid oxidizing
rexcnon replaced the Schiffs reagent with methenamune silver
nure and obtamed brlliant black stunin, of carbohydrtes
Lillie (40) compared the effects of Bauers Feulgens Grams and
Crim Wegert s stains on vanous parasites 1nd mentioned the selec
vty of the Bauer s stain for yeast cells among them Histoplasma
Hotchlass (36) 1n 1918 using the same technique described by Mc
Manus (46) mentioned the effectrve starning of chitin 1nd demon
strated stained yeast cells by this method  In 1951 the imphicauons
of these stans 1n diagnosing the presence of fungt 1n human tissues
were crystallized by Klhigman et al (38) The Hotcliliss McManus
technique was constdered superior to the Biuer s by these authors
In addition they employed a counter stain to bring out the positive
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Fig 10 ThomasF Fuckes

structures By making use of both Bauer s and Hotchhass McManus
reagents and 1dding some oniginal varnanons Gridley (33) in 1953
desciibed 1 stun which proved supenior to 1l others In 1955
Grocott (34) rpplied the techmque descitbed by Gomors (31) to
fungt and produced 1 stain considered by many the most effective
fungus stain yet developed

Dr Puckett used the pertodic aad Scinff stain (Hotchkiss
Mcanus) and stated his conclusion thusly after thorough
study of a ,00d mamy of the lesions I becime convinced that they
were due to histoplasmosis (61) These observations by Dr
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Puckett 1re extremely nnpattant for they opened 1 new approach
to the dngnoss of histophismosss By nsing convepniomt stuns
that 1s hemuatovyhin el conn the orgrmam 1s often deffscult sf not
mmposyble positisely to identify especrally when derd  Smee cul
re 15 not ondy techons d ume consugmng bt i oled kestons
often hegatine stisonly by mkan, vse of speanl fun_us stuns that
thie etiology of such he dad grinulomtous tesions i be suspecred

In 1901 the fund Inad s che chan of pathocnesis was forged
by Dr \Itnuet Stranb Dr Strauh vame from Holland an that year
with the mrennon of msestigatng the morphology of tuberculosss
m the Amenican Nepro s stop 1 Cincanmian however proved

Big It Manuel Stragh
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crucialwnd Dr Straub revised his plans and spent the rest of s ime
studying the morphology of histoplasmosis Dr Straub had had
extensive expertence 1n tuberculosts having 1ecerved s trammng
with Ghon m Prague In Cincinnau he investigated the lungs of
more thin 100 consecutive qutopstes the only selection being that
the specrmens come from patients who had no active pulmonary
disease  In 67%, of these lungs Dr Straub wns able to rdentify 1
healed prunary pulmonary lesion i which could be demonstrated
the organism H capsulatum (65) The stgmficance of this observa
tion 1s obvious when one considers that 1t estiblished the speaifieity
of histoplasmin skin testing ind proved beyond 1ny question that
histoplasmosts 1s n the overwhelming mjorty of cases 1 primary
pulmonnary disease

Workmng with Dr Striub was Dr Jan Schwarz whose mntetest
and work mn mycology have dated from 1950 Dr Schwarz had
onginally t1uned at the University of Prague with Chon as did Dr

Straub Dr Schwarz arrived 1n Cinainnatr win 1947 and w1s soon
impressed with the number of splenc calarfications he noted at
autopsy This interest and curiostty prompted lum to compare the
incidence of splentc calaific stions 1n Cincinnati with other parts of
this country 1nd the wotld and 1t soon becime 1pparent that 1
Cinainnat the mncrdence of splenic calcifications was considerably
higher than 1n the other areas cheched (62) The orgrmsm H cap

sulatum was demonstrated 1n the splenic foct espeuially those which
show concentric lamnations of calaficatsons  Tlus contribution
estiblished the rather unusual fact that desprte the benign character
of the primary infection m the overwhelming majority of people

1t 1s 2ccompanied regularly by bloodstream dissemnation of the
organism  In collrboration with Dr Bernardo Serviamshy Dr

Schwarz demonstrated what had been suggested m the paper on
splenic elaficaton that the radiologic prcture of listoplismic
calerfic pulmonary lesions had not only charicteristic configurition

but characteristic size (63)

In recent yers many other nteresting obsers 1tions have been
made such s the identification of 2 separate spectes of Histoplismt
by anbreuseghem in Africa (Histoplisma duborsu) veath 1ts attend
ent large forms m human tissues (21) the demonstration that Amert
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an sruns of L cpsubitum om produce fage forms m
hamsters (20) the fractionation of antigenic substances from the
yeust cell of Hhistoplsma capsulvtum (0) the electron microscopic
finding that the ipprent capsule of Histophismr capsuditum s no
capsule wall but represents contriction of the orgrusm wathin the
tissues (51) and finally the development of chemotherapeutic agents
shich gie great promise of being effectine 1gunst fustoplismoss
chmeally (11 61)

Becwse of the rapid development of knowledge i the study
of tlns disease much cruann! nd excellent work that has been done
has not been mentioned here  Thus 1s merely a reflection of the
limitatson of space 1 cestanly no rellection of the rel e impor
tance of the woth done  These are the ughhghts  Scidom i the
tustory of the study of the iis of man his <o much tnowledge
Accumulated 1bout 1y one midy sa ripudly - Severaf important
problems remun to be solved \mong tliem sacaintion explaniuon
of geographic madence e but with the results of the past 15
years as mspiration there 1s 1o question but that Anistotle s «dmont
ton Timeisagrent nbbler  will be rpudly fuifitled
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MORPHOLOGICAL ANMND PHYSIOLOGICAL
CHARACTERISTICS OF HISTOPLASMA
CAPSULATUM

Lro DPine

P_Exe causal agent of the diserse hustoplismosss was fust ob
served and described by Dr 8 T Darling (14 15) who beliesed the
arganism to he a protozoon sttnular to the Leishmn Donoyvn bodies
of kalt var and gave the organism the generic name Histoplasma
The species name capsultum w1s used presumably to describe 1
capsular appearing halo which surrounded the small round or egg
shaped bodites of the pathogen as they were obseryed m staned tissue
sections Although da Rocha Lima (16) suspected the osganism to be
afungus 1t was not unul it was cultnated by DeMonbrean (17) wd
Hansmann and Schenhen (30) that 1ts true fungal nature was estah
lshed DeMonbreun demonstrated the diphasc nature of the fun
gus by incubrung fresh preces of tissue 1t tno different tempera
tures upon seseral medin  The yeast phase which 15 the phase ob
served m the tssues w1s obtasned 1 an wiaston broth weubated at
37 C whereas numerows nhite cortony colomes were obtumed
on Sabourwd s and dextrose 1g1r slants incubated 1t room tempen
ture  Subsequently the cultural chunacteristics morpholo.) nd
hife cyle were described by DeVMonbreun (17 18) Moore (47 18)
Conant (10) Negront (a0 51) and Houell (32) Since no sexual state
was established for the organssm 1t was placed in the Fungt Imper
fectt as a member of the family Monilaceae (10) The lfe cycle of
the funzus and 1ts 1arz0us structures and forms are diagramatically
deputed m I'gure 1

THE MYCELIAL PHASF

Cultural Characterustics of the Mycelial Phase Yor primary
ssolatton from chinical maternals the wse of whole blood contuning
mecia will gnve the grextest number of posittve cultures when the

40
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Fig 1 Diagrammatic representation of the fe evcle of Hustoplasma capsu
lam A Tuberculate mactocomdium and smooth mucrocomdia m the
process of B Various hologtcal forms of macrocomdia
microcomia chlamydospores and hyphal clements commonly observed m
cultures of I capsulatumt ¢ Consersion of a byphal fragment to yeast cells
by the formation of momhiform chains D Acuvely growmg yeast cells L
Grant yeast cells found 1n old cultures F Appearance of yeast phase in tussue
G Comsersion of yeast cells to mycelial phase
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cultures are incubated at 25 to 30°C (35 38 80) However the rate
of growth of the mycelil phase on whole blood containing media 1
slower thain on medin without blood and the presence of blood
wnhibits the normal mycelhal development of the fungus (Fig 2)
When mycelinl elements are transferred to medin such as the Fran
c1s medium or brun hert infuston agar with blood and sncubated
Atroom temperature smll white closely adhering colomes appeat
These gradunlly increase 1n size become rused m the center and
remain tightly embedded 1n the 1gar 1t the pertphery of the colony
The colomes gradually darken become pink to t1n 1n color assume
1 fuzzy verrucose appearance n the center and reach 1 dimeter of
approximately 6 to 8 mm in 14 21 days (Fig 2)

At 37°C the orghnism grows (if the stram does not contert to
the yeast phise) 1s small cream colored glisteming bactersal Iike
colontes which are round convex hard and extremely adherent to
the agar and with the complete absence of rerinl mycelium  As1 col
ony increases in size 1t gradually assumes the color of the medim
becoming dirk brown wath the chiracter of the colony changing
hetle In some cases the colony wiil become rased membranous
cerebriform and will crumble eastly when touched with an moculat
g needle (g 2) C rowth 1t 37°C 1s slower than 1t room temper
aure Also onblood media at 37 C sparulation and aeral growth
of the mycelium are inhubited  To promote sporulation 1t 1s neces
sary tomke transfers to potto dextrose agar or Sabouraud s glucose
2gar and incubate the culture at 25 to 30°C (35)

When mycelnl fragments are strerked over Sabourand s gin
cose agar small white cottony colomes develop which increase 1n
size At arate which will insariably cover the slint within 14 days At
the me maximum growth 1s reached the central portions and upper
drier parts of the culture assume a yellow to bulf color which slowly
turns to tan or dark brown Gradually the entire culture will be
come brown 1n color and will take on a drzer more fragile 1f not
powdery appewance Usually but not always sporulation 1s
assoctated with the tan coloration and aging of the culture Al
though growth 1n Sabouraud s glucose agtr 1s greatly inibited 1t
37°C some strains appear to adapt to the higher temperature fter
several pasiages (33 34) Coremin may be observed on infusion
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Hg 2 Crowth of mcehial phase an Sabouraud s glucose agar and Franas

blood agar slants. A One month ol 1 streak culture on Sabouraud s agar at

2> C B Seven day old colony on Stbouraud s agar at %> G C Seven day

old culture on Franas medium at 20 G D Fourteen dav old culture on
Franais medim at 37 €

tomato Juice and brun veal agars a1 the Ingher temperatures (38
76) The colomal characteristics of H capsulitum on other media
such as potato dextrose agar corn meal 1gr maltagar nd nutrient
dextrose agar will be essenually the stme 15 that obtamned on
Sabouraud s glucose agar (18 50 17) Although continued use 1n
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sartous Inboritories hns established the adequacy of Stbourwds
glucose agir for mamtaining mycelial phase growth of H capse
latum certain wmadequacies of the medium e recogmzed  This
medium 15 not the best medium for growth of small moculr Con
unued passage of stock cuitures upon this medium msraably results
m the loss of sporulation Although some strawns may be rejusenated
by transfer to a dufferent medium  In addition the medium s not
selective ind will support growth of other fung to the disdsantage
of H capsulatum (27)

Morphelogy of the Mycelial Phase  In general the mycehum
varies from 154 1 diameter 15 usually refracule branched and
multicelluir with each ceil having one or more nuclet (56 48 32)
When the mycelium becomes older its protoplsm 1s displaced
toward the wills ind s acuoles 1nd o1l globutles are seen n the centrl
portions of the cells At thn, ume the walls thichen and 1 few cells
may develop 1o peculinr swellings of assorted shapes and sizes
which 10 some cases reach diameter as great 1 15p  Racquet
hyph te md occasionlly corled hyphre ind nodulr bodies may be
formed while intercalary chlmydospores swgle 1ud n chawns and
11nging from 5 to 8 1n diameter may be found in most cultures
As the hyphae spread in radinog fstion from the center of 2 col
ony parallel hyphae Iymng at the periphery mny be obsersed to
undergo numerous Mstomoses (Fig %) These hyphal fusions do
not result m the apparent formation of any specialized structures

Within 7 to 10 days after growth commences but dependent
upon the medium conditions ind struns  sporulition begins
These spores recogmized as hang alenrospores (32) are of two types
mcrocomdin and microconidin The macrocomdia e typreilly
Jarge tubeiculite sphierical to pyvnform spores rngimg from 10 to
25p in diameter  They are formed 1n the ienal portions of the
mycelnm enerally 2t the end of short pedicels but may be sessile
or formed 1t the end of long hyphae The tubercles m1y be 1 or 5 to
8 1 length (10 32 48 50) (Fyg 1) It s thus tuberculate spote
which serves to identify the fungus as H cipsulatum

As deseribed by Howell (32) the Jarge aerial spores begin their
development as bulbous enhrgements on the ends of latcrat
branches These brnches may be stmple with 1 single spore on the
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end or diside mto two to several short branclies hiinz 1 sinle
spore on the end of each brinch or one to several produced 1cro
pettlously and directly on a short brainch  As these spore imunls
ncrease 1n size they cut off from the rest of the hyphae by 1 cross
wall near the base become spherieal to pynform m shape and the
wallsgradually mcrease m thickness

The character of the spore wall vanes greatly and 1s dependent
upon the strun exaimined the medium uscd or the part of the
mycehum 1 which 1t 1s produced 1e  1enl or submerged In
addition to tuberculate and smooth mcroconidia there are forms
having only several large bulbous or convoluted swellings or num
€Tous Spiny or warty projections (48 32 50) (Fig 4) The prepon
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dermnce of smooth walled macroconudia has been noted deep in the
mycelinl mat next to or imbedded i the 1,20 (32 18 50) Certnun
spores formed 10 these regions present 1 halo of substanee stinound
mz the body of the microcomdium nd hwe been clled
nmymbaspores (52)

The eniet sunetnse M ehemsol nature of th projecions B
not 15 yet cleardy defined  N\egrom (50) believed the walls of the
spores nd the mycelium to be composed of callase lthough Niclson
and Fvans (52) did not find cllose or eellulose m the sheath of the
recent nymbospore  Debve Schierre dingrams of the mycelum ind
veast phases of the fun,us hse shown the walls ta be composed of
< There 15 no evidence of celludose or my hr by polyman
substance in the membrnes (b)) Moore (19) believed the pro
Jecuons to be devord of protoplaam wharens Dowding (1) has
deseribed them s Liollow extensions contnning, <ol ¢vtoplism In
view of the homogenaty of staning obtmined with Atk shne metind
ene blue cotton blue and penoadic acid Schff stuns and the vanety
of forms of the projections exhubised by the same strun i 1 ghen
cultire and effect of different medsaon these forms 1t would 1ppear
that the tubercules of the macrocomdiun 1re formed by the exere
tion of 1 metabohe product throuh pores m the celi walf of the
spore The macrocomdin themselyes become filled with fat Jlobules
which may 1ppear to be endospores but whose composttion s reachiby
recogmzed when adequte [t stuns are used

Cermimntion of the microcomdium may be induced under
different conditions depending upon the strun (33) It may take
place readily by simple moculition 1nto broth media (32) or may be
mduced by drymg on <corer shps for four to s days 1t room tem
perature and then i erted onto a2ar medin (17)  Negroni (50) suc
ceeded 1n inducing germinition only when he sonked spores
solutions of trypsin or paprm for 24 hoursat 37 C germination was
obsersed after 16 drys  Germunition occurs with the formation of

1 Smooth valled and 1 inge! macrocomeh (1 ctophen 1 ccton blue—

1000¢) C Macrocanidsa with long and short clavate tubercle  Note cqual

stzed smooth macrocomdia (P A4S stin—1000x) D Spiny round and pyn

form macrocomdia Note large and virtally sohid wmass of spores  (Lacto-
phenol cotton blue~/00x )
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1 single hypha which may branch immediately or which may con
unue 2 short distance prior to branching 1 arge swollen bodies may
form 1t the end of the germ tube mnd these mny agun produce
hyphie As many 15 thiee germ tubes hrve been seen o ongmte
from one microcondium 1nd these alwys 1rose from the sime pole
(82) Once formed the germ tubes grow rapudly form cross walls
become vocuolite 1nd spores dey elop 1n the culture withmn several
dys

The microcontdin e 1n general smooth walled spores sphert
<l pyriform or even aigar shaped being 2 6 1n dinmeter sessile
on shote stalks or produced termunaily or in dense clusters on
exttemely fine hyphie the latter being less than 1 micron n dn
meter (F1g 5) Some may be double celled or have buds such cont
dia ue cipable of produung one or more secondary miciocomdi
(19 20) Upon closer examination one can often obserye in 1 culture
asmll munber of microconidial forms which duplicate the morpho
logieal charcteristies of the various forms of macroconidin with the
exception of size (Fig 5)

\ccording to Ne rom (50) a microconidium has but one nu
clens During the formation of the mrcroconidium 1 nucleus of the
mscelial element fiom which the spore onginates stretches nd
penetrates the spore mtial  The nucleus then divides one Inlf
remunin, m the hyphal cell the other half going to the microcont
dium  The nucleus 1s small ind has 1 excentric nucleolus which
my be demonstrated with 1 non hematoxyhin stun A nuclear
membrane s present but no chromosomes were observed The
Inige tuberculted spore has not been studied

1t 15 emphasized that sporulinon by Histoplasmn capsulitum
1s dependent upon the str un of the orgausm upon the medium on
which 1t grows and upon the environmental conditions of the
cultize  Some struns will sporulate so rennily forming nothing but
well defined lrge macroconidia that at the nume of mixanwim
sporuhuon the mycelium appe1rs to constitute but 1 small friction
of the total vegetition (Fig 4) Other strams will form great num
bers of microcontdin 1nd few 1f my migroconidiz In many struns
there 15 1 s1ze and morphological differentiation between microcom
drum and macrocomdium  In other strans however the gridation
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Fig 5 Macrocemiia of Msoplanma ) wlotum 3 € o appearanie of
microconifs (F.A S stam- 0x ) B Vanou forms e f mcree mdia Note
Yoiled dmae sepeue spurs and serrucne rms (P A4S run~ 100

of s17¢ of the spores pro_resses so smoothiy trom narrecondim o
mrcrocomdinm that no sed desteneton cin he made between the
o forms Tt woukd rpperr e iy chese atar struns i o
comdunn s hut m nomnne auctocomdaam (3210 A s
which ma form tubeddod sporgs on onc medim nas form smooth
spores oty ) sceond medinm

In qencral bonever o the small spore whadh predonunaes
Corad and Furcofow (12} observed that the vast majouty of the
spores of 11 styans were fess th op m dimetes Sumiar vesules
were obtuned with fite of these same stuns by Helmbrs bt ind
Larshi (31;  Fhese results tre canststent with a theots of anborne
mfectiony m Wstoplumunts seace prtndes Qrerer than oy rareh
yeach the alveoh (8)

From a dngnostic standpornt it s parucairly fortemate that
srttally all of the struns form the charetenstic macroconidium
on primary solation from clinieal maternt However few of dhe
spectfic factars respansctile for the loss of sporulation on contintied
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cultuvaton 1 the Inboratory are known The addition of whole
blood and temperatures gieater than 32°C inhibat sporulation (3%)
The effect of 1 relntrvely high temperature may be due to 1ts inhibt
tionof growth Similarly the fact that some strains sporulate better
at pHsrangmng from 6 5 to 7 5 may be correlated with greater growth
of the fungus 1t these pHs (34) Howeser better sporulation is not
always a result of better growth Negrom (50) has shown that
sporulation my be greatly affected by the carbohydrate or nitrogen
of the medium For example 1n 1 glucose medium source aspara
gne supported best growth (+++) 1t room temperatures but only
mcrocomdin formation hNO; ghve less growth (+) and many
smooth and rough macroconidin with microcomdia (NH,) SO,
guve (1) growth with only smooth macroconidin and microconidit
and when no mitrogen source ws added he found abundant micro
conidi 1nd 1 few smooth macrocomdinwith (+) gronth
Subsequent to the demonstration by Fnmons (26) of the
natural occurrence of macrocontdir m the soil imestigations by
other workers have shown the reltine lugh occurrence of Histo
plasma 111 soils associated with chichens (82) The chickens them
selves are free of the disease Unfortunately analyses of certan of
the physical and chemical characters of such soils did not reveal g
marked difference between soils contuning Histoplismi and soil
from which the fungus could not be 1solated (83) The factois
stumulating growth and sporultion i such souls are as yet unknown
The spore 1s resistant to drying and will remun vi1ble m dry
so1l for as long as four years (58) They 1re resistant to 1 temperaturé
of 15°C for 30 minutes (17 50) Other struns suspended m milk
were resistant to temperatures of 62 to 63°C for 10 minutes (€]
Kao and Schwarz (36) tested 7 struns for their resistance to heat Al
struns were hilled at 1 temperature of 50°C for 1 hour or at 1
temperature of 60°C for 5 mmnutes There w1s no correlation of
pathogenicity with reltine heat resistaince The spores will survise
as long as 600 days i water 1t # C but rapidly undergo 1 decrense
1n viability 1s the temperature 1s mcrewsed to 37°C at which the
mixamum survinal time was 62 duys n tap water (11 60) Spores
exposed to 1/1000 or 2,1000 formrldehyde for 21 hous did not
survive wheleas occasional spores surined these dilutions of

phenol (50)
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However vnbihiy of the sporc s 1 function of the mediam
used for deternunation of colony counts  Grayston et el (28) ob
tamed 155, viable spotes when the spores wae plated on corn mead
agar 2997 on Sabourind sa o and 124, on blood v Larsh et al
(10) used four struns of Histoplisma which hd 11 1o 8057 viabnlity
of therr sporces 16 mesured by tolony counts In mice howaver il
strans produced 1009, infections even though small numbers of
spores were used  Ayello md Runyon (1) obtuned infecuon with
91 and 100¢,, of the single tuberculte spores wlhich they mroduced
mto the "bdomen of e

1n general the myeeliat phase of the ongiism 1s not found m
the tissues Honever on one ocerston Haley {29) observed i phac
and tuberculited macroconidin an sections of 1 necrotic lesion of
the liner ol amouse which hnd been imoculated wath the veast phase
The lestons had erupted through the eypule of the wer Binford
{5) points out that mycelnl elements occur 1 the sites exposed to
Body flinds ind those sites most distaint hom vinble tissue (Lig 10y
Usully the mycehal ind swollen foyms are found m nssues eceur
i, n old necrotic lessons In two cases wath vilvular lestons
exubermt mycehinl gronth occunied on or near the surface of the
thrombus (2)

Physiology of the Mycelial Phase  The optimum pll found
forgrowth of the mycelinl phasc on 1synthetic medinm w s approxe
mately pH 65 (33) At pH 55 to 6 5 consuderble acral mycehum
and macrocomdin were formed on this medsum wherers 1t pH 77
10 86 there was hittle or no 1ernl mycchum nd sporulition was
neghgible At 37 C on Sibouraud s broth the optimal growth of
5 strains occurred at pH 6810 6 9 (13) The opimum temperature
for growth rnges from 25 to 30 C 1nd temperntures greater thn
32 Care usually mlubitory (33) Based on optical densits mesue
ments a generition time of 1pproximately 12 hows has been ob
tamed at 25 € onshikeculture (56) A high humidity 15 recognized
as usually being benefictal on agar medin A 100%7, hunudity was
requured to obtain mycelial growth on elm birk 1t 20 1o 25°C
while no growth was obtamed at these tempertures at 989,
humidity (#5) The organism 1s a strict aerobe and growth will be
wreatly inhibited by merely stoppering the cultuie tube with rubber
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stoppers or by growing 1t beneath the ngar smfice (17)

The fungus will grow very well on 1 vuiety of synthetic medin
or media containmg gross plant o1 ammal eatricts To date few
vitimins have been obsersed necessiry for giowth  Area 1 eao and
Cury (2) found one st1un of three which requtred thramn for
growth Scheff (68) obtained no ,rowth on the second transfer
the 1bsence of thramin and reduced growth in the absence of ribo
flavin biotin 1nositol miacin or pantothenate Salvin (66) found
a sigle strain of six tested which requued htoun for mrxumum
growth when alinme was the only nitrogen source However Pine
(26) observed no diminished grow th when the mycehal forms of 12
struns were Jrown 1n the single or combined 1bsence of vitammns

Salvin (66) found no single amino 1c1d was required for yrowth
Furthermore thesixstiuns tested grew well on 1spartim acetunid
and glucosymine 1s sources of nitrogen In addition to some of
these nitrogen sources Negioni (51) presiously had reported good
growth on hisudine cysune ure1 and peptone with hisudine and
peptone supporting the best growth  The earler 1esults of Ne,rons
reqarding the effect of nitrogen source on sporulation hive been
mentioned above

Of the carbohydrate sources glucose 15 perhaps the substrate
ol choice Negrom (51) found excellent ,rowth on glucose gilic
tose mannose and manmtol with one strun and less growth on
maltose lactose rafftnose trehalose dextrtn sorbitol mulin so
drum oxalate sodium tartalate and sodium utrate Sodium acetite
dud not support growth Scheff (68) obtaned the folloning dry
weights of myceltum with varous sugars glucose— 164 mg mnltose
—387 mg galctose—55 mg lactose 183 m, sucrose—20o mg and
starch—70 mg Turthermore only when glucose w s used 1s 1 sub
strate did he observe aaid formation  Using 3%, solutions of the
various sugars 1 Durham tubes Negrom (50) obserscd no 1aid or
g1s formation with glucose alctose fructose mannose lrctose
maltose sucrose raffinose mulin orstarch Iowever Howell (34)
has observed acid formation from glucose sutfictent to loner the

pH from 6 > to 48 The final pI formed was found to be 2 function
of the 1mmno acid to sugar ratio the stmller the rtio the less the
dropmn pH The results indicate uuhization of the wmino 1ds for
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grontlind energy with the subsequent relerse of anmeanr Schelf
(68) found that the fungus 1educed the munde nurogen of wprt
e stunly 2t first ind more sypidy faer The wmno maen
frrction of the molecnie v s adso refosed Crowth w s stmnlated
by sucatc ngd fumane acuds wath fumarne being the heer of
theess Sumubiuon m the prosence of phucose was merely wdditive
Pine ind Percn b (H7) obseryed sumulion of imveelnt grovth with
dplinketoglntune weud md minbion of myeelntgronth b ctre
Fhe mbubution by o1 te was appncutly due to chielston of essen
td metds since the addition of Clciam or maneaum stlisteversed
s defect

The myedind phse bgmfies gl very dowh it dl docs
not wtich cellulose does nor ndrolyze Jhnunun hets no 2ction on
mil duacs not foim hydrogen sulfide wetom oy dale bue does
reduce nitrates (o mnes md Indiolyses Tus (50) Starch s not
hydrohvzed

It s scen thae hutde 1« hnown remirding the maabolsm md
metahohc pithw s of the mscelntstyge Howover fiom the mfm
manen or lrtnd st would tppen that this phase of the ergamsm has
htde proteolyue wtrnsts wd that st primary source of energy fon
wionth comes from the osdran of su s or dievsboxs hie acsds
atthon h free immo rwads mn tha e used Although 1t 1s 1 reed
thit the mycelnt plise s readils grown 1€ 25 € on 1 vimen of
weder with relatnvely fen nunnoml cquuemncnes the need for
wdditonat yrowth fictos 1 37 C s strong by imdicnted (13 70 71
Houwever gonerbizations should be hmued for eveh stram his us
onn pectthrar chiracteristics vearding s sporuliion nutrition
1equirements responses to temperitime md other emyvuonment!
condiuons

Conversion of the Mycelial Phase to the Yeast Phase  When
DeMonbreun first solved H cipsulrnum ke obscrved thit toth
mycelnd wnd ye st phitse doments gres n the ifusion broth inocu
fited wab the chniedd maennd (70 If the yeust phase w s then
tiunfened from the broth ta blood wu wibes ind munt nned at
47 € atwauld gow and eould be muntuned w che absonee of the
nmyccdid plise Howeser to converr pine myceltd stack cultnres
10 the yeust phase 1t w1s pucessuy for DedMonbicun to mocadte



54 HISTOPI {SMOSIS

awntmals and 1gain 1solare the yeast phaise on blood agar plates 1t
37°C Negrom: (50) n attempting to stmulate germmation of the
micocontdium soaked the spores i sodmm hydroxtde and sodrum
borate solutions  He observed that when his suspension was treted
with 0 5% sodium borate for 21 hours 1t 37°C then washed to
remove the excess borte and transferred to blood agar yeast cells
were formed after 12 daysat 37°C  Conant (10) reported consersion
of the mycehial phase to the yeast phase in vitio by streahing the
myceltum on blood agar slants mcubated at 37°C with pralfm
seils Comversion occurred 1n 7 to 10 days  Gampbell (9) described
the conversion to yeast phase by transferring every two to three days
on praffin sealed tubes of the Franas glucose cystine blood agar
medium The cysttne was apparently the additional factor respon
sible for the incresed case of conversion  Thereafter, other mvest
gators teported vuious procedures or medin for obtiining
conversion to the yeast phase (39 41 58 75) Titsworth and Grun
berg (75) were the first to recognize the value of an msprss ted egg
starch medium for comversion of myceltal phase to yeast phse
Usin,, thewr mediim they were 1ble to convert 23 stramns to yest
phase n one or two transfers Because of 1ts ese of preparation the
Kurung Ye 1n medium (39) 1s perhaps the most useful of the con
verston medit Thus medium will generally give pure yeast phise
after several transfers 1t 37°C and 1s 1n excellent muntenince
medium A small amount of nutrtent broth may be added to
mousten the slint and to sumulate yeist phise growth  Larsh et al
(#1) described the successful consersion and muntenance of Histo
plasma m HeLa cell tissue cultures

The factors mmvolved m snducing the comversion of the my
celim to the yeast phase in living tissues are not knouwn  Although
converston of the yeast phise to mycelal phiase will occur very
readily by merely transferring the yetst to 1 non blood mediym 1t
25°C comversion i vitro from mycehal ph1sc to yeast phase 1s still
mduced with great difficulty  Some strans will resist 11l efforts to
obtamn such 1 conversion  Inoculation 1nto 1 susceptible animn)
howesver 1s virtually 1lways a successful method of obtuning the
yeast phase (10)

Recently some of the fictors involved i converting the my
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cehial phise to the yeust phase were investited (08) Sausfaction
of yerst phase growth requizaments 1s not sufhiaent muself w
induce comyversion For exmsple 1 blood mediim winch supports
a good rte of growth of ve st phase my ful completely to mduce
comersion  Continued transfer of the mycddinl phase of such 1
stain at 37 € wmewdy promates bater mycell growth at tlus
temperiture On the other iand the inspissated eg., stirch mediem
may sumulate converston of myceds s phase to the et phase even
thouli the rate of growth of the yeast plise 1s slower ind more
ayprcal on thns medinn than on blood g medin (08 22y A
temperature of 37 C 1s generlly wsumed to sumulite comersion
to the yeast phase by inlubnung, the growth of the mycddinm: How
ever Myers and Sherwood (19) hive reported comersion to the
yeast phaseinatree hog muntuned w25 € Pincand Pewock (0%)
obtained conversion with some strunsat 3¢ Cinvitro Inaddinon
chelating agents such s curic 1ad gheas ] lycane or versene stunu
Tated comversion of the mycelinl phase o the yease phase Tt erlaum
1ons were added to the medium the atrate cffect could be resersed
and good mycehnl yrowth would occur 1 37 € while the wddinon
of magnesium or 7ine 1ons stmulated the comvetsion to and gronth
of the yerst phase of several strmms - Tven thou, b the effects of 1
temperaturc of 37 € and chclation of metal 1ons by serum albumn
aitrate and other body substances might be visualized as occurring
1 the ammal body 1t ss probable that other factors more important
than these are respunsible for hmiung mycednt growth m the am
mal and 1n sumulatng comersion 1o the yeast phase

The morphological sequence of events which lead to the for
mation of yeast phase in tissue hve not been dlearly Aucidated (46)
Ingeneral subsequent to the introducuion of the mycelial elements
mio the antmal one obscries only pure yeast phase 1n the tissues
Sometimes the ungerminated macrocomdin or mycelial elements
may be found at the site of the moculation (16) but mycelal growth
stself occurs rarely and usually under the speaific condittons de
scribed by Binford (5) However 1n vitro the cclis of the hyphae
may undergo the series of mot phologic 1 (hanges to form yeast hike
cellsasdepicted i Figure 1 The mndivadual cells swellin the center
but reman constricted at the cross walls unal momhiform chans
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are formed These fragment easily forning indiidual oblong
yeast ike cells which then bud usually at exther pole but occa
sionally from non polar areas Dowding (19 20) has observed the
formation of yeast cells from the various mycelal elements At
37°C the microconiditm was seen to enlarge and form a thin walled
yeast cell with granulir contents Although the formation of yeast
cells from the tubercles of the macrocomdia w1s also reported this
has not been conftrmed It appears therefore that the yeast cell
may also be formed by budding of the hyphal cells or microcond
or by germmation of the spores with the formauon of short germ
tubes  The latter form the yeast cell by direct budding or from
moniliform hyphae

THE YEAST PHASE

Cultural Charactenistics of the Yeast Phase Ol the vanous
media which have been described for the yeast phase (9 65 67 75
81 39 42 7 58) those media contuning whole blood are recognzed
as betng of the greatest gener1l laboratory value Tor thisreson the
factors responsible for good yeast growth on blood agar media
should be noted

DeMonbreun (17) observed that drying of the medum caused
many yeast colonses 1o revert to the mycelial phase and that a high
degree of moisture maintamed by sealing the tubes with paraffin
could prevent this However witha fresh 1 5%, agar medium suff)
cient mossture 1s present and st 1s not necessary to seal the tubes if
the incubation periods are to be of approxunately one week dma
tion A temperature of 37 C 1s essennial since lower temperatures
stimulate conyersion to the mycehal phase

The value of cystine n blood media was indicated by the obser
vation of Campbell (9) and supported by the work of Salun (66)
although good grow th of the yeast phase on a blood agar medum
may be obtained mn the absence of 2dded cystine (12)

DeMonbreun also emphasized the need for small amounts of
serum to mutsate yerst phase growth m mfusion broth at 37°C
Subsequently useful laboratory medit contaiung albumin or
serum have been described by 7arafonetts (81) and Bonorden (7)
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By fracuonating the components of whole blood Melschar (41)
ohserved that sessm Alhuniu remosed toxse Tctors w g medn
which mtulnted the gronth of the yest phase  Tme (51 5% pre
sented evidence that bumm muntuned non soxic concentrons
of lang chan fty acuds which sere 2lsa reqinred for gronth of
small numbers of yeast cells

The whole wnble ved cedl was found 10 be regured for the
mramum beneficr] effect of 1 Blood mediam Plasns by pselfl
gave only 1097 of the total sumul stton of whole bivod wshed red
cells 529 and the veconststuted blood ge 937 of the rctivay of
the whale blood  Whole blood heated for 15 minutes at 100 €
i not suppart grosth of the yest cell nd the widinon of hsed
redeelishad only 2107 of the actis ity ol whole blood an the presence
ofserum (535) Honever 1sdiscussed erlier ¢senan the presence of
whole blood colony counts obtuned wath 2 small number of yeast
cellsincubued 4t 37 € willgenerstis be substaitnatly less than those
obtainedat 25 € (35 98 55 80)

In generyd the use of the Framy blond glieme cystine me
drym prepared as described by Rowley ef al {61} wall support vas
factory growth of yest eubtures 1t 37 C However seserd fots of
the beef hiewrt infusion hase should be tested if the mednem prepared
does not give the desired results Some lots of commiercsal or freshly
prepared base are strongly mbitutory 1o the growth of the yest
phase and the growth obtuned will be centboform wralled or
granular with 1 substimisd amount of mycelial phase present
Stmfarly blood which s black with age pirtindh fysed or which
has presessatnves should not be wsed  Blood whnch 15 defsbrinated
or eitrated 55 sausirciory  Of many media tested Lntmwm (32)
found that 2 ner spleen extract medum with whole blood sup-
ported the best gronth nd development of olomies from smnll
numbers of yeast cells

When translerred to freshly prepared bload glucose cystine
agar slants and meubuted ar 37 C the yerst phase growth wilt
appear on the second or third dy 15 white or eream colored round
convex colonies These gradually mcerease tn stire and coalesce form
g a mosst yased butyrons growth whose surface may be rough
to granular or very mucord {Fig 6) Maximum growth is reached
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Fig 6 Yeast phase of Histoplasma capsulatum Two types of yeast phase
gronth obtained by dilferent strains of H eapsulatum incubated on Franas
medium for 5 days at 37 C
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on the soventh or eighth iy Subsequently the culture becomes
darker Assumin the red brown or chocolate calor of the medium
On 1 Blood medim which supports good growth of the yeast phse
Irequent trnsfers need tot be made to mamntun stock cultares
Tistead the colnres ) be snenbated a1 37 C for vsufficent ume
to aflow Bews but not mwamal growth md then trnsferred to 1
5 C refrigeritor where they my be stored for 15 lon,, 13 1 month
without lossof valnlits o diinge mn phase

Sumalarly one may use the hurung nd Yeguan (39) (or Tus
worth and Crunber, (7)) insprssated egg and stirch medium for
muntenance of stock veast cultures 05 mi of nutnant broth ¥
added 10 wunt un mosture md yest plitse growth occars withm
B0 9 deys usurlly just thove the fhnd hine When stored 2t ¢ €
on this medium 1fie 1erst was Jound 10 be viible after 9 wonths
wihile those stored 2t room temperatures were viable 1t 3 months
A which tme they were discuded  Inaddition this meduam mas
be used 1o camvent the mycehnl phse to the yewst phase In some
cses severt trnsfers iy he required to obtan yeaut phise prowth
devord of mycelid elements

Morphology of the Yeast Phase  The yeast phuse cells of young
culwares e oval bodies which are sppro<imnuey 5 10 20 by 30
w035 (1, 7) Inunvely growming cultures one pole of the cet as
pomnted huds my be formed at enther pole wid i some cses bk
formauon ts ol As wany as three buds mvy be formed sumul
taneously from 1 stnyle mother cell. The cells it dly apperr round
or oval but elongned forms swollen forms and dumbbell shaped
cells are not unusual Cells have 1 fime cell wall within which small
tefractite otl draplets may be observed withi one or more gr tndes 1n
acme Brownim movement  In prepartions stuned suprinanily
with diiute methylene blue the protaplasmuc aranules stun ven
ntensely reveahin, one ot maore vicuoles  In stied prepiritions
the nucler of the cells usualtly appear as peripheril crescent shped
masses {17} The single nucleas of a buddmg celt approximates
1wself near the bud constuicts and divides wath one half somzto the
dnughter cell (0} A halo bout the cells my appe st to be capsular
substnce but dilute mdinink prepantions or Hiss capsule stamned

preparations do not revert a true capsule (10) khigman and Bald
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Fig 7 Yeast phase of Histoplasma capsulatum from blood agar slant
{Methylene blue vital stun—1000x )

nidge (37) using the electron microscope were unable to demonstrate
the presence of a capsule 1n vitro or n fissnes  Rabr and Salvim (59)
also were unable to find any electronmicroscopic evidence for the
presence of a capsule on cultured cells although their methods
allow ed e1sy detection of the capsule of Cryptococcus nesformans

In cultures which are a week or more old large swollen forms may
be observed which are from 2 to 3 times the s1ze of actively growing
forms and which possess a thick wall 1nd one or more Inrge internal
glubules of fat These forms are resistant to drying and my remun
viable for 2s long as two months at room temperature They will
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Fig 8 Yeast phue of Histoplisma crpsulatum from impression smear of
spleen (A Wright stain—1000¢ B W, bt stan—1800x )
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Fig 7 Yeast phase of Histoplasma capsulatum from blood agar slant
(Methylene blue vital starn—1000% )

ridge (37) using, the electron microscope were unable to demonstrate
the presence of 1 capsule 11 v2t70 or n tissues Rib1 and Salvin (59)
also were unable to find 1ny electronmicroscopic evidence for the
presence of a capsule on cultured cells although theiwr methods
allowed easy detection of the capsule of Cryptococcus neoformns

In cultures which are a week or more old large swollen forms may
be observed which are from 2 to 3 times the size of actisely growing
forms and which possess 1 thick wall and one or more 1ige mnternal
glubules of fit These forms are resistant to drying and may remun
s11ble for as long as two months 1t room temperature They will
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withstand a tempertture of 45°C for thirty minutes but are Lilled
when subjected to 55°C for this period of time (17)

Yeast cells observed 1n tissues 1re somew hat smaller 1n size than
those observed 1n culture  Depending on the stun  the tissue forms
are from 1 to 4u 1n diameter and are surrounded by a defimte halo
suggestive of a capsule  In light of the results of Kligmn and Bald
ridge (37) and Ribiand $alvin (59) this capsule 1s comldered to be
an arufiact resulting from the shrinkage of the protoplasm within
the yeast cell wall (5)  When stamed with Giemsa or Wright s stamn
7 pale hght blue ring surrounds the darker blue of the cell proto
plasm (Fig 8) The violet chromatin matenal appears as 1 oval
half moon or crescent shaped mass within the center With the
hemtoxy lin eosin stain usually only the granular appearance of the
central protoplasmic miss 15 observed within the halo nd interm!
structure 1s not observed Stuned with the periodic acid Schiff
stamn the cells appenr as round or oval cells with extremely fine and
delicate cell walls (Fig 9) The cell wall t1kes 1 ight pink or purple
stain  Within the cell the central protoplasm ppears as a sohd or
finely outhned mass which duplicttes the external shape of the
organisms  Within the protoplasm heavier statnmng material may
appenr as 1n eccentric hemispherical oyl or crescent shaped violet
or purple body Although budding 1s rarely obsered with the 1bove
stains 1t 1s more eastly observed when the Gomor: modification of
the silver nitrate methenmine stun 1s used (3)  With this statn the
puiple black to blck outhne of the fungus wall stands out 1n strong
1¢hef igainst the back round ussue wnd duplicates the morphelogy
of the cultured yeast phase

Larger forms of the fungus described by DeMonbreun in old
cultures hve 1lso been found extracellularly i old necrotic tissue
(% (Fig 10) They stun poorly if 2t 21l with hematoxylin and eosin
but will stun well with the periodic acid Schuff and the Cridley
stamns  Althon,h they retch the size of 15 to 20u 1 dimeter Tietke
nternal structure 1s seen with any of the stuns Schwarz (73) ob
seryed such Inrge forms m tissue which had been incubated at 37°C
on blood agar plites

Large forms of the yeast phse hue been noted 1n culture since
De\onbreun 1solated the organism and 1n general hboratory dis
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many yeast forms lrger than those observed with H - cpsulitum
Subsequently the number of dubotsu forms sncresed until at two
months after moculation this form predomnate  Subsequent con
version of the mycelium to yeast phase on the hurung and Yegian
medium showed thit 1 general the yeast eedls of H duboisn were
lrger than those of 1T capsulatum with many forms 13 to 15p m
dimeter (24)

Of the vartous eniterr (78 79) used to distmguish H duborsu
1san entity separte from H - capsulatum two apperr to be of most
value First the duboisu form 1s reported to be pimanly intra
cellular 1d not restricted to necrotic wes as reported by Binford
(5) for some luge forms of H cpsulatum  Secondly the Jarge

dubost form s the only recognized parasitic form tn man nd s
also the only one to be found 1n \mmals some weeks after moculr
tion In addition there appears to be a defimte morphological
difference between the large wrregular forms of 11 capsulitum
found 1n tissue and those of H duborsit Drouhet and Schwarr (21)
were unble to separate H dubotsu and H capsulitum following
studies of morphology and virulence m mice and hamsters or by
gross appearance ratc of growth ot pigmentation on various medin
(22) Later the results of histological studies done on mice and
hamsters experimentally infected with 1 strun of H duboisi were
1n agreement with the results of Vanbreuseghem (77) and the or
gamsm could be differentiated from Americin stratns of Histo-
plisma on the basis of 1ts virulence ind morphology in ussues (Fig
11) The fact that 15 known or potentially recogmzable cases of
Afrrcan histoplasmosts have ocenrred (77) emphasizes the import
ance of H duboisu as 1 possible new species (43 71)

Physology of the Yeast Phase  Growth of the yeast phase 1s
strictly rerobic (17 51) and in 2 hqud medsum the rate and amount
of growth m stagn ite tubes 1s much less than that obtuned i shike
tubes using the ssme medtum  In iquud shike tubes the generation
time may range from 9 to 11 hours under optimal conditions (58)
while on blood agar media the generation tume sarnies from 6 to 8
hours (62 55) Rowley and Huber (63) inoculated mice with non
lethal doses of the yeast phase hariested the mice 1t various time
ntervals 1nd made total colony counts from the various tissues
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Fig 10 Yeast phase of Hustoplasma capsulatum A Guant forms at edge of
necrotic area of thrombus aortic valve B Grant forms bumbell forms and
mycelial elements deeper within necrotic area  (From Binford C H  Histo-
plasmosis Tissue reactions and morphologic vaniation of the fungus  Am J
Clin Path 252536 1955 Courtesy of Armed Forces Inst Pathology

Washington D C)

cusstons are sometumes referred to as degenerate or grant forms
Dowding (20) Weed (80) Schwarz (78) have all emphasized the close
resemblance of these heavy walled forms to the yeast cell of Basto
myces However recently these forms have been given a new sigmhbl
cance since they are believed to be a true tissue phase in the life
cycle of a stramn of Histoplasma 1solated from African Histoplas
mosts (23 24) This 1solate has been nimed Histoplasma duboistt
Mycologically the mycelial form of this fungus 1s identical to
and can be duplicated by any stram of H capsulatum Howeser
1n the lymph nodes of a patient from which cultures were isolated
the yeast cells were ovord 10 by 13 54 1n size They had a double
wall 1 to 2p thick and contained a svery lar,e amount of fat as a
single perfectly round globule or as numerous small globules wlich
filled the cell almost completely Numerous budding cells were
also observed 1\ hen 1noculated ntratesticularly mnto Guinea p1gs
numerous capsulatum forms of the organism were observed after
8 days At three weeks testis punctures reveiled the presence of
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many yeast founs Irger than those observed with H eapsultum

Subsequently the number of duboisn forms increased until at two
months after inoculation thus form predominate  Subsequent con

version of the mycelium to yeast phase on the hurung and Yegian
medium showed that i general the yeast cells of I duboisi were
farger than those of H capsulrtwm with many forms 13 to 15
diameter {25)

Of the vanious critery (78 79) used to distinguish H duboisnt
asan entity separate from H capsulatum two appear to be of most
value First the dubotsit form 1s reported to be primanly mtra
cellular and not testricted to necrotic areas as reported by Bimford
(5) for some large forms of H capsulatum  Secondly the large

duboisu form s the only recognized parasitic form in man and 13
also the only one to be found sn anmimals some weeks after moculr
uon In additon there appears to be a definite morphological
difference between the large irregular forms of H capsulatum
found 1n tissue tnd those of H dubotsu  Drouhet and Schwarz (21)
were unable to sef H dut and H capsul following
studhes of morphology and sirulence 1n mice and hamsters or by
gross appearance rate of growth or prgmentation on various medin
(22) Later the results of histological studies done on mice and
hamsters experimentally infected with a strun of H duboisit were
1 agreement with the results of \ anbreuseghem (77) and the or
ganism could be differentiated from Amernican strains of Histo-
plastma on the basis of us virulence and morpholoyy 1 tissues (Fig
11} The fact that 15 known or potenually recognizable cases of
African histoplasmosts have occurred (77) emphasizes the mmport
ance of H duboisitasa possible new spectes (43 74)

Physiology of the Yeast Phase  Growth of the yeast phase 1s
strictly aerobic (17 51) and 1in 2 liquid medium the rate and amount
of growth 1n stagnate tubes 1s much less than that obtuned 1n shake
tubes using the same medium  In liquid shake tubes the generation
ume may range from 9 to 11 hours under optimal condiuzons (58)
while on blood agar media the generation tune varies from 6 to 8
hours (62 55) Rowley and Huber (63) jnoculated mice with non
lethal doses of the yeast phase hariested the mice at various time
mtenals and made total colony counts from the sarious tissues
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Tig 11 Tusue phase of Arican steam of Hiscoplisear duboss n hataster
liver  Large et cells wothan giant ol Magorty of cells are larger than
W ANate budding celh av the left ind at the tap of the lieckd  (Lounayy
Schwre and Drouket Marphologic features of in Afnican stran of i to
pluma i hunsters ind ;nce IS4 Arck fath 61 100 113 1957)

Fogihmic ronth of the vewt plise wis ofncived e the amals
from the first 1o fowteenth day with m estimated generation time
of 15 to 19 howrs Sinee sn e colonmes nudoubtedly grew from
macrophiges Lontuni, rmny yest cells the gencr ttion time of the
yewt phiase of Histophsm 1an ssnes s probably less than 15 hours

I generl the grawth of the yost phse on blood agar or
serinn medrt owenTs Ot (EgIperatres between 34 and 87°C At
Jower temper s camersion of the yost phase to the mycelial
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phasegenert v aceurs However yeast phsegronth may be mamn
tuned 1t temperntures of 2y € (o6 70)  There has been no report
s to the optimum tanperature determined within small incre
ments for yeast phase growth on a gien medimm  Nevertheless
the results of Scherr (71) su,est tht thus 1s less than 30 € since
~renter amounts of yest phise gronth occurred 2t 20 € Cysteme
w1s required for yeast phase gronth 1t 2o € {71)  Other workers
hae also found that 1 1emperature of 37 € s whibnton to the
yerst phase gronth (o6 13) At 37°C the yerst phase 1s more senst
tine to vitimun deletions thwat st 2 C nd the rates of growth
of several strams are greater at 23 C 1f not equal to those at 37 C
Stlun (60) found that growth of the yest phse at 13 € was tess
than thitobtuned 1t 37 € Negrom (50) found tht the yeast physe
did not survise 1o mmnutes sncubation at 1 temperature of oo C
Therefore 1t would ippear that the value of a temperature of 37 €
fres not i its stmnfaton of the yeast phse growth butan sts imfuin
tion of yest phase comversion to mycelial phase and the subsequent
mhibition of mycehnl phase growth
The opumum pi for yeast phase grouth 1s considered to be
between 65 and 75 Cross ([3) tested the effect of pH on yeast
phse growth n threc different media In Sabownud s broth all
growth wis mycelil regardless of pH  On heef extract broth the
best growth was from pH 700 73 All strawns showed a tendency
tocomertat pH67t0 70 md 751079 Best yeust phase growth
was supported by bramn heart infuston and thiswast pH7 21076
Salvin (6 ) found the mvmum growth of the yerst phase occurred
berween pH 63 1nd 8 1 Onabasal agar medium with added whole
blood the rate of growth of one stran of H- capsulatum was the same
wpH 5 6 md 75 (51 However with serwm albumin substy
tuted for blood the rate of gronth incretsed with ncrease in pH
Vet the numbers of colonies obtaimed from small numbers of yeast
cells were much lower 1t pH 6 5 than at 4 5 The rate of gronth of
the yerst phase on a synthetic medium mcreased from pH 4 5o 6 5
but no growth was obtamned at pH 70 and 80 These results were
nterpreted as su gesting a requirement for cysteine (4)
As a carbon source for growth Negrom (50) found glucose
mannose mannitol or inulin supported the best growth while
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growth on starch was somewhat poorer Fructose galactose lactose
maltose and sucrose did not support good giowth 1nd no growth
occurred on xylose Of several sughrs and polysaccharides tested
Pine (54) found that glucose and glycerol were the best substrates
for gronth of the yeast phase  Small vdditions of organic acids
the presence of glucose did not stimulate growth although the add
tion of pyruvate and fumarate mhibited growth Subsequently 1t
was found that as a single substrate alpha ketoglutaric acid sup
ported a lngh rate of growth of 10 strains By 1tself cutrate supported
good growth of only five struns whereis in combimation with glu
cose a high rate of growth for all strains was noted (58)

Negroni (50) failed to obtain growth on a synthetic medium
with 0 19, amounts of potassium natrite ammontum sulfate as
paragme or peptone as the sole nitrogen source Salvin (66) ob
served extensive gronth of the yeast phase only 1n the presence of
armmo acids or proteose peptone The development of the yest
phase did not occur to any great extent on 1mmonium nitrite
purines urictl ammonium sulfate urea or acetamde On 1 svn
thetic amino acid mixture Salsin (66) w1s unable to demonstrate
the requirement for any single amino actd  However when single
amno acids or tnipeptides were used as the nitrogen source only
cystine cystetne and glutathione supported gronth In the pres
ence of nonsulfur ammo 1cids cystine cysteine methionine
methyl cystine and dI homocystine supported pure yeast phase
growth whereas sodium thioglycolate glutathione diglycylcystine
and NaHS$ supported a mixture of mycehum and yeast Subse
quently Pine (54) obsersed that the miximum rate of growth for
five strains occurred on 1 mixture of g)ummxc acids '!S[)’ITZIHC acd
and cystene In the presence of glutamic and aspartic 1aads meth
1onme would not substitute for cysteine and 1n the presence of
cisein hydrolyzate glutaithione likewise wonld not substitute for
cystemne  In 1 defined medium contumng glitamc and aspartic
acids equal rates and amounts of grow th were obtaned with 0 1and
0059, cysteme wnhile no growth was obtuned with 0 025%,
cysteine  Anslyses for cystetnecystne show ed that these completely
disappeared from the medium during growth  On the basis of
these results the results obtuned with changes m pH known reac
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tions of cysteine with pyruvate (72) ind with fumarate (57) 1t was
suggested that both the mnno el cysteine nd the —SH radical
were required for growth of the yeast phase Scherr (71) has found
that cystetne 1s requured to mantun yeast phise growth at 25°C
The exact sole of the —SH radicil 1n promoting the growth of the
yeast phase 1s not known although this requirement also 1 known
to exist 1n other dimorpluc fung (69 53)

The vitamuns necessary to induce growth of 2 relrtnely large
moculation of the yerst phase wall vary wath the type of 1ss1y used
assay medium and struns tested Salvin (66) demonstrated a general
requirement by exght strmins of yest phase cultures for approxaa
mately 1 0 milhmicrogrim of bioun per ml when ¢ysteine was the
sale source of zen Desttuobioun ot ol t wauld not
substitute for the biotin requirement  Therefore the sulfur in
biotin would appear to be essentinl under these conditions  Subse
quently 1t was found that eight of 11 struns required thiamin
(approximately 0 02 micrograms ml) for maximum rate of growth
1 1 casein hydrolyzate medium one strun required biotin and a
second w1s sumulated by thioctic 1c1d (56)  These requirements
however were not 1bsolute since most of the strains were capable
of continued growth for 1s many as four transfers i the absence of
added vitamins some strains required 3 or 4 transfers before 1y
deficiency was noted  Carbon dioxide has been observed to be sim
ulatory under certnin conditions (65 54) but not under others (55)

It 1s generally reco,mzed that small numbers of yeast cells are
sensitine to external factors and under these arcumstances the
orgamsmas relatnn ely difficult togrow  Phttng expeniments on agar
medin show that when an inoculum 1s reduced to 500 cells or less
few colomes appear at 37°C even though these cells are capble of
growimng as mycelial colonses 1t 25 G (55) Rowley nd Huber (62)
found that the viability of the yeast cell decreased rapidly when
suspended in physiological saline at 25 C whereasat 5 C the via
bility was muntuned for $ hours Sixty per cent of the cells sus
pended in sahine having 0 19, cysieime sull retnned their abiliyy 0

grow 1nto myceliai colontes 1t 25 C atter muntenance for 24 hours
at4°C Only 35%, remauned y11ble 1n the absence of cysteine When
small numbers of yeast cells were inoculated mto stagnate hqud
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tubes olesc wad was required to intite growth of some strains (54)
However when the tubes are shaken no growth wall occur unless
the moculum 1s merewsed to approximately 500 000 rells per ml
(91 71) The factors necessary to inthate growth of smaller mocula
m shaking tubes are unknown  The need for ~SH may reflect the
requirements for a lowered oxidition reduction potenual (71) or
Sseres In some unknown manner to muntan the viability of the ceil
unul growth commences OF the factors which stimulate growth of
the yeast phase Salvin (65) was the first to observe the beneficial
effccts of smal) amounts of agar and silica gel  Subsequently the
vilue of agar albumin 1nd starch have been noted (44 81 »4 64
90 71y Although these may function to bind toxic fatty wads and
mike these aads W ulable for growth 1t should be recogmzed that
these substnces and cysteme are strong metal binding substances
Therefore their stimulation may be a consequence of chelation nd
not 1iesult of detoxification or satisfaction of nutnuonal needs

The vest 1s non fermentative m 1ts growth on carbohydrates
and forms heither acid nor gas from a variety of su,ars The orgn
15m 1educes nirates to nitrites but docs not form 1ndole or acetyl
methy] cartinol  does not hndrolvze starch  cellulose or affect
milk (504

In 1 general way the yeist phase may be descnibed as 1 more
senstine phase than the mycelial phase ind one whose ;row th factor
requircinents we more strngent than those of the mycelnl phase
It1s apparently more adipted for gronthat 37 ¢ Although all the
growth requirements are not known or understood there is a strong
su pestion that the yeast phase s deficient un sts 1bihies to synthesize
sulfur cont uning growth factors simce cysternecistine brotn thir
mun ar¢ the only compounds that have been demonstrated 15 general
requirements fttooisastrong aerobe whuch preferentslly oxidizes
sugars and carboxyhe aads fo growth It forms no extracellular
touns So far there 1s no single bsotute major phystological
crstenion known for distmguishin, tlus phase from the mycelnl
phase with the exception that the yeust plisse s the plise most
capible of sigmificant growth n the mammahs host

Conrersion of the Y east Phase 10 the Mycelial Phase  Conver
ston of the veast phase 10 mycelia) phnse 1s generally accomplished
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by stmply droppin,, the incubation temperature of the yewt phase
from 371025 C Usng shide cultures awd Lan Th hem celf eoltures
at room temperiture Conant (10) desenbed the morphologieal
changes which occutred in comsersion to the mycelinl phase Wathan
21 hours the yest cells becume swollen rexcing asize of 351 5 5
and within 8 hours hnd produced short germ tubes The germ
tubes onginted from the pointed end from both ends md ocer
siomilly from thesides Occasionnlly three germ tubes from 1 single
cell were observed  The germ tuhe soon beeame septate branehed
and showed 1 fughly vacuolate protopism and numerous ;i drop
lets The subsequent davelopment and charcterssties of the my
celinl phase have been desenbed earlier m thas chapter

Rouley nd Pine (61) have reported on some of the nutritionnl
factors concerned 1n the comverston of the yeast phase to the myveehial
phse  The numbers of colomes onginting from 100 cell qgnre
stesof one straun was much less m the Wbsence of calaium pantothe
nite However with three other struns no differences i colomy
counts sere observed n the presence or absence of pwtothennte
Stmular stuches showed tha glutanue aad soleucine lysine pro
line or serne were implicued in the conversion of one or more of
the struns 1 hosphate was found to be mbibuory i the medium
and this intubiion conld be reversed by the addition of starch
These results suggest that the comverting orfism has greater
nutritonl requuements than the subsequent mycehinl phase nd
requirements different from thit of the yeast phise However 1t
should be constdered that this 1s perhips 1 more delicite sy for
nutntional requirements than can be accomplished for the yest
phise growsng as yeast colomes  Such requirements may have heen
fudden by the 1551y methods used for the yeast o1 mycelinl phase
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SAPROPHYTIC RESERVOIRS OF HISTOPLASMA
CHESTER W Farvons

’I;)e sporadic occurrence of cases of histoplasmosis without
evidence of contagion suggested early 1n the study of this mycosis
that there mught be a reservorr n nature from which man was m
fected Darling 1n reportng his discovery and onginal studies of
histoplasmosts expressed the opinion that the microorgamsm (wliich
he erroneously believed was a protozoan) had a saprophytic exist
ence and he searchied for st 1n stagnant water s well as 1n animals (4)

DeMonbreun 1n the second epochal advance 1n Lnowledge
“bout hustoplasmosts suggested afso that  Juaging from sts cultural
charicterstics the siprophyvtic form of Histoplisma capsulatum
probably exists free 1n nature On the other hand 1t 1s possible that
certain nsects serve \s carriers of the parasitic form of the tungus
(5) The predictions of both men were confirmed 1n part mn 1949
by the 1solation of Histoplasma from soil and the demonstration
of macrocomidia of the saprophytic growth phase n the first tvo
positive sotl specrmens (6)

Fannal®y

Fig 1 Macrocomdium of Histoplasma from

ey
}?;\:) Q first posinve s sample

E
PV

METHODS OF ISOLATION FROM SOIL

Vethods used tn isofrting Histoplasma from sosl are based
upon the method used by Stenart and Meyer to 1solate Cocardiordes
from soil (31) Several modifications of this method have heen pro-
posed The methods I have found most conventent and generally
satisfactory have been described 1n the paper sepornng the ongml
soltion of Histaplasma from soil (6) and 1n 2 more recent repott

N3
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of continued imesugations of this occurrence (7)) Bnefly the
method 1s as follons

At a iume when the sotl 15 dry collect samples an cotton stop
peved 25 x 150 mm test tubes by scooping the soil up with the lip of
theube Select samples from soil under the edges of a chicken house
or at any place wndicated 1s the probable source of a patient s ex
posure If the speaamens ¢an not be processed immediately after
coliection store them i the cotton stoppered tubes 1t 1°C in order
to permut further dryin, and to check growth and change in the
microflora and microfauna

Transfer 10 to 15 ml of the sosl to 1 second 25 x 150 mm tube
add 0 89, NaClsolution to nearly fill the tube 1nsertastertle rubber
stopper and shake vigorously for 15 20 seconds  Allow the sohds to
seule for 10 15 minutes pipette 5 or 10 ml of the superntant to a
comical glass or small beaker and add for cach 1 ml of supernatant
02 ml of anubnotic solution (2 mg strey yanand 5mgy
per 1 ml water) Inyect 1 ml of this nuxture intriperitoneally into
cach of 5 or 10 mice  Occastonal sotl specimens contain bictern
pathogenic for mice ind 1f 1noculated mice appear 1l on the follow
ing d1y 1nject an addiional 025 ml of wnubictic solution intra
perstoneally  After § weeks hll the mice and make cultures of
Iiver and spleen by spreading pieces of these orgns with 1 stff loop
over the sutface of Sabourtud sagarslints Incubate the cultures at
30°C or room temperature never at 37 C unless there re special
reasons for ssolating the fungus sn the yeast phase  In this cxse blood
agar or another special medium must be substituted for Sibour
auds Cultures can usually be read i 10 days but should not be
discrrded as negative before 3 weeks

RELATIONSHIP OF ANTMALS TO TIIF SOIL RESERVOIR

The actual 1solation of Histoplasma from soil 6) followed a
systemtic search which was begun in an 1rea in northern Virgimia
where 4 fatal cases of lusmplasmcsls hnd been reported (25) where

d logic studies cond d over a period of years showed that
83% of the general population reacted to the histoplasmuin ntra
dermal test while 41 per cent hd calaified pulmonary lestons (27)
and where naturally acquired histoplasmosis was proved by 1solation
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of H capsulatum m culture from about 3 59, of 2 149 Norway rats
and from 7 other species of amimnals (11 11) Later studies wsing the
very sensitive techmque of mjecting ground medistinal and
Ivmph nodes of healthy dogs 1nd cats mtriperioneally mto mice
wnd culturing the livers and spleens of the experimentlly infected
mice 1t topsy revealed thatin this arer 44 per cent of healthy dogs
1nd cats had bemign histoplasmosis (28 13) These animals are not
reservorrs or sources of Histoplisma in the sense that they trinsmit
histoplasmosis directly to other ammnls or to man The possibilits
that the rare case of fatal c mne histoplasmos:s (1 which Tesions of
the mtestinl mucost 1re prominent) results m 1n effecte seedng
of sorl can not be dented  Certamly large numibers of Histoplasmt
cells are excreted by these 1nimals nith intestnal lesions but the
by of the delicate yeast like cells of Histoplisma to smine
biologicil compenition 1 the feces 1nd to germinate nd cstblish
themselves in soil where they f1ll hw not been proved 1t is not
necessary to assume that such a seeding of soil 15 essential to the hife
avcle of Histoplisma not to 1ts persistence n an endemic aren His
toplism j1ous sparsely on sterthzed soil s the hboratory nd
muntuns 1ts ferulity and viabihity longer on this mediam thn
upon richer culture medi ordinarily used Moreover 1ctunl 1salt
t1ons of hterally hundreds of typical mnd virnlent struns of Histo
plsm from soil conclusively prove 1ts saprophytc growth m soif
or orgame debrnis 1 nature nnder snitable conditions The biologt
il adsntiges of this ability togrow 1s1saprophyte w il be discussed
interin thischapter
It 15 notable that Histoplisma was 1sofated from two other
species of ammals {the roof rit nd spotted skunk) in southern
Georgin where less than 39 of the population react to hustoplasimin
1nd v here Histoplisma bias not yet heen ssolued from soil although
1ts s1prophytic growth 1n soil m1y be assumed here with dmast 1
much confidence as 1 many other parts of the world where wetul
1solations have been reported (12) Dogs and eats could not be
mcluded conventently tmong the speaies of ammnls exmmned M
southern Georgn lthough these species were found to be so [re
quenth wfected 1 Vargmi Where unnanted dogs or ¢ats cm be
collected from rural owners and examined by the vers praduactive
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method mentioned above they provide a more direct sensitive e
reblnble mdey of the presance of Histoplasma m an arer tan de
pendence upon histoplismin: which maw gsve nonspeofie reactions
m man and shows no correlion buwewn derml resctions and
proved bemgn hisophismess mthe dog, (13) Monse passage of doy,
hanph nodes hias been mare productive also than direct samplung of
sl probibly beewse the dog 1s 1 suseepuible host and his cdose
contict with so) makes him an effictent collector of Histophsms
from his ensironment

At the time ssstemane utempts to solne Histoplisma from
sl were beun the only (nde to selection of probably productive
sites was the proved occurtence of listoplismosis i Norway s
tpped on certum firm presmses and assumed to be wnfected from
sotl (11) Therefore soil satnples were taken from rat burtons and
Tunnys found on these [ums which were located 1 2 rurl county
mnorthern Virmin The first positive samples were from mounds
of cliy sl 1t the entrance to 1 ™t burrow under the cdge of 1
chicken house (6) Macrocomdin of I capsulatum were visually
demonstrited i these first positsve samples (Fig 1)

The studres of Zeidbery, et al m Tennessee (31) wd continued
evperience in northern \trguua (718 amphy prosed that it was the
associition with clucken droppings rather than the presence of rts
wluch mfluenced the ocetrrence and distribution of Histoplisma
10 sl on the farm where the onginal solttons were made s well
75 on many other farm premises  Tins associntion has been con
firmed by many mvestivtors (102 16 17 30)  Yeas apparent also
thatatisnot a host parsite relatonship wiuch is responsible for the
association between Histoplismi ind chickens No naturlly in
fected chickens have been found and the chicken 1s not susceptible
to progressive experimental tnfection although it can harbor
jected spores of the fFungus for varving periodsof ime  Tt1s probable
that the single factor of the lugh body temperature of birds pre
cludes the possibility of an 1vian reservorr There 15 no reason to
believe that eithier an avian or ammal reservorr of hustoplismosis 1s
responstble for the distnbution of Histoplasma insml (2 7 21) On
the contrary all the known evidence pomnts to a saprophytic reser
vour of the fungus in soil or orgnic debris from which both men and
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ammals (when exposed and susceptible) are infected

The saprophytic assoantion with chickens need not be imme
diate 1n time or space  Histoplasma has been 1solated from cluct en
coop htter deposited in small piles on an exposed hillnde many
weeks before (7 10) from garden soil fertihized with chicken
manure (20) 1nd from undermneath blize griss sod on the site of 2
chichen house torn down and removed three years previously (7)
Tollow up studies of these maternals and sites to determne precisely
how long Histoplasm can survive under such conditions have not
yet been reported

Not 1l chichen houses nor the soil under and around them
have been found to be contarmmnated by Histoplisma although
stmlar buildings on neighboring farm premises may yield the
fungus  Some attempts to 1solte Histoplasma from commercial
establishments producing eggs or fryers hive been unsuccessful
Whether thus s due to better sanitation 1n the 1 erage commeretal
chicken house to mmadequ ite sampling or to other unrecogmred
factors has not been determined  The 1solations from mside chichen
houses usuaily have been from old ind poorly constructed buldings
or coops with leakung roofs or open fronts which permit entry of
vn so that the litter 1s frequently wet However Histophsmamiy
be 7nd often 15 1<olated from protected reas under the eaves and
nalls of nell bmlt chicken houses 1 good repur and from shaded
and protected areasin chucken yards wnd runw s

SAPROPHYTIC OCCURRENCF NOT ASSOCIATED
WITIHI CHICKFNS

Although the souation between the presence of Histoplismi
1n so1l or organic debris and the presence of cluckens has been shown
1n many studies this association 1s neither necessary nor constant
Histoplisma was solrted repeatedly from the inner walls and the
foundation Jedge nenr the base of an old silo (unused for many
yerrs mun hich birds had nested and from which members of a fairm
famuly were infected winle cleaning the silo (21)  In thus admmrable
and fully documented study serologic tests indicated hustoplasmosts
1n only those members of the household who were exposed to durst
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and debns from the silo the severity of the disese 1n those infected
mncreased with the intensity of cxposure nd Histoplismt was 150
lated from only one of the patients The isoltion of Histoplasmn
has been reported from the suside of hollow trees which were the
probnble sources of mfection 1 children who had plyed in these
places (16 17) from soil i 1 nyver bottom where fishermen had du,,
but from the basement of 1 hawilding i 1 cuty and from the walls
of a storm cellar (16) Histoplismy w1s 1solated many tumes and at
alt seasons of the year from the dirt {loor of » meat house where
home-cured bacon wnd hams were hung and where rat burrows were
numerous 1n the dirt {loor {7)

In an outbreak i Cincnnatt imvolving severt cases of pnen
montis in men eng,ed in cleansn,, out n old water tower in which
pigeons had roosted and nested for many years the diagnosts of
histoplasmosis was made 1n retrospect upon the basts of serologic
and epidemiologtc evidence 1nd Histoplasma was 1solated from the
base of the tower (20) A similar epidemic with sinmlar exposure
was reported from Ihusburg New York (32) Unfortunately
cryptococcosis wis not considered 1n the differenual diagnosts of
the 1linesses in exther eprdermic nd Cryptococcus was not 1solated
from the organic matertal at the base of the tower although this
fungus has since been shown to be very frequently assouated with
pigeon droppings and old pigeon nests (8 18 19 23)

MISTOPLASMA IN CAVES

In Peru Histoplasma has been 1solated from the floor of 2 cave
( Cuevade las Lechuzas near Tingo Mara) notorious as a source
of mfection known locally as Fiebre de Tingo Mara and now
recognized as histoplismosis (22) This cave two other caves in
Peru one 1 Venezuela and one 1n Trimdad are inhabited by a
nocturnal fruit eating bird Steatornts cartpensts known locally as
Gaucharo and 1s the ol bird It 1s prized as a source of o1l ob
tamed from s fat and residents of the area have frequented the
cave to collect these birds The 1ssociation between visits to Cuesa
delas Lechuzas and cases of Fiebre de Tingo Marna had been known
to Peruvian physicians for some ten years before 1t was recognized



8" HISTOPLASMOSIS

that this diserse 1s hustoplismosts Histoplisma was 1solated froma
soil sxmple taken frem the tloor of 1 portson of the cve which
harbors a concentration of § cartpensis and the droppings of these
birds are believed to support the growth of Histoplisma The
posstble role of bats th mauntamng Histoplisma in this enve hisnot
been determmed

In Venesuela Histoplismn his been 1solated from = cave 1
Lstado Lai1 ind 1 official warning was sssued to speleologists and
others thit entrince mto 1t lenst four Venezueln cnves and perhaps
many others 1s hzardous because of the dinger of infection by
Histoplisma (3) S caripensis was not incrummated m these cises
but 1t was suggested that bat guino mry be the signihicant ecologicnl
fictor and one \ ampire bat (not mfected with Histoplisma) w1s
captured  Histoplisma was 1solited from dust of 1 cave n South
Africn (26) Speleologists and persons 1emoving bat guano from this
and neighboring caves have 1cquured hustoplsmosis Tlhis 1s i a0
area (the Transvatl) where histoplismin sensitization in the general
population 1s low  Speleologists from the Cipe he not encoun
tered Histoplisma m cwes 1n that aren The 1bility of bac guno
to support growth of Histoplisma 1s qenerally assumed It 1s prob
able that colenization by bats 1s the ecological factor responsible for
the presence of Histoplsm1 1o many cnves  Samples of bt guno
from two caves and soil from five other limestone caves which did
not harbor Iarge colontes of bats were mide 1n western Virginnn and
eastern West Vir i (7). Histoplasma was not 1solated from any of
these but this negative evidence of course may reflect only inde
quate symphing or m1y indicate thae not all caves which harbor bats
are contaminated by Histoplasma just 1s some chichen houses in 1
endemic area qre free of this fungus

A recent review of small eprdemtcs of pneumonttis in persons
entering caves 1n Mexico has been made by Gonzilez Ochon (153)
Epidemiolo,ic evidence etther in 1etrospect or i cises recently
studied (2a) 1nd laboratory evidence i the latter cises ndicate
that these tllnesses were actunlly lustoplasmosts They occurred for
the most part 1n persons collecting bat guano for commercinl use as

fernhizer
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HISTOPLASMA ASSOCIATED WITIE TIHF HOUSE BAT

A recently studied fumly outhi ek of stoplismosts involving,
death of bt and aliness i several sthlings ippetrs to menm
nue bus under aranustinces w luch maw besimircmum wterpret
1n,, the ¢ prdemiology of listoplwimosis i some urbare rers (N No
chickens had been Kept on these rurl pramises for many yeus
althouh 1 small shed ance used for ¢hickens remamed w the be
gmumng ol the study md was 1t that e used s astore shed md
dog house  Three sonl samples tiken from new this shed were posy
tve but 1 much hewter concentrition of Histoplismt was Tound
aound the restidence of the fumly  This house was old with loose
siding and cormices and it hubored 1 hirge cotony of the common
brown bat Fptestcus fusens  Thistoplisma was ssoluted many times
from soul samples tiken adjrcent to the foundation of the house on
all four sdes of the house wd was nmformly ibvent or not demon
strable om sorl sunples tihen 2t distnces of several Teet 1wy from
the foundition Bat droppings wac ersihy obsenved an sl samples
trhen adjeent to the foundauon of the house - Bat colomzation by
E fuscus (often called the house bat ) of old houses and shop
buildings i some towns wd caties 15 wedl known md should be
mestizted 15 1 somce of whin hintoplismosss

CEOCRAPHIC DIFFERFN\CFS I\ RATES OF
HISTOPLASMIN RFACTIONS

Studies concerning the syprophytic occurience m nwe of
Histaplasin e not be fully reported without 1 discussion of
attempts which have heen made to explan thie geographic distribu
ton of hustophismin sensitinity on geologic or broad chimatologic
bases Tt has been assumed that peogriphic ireas of igh prevalence
of lustoplismin sensitivaty comude wath the distibution of Histo
plasma md histoplsmosts Wlile 1t 1s true that Histoplasma has
been 1soltted from hluman ¢1ses mimnls nd sotl most often m arens
where a hi,h percentage of the gener il popubition react to histo
phsmim the fungus and mfections 1esulting, from exposure to 1t
occur also in areas where few persons react to the test e g in south
ern Ceorgrt md an South Afiecn 1y noted above  Moreover ont
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breals of histoplismosis and 1solations of the fungus hase been
reported 1n small areas with localized high histoplismin sensttnviry
rates 1n regions remote from eastern and centril United States where
rateshave been shown to be unusually high  Furthermore the maps
showing histoplasmin rates while valuable and generally valid are
not complete For exxmple the tidewater areas of Virginia and
Maryland although long known to harbor Histoplisma (25 27 10)
have been omutted trom earlier maps because the testing that was
done mvolved only a few hundred people  These maps tend to focus
attention on a so-called endemic are1 an emphasis which may de
crease the search for and recognition of cises of histoplasmosis
remote from such areas

Regardless of these considerations attempts to explan the
remarkable geographic differences 1n rates of histoplismin senst
tivity are highly commendable Zeidberg has pointed out a geneial
comncidence between the distribution of red podzolic soils and that
of histoplasmin sensitivaty (33) It has been suggested also that the
distnibution of histoplasmosts lses within the great river basins (15)
that distribution 1s determned by the directton of prevailing winds
(15) and that sensttization to the fungus 15 more frequent m valleys
than along adjacent nidges (35) These obsersauons and theortes
may well have metit and deserve further mvestigation However
they do not appear to fit the obsered facts concermng the distnibu
tion of histoplasmosts outside the areas usually considered endemic
and espectally they minimize the importance of the highly localized
distribution of Histoplasma on eg  specific farm premuses mside
or outside areas of prevalent histoplasm:n sensitivity

It 15 the general expenence of investigtors that Histoplisma
can usually be isolated on a farm only within an area of a few square
yards The assocration with chicken houses has been well docu
mented earhier 1n the chapter but an additional nstance studied
over a pertod of many months mught be cited  On 1 large tobacco
farm near Chesiperke Bay on Maryland s Eastern Shore Histo-
plsmcould not be 1solted from soil adjacent to any of many barns
and outbuildings except one small poorly constructed chicken
house Forty two of 142 samples taken from mside 1nd under the
emves and walls of this shed yielded Histoplasma regularly at 1l
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seasons of the ye1r  In some collections as many as 709, of spect
mens were positine (7)) Here as elsewhere Histoplisma cin be
found only 1 the supurfiont hyers of sl often i protected anas
under the ed. e of the building but somctimes 1 dry sotl with fuli
exposure to sun T he correlations so far proposed between varvng
rates of histoplasnin reactors and geolozicat and <limatological
factors do not cxplan the observed locahized occurtence of Histo
plsmain the Umited States nor elsewhere in the world

Histoplisma shares with most of the fungs which cause suben
taneous and generabized infections 1 free nmg  independent
saprophytic exsstence tn nature and imibthty to pass directls from
an nfected host to the latters contacts Only the saprophhuc
gronth phases of these dimorphic fung are effectine m dissemina
tion of the fungt nd productnion of tnfection under mural
conditions

The biologicil advantages of the passession of 1 free lning
saprophytic grow th phiase are somewht more apparent n the case
of Histoplasm than for some of the other pithogens The parasitic
growth form 1s a delicate thin walled yeast which loses sts viabiliny
within a few hours even m phystological salt solution  The micro
comdin microcomdia 1nd hyphal fragments of the saprophytic
grouth form on the other hand are resistant to drying are pro
duced large numbers by the fungus and 1re well adapted o
dissemination of viable fective elements
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GEOGRAPHIC DISTRIBUTION OI
HISTOPLASMA CAPSULATUM

Lisero AJELLO

As a result of the discovery of the berign form of hustoplas
mosis by Christie and Petersen n 1945 (1) great mnterest has been
aroused 1n this mycotic disease and 1ts etiologic agent Histoplasma
capsulatum  The disease which formerly had been considered rare
hs come to be recogmzed as one that 15 widely prevalent and 152
sertous public health problem Consequently hustoplasmosis and
1ts causative fungus have been the subject of numerous mnvestipd
tions From chnical ecological epidemiological and shin test
surveys carried out by many mnvesugators throughout the world
much has been learned about the geographic distribution of H
capsulitum

Skin test surveys of histoplasmin sensitivity among the inhab:
tants of many regions of the world have furmished the most compre
hensive information rehtive to geographic distribution  Excellent
reviews of these studtes have been prepared by Manos et al (2) and
by Edwards ind klaer (3) The distrabution maps (see p 198) from
these papers reveal that population centers with high histoplasmin
reactivity exist in many areas of the world The existence of senst
tivaty 1n the inhabutants of a region 1s considered evsdence that the
sensitizing 1gent 1s also concentrated there since a posittve histo
plasmun reaction 1s generally indrcatrve of spectfic infection by H
capsulitum

Cross reactions to other fungus antigens are not known to occur
except 1n those 11 cas of the New World where Cocaidiotdes immitis
1s endemic  The cocadioidin positive individual often cross reacts
with histoplasmm but usually his histoplasmmn reaction 1s appre
cnbly less intense

In order to 11 01d erroneous conclusions in delineating endemic
arens skin test surveys must be conducted in such 1 mnner that
small1slands of endemcity tre not overlooked or that reactors w ho

83
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my have acquured their sensitivaty through travel or residency m
other areas do not affect the validity of the results For this rewson
population samples large enough to be stausncally signtficant
should be used and mdiiduals who might have acquured then
sensitnaty elsew here should be eliminated from the surey

Unequniocal proof of the exstence of 1 capsulatum e 1 re
gon 15 provided by recovery of the fungus from so1l  Isoliion
studies leave no doubt that H cipsulatum evsts as a free Iang
mic m sustable halntats througt the world On this
basis 1ts endenucity has bean established an North Central md
South Americr wnd n Afner wnd Asa (Table I

TABLE I

RrCoaneDd SOt 150LATI0Ns OF HISTOMLASM A CAPSULATL W THRC LCHOLT THE WORLD

Rgon Reference Regon Pefe nce
Notsit Avrrica Conrma A irmics

L ¢t dStates Panama 18
Aalama 4 SouTn \araicy
Arkansas 5 B aul
A nda 6 Bahiz 19
M now 517 Fre chuaa 0
Indiana 5 Poru 1
Jowa 5 Trin dad z
fansay 5 T enezucia 1oy
Rentucky 8 Asta
Mar fand [ Inda
Mi nesota 5 Poona 2t
Missoun 5 Armica
New York 10 Un on of South dfrica
Ohio 5 Transiaal >
Oklat oma 5 Evrore
Peanwyi ana 9 Italy
Tennessee 1 Lombar iyt
Texas 18
Mirgina 1
West Virgima 16
Wisconsin 5

M wico
Tam ul p 1

For the presant purposes H d bo suis onside ed to be 2
oratmosta ane

Terson | commumeat on Dr R Ciferr

nonym of H capsutatum




GEOGRAPHIC DISTRIBUTION OF
HISTOPLASMA CAPSULATUM

Lisero AJELLO

As a result of the discovery of the berign form of hustoplas
mosts by Christie and Petersen m 1945 (1) great mterest has been
aroused 1n this mycotic disease and 1ts etologic agent Histoplasma
capsulatum  The disease which formerly had been considered rare
has come to be recogmized 1s one that 15 widely prevalent and 152
sertous public health problem Consequently histoplasmosis and
1ts causative fungus have been the subject of numerous mvestiga
uons  From clinical ecological epidemiological and shn test
surveys carried out by many invesugators throughout the world
much has been learned about the geographic distribution of H
capsulatum

Skin test surveys of histoplasmin sensitivity among the inhabt
tants of many regions of the world have furnished the most compre
hensive information relative to geographic distribution  Excellent
reviews of these studies have been prepared by Manos et al (2) and
by Edwards and Klaer (3) The distribution maps (see p 198) from
these papers reveal that population centers with high histoplasmin
reactivity exist In many areas of the world The existence of senst
tivity in the inhabitants of a region 1s considered evidence that the
sensitizing 1gent 1s also concentrated there since 1 positive histo
plasmun reaction 1s generally indicative of spectfic infectron by H
capsulatum

Cross reactions to other fungus antigens are not known to eccur
except 1n those a1eas of the New World where Cocctdiordes ymmitis
1s endemic  The cocadiordin positrve individual often cross reacts
with histoplasmin but usually his histoplasmin reactton is appre
ciably less intense

1In order to avoid erroneous conclusions 1n delineating endemic
areas skin test surveys must be conducted 1n such 1 manner that
small 1slands of endemicity are not overlooked or that reactors who
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mited with bird dioppin,s my proside conditions so fnonng the
desclopment of 11 capsulatum that the fungns e successfully
compeie with other sml muicroorgamstas. wineh ordimanty would
outgron nd chminate st

There 15 no valid proof that cluckens or other birds serve 18
crrters of this fungus (30) the experiments of Menges et al (31}
and Schwarz et al (32) notwithstnding  Fhese smyestigators dem
omstrted the survinal of 1 eapsulituns yest phase cells 1 test
birds but no evidence regvding the susceptibility of bards to infec
10N w1s presented

The detection wd sohiton of 1T cxpsulatum m wild amimls

TAMF I

HIsTort ey Carst LAt 1 ISFECTIONS IN DO srsmic Anrs 1S

Locatity Specres P ference

Noxtit Anrrca
Un teiStates

In tiana nog a1
Tma g 1
hansas oy 4
Rentucky Trop 8
act igan Dog 4
Misso tri Dog m
Qte og 41
Tennessee Dog I
Virgina Dog 1
Washington Doy 33
Kansas Cat 4
Augm Cat n
Tennessee Horse 1617
Missoun Cow 4%
SouTit A tERICA
Bai Dog 40
CENTRAL AMERICA
Panama Pog 50
Caxana
Ontro Dog 51
Unsubstantiated Records
Tu key Cat 52
Howa Cow 53
Un ted States Cat 54
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It hs been observed that H cipsulatum 1s more apt to occur
m wv1n habitats than i other locations  Thas assoctation was first
detected by Zerdberg 1nd Ajello (26) 1nd has since been verfred by
many insestigators (10 27 29)  Although the basts for this relation
ship remans unknown 1t has been hypothesized that soil contami

TABLE It

NATURALLY ACOUIRTD HISTOPLASMA CAPSUEATUS INFECTIONS TN WILD MAMMALS

Locality

Nort Anerica
Untted States
Georgia
Ceargia
Georgra
Georgia
Geargia
Georga
Georgra
Georgra
hansas
hansas
Missoust
Virginia
Virginea
Virginia
Vnginia
Virginia
irguua
SouTH AvFricA
Brau
Bahia
AFRICA
French Gunea

S0UTH AMERICA
Surinam
EURroPE

NORTH AMFRICA
Unuted States
Ihnors

Species

Dudely hus virginanz—Opossum
Mephitis mephitis—Stniped shunk.
Procyon lotor~Raccoon

Rattus norvegicus—DBrown rat

R rattus—Black rat

Spilogale putorus—Spotted skunk
Urocyon ancreoargenteus—Grey fox
A ulpes fulva—Red fax.

I lotor

M mephitis

R norvegicus

D virgiiana

Marmota monax—1 codchuck

M Mephitis

Mus mu culus—House mouse

R norvegteus

U anereocargenteus

R norvegicus

Cynacephalus babutn (Papio cynocephalus)—
p pio eynocep

Yellow baboon

U nsubstantiated Records

Large series of insects brrds and mammals

Mus rattus (R rattus)

Mouse (white Jaboratory)

Terrer

Reference

38 40
41

42
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cats 1nd horses 1n mny states of the United States  In wddition
canme wfections hve been chagnosed 1n Brazil Panima and
Cannda (Table I11)

Dinally human eases of histoplasmosts diagnosed on 1 histologt
cal basis or by culture furnish n msight into the distnibution of H
capsulitum  Here the records must be interpreted judiciously for
often 1n infection Is been contracted 1n arets far from the plice of
diagnosis This ty pe of difficulty was illustrated clearly by Symmers
when he evaluated the reports of hstoplismosis dingnosed 1n
Bntam (55) Fdwards and Rlaer (3) compiled and cited references
1o all cases of human histoplismosis diagnosed 1n the world with
the exception of Cnada and the USA from 1906 1905 The
terested reder 15 referred to those sources for pertinent data
Records that have been reported since 1955 are listed i Table IV

DISCUSSION

Very intensive surveys of the prevalence of histoplasmun senst
trvty have been carrted out within the Umited States (2) Areas
with lustoplismun sensttivity ranging from 70 to 90%, among young
adults with a hfe ume of residency in the areas are found i the
statesof Alhbama Arkansas Illinoss Indiana Mississippt Missours
Ohio nd Tennessee Centers with positise histoplasmin reactions
of 10 to 107 occur over 1 wide area some of them are far from the
centers of highest reactivity (see p 199)

Palmer Fdwards wnd Allfather (63) hold that some of the
istoplasmuin sensitnvaty m the peripheral aieas either represents
cross reactions with cocaidioidomycosts or non specific reactions
with another undetermined fungus infectron It 1s rexsonable to
assume that some of the histoplasmin sensttivaty noted in Califorma
Arizona New Mevico ind Western Texns represents cross reactivity
with coccrdrordomycosts  But the possibility should be entertaned
that true histoplasmin sensitnvity may 4lso exist n those areas
Favorible conditions for the survival and propagation of H capsu
latum probably occur 1n the coccidiordomy costs endemrc areas

There 1s evidence that the southeastern portion of the United
States 1s not free of H capsulatum This fungus has been 1solated
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also serve to frx nd reveal the presence of the fungus in a speafic
territory Wild ammals rarely wander from therr chosen territories
and presumably become 1nfected by H capsulatum spores present
mn their environment  There 1s no evidence for the transmssion of
stoplasmosts from one amimal to another Tmmons (33) Menges
(31) Silva (35) Mannt (36) Ajello (37) and their co workers have
revealed that 1 large number nd vartety of mammals n several
areas of the United States and at least one aret 1 Brazil and one1n
Africa hsenaturally acquired H capsulatum mfections (Table 11}

Domestic animals particularly cats ind dogs re also suscept
1ble to nfection by H capsulatum and records of such cases of
histophsmosts serve to venfy the presence of the fun,us in a gnen
area Histoplasmosis has been diagnosed 1n 4 cow 1nd among dogs

TABLE IN

HumaN Cases oF HISTOPLASMOSIS DIAGNOSED BY CULTURE
OR HISTOLOGICALLY OUTSIDE CANADA AND
THE UNITED STATES

Country Reference

NORTH AMERICA
Mexico
Tamaultpas 17
Cenrraz AmERica
Casta Rica¥
Campazan ARes
Puerto Ricoy

SOUTII AMERICA

Pery 56
EurorE

Italy 57
ArRICA

Belgan Congo 58t

Rhodesia 59

Senegal 60

S West Af 1ca 61
Asia

India 24162 66

Only cases not cited by Edwards and Rlaer (3)

1 For the present purposes H duborst 18 considered to be 3
synonym of H capsulatum or at most a vaniety

¢ Personal communication Dr W D Suthif
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Clin Are the only thvo mor aress with no records of mstopls
mosis  As greater interest 15 shown m this mold nd m bistopins
mosis 1ts presence undoubtedly will be established i those
countries 1 1 other localities

ADDENDUM  Since subnussion of this mrnuscript 1 visit to
Indir mde possible the study of the human and soil isoles of 2
duborst (I capsulatum) reported by Ralra Bocar ind Rebello
(21) Both of these 1solates proved to be Theelatia sepedontum 1
common saprophytic soit fungus  Lhus there 1s no valid record for
the 1solation of K capsulatum from the sol 1 Indin
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from sotls collected n Alabama (4) Flonida (6) Maryland (9)

Virgima (15) 1nd West Virginia (16) In addition many wild and

domestic ammals 1 Georgia and Virginza hve yielded cultures of

H capsulatum (33 27 {1) Campbell (64) 1 an 1dnurible epde

miological study carried out mn the District of Columbr rea bas

stated rightly that histoplasmun sensttivaty distribution maps are
not entirely accurate

This imrrccuracy stems mn part from stattstrcally tvalid popuh
tion samples used 1n the surveys For extmple only 1520 hfe ume
residents were shin tested mn Alabama 1 %83 m Georgra 850 m
Marylind 156 in Virginia and 58 mn the District of Columbia ()
These areas have respective populations of 3061 743 3,444 578
2343001 3 318 680 and 802 178

Palmer et al (63) have postulated 1 fungus disease other than
histoplsmosis 1s responstble for the histoplasmin sensitivity noted
m exstern Texas and 1n parts of hansas Loutstant and Oklahoma
Thus observation was made desptte the fact that there 1s no chnical
hustological or mycologic evidence for the existence mn those areas
of an unusual prevalence of mycotic diseases that mi,ht cross react
immunologically with histoplasmosts  Since H  c1psulum has
been recovered from soils collected 1n hansas (5) Oklxhoma 6]
and Texas (14) 1t seems logical to conclude that the sensitivity
rexctions elicited 1n the sample population represent spectfic rather
than non specific reactions

H capsulatum endemic areas in the United States are not 1%
sharply circumscribed s those of Coccidiordes immitis and many
foc1 1re scattered 1n suitable areas far from the prinaple endemic
regions (10 65)

It 15 unreahstic to conclude that histoplasmosis 1s primarily 1
disease of the Americas (3) Well authenucated indigenous cases
have been reported from Europe Africa Astaand Australia (3) In
addition H capsulatum has been recovered from sotl 1n Indt and
1n the Union of South Africa (24 25) At present 21l that can be satd
1s that H capsulatum apparently 1s more prevalent i some areas of
the Un1ted States and Mexico than elsewhere in the world

YWhat emerges from the data presented 1s the clear cut fact that
H capsulatum s endemic 1n most areas of the world Russtt and
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RLSISTANCE O ANIMALS AND M/
TO HISTOPLASMOSIS

S BoSaas

R{'\lsl'lll(t 1o mfcction with Hhistophismi capsuhitum cin be
mduced m expenmentil immnits by sublethal infection or by vac
antion with Lilled yeast cells or fracuons thereol  Pathologie
chanes wrnbutable to the diserse e not 28 extensie m resistant
25 10 control by Immunzed ammals when chllenged with
lethal doses show far Jower death rates than nommmunized con
trols Tty muluphicition of the puthogen 1s actually intubited
within the tissues of unmunized 1umals Howeaver the basss of ths
merersed resistee asnot yet known

Data are not wulible which indicate why 11 capsulatum s
stralent  As far as s known cells of the ussue or yest phase do not
produce extriceliular enzymes which e injurious to the host They
do not produce demonsirible cxotonms  They do not seem 10
possess 1 cipsular substinee which can nhibit phnsocytosis (17)
An antienmc fictor s not becn demonstrated which s correlated
with virulence  An endotoxin has been demonstrated (19) but s
role m the ifechions process has not been miestigated

INCRFASED RFSISTANCF FOLLOWING SUBLETYIAL
NNFFCTION

Increascd remstance to remfection his been demonstrated 1in
mice guiner prigs and dogs (3 22 31 In addition infection wis
modifted i the umnoculated eyes of rabbits whose other eyes had
been inoculated with the mycelind phise 6 11 weeks erlier (2)

Resistance was demonstrated in immature (35 day old) male
muce which had onigimally been infected with a sublethal dose and
\ater subjected to an intracerebiral challenge lethal for normal mice
(22) Suchmuce bad a striking decrexse i death rate For example
where 927, of control mice died only 229, of the superinfected
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INCREASFD RESISTANCF AFTFR VACCINATION WITH
RILLFD WHOLF CELLS

Resistance to lethal challenge has been produced by injection
of Lilled cells of the yeast phase or fractions thereof (11 20 21) In
one laboratory cells of the yeast phise were grown m hiqud
mediim then lalled by exposure to 0 59, formalin at reom tem
perature for 72 hours or by exposure to 1 5000 merthioliteat 37 C
forbdays Mice unmunized mntraperitoneally with such cells dned
in acetone at —10°C or 1 1acuo resisted 1 lethal intracerebral
challenge 2 wecks later (20) Thus work was later confirmed (14)
AMice mnjected with formalin Lilled suspensions of yeast phase organ
15ms otice weekly for 3 weeks reststed lethal intravenous challenge
Also mice spjected with beat Jalled cells resisted lethal intripert
toneal challenge with yeast cells in 59, mucin - There 15 one report
of failure to protect animals with balled yeast phase organisms (18)

Although vaccinated mice tended to sunave lethal intracere
bral orintrasenous challenge cultures of some of the tissues of these
ammals were posune Quanutative culturaf studies showed that
mmmunization lewered the number of yest cells 1n the host tissues
but did not eluminate the pathogen completely This effect was
apparently sulficient to prevent death n the protected mouse sub
jected to lethal challenge T ve cells of the yeast phase were present
m the tesistant mouse for long periods after challenge although
death did not ensue and lustologic study indiicated a tendency for
the disease to recede  The mouse resistant to H capsulatum may
veact to the pathogen as a susceptible mndividual reacts to BCG
tuberculoss resistance 1n that growth of the pathogen occurs within
the host tissues but to a limited extent

Studies of the pathology of nfection after immunizanen have
confirmed and extended the findings from the foregoing mortality
and cultural studies (7} Protection of the bramn agunst intracere
bral infection was strilang in vaccinated mice as compared to control
amimals 1n which extensive menngitis and parenchymal abiscesses

frequently occurred  The amount of liver and spleen distase mn the
same animals was however only slightly less than in the controls
Culturat and histol 1on revealed that

procedures did not m; the fungus from the
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muce succumbed to challenge Nether size of the sublethal infec
tion nor route of injection seemed of 1mportance 1n the mduction
of resistance although the rate of des elopment of this resistance did
vary with the size of the iImmunizing dose In immature male mice
moculated mtraperitoneally with 10° cells of the yeast phase about
3 days were required for the resistance to become apparent (22)
Resistance to lethal mtravenous superchallenge has also been
demonstrated (13 18)

Animmunizing mfection does not entirely eliminate the patho
genic fungus from the host ussues  In superinfected anumals the
fungus did not multiply or develop as much as 1t did m control
animals with the restriction of growth noted especially in the
spleen hver and site of inoculauion Twenty four hours after chal
lenge counts of the pathogen (obtatned with the aid of Py labelled
yeast cells) were found to be sigmficantly lower in the tissues of
reinfected animals than 1n those of controls (8)

Evidence suggests that man also 1s more reststant to remnfection
Of 13 eprdemics of histoplasmosts described (6) only three occurred
1 the area of greatest endemicity of histoplasmosis as shown by
histoplasmin sensttivity tests Some of the epidemics appeared 11
ares of low histoplasmin sensitivity 1€ areas where less than 10%
of the adults reacted to histoplasmn  Also all the soldiers mvolv ed
1 the eprdemics at Camp Crowder Missourt and Camp Gruber
Oklahoma were from states with a low ratio of reaction to histo
plasmin The probability of these patients having been exposed t0
previous infection therefore 1s low Accordingly when they were
exposed to spores of the fungus in many cases severe diseise
followed

Children frequently have been involved in eptdemics occurring
1n areas with a relatively high histoplasmin sensittvity  The num
ber of histoplasmin reactors in children have been found to be loner
than in adults in the same area  Involvement of children in many of
the eprdemics would therefore suggest that the stricken duviduals
did not have previous contact with the fungus In one epidemc at
Kansas City Missour1 skin reactions of three children and one adult
converted from negative to posttive (6)
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A cell suspension of the yeast phse w1s halled eather wath three
volumes of cthyl ether or 1 5000 merthiolate (29) The edlls were
subsequently harvested washed by ceninfogation i distilled watey
and expoved 10 vibration m 3 Mickle tissue disimtegrytor  Subse
quent washings i distsled water produced tho fricuons  the cdl
wall fraction 1nd the protoplismic fraction  Previous examination
of the mtact cell by mes of clectron microscopy hid not mdicsted
the presence of 1 capsule (17)  The morphology of <l wall and
protoplysmuc fractions nnder the electron maostope nas so stk
mgly dissimlar thae dilferensntion was umple  The protoplasm
of merthiohite illed eclls was redeased sn v fine wmlorm dispersed
state which condition permuts ready seprration of cell walls by
centriflugition and Hiltron  In contrast the protoplism of cther
kafled cells tended to contun more insoluble nondispersible gran

Fig 1 Cell wallof H capsulatum (x83 000 reduced about (2% from onigmal

illustration)  Portion on left shows the granular outer surface section on

Tower ight iilustrates the fibrllar mner surface  (Photo abtained through the
cooperation of Dr E Ribi)



10° HISTOPI ASMOS!tS

site of the inoculum possibly because of 1ts predilection for growmg
m cells of the reticuloendothelial system

Living cells of the yest phase are more effective immunizing
agents than lilled cells Immunization of mice with formalin Lilled
cells of the yeast phase produces less resistance than an equisalent
number of hiving fungus cells The apparently higher immunogent
aty of hnang cells has not been satisfactorily explamed but the basis
of this phenomenon may agun be analogous to that of immuniza
tion agamnst tuberculosis with the BCG stramn  Several possible
resons for the increased immunogenic activity of lnmg cells of H
capsulitum my be presented

(1) Tollowng mtroduction of fungus cells mnto the tissue a
brief period of multiplication ensues m which the immunogenic
material mncredses to 2 pont where an effectise nimmunc response
ts produced The number of microorgamsms lving or dead
origmally mtroduced was too small to produce this immune 1¢
sponse  Expersmental data have been obtained which indicate the
occurrence of this limited muluplication of the fungus in non
mmune mice belore 1 decreise in numbers starts (21)

(b) The lning fungus cells although not actually mcreastng
m number produce 1n the host tissue increased quantities of the
specific immunogenic substance whicl 1s also present in the Kalled
cells

(c) The process of hillinz the fungus cells partly destroys of
alters che immunogenic substance

(d) Livang microorganisms elaborate some complex n the
host tissues which 15 not produced 1n the n vitro growth of cells of
the yeast phase and w hich enhances immunaity

INCREASED RESISTANCE TO CELL FRACTIONS

After the demonstrition that hlled cells of the yeast phase
could induce increased resistance to msasion of the fungus mestt
gations were mitiated to tsolate and wlenufy purified 1ctive com
ponents which from a practical stindpoint could be used
hum1ns with greater safety Several techniques have been used to
obtn such fractions
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apitn tests was crude filtrate of the broth m which enther the
mycelinl or yeast phase was gronn  Thus {iltrate therefore may nd
probably does contain several antigenic substances exch of which
may react with sts own antibody 1 the serum

Simlarly complement frxing nubodies do not indicate the
resistance of the animal to nfection Cuinea pigs whose sert con
tamed high uters of complement fining anuibodies with whole
killed yent cells 1s antigens did not necessartly show increased
Tesistance as determined by quantstatine counts of the fungus cells
m the spleen Iner kidney brun or lungs On the other hand
some guunet pigs whose scrt had complement fixing anubodies in
low dilutions showed striking resistance to mnfection

Attempts have been made to detect neutralizing antibodies 1n
pattents with histoplasmosts (27)  The technique consisted of incu
bating an LD, ,, ot LD, of 48 hour old cells of the yeast phase with
an equal volume of human nuserum at 37 C for 1 to 2 hours and
then mjecting the mture mtricerebrally mto 3u-day-old male
mice  After injection of the LD, , mortality was recorded for 28
days Seven or 14 days after mjection of the LD, the tissues of the
mice were cultured quanutatnely Some human sera showed
strong neutrahizing properties  Sera from one paient (FB) (16)
for example showed a significant level of neutralizing anubodies
after hus recovery from a brief episode of hustoplasmosis A correla
tion however could not be found between the presence of neutral
1zing antibodies and the course of the disease recovcrabulity of the
fungus from the host or presence of other antibodies Neutralzing
antibodies were not detected 1n ser1 from experimentally infected
rabbits guinea pigs or mice

Attempts to demonstrate pirticipation of arculating antibody
macquired resistance also included experiments wherein the abilrty
of whole blood or serum from resistant gutnea pigs to inhibie growth
of the yeast phase 1n vitro was measured (27) Yeast cells were incu
bated with immune serum at 37 Cfor 1 to 2 hours and then plated
on Sabouraud s agar for quantitative counts  The resulting growth
was compared with that of cells incubated 1n the presence of con
trol serum No defrmte mndication could be obtamned that the
serum of resistant guinea pigs appreciably inhibited growth of the
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ules the larger of which were separated from cell walls only with
difficulty Extreme difbiculty was encountered un attempts to sep
arate the two fractions in formalin killed organisms

The protoplasmic fraction had httle or no protective powers
but mice were protected agamnst lethal mtracerebral or intrapen
toneal challenge by prior intrapertoneal injection of the cell wall
fraction (29) This fraction was effective i quantitses of about 05
to 5 0 mg of dried m1terial per mouse whle the optimum dose for
whole cclls was 2bout 5 mg per mouse  Agamn the cell wall fraction
apparently mduced resistance sufficient to mhibit growth of the
fungus and protect the life of the mouse but not to prexent growth
of the pathogen completely (Fig 1)

Guinea pigs were also myected mtrapenitoneally with whole
cells the cell wall fraction or the protoplasmic fractron  When the
antmals were subsequently challenged with a sublethal dose of lve
cells the guinea pigs that had recerved the cell wall fraction had the
most reststance m that fewer fungus cells were found 1n their tissues
Complement frxing antibodies developed 1n response to all three
types of intigenic fractions

NATURE OF ACQUIRED RESISTANCE

Although immunity or resistance to infection with H cipsu
latum 1s distinguished by the increxsed ability of the host to mhbit
multiplication of the fungus the mechamism of this fungistatic
response 1s not known Since the spread of many infectious pro
cesses seems to be himuted by specific crrculating ntibodies at
tempts have been made to correlate precipitating complement
frang or neutralizing antibodies with increased resistance  Little
1f any success has resulted thus far

No rpparent correlation for eximple exists between the de
velopment of precipitins and the resistance to dissemination of
disease {28) Where one patient muight have high precipitin titers
and a mild brief 1flness another patient might have high preapitin
titersand a prolonged severe1llness Precipiuns appear early the
course of the disease but do not necessarily indicate the resistance
of the prtient to the nfection The soluble antigen used in the pre
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stic X1y changes plus 2 positine shin test for delyed type of
hypersensinaty andicate that this patent had had histoplasmosis
but of 1 nonsystemic nonfat nuure - This dedayed hypersensitvaty
to histoplisnun could be due (1) to the small amount of gimma
globulin known to be present in hypogrimmaglobulmemic pattents
(b) to Ustage i immunity wheran convennonal mubodics hne
not yet been relersed imto the arculaung flusds or (¢} to 1 quahitr
tncly different immunologic response (25)

The theory that antbody may be ivolved in wcquired resist
ance should not be completedy abindoned  The techniques asail
able for antbody determmanon m1y be madequate for detection
of small amounts of particular types of nubody  Some evidence
exists for examiple thatantibodies to dafferent fractions of the yeast
cell of H capsulatum appear 1t different tmes during the course
of nfection (10) Ale different mdiniduals my respond to a dif
ferent degree to the various antigenic components of the fungus
It may therefore be evtremely difficult by exssung serotogue tech
miqgues ta detect small 1mounts of the antbody assouated wath
mmmunity  This mubody may abo be different from the conmven
tioml kind arrculating m the gamma globulin md may exist
some other part of the serumn globulin - \lternatncly the anubody
may nat be m the circuliton but may exst uitrcellularly such as
within leucocytes It should Le emphasized however that the
acquired resistance 1s speaific and that e develops along patterns
and at times stmilar 1o those seen in diseases wheran circulting
antibody 1s known to be the effectine agent However the very fact
that a discase such as histoplismosis may be chromic suggests that
resistance based on humoral antibodies may be relatively
madequate

The resistance to infcetion may be based on some mechanism
molvng cellular phagocytosts Washed leucocytes from peritoneal
cavittes of immunized guinen pigs have been reported to phigocy
tize more fungus cells than lencocytes from normal Mmumals  Sum
hr quantities of monanuclerr cells from resistant wd control
ammals were exposed 1 Tyrode s solution to 2 given number of
washed cells of the yeast phase m a given persod of ume and the
number of phigocytized cells were compared (24)
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fungus 1 vitro  The results however are complicated by uncon
trollable factors and may be misleading  Accurate counting of the
exact numbers of vitble yeast cells 1s very diffrcult Also the possible
effect of normal serum on growth and muluphication of H capsu
latum h1s not been examined sufficiently

The passive serum protection test miy indicate what part
humoral antibody has 1n acquired resistance  The test ndicates
whether serum from a resistant 1nimal contains 1 specific substance
or antibody which on transfer to a homologous nonimmune ammal
mduces specific increased reststance m that ammal  The applic2
tion of this test to mice or guinea pigs before durnmng nd after
challenge produced no determmable change 1n the course of nfec
uon  Promotion of phagocytosis by ntihody 1s also of doubtful
sigmificance since cells of H capsulatum are readily and rapudly
phagocytized by leucocytes of the normal non resistant animal

Of possible 1mportance 1 the relationstup of antibody t0
acquured reststance 15 the reaction to infection with H capsulatum
of agammaglobulinemic mndniduals who have a strikingly poor
capaaty to form gimma globulin - Such mdniduals are especially
susceptible to those bacterial diseases n which 1t 1s Lnown that
acquired 1mmunity depends on circulating antibody They also
have a scaraity of plasma cells both before and after intensive vacct
nation (5} To the writers knowledge no such agammnglobull
nemic individuals are hnown who have shown an mncreased
susceptibility to histoplasmosss or stmilar systemic fungus diseases
Also the occurrence of clinical tuberculosis i agammaglobuls
nermic patients has not yet been noted (16) Presumably therefore
the ctrculating anttbody m the gamma globulin plays a minor role
m resistance to histoplismosis  Alternatisely the possibility exists
that the tiny amount of antthody 1n the agummaglobulinemuc per
son 1s sufficient to snduce increased reststance to the disease

1diopathic hypogimmaglobulinemin was recently described m
an adult male who was found to be sensttive to shin tests with histo
plasmun but not to tests with blastomycin cocerdiordin and old
tuberculin (32) On three occasions complement fixing antibod:es
to H capsulatum could not be detected  Also numerous attempts
to culture the fungus were unsuccessful Nevertheless character
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ofdelayed shock were sull absent W hen the interval was meretsed
1012 days or more both reststance nd delayed shock were present
Delayed shock therefore cmn alter or nullify the benefienl effects
of 1cquired resistance

The mfluence of delwyed hypersensitnity on the spread of
histoplasmosts watliun a host was further exumined (26) 2ccording to
the techmiquc of Chase for passive transfer of delayed type of hyper
sensitnaty {1 11)  Mice werc injected with erther Iive or hlled cells
of theyerst phase. Twoweehs later these mice which possessed both
delayed sensitiniy and acqured resstmnce were halled nd bled
Wathed leucocytes from the blood of resistant sensttized mice were
mjected mtrapentoneally wito normal mice with the ssumption
that hypersensiv ity of the delayed type was being transferred Two
dayslater these recipient mice were challenged with a sublethal dose
and subsequently tissues were cultured quantitienely  Tissues
such 15 the splecn and lnver of the reaments contuned greater
numbers of Iungal cclls than those of the controls  Presumably the
mtroduction of winte blood cells from a sensitized donor not only
faled to increase the resistance of the host but actually scemed to
lower the resistance and thereby make the reupient s tissues more
favorable for multiplicanion of the fungus

NMATURAL RFSISTANCE

Some expermental and epidemiologic work has been reported
on the innate resistance of animals and man to wnfecuon with H
capswlatum  For example vartion in susceptibility to intricere
bral challenge was noted n a comparison of 7 struns of mice of
which male dba line 1 nuice were among the most susceptible (9)
White Swiss male mice up to 15 weeks of 1ge were more susceptible
Lo expenmental infection than mice 17 weels of age or older (10)
This difference may be relited to the development of sexual
maturity Inimmature mice (35 days of age) (20) no dufference in
susceptibulity was noted between the two sexes  Between 8 and 14
weeks of age fernates appeired to be more resistant than males (30)

Dufferences 1 incidence of histoplsmosis which have also
been recorded among human populations (12 15) may be reflec
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Cellular aspects of resistance were also examned 1n mnvno
experiments using P; labeled H capsulatum and mn 1n vitro expen
ments with macrophages from peritoneal exudate (8) After injec
tion of symular quantities of P, 11belled organisms into smmunized
chromeally infected and normal mice comparison was made of the
speaific radioactivity of the spleens from the three groups After
24 hours lower counts were observed in the tissues of resistant ant
mals These data indicate an mcreased rate of destruction of phago-
cytized fungus cells by macrophages of reststant ammals  Peritoneal
phrgocytes from normal and resistant mice adjusted to equal con
centrations on the walls of flasks nere exposed to a suspenston of
cells of the yeast phase At intervals thereafter counts were made
of the ridiorctivity of washed fungus cells from the supernatant
medium The results suggested that macrophages from mmunized
ammals phagocytize more fungus cells than macrophages from con
trol anymals

Lvidence therefore exists that increased resistance of an
animal to histoplasmosts may result from ncreised capacity of 1ts
macrophages to inhibit growth of the fungus Data e houever
still scanty and more details are needed before definte conclustons
can be drawn

HYPERSENSITIVITY AND RESISTANCE

Increased resistance to remnfection was demonstrated when
mice origimlly infected with sublethal doses were challenged about
2 weeks later with a lethal dose via the intracercbral intrapertto
neal or mtrunenous routes During the first 48 hours after such
intraperitoneal challenge with 10? cells 1 5%, mucin many mice
died (23) These deaths occurning too early to be due to mnfection
and absent from control mice not previously mnoculated were
attributed to delayed or tuberculin type of shock Apparently
during the 14 day mtenal between immumzing wnd challenging
mjections the animals developed susceptibility to death due to
hypersensitn ity as well s resistance to subsequent challenge When
the interval between the two mfections was decreised to a single
day neither resistance nor shock was obsersed When the ntenal
was 5 to 7 days resistance to lethal challenge was striking but signs
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tions of variations in the natural resistance to the disease  Fatat and
nonfatal illnesses have occurred in all age groups  About one fourth
(25 79,) of the fatal 1llnesses reported from 1905 to 1951 occurred
i infants under one year of age (12)  With respect to age incidence
was lowest in the group aged 10 to 19 years but was only shightly
gher m the group aged 20 to 29 years The madence was highet
and somewhat varble in the older age groups The lower mcidence
of fual 1llness in the teen age group may be duc to one or more of
the follown,, factors (1) These individuals possibly because of
their development of sexual matutity are naturally more resistant
to infection than the other age groups (b) Tis group contams the
greatest numbet of individuals who have most recently recosered
from clinical or subclinical disease and therefore possess the highest
degree of acquired resistance Since the greatest rate of conversion
from negative to positive histoplasmin shin test frequently occurs
this age group or younger (1) recently rcquired resistance may be
the basts for uts low incidence of fatality  With regard to sex there
1s no dufference m madence of histoplasmosts m the male and
female up to the 1ge of 10 (12 15) Beyond age 10 malcs had a
higher inadence of infection by arattoof 4 tol  Thisratio pam“ElS
the situation m 8 1o 14 neel old mice where males were found to
be more suscepuible than females (30)

VYACCINATION IN MAN

There 15 undoubtedly a need for a safc effectrve vaccme 1
certain 1reis of the country where the madence 15 high and for
certatn high risk groups who for such reasons as age or occupation
are more hable to fection  Such a vaccine preferably should
consist of a lughly purified component derived from lalled cells
It should not be allergenic and therefore would not interfere with
the histoplasmin skin reaction
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tions of vanations 1n the natural resistance to the disease Fatal and
nonfatal illnesses has e occurred i all age groups  About one fourth
(25 7%) of the fatal 1llnesses reported from 1905 to 1901 occurred
m mfints under one year of age (12) With respect to age incidence
w1s lowest 1 the group aged 10 to 19 years but was only shightly
higher m the group 1ged 20 to 29 years  The mcrdence was ngher
1nd somew hat variable 1n the older age groups The lower mcidence
of fatal 1llness in the teen age group may be due to one or more of
the followng Ictors (a) These mdniduals possibly because of
their development of sexual maturity are naturally more resistant
tonfection than the other age groups  (b) This group contains the
greatest number of individuals who have most recently recovered
from clinical or subclinical disease and therefore possess the tighest
degree of 1cquured resistance  Since the greatest rate of comnyersioit
from negative to posttive lustoplasmin shin test frequently occurs it
this age group or younger (4) recently rcquired resistance m1y be
the basis for 1ts low incidence of fatality  With regard to sex there
15 no difference 1n mcidence of histoplasmosts in the male and
femnle up to the age of 10 (12 15) Beyond age 10 males had 1
higher inaidence of infection byaratoof 4 to 1 Thisratio parallels
the situation i 8 to 14 week old mice where males were found to
be more susceptible than females (30)

VACCINATION IN MAN

There 1s undoubtedly a need for a safc effective vaccne 1
certun areis of the country where the mcidence 15 hugh and for
certun Ingh risk groups who for such reasons as age or occupation
are more hable to mfection Such a vaccine preferably should
consist of 1 lughly punified component derrved from hilled cells
It should not be allergenic and therefore would not interfere with
the histoplasmin skin reaction
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EPIDEMIOLOGY OF HISTOPI ASMOSIS
Micuars L Furcotown

'I‘hc study of the localization and mode of spread of the fungus
Hustoplasma capsulatium has been one of the most fasanating probh
lems confronting epidemiologists m modern times  Here one 1s
presented with a discase which has infected 30 milhon people yet
was practically unknown 18 years ago  Agun it 1s so strictly local
1zed geographically that rtes of fection may fall from 80°, to
2% withma ringe of several hundred nules This then cannot very
well be a contagtous diseise nor ¢an 1t be 1 disease wath casily
differentiated chimieal symptomatology Al the evidence ponts
to the fact that histoplasmosis 15 not a cont,tous diserse in terms
of being spread from person to person or from umals to humans
The failure of non infected persons who contict patients to de
velop the dusease or shin test sensitvaty lack of evidence of spread
from humans to animals or vice vers1 falure of spread of the
disease from anfected persons 1n arcas of extremely low prevalence
and the sharp locilization of infection m epidemics to persons with
spearfic: expasure all support the hypathests of non-contagion
Hustoplasmosis then must be considered to be a discasc of nature
peculiarly localized to certam regions of the country and spread
to humans from some reservotr 1n the sotl or 1 nature  Itas the
Purpose of this chapter to deal with the epidemiology of this inter
estmg disease  Tlis discussion will consider the subject under
these headings

I Some Characterisucs of Fungt Which are Important

Fpidemiologically
The Fungus and Its Environment
The Fangus and the Host

I
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Another chamcteristic of the fungt s thar dependence for
development upon satisfactory conditions of temperature and hu
mihity W eather condiniens are used n both Foglind nd Amenca
to forecast the occurrence wnd spread of certam grim md vegetable
bhghts This will be furthor discussed under  Fovivonment

Locahzed growth or geograplne himitation of growth of fungt
s weli known Some of the factors imuting growth are racogized
whilc athers are unknown  Thus 101s well known that fungi of Al
Linds e prevalent w the trapics 1nd rire w the colder cimates
Here temperature and humidity scem to he Iimntmg Fictors In
the case of certan tree nd plant discases the hmsung factor s the
presence ot absence of certun msects which disperse the spores
Stllother fung: wre spred by the nr and limited by the wr currents
Very sharp geographic location his been shown by Coccrdiordes
tmmitisand this appears to be due ta certun tempersture humiding
and rumfall charetenssues which make op the $ ower Sonoran 1ife
fone

Thstoplasma capsulatum has nov been regarded as 1 pivuen
larly profusc spote bearer 1f one consulers only the 1rge tubercu
Tated macrospares which are charictenistic of the species Honever
" one considers 1t spores produced by the orgamism (2) the produc
tion of spores 1s enormous I one adds to this the infectiousness of
mycelal fragments (3) 1t 15 readily scen that reproduction 15 well
prosidedfor The fungus I capsulatim 1sa slow grower and even
on faboratory medin of good quality 1s outgrown by most bactera
and fungi Whether the organism produces an antubiotic to com
pensatc for this slow growing has not been demonstrated  In com
mon with the other fung: 1t appears that the spores of Ff capsuia
fum are viable for long pertods  Soil tests performed even 1 vear
fter the collection of the satl frequently roveals viable ovgntsms

There 15 1o question that H capsulatum s disseminated in the
dir The infection of persans in the laboritory in which the arr
borne route 1s the mass probable method of infecuon thoroughly
demonstrates the d 1on of the org by thts route
Another charictensuc of H capsulatum s that the spores 1re viable
for fong pertods in water as reported by Cooke (1) and Rutter (5)

The charactenstic spores of H capsulatum have long been
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1 SOME CHARACTERISTICS OF FUNGI WHICH ARE
IMPORTANT EPIDEMIOLOGICALLY

Profuse production of spores 1s one of the well recogmzed
charactenstics of fungt Ingold (1) 1n his book refers to estimates
m the billions and mdeed one species of bracket fungus was estt
mated to liberate 30 bLillion spores a day for an entire 6 month
period  \ single colony of penicilin 2 5 cm 1 diameter may bear
400 mtllion spores  In addition to profuse production of spores the
development of methods of dispersal of the spores by the fungi has
been extremely varted ind almost purposeful In most of the fungt
the methods of duispersal of the spores consist erther 1n the develop
ment of extremely light spores which easily float on the ur the
placing of the spore organs in such a location that any current of air
will waft the spores about 1nd disperse them nd even the develop
ment of special dispersal orgns which more or less snap the spores
out mto the ur thus grving them an awrborne start  Indeed so
common 1s this forcible ejection of the spores mto the air among the
fung: that 1 spectal name has been developed called delussing to
describe this process  Another charcteristic of the spores 1s the
fact that they are not harmed by drying and they are viable for
extremely long periods of time It 15 well known that the spores
of certamn plant and fruit diseases may Iic dormant but vrable for
several years in the ground or on leaves or plants unul such tume as
gronth conditions are fivorible Spores are extremely reststant
organisms especiilly protected from the harmful effects of niture
by thick coats thus they are particularly ressstant to heat drying
and other physical conditions w hich readily destroy the orgimsm 11
1ts More sensitive stages or other organisms

Sull another property of the fungt 1s the tendency to produce
antibiotics 15 mhtbrtors of other fungus or bacterral gronth and
some of the grow th substances produced are not only inlibitory but
definitely lethal to other organisms - Particularly well known anti
biotics are peniallin ind streptomyctn The production of these
antibiotics woukd appear to be compensatory mechanism to protect
the organism and giee 1t 2 better chince ta survive It should be
stresscd however that the production of deterrent substinces by
one organsm for another 1s widesprerd m nature
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abundant spores are found 1 the range of 1 to 5 microns in size
(Fig 1) 1t should atso be mentioned that these experiments dis
reparded the mycelium which was fater shown by Larsh (3) to be
potentially infectious It 1s quite esadent therelore that K capsu
latum does produce nfectious elements of the sire quite capable
of entening 1nto the alveol of the lungs and bung retained there

Recent work by Larsh and lus associates (3) indicates that al} of the
elements of ' capsulatum that 13 macrospores microspores and
mycehal elements are viable and potenuially infections Thus
Table I produced from Larsh s pubfication shows that the 3 ele

mems are all infectious for muce or chnck embryos or both  When
one considers the low viability of the spores as found by these expert

TABIE 1

PIRCINTACE OF WHITE MicE AND Cltcx FAsavos INFFCTER BY St cix
PARTIQE INocL1L M 07 $ MONTHs OLp CULTURE OF THE
FLLIS 1SOLATE OF HIISTOFLASMA CATSIT. TUM

W hute Mouse Ch ck Fmbryo
tnur
Ioculated Infectrve - Infectne Al
Rat o Infected Ratio 1 feeted
Mot germ nated
tubereulated
macroconidis s 82 0/40 0
Nan germinated -
m croconidia i 21 s 71
ot Sl S
Cerminated
tobercutated
macrocomd a 3199 h2 /5% 137
Germ nated .
m ctoconidia e 53 315 59
“on branching -
mcehal
fragments 0/°0 0 A/ 113
ot o/1%e 50 E78¢S 80

(Couttesy Lanh etal  Proc So¢ Exper B ol & Med 93 19 8)
i = N© ot Animals Infected

—_ T
o of Animals Inocutated
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CHARAGTERISTICS OF HISTOPLASMA SPORES
SIZE AND PRESENCE OF TUBERCULATIONS IN | MONTH AND 5 MONTH
OLD CULTURES FROM 14 STRAINS 3500 SPORES MEASURED AT
504 EACH INCUBATION PERIOD A TOTAL OF 7000 SP%’;;S ve
TR
[\ ——— 1 MoNTH owp cuture [
o ’/ \\ —— s monTH oLo crere £ |
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Fig 1

known to be large and tuberculated indeed the original descrip
tion of DeMonbreun clearly illustrates the size variation of the
macrospores from 5 to 15 microns (6) However as has also been
pounited out by DeMonbreun (6) the tuberculated macrospores are
not the only spores there are also both round and pear shape
macrospores which are non tuberculated Inaddition to tire micro
spores which are sometimes tuberculated and more often non
tuberculated there 1s the mycelium 1tself which fragments nd
disseminates when dry
When one considers the characteristic macrocondra whrch are
so large one wonders how the spores mught enter the respiratory
tract It has been shown by Brown et al (7) that particles of the
size of 5 microns or more 1re usually filtered out of the air before
penetrating beyond the larger bronchn  Tihus would suggest that
the macrospores of H capsulatum probably are not the mfectious
agents 1n man or ammals  However i the previously recorded
experiments of our laboratory by Cozad et al (8) and Helmbright
and Larsh (2) 1¢ 1s amply evident that the macrospores make up only
a small portion of the spores of Il capsulatum and that the most
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Most of the systenie fungs hise 1 wade host ringe anfecting
both men and antnls Nomlections of plants by Histoplasma hine
been demonstrated bhut an addition to man ¥ wade varety of
malshwebeennfected either naturaily or arttficially. Ths subject
15 corered 1n the chapter on 1mmal mfection Nataral infecuon
seems to be most common among dogs wd «ats 15 reported by
Emmons (11) 1nd 1mong cattle hoses md sheep (12) hig 3 com
pires mfection mites m cattde horses and sheep with chuldren
the same county It 15 seen that the rites wre quite sumilr on an
age spectlic bss Also asseen m I, 1 thesc rates v uy wath the
rites m the residents i the stme arer Chus the rtes sn Tennes
see Towr Kansts and Missoun among cattle and among, humans
m the same county tend to resemble exch other very markedly
These data will be commented on fter W regard to the theories
of the spread of mfection

As discussedd in the chapter on - Morphalogy nd Physiology
H capsulatum grows m two phases de pending upon the tempert
ture and environment  The mycehial phase 1s extremely resistnt

PERCENT POSITIVE REACTORS TO HISTOPLASMIN AMONG CHILOREN BY AGE
COMPARED TO HORSES CATTLE AND SHEEP IN BOONE COUNTY MO
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MIGE INFEGTED INTRANASALLY WITH HISTOPLASMA
SPORES RESULTS OF GULTURES OF ORGANS AND
BLOOD _BY SIZE OF INOGULUM
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Fig 2

ments one wonders how persons ever become nfected  Howeser
1t must be remembered that the viability in human beings may be
quite different from the v1ability on laboratory media and expert
ments in this laboratory by Grayston and Altman (9) suggest that
most of the spores are mnfectious 1f placed in the lungs under proper
environment  Fig 2 reproduced from unpublished work of Griy
ston and Altman shows that the spores are readily wfectious to
mice even n relatnyely small doses Also Ajello (10) has shown that
under the conditions of his expertments 1009, of the tuberculated
macrocomdia were infectious for mice when implanted ntrapen
tonelly accompanted by the 1gar plug upon which the orgmisms
were growing  These seemingly contradictory Inboratory findings
can probably best be expluned by stying that we are not yet fully
acquunted with the infectiousness of the spores and that it probably
varies under different conditions bemng fairly low on artificl
media but from all appearinces much Ingher m human or 1mm1l

hosts
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histoplasmosis which occurred i a silo in Northern Indiana In
1952 Zerdberg (I5) and Ins co warkers first cafled attenuon to the
frequency of 1solation 1n clucken yards and 1bout chicken houses
and the mfrequency of solaon from any other reas about the
farm Table 11 reproduced from thewr publication (16) shows the
results of 319 samples collected i Tennessec  They lso clied
atention to the fact that sheliered samples were more commonly
posttve than open samples  Fmmons (17) and Ayello (18) have
also veported extensine soil sampling and 1solations  In Table 111
1s shown the percentage of 1solations from 1021 soils studied 1t ths
Station by the type of natural environment from which soil collec

tons were made Tt 1s evsddent that the frequency of 1solation 1s not
only related to the type of environment but to the degree of histo

plasmin sensitnv ity 1n the generl area  The highest frequency of
ssolation (27¢%) was obtuned from chicken coops m the high area
of histoplasmuin sensitivity  However as shown mn Table IV the

TARLF 11

RISLLYS 0F EXAMINATIONS OF SOI1 SAMPLES COLLECTED FROM 8 T'RF 11588
BY SOURCE OF SAMMF WILLIA 130% COtNTY TEANESSER
Jery 110 Ocronek19 1

i I toplasma
Number capsulatun
Source of Sample of ' wsolated
Samples | __ -
! " \umber  Pe Cent
S i
|
Toul. _ . ___ I 31 ,ou , 82
¢
Underbouse. | 58 i 4 69
eat bouse__ z I e 0
Ins de chickentouse ___ ) 7 s lof
Ch chen yard coop ete. . _ 18 " 1
Bamyard [ 0 0
toside ba e 9 ! 0
Bank mm course _ ° N
og [ )
6 0 -

(Couttesy LD Zerdberg MD Fub Health Monograph No 39 1956)
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PERCENT OF POSITIVE REACTORS TO HISTOPLASMIN BY

AGE AMONG CHILOREN COMPARED TO CATTLE, ALLLIFE

TIME RESIDENTS OF SHAWNEE COUNTY,KANSAS, BOONE

COUNTY,MISSOUR!, JACKSON COUNTY,IOWA & WILLIAMSON
COUNTY, TENNESSEE
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to drying and heat and other physically unfavorable environments
while the yeast phase 1s extremely susceptible to changes in environ
ment readily being kalled by drying freezing and other physical
means The moist capsule of the yeast combined with 1ts small size
of 2 to 4 microns probably account for 1ts low 1esistance to unfavor
able conditions

2 THE FUNGUS AND ITS ENVIRONMENT
knowledge of the growth of H cepsulatum mn nature dates
from the first 150lation by Emmons (13) 1n 1949 when he 1solated
the organisms from the soil about a rodent burrow under a chicken
coop In 1951 Grayston Loosh and Alexander (14) reported the
first 1solation of the organism in connection with an epidemic of
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histoplasmosis which aceurred 1 1 silo in Northern Indinn In
1957 Zeudberg (15) and fus co workers first calfed attention to the
frequency of 1solaion i chucken yards and about chicken houses
and the mfrequency of sol1ton from any other e About the
farm Table I{ reproduced from thew pubhicitson (16) shows the
results of 319 samples collected 1 [ennessee They atso called
atention to the fact that sheltered symples were more commonly
Positne than open samples  Fmmons (17) md Ajello (18) hne
also reported extensive sl sampling and 1solations  In Table 111
shown the percentage of ssolations from 1021 souls studied 1t this
Station by the type of natural enyironment from which soil collex

tions were made It s evident that the frequency of ssoltion 1s not
only related to the type of environment but ta the degree of histo
plasmun sensinsity in the general aren The highest frequency of
tsolation (279,) was obtuned from chicken coops i the high arer
of histoplasmin sensitinaty - However as shown in Table IV the
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frequency af ssolation differs not only with the degree of histoplas
min sensitivaty but also with the mfectious history of the environ
ment from which the soil collections were made The frequency of
ssolations among the random collections 1s only 1bout 3%, whereas
among soils collected from sites of epidemics or their immedinte
neighborhood 1t 1s 4 times as hih or 129, These two tables
llustrate 3 pomnts first what appears to be 1 relauonship of geo
graphy with 1 frequency of 1seltion second  the fact that 1solations
are more frcquent wround the sites where epidemics or cases have
occurred and thaed that the natural envirenment plays a consider
ahle part 1n the frequency of 1solation with a definite Telationship
being shown between chickens and the frequency of chicken habita
tion to the frequency of 1solattons  In our experience the open and
closed areas have made very little dilference in the frequency of
wolation  although few if any rsolwions are made from areas
directly exposed to sunhght
As mentioned before one of the charactenistics of fungus infec
tions 15 ther geographic localization Indeed this 1s one of the
most distinguishing chiractenstics of tustoplasmosis This variation
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m geographic prevalence 1s best brought out by skin test sensitrvity
surveys (see chapter on  dhin Test Sensitivity  (19) It can be said
however that there are marhed geogriphic varations 1n the fre
quency of reacttons and that 11 gencral the most highly endemic
area 15 farrly sharply locahzed to the Central river valleys of the
United States The prevalence of high rates of infectron along the
river valleys of the Ohio Missourt and Mssissippt rivers has long
been ctuse for comment indeed chis geographic perialence along
the river valleys may be carried to many of the river valleys of the
world Infection h1s been demonstrated 1n the Amazon La Plata
and Ormoco river valleys in South America along the Congo river
nd Niger river in Africn and along the Irranaddy river in Burma
Even in the Un1ted States when one looks carefully at the sensttivity
maaps one finds that the prevalence of sensttivity outside of the very
lugh areas of sensitasaty may still be traced to river valleys such as
the Lake Champlain and St Lawrence river valleys in New York
State the Susquehanna river valley tn Pennsylvama the Potomac
river valley m Maryland and Virgima and the Rio Grande and
Pecos river valleys mn Texws Indeed the extension of sensitiity
across the Appalachian Mountamns may even be found to occur 1n
the Broad river valley in the North Carolina and Tennessee are2
Inview of this widespread correlation of Histoplasma with the river
valley areas one might suspect that the infectton would occur along
the Mekong m Indo China and Cambodia the Ping niver mn That
land the Indus and Ganges river basins 1n India and the Yngtze
and Yellow river bastns in China  Most infections with H capsula
tum have been reported from the area of 45 degrees north to 30
degrees south of the equator
‘There are severl theories proposed to explam this geographt
cal hmutation one of them being that the sensitivaty comncides with
a certun hife zone  Maddy (20) has shown 1 distinct overlappmg of
the lower Sonoran Life Zone with the distribution of Coccrdiordes
mfection With Histoplasma no such hife zone phenomenon could
be demonstrated since the 1rea of high fection overlaps several
hife zones
Another theory 1s that soil groups are the limiting factors 1
the geogrpluc prevalence of the disease ‘The leading proponent of
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this theory 1s Zesdberg (21) who has postulated that the distribution
of red yellow podzolic sotl conforms fairly well with the distribu
non of H capsulatum The distribution of red yellow podzolic so1l
1n the United States 1s shown in Fig 5 and in the world 1n Fig
6 (See chapter on Skin Test Sensitivity for world distribution
of mistoplasmun sensstrvaty ) There 1s indeed considerable correla
tion between the shin sensitivity and this particular so1l group but
there are many areas 1n which this soil occurs ind histoplasmos:s
does not occur and vice versa Positive soils have shown higher
aadity organic content and moisture holding capacity than nega
tive souls (22) but these findings again only lead us back to contam
nation of these soils with chicken droppings

Emmons (23) orsginally proposed a theory simliar to that which
he had proposed for Cocctdiordes namely that the orgamism nas
endemic among certain ammals whose geographic distribution
limuted the spread of mnfection Emmons has tsolated the organism
from numerous wild and domestic animals both mn and outside of
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m geographic prevalence 1s best brought out by skin test sensttuity
surveys (see chapter on  Skin Test Sensitivaty  (19) It can be sud
however that there are marked geographic varations 1n the fre
quency of reactions and that 1n general the most highly endemic
area 15 farrly sharply localized to the Central river valleys of the
United States The prevalence of high rates of infection along the
iver valleys of the Ohio Missour: and Mississtppi rivers has fong
been cause for comment mndeed this geographuc persalence along
the rver valleys my be carried to many of the river valleys of the
world Infection has been demonstrated in the Amzon La Plata
and Ornnoco mver valleys i South America along the Congo riser
and Niger river m Africa and along the Irraw1ddy river in Burma
Even in the Untted States when one looks carefully at the sensttivity
maps one finds that the prevalenice of senstavity outside of the very
high areas of sensitivity may still be traced to river valleys such as
the Lake Champlun and St Lawrence river valleys m New York
State the Susquehanna river valley in Pennsylvama the Potomac
myer valley m Maryland and Virgma and the Rio Grande and
Pecos rrver valleys m Texas Indeed the extension of sensitnaty
across the Appalachian Mountains may even be found to occur 1n
the Broad myer valley 1n the North Carohina and Tennessee area
In view of this widespread correlation of Histoplasma with the river
valley areas one mught suspect that the infection would occur along
the Mekong in Indo Ghin1 and Cambodia the Ping rrver in Thay
Iand the Indus and Ganges river basins m India and the Yangeze
1nd Yellow river bastns n Cluna  Most infections with H capsula
tum have been reported from the area of 45 degrees north to 30
degrees south of the equator

There 1re several theories proposed to explam this geographt
cal hmitation one of them being that the sensttivity concides wath
a certamn life zone  Maddy (20) has shown a disunct overlapping of
the lower Sonoran I ife Zone with the distribution of Coccidiordes
infection With Histoplasma no such Iife zone phenomenon could
be demonstrated since the area of high infection overlaps several
life zones

Another theory 1s that soil groups re the limting factors 1n
the geographic prevalence of the disease ‘The leading proponent of
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disease by birds since st apperrs the infection tpers off both 1t the
extreme loner end of the Misasappt Valley 1n Lowsiun ad at the
uppes end of the \iissours Musissippt and Ohio valleys Also tests
of wild birds for infection by culture or serology have been um
formly negatne (21 25)
Actheory of loalization to rver valleys by the presence of water
(26) s been 1dvanced  Identification of the mgmism from wter
by Cordon (27) nd determinations of 1ts viabiliy 1n water by hoth
Ratter (5) and Cooke (1) 1s mentioned previously require water to
beconsidered  However the decrerse m infection 1t both the upper
1md lower ends of the river valleys and the Ik of direct connection
towaterare opposed to this In hansws City Clicagoand Clevelnd
for exymple rites of mfection in the cies Jocated on the waterfrom
are lower than in their surrounding rural arcas
Another theory of mterest regirdin, the localizinon s to do
with the possible growth of the orgimism 15 1 parasite on certun
plants whose distribution might be himited to the lngh areas of
sensitintty  Experiments by Furcolow and Harr (28) on certun
speaimens of plants brought into the Iiboratory nd inoculated
arnificially with M capsul Ted to the concl that the tem
perature and hurmdity condinens m the Jocal area were more 1m
portant to the growth of Hestoplasma than was the substrata upon
which it was groning  Thus when 1 specimen of plant was put 1n
a petnt dish and 1noculited and the petrt dish was hept 100 wet the
fungus wouldnotgrow  On theother hand 1f st was hept too dry the
fungus would not gron  However af damp filter paper was kept in
the petri dish and the petrt dish was kept at room temperature the
~rowth on the spectmen was quute satisfactory as illustrated 1n
Fig 7
The control of the growth of fung: by humidity and tempert
ture has been commented upon The preference of the fungi for
moust humid conditions and warmer temperatures 1s well known
and tlustrated by the extremely frequent occurrence of fungi under
natural condians more particularly i the tropics The growth of
Histoplasma does seem to be affected by certun temperature and
humidity condittons  In Fig 8 1s shown the extremely hmited
conditions under which H capsulatum will grow 1 soll m the
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the endemic area (see chapter on Natural Reservorrs ) Whether
animals serve as the reservoir must await further study but the
sumilarity of skin test rates 1n animals and humans in the same ared
as mentioned earlier does not support this theory

Another nteresting theory relates to the possibility of wild
birds being 1mportant 1n the localization of mfection to the Iugh
sensitivity area  However the very fict that many birds migratc
has made 1t difficult to rccept the importance of birds to so Timated
an nfection It 1s importmt to remark howeser that more thin
half of the epidemnics have been issoctated with sites 1n which
excreta of exther chichens pigeons or bats was mvolsed Indeed
1n 88 per cent of the epidemics erther ruril environment or bud
excretr wis definitely imolved Another imteresting thought in
regard to bird migration 1s that the main nugratory pathways of the
birds 1n the Central Untted Strtes are along the Mississipps valley
where the pre\alence 1s high  Many of these burds mugrite to the
Amazon Valley of Brasil where nfection 1s also known to be en
demic However the fact that the infection 15 not more widely

spread upand down the Mussisstppt salley 1s agatnst the spread of the
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laboratory It is seen that no growth took plice in Jess than 100%
relative hurmdity and that growth was also strictly controlled by
temperature extending only 1n the range from about 68 to 86°
Zerdberg et al (29) had shown earlier 1 definite relationshup be
tween the dampness of the environment and the frequency of
positive histoplasmin skan test reactors (g 9) Consideration of
these factors 1n reviewing the evidence previously reported of the
frequency of finding the organism 1n clncken coops and environ
ments where chickens nere Inng suggested cither that chichens
were 1n important sousce of the organism or that they furmshed an
environment which was suttable for the grow th of the orgamism
Extensive msestigations of the possible role of chickens tn dirs
toplasmosis have all been umiformly negaitine  Fmmons (17) Zeid
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to be some proof of the prevalence of sxtisfactory environmental
conditions n chicken coops

It 15 nteresung that studies of wenther bureau records reveal
some nteresung mnformation regarding the temperature and hu
midity 1n the United States and the distribution of histoplismin
sensitivity  In Fig 10 1s shown the frequency of satisfactory days
fullilling certain perature nd b dity req and
based on weather bureau records for the year 1950 (31) This shows
that 1n the region of South Missourt and Arkansas the frequency of
satsfactory days 1s hughest and that this frequency decreases as one
motves wway from thisaren  Another such calculation based on the
50 year records of the Weather Bureau 1s shown m Fig 11 which
wndicates the areas in the United States whach certain condinons of
temperature and humdity delimt It 1s noted that west of the
Appalachian mountains the area in general approaches the highest
lustoplasnmn sensitivity area  Fast of the Appalachian mountains
there appears to be an area of satsfactory conditrions 1 most of
which H capsul ly does nat § ly grow How

123
ever n the north part in the area around Washington D C and
up nto Maryland Pennsylvamia and Delanare recent evidence



130 HISTOPLASMOSIS

berg et al (15) Menges and Haberman (30) Schwarz et al (25)and
others hwe participated in these studies Not only are shin test post
trve chickens rare 1n known nfected environments but autopsy of
such chichens fails to reveal the orgamism  Sumlarly most chickens
wrufienlly infected by 1 variety of routes not only do not become
1l but 1re negative to culture on autopsy Finally cultures of the
feces of these aruificially infected chickens hre been uniformly
negative It does not seem therefore that chickens are erther in
fected or carriers of the fungus It 1s still possible and indeed likely
that the chickens re only mdirectly concerned 1n that chucken coops
furnish 1 s1tisfactory environment for the organism to grow Ths
15 especnlly so when one remembers that the moist humid condt
ttons ordinarily prevalent 1n chicken coops pigeon lofts and other
such bird harborages which one could exsily imagine could be rdeal
for the growth of the fungus Studies by Becker (31) hate shown
1dequate temperature and hummdity conditions for growth of
Histoplasma occurred 1n 2 chicken coops 1n Tow for 10 to 20 duys
amonth during 7 months beginmng May 1955 Thus there 1ppears

Fig 10
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mal to each other Sumilar vanations in degiees of pravalence ma
relatively small area are found in Jackson County lowa (Fig 13)

Here 1t 15 seen that the rites in the Fastern pait of the county along
the Misstssippt river are less than half of the rates 1n the westward
more mntenor parts of thus country (12) The presence of eprdemics
tn varions parts of the country remote from the arets of high sensy
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does indicate that histoplasmosis exists with a far degree of fre
quency (32 33 31) Alsoin Georgi (35 36) and 1n North Carolina
(37) areas of previlence of infection have recently been demon
strated It 15 thus evident that even with the crude figures now
available some correlation between weather condittons and the
preralence of the fungus 1n the enstronment can be demonstrated
In this figure the direction of the prevnhing winds 1s mdicated and
mught explun the mfrequency of disperston of the fungus spores
across the Appalachian mountams The finding of small foc1 of 1
fection at 1nfrequent intervals m the areas of low sensttisity to the
north (Minnesot1 and Iow) and to the north east of the high area
(Lake Champlan arca) (38) alo suggests less frequent spore dis
persion oyer these ateas w hich agrees with frequency of the presail
ing winds from the high arex  Other explanations are possible for
these infrequent foc1 such as less frvorable general eny tronmental
conditrons m these areas or indeed many others

The presence of the prevailing winds actually brings to mmnd
another question and that 1s how 1s the disexse spread bout
nature? There are three theories in this regard  the frrst beng that
mentioned above namely spread by the prevarling winds the
second and earlier theory of Beadenl.opf and Looslt (39) which pro
posed that the spores are carried by floods 1long the river valleys
and then after recession of the flood waters the organism 15 dissemt
nated by the wind from the dried up floodland  Still another theory
1s that of Manos (40) who postulated that tornadoes were tmportant
m dispersing the orgamism about 1 nature  Thus will be discussed
when the infection of persons 1s discussed

‘The question whether H capsulatum 1s himuted 1n its natural
habutat to the arexs where histoplismin sensitrvity i humans is high
or whether 1t 15 dispersed throughout wider areas s indeed fascinat
g Tts quite evident from studies in widely scattered parts of the
country that the organism 1s present in certain areas even of generﬂ
low sensitivity (35) but thnt its prevalence 1s distinetly of 2 localized
nature and not generalized 1s 1t 1s 1in the highly endemic areas
Fig 12 shows the distnibution of sensitivity 1n townships about
the city of Minneapolis (1) It 15 quute esident that the sensitiaty
varies from less than 5%, to more than 3097 wathin areas very proxt
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tvity also leads one to suspect that the presvalence of the dise1se 1s
not localized to the high aveas (Fig 14) (13)

The 1solation by Fmmons of Histoplasma (35) from skuuls in
Georgra 10 areas where the sensisity among humans 1s very low
also supports the evidence that the orgamism may be widely dis
tributed 1n nature perhaps with lower frequency Aronson s (36)
work 1n Ceorgra also supports this

The problem of the hmitation or dissemination of the fungus
throughout the emvironment may afso he 1pproached by considera
uan of where people ger mnfected The bsic question here 18
whether people become inlected by the fungus blowing about gen
erally through the air or whether they become infected by visits to
or contacts with local sources where the fungus 1s growing  Thas
first method of fection 1s commonly regarded to be that which
occurs 1 cocaidroidomycosts where wind blown dust contimimated
with spores 15 regarded 1s the method of fection nd 3t 15 con
sudered that this infection can be acquired at any place throughout
the broad expanse of the endenuc wwea With hustoplismosis thus
theory 15 by no means proved The main exponent of generalized
nfecuon has been Manos who has presented evidence that tor
nadoes can infect people  This problem was first studied by follow
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uvity also leads one to suspect that the prevalence of the disease 1s
not localized to the hagh areas (Tig 14) (13}

The 1solation by Emmons of Histoplasma (35) from shunks in
Georgin 1n areas where the sensitivity among humans s very low
also supports the endence that the orgamsm miy be widely dis
tnibuted 1n nature perhaps with lower frequency Aronson s (36)
work 1 Ceorgia also supports this

The problem of the ltmtation or dissemination of the fungus
throughout the environment may also be xpproched by considera
uon of where people get infected  The basic question here 1
whether people become nfected by the fungus blowing about gen
erally through the 4ir or whether they become infected by visits to
or conticts with local sources where the fungus s growmg  This
first method of infection 1s commonly reguded to be that which
oceurs in coccrdiondomycosts whiere wind blown dust contiminated
wtth spores 1s regarded as the method of mfection wnd 1 15 con
sidered that this infection can be acquired at any place throughout
the broad expanse of the endemic arer With histoplasmosts this
theory 1s by no means proved The main exponent of generalized
mfection has been Manos who has presented evidence that tor
nadoes can infect people This problem was first studied by follow
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mg the sensitivaty to histoplismin of nvy recruts fiom an are
where a torn1do occurred prior to and after the tornade In Fig
15 1s shown lustoplasmin sensttivity among Navy recruts from the
area of Tulsa Oklthomn from November 1949 through July 1951
The groups compred are from Tuls1 county and from the sur
rounding counties A tornado occuired i Tulsa county in Apnl
1950 It 1sseen tht the sensitivity of the men from the surrounding
counties 1s considerably higher than that 1n Tulsa which 1s not
unexpected since rural sensitivity has generally been shown to be
higher than urban (40) In Tulsa county the sensittvity 1 general
1srather low but starts to r1se 1bout February 1900 2 months before
the tornado This rise conunues uninterrupted unul about 6
months fter the tornado after which the sensitnty for the Tulsa
1ecruits 1s the same as that for the surroundin, counties
Followng these studies tests were performed 1n three counties
1 Mississipps followng 1 tornido 1in February 1955 Histoplhsmin
tests were performed 1n various schools m the three counties in
February immedately following the tornado and 9 months later
m November of 1955 In Fig 16 1s shown the resulting comprt
sons of the mcrease 1n percentage of reactors 1 various schools 11
these counties 1n the 9 months following the tornado It will be
noted that there was a marked increase n 11l of the schools 1
Tunica county whereas m De Sota and Tate counties there was
Little or no increase 1n sensttnnaty It does seem peculiar that if the
mcrease n sensitivity i Tunica county was associted with the

INCREASE IN PERCENT

DE S0TO
TUNICA 29
18 TATE
26
15
20

Fig 16
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tornado there was not a sumlan increse i the other counties since
as1s evident from the 1rrows the tornado pursued 1 course through
both arews Tt as quate apparent 17t 1hns 1s not yet neeeptable as
definite evidence of mfection by tormdocs
The second theory postultes that people are infected from
point sources where they come i contact with some focus of growth
of the fungus such s 1 chicken coop or other suitable plce Some
of the maternl 1lrerdy presented indicated that the orgman 15 not
widely distributed in nture but localized to pomt sources particu
larly point sources assoctated with chickens A sull more umpottant
it of evidence i this regrd 1s the occurrence of the epidemics As
was shown i Tig 11 more than 10 epudemics have now been
reported  The eprdemics do not necessinly occur in lugh histo
plasmin areas but almost il huve shown definuely to be assoarited
with the presence of F capsulatunt 1t pont source The evidence
indicates that these persons are infected hy coming in contact with
a point source where the oigimsm 1s grawing  The illness in the
epdemcs has often been severe although investigation often brings
cases of mild infection to hight  Tthis been shown quite clearly (1)
that the number of lung lestons and degree of illness can be corre
Tated with the degree of exposure 1t the point source and presum
ably with the number of organisms inhaled  This suggests that
perhaps many or most of the casual mnfectrons are acturlly eprdemics
m mimnture with the persons being exposed at the pomt source to
saryng, degrees of contamination 2nd developin,, varyin, degrees
of pulmon iry mfiltration and tllness Study of certun eprderntes 1in
prrticular (15) shows that the X ray pictures ma given epidemic may
vary from extenstve widespread mfiltritions to occasional nodular
densities or enlrgement of the hular lymph nodes It 1s quite possi
ble therefore thit micction among persons even in the nghly
endemic arca occurs only among persons who are exposed to local
spots where the fungus 1s growing such as chicken coops pigeon
lofts etc
With this thought in mind 1t imight be well to view some of the
evidence collected by quesnonnaire from the kansas City studies
{16) denling with the source of infection of more than 6 000 children
restding m hansas City and attending the hindergarten or first
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ing the sensitrvity to histoplasmuin of navy recruits from an area
where a tornado occurred prior to and after the tornado In Fig
15 15 shown histoplasmin sensitivity among Navy recruits from the
area of Tulsa Oklahoma from November 1949 through July 1951
The groups compnred are from Tuls1 county and from the sur
rounding counties A toinado occuried m Tulsa county m Apnl
1950 It1sseen that the sensttrvaty of the men from the surroundmg
counties 1s considerably higher than that in Tulsa which 15 not
unexpected since rural sensitivity has generally been shown to be
higher than urban (40) In Tulsa county the sensitivity 11 genern
1stather low but starts to rise about February 1950 2 months before
the tornado This rise continues uninterrupted until about 6
months after the tornado after which the sensitnvaty for the Tulsa
recruits ts the same as that for the surrounding counties
Following these studies tests were performed in three counties
1n Mussissippi following a tornido 1n February 1955 Histoplasmin
tests were performed m vartous schools in the three counties I
February immediately following the tornado and 9 months later
1n November of 1955 In Fig 16 1s shown the resulung compar!
sons of the increase 1n percentage of reactors tn 1arous schools 1
these counties in the 9 months following the tornado It will be
noted that there was a marked ncrease in all of the schools 17
Tumica county whereas 1n De Sota and Tate counties there was
Little or no mncrease 1n sensitivity It does seem peculiar that 1f the
increase 1n sensitivity 1n Tunica county wis associated with the

INCREASE IN PERCENT

DE SOTO
TUNICA 29
8 TATE
26
15
20

Fig 16



HISTOPLASMOSIS jial

wheters among those who were most dhstant from rural arews only
3§40, shoned such positne rorctions  This 1gun suggests that the
provimity to ruril ensironment sncreses the chances of exposure
to the fungus Another port of atiterest i tegrd to thas popuhion
af cus duellers 1 th the Tites of recuon wwong those denymg
yisits 1o frems or lning on frraes was much higher an the older
sections of the ¢ty than m the new sectons Whether this relates
1w the 1ge of the dnething the possible detenoruon of the woad
csed by fungs of the prosimity of this seenon of the ay 1o the
ragdrond yards 1nd othies dnown sourees of bird harborages remzins
m questton  That cus mught be the case ws supposted by figures
obtuned from wother study on w anmy poss (37 1 windh the
rcquisiuon of sensunny wunong cheldren presiously negitne to
fustoplismn was stacied  Amon,, these vegiuve children who
fived i hiomes where pigeons Ined on the Yoof of the house §9,
showed lection compared 1o 2 2%, of mfeitions among duldren
who tined e houses where no such pigeon harborage w1y noted
Addtuontt evidence of the rehunonshp of meretse sn sensnaty
wath exposre 0 pryeons s st an the eprdermies {43)  These
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RELATIONSHIP OF HISTOPLASMIN SENSITWITY TO TIME SPENT ON FARMS
(KANSAS CITY MO. SCHOOL CHILDREN AGES 5 6 YEARS)
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Fig 17

srde Ieis quite obvious that 1mong, such children many will hne
either hived or vistted on farms and actually n Fi, 17 the calcu
lation has been made of the estimated number of days spent ont the
farm 1n relation to histoplasmin sensitiv ity among these ety school
children Among this group infection could not be traced to any
specificanimnl contact on the farm This perhaps 1s not unexpected
since one would be surprised 1f childsen who had visited on farms
would remember any specific contact with cnickens or other ant
mals However 1t 1s quite Iikely that such contact occurred even
though dented

It was noted that almost 2700 children denied ever Ining or
visiing on 2 farm and 111 or 5 19, of these were found to be post
tive to histoplasmun  Studies were nsututed as to where these
children might have contracted their infection It was extremely
1nteresting to compare the proximuty to rural areas of the schools
which these children ttended W hen those 10 schools most proxt
mal to rural areas were compared with the 10 schools most distant
from rur1l areas 1t was found that among the schools proximal to
rural arews 7% of the children showed histoplsmin reactions
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the skin test rates i the same caty {03) rescals that apparently lesions
were found with equal frequency with sk test sensinty In other
wards almost every skan 1est posine person had demonstrable pul
momary fesiony This 1 mdeed strong evidence of respiritony
wafection

Sumdarfy althou i mncocismeous lestons are not 4t all un

cemmoti 11t fustoplasmosss st s usually found that such lessons are
secondary accompanying blood horne dsssemiation of the organ
asms md not primary  That most patsents are snfected by the air
bomne route 15 supported by the eprdomus where the e bame
mb fation ef speres was relited o Acusities 3t the pomt source. The
duranon ang degree of exposure wis correlated to the sciersty of
sliness wnd she frequency of lung lestons Sumsiuly among labor
tory pevsonned who worked wieh the fungus 1¢ has been found thit
the mfcctions vre very commen (o4} although usually of 3 more maid
degree 1t should 2lso be mentioned that tue aggriusm hs been
wolited from the as 1 areas where epudemic crses hird occurred
{1y Ammat experimentation clearly tndieates thae the most infec
uous route for Histoplasma capsulatum 1s y12 the resprratons et
Mrce snfected with as few as 10 spores regulasdy shonedd Jesions amd
<isease 1 expeniments perfonined by Grysion and others in our
faboratory (9)

It 15 1nterestin,, to make compansons of the pithoenseny of
the various fungos mfcctions and wiberculosss It 15 1mportant to
reahize that the rate of calasficanon found in the lun, by X1y with
fhistoplasma mfection 1y gher than that of s other Lpown nfec
uonr Thus s demonstrated by companing the rate of the findin, of
+alafied lestons i persons posin e to bistoplhsmin wath the rates n
persons postnve 1o coccidioschn or tubercnliv - About one thard of
the Instoplasmin reactors wil has e calaficanon (o6 57) compared to
149, of the coccshosdhin rexctors (58) and 109 of the tuberculin
reactars (88) It 1s also 1nteresung o aace that 1w concrast (o Coc
<idiordes there is mote of a problem of recurrent infection w the
older 1ge gronps althou,h still Jess than wath tubesculosss

Another pant of snterest mught be whether most infections are
single or multiple Actually thas matter has not been intensscely
studred but judging from € rays of many survess sn schools and
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studies suggest that exposure to point sources most often 1n rural
environments 1s the most 1mportant source of infection nd that
Iittle 1f any 1nfection 1s produced by widespred blowing of the
spores

These studies are further supported by the demonstratron of
the localized distribution of 1nfection 1n various counties 1n differ
ent parts of the country where sensitisity 1s low  An example of
this type of relationship 1s shown 1n Fig 18 (also see Itg, 13) based
on skin tesung carried out 1n the schools of Jackson County
Towa where the spotty distribution of positives 1s clearly evident
It1s seen that somettmes a farmily with three or four positve rectors
may reside within a mile of a family with three or four negaue
reactors This 1s supported by other studies (Sachs et al 48 Zerd
bergetal,15) The evidence suggests that i areas of low sensitavity
atleast the dustribution of the organism 1s extremely localized and
appenrs to be assocrated with pont sources rather than generallled
distribution  Thus suggests that people get mfected by comng mn
contact with these localized 1reas of fungus proliferation

3 THE FUNGUS AND THE HOST

The route of mfection 1 histoplismosts could be either oral
or resprratory or both The oral route has been suggested by the
finding of the organisms 1n water (27) the occasional occurrence of
gastro mtestinal cases especially in chuldren (19) and the finding
of splenic calaficatzon 1in many cses  Indeed Straub and Schwarz
(50) showed that 14%, of spleens showed calcification mn Cinannatt
compared to 3% i New York and 2%, i Rotterdam However
Grayston 1n our hboratory was unible to infect mice by gavage
whereas intranasal infection was common (9)  Cole has had the same
experience with dogs (51) The second point aganst oral 1nfection
1s the frequency of lung lesions and their variety which suggests that
the lestons are not blood borne but that the portal of entry 1s directly
nto the lungs Indeed Strauband Schwarz (52) hwe demonstrited
by careful patlmlogw studies that calcified pulmonary lesions of a
size that could be detected at autopsy were found 1 three fourths
of the lungs examined 112 Cinannatt Comparing these rates » ith
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ey wd to patho,entcats of the organism g pperrs fsom the
avtdence presented by Schwarr thnt the orgamsm s generat alter
snsading the fun s tends to bocome dissamted. Thas is supported
by the frequent finding of crlerficanons v the spleen wmong per
sons othernise heatthy who hme pontne Instoplsmn sian tess
However the fincn,, of hun,, erlufic wions or avdence of smfectson
accompanyn,, the splasic crkaficon points tonard 1 pulmoniry
souree of entry t1ther thr gutiomiesunil

When ane counders the epudemtologic imphications of the
frequency of disease by sex age rue and year of rcognition the
remarhable stiides of recent years become ppwent Fig 19 shows
the number of cases reported throu h the yeirs beginmn, i 1902
The data oncases preor ta 190 was adapted from Loosts (00) How
ever smce 1900 nnly tises were accepted which had postiine results
by culture or pathologic eximunnon

Prior 1o 1935 s s well knoy 0 only 1 few cases were reported
The first $ eases of Dasling (1900 wnd 1906) nere followed by 121p
of about 20 years vnul the Hirst e35e 1 Amenca was reported 1n
Minnesota by Raley and Watson (61 Inthe following 18 yewsonhy
10 ¢ases wese seported Al the cases reported until 1915 were faal

Age Distrebution of 490 Reported Proved Cases ol Histoplosmosts
1905 1958
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among young persons 1t 1s seen th it many intections are single with
the resultant etther a nodule 1n the lung or Ghon comples with a
nodule in the lung and enlargement of the hilar lymph nodes On
the other hand more than one primary leston 15 not at all uncom
mon and indeed 1t 1s our 1mpression that multiple lesions ate nuch
more common than w1th erther tuberculoss or coccrdioidomycosis
Reinfection unquestionably seems to be the explanauon for the
chronic cavitary lesions with 2pical location found among older
persons with increasing frequency Approximately 100 cases hase
now been discovered 1n one sanatarium wn Missours (59) Cases are
being reported from sinatorin throughout the country so that st 1s
unquestionably true that cases of this type are common and have
been previously misdiagnosed as tuberculosis

Distribution of 495 Reported Proved Cases of
Histoplasmosis by Year of Report
1905 -1958°
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there 1s a different causation for these two perks since the younger
peak 1s probbly due to fatalies socnted with first infection
while the latter peak 15 probably due to endogenous remfection

In Table V are shown the reported c1ses by race and sex 1s well
asby place of residence of the pattent Teisseen that 121 of 191 cases
were females or 2597, and only 13 were non white Of the 491 cases
only 50 or 109, were from [oreign countries Tt 1s also seen that
80% of the United States cases and 869, of the foreign cases were
over 10 years of e Tt s unquestionible that there ave other arexs
of the world where lustoplismosis is extremely prealent It appears
1lso that the low percentage of reports from the foreign luerature
does not represent 1bsence of cases in many areas but failure of
recogmtion 1nd reporting It 1s e1sy to predict not only increasin,
recognition of the discase 1 this country but in many forei h coun
tries as knowledae of this most elusine fungus mfection becomes
morewidespread
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From 1935 through 1957 there has been a stexdy although fluctuxt
ing mcrease 1n the number of cases  In 1937 there was seen the first
non fat1l case and the ratso of fatal to non fatal has continued to
mncrease through the years In the last 5 years 156 cases have been
reported of which 128 or 829, were non fatal and 28 or 18% fatal
While 1t may well be argued that many cases are not reported and
this 1s unquestionably true 1t1s quite evident that the recogmtion of
the disease 15 increasing  Whether this 1s due to n actual inerease
n the number of cases or increase mn recogmition 1s not readily
apparent although the Itter appears to be the case since the finding
of cases appears to be directly related to the evidence of nterest on
the part of clinicians 1n any local aren This 1s clearly demonstrated
by the fact that Chicago hansis City Memphis and Nashville which
are centers for the study of histoplasmosis report cases with the
greatest frequency

The age distribution of 490 reported cases 1s shown m Fig 20
It 15 seen that the greatest frequency of cases and fatalitres ocuurs
i the age group under 1 year and 46 65 years It seems possible that

TABLE V

INCIDENCE OF HISTOPLASMOSIS WITH RFSPECT TO AGE ANP SEX
1vUT S A b FOREIGN COUNTRIES FROM 19(15 10 19 8

—
| T hite Negro
I -] Total
| vate | Femate Male | Female
United States _
- A
tndecto | 4o a o ] s 8
Over 10 20 64 | I3 | 6 353
! =
Total ‘[ an
Fo eign Countrees .
Under 10 1 s b5 | s ]‘ '
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there 18 a different causation for these two peaks since the younger
peak 1s probably due to fatrlinies assoannted wath first nfecuon
while the latter peak 15 probably duc to endogenous remfection

In Table V ase shown the reported eses by race and sex vs well
asby place of resndence of the pruent Tt is seen that 121 of 491 cases
were females or 259 and only 13 were non white OF the 491 cases
only 50 or 109, were from foreign countries Tt 1s 1lso seen that
809 of the Umited States cses md 867, of the foreign cases were
aver 0yearsof1,¢ It s unquesttomble that theve wre other wers
of the world where hustoplismosis 1s exiremels prevalent Itappers
also that the low percentage of reports from the foreign hiterature
does not represent bsence of cises m many 1reas but fulme of
recognition and reporting It 15 €1sy to predict not only increasing
recogmition of the disease 1 this country butin many forein coun
tries as hnowledge of this most elusive fungus mfection becomes
more widespread
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DIAGNOSTIC PROCLDURES IN THE STUDY
OI IHSTOPIASMA CAPSUI ATUM

Hauwarn W\ Lanosn

In Tecent years there ins developed n enthusiastic interest 1in
Histoplismn cspsulatum nd other systerme fungr which ewse
human disease The number of dignosed wd reported systemic
mycotic mfections throughout the world 1creases many fold exch
verr Iaterature on thie subject has become volutminous dunng the
past ten years (1 2)

Since 1900 the methodology used 1n the imvestigition of my
coue iseases has been smproved and additonal techniques have
been added  Sigmficant tmprovements in culture (3) and stamng
procedures (4 7) have been made durin,, this period  Theusefulness
of 'm\mal inocuftion 1n dingnostic procedures has been enhinced
by mestig on hods of moculanion size of
moculum and effsaency of adjuvants (8 22) Diignostic methods
which have proved useful in other buological and chemical studies
have been modified and extended to the 1nvestigation of systemic
mycoses  Tissue culture (23) polanzed light (24) and fluorescent
antibody (25) procedures have and will nevitably play important
roles 11 ydvanang our Anowledge of mycotic infections Many of
the recent epid logical (26 27) patt 1c (28) nd thera
peutic (29 32) studies that have included the newer techmques have
tesulted 1 sigmificant discovenes It 1s these diagnostic methods
that need further imestigition so that they may be considered for
wider adoption 1n future studies an this f1edd of specrihzation

CULTURE METHODS

In early mycological invesugations (8) when platn Sabourud s
and other media were used H capsulatum was seldom 1solated
unless the clinical spectmens recened special handlmg  These
media supported the growth of bactena and contaminating sapro-

43
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phytic fungt which grew much more ripidly than did the fungus
Tt soon became evident that 1t was almost an impossibility to 1solate
the causal fungus from contaminated specimens although many m
genous methods were employed Today howeser with the addi
ton of anubiotics to the varions media encouraging results have
been obtained but these procedures are not without falures
The use of pentailitn and streptomycin or chloramphenicol (33) to
control the growth of bacteria and acudione (cycloheximide) (34)
to retard the growth of saprophytic fungt has factlitated cultural
studies  The amount of each antibiouc added to the medwum 1s
dependent upon the source and type of specimen to be cultured
In our experience media contammng 10 000 unsts of pemallm
10 000 unuts of streptomycin and 114 mg of actudione per ml have
been useful 1n 150lating H capsulatum from sputum and gastric
spectmens  Biopsied and other aseptically obtuned clincal spect
mens m1y be cultured on media containing lesser amounts or none
atall Currently the combination of chloramphenicol and actidione
1s beng, wsed 10 an 1solation medium  These two antibiotics are
relatvely heat stable and can be autoclaved n the medium at
118°C (12 Ib stcam pressure) for 15 minutes This combination is
ulable m commercially dehydrated meda * Media contaming
antibiotics have been useful in obtaiming 1solanons of H capst
latum and other pathogenic fung1 from clinical and environmental
specimens  Unfortunately however clinical matenal contaming a
large number of cells of Candida and Geotrichum spectes will nter
fere with the 1solation of Histoplasma capsulitum 1nd other 5)s
temic fungi even on artificial medn contamning intibiotrcs In these
cases the specimens may be treated w1th anubroucs and moculated
into expenimental xmmals  Failure to 1solate the causal orginism
frequently occurs even with these procedures

Unequiiocal 1denufication of the H capsulatum sometimes
requures that the ussue phase be obsered This may be rwccomp
lished by ammal inoculation of the chinical materral followed by
cultunin,, trssue from sacnificed ammals on arnficial media
Inoculated plates or tubes should be icubited at 37°C at a high

Mscosel \gar Baltmore Biological Laboratory Inc, Balumore Maryland.
Micobiouc Agar Difco Labx ratonies Detront Mich gan
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humidiy  Histopathological venfication can be made from stuned
ussues as well

The ussue phasc 1lso ny be obtained by conversion from the
mycelial phase directly on artificrl medin 1hese indude Franes
glucose gystine blood agar (35) brun hewrt fusion glucose bload
agar (36) Salvins syntheuc (37) hurungs egz (38) and Littmns
lner spleen medin (39) Although these media huve proved suc
cessful 1n conmverting d mamtaimng H capsulatum  the ussue
culture techmque 1s very useful for these procedures (10) In this
method myceltal {frigments are 1dded to HeLa cell cultures and
transferred to new cultures periodically until the conersion tkes
place The HeLa cell cultures re rotated in a roiler drum sumlar
10 the procedure followed in studying some viral agents Once the
fungus has been converted the HeLa cells wre not needed for the
maintenance of the tissue phse

Hela cells show active phagocytosis and subsequent intracellu
lar growth of H capsulatum (11) Thns would appear to provide
another Iboratory method for the experimental study of H cp
sulatum 1n human cells i ussue culture  Some of the prehmmars
results indicate that HelLa cells m a specific tussue medium may be
useful 1n the diagnosts of histoplasmosis However the usefulness
of this technique for diagnosss of systemic mycoses must await the
results obtained with clinical material now under imvestigition

CULTURAL CHARACTERISTICS

The diphasic niture of H capsulatum necessitates the presence
of different chemical and physical emvironments for growth and
wdennfication of each phase Cultural charcternstics of the veast
and mycelnl phases v ary on different types of media and with tem
pertures of mcubation

On Sabouraud s dextrose 1,11 at room temperiture the fun
gus usually forms a white cottony verral myeelium  As the calture
ages the mycelium may become buff to brown Most 1solates of H
capsulatum grow comparatvely slowly requiring at Jeast 10 to 14
days incubation for the production of a distinet colony (Fig 1*)

Theas tance of Drs George G Cozad and Yousef Al Doory n the preparation
<tthe N trat n s gratetully acknow! dged
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Fig 1 Histopl T on d s dextrose agar 21 days
at room temperature

It 1s 1mperative however to be cognizant of the fact that many
1solates do not produce typical colontes During the past five
years several 1solates from patients with chromc histoplasmrosts and
on occasions from those recerving treatment with fungicidal agents
produced colontes that may be designated as varnants It 15 this
type of an 1solate that may be discarded without a positive 1dentift
cation of the etiological agent being made This 1s especially true
since most of these 1solates fail to develop tuberculated macrocont
dia (chlamydospores)

The mycehal phase from a typical colony consists of small
delicate septate branched hyphae These structures may bear
Interally sessile or stalked round to pynform mictocomdsa which
measure 2 to 3 microns m diameter (Fig 2) Most of the mcro
contdia are smooth but a few may be echimnulated It 1s this phase
of the mycelial growth that may be confused with other systemic
or saprophytic fungi However Iter microscopical examination
of most cultures will reveal large round or pyriform macrocomdia
These spores are much larger than are the microcomdra (75 to



HISTOH AMMOSIS 153

ey e e
S <Y
# oV

[ N . hd

ol

Fig 2 1hstop! . from Sal, 13 dextrose agar
Aicrocomudia x700

18 1n diameter) and have a thickened spore will (Iig 3) These
macrocomdia or chlimydospores may be smooth or tuberculated

Tuberculated macrocomdin have been described as diagnostic
or charactenstic of H capsulitum  Unfortunately they re not
produced by all isolates of this fungus Cultures from several
clinical specimens liav e not produced macrocomdia These 1soltes
have been grown on many types of media and observed on shide
cultures  Fxtensne microscopical examnations have faled to
locate tuberculated macroconidin over a twoyear period of
obserations

Acrated hquid cultures of H eapsulitum produce small floc
cose to spherical forms of growth dispersed throughout the med
wm  NMicroscopicil examination of these growths show branching
hyphae with little or no production of comidia (Fig 1)

The yest phase may be obtuned by moculiting white mice
with the mycehial phise  Three to six weeks after moculation the
nmice are sicrificed and assue from the reticulo endothelal system
aseptically ground and planted on wrtificinl medin The moculated
media should be sealed nd incubated 1t 35 1o 37°C Within three
to s1x days motst dull white colonies usually deselop (Fig 5) on
most yeast phase media In addition to amimal mnoculations the
yeast phase may be obtained by converting the mycelial phase on
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vartous wtificzal media Y east colontes developing from the imital
mycelial inoculum may be membranous and cerebriform  They
contun considerable mycelium and may be buff to reddish brown
Successive transfers onto fresh media at mtervals of three to fne
d1ys m1y result 1n the development of moist yeast phise colomes
Unless the cultures are icubated 1t low temperntures (#C) 1t

[

Fig 3 & Huopl from Sab 1s dextrose agar AMacro-
comdia X700 b Sm"le macroconidium showing tuberculauons X700
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Fig 5 Histoplasma capsulatum yeast phase on blood agar four days at 37 L

necessary to transfer them to fresh media every four or fine days
to mamtun viable cells

Two aruficsal media which have been used adyantageously 1
recent years for the conversion and maintenince of H erpsulatum
are potato flour—eg, (38) and Iner—spleen glucose blood agar (39

Rurung and Yegian reported that on potato flour egg mediunm
the comersion of H capsulatum to the yest phase was eastly
accomplished even when struns had been matntained 1n mycelnal
stage for long periods They were successful 1 many mstnces 1M
obtaimng charicteristic yeast Iike colonies on the first transplwnt
from the mycelinl phase In addition the yeist phase remaned
wible on potato flour egg medium for more than nine months
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when incubated at 1°C and for 1t least three months when ncu
bated at room temperiture

Littman s Iiver spleen glucose blood agar 1s relunely efficient
1n the development of ycast phase growth of the diphasic fung:
The conversion of H capsulatum to its yeast phase occurred in the
furst transplant from mycelium 1 most wstances at 37°C The
systemie fungi can be maintuned for long periods of time on this
medium by submerging the growth with sterile mineral o1l and
incubating :n the refnigerator

Microscopically the yeast pliase of H capsulatum conssts of
small budding cells They re predominamly ovord and may
measure from 1 to 5 mucrons  divmeter (Fig 6)
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Fig 6 Yeast cells [rom blood agar culture x,00

ANMAL EXPFRIVENTATION
A Experimental Histopla moss

Expenimental histoplasmosts has been studied in many daffer
ent spectes of ammls ncluding the white and brown mouse
gunea pig white rat 1lbino rabbat dog hamster thesus and
cynomolgous monkey

The most extensive studies have been with the yeast phase of
the fungus by intraperitoneal 1ntracerebral and intravenous routes
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of mnoculation  Varying results have been obtuned depending on
the size of the moculum and route of moculation

Susceptibility of the white mouse to experimental histoplas
mosts w1s shown by DeMonbreun 1 1934 8) and Parsons 1n 1947
(9) Infections resulted for moculations of either the mycelal or
the yeast phase Later Tager and Liebow leatned that 3 to 4 weeks
old white mice dred of listoplasmosis 100 to 150 days after mtra
peritoneal moculation of the mycelal phase (10) In 1945 Levy
moculated intravenously 6 to 8 weeks old white mice with a mr<
ture of the yeast and mycehal phases (11) He was successful m
isolating the fungus from the Iiver and spleen of all of the expert
mentally mfected mice

Howell etal (12) showed that DBA Line I mice were umformly
susceptible to the yeast phase of H capsulatum when moculated
mtracerebrally Nearly all of the inoculated mice of this line dred
prior to thirty days after recerving 20 000 or more yeast cells The
yeast phase proved to be hughly virulent by this route of inoculation
since 50%, of the mice died between the seventh and tenth day
following moculation In a later publication Howell and hephie
(13) reported that male DBA line 1 mice were relatively resistant
to mtravenous inyections of the yeast phase of H capsulatum Ferl
toneal 1njections of large doses of sale suspended yeast cells also
produced only n occasional death whereas a comparable number
of cells suspended 1 5% mucn increased the death rate n this
strain of mouse Nevertheless the intracerebral route was far
supertor to the mtrivenous or m[npcn(onea] routes 1n producm‘l
expenimentl histoplasmosis

Campbell and Saslt (14) hnve shown that white mice moctt
lated intraperitoneally were lughly suscepuble to the yeast phase
of H capsulatum when 5%, mucin was used 1s an adjuvant  Ap-
proxamately 79%, of the mice moculated with a standard moculum
i mucin died within thirty days after the injection W hereas 1n
stmilar expertments less than 39, of the mice succumbed :n 30 days
when the diluent w1s saline instead of o7, mucin

\iddleton McVickar and Peterson (15) were successful m
producing expermmental hustoplasmosis in the Sherman strun of the
white mt These investigators determuned that the I D ranged
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between 17 nd 21 mallion viable yest cells per rat when moculated
intrivenously  The mtrienous route when sustable number of
cells were nsed ytelded 1 consistently reproduaible fatl mfection
s However mtraperstonenl mnoculition with the syme num
ber of heat hilled or linang, cells showed the mt to be lnghly resist
ant to this fungus i that no pathological effect was apparent

Hazen and Tahler (16) produced experunental hustoplasmosis
of the shin and mucous membranes of the albtno ribbit by ocu
hting with 2 ml of 1 1 25 siline suspension of yeast cells intn
venously However seven of the ifteen mibbits infected recovered
completely tho to three months after intrivenous mjection

Farrell et al (17) showed that dogs could be expenimentally
mfected by H capsuluum  In dogs that were inoculted ntr
tracheally with the yeast phase acute progressive fatal expen
mental histoplasimosis tesulted W hen 1 sinilar dose of the inocn
lum was given by stomach tube to 1 series of dogs no chinieal
disease occurred  The mycelnl phase of H cipsulatum fuled to
produce chinical disease 11 dogs recetving the mnoculum intrigas
trically or ntratrachealls  These myestigrtors found cortisone
treated dogs susceptible to the mycelinl phase when noculated
tratracheally but not by the intrgastric route

Saluins (18) studies show that young hamsters moculited
mtrapertoneally were more susceptible to small moculr of H
cipsulatum yeast phase than were young guinet pigs or white mice
However the use of 25% mucm as n adpnant lowered the
mfecuous dose 1n mice

Drouhet and Schwarz (18) have shown the golden hamster to
be more susceptible to the yest phase of certamn 1solates of H
psulatum when moculited mtraperstonenlly than s the wiate
mouse

Hill and Marcus (20) were unable to 1solwe H capsulitum
from cynomolgous (M 1sus) monkeys moculated intratracheally and
mtracirdially with the yeast phase  Ammnls moculated mtricards
ally produced serological niters and three were shin test positive
but all specimens cultured fauled to yield the fungus These find
ngs do not agree with the earlier work of DeMonbreun (8) who
moculated two rhesus monkeys (Macicus rhesus) mtratenously
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with the yest phase of the fungus Both monkeys responded by
having chmcd wd pathological signs consistent with histoplas
mosis However one rhesus monkey fauled to respond to an ot
venous 1noculation of the mycehal phse

Grayston tnd fus co workers (21) exposed white Swiss msce
mtransally to the mycelnl phase by wsulling droplets of the
moculum on the nose of ightly 1nesthesized ansmals  Infection
resulted from t small number of viable spores and the use of larget
doses did not accelerate the pathogenesis of the disease Histo
pathologscal stusdies sesealed Iittle or no pparent reaction of the
lung ussue to the maculated spores It was evident that the fuags
did not act 2s 1 serous barrter since the fungus was ssolated from
tail bleedings shiortly after the snjections

Dunng the past few years 1 our Iboratory mirnsal expert
ments have been under investigation using the Henderson aerosol
apparatus  Lxposure to acrasohzed yeast and mycehl elements it
the Henderson tube more nearly ssmulates the manuer by which
the infection must be contracted m nature Only the nose of the
experimental animat 15 exposed for a definite perod to the
aerosolized moculum

The results of these prelsmunary observations are most en
couragimg m that guinet pigs (Hartley stram) comverted from 3
negative to a positne lustoplasmun shin test when exposed 1o
formilized mocula  Gunen pigs recerung small doses of lnmg
mocula converted from 1 negatite to positine skin test and Many
of them had detectible complement fixation anubody titess

B A s 1n Diag of Histopl

In many mstwces chmeal specimens must be imocufated mto
Iaboratory anunals for the 1solation of the fungus and diagnosis of
hsstoplasmons  Chinucal specimens should be treated with ants
biotics prior to snyection nto the ammal Caution should be taken
howeer not to soclude streptomycn sn the specimens  This
Iiotic bas praved to be extremely toxic to shite mice m out
svestigation

To enhance the chance of 1sol1ting the fungus clinieal specs
imens should be treated with an antibiotic solution for a long period
of ume Exceltent results have been obtmned when the specimen
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and anubiotic selution were shaken vigorous'y with 2 pumt shaking
machine  This mixture may then be moculated ntrpernitoneally
mto mice  Although the white mouse 1s not 1 every case infected
with 11 capsulatum the speaies 15 an excellent tool 1 recovering
the fungus from contunmnated speaimens  There 15 considerable
disagreement on the optimal ume after inoculition to sacrifice the
mouse The suggested period rnges from two to eight weeks In
our expertence the white Swiss mouse w1kl scldom succumb to histo-
plismosis wathin thirty days from an intraperitonerl moculation
N\evertheless when these mice are sacrificed 2nd their tssue ground
and phited on wrtilicial medin the fungus will be 1solated  Heawly
contaminated specimens such 1s so1l mny result m bacteremia and
death of the ammal even tf the specimens have been treated with
anubiotics and datly parental moculations of the mice followed
Specimens from pavents which contain an overwhelming number
of Candida cells often destroy the ammal before H capsulatum
mfection ensues

The great number of mice which were destroyed by emviron
mental spectmens which had been treated with antibiotics prior to
moculation prompted a search for more efficient technmiques of
recovering pathogenic fung: from such specimens The cost of an:
mals and antibiotics 1s high and the ume required to adequately
process a sample 1s 2 disadvantage Inview of this a direct exposure
of mice to sotl and similar specimens was undertaken  Also such
a procedure would approximate 1 natural infection since man and
animal probably become infected by inhaling aerosolized inoculum

The results of preliminary studies by Hinton et al (22) inds
cate that the direct exposure method 15 more effictent than the
ndrrect method of 1solwing H capsulatum from environmental
speamens  The mice do not have to combat bactererma by this
methodology Mortality rites were lower 1n the direct exposure
method and the procedure requires less time and equipment  This
method 15 not nfallible and certain precautionary measures are
absolutely necessary The specrmens should be completely dry
which more or less assures that aerosols will be produced by the
actvity of the mice  Fatlures have occurred because of leakage of
water from the drinking bottles which ruined the sample How
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ever m arufially seeded soil cultures and with soil collected from
an area where humans were known to have been nfected white
mice became nfected after exposure Tew muce succumb to the
mnfection within thirty days but should be sacrificed and ussue from
the reticulo endothehl systems ground and planted aseptically
on Sabouraud s glucose agar In addition to H capsulatum Cryp
tococcus neoformans Blistamyces dermatitides wnd Blastomyees
brasiliensts have been 1solated from mice exposed by the direct
method on artificially noculated soils  Cryptococcus neoformans
has been 1solated from naturally ntected specimens

Although excellent artific11! media are available to the imestt
gator amimal 1noculwion sull plays a major role in diagnostc
medrcal mycology

STAINING METHODS

Within the past few years many new stainung and microscopy
procedures have been incorporated 1nto the protocols of systemic
mycotic mvestigrtions The earlier stuns usuilly resulted m the
detection of the etrological agents after long periods of searching
The parasites ¢in be observed 1 hematoxylin and eosin statned
tssues  The special stains of today however are much more useful
especially 1 old chronic mycottc mfections The pertodic acid
Schuff (Hotchhiss and McManus) (4) and Gridley (5) stamung pro
cedures have seen extensive use 1 recent yewrs These spectal
staintng procedures ire not mfallible and often the fungus 15
difficult to dehineate In the penodic 1ad Schiff method many
carbohydrates d mucoprotetns exhibit 4 staning reaction stmla
to that of the fungi Often only an experienced patholo,ist can
mke a positive rdentification of fungal elements A stmular coti
asm can be made of the Cridley stan 1n that mucin and elastic
ibers stan 1 deep blue 1s does fungus mycellum  However the
ussue phase of most of the systemic fungt can be sdentifted 15 rose
or purple stamed structures by using the Gridley method At the
present time the stuming procedure of choice in mny Ihbortories
15 the Comor s methcnimine silver nitrate method 1s adapred and
applied by Crocott for stunmg fung (6) This specral stamng
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procedure his proved exceedingly helpful i resething the para
sites of Tustoplisinosts blastomycosis cocadiodomycosts and cryp-
wuxoccons It certunly would seem to be the procedure of choice
m observing old chronic cises of mycouc infections  In ervptocos
costs Mayer s muciewmine stun (7) 1s 1 useful method 1n studyin,,
the fungus i tssue scetions fn otte or tho cses studied by us
tlus was the only stun that unequiocilly resealed the parusite

POLARIZFD MICROSCOPY VFTHOD

Theadaptation of polirized microscopy to the study of myeotic
mfcctions 1s a rehinely recent and interesung wdventure Potenza
and Feo (21) have shown clearly that fungal elements i climeal
specimens were optically active I uminous are1s were apparent
m watenal from human mycoses and expenimental mycotic lesions
w animats The pathogens are opuciils wcte in unstaned as
welf s stmned tissies Unfortunately many intracellular imclusions
m the systemic fungt 1lso are tirefungent  \evertheless one can
usutly learn to dehineate these bodies from fungus matenial The
fun.1 1ppear 1s colorless bodies whereas many of the other bire
fningent maternils are colored

In our experience excellent results have been obtuned by
using the polnizing muicroscope on ussues from human cases of
histoplasmoss stained with hematoxslin and eosin peniodic acd
Schiff and methenamine sifver murate  Tissues from Swiss white
mice experimentally infected with Cocadiodes immitis Blasto-
myces dermititihs Cryptococcus neoformans and Hastoplasma
capsulatum have been observed with polirized light  Character
tstic birefringent forms were found m nearly all of the tssues
eamned revealing typical maftese crosses

It has been my good fortune 10 work with polazed microscopy
under the tutelage of Dr Henry Sweany and his associates at the
Missourt State $wnatonrum  These mvesugators hne shown the
palarired light techmque to be 1n excelient aid n revealing the
Yeast phase of H capsulatum 1n chronic human hustoplasmosis  In
several cases histopathologic diagnosts was mace before the Fungus
was 1solated from the tissue
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The wdaptabiiuity of polartzing filters and discs to almost any
type of laboruwory microscope mikes this 2 rapid and easy proce
dure In 1ddiwon the rapidity by which tissue sections can be
scanned by the polarized hight techmique mare than justeftes its ust
1 systeniic mycotic myestigations  Thas technique should not be
cansidered 15 « replicement for proved stamny procedures but
should be accepted as another md 1 the dirgnoss of mycotic
mfections

FLUORESCENT ANTIBODY METHODS

One of the most recent techniques that 1s proving useful m the
diagnosss of diseases caused by manmy different 1gents 1s the fluores
cent antsbody method Coons ef al n 1942 developed the teth
mque but the methods hase been extensuely used m the last few
years (23) A detaxled description of the procedures of the methods
were published by Coons wnd haplan mn 1950 {(12) The techmgue
has proved very useful in the study of bacterral and yiral diseases
Dunng the past yerr preltminary studtes have been under mests
gition attempting 1o determre the nsefulnuss of the fluoresent
amtibody methods 1n detecting H cipsulatum in Jdinical specmens
An evalurtion of the direct wnd indirect flnorescent antsbody
methods 1s uds 1x the dirgnosts of mycotse wfectrons will ime 10
Awut further miesugations Howeier Vogel and Paduls (13} 2
very recent pubhcition showed thac antibodres sn sera with systemic
mscoses were demonstrible by the mdirect method

TImprovements 1nd sunphiftcations w the pracedures dunng
recent years should sumulte additonl stutes to asceram the
nsefulness of the fluorescent mubady technique 1n the diagnosss of
mycattc tnfections

SUMMARY

1t would ppear that mycoloical i esugations will become
more efficient and greatly extended m view of the immored md
recently added diagnostic liboratory methods  Thercfore st ¢
mperatise that 4t of the wols malable for the solwtion of the
euotogicy agents and the diagnosis of the mycote disenses be n
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cuded in future studies Only through carefully planned and
exhustive studtes wall the real sigmficance and importance of the
fungai infections be determined  Mycological s well 1s bacterio
logical or viral studies should be mcluded in all cises of  so-called

peculnr unusual or undiagnosed disease processes To tccomplish
these goals 1t should not entul too much addinonal medin space
or work for the myesuguors The resulty may be even more
rewarding than they have been 1n the past few years
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THE SEROLOGY OF HISTOPLASMOSIS

Danern § Tevevserc

INTRODUCTION

Serologxc methods for the study of histoplasmosts have con
tributed to the present hnowledge of this disease Sigmificant
serologic studhes mdependently were described 1 1947 and 1948
(25 34 35 50) A that tume the current status of histoplasmoss
being a relatively common and usuaily bemgn entity rather than
W uncommen and usually fatal disease sull was mdetermnate
n large part tins debatable status was wintbutable to the paticit)
of cases proved by culturesolation of the causative Qrgansm
Reported proved cases were uncommeon despite extensne efforts
to ssolate the organism from crrtically 11l patrents and from fresh
surgscal and autopsy material  Histologie exammation had y:cldcd
only sporidic evidence of Histoplasma hie ergannms  Bemgn and
brief acute pulmonry disease ws unrecognized as a form of husto
plasmosis Imvestigation of shintest comerters (persons ¢hanging
0 & positne hustoplastun shin test from a presious negaine shan
test) with and withont chimical 1iiness by fungus culture methods
presented a fornudable and anrenvrding laboratory chore Thus
the thests of histopl sbemng ¢ disease depended upon
the tenuous csrenmstinual evadence of shan sest data descisbed
elsewhere in tus wolume  More proved cses were needed for ths
thesis to be valid  Tius then was the chimate of hnowledge of
Tustoplismosss when serofogy seriously became imesugated

The serologic tests to be described furnished a ool for case
finding  They hue served as a suriey screensng method which hs
led 1o sgmificant numbers of proved cases Also they huve nded 11
the understinding of the epid logy of | pl by fur
mshing 2dd il o nt d 1c evidence  Today
when the thesis that histoplasmosis 1s 2 common and usually bemgn
disease no longer senoushy s contested  these serologic methods
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afford an mportant pracucal ud m the chimeal diagnosis of
hustoplismosis

I 1cets of serology which seem 1ppropriate for this discussion
mclude (1) the vamous tests auhble (2) the sensitnvaty and
specifiaaty of the tests with emphasis on comparative studies (3)
significant serum titers and therr durnion (1) serologic patterns of
discase (5) cross reactions (6) viriations 1 anti,enic preparations
(7) mntigenic frctions (8) the relationship of serology and the shin
test and a summany of pricucal smphiinons A presentation of
representitnne datn rather thin a complete bibliographic revien
1s mtended

I The Serologic Tests

The tests studied utihize the serologic prinaiples of (a) comple
ment fixation (b) aggluunition and () preciprtin reactions The
vanous complement fixation tests differ from one another both 1
technic (q y of reag cond of mcubnuion cnteria
of fixation) and n the nature 1nd concentration of the antigen
The anti ens consist of yest phase products (whole yeast suspen
sion ground yeast supernatnt sonic disinteglated supernatant) on
the one hand and mycel! phise products (Iustoplasmin or trac
tions of histoplasmin) on the other  The agghitination tests (collo-
dion particle 1gglutination hemagglutnation Jatex parucle agglu
tination) and precipitin test employ histoplasmin as the antigen—
either as antigenic coating of particulate matter in the former tests
©or as a soluble antigen 1n the Iatter

A The Complement Fixation Tests 1 The Test of Sal
un (25) employs formabimzed whole yewst phase anugen  With
sera obtained from Histoplasma infected rabbuts antbodies in high
titer appeared within 2 weeks 1nd persisted for 23 weeks In con
trast histoplasmin as antigen detected anupodies over a briefer
pertod 2 to 7 weeks and 1n lower titer  Also Histoplasma yeast
phase antigen gave no cross reictions with sera from Blastomyces
infected rabbits whereas histoplasmin reacted 1n low titer with
these sera

2 The Test of Tenenberg and Howell (50) employs histo

Plasmun as antigen  With sera obtained from guinea pigs infected
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with H capsulatum complement fixation was noted These sera
were obtained seven or more months after infection Sumlarly
blastomycin antigen detected complement fixing ntibodies 1 stra
from guimea pigs infected with Blwstomyces dermatitidis  Cross
reactions between these antigens histoplasmin and blastomyan
were noted when tested aganst the heterologous antisera How
ever the homologous reactions were present n higher uter than
were the heterologous reactions and relative specificity was demon
strable by the method of serial serum dilutions

Application of this test to human undiluted sera (10) revealed
complete complement fixation 1 14 of 300 different sera These

positive tests were with the sera of 6 of 9 proved cases of histo

plasmosis 2 of 13 recent skin test converters and 6 of 36 persons
with radiologically unhealed pulmonary lesions and posittve husto
plasmin negative tuberculin shin tests None of 242 control sera
gave complete complement fixation though 5 1%, revealed partal
fixauon Cross reactions were noted with blastomycin antigen but
the homologous antigen Tistoplasmuin gave higher uters

3 The Test of Saslaw and Campbell employs whole yeast
phase (35) 1nd ground yeast phase supernatant (36) s antigens
With ser1 from rabbits smmumzed with heat hilled yeast phise H
capsulatum complement fixation was noted with both these antt
gens Blastomyces yeast phase antigen fixed complement when
tested with sera from rabbits immunized with Blastomyces derm2
utidis Cross reactions were noted with Histoplasma and Blasto
myces yeast phase antigens when tested with the heterologous
antisera  The homologous reactions were of higher titer Ground
yeast phase Histoplasmn antigen gave a greater degree of cross reac
tion than did the whole yeast phise antigen Because of the cross
reactions of Histoplasma and Blistomyces yeast phase antigens and
therr respective heterologous antisera the authors recommended
the mclusion of both these anugens 1n complement frxation tests
for hustoplasmosis

B The Agglutination Tests 1 The agglutination test stud
1ed most extensively is the Collodion Agglutination Test of Saslaw
and Campbell (3%) Collodion particles coated with histoplasmin
are mcubated with vanous diutions of serum and macroscopic
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clumpin,, 1s the criterion of the presence of amubodies Fmployin,,
sera from ribbits immunized with heat hilled yeast phise Histo
phsm orguusms sigmfircant agglutmation of the coited collodion
particles was noted Sy ntficant serum uters (implied  though not
exphatly stated) minged from 1 2010 1 80 Blistomyces muiserum
m low niter c10ss rencted with these particles Several dafferent
prepariuons of histoplismin were found to be equnlly switable 1
antigen (37)

In tests with human antisera (38) strong collodion 1gglutina
tion reactions (1 20 to 1 80) were noted 1n 3 cases of acute histo
plasmosts ind wek to negitive rerctions (less than 1 5 titer) n 3
cases of chronic histophsmosis The collodion agglutination tters
pralleled yeast antigen complement fixauon tiers which ranged
from 1160 to 1 1210 n the acute cases md 1 20 or less in the
chromic cases W eak to negatne reactions with collodion agglutt
nation and ground yeast phise mugen complement fixation again
werenoted in 1 blind study  of human sera from chronic cases of
histoplasmosis (40)

£ Other agglutnation tests include (a) A histoplasmin latex
agylutination test (42) stmilar 1n principle to the collodion agglutt
Mtion test save for the use of latex parucles msterd of collodion
prtticles  Prelnminary studies with ammal (dog monkey and
rabbit) and human antisern were similar to the results of collodion
ag,lutination—titers were elevated early in the disease and became
negative 1 2 to 3 months during comalescence  (b) A hemagglu
tination test (20) 1n which sheep erythrocytes are coated with histo
plasmin - Agglutinition was noted with sera from Hustoplisma
Immune rabbits A zone phenomenon (inhibitton of agglutination}
W1s noted 1n the presence of excess inugen

€ The Precipitun Test of Salvin 1nd Hottle (26) employs hus
toplasmin as antigen * Sera from rabbats infected with yeast phase
Histoplasma capsulitum  and hyperimmumzed with formalin

H st plasmin and human sera a e emploved 1n prec p tin reactions 1n agar gel
Sen 1t ity and cro s veact ons w th hete ologous fungu ant geps and ant sera are
described. D Herent band of prec pit tion are incerpreted as d st nott € of spec fc
¥ non specif c re cuons a3 well a5 AL TCE ¢ of true vs false pomtwe Teactions
(Hener D C Dagno s of histoplasmo Is us ng precip 1 n reactions m agar gel
Pd s 61667 19 8y



172 HISTOPLASMOSIS

killed organisms were tested with 4 Histoplsma antigen prepara
tions—filtrate of ground yeast phase yeast phase broth culture fil
trate ground mycehal phase filtrate 1nd mycelial broth filtrate
(histoplasmin) - Significant titers a1ppered 1t 13 days and reached
a peak at 1bout 20 days  Ttters (hughest dilution of 1ntigen yiving
a preaipin reaction) were mrximal and of longest duration (76
days) with listoplasmin

In studies of ser: from proved human cases of histoplasmoss
precipitin titers of 1 8 or greater wppeared to be significant though
chronologic change 1n titer seemed even more sigmfcant (30)
Cross reactions w1th heterologous antigens (blstomyan and cocct
dioidin) were noted However precipitates with the homologous
antigen usually were present with a greater anugen diluvon and
persisted for a longer period of time than with the heterologous
antigens A zone phenomenon due to excess antigen wis noted

only very rarely

A brief summary of the preceding discussion of the wailable
tests for histoplasmosis indicates that all of the mailible antigenic
preparations and the 1n vitro techniques employed are cffecute
with experimental ammal and human anusera  With 1 guen
serum the tests vary m sensitivity and specifictty  Cross reactions
to be discussed further occur between Histoplasmt antigens and
heterologous antrsera 1s well as between heterologous antigen and
Histoplasma antisera

Il Sensitmvity and Specifieitv—Comparative Studies

It appetrs obvious that 1 test to be of pracucal value must
possess 1 relatnvely hugh degree of sensitivaty (detect 1 sigmficant
percentof positivesera 1nan infected populition) and specificity
(fail to be positive 1n n unmnfected population) The sensitivity
of 1 test 1nd consequently the titer abtuned with 1t readily m1y
he nltered by varying the concentration of anugen and other rea
gents aswell as the condtions of incubation and reading of the test
An immunologic trmsm mught read— mcreasing the sensttivity of
a test jeopardizes its speaificity 5o 1 compromnse between senst
vty and speaificity must be made 1f 1 test 1s to be practicable

A consideration of the tests presiously discussed mry convey
the expectation that those employing histoplismun as antigen would
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ield parallel quahititine data since the same anugenis emploved in
each  Accordingly the histoplistun complement fixation collo-
dion agglutination and precipitmn tests would reseal comparible
data However saninons of sensitivity nd speaificsty inherent in
these different serologic technics as well as vartions m the ant

geme properties of different histoplismn preparations introduce
factors which contribute to observed discordant results Similarly

tests employin,, yeast phase antigens m1y be expected to vamy 1n
comparatnve studies not only do different yeast phase prepirations
vary mn potency but e whele yeast with an itact surface does
not present the same anugeme complex 1s do the components of
disrupted yeast cells Turther as indicated earhier and to be dis

cussed agamn later tests a1y m sensttinity depending upon the
suge of mfection represented by the serum spetimen to be tested

Inherent fundamental differences between complement fixa
uon aggluunation and preapiin rections render quanutatie
<omparisons (titers) musleading  For example a zone of inhibinon
due to excess antigen 1s most common m the preaipiun technic Jess
Iikely m agglutinition reactions and msignificant in complement
ficauon Also precipiun titers are incomparable with complement
fixation and agglutination titers since 1 the precipitin test ntigen
rather than serum dilutions are employed In the preaipitn test
<quualence of antigen to antibody Tather than antibods concen
tration 1s determined sncrexsing iter 1eveals dimimshing, rather
than increasing antibody concentration to the pownt of inmdequate
antigen for visible aggreganon of particles The collodion 1gglut
hatton test 1 which histoplasmin also 1s used as the anugen but
“which serum dilutions are employed should on a theoretiel basts
be a more valid quantnatise test for anubody concentration than
1 the preapitin test Ignoring serologic theory however the pre
<ipiin and collodion agglutination tests as herem discussed em
prically have proved ta be of value under sunilar aircumstances
{28 29 39 40)

Some comparativ e results of 1ests on agiven serum already have
been mentioned  Salun (20) with complement frxation tests em
ploying serum from snfected rabbits found whole yeast phise anu
Ben superior to histoplasmin 1n the degree and duration of titer
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Crayston (13 11) with complement fixation tests of human and
rabbic antisera found whole yest lustoplasmin 1nd ground yeast
supernatant of diminishing sensitivity 1 this order Hall and
Campbell (15) 1n complement fration tests with human sera and
whole yeast and histoplasmin mugens found that exther ntigen
would have been diagnostic n many cises Both 1ntigens however
were necessiry for maximal detection of dingnostic titers—whole
yeast antigen reacted 1n higher titer with sera from cases of early
prumary pulmonary histoplasmosis  whereis histoplasmin was
more sensitive m chronic cases with radiologic evidence of pul
monary cuitation fibrosts or pleural effusion In the latter climcal
group whole yeast phase anugen frequently faled to revenl 2
sigmficant titer

Swshw and Campbell (38) as discussed earhier found that
collodson agglutination and ye1st phase complement fixation tests
grve lugh titer 1n acute human Istoplasmosis and weak to neguine
reactions i chrome disease  This 1s simular to the findings of Salvin
and Furcolow (28 30) who found the precipitin test positise 1
early stages of listoplismosts However the Jatter authors differ m
their results wath whole yest phase aintigen  they found yeast phase
complement fixition tended to be positive m the later stages of
nfection

Sabin (24) compared histoplasmin and whole yeast phise antt
gen 1n complement fixation with human sera from n eprdemic of
histoplasmosis  He reported higher titers with whole yest phase
antigen and werk to negitive titers with hustophsmmn He con
cluded on the basis of this single study 1n which the same strun of
H capsulatum presumably was the cause of all the cases that the
supertority of the yeast phise antigen as a tool for the diagnosis of
acute and recent histoplasmosts 1s quite apparent n these tests
Thus ts quite m contrist with the findings of S1lvin and Furcolon
(29 30) mentioned above as well as with the result of Rubm Lehan
and Furcolow (23) who found whole yeast phase antigen comple
ment fixation negatnve throughout the 3 month pertod of an acute
case of histoplismosis  Histoplasmin complement fixation was
positine enrly (23 daysafter the onset of tlness) ind becime negtive
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swecks fater  (Preciprting were demonstrible with only one of the
sernl ser)

In m extensine comparmve blind study  of dilferent tests
with human sert Tenenbery, (o1) found whole yeast phase antigen
more sensitive md more hon specfie than lustoplasmin mugen in
the complement fination test Wath the same sera Sashw (10)
found Doth the collodion ag lutiniuon nd ground yest phwse
ant,en complement fixition telitinedy msensitive wherets Sahun
(29) found he precipntm test gnsensitine: but whole vest phase
complement finition sansitine ind 1eltieds speeific

An cxplamnion of these apparent discrepanccs 1ppers to le
m the fact that many of the sera which were expected to be posunve
on the basis of hvng, been obtuned from proved and presumptne
cases of Instoplasmosis represented specimens obruned relnel
late 1n the conrse of the disease  \s mdicated earhier the preaipiin
and collodion 1. lutuntion tests tend to be postine earh and
transiently  Therefore evaluauon of the sensitinaty md specilicity
of the precipitin and collodion agglutimition tests with e stage
sera1s tusleading the stge of disease represcnted by the scra must
be considered  This consideraunn however does not esplun the
dispanities between the results of Tenenberg (51) md Silvn (29)
with whole yeast phase antigen and Sl (10) with ground yeast
phase antigen Perhaps the varation in anugenic propernes of
dilferent lots of antigen contributes to the differences noted

In a study of chronic progressive cwatary histoplasmosis
Lehan Brasher Larsh nd Furcolow (18) found that the histophs
min complement fixation test was shghtly more positive and gave
Tugher uters than the whole yeast phase test  The histoplasmin
test was positive 1 809, of cases whereas both tests to,ether sero-
logteally detected 909, of the cises  They conclude from this and
other data that the precipiun test usutly 1s positve earlier than the
complement fr<ation tests and that neither histopl ismin nor whole
ye1st phase anugen fone guve 15 hugh a degree of sensitnty as
when employed concurrently Their recommendation that tests
with two (or more) antigens be employed for most effective detec

t1on of antshodies 1s simiar 10 that of Hill and Campbell aited
eathier
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Cryyston (13 14) with complement fixation tests of human and
rabbit antisera found whole yest histoplasmin and ground yeast
supernatant of dimrnishing sensttrvity m this order Hull and
Campbell (15) 1n complement frxttion tests with human sera and
whole yest and histoplasmuin ntigens found that erther anugen
would have been diagnostic in many cases Both antigens however
were necesstry for maximal detection of diagnostic titers—whole
yeast mugen reacted m higher titer with sera from cases of early
primary pulmonary histoplismosis  whereas histoplasmin was
more sensitive 1n chronic cases with radiologic evidence of pul
monary cavitation fibrosts or pleural effusion In the latter chinrcal
group whole yeast phase antugen frequently failed to reveal a
signficant titer

Saslaw and Campbell (38) as discussed earlier found that
collodion agglutmation and yeast phase complement fixation tests
g1ve hugh uter in acute human histoplasmosis nd weal to negative
reactions i chrome disease  Tlns 1s simular to the findings of Salvin
and Furcolow (28 30) who found the precipitin test posiiie 1
exrly stages of histoplasmosis However the Itter authors differ n
therr results with whole yeast phase antigen  they found yeast phase
complement fixation tended to be posttive i the later stages of
nfection

Sabin (24) compred hustoplasmin and whole ye1st phase it
gen in complement frxation with human sera from n epidemc of
hustoplasmosis  He reported hugher titers with whole yeast phase
antigen and weik to negative titers with histoplasmm  He con
cluded on the basts of this single study 1 which the same strun of
H capsulatum presumably was the causc of all the cises that the
supertonity of the yeast phase antgen 1s 2 tool for the dignosts of
acute and recent histoplasmosis 1s quite apparent in these tests
Thus 1s qurte n contrast with the findings of S:hvin and Furcolow
(28 30) mentioned above as well aswith the result of Rubin Lehan
and Furcolow (23) who found whole yeast phasc antigen comple
ment fixation negative throughout the 3 month period of an acute
3t I 1 complement freition w1s

case of histof I
posunve early (23 dys after the onset of 1llness) 1nd became negatie
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IV Serologic Patterns

Serologic patterns (the sensttnaty of different tests 1 vanous
stages of infection) hime been alluded to eathier  The precipiin
test (28 29 30) and collodion 1gglunnauon test (33 10) tend o
demonstrate their lughest titers early mn the discase and for 1 tran
sient period nd e weak to negatne m the Jater stages of infec
tion Consersely the complement fixation tests with histoplastun
and yeast phase tigens tend to be posstive 1n the later stages of
mfection (17 18 20 ,1) (Fxcepuons to these patterns hive been
noted (S 4 6 15 2% 21)) These patterns tre anilogous to those
11 Cocardiordomycosts (18) 1 which the precsprtin rection was
found to be most useful early i the disease (1 to 3 months) and the
complement fixation test more useful in later stages (3 months toa
year or longcr)

An auractive hypothesis applicable to the relauvely  short
Ined status of the precipiun nd collodion agglutnation tests 1s
that of Martmn (19) He suggests that soluble antigen m1y combine
o with arculating amubody and 2n excess of antigen m1y be
presemt The serum thus mny provide msufficient free anubods
for 1 vitro Aggregation or clumping of parucles Complement
lixauon still may occur since 1t 1s not necessary that 1 precipitate
should form for complement to be lixed for this may occur in zones
where there 1s no visible preapuavon (1)

Campbell and Binkley (6) discussed three different disease
patterns and their associated serology  In cases of (a) primary acute
pulmanarny histoplasmosis they found that ground yeast phase com
plement fixation rexched peak titers usually within the first 6 weeks
of illness and rapidly declined by the fourth month  In cises of (b)
chromc generalized disease hagh ters for long peniods (6 months
or Ionger) were usual In (c) advanced generihzed histoplasmosis
low to negaue titers were found

Negaune serologic tests (2 13 18) as well as negatise skin tests
(2 18) have been descrsbed by others 1n chronic to fatal hustoplas
mosis Tt1s not known whether this depresstun 1s specific or merely
areflection of a nonspecific depression associated with critical 1l
ess as noted 1n skin tests (11)

Salvin and Furcolow (30) commented upon the relatisely early
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Il Sigmficant Titers and Duration of Titers

The liberty has been taken to mfer from published studies
with human sera the titers of each test which appear to be sigmft
cant  Understindably the deftmition of a  positive or sigmifi
cant titer generally has been avoided A titer per se may be
mislerding a low titer with a relatively less sensittve test may have
greater significance than a high titer with 1 more sensitive test
The sensitive test yielding high titers may 1t the same time gne
nonspecific or cross rect1ons to 1 extent that drmmishes its value
Emphasis has been placed upon the value of tests on serial serwm
spectmens  particularly when the serum titers are of equiocal
mterpretation  The rationale 1s that a changing titer 1s a reflection
of current or recent antigenic stimulus (infection)

With the complement fixation test of Salvin employing whole
yest phase antigen signsficant titers of 1 20 1 40 and a duraton
of titers for 5 weeks to 18 months (13) 3 weeks to 6 months (24} and
up to 8 yers (32) h1ve been reported

The complement fixation test of Saslaw and Campbell with
whole yest phise antigen 1s considered  suggestive 1n 1 titer of
110t 180 and presumptne 1 a titer of 1 160 Significant
trters hne varted in duration from 2 to 16 weeks wn acute cases and
for 48 weeks or longer m chronic cases (6 15)

The complement fixation test of Saslan aind Campbell with
ground yeast phise mti,en may be constdered posttive 1n 2 tter
of I 10101 160 1nd has persisted for 2 to 16 weeks or longer 3 6)

The complement fixation test of Tenenberg and Howell with
histoplasmin antigen has been considered  posiive 1n a nter of
11to1 5(2 10 51) Wath Schubert s modtfication of this test (13)
a tuter of 1 8 15 considered significant (18) The duranon of a sig
nificant titer has 1anged from 3 to 8 weeks m icute (23) and from
2 few weeks to years in chronic (2 51) cases

The precipitmn test his been considered significant m wn ntt
gen nter of 1 4101 8 nd my be posttise from 1 1o 2 weeks to 5
or 8 months (30) or longer

The collodion 1gglutimation test has been considered signih
cant m a tter of 1 20 to 1 80 and may persist from 2 t0 3 weeks to

1 months or longer (31 38 39)
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with Nsstoplisma anugens and mtisern flom ribbits immumzed
with € lbicans € npeoformans § schenkar and B brasthensis
The serologic cross reactions are simular to those observed m animil
skin tests wath hustoplismin biastomyen coceidiondin and haplo
sporangin {9)

In general homologous reactions hue been distinguished
from heterologous rexctions by employing Approprite serum dilu
tions hugher titers bemn,, obtuned with the homologous mtigen
This speciliaaty demonstrable by differentnl titraons 1s sumlar
to thavof the skin test Howell (16) danonstrited relitne speafi
aty with the homologous skin test ntigens (lustophsmin and
blastomyein) when the approprite ntigen dilution ( cutical
uter ) was employed

Tempenng the generilizauon that homoloyous reactions are
stronger than lieterologous (cross) reactions are the findings of
Campbell wnd Binkley (6) They found that ground yeast phse
Anugcns of Histoplism? aind Blastomyces gnie extensive a1oss 1eac
tions i complement [ixation tests with ser 1 from cases of Blastomy
costs wd Histoplasmosts vespeetisely  Many of the cross 1eactions
were mdistin_ uishable from the | log: reactions by serum
tiravons  Cocardiordm antigen and cocardioides human antiserum
also cross reacted but to 1 less marked degree Because of these
cross reactions anuigens from each of these three fungt were recom
mended for routie serologic tests in these three diseases

The confusing problem of cross reactions ratsed by these
studies of Camplell 1nd Binkley 1s mutigated somewhat by the
realizanon that ground yest antigens were cmployed It has been
shown that wround yeast phase Histoplism gives greater cross reac
tons with Blastomyces antser than does whole yeast phase antigen
{36) Saluin even fuled to find cross reactions with whole yeast
Histoplasma antigen and Blistomyees ribbit annsert though he
1d find histoplasmin ntigen cross reacted 1n low titer (25)

The problem of cross reactions appears to be stgmficant but
soluble 1f switable utrations and the appropriate ntigens are in
cluded 1 serologic testing 1 he independent geo_raphic distnbu
ton of endemic topl and cocad yeosts further
decreases confusion 1n serologic interpretation in the study of a
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and trnsient 1pperrance of significint preciprtn titers 1 contrut
with the more prolonged sigmificant titers 1n the whole yeast phist
complement fivition test They postulated that this type of datr
might be employed as 1 prognostic guide 1 negative preciprtm and
1 positive complement fixation test indicating a poor prognosts
Tis 15 mloous to the suggestion of Smuth et al (45) who found
m coccrdiordomycosts that 1 pattern of 1 hugh and or rising com
plement frxation uter and 1 negatnve precipiun test was assoctated
with the severity of wfection Contitrywise Crayston (13) did not
find complement frnation titers correlitive with the seventy of
infection which 1s somewhat m igreement with Campbell and
Binkley (6)

The data cited 1n the preceding three sections indicate that the
preaprtin and collodion 1g.lutinztion tests tend to be positive 1n
acute or enrly stages of chronic histoplismosss whereas the comple
ment frxaton tests tend to be positne 1n the later stages or of
relunvely low titer 1in ewrly stages of diseasc There 1s frequent

overlp  so that this generalization 1s not mflextble Thus twoor
more different serologic tests i combination 1re more sensune
than only one test

Though desimble prognostic serologic patterns hnve not con
vincingly been demonstrated  Each serologic test can vary from
positive to negatise 1t 2l stages of infection

Y Cross Reactions

Cross reactions represent an spect of specificity  Histoplasm1
antigens demonstrite cross reactions with other fungus ntiser
Comversely Histoplisma antiser: demonstrate cross reictions with
other fungus 1nugens Similar cross reactions molvng the swne
fung: occur with skin tests Apparently these fung: e rehted
anugentcally

The most common cross reactions imvolve Blstomyces 1nugen
and antiser1 and they occur m all the tests studted i this regird
with both human mtisera (26 10 15 13 30) d immnl anusert
21 2o 3437 50) Simular reactions hive been obsersed with His
toplsmi and Coccidiordes antigens and ntisera (16 15 18) Mo
cross rexcuions have been demonstrated tn the collodion agglutina

tion test (3») or whole yeast phase complement fixation test {36}
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I Antigenic Fractions

Despite the extensne use of histoplasimn and yeast phise
products i shin testing, and serology  there s been relunely
Tittle study of punficd fractions of these antigenic substances

The serologic propertics of the crude supermtant of ground
and somchinniegrated yeast phse Histoplama have been men
tioned earhier Sahin nd Ritn (33) hwve presented evidence tha
the antig activity in complenent fixation resides an the cell
wall rather than an the cytoplism of the yeast phise Histoplisma

Sorensen and Iyvans (19) 1solated 1 protemn free nugen (pre
sumbly polysacchartde) from the supernate of 1 flnd culture of
yeast phase Hhstoplisma  This fraicuon fixed complement when
tested with ser from Histoplismy infected rabbits and did not
cross react with ser1 from Blastomyces and Cocardidiordes infected
rabbits This 15 sumilar to the findings of Pates (21} who 1solited
1 polysaccharide hike fracuion of hustoplismin which gave 1 precips
un reaction with serum from Histoplasmz moculated rabbis and
which did not cross react with serum from rabbuts imoculated with
Blastomyces In addition three other fractions~protein like poiv
sacchanide hike and of undetermined chemucal nture—reacted not
only with Histoplisma anusera but lso cross rexcted with Blasto-
myces antisera

Itseems appropriate to mention the polysaccharide fraction of
hustoplasmin studied by Cross and Howell (8) which gave positine
shin tests 1n Histoplasm and Blistomyces infected guiner pigs
The homologous skin test reaction was greater than the heterolo
gous reaction This polysacchanide immunologically s unlike the
fraction of Sorensen and Evans and 1s stmilar to the polysacchande
Itke fraction of Pates which crossreacted with Blastomyces
antiserum

A provocatn e study 1s that of Campbell (7) who investigated
the complement fixing properties of ethanol precipitated crude
fractions of both histoplasmin and ground yeast phase H capsu
ltum At least two antigemeally different components were
obtained one fraction precipitated by 0 1 mole ethinol and which
predominated in the yeast phase complex and a second fracuion
preaipitated by 0 1 mole ethanol and which was found in both the
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stable population However the apparent overlap of the geo
graphic distribution of histoplasmos:s and blastomycosis (17) ren
ders epidemiologic considerattons less helpful i disungwshing
these two diseases Also study of migrant cases 1s not clarified by
eprdemrologic considerations when cross reactions are mmolied
So antigenic preparations from Histoplasma Coccrdiondes and
Blastomyces may be needed m tests with certain sera

VI Variations m Antigenic Preparations

The antigemc properties of yest phase and mycelsal phase
(histoplasmuin) anugen vary  depending upon the stramn of H c1p
sulatum from which they are dertved Sigmficant varsations 1
potency of histoplasmn (14) and whole yeast phase (46) comple
ment fixing antigens were found when comparing lots of each
produced by several different stramns of H capsulitum 1n tests with
both human and rabbit anuserum  (This 1s comparable to the
varsation m potency of different lots of ustoplasmim 1n skin tests )
(16) Further serum from rabbits immunized with a gren stran
of Histoplasma did not necessarsly give lughest ticers with antigens
from this same stramn Antigenic potency n serology varied mde
pendent of whether the test serum was homologous or heterologous
to the strain of antigen This vanation mn potency 1s contrary to
the findings of Salvin and Hottle who found no significint vara
tion 1 the potency of histoplasmin produced by several strams of
H capsulatum (27)

Comparison of histoplismun and yeist phase antigens each
dernved from the same strain of Histoplasma revealed sarnble
terpretations of potency depending upon th e nature of the serum
employed (45) Thus with hyper immune rabbit wnaserum all
three antigens tested (histoplasmin whole yeast phase cells and
supernatant from sonic-disintegrated yeast cells) were of equal com
plement fraung actrvits  With serum from nfected rabbuts whole
yeast phase antrgen was mferior to the other two wmugens With
serum from proved and presumptive human cases of lustoplismosts
ustoplasmin was the most reactine The authors conclude that
anugens should not be preselected on the basis of tests with non
human sera
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negaive serolomy became positne Simulr case studies e de
scribed by Salvin and Furcolow (30)

The serologic tests m ss, mbicant uter as desenibed earlier e
of varable duraton  The lustoplasmin skin test once postune
wsually remarns so for vears to hfe lon,  Thus 1 1 followup study
of the Camp Cruber Fpidemic (17) more than 6 years after the
epidemic all 26 cases studied sull had positine shan tests but enh 7
had posttve serologre tests Other studies of epdemics have vielded
stmilar data (12) Further evidence that skin tests are more per
sistent than the serologic tests 1s the obsenvation that slin test

comerters usurlly continue to have positise skin tests thereafter
whereas they usually have negatine serologic tests when studied
scrologically (10 29 10 51)

Discordant results of skin tests and serology mav occur dunng
cimally active histoplrsmosis either mny be positne md the
other be negatne  Thus positne shin tests 1nd negative erology
25 well as negatise shin tests and postve serology hase been ob
sened (10 17 ,2) The non specific depresston of skin reactsts
associated with entscal dlness (11) has not been shown to account
for the depression of serologic reactivaty

B Influence of Shin Testing Upon Subsequent Serology
There s evidence that repeted skin testing with histoplsmin does
not induce a positive shin test in humans (22 31 41) or 0 guinea
D133 (16) Stmularly repeated negatnve shin tests with histoplasmm
fail to nduce positise serologic tests in humans (22 31 41) or 1n
~uimnea pigs (50) Further a single positive skin test fails to induce
ptmu\cscmlrrgmtcsu(i 22 31 {1) However frequently repeated
positine shin tests at 1 to 2 week mtenvals have mduced positine
collodion agglutnation tests (22 1) complement fination tests
(1 41y nd precipitin tests (31)

Ttis unlikely that skin tesung sigmficantly influences the sero-
logic results of clmical and epidemiologic studies such as those
described 1n this chapter Repeated positine shin tests rarely af at
all are performed at such short intenals as those mentioned above
there 1s htle 4f any dication for repeating a skan test 1f one has
been positive a short time before N\evertheless since 1t Iras been
shown that a posttive skin test 1n an already skin test positine indi
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yeast phase complex and histoplismin The 01 mole fraction
reacted with sera from early stages of histoplasmosts and cros
reacted with serum from early coccidiordomycosts 1nd cutaneous
blastomycosis  The 0 # mole fraction wis more concentrated m the
histoplasmin and reacted with serum from late but not early
stages of histoplasmosis 1t did not cross react with serum from cases
of coccidiordomycosts or blastomycosts

Generilization fiom these data of Campbell should not be
made because of the small number of antiserz tested and because
only one lot each of fractionated yeast phase and histoplasmin were
studied Other [ots of these antigens sumiarly frictionated might
yield different results An intumation that this might be so lres
the observation caited exrlier that hustoplasmin has been shown to-
react with acute or early stage serum mn the complement fixation
test 15 well as in the precipitn and collodion agglutimition tests
Also yeast phase antigen has been shown to react with late stage
serum

Further study of fractions of Histoplasma substances (yeast
cells and histoplsmin) would be desirable Since these crude
complexes represent intigenic mixtures purified fractions of them
may yield more specific and possibly more sensitive  antigens
However the spectrum of observed antibody responses m histo
plasmosts suggests that the crude antgenic complexes 1re moie
Liable to detect the presence of one or more of the several species
of intibody than would a4 punified antigen which reacts with only
ane spectes of antibody  If this 1tter concept 15 v2lid with punified
fractions as anugens esen more tests than now 1re recommended
would be necessary for adequate serologic screening nd diagnosis

VIII  Relatonship of Serology and Skin Test

A Onset and Duration of Serology, Relative to Shin Test
In general the lstoplismm skin test becomes possuve (1t 2 to 3
weehs) before the seroloic tests (1t 3 to 1 wecks) following il
fectton  An excellent example of this 15 the cise study of Rubin
Lehan and Furcolow (23) m which the shin test was found to be
positive 4 dys after the onset of 1llness wnd 18 days after exposure
to infection  About 2 weeks after the onset of sllness the imually



HISTOPLASMOS!Y 183

negatine serology hecame posiine  Sumlr cse studies are de
scribed by Salvin and Furcolow (30}

The serologsc tests m significant titer s descrabed earhier are
of variable durition  The histoplwmun skin test once positne
usually remains so for vears to hfe lon, Thus n 1 followup studs
of the Camp Cruber Fprdemic (17) more thin 6 years after the
epidemic all 26 cases studied stll kad positne shin tests but onls 7
had positive serologic tests Othier studies of eprdemics hne vielded
stmlar data (12) Further evidence thit skin tests are more pet
sistent than the serologic tests 1s the obsenvaton that skin test

converters usually continue to have positine shin tests thereafter
whereas they usully have negitne scrologic tests when studied
serologreally (10 29 10 51)

Discordant results of skin tests and scrology may occur during
chmaally actve histoplismosis exther may be positne and the
other be negatne  Thus positine skhan tests and negative erology
as well as negative skin tests and positive serology have been ob
served (10 17 92) The non speeific depression of skin reactinty
assoctated with ecniuial allness (I1) has not been shown to wccount
for the depression of serologic reactis 1ty

B Influence of Shin Testing Upon Subsequent Serology
There 1s evadence thit repeated skin testing with histoplasmun does
not induce a posttive skin test 1 humans (22 31 41) or 0 guinea
Pgs (16) Stmilarly repeated negative shin tests with histoplasmm
fail 1o iduce positive serologic tests in humans (22 31 41} or n
fumnea pigs (50) Further a single positive shan test fails to mduce
posttnve serolomic tests (3 22 31 41) However frequently repetted
positive shan tests at 1 to 2 week intenvals have nduced positne
<ollodion agglutnation tests (22 41) complement fination tests
81 41y and preapiun tests (31)

It1s unhikely that shin testing sigmitcantly influences the sero
logic results of chnical and epidemiolegic studies such as those
described mn this chapter Repeated positive shin tests rarely 1f at
all are performed at such short intersals 1 those mentioned above
there 15 little af any indication for repertng a skan test 1f one has

€N positive a short time before Nevertheless since 1t has been
shown that a positive shin test 1n an already shin test positise indt
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vest phise complex md fustoplsnun The 01 mole fracton
reacted with sert from early stiges of histoplhsmosss and cross
reacted with scrum from early cocadiordomycosis and cutaneous
blstomycosis The 0 § mole friction was more concenerated in the
istoplismin 1nd rexcted with scrum from lite but not ety
stages of hustoplismosts 1t did not cross react with serum from cases
of cocardiordomyeoss or blstomycosts

Cencrahizauon from these data of Campbell should not be
mde becwse of the small number of antisera tested and becatse
only one lot exch of Irrctionated yest phase and histoplismin were
studied  Other lots of these inugens stmilarly fricnonated might
yield different results  An mumation that thius mght be so Jies n
the observruon ated ewrhier that lustoplasmn hs been shown to
raict with aeme or erly stige serum n the complement fixation
test 1 well 25 sn the preaipitin and collodion 1,glutination tests
Also yeast phise intigen s been shown to reict with Inte stage
serum

Twither study of Irictions of Histoplismn substances (jeast
cells nd lustoplisnun) would be desirable  Smce these crude
complexes represent antigenic mixtures purified frictizons of them
m1y yield morespecific wnd posstbly more sensitive  anngelts
However the spectrum of ohserved ntthady responses tusto
plismosis su,gests that the crude inngensc complexes ire mole
Irble to detect the presence of one or more of the severl species
of 1nubody than would 1 purified wntigen which reacts with only
one species of intibody  If this latter concept 1s vihd with purified
fractions 1s 1ntiens cien more tests than now are recommended
would be necessary for 2dequate serolo,ic screening nd diignosis

VI  Relatrtonship of Serology and Skin Test

A Onset and Duration of Serology, Relatue to Skin Test
In genernl the Instoplismuin shin test becomes positive (1t 2 t0 3
weeks) hefore the serologtc tests (1t 3 to 4 neeks) following 1min!
infeciton  An excellent example of this s the cise study of Rubin
Lehan and Turcolow (29) m wlich the sk test was found to be
postre 4 days after the onset of 1liness 1nd 18 dys 2fter exposure
to infection  About 2 weeks after the onset of 1llness the ity
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mfluence upon serologic results Repeated shin testing at short
tenvals m1y mfluence serologic results i shin test positnve 1nds
vidunls and should be vorded

(9) ‘There is no reliable prognostic titer or pattern  Negative
to Iugh uters m1y be obtuned at 21l stages of infection with each
test

(10} Standardized reagents are necessary for valid serolo,ic
results Serology 1s best performed 1n laboratories expertenced with
these tests

(11) Isolation of H capsulatum by culture methods s the

most vihid d 1c criterion of histoy
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vidual ean sumulrte the production of scrologically detectable
antibodies 1t appears prudent both to obtamn serum for serology
prior to repeat skin tesung with histoplasmin and to avoid needless
shin tesung of known skin test posittve mdmaduals

SUMMARY AND CONCLUSIONS

(1) The serology of histoplismosss has been reviewed with
an attempt made to 1vord schematic generalizations  Appropriate
references for the technics of the varous tests are indicated All
the serologic tests subjected to chnical trial have proved to be of
vilue

) The preapitin and colledion agglutination tests yreld
sumlar results and tend to be posttive earlier and for a more tran
stent period than the complement fication tests This pattern s not
constant however and any complement fixatton test may be post
tive 1n early stages of diseise and other tests be negatt e

(3) The complement fixation test with hustoplasmin wntigen
appears to be the test most likely to be positive 1 old or mactiie
appearing disease

(4) The sensitivaty of the tests varies not only with the stage
of diserse represented by the serum but also with different sera
from the same stige of disease In wddition different lots of an
anugen mfluence the sensitvity and speafiaty of a grven test
Therefore the performance of more than one test (eg precipiin
or collodion agglutination plus yeast phase and histoplasmin cotm
plement fixation) 1s of more diagnostic value than any single test

(5) A changing titer aswellasa siymficant titer  has diag
nostic value

(6) Cross rexctrons occur with other fungus (Blstomyces and
Cocadioides) wntigens and therr antisera Homologous reactions
usually can be distinguished from heterologous reactions either by
single absolute diagnostic titers or by the method of differentinl
sernm titrations  When indicated tests with heterologous antigens
should be performed

(7) Puniled antigemc fractions 1re not practicable at present

(8) Shntesting as usually performed has no significant
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mfluence upon serolossc results  heported skin testing at short
mtervals my influence serologic Tesults i shan test postive tads
sidunls and should be avorded

(9} There1s no rehiable prognostic titer or pattern. Negative
to lugh titers may be obruned t all stages of mfection with each
test

(10) Stwndardized reyents are necessary for vahid serolo,ic

results: Serology 1s biest pesformed in hboratonies experienced wath
these tests

(1) Isohtion of 11 capsulatum hy culture methods 1s the
mostvahid diygnostic eriterson of stoplismoss
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THE HISTOPLASMIN SKIN TEST
Carroty, L PALMER AND Pusyinis Q Epwarps

’I‘hc relation of the hustopl test 1o | 1 1 as
far as1s known analogous to lhc relation of the mbcrcu]m test to
tuberculosis and the coccldloldm test to cocardiordomycosts The
Instoplasmn test howesver came nto use several years later than
the coccrdiordin test and more than 40 years after the tubercuhn
test Itas therefore not surprising that much of our knowledge and
many assumptions about the lstoplismin test are based on earhier
expertence with other shin tests and particularly on the extensne
research studies made on the tuberculin test during the Jast ten
years or s0

The rationle of the histoplasmin test 1s that after infection
with I capsulatum the tissues become sensitized to lustoplasmin
The delyed type of reaction—an ndurated erythemtous arex
which reaches 1ts mixamum size in two to four diys after mtracu
taneous injection of the antigen—theoretically signmfies infection
either past or present  Absence of such a response theoretcally
signifies no infection In pracuice howesver the histoplasmin test
has 1ts Iimitations as do most biological tests  In some instances 1t
1s dufficult to determine whether or not a reaction 15 present
nfection with other fungi may cause reactions which cannot be
disinguished from those produced by histoplasmal infection and
occasionally the characteristic reaction 1s absent even though there
1s evidence that the subject has been infected

Notwithstanding 1ts hmutations histoplismin tesing has been
a major factor 1n pointing the way in the accumulation of knowl
edge about histoplasmosis  Results of the first skin testing studies
reported 1n 1915 indicated that sensitintty to histoplasmin was
highly presalent in some geographic areas and pparently absent
1n others (28) and that 1n areas of high prevalence pulmonary
calafication was associated far more often with histoplasmin sens
tvity than with tuberculin sensitaty (28 3) From these and later
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studies 1t became evident that hustoplismosss 15 not a rare and fatal
disease Infection 1s widespread and usually benign 1t prevalence
1s largely related to geographuc factors  Infection frequently resulis
n pulmonary caleification 2 pont of prictical importance in clan
fying the problem of pulmonary caleification m tuberculin non
reactors— problem that had obvious implications for the use of the
tuberculin test m tabereulosis control work

Advinces m the eptdemiology of histoplismosts may well
depend on further developments in histoplasmun testing One of
the problems 15 to determine how speaific rcrctions can be distin
gutshed from nonspecific or cross reactions cused by mfection
with other orginisms  As the frequency of cross reactions varies
with geographic locility the percentige of reactors to Tustoplsmin
cn notalnays be used as 10 index of the prevalence of lmtop]nsmnl
nfection

TECHNIC OF THE HISTOPLASMIN TEST

The histoplasmtn test 15 ordinirily given by mjecting 0 1 miof
an ppropriate dilution of 1 standirdized ntigen 1nto the most
superficinl Inyer of the shin of the forearm  1f the injecton 1s intra
cutancous as tt should be a small bleb 1s raised 1n the shin As the
size of the bleb will vary with the depth of mjection (20) the 01 mt
volume should be mesured s exactly as possible by usmng the fine
calibrations on the barrel of 1 1 ml syringe  The histoplasmmn test
15 2 quantitatve not 2 quilitane test nd at 1s perhaps fortunate
that few sertous attempts hive been made to simplify 1t by substi
tuting for the intricutncous procedure an even less precise qualt
tatnve procedure such s some form of 2 parch test

Histoplaismin Tike tuberculm and cocaidiordin may adhere
to or be 1dsorbed onto the surfaces of needles syringes and glass
ware or contatners used 1n preparing or storng the antigen  Chem
jeally clen glissware or preferably all new glissware should there
fore be used to 1 oxd possible contamination of the histoplasmn by
other antigens

In unsensitized persons the histoplismin test generally evokes
no reaction  the only sign that a test has been grven 1s 1 tmy mark
caused by the traum1 of the needle In the sensitized person an
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area of mfiltration (induration) usually surrounded by an erythe
matous flush begins to appear at the site of njection within 21
hours Tteaches its maxmmum size between the second nd fourth
day and then gradually disappears Reading of the reaction 1s
therefore made at erther 48 or 72 hours after the mnjection The
area of mnduration should be palpated carefully and 1ts widest
transverse diameter measured with a milhmeter ruler  The meas
urement 1s recorded for asisshown later the size of the rerction 1s
important 1n 1ts interpretation  Frythema without palpable
duration may also be measured and recorded but 1ts sigmficance
asan mdex of histoplasmal infection has not been carefully studsed

‘The histoplsmun reaction 1s indistinguishable 1n 1ppearance
from the reaction to tuberculin or to coccadiordin - Very large re1c
uons bullae necrosts or hymphangius  occasionnily seen with
tubercultn reactions are much less frequent with the dilution of
; 1 ordmarly rec ded for skin testin,,

THE SKRIN TEST ANTIGEN HISTOPLASVIN

The first report of a shin test for histoplasmosis was published
n 1941 by Van Pernus et al (39) who used an antgen prepared
from a culture filtrite of H capsulatum grown in dextrose broth
Zarafonetis and Lindberg also in 1941 reported the preparation
of an antigen from a culture filtrate and proposed that the antigen
be called hustoplasmin (43) In 1945 Emmons ef of of the Public
Health Service described the preparation of several lots of
histoplasmin
The histoplasmin used 1n our 1nvestigations was prepired
by growing strams of H capsulatum on a synthetic broth medium
made according to the formula recommended by Dr C E Smuth
(36) for the preparation of cocaidiodin

1Asparagin - 1400gm
D potasaum phosphate ¢p (h HPO,) 131gm
Sod um citmate cp (N 3CgHl O7 5:4H O) _  _  09%gm
Magnesium sulphate (USP ) (Mg50, 7H O) 150 gm

Feme wrate (USP ) VI (Scales) 0.30 gm
Devtzose of the grade known as Ce close (USP\ ) 1000 gm
Clycerne cp (USP) 2500 gm
Watertomake . __ ,1.0(\000 m]
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This 1s simular to the medium used 1n making tuberculin
Experience has shown that this culture medium 1tself does not
sensitize or clicit nonspeafic reactions  The medium was dis
pensed 1n 3 liter Erlenmeyer flasks 1500 ml per flask and auto
claved  Buts of dry mycelrum from agar slant cultures of H cap-
sulatum were floated on the surface of the broth and the mocu
lated cultures were then mcubated n a dark cupboard at yoom
temperature for periods varymg from 2 to 4 months (in one lot
7 months) At the end of the incubation period the flask was
shaken to mmmerse all the floating mycelium and on the foliow
1ng day the broth was filtered through a Berkefeld N filter and
tested for sterthity  Mertholate was added to give a final concen
tration of 1 10000 and the matertal was bottled without esther
concentration or restoration to original volume The color of
the fultrate was a clear amber  (12)

Resules with the lot idenuficd as H 3 prepared accordung to
these specifications were reported by Emmons et al from studies
on infected and uninfected gumea pigs and also on hospitalized
mental patsents (12) On Emmons recommendation Palmer med
the 1 1000 dilution of H 3 for testing student nurses in various
parts of the country (28) On empirical grounds the 1 1000 dilu
tion appeared to be satisfactory because 1 Ingh percentage of reac
tors w1s found 1n some reas and 1 neghgible percentage 1n others
Christie and Peterson at Vanderlalt Unnversity also reported
satisfactory results from testing children 1 Tennessee with a 1 100
dilution of the histoplasmun they had prepared from 1 broth culture
filtrate (3) Subsequently a number of other workers both 1n the
United States and other countries have prepared histoplasmun but
the products most widely used have been the series desi,nated as
H 15 H 10 ind H42 prepared by Howell of the Public Health
Service (35) His method of preparation was very stmilar to that of
Emmons and each successive lot was stindardized and the potency
adjusted so the dilutron used for testing ws as nearly as possible the
same as the 1 1000 dilutton of Emmons H 3

Histoplasmin H 42 prepared 1n 1947 was made by pooling
three separate lots 1 order to obtain one product in sufficrent
quantity to last for 2 number of years (35) An estumated seveial
hundred thousand tests have already been given 1n this and other
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countries with H-12 and several milhon more tests cmn be given
with the amount still avarlable (30)  H-42 has been used since 1952
by the Biologics Control Lahoratory of the National Institutes of
Health s Reference Histoplasmin No 1 for the stmdardization
of products from other sources (42)

Standardization

The Laboratory of Biologies Control prepired mimimum
requirements for the production of histoplasmin n 1952 (27)
According to Workman and Hottle these requirements should

ensure that every Inboratory which plans to distnibute husto
plasmin not only 1s capable of produicng a product which 1s
acceptable to the climan from the view pownt of purtity and salety
but also continues to produce a product of umform potency  (42)
The requirements speaify that either human subjects or sensitized
guinea pigs M1y be used for potency tests carried out by means of
ntracutineous tests with serial two fold dilutions of both the
reference product supplied by the Natsonal Institutes of Health and
the product under test If guinea pigs are used four adequately
sensitized animals are  considered necessary for a sitisfactory test
“2)
Stabulity

Undiluted stock histoplasmuin stored in the refrigerator (at
about 5 C) does not appear to lose 1ts potency over a pertod of
years (19 30) There 1s evidence however that dilutions are less
stable than the undiluted antgen particularly 1f subjected to light
or to temperatures above refrigeration  For that reason use of
diluted histoplsmin for more thin eight weeks 1s generally not
Tecommended

Dosage

The dose of hustoplasmun for skin testing 1s expressed in terms
of the dilution of the particular product which 1n a volume of 0 1
ml has a potency adjusted to mitch the potency of 01 m! of the
Reference Histopl For some prod this may mean that
the original histoplasmin must be diluted by 1 100 or 1 1000 or
some other ratio to give the appropriate dosage for the skin test 1n
01 ml For H42 for example the concentration of the ongnal
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lustophsmun was 2djusted so that a 1 100 didutton of the 1djusted
stock  material contuins the appropriate dosige

Although the 1 100 dilution of H-12 (or other hustoplasmins
~djusted to hae an equnalent potency) ts currently accepted as
sasfactory for skin testing of human populations 1t should be
realized that this dose was wurived at empirically  Recent studtes
suggest that more precise results might be obtuned with 2 shightly
stronger concentration (30) Basially however the question of the
potency of a skin test antigen can not be considered apart from the
question of 1ts spectficits

Speaficrty

The specificaty of histophsnun has been studsed in laboratory
ammils expertmentally infected with the homolo,ous 1nd several
heterologous fung: 1ncluding Blastomyces dermatisdis Cocuds
ordes smmitss ind Haplosporangium parvum  Fmmons et al (12)
reported cross reactions between 1l four of the corresponding antt
Zens and 1 particalrly high degree of cross betw een histoplasmin
and blastomycin - Subsequent investigations by Howell (20) focused
attention on the relition betneen what he called the cntreal titer
of the anugen 1nd the {requency of cross renctions shown, that
the frequency nd size of cross sexctians are reluted to the dosage
the particulr anugen used for testing and the degree of sensititity
of the test 1nimls

Attempts to nolate the ictive principle from histoplasmn have
been reported by Cross and Howell (4) who found that 2 polysic
charide friction free of protemn gave reactions n guinea pigs
expenimentally infected with erther Histoplasma or Blastomytes
When used tn approprive doses the polysaccharide antigen »as
relamely speaific for histoplasmal infection Dyson and Evans
subsequently reported from themr experimental studies of histo
plasmin preprred from the yest phase of the fungus that Although
the shin test antigen was originally thought to be polysacchiride
the extractton of rqueous solutrons nith chloroform it order to
remote protemn wis also found to destroy the reactivity of the antt
gen The po}yﬂc‘dmnde nhuch remuned following this freatment
appered to be mnert m the delayed shin rections  This points up
the need for addstional chermcal studies winch are now mn prog
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ress  (5) More recently howeser hmght and Marcus (21} have
been able to extract specific soluble polysacchandes from yeast
phase broth cultures of H capsulatum

Results of Tield studies in human beings (11 31 38 14) he
paralleled those from the laboratory although m field work s
rarely possible to know as it 15 1n the hboratory whether an inds
vidunl or a group of ndividunls s been infected wath one prrucu
Iar organism wath several different organtsms ar with none at 2l
Histoplasmin appers to be a much less specilic anugen thmn for
example coccidiorhn that 1s the I 1 test elicats 1 re
sponse not only 1 persons infected with Histoplasma but wn 2 sub
stanul proporuon (in the neighborhood of 409%,) of those infected
with Cocaidioides 1s well  Cocaidhodin in contrast elicits rexc
uonsn only about 2%, of the hystoplasmal infected  There 1s ample
evidence that histoplasmin and tuberculin do not cross react The
latter part of this chapter will deal i greater detml with the
charactersstics of specihic (homologous) wd nenspeafic (heterolo-
gous or cross) reactions to histoplasmun based on resules of ficld
studies 1n human populations

GENERAL CIARACTERISTICS OF HISTOPLASMIN
SENSITIVITY

When the hstoplasnun test [irst cime mito genernl use retc
tions were rexd as  postine or nhegnne A positne  was
defined as 1 reaction of 5 or more mm of induration taken to inds
cate wnfection by Histoplwmn 2 negative  as less than 5 mm
indiciting no infection  That criterion was hemg used 2t the ime
to classily tberculin and coccrdiordin reactions and was simpls
taken over quute arbatranly for chissifying histoplasmin reactions
Although we now hnow that the 5 mm criterion s often 1mnapph
cable 1t unquestionably served a very useful purpose in establish
mg certain basic charactenstics of histoplasmin sensitivity and
hustoplasmal nfection which pointed the way for many of the
later contributions from laboritory climcal and pathological
studies
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Time of Appearance of Sensitivity

In expenimental animals skin sensitinvity to histoplasmin appar
ently develops within 1 few weeks after infecttion with H capsu
Iatum (20) In human betngs the ume iterval between mfection
and appearnce of skin sensttrvity 1s 1lso probably a few weeks as
would be expected 1f histoplismosis 1s analogous to tuberculosts n
this respect I ooshis report of n epidemic t 1 Indiana farm
frmuly mdicates that the histoplismm reaction had developed by
the eghth week after exposure to the source of mfection (23)
Observations on 4 small group of persons who developed climeal
hustoplasmosts shortly after visiung 2 batinfested cwe near the
village of Sarire m the State of Lain Venezuelr reported by
Campins and his 1ssociates (2) showed histoplismun sensitivity (o
be present by the end of the fourth week after exposure Sumlar
time 1ntervals have been reported by Murray et al (26) m the
Transvaal although $abin's observations on 1 group of men 0
volved m a locilized eprdemic i Cincmnate (33) suggest that the
trme of appearince of sensitivity may be quite variable

Duration of Sensinvaty

The duratton of skin sensitivity to histoplasmin seems to be
many yers perlnps lifelong ccording to the impression of many
workers Smuth for example ates six persons from the miduest
who after Ining for 10 to 20 yeus m Califorma stll retain their
hustoplastoin sensitnvaty presumably 1n the 1bsence of expostire to
Histoplasma durmg that intersal (37) Furcolow and Gryyston
made 7 follow up study m 1953 of 94 out of 116 persons msohved
1 locihized epidemics of histoplasmosis 1 long as mine years pré
viously and reported that m 11l 94 instances sensitivity to histo
plhsmin was present at the tume of the follow up (15) In contrast
Zewdberg has reported a sharp rise 1n the prevalence of reactors
among children but a gradually dechmn, prevalence with age 1
the adult population of an endemic arex he conjectures th the
lower prevalence among adults may mean loss of 1cquired senst
ity Jess exposure to the sensitizing agent or the acquusition of
ymmunity (44) So far as 1s known at the present ume however no
systematic long term studies has e yet been made that would provide
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firm data on the queston of the duration of lustoplastmn
sensitivity

Suppression of Sensinity
Sensivity may be suppressed during an acute illness 1s well
as n the terminal stages of an allness  As shown by Furcolow and
hisassociates some years ago (13) from studies of 30, patientson the
crical hist at a municipal hosptal tn Kansas City  depression of
shin sensttnaty ppers to be 1 funcuion of the entical illness itself—
i 1s not specific to a particular disease—and oceurs with both tuber
culin and histoplasmin sensitinity - Age akso seems to be a factor
as depression of sensitnaty was found to increase 1n frequency with
ncreasing age of the eniucally 11l patient

Degree of Senmitivaty and Infecting Dose

A relation between the degree of sensittuaty and the dose of
nfectin,, organisms has not been demonstrated 1 humn beings
and would on the face of 1t be an extremely diffscult relation to
study directly Results of extensive research on tuberculin senst
vty his indicated that the degree of sensinaty exhibited by m
individual 1s determined Iargely by familial factors goverming his
capaaity 1o develop sensitnaty (32) neither the size of the infecting
dose nor the frequency of repeated mfections appears to have much
nfluence on the degree of sensitinity as estimated by the size of
the shin reaction m humans (10 6) There are some indicatons
that here again the analogy may hold between tuberculin and histo
plasmin sensitavaty (31 8)

FACTORS AFFFCTING ACQUISITION OF SENSITIVITY

Place of Residence

‘The prevalence of sensitnity to histoplasmin 1n human popu
lauons 1ares widely with geographic locality - As shown by the
map in Figure 1 based on results of shin testing surveys reported in
the hiterature up to 1945 (10) histoplasmin sensitnaty 1s hughly
prevalent in parts of the Americas with scattered low presalence
areas 1n some regtons of Africa and Southeastern Asia Few if any
reactors have been found 1n Europe the eastern Mediterranean or
the Aniatic countries from which studies have been reported
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Fig 2 Percentag s of hustoplasmin reactions (5 or more millimeters) among
young adults lifetime residents of single counties of the Unuted States
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A more detailed map of the geograpluc distributton of histo
phsmun senstnaty n the Untted States 1s presented mn Figure 2
The map shows the distribution of counties and groups of countes
according to the prevalence of rections to histoplasmin measuring
5 or more mm 1mong 1 tot1! of 68 152 young adult men and women
tested between the yers 1915 and 1951 1n studies carried out by
the Public Health Service (25) Only hfetime restdents of single
counties were mcluded 1n the material to give a reasonably accur
ate picture of geographic variations n the prevalence of histo
plasmin senstvity  The area of Inghest prevalence ires n the
Eastcentral states where the frequencies of reactors 1n some localt
ties exceed 809, The frequencies decrease with increasing distance
from this endemic focus Histoplsmn sensitivity 1s essentially
absent 1n lifeume residents of Nev Lnglind the South Adante
ind enure Northw estern regions of the country

When the map in Nigure 2 was prepared the criterion of 5 mm
was used in estumung the frequency of positive rexcttons although
1t w1s recognized that a fair proportion of the positive  reactions
found 1n the Southwestern states probably represented nonspectfic
or cross reactions caused by Coccidiotdes nfection  More recent
studies (11 31 8) have conlirmed that interpretation and have
additton shown that many of the “eactions i the regton centerng
i eastern Texas arc also nonspecific although they cunot be
ascribed to cocaidiordal ainfection

Numerous reports hve been made on geographic vanations it
the prevalence of lustoplasmm sensitraty within stngle counties
(7 9 17 34) In Jackson County Jowa for example the percentage
of reactors ranged from 7 to 28 among school children Inving i the
18 townshuips of the county (17) Differences of sumlr magnutude
were reported from Montgomery County Maryland where withm
a distance of no more than 20 mules the reactor rate among high
schoo! students jumped from about 1495 to more than 609 (7)
Even sharper differences were observed i studes of school children
1 the aity of Dalton Georgia (1) Withun a radus of only 3 miles
chnldren who lived 1 one particulir section of the cuy showed @
frequency of reactors twice as hugh as those who Iived 1n other se¢

ons Such abrupt changes mn rector rates over very short distances
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seem to potnt to Inghly concentrited sources of infection Whatever
the mechinism of transmission infection would seem to depend on
direct exposure to the place where the fungus exists (2 15 23 26
41

Other Faclors

Race sex occupition socto economic status rural or urban
tesidence ind othier factors may influence the presalence of lusto
plasiin sensitivaty but 1t 1s difficult to 1solate their effect from the
over nding effect of geographic factors 1ssociated with plice of
residence The frequency of renctors tends 1o be shiglitly hugher 1n
mmles than m femnnles after the age of 1bout 12 years at 1s often
somewhat hughier i wintes than wn Negroes 1n this country and
stis generally higher in farm than in urban residents However
the study of Georgit school chuldren referred to above (1) 1 much
tugher frequency was found in children hvng n a well to-do sec
tion of the city of Dalton than in the surrounding rural areas

Although concentration of histoplasmin reactors 1n some fam
lies and not in others has been observed repeatedly the possibility
of famlial susceptibihity or resistance to infection obsiously s dif
ficult 10 teparite from the strong wlluence of a common environ
ment on family groups

Manos has summarized 1 number of studies of the relation
between age and the prevalence of lustoplasmin rexctors (24)
Regardless of the presalence of sensitivity 1n a community appar
ently very few chuldren become sensitive 1n the first few years of
life Trom the second or third year of 1ge there 1s a progressive
increase 1 the frequency of reactors up unuil wWulthood but the
rate of mcrease varies with the geogriphic arex  In some areas of
course the rite m1y be very low or zero while in lugh endemic areas
the annunl rte with which nonreactors become reactors to histo
plsmin may be as high as 10 per cent

INTERPRETATION OF REACTIONS TO IISTOPLASMIN

Theoretically a histophismin test maght be expected to pro
duce definite clearly characteristic reactions 1n persons who have
been infected by Histoplsma and no reaction 1n persons who have
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not been mnlected In prictice however errors in grving the test
variations n the size of reactions and other factors make it difficult
1n some nstances to judge whether an individual rexction should be
mierpreted to mean infection or no infecuon  The commonly used
definition that 1 reaction of 5 or moic mm n dimeter ndicates
tnfection ind one measuring less than 5 mm indicates no infection
should be regarded as only a crude and sometimes quite 1nadeguate
criterion

The problem 1s 1llustrited in Tigures 3 4 and 5 Figure 3
shows the results of testing 1018 Ingh school students in Whatfreld
and Murriy Counties Georgin with the 1 100 dilution of histo
plasmuin H-42 (9) The size of the reactron 15 indicated by the hort
zontal scale and the percentage of the total group with reactions
of specified size 1s indicated by the heght of exch column At first
glance 1t can be seen that the frequency distribution has two peaks
one at 0 1 mm and the other at 1213 mm From the form of the

\1 1
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- infected by Histoplasma
104 —_——t—
o
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o 1
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0 4 8 12 16 20 24

Induration 1n millimeters

Fig 3 Frequency distubution of sizes of reactions to histoplasmin for 1018
Tugh school students 1n Whitfield and Murray Counties Georgia



HISTOPE ASMOSIS ~03

distribution 1t appears that according to thar size the reactions [l
mto two groups which overlip i the range between { and § mn
Rexctrons of 2 and 3 mm would seem to belong with the left hnd
group with those of 0 and 1 mm 1nd rexctions of 8 or more mm
with the nghthmd group Reactions of 1 to 8 mm appesr to
represent 1 mixture with most of the 1 and 5 mm reacnions prob
ably belonging to the left hnd group and most of the 6 ind 7 mm
reactions probably helonging to the right hand group  The pont
between 5 ind 6 mum thus appears to be about the best place to
seprate the total distibution into two groups Thus the 1 100
dilution of H-{2 1ppears to discnminate with some preaision this
parucular populttion 1nto two groups Nevertheless 1t should be
emphasized that tndividual reictions of 5 and 6 mm and some of
those measuring a few mullimeters larger or smaller cannot be
allocated with much precision to either group

l uninfected

i - infected by Histoplosma
[722] infected by Coccidiordes
° 10+
o
2
c
@
Iy
s
a 54
0 Y
0 20 24

Induration 1a millimeters

Fig 4 Frequency distnbution of sizes of reactions to hustoplasmin for 4521
Navy recrusts Lifetime residents of southern California Anzoma New \Mexico
and western Texas
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Fig 5 Frequency distribution of sizes of reactions to histoplasmn for 3 636
Navy recruns lifetrme residents of western hansas and Oklahoma eastern
Texas and western Lowssiana

The next question s whether or not the two groups discrim!
nated by the test correspond to the infected and umnfected seg
ments of the populition For this purpose some criterion of infec
ton must be used which 1s independent of the skin test itself
‘While serological ind mycological methods are available as diag
nostic tests 1n persons recently infected or with clinically active
disease one of the few signs of past infection with Histoplasma in
a healthy person 1s x ray evidence of pulmonary calaification (or
mfiltration)  Thus 1f other ciuses of pulmonary calcification
notably tuberculosts and coceidioidomycosis can be identified and
excluded then the relation between calafication and size of reac
tion to histoplasmin can give a rough indicition of whether or not
the two groups disunguished by the skin test correspond to the
infected and uninfected segments of the population
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The results of such an anilyss for the students of Whathield
Murray Counties 1s presented in Table 1 The 70 mm photofluoro
grams taken of all students were rerd independently by two chest
physiciins without knowledge of the shan test results Films inter
preted s showing either calification or infiltration by both reders
were as shown in the table fughly concentrited in the group with
reactions to histoplismin measuring at least 6 mm 44 out of 307
{149) had pulmonary findings  Onc of the 11 also reacted to tuber
culin and none reacted to cocadioxhin In contrast only 2 out of
711 students (0 39) with smnll or zero reactions had pulmonary
findings  The xray findings thus support interpretation of the
o groups distingusshed by the histoplismin test as corresponding,
1o the infected and uninfected segments of the study population

Unfortunately the interpretation of histophsmin reactions 1s
sometimes much less clear-cut than it appenrs to be for the students

TADBLF 1

RILATION BETWEEN SizE OF REACTION 10 HisToPLASMIN AND FREQUENCY OF PLL foNARY
CALCIFICATIONS OR INFILTRATIONS AMONG $IC1 SCHOOL STUDENTS
WuHrrrirep-Murray Counmies Groroiy

Ste of P'eact on Aumb  of Numberuath
to Hustoplasmin Students Putmonary
(m mallmeters) T sted F ndings
01 63 °
-3 r -
45 » -
67 13
89 3 3
101 50 3
i ki 15
tits 65 10
1617 51 8
1819 " 2
021 4 1
2223 4 -
Total 1018 4

Includes one person w th a react on of 13 mm to the 5 TU tuberculin test
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m \Wlntheld Murray Counties The frequency histogram pre
sented 1n Tigure 4 1llustrates one type of complication that 1s when
some of the population bemng tested have been nfected with Cocat
dioides immitis The materzal for this graph was obtaned from
tests grven to a group of young men Navy recruits as thcy entered
the \avy Traiming Center at San Diego Caltforma 811 2 31}
Results are included 1 the figure only for recruts who had Iived
all their Iives 1n the endemic cocadiordomycosis region n the
Southwest—southern Califorma Arzona New Mexico and western
Texas

The form of the distribution of reactions 1 Figure 4 differs
strikingly from that seen in the prevtous figure A relatn e mcreas
1 the proportion of small reactions has completely obliterated the
point at which tho groups could be separated  In fact asshown by
the shading of the columns we are dealing here not with two groups
but with three 1) those not mnfected by ether Histoplasma of
Cocaidiodes 2) those mifected by Histoplasma but not by Cocct
diordes and 3) those presumably infected by Coccrdiordes but not
by Histoplasm»

The farst group have reactions stmuilar to the umnfected group
1n Whitfield Murray Counties most of them h1ve no reacuion o1
very small one They are classified as uninfected In the second
and relatnely small group the distribution of reactions accordmg
to their size 15 sumilar to that of the mfected group m Whthield
Murray Countres therr reactions are attributed to histoplasmal
infection Finally the persons mn the third group had larger
reactions to coccidiordin than to histoplasmin which 1s one indica
tion that they may have had a coccrdrordal rather than hustoplasmal
mfection but more mmportantly their reactions to histoplasmin
are generally smaller than the reactions of persons hvng In the
Histoplasma endemic area These small histoplasmun reactions are
mlerpreled as Cross reactions

Figure 5 shows the distribution of histoplasmun reactions im
Navy recruits from another part of the country—western hansas and
Ollahoma eastern Texas and western Louisiana  Here agmint the
distribution 1s interpreted as representing three different kinds of

reactions 1) negatives 2) spectfic reactions caused by histoplasmal



HISFOPL ASMOSH <07

miections and $) cross reactions  The cross reactions although
siultr m size 1o those aunbuted to cocaidiotdal infection in the
southwest cn not be cansed by Coccrdioides 1n this vegion as less
than 29, of the tot1l group of recruits reacted to coccodioidin
Moreover these reactions were found to be wsoaated with a very
low frequency of pulmonary calafication They must represent
mfection with some other organism most likely 2 fungus which
does not produce pulmonary calaficaion nd whose identity 15
ot known at the present ume

The foregoing maternl illustrates how the classification of
Iustoplasmun reactions ccording to n arbitrary cniterion such 1s
5 mm or more for 1 positive reaction and less than 5 mm for a
l]egflll\!! reaction “11’ be (lllllc i'“lS(ZlC(OTY in some situauons
but quite misteading m others  Place of resulence can not be dis
regarded as 1t h1s an mmportant wifluence on the frequency of
mfections that cause cross reactions with histoplasmin - As a conse
quence 1t 1s 2 mustake to expect that 1 simple rule can be laid
down which will apply equally well for the interpretation of histo
plasmin reactions where ever they are found

The interpretation of histoplasmuin reactions for groups of
persons must take mto consideration the results of the study of
the frequency dustribution of the sizes of the reactions carefully
measured of a representative symple of the residents of the locality
For induiduals account must also be tiken of past history of rest
dence Histoplasmin reactions in persons who have lived 1n the
southwest for example may be cross reactions caused by cocar
diodal infectton  If the histoplasmin reaction 1s large say 12 or
more mm 1t 1s not likely to be a cross reaction  but the smaller the
hustoplastin reaction the more likely 1t 15 to be a Cross reaction
and testingalso with coccaidiondin becomes increasingly more impor
tant to clanfy the soutree of the sensitivity  As knowledge of differ
ent sources of cross reactions increases 1t seemns inevitable that a
battery of antiens will have to be used unless of course specific
antigens become avatlable and the problem of cross reactions then
becomes only of historical mnterest
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m Whitheld Murray Counties The frequency historam pre
sented 11 Figure 4 1Hlustrates one type of complication that s when
some of the populition beng tested haye been infected with Cocat
diordes immitis The material for this graph was obtaned from
tests grven to a group of young men Navy recrusts as they entered
the Navy Traimng Center at San Diego Califormz (8 11 25 31)
Results e included n the figure only for recruits who hid Ined
all thewr lives m the endemic cocadioidomycosts region in the
Southw est—southern Californt1 Arizona New Mexico and western
Texas

The form of the distribution of reactions 1n Tigure 4 differs
strikingly from that seen 1n the previous figure A relative increase
1 the proportion of small reacttons has completely obliterated the
point at which two groups could be separated In fact as shown by
the shading of the columns we are dealing here not with tno groups
but with three 1) those not infected by either Histoplasma of
Cocardiordes  2) those infected by Histoplasma but not by Cocct
dioides and 3) those presumably infected by Coccrdiordes but not
by Histoplasma

The first group haye reactions similar to the uninfected group
in Whatfield Murray Counties most of them have no reaction of 2
sery small one They re classified as umnfected In the second
and relauvely small group the distribution of reactions according
to their size 1s stmilar to that of the infected group Whatfield
Murray Counties their reactions are attributed to istoplasmal
mfection  Finally the persons mn the third group had larger
reactions to cocaidiordm than to histoplasmin which 1s one indica
tton that they may have had a cocaidiordal rather than fstoplasmal
infection but more importantly their reactions to histoplasmin
are generally smaller than the reactions of persons lning m the
Histoplasma endemic area  These small histoplasmin reactions are
mterpre(cd as cross reactions

Figure 5 shows the distribution of histoplasmin reactions 11
Navy recruits from anather part of the country—western hansas and
Ollzhoma eastern Texas and western Louisiana  Here agam the
distribution 15 interpreted as representing three different kinds of
reactions 1) negatives 2) specific reactions caused by histoplasmal
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THE IDENTIFICATION OF HISTOPLASMA IN
SMEARS AND MICROSECTIONS BY
STAINING MLTHODS*

RoniRT W Mowry ann | K TRENAEL

1 RECENT PROCRFSS IN THE DEMONSTRATION OF HIS
TOPLASMA AND OTHER FUNCI IN 1 ATHOLOGIC TISSUFS

Il 15 a credit to earlier workers that so many cases were ding
nosed as histopl by mere re ron of the org m
patalfin sections stained only by hematoxylin and eosin - We now
have better methods The great promuse of modern histochemical
procedures for the study of fungt in pathologic tissues was first sug
gested 1n 1947 by Lathe (20) In this communication he described
the greatly enhanced demonstration of fung afforded in parafiin
sections by application of the Bauer reaction (2) This consisted of
chromic acd oxidation followed by expasure to Schiff s Ieucofuch
sinreagent The Bauer reaction 1s now believed to depend on the
oxidation to aklehydes of vicinal bydroxyl groups plenuful in
most but not all polysaccharides The following 1s a quotation
descibing the tesults when the Bauer reaction was applied to
paraffin sections ct g H ) Org: were read
1ly 1dentsited as fine red purphsh Tings surmundmg a clear zone
about the centraily placed blue or pale blue nucleus (Authors
note any blue coloration of nuclet wonld be due to the hematoxy
fin counterstain ) After salnary digestion the Histoplasma capsules
were sull Bauer positive  Ptyaln and diastase tests gue the syme
results in the five animals so tested  From these observations Lilhe
had shown that the cell wall or so-called capsule contained poly

Tersa i stules eferred to w e suppovted m jart by Rescarch Grant i 937
£ 01 The \auonal Inst ttt of Arthr 41 an i Metabol ¢ D scases (Dr Mowry) and by
Research G nts E547 £8 6 and E 989 fron The Nat onal Instuut of Allergy and
Infectiou D seaces (Dr Frenkel) Natonat Intntesof H )th U $ Department of
Mealth Educat on and Welfare
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neghgible stumng of other tissue constituents produced sharper
contrast of fungt agnst tissue - Cridley (1952) combined the Bawer
stnn with Gomor s Aldehyde fuchsin 1 empinieal stun found to
color hyphae of certun fungi not well shown by the PAS (12) A
yellow counterstam was nsed to heighten the contrast of orgamisms
with the background  The vanous oxdt Scinff methods pro
duced such improy ed results that Puckett (39) nd /tmmerman (16
were able to show that many socalled  tuberculomas of the lung
were actually mstances of old presumably mactive Mstophismosis
N exses previously suspected s tuberculons many such lestons
contuned structures consistent m ppearance with Histoplisma
when none were visible with routine stuns and cultures fuled

Hhistophisma are not 1s easily detected n pathologic nissues by
the PAS or the Cridfey stun as the other yest ke fungt  In cases
of hlsmplasmmls the orgamsms e often colored but moderately
by the usual PAS and the pithologist may have difficulty 1n the
nterpretation of such sections Tor this reason many pathologsts
now prefer 1 procedure devised by Comart (1916) (9) nd apphed
to fungi by Crocott (1935) (13) Thus consists of chromic acad oxt
drwon followed by methenamine silver mstead of Schuff's leuco
fuchsin and 1s dern ed from the Baer reaction It has been known
that the oxidation products from some polysicchindes~though not
Allwcan be colored by alkaline sihver mitrate mstead of Scluff's
Tegent Happily methenamine sihver alter chromic rad produced
stronger colortion of Histoplisma than usually seen after oxidant
Sclutf methods while 1t the syme ume producing less coloration of
the tissues penerally This resulted in greatly improved contrast
In most instances  Grocotts method 15 how considered by many
workers to be the method of choice for the idenuficrtion of Histo
plasmr({ 43 14 47)

Patenza and Feo (1956) cailed attention to the fact that fungi
were often birefrigent in paraffin sections bath unstamned and after
the HRE and PAS stuns (38) W hale the presence of fungi in tissues
!s occastonally reverled in brilhant fashion by microscopic study
under polanized {ight experience with this method 15 hmited  We
doubt that 1t will prove useful asa general means of detecing fungm
m pathologic tissues  Very recent work by Sweany (13 44y and his
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sacchanide stamable by the aldehyde that resulted from oxidation
with chromic acid  Lillie also showed that dead Histoplasma—
lacking nuclei~could sull be identified by stamng the carbohy
draterich cell wall  In another subsequently studied animal
numerous Bauer positive rings without central nucler were found
m the foam cell granulation tssue where no Histoplasma could
be found with 2zure eosin stans  This indicates that this method
may be used to demonstrate non nucleated and presumably dead
Histoplasma s well as the nucleated and presumably surviving
forms  Important observations on other pathogenic fung were
also tncluded 1 this paper that 1s replete with detatls concerning
fung: protozoa aswellas bacteria and even the staining of metaz0a

Beginning i 1950 1 serzes of papers by Kligman and co workers
from the Department of Dermatology at the University of Pennsyt
van estaiblished the decisive value of the recently antroduced pert
odic acid Schuff (PAS) reaction for the coloration of fungt in smears
and ussue sections (17 19) They believed that the PAS method
was supertor to all preexisting ones and should supplant the Bauer
reaction  These workers recorded and 1llustrated the morphologic
fertures reverled by the PAS reaction with the various common
pathogenc fung: 1n both human and expertmental pathologic
lestons Tissue forms of most fungi were decply colored But Histo
plasma were not colored so deeply s the other pathogemic yeasts
Also Actinomyces and certain hyphae were poorly colored In
Histoplisma  the nucler were often colored by the PAS reaction but
the stronger and more consistent reaction was in the cell nall Bud
ding forms of Histoplasma were more eastly found n sections
stamned by the PAS  More diastic conditions of pertodic oxidation
produced stronger coloration of cell walls of Histoplasma but
weker or negligible coloration of nucler (18) The publications by
the Unnsersity of Pennsylvamna workers effectively published the
value of oxidant Schuff methods for the histologic diagnosts of fung
ous infections 1 principle first recogmzed by Iillie Therr use
became virtually routine whenever granulomitous lesions were
encountered by the pathologist

But some workers began to prefer the Bauer reaction though
wherently less sensitive than the PAS because the weaker or
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obtuned after such stuns 1s Cremsa s pplied to smears or imprints
fixed briefly m Zenker formol  mercuric precipitaes should be
rentoved before stimn, - When stuns for carbohydrates are used

fixaues that remonc Lipds arc useful - Braef finaton of the smeus
m 929, to Wsolute ethainol methol or alcohol formalin 1s prefer

able to either flaming or urdrymg  Hamm, of smears 1s known
to be destructit e to cytologic detuls in nucro orgwtsms - \ir drying
5o distorts structureand m1y eruse certun hpids to become Scindf

positine - Oxidation of unsaturated hiprds can produce aldehydes
stunible with Schifl s leucofuchsin and concetvably hinder detec

ton of fung: (11)

In smears stamed by Wright's or Ciemsas one mny suspect
listoplsmosts from the finding of macroplinges whose cytoplasm
15 enfarged and stuffed by numcrous uny eqg shaped organisms
with deeply stunng nuclet exch surrounded by 1 halo—the un
stained cell wall or capsule (see Tig 1) The organisms vary m
size commonly ringing from 1 to § microns but most forms are
usually 2 3 by 3-4 microns  Exceptionally large forms 1re seen only
©ocewonally  The greater part of each organtsm conststs of oo
plasm and , cell wall ¢ ly cilled 2 capsule  The
<hromatn of Hisotplisma seen 1n smears or imprints 1s rather com
plexand vanable (6) commonly the chromaun forms n eccentric
broken-circle or resembles a pur of parenthests marks that do not
quite touch (26) In paraflin sections the chromatin materal of
Histoplism usuaily 1ppears more ssimplified and smaller probably
s 1 result of shrinkage during fixation dehydration and pariffin
embedding  In smears and imprints protozoa are usually more
‘ovoid or elongate and possess more uniform chromatin thin Histo
plisma Recall also the mmportnt distinction used by Darhing 1
excluding I exshmania by the farlure to find 1ny rod shiped hneto
plists In the case of Histoplasma staining by one of the carboly
drate methods to be discussed later will reverl deasive coloration
©f the cell wall Such carbohsdrate methods would be espectally
rewarding 1n the study of smears from older lesions where nucley
-of Histoplasma may be scarce or virtually thsent  While Histo
plasma reproduce m tissues by budding such budding 1s not usually
detectable except when stains coloring the cell wall are used Fea
tures of other yeast like agents are discussed i IV
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co worhers indicates that brrefringence of Histoplasma was espe
cially well seen when stuned by methenamne silver after chromic
2ad  They regard birefringence of the orgamisms as 1 valuable
confirmatory test shown to obtun 1n most of their cases of fusto
plsmosis (43 14) Typacally such statned Histoplasma showed

Maltese crosses 1 polartzed hight Of mterest 1n thus connection
ts the recent finding by hlatzo 1nd Gessler that the capsules of
Cryptococcus neoformans showed much increased birefringence
fter starming with cresyl violet (16) We have extended these
observatrons and find that capsules of Cryptococet are brightly
brrefringent when stained with any one of numerous metachromatic
dyes (35) We also found that Alcian blue stunimg produces (red
dish) birefringence mn the expsules of Cryptococcr  If of imited
value 1s 1 primary means of detecting fung: birefringence may be
still useful as 1 supplementiry observation 1n conjunction with
particnlar staming methods  As many artificts and some elements
of pithologic tissues m1y 1lso show birefrmgence use of this
method requires much cre

11 THE APPEARANCE OF HISTOPLASMA CAPSULATUM
IN SMEARS AND TISSUE SECTIONS

A Smears

Histoplasm ¢ wnd hawe been identified n smears made
from bone marrow blood sputum or from such nccessible lestons
as ulcers of the tongue 1nd elsewhere Even m pathologic work
more rpid diagnosis of histoplasmosis cn be made from the study
of smears taken from fresh surgical or topsy specimens More
prompt recognition of histoplasmoss would allow proof by cultural
studies 11l too often neglected 1n human histoplismosis  In the
past such smears hive usually been examined after such routine
stuns as Wright s stam the Gremsr or 1 hemnatoxyhn and cosin
But alugher madence of recogntion would be obtatned probably
by wider use of stains for carbohydrates such as the PAS Gudley
stain or chromic actd methenimune silver stun  Smears of bone
marrow or blood ¢ be prepired in the conventional manner
Imprints are made from more soltd tissues by touching 1 freshly cut
surface Iightly with a clean glass slide  Good cytologic detul 1s
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B In Parafin Sections

In the routine microscoprc study of surgical and autopsy
specimens Histoplisma are casily overlooked The orgmmsms re
not shown adequtely by such stuns s the hematoxyln and eosin
Even m actine or early fesions of listoplismosts organisms are not
rexdily visible except when phiagocytosed by microphages or other
cells of the retzculo-endathelinl system eg the huplier cells of the
Iner insuch cells which m1y be stuffed literally with Histoplasmn
the organisms are recognized by thewr basophulic nucler and pert
nuclear hilos representing the unstuned cell walls or capsules
(see Fig 2) While such forms 1re hughly suggestine better deim
tion of Histoplisma results when the cell walls are stamed  The
organisms of older or healed lesions fail to shaw nuclear staining by
hematoxylin 15 1 general rule  The shells or cell walls of Histo
plasma whose nucler no longer stam with the HRE can only
occasionally be suspected from their faint eosinophulic outhnes
smaller than thosc of red blood cells and sometimes showing bire
fringence It 1s now known that Histoplasma are not exclusively
ntracellular but the extracellular forms when studied 1n the HRE
or other oversight stun are easily confoundable with bactena
nuclear debnis and tny calafic parucles Only the nucler of such
forms should be basophilic  Stuning of cell walls by hematoxylin
15 exceptional cilafied Histoplasma leading to Schaumann lhike
bodies were seen 1n hamsters by one of us (J k F) but are suspect
mother speaies The reason such orgamisms are more eastly seen 1n
the cytoplasm of phagocytes s that the unstained halo surrounding
nucler of the organisms allows a better suggestion of their cell walls
or so called capsules than 1s likely to ocenr when organisms are
extracellular A bacterial stain such s the Brown Brenn 1s useful in
excluding bactena becinse Histoplasma are seldom well stamned by
such methods e have seen nstances of phagocytosed cocct with
such thick capsules that they have been mist1ken for Histoplasma
The recogmuion of Histoplasma should not depend on the interpre
tation of sections stained by oversight methods such as the HRE
The various methods for coloring carbohydrates afford incompar
ably improved demonstration of Histoplasma as well as the other

yeast like pathogens
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Fig 1 Smear of human bone marrow mn disseminated histoplasmosis W right s
statn  Organisms are seen in the cytoplasm of monocytes as chromaun rich
bodies each surrounded by an unstamed cell wall (A 1100x B 2100x}) InB
note that the nucler of some Histoplasma have the form of bisected spheres
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B In Paraflin Sections

In the routne microscopic study of surgical nd autopsy
spectmens Histoplismt are enstly overlooked The organisms are
not shown adequntely by such stawns 1s the hematoxylin and eosin
Frven mn 1ctnne or early lesions of histoplismosis orgamisms are not
readily visible except when phagocytosed by macrophages or other
cells af the retcula endothelinl system e g the huptfer cells of the
Iner Insuch cells which ny be stulfed literally with Histophsma
the orgnisms are recogmized by their brsophilic nucler nd pen
nuclewr halos representing the unstauned cell walls or cipsules
{see Fig, 2) While such forms re Iughly suggestine better delim
tion of Histoplasma results wlhen the cell walls are stained  The
orgamsms of older or healed lesions [l to shaw nuclenr staming by
hematoxylin as 1 generil rule  The shells or cell walls of Histo
phism \)\T\osc nucler no longer stun with the HRE can only
occasionally be suspected from their funt cosmophihic outlines
smaller than those of red blood cells and sometsmes showing bire
fringence It 15 now knawn that Histoplasma are not exclusively
wntracellulr but the extracellulr forms when studied m the HRE
or other oversight stun are esily confoundable with bacterra
nuclew debris and tiny calaific parncles Only the nucler of such
forms should be basoptulic  Staning of cell w 1fls by hematoxyhn
1s exceptional cilaified Histoplasma leading to Schaumann like
bodies were seen 1n hamsters by one of us (J k F) but are suspect
inother species The reason such organisms 1re more eastly seen 1
the cytoplasm of phagocytes 1s that the unstained halo surrounding
nucler of the org imisms allows 1 better suggestion of theur cell walls
or socalled capsules than 1s Iikely to occur when orgamsms are
extracellular A bactertal stain such 1s the Brown Brenn 1s useful i
excluding bacteria because Histoplasmn are seldom well stained by
such methods We have seen mstances of phirgocytosed cocar with
such thick capsules that they hve been mistaken for Histoplisma
The recagnition of Histoplasma should not depend on the interpre
tation of sections stamned by oversight methods such as the HLE
The vatious methods for coloring carbohydrates afford incompar

ably 1mprosed demonstration of Histoplasma as well as the other
yeast like Prhogens
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2 Section of human (formalin fixed) liver from case of dissemnated

lustoplasmosis H & Estain (A 550x B 1050%) Vost of the parenchyma in

the field 1s displaced by hupffer cells whose cytoplasms are gorged with Histo-

plasma

Organisms are seen as rounded dark bodies each surrounded by an
unstained cell wall
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The presence of high concentrations of cirbohydrate i cell
wlls of Histoplsur was first suggested by Rernohin who men
voned that orgunsms mn one cise were colored red by Bests car
mune (1913) We have confirmed that the cell walls of Histoplisma
are stunable with Bests carnune m newrly =l eases (see Tig 3)
But the contrist of orymisms aganst tissue obtuned with Bests
carmune 1s not 1s food s that produced by the more modern
methods The use of either Schufl s rengent or Gomort s metliena
mine silver after oxiditson results in stronger colorition of the cell
walls 1nd greater contrast between tissue ind orgimisms W hen the
cell walls e stuned Histoplasma appear larger than m sections
stamned with just the H T The orymusms are typrenlly e shaped
and possess distinct walls or shells  There 1s no capsule external to
the cell wall (1) s possessed by Cryptococc:  The cytoplasm 1s
usuilly colored less miensely nd sometimes notatall The nuclear
mater1a] 15 often 1lso stained along with the cell walls though sel
dom so mtensely colored But the coloration of nucler by the

1 . ~s
I ~ 3
e v - -
1o - oo &
PO 2
- - E Y,
! f M . o
tr B o3 . ¥ g
b ke hed -
Pt o
¢ 7 v
- - (- ~
¢ e 8
f ) PR
i X - [ ©
L h
i - A 4
1 ¢ e
bos
Mg w v
v i g
¥ e o~ -
«

Tig 3 Secuon >f hiver same case as Figure ® Bests Carmmne stan (550x)

Hustoplasma axe cen as dense clusters of gray oval to circular bodses instde the

ytoplasm of k ptfer cell  The cclt wall and some nuclet of Histoplasma are
eakly to moderately colcred but contrast 13 poor
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vartous carbohydrate methods 1s mnconstant It 1s often necessary
torely on finding only the typrcal stuned shells When a basophthe
dye 15 used 1s 1 counterstan nucler of Histoplism will be colored
1t presenc  In older lestons the orgimsms possess no defumte
nuclet Innumerible Histoplismn re revealed often by the oxida
tive methods when none are visible 1n duplicate sections stuned
with the HR I Because diverse histologieal appear inces are seen
in hustoplsmosis (3) such stuns should alwnys be used whenever
the dignostic problem of 1 grainulomatous leston or susptcion of
histoplasmosis exists

The specific dvanrtage of the chromic 1cid methenamine siher
method 1s that the organisms are intensely stuned while the bick
ground usually remans colorless While thits may be true the
Crndley method employin, Schiff s reyent after chromic acid nd
certun modificitions employing periodic wad o be presented
Inter 7re still considered valuable  The speaific recogntuon of
budding 1s quite helpful but 15 usually possible only when the cell
wlls are stuned (see N, 4)
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Fig 4 Buddiny, forms of Histoplasma retealed by the chromic acsd methent
mme stlver stan (1050x) A B and C are from the sime Liver shown 10 prevt
ous figures  C shows an exceptionally large budding orgamsm D E and F
are from an encapsulated caseous rdrenal mass in a cise showing no dcrm;le
Jesions except st the adrenls ussue was fixed in formalin - Orgamsms an the
latter case almost alwas lacked nucler i sections stained by the H ’1
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When the cell walls or so<alled cipsules of Histoplasma are
made visible the orgamisms are more plenuful and no longer
appenr separated from one mother  Probably asa result of phago
cytosts onc often finds muluple individual clusters of orginmsms
whose shells are usually 1n contact While some mdividual organ
1sms are sectt as 1solated forms the tendency to clustering s helpful
s suich clusters e sometsmes visible with low powers of the micro
scope The most profitable place to look for orgamisms varies from
case tacse Inthesvery oldest lesions of the type studied by Puckett
and Zimmerman the organisms re seldom seen except in the cen
tral part or caseous-<calaific core of the lesion (39 16) It 15 seldom
rewarding to look 1n the fibrous tissue forming the wall of the
encipsulited lesion  In older descriptions of more active lesions
many hve smd that orgamsms are found more frequently mn the
cellular reaction ndjicent to necrotc foct This probably mexns
only that macrophages were found 1t the periphery and allowed
ntracellubir forms to be seen  In some cases we have studied the
orgamsms re found largely within 1res of ciseanon  In cases of
dissermnated histoplasmosis orginisms may he found thronghout
both m macrophages and extracellularly or localized n fixed
reticulo endothehl cells of such tissues 1s spleen liver or lymph
node Orgamisms in more active lesions tend to hme thinner cell
walls and more prominent nuclerr matenl  Compared with
orgntsms of more acute or 1ictine lesions Histoplism of older
lestons often show cell walls thit are unevenly thicker Nuclear
materinl 15 inconstant and scirce 1n orgamsms of very old lesions

As Histoplasma may be very hard to demonstrate in such older
lestons 1t 1s valurble to study secttons cut at various levels  Tissue
blocks from c1seous arens (43 11) and from the centinl portions
of encipsulated lestons 1re the most apt to reveal Histoplasma
While most of the arginmisms 1n 1 gieen case tend to be umform
some will show considerable variation 1n size (31 40) Rarely
hyphal forms of Histoplasmn 1re seen 1 ussues (31 47) n one
case of lustoplusmosis resulung 1n Addisons disexse with severe
hypothermia one of us (J k F) saw hyphae i several organs  The
occurrence of atypreal forms of fungt 1n extensively necrouc lesions
15 not confimed to histoplismosts nd has been noted for example
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for Cocardiordes immutis (42) Whenever hyphae 1re seen be care
ful to exclude the possibihity of Candida (Momha) whose yeast
forms are usually associated with septate pseudo hyphae

When the PAS stun 15 used there 1s so much background
coloration produced that one cannot rely on eximimng the tissue
under low powers of the microscope  We hve many times found
orgamsms at lugher magnifications when such were hardly notice
able at low er magnification It 1s the fanly deep staimng of caseous
tissue as well 1s the fibers and cells of chronic granultion tissue
that tends to obscure the contrast between organisms and tissue
Contrast 1s better with the Gridley stun since the over all tissue
coloration produced by chromuc acid Schuff 1s much less Also the
metanul yellow counterstun makes the background yellow witle
leaving the organisms red As 1 general rule the various cell
granules colored by the oxidative Schiff methods are smaller and
more solidly colored while Histoplasma are larger and possess
sharply outlined deeply staming cell walls or shells The cytoplasm
of Histoplasm 1s also colored but usually with less mtensity White
calafic parucles are often colored moderately by the oxidative
Schuff methods these tend to be non uniform 1n size d shape and
Inck the typical shells possessed by Histoplasma Variants of the
PAS producing stronger stamning of the orgimsms—to be described
—offer less dfficulty in the exclusion of other structures and sub
stances While coloration of the nucler of Histoplasmn 1s helpful
when present 1t 15 often absent and must not be relied upon

There has been no systematic explortion of the effect of
various fixatives upon the stunability of Histoplism:  Our owd
e‘(penence ln(]lC‘HCS that stunngs stronger and more consistent 1
usstes fixed 1n formalin than by Zenker s or Helly s fixative Based
on eaperience with other polysiecchindes 2lcohol or alcohol
formalin fixation should also be most fvvorable to the preservation
of the carbohydrate rich organisms
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1t TECHNICAL DIRFCTIONS FOR TIE PERFORMANCE OF
METHODS THAT STAIN HISTOPLASMA AND OTHER YFAST
LIKE FUNCI I\ TISSUES

A General Recommendations

In the stuning nd study of sectons suspected to contun
istoplasm control sections from a case of known tistoplismosis
will often prove salunble Tlis allows detection of stuming fulure
should such occur due to deterioration of one or more reigents st
provides the less experienced a reference pownt for the morphology
and staimg properues of Histoplismn  Becise Histoplhisma are
harder to detect than most other fungt 1t 1s not extriagnt to
employ more than one method whenever suspicion of histopls
mosts exsts  Because Histoplasmn are sometumes spirse~especially
n older or largely healed lesions—it 1s helpful to stain sections cut
at muluple levds Duphicate or matching H & E s mrde for some of
the additional levels cut allows better correlition in study of the
spectal stuns

B The Chromic Acid Methenamine Silver Reaction (Crocott s
Application of Gomor: s Reaction for Polyvsaccharides)

In 1916 C omon mtroduced 1 new alkaline sibver nitrate rea
gent that provided selective blackening of some but not 111 poly
sacchandes after oxtdation with chromic 1c1d (9 He belteved that
aldehydes generated by chromic 1ad reduced the sthver mtrate to
metallic sthver WWhy this did not occur at all ussue sttes known to
color Sclufl s reagent after pertodic acid was not clewr Despite the
general assumption that  omon s methenwmine silver rewction 15
due to aldehydes the basis of the reaction 1s not established ade
quately (23) The same results are not obtamed with methenimine
silver after periodic 1ad and some non-cirbobydrtes my become
blackened Despite these problems Grocott in 192, reported that
varous fungi were blackened by methenamine silver after chrormic
acid while the backround remained virtuaily unstained (13) Thus
15 a great advantage n photomicrography  Grocott s directions
differ from Gomon s only 1n minor details  Bechuse 1lhahne silver
reagents are notoriously capricious the worker utilizing them must
follow all directions cavefully and prepare solutions nccurately The
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directions tht follow dhere closely to those published by Crocott
We have found them satisfactory 1 2 number of cases studied by us
Specific problems 1nd certumn variables aof technic arc stated at the
appropriate steps 1n the procedure

Reagents for the Chromic Aed Methenamene Silver Reaction
(Whle these can be re used severtl times longer lumits of safe use
have not been determined for exch  The terms 1n parentheses are
synonyms for the compounds required )

Y 5% chromic aad (chiomic trioxade CrO,) Dissolve 50 gm
chromic acid 1 100 ml of distilled vwater

by Methenamene Silver Stock Soluteon Add 5 ml 5%, silver misite
(AgNO,) to 100 m! 3%, methenammne USP  (hevamethylene
tetrimine (CH ), N,) Shake unul the white precipitate ity
formed becomes dissolved If stored m the refrigerutor (5°0)
the stock solution remuns clear colorless and effectne for
months

¢) 5%, borax (sodum tetriborate Na B,O0 10 H O) Dissolve
5 0 gm borax tn 100 m) distilled water

d) 1%, sodrum bisulfite (sodum 1ad sulfite NaHSO,) Thus can
be made fresh €1ch tme by dilution from a more concentrated
stock solution eg ten fold dilution of 109, sodium bsulfite
made by dissolving 10 0 gm sodium bisulfite 1n 160 ml distilled
water Stopper tightly

€) 019, gold chlonde (AuCl, HC1 3H O) Preprre from crystal
hine substance by dissolsing 0 1 gm gold chloride u 100 ml dis
ulled wter or dilute commercial 19 solution of gold chloride
ten fold This reagent 15 cxpensive but 1s stable and can be used
repeitedly

f) 29, sodium thiosulfate (hypo NS O, oH O) Dissohe 20
gm of hypo 11 100 m! distilled water

Stawmung Procedure
la Take sections through xylenes and alcohols to water (Remote
mercury precipitates with 1odine and hypo when necessary
According to Lilhe formalin pigment will be bleached during
the subsequent exposure to chromic acid (21) We have found

that some may persist but can be mmumized or removed by pre
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Tumnary treatment m saturated preric wad 1 95% 1leohol for 15
munutes 3f afcohol picric 1s used rinse i 709 Alcohol and then
1 runmng t1p water)

1, Smears should be fixed for 530 mmutes 1 9,9, lcohol or
aleohol formalin rinsed 1m 709, vleohol and then m water (Thus
lso Applics ta the stunug of smears by the other methods to be
presented )

2 Ranse i distitled water wd oxidize in 59, chromic 1ad for one
hour  (Should detchment of sections accur collodionization
of duplicate sections prior to chromic acid w1y prove helpful )

2 Wl in runnm,, tap water 10 minutes and then rinse 1 minute
1 19, sodiom isullite Wash 1n water for 5 minutes Rinse
briefly in three dhianges of distilled water  (Tlus thorough wash
1myg, w13 mended by Comon 1o insure the complete removad of
chiromtc wad )

t Treat for 60 90 minutes 1 the norking solufion of methent
mme stheer 1t 45 50 € { The working solution 1s prepared just
before use by mixing, 25 ml of methenamne silver stock solution
with an equal volume of distilled water and 1 ml of 5%, borax
Crocott sud 12 ml borix  1reheat the working solution to the
desired oven or water bith temperature prior te the mtroduc
uon  As the time required for optimal styming, vanes no ficed
duration was prescribed by Gomor:  He directed that sections
be examined 1t mtervals until hrown stamning by silver seemed
adequate  Two alternttnes seem more expedient  Include a
control section gz Histoplasma  after 60 n
mcthenumine silver minse the control 1n distilled water and
examine 1f Histoplisma 1re deep brown assume that stuning
of unknown sections 1s 1dequate and proceed to the next step
1 indequate 1 the control continue staiming for an dditional
30 minutes  Longer stuning has not been necessary  But the
routine use of methenarmne silver for 90 minutes results often
1n excessive staining  The other alternatise 15 to stain two sets
of unknowns one for 60 and the other for 90 minutes Discard
working solution after eich use At the Armed Forces Institute

of Pathology (30) the working solution s used 2t 58°C 1his
produces faster staining but seems less selective and harder to
cornitral )
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5 Runsein three tho mmute changes of distlled water

6 Tonemn 0 17 gold chlonide for o minutes (Thus tends to bleach
the background )

7 After ninsing m distilled water treat in 2, hypo for 2 mmutes
Then wash thoroughly 1n tap water

8 Counterstain 1f desired eg hematoxylin and eosin or 015
srfranm in § 19 acetic acad for 5 minutes or 0 00 Light Green
ST contuning one drop of glacial acetsc, 100 ml ora brief dipn
saturated aqueous picric 1cid

9 Dehydrate clear and mount m Permount or other sinthetic
resin (If safranin—a useful counterstain-—1s extracted excessnehy
by alcohols dehydrate instead tn 8 or 4 changes of acetone and
go directly to vylenes )

Result  Histoplasma are seen as gray to black ovals and spher
ules with sharp deeply blickened outlines agunst a bnckgﬂ)und
that 15 colorless except when counterstans are used (see F1g 5)

Fig o The chromic acrd methenamine silver statn apphied to the Iner (3)

and to the caseous adrenal mass (B) described 1n previous figures (500x) The

cell walls of Histoplasma are sharply outhned and appear black to griy in lf:

photograph  Clucogen granules 1n Iiver cells (A) are solidly staned and tlac

‘As the background 15 completely unstamed contrast of organisms agamnist ti sues
1s excellent
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Collagen 15 usunlly deep reddish brown wd retsculum 15 often
blckened  Winte certun polysacchandes such s ghyeogen and
epthehal mucns wre tlso bhlackened these should cause no hifs
cultses 10 mterpretiton \amrly-occunm,, pigments e an
thricite nd hemosudern and partles of dust prove troublesome
and must not be mist1hen for orginsms Lor the best deftarion of
Histoplism avord overstuming fest the orgimsms hecome sohdh
blckengd  Ormusms e more distnctise when thie snells are
birchened but the eywoplasm s Jess deeply stamed When presens
nucler of fung: are often styuned  The duruion and tempersture
of the methenmmne wiher trextment ss the most critsaal step ind
determmnes the depth and extent of ussue blichening  In older
lesions counterstuns e uscful if the oty vusms are strned deeply
enough to provide good contrast  In more acine Tesions nuclear
debrrs wd other buophilic mutter e cause confusion when hema
wahnuswed cg HAT stun

Regrettably erythracytes are snconstantly colored pink 1o red
<hish brown after the chromic wad methenamine sslver sequence
Attempts to prevent this by changes i artous steps of the method
have not succeeded  Compared with Histoplasma red blood cells
when stasned appesy reddish less deeply stuned and more homo
geneous—Ichan, distnct cell walls

After chiromic acid methenumne silver stunmg the organasms
show birefingence around the persphery of dense han fuminous
centers prung rse to a  Makhiesecross ppemnee (43 1) Fuces
sue blackemng of Histoplisma miy obscure such birefungence
The decrsneness wd utihity of this phenomenon widl vary nith the
equpment and expertaess of the microscopist We ohserve such
brrefangence consistently but obtun only funt brightness or con
trast with the snexpensise polrizer and malyzer sterchments 1l
able for conventional microscopes A polariung mcroscope may
produce more deasne conrsist and werese the wubiy of dos
phenomenon

Comment This method seems daborious but produces spectac
ular resulisin mosccases Additional work 18 needed to essablish the
most consistently useful counterstains At present safranin seems
prefertble to the H  § stun Tras doubtful that a fixed ronune
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will prove optimal for all mstances Orgmisms were poorly staned
1 several cases of Zenker fixed tissues studted by us but results
foumiin fixed tssues huve been consistently ood  Specifiaty of
the present method for polysaccharndes remauns to be proven Itas
hoped that the method can be sumplified wnd eluadated further

C  The Cliromic Aerd Schnff Revction (the Bruer Stam and
Its Modification by Gridley)

Wlule this rexction 1s less sensitrve than the periodic acd Schff
for polysiccharides in generl 1t 15 very useful for the detection of
Hastoplasmy and other fungt It 1s sumilar to Gomort s reaction
cxcept that Schiff s reagent 15 used 1nsterd of methenmine siher
Why the stlver reagent produces stionger stuning of Histoplasma
than Schiff s reagent after chromic 1s not clear  Contrast obtamed
between Histoplasm and the tissue background by Schuff’s reagent
15 rersonably good when orginisms are stuned deeply enough

This rexction 1s not specific for fungi but 1s1elatnvely specific
for polysaccharides  Chromuc acid followed by Schaff s regent was
mtroduced by Bauer (1933) for the stuning of glycogen 1nd lates
found valuable tor epithelinl muans  {ilhe s discovery (1917) that
Buers reaction w1s useful for detecung fungi meluding Histo
plasma (20) was temporarily overshndowed by the general wdoption
of periodic 1ad as the oxidint of choice for palysicchardes

1 1ke pertodic acid and certun other oxidints chromic aad
oxidizes victnal hydroxyl groups 1e purs of O groups on adja
cent cachon wtoms to aldehydes Most but not a1l polysichardes
are stunable with Sciuffs after such oxdinon  Chromic 2ad
produces weker colorition of most substances in the final 1esult
than the PAS This has been attnbuted to 1 corser action of
chromic 1ad vz the degrdaton of some aldehydes to non
stunable dernates eg carboxyls and carbon dioxide (22) But
1s fewer ussue structures and substances are stuned by the Bwer
contrst between tissue background and fungal or other polysac
chandes often seems greater than obtuned with the cont entonil
PAS

C ndley employed the Bauer stun in combmation with
Gomon s 1ldehyde fuchsin found useful for colorms, hyphie of
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some fun,t not well stuned by the Baner alone (12)  She 1lso used
1 metaml yellow counterstun which promotes addinoml contrast
between fungy nd tissue This 1s useful 1d ¢ be added with
profit to the PAS  Histoplismn are often more deeply colored i
Gndley syt The rewson s not clear 15 1ldehyde fuchsin atselt
does not color Histopluma Posably paraldchyde present m alde
hyde fuchsm produces further darkening of hound Schiff s re,ent
Exposure of sections to formaldchyde after the PAS also deepens
the color of some substances (28) T'he techmicnl procedures are
relitnely smple nd requise Jess ime than the Iibortous chromic
acid methennune sthver method  Feen thou,h fun,i are stuned
less intenscly some workas will prefer the comyenicnce of Senif's
over thesilyer reagent W here resources permit it will prove useful
10 treat two sets of sections 1n chromic aaid while one set 1s taken
through Schiff s rexgent 1s directed below the other set can be
stauned with methenamine sthver etc with step 3) of the directions
grven i B for the chromic acid methentmine sthver method

Reagents for the Chromic Acid Sehff Reaction (and the Crid
ley F artant)

a) 4%, Chromic Acid Solution Dissolve 40 gm of chromic acd
(Cr@,) i 100 mi disulled water  This reagent cn he used
repeatedly but eventually becomes exhausted  Control shides
contuming glycogen or epithelial mucus should be tested from
tune to e (For the Bauer stun 1 1lhe (24) uses 5%, chromic
aad the swme strength used for Comon s methenamine sihver
teaction  This difference 1n chromic acid concentration prob
ably makes no consistent dsfference in the final result )

b) Selnjf s Reagent Various formulas for Schiffs reagent differ
chiefly mn the amount of basic fuchsin prescribed 1nd the par
ticular substances generatng the sulfurous acid that decolonzes
the dy¢  Any Schilf s reagent already giving good results 1 the
Iaboratory with the T AS can be used probably and might be
tried before preparing the particular reagent 1 use by us
(R M) Combine in order

aist e Ywater ~ 1
cene hyd ot 1 cacd (HC1Y gml
sodum Mite(N\a 502y - - 0gm
tascfuct i (CU6T7) e 20gm

fenota fatle 38gm sodiom metab siM te (Nas5 O ) an he subsutated
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Insert stopper and shake at 20 30 minute intervals until clear
brown to browmshred Add I gm active decolorizing carbon
eg Nomt andshake for 2 mnutes Filter through a fine grade
of filter paper Filtrate should be clear and colorless While stor
age 1 the cold (5°C) 1s preferable this reagent can be kept at
room temperature If Jarge quantities are prepared at one ume
the reagent heeps better in several smaller well filled bottles
mstead of a single large contamer or only partly filled bottles
Discard 1f reagent becomes pink  The reagent 15 fairly stable and
can be used many tumes  Lxact imuts of safe usage must be ndi
vidually determined by datng the solutions staimng of control
slides occasionally and some estimation of use frequency

¢) Bisulfite Rinses A stock solution of molar sodum bisulfite
(sodium acid sulfite NaHSQ,) 1s made by dissolvng 104 gmnt
100 ml disttlled water This 15 dilnted twenty fold with water
Just before use Discard the rinses after each use

d) Gomort s Aldehyde fuchsin Starn (Gridley s Use) Combine the
following

basic fuchsin (C 1 67) __ logm
+0°" ethanol —_ 2000ml
conc HU  _ — 20ml
paraldehyde (USP ) - 20ml

Dissolve the dye 1n alcohol and then add other ingredients Let
stand for 2 3 days before use solution turns purple Then store
n the refrigerator Filter and warm to room temperature before
use This reagent keeps a long while Refilter as necessary

¢) Metanil Yellow Counterstain  Dissolve 025 gm metant] vellow
(C 1 138) 1n 100 ml drstilled water acdified with 0 2 ml of glacial
acetic acid (GH COOH) This can be reused a number of imes
Replace 1f appreciable black precipitate develops

Staining Procedure
1 Take sections through xylenes and alcohols to water (Remote
mercury deposits as necessary or remove formahn pigment
1f "bundant
9 Rinse briefly in distilled water and oxidize 1n 49, chromic aad
for 60 minutes at room temperature
3 Wash 1n running tap water 10 mmutes  all color due to chromic

acid should be gone
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4 Treat in Schulf s reagent for 10 mrnutes

5 Rumse m threc changes of M/20 sodium bisulfite two mimittes
exch  Discard ninses after each use

Wash 5 10 minutes i running tap water Dip indistilled water
Stun n 2ldehyde fuchsin for 15 30 minutes

Rinse off excess stun m 95%, alcohol and then wash 3 5 miutes
m !ap water

Counterstamn m metani! yellow solution for 60 seconds (While
specified by Gridley and found useful by us this cn be deleted
1f wished )

Runse briefly in t1p water dehydrate clear 1nd mount

{Note For the origmal Biuer method omt steps 79 and :f
nuclear stuning 1s desired use Hirns hematoxyhin counter
stun for two munutes followed by the usual nnsing m aad
alcohol and water)

o waa

=

Result  The cell walls or shells of Histoplasma and other
yests are colored red by Schiffs reagent (See Fig 6) Nuclear
matertal of fungi unlike those of tissue cells 15 often Scluff positive
when present But nuclear staining of Histoplisma 1s inconstant
Glycogen and epithehal mucins are strongly Schiff positive after
chromic but usually ewsily distmguishable The tissue background
1s only pate pink unless colored yellow by the recommended metan
11 yellow counterstarn which also colors red blood cells  Pseudo
hyphae of Candrda are well stained by Schuff s reagent after chromic
aad but the hyphae of certun other fung: 1re not

The addition of aldehyde fuchsin 1e the Gridley combina
tion does not alter the preceding except that Histoplasma are more
purphish  Also the hyphae of certain other fungt and the acidic
polysaccharide capsules of Cryptococct are said to be lavender to
deep purple ‘The staining of most epithelial mucins but not gly
cogen 1s deepened to purplish blue possibly owing to additional
coloration of acidic groups by aldehyde fuchsin or to ction of
paraldehyde on bound Schuff s reagent  For other specific details
consult Gridley s original paper (12) One drawback to the Grid
ley combination 1s the lack of nuclear staining 1n tissue cells

Comment  Although Histoplasmn are more deeply colored
after the complete Gridley stuin than when aldehyde fuchsin 15
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Fig 6 The Gridley stain 1pplied to scctions of the hner (A) and the casec u;

adrenal mass (B) described mn previous figures (both 550x) The cellvalls :

Hustoplasma appear as sharply outlined dark grav spherules in the plmmg”ll’l

Clycogen granules in (4) arc more solidly ol red and appear black W hile
the background 1s colored shightly contrast 1s revsonably good
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omitted the stumimny, of Histoplwsm by aldehyde fuchsin 15
doubted Aldelyde fuchsin used after chromic acid treitment m
Sclnlf s regent has faded to color Histoplisma W hether 1ldehyde
fuchsin m1y be used or not the metamt yellow counterstun s
advased

D The Periodic \cid Schaff (PAS) Reaction

McManus (1916) (27) and Tillie (1947) (21) independently
devised methods similar 1n essence that utilized periodic acid oxi
dation followed by Schiff s reagent  The PAS proved more senst
tive and dependible thin older methods for the stainimg of diverse
polysacchanides and other carbohydrates i tissue sections  The
work of Hotchhiss (1) clanified the chemical bass of the reaction
discussed previously The histologie and Iustochemical value of
the I AS was recogmized early and its use soon became virtually rou
tine whereyer tissues were exanuned with the microscope  Follow
ng 1 sertes of reports asserting 1ts superiority over the Baer stun
for the detection of fungt the PAS became widely used for this pur
pose (17 19)

While periodic aaid 1s the oxidant of choice for most naturally
occurnng carbohydrates of tissues the assumed superiority of the
PAS for stammg fungi requires qualification  \s an all purpose
method most fungt are colored very well by the P AS reaction  But
1t 1s usually easier to detect Histoplasma after chromic acid Schaff
stamning than after the customary PAS techmc  This 15 not true of
tissue carbohydrates i general Even more important 1s the dif
ference 1n contrint between Histoplasma and the tissue background
shown by the PAS versus the Bauer or Cridley stains  Contrast be
tween Histoplasma and tissue 1y greater after the chromic zad
because the background 1s usually not colored to any extent by
Schuff s reagent  Gain in contrast wnd easier detection of organisms
cn result either by intensification of fungus staining relatne to
the tissue background or from the suppression of backgronnd
stuning while organisms remamn adequately colored

There are two ways to obtan stronger staiming of Histoplasma
(and other fungs) by Schil's reagent following periodic acid ox1
dation (36) Because thesc observations are mew the interested
reader 15 urged to confirm them by testing sections from one or
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more known cises of histoplasmosis before adopting our recom
mendations That stronger staming could result from more mtense
oxidation of Histoplisma was observed earher but evidently over
looked by others (18) In McManus and Lillie s methods sections
are treted mn aqueous pertodic for 510 minutes Considerably
stronger staining of Histoplasma results if the treatment 1n aqueous
periodic 1s prolonged to 1 hour Alternatrvely much enhanced
stuning of Histoplasma by Sciuffs reagent can also be obtained
if sections are oxidized for 5 10 minutes 1n 0 59, pertodic acid dis
salved wn glacial acetic actd instead of nater Other steps m the
PAS sequence require no change The tissue background rematns
moderately to strongly PAS positive but the use of the metaml
yellow step of Gridley s procedure described 1 (C) 1mproves con
trast to some extent The proposed chinges 1n periodic acid 0¥t
dation apply only to 1ts use 1n the detectton of fungi especially
Histoplisma and 1s not intended for general hustological 1nd histo
chemical usage With few exceptions the numerous other uses
of the PAS reactton 1re served just as well by the traditional briel
oxidation 1n aqueous periodic

Reagents for the Periodic Acid Sclaff Reaction (Including

Acetic Periodie Schuff ¥ ariant)

a) 05%, Periodic Acid (Aqueous) Dissolve 05 gm periodic acid
(H,10,) per 100 ml of distilled water Stored solutions heep
indefimtely but the working reagent becomes exhausted 1t a rate
that depends on the extent of usage Determme safe limus of
usage for the working reagent by occistonal checks with control
sections that yield good results when all PAS reagents are fresh

b) 059, Periodic Actd 1n Glacial Acetic ( Acetic Pertodic ) Dis
solve 0 5 gm periodic acid per 100 ml of glacial acetic actd  Pert
odic acid 1n acetic 1s fairly stable and may be used many tumes
The slight amount of white precipitate that forms on standing
can be removed by filtering as necessary without evident loss of
oxidrizing capactty - A J1r of reagent 1n use will become exhrusted
slowly and should be checked at 1ntervals

¢} Schiffs Reagent and Buulfite Rinses See directions already
given in the section dealing with the chromic acid Schiff reac

ton (G)
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d) Metanil Yellon Counterstarn See directions for chromic 1cid
Schiff rexction (C)

Staimng Procedure
Pass scctions through xylenes and alcohals to water (Eliminate
mercury deposits 1f Zenker or Helly fived  See directions in (B)
for removal of formalin pigment when necessary )
Select one of the following conditions of oxidation
a) tradittonal oxidize m 1queous pertodic for 10 minutes
b) prolonged oxidation oxidize 60 mnutes in 1queous periodic
¢} acetic pertodic ninse briefly in glacial acetic and oxidize for
10 minutes 1n pentodic acid dissolved in glacial aceticacid  (Prior
Tinsig 1n acetic prevents watery dilution of acetic periodic)
Wash 5 minutes i runmng tip water ninse briefly in distilled
water
Treat 1 Schulf s reagent for 10 minutes
Runse 1n three changes of M/20 sodium bisulfite 2 menutes each
(The special rinses remove excess Schuff s reagent without mduc
g 1ts spontaneous coloration and should not be omitted) Dis
card rinses after each use
Wash 510 minutes 1n runmng t1p water (Full coloration of
stained sites requires adequate washing )
Optional for the stamming of nucles placen Hamis hematoxylin
for 30 seconds to 2 munutes (Determine optimal time by expe
rience for your preparation) Dip 1n water and then briefly m
1% HC1 1n 70%, alcohol until hematoxylin turns reddish  Wash
10 minntes 1n running tap water (Any other contrasting stain
that 15 suitably selective for nuclet can be substituted )
Optional (but recommended) metanil yellou counterstarn dip
in metaml yellow for 60 seconds Wash briefly 1n tap water
9 Dehydrate clear and mount

5

e
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Result Tissue structures and substances that react with the
PAS are colored magenta The strongest reactions or depth of color
occur 1n the cell walls of fung: glycogens epithelial muuns renal
basement membranes and brush borders and other sites believed
to contain carbohydrate or glycoprotemn (As lipids may interfere
1n frozen sections of fresh tissue or 1n smears that have not been de
fatted specificaty of the PAS for carbohydrates applies more strict
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Fig 7 Penodic acid Scuff reaction apphied 1o sections of Iner ( 520%) and
the caseous adremil mass (B 10,0%) described 1n previous ftgures  In A o
dized for ten minutes 1 055 penodic acid orgamisms are stamed fairly
strongly and glycogen granules appear black  lut contrast of organtsms
against tissues 1s pror owing to hackground stuming  In P oxudized in penodic
aaid for fne minutes organi my are barely detectible even 1t high mgnih

wition
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1y to s use on paraffin sections ) Cotlgen and reuculum are mod
ertely | \S positive and occisionally strongly colored  Nucler of
ussue cells nd their cytoplism when devord of 1 AS posine grin
ules should be uncolored except by counterstains when used  Red
blood celis re colorless unless stamed by metand yellow  Some bac
terta eg pnemmocoes are P AS positive and must not be mistiken
for the Histoplisma which are lger
‘The cetl walls or shells of Histoplaisma will be colored after any
one of the oxidanion schedules gnnen but their intensity or depth
of volor s only shight to moderate after the traditional (brief) oxida
ton tn aqueous pertodic (See Tig 7} Cranules of glycogen other
1AS positive cell grinules tnd some prgments tend to be finer in
size nd colored solidly contrasted to Histoplisma which show
strongly colored shells with paler ¢ytoplism  Russell bodies are
solidly colored and 1ssocited with plisma cells The stuning of
Histoplisma nucler 15 furly constant i active lesions behieved to
contun Ine organsms  Nuclear staing of Histoplisma m old
lesions 1s mconstnt and often lieking  The prrolonged oxidation
{aqueous) or oxidation tn acetic periodic produces decisively strang
er staining of cell walls of Histoplasma but fails to cause any
stronger staining of thair nucler (36) (See Fig 8) Usually patho-
genic yeasts other than Histoplasma are colored adequately alter
the tradinonal oxidation but contrist of orgimisins azunst tissue
15 more pronounced after the wetic PAS  As the caseous necrotie
hackground of old or fresh lesions ts usually moderately to strongly
1 AS posine organtsms m1y not be readily visthle except at hi_her
magmbications (high-dry) of the microscope  Che metani} yellow
counterstain helps to alter the background color to oringe red and
IMproses contrast to some extent  Sections should not be thicker
than 6 8 microns or dense stuning may obscure organisms
\ nucleir stain eg hematoxylin 15 generally useful espe
cially 1n the study of older lesions  But n some active lestons the
presence of abundant deeply staming nuclerr debnis may hinder
the detection of Histoplasina unless the latter are also abundant
and deeply stamed Do not persist 1n the use of 1 hematoxylin rou
tine that causes cytoplasmic basophilia after the PAS  Fxcesstve

or poorly selective hematoxyhin can spoil an otherwise satisfactory
PAS stain
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Fig 8 Effects of changes in the use of pertodic actd on the statning of Histo

plasma by Schiff s reagent A and B (each 1000x) are duplicate sections of the

caseous adrenal mass shown prestously ' The section shown 1n A was oxidized

for sixty minutes 1 0 5% periodic acsd 1 hile that 1n B was treated 1n 05

pertodic in glacial acetic acid for Just five minutes  Section € (500x) of Iner

shown previously was oxidized for ten minutes 1n 0 5%, periodic acid in glacial

acetrc aad  Orgamsms are more deeply stuned by Sciulf s reagent than after

oxtdation 1n aqueous periodic acid for five to ten minutes Compare with
Figure 7 and other figures
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Comment  The chief obstacle 1o the detection of Histoplasma
by the PAS reaction 1s the [aidy strong coloraton produced by
other tissue components especially in the c1scous necrotic material
or 1n the cothgenous partly calalic content of older Jesions Back
ground starning by Schuf's reagent 18 much reduced without 1m
punnent of Histoplism coloruon if sections are placed in o%,
chromic acid for thirty minutes (1nd wished) follow g 1ol oxa
dation by prolon ed pertodic or by icetic penodic acid (39) Com
prred with Histoplisma enlafic particles tend to be less uniform
m size and modertely stimed in toto without sharply defined
shells  Stumed objects other than fungi cuuse less trouble n the
study of more 1ctive lesions or viscera v olved during, dissermnated
hustoplsmosts

I CYTOLOCIC A\D CYTOCHFMICAL FFATURES OF
OTHFR YEAST IIRE MICROBIAI ACENTS

Because Histoplasma are smalt and rither non-descnipt even
when nucler are present presumptive histologic dingnosts requires
the exclusion of other yeast like agents in the differential dragnosis
Many of these agents can be 1denufied more reliably than Histo
plasma The fun_1 of the group are usually well stamned by owt
datnne reactions for polysacchanides  Critena found useful for
recognition of these agents will he reviewed briefly  Of course
confirmition by micro biolo,ic1) methods should be attempted
whenever possble

A Blastemvees dermatitidis

This agent provokes a partly suppuratne and partly gran
ulomatous inflammatory reaction (1) The orgamsms occur n s
sues as thick walled budding yersts that normally range from 5 30
mucrons In size but most forms are 7 20 microns The organisms
possess relatnnely Jarge round nucler stamable with either basic dyes
or by oxidative reactions  The cell wall 1s described as  doubly
contoured after routine stains but 15 usually solidly colored by
oxidative reactions  Buds are usually single and have a wide stall
While a thin rim of acidic material (37) usually less well colored by
oxudative reactions 1s occastonally seen external to the cell wall
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Blastomycetes possess no mucinous capsules hike those of Crypto
cocct There 1s usually a space often lunar shaped between the
cell wall and the nuclear matersal (1) Some microforms (2-4 mt
crons) are not uncommon and may predominate 1n exceptional
cases (31) These will be difficult to distinguish from Histoplasma
except that pathologic features of the two diseases duffer as a rule
Compared with Histoplasma cell walls of such small Blastomy
cetes wre usually thinner and nucle: larger and more constant Both
may show simtlar birefringence after methenamine silver (35)

B Blastomyces brasiliensis

The general features are similar to B dermautdis except that
multple buds anising from filamentous stalks occur  Microforms
also occur (31)

€ Cryptococcus neoformans

There may be virtually no mflammatory reaction ranging to
chronic inflammation that 1s granulomatous to varying degrees
(25) The organisms occur 1s thin walled budding yeasts possess
g as1rule mucinous capsules rich n acidic polysicchande 37
They range 1n size from 2 20 microns but most will be 5 15 microns
The capsules are usually thick especially when mounted in glycer
Jelly (33) after the Alcian blue (32) or our colloidal rron statn 34)
Muacarmine 1s much used for capsule staiming (1 25 41) but 1s
less sensitive than the newer methods mentioned But some strains
have less thick capsules and the smnllest forms commonly lack
them While small inclusions are sometimes present the organisms
lack the large nudler regularly seen m Blastomycetes The mntensity
of staming by oxidatn e methods of polysaccharides depends on the
extent to which the capsules are present and stimed Buds usunlly
have slender stalks  Germunal tubes consisting of 34 consecutii€
and undetached buds are sometimes mustaken for hyphae Con
fuston with Histoplasma should occur but rarely if cire 1s taken to
reveal capsules 1n Cryptococct

D Cocadiordes immitis

The usual tissite Tesponse vries  In active lesions 1t 18 partly
suppurative with a tendency to granulomatous reiction that be
comes domnant 1n older lestons often with casertion and tubercles
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($ 11) Dependimg on the site and durrton of the discase various
forms of the orgntsm w1y occur 1w tssues  The hey diagnostic
ferture s the presence of the reproductive fom vz the endo

sparulinn, spherule which my ringe from {575 microns 1o size
and lrger These contun 2 virying number of young forms calted
endospores (2 5 microns sn diameter)  Rupture of spherules releases
free spores that gradually enlarge wnd e ily form reproductive
spherules Free sporesyary in size up ta 50 nucrons or so and closcly
resemble Blastomyeaies except that budding s hchang with mre
exceptions (5) Also the mternal matenal of spores tends to Al
the cells or cot the nner surface of the cell wall thereby differing
from Blastomnycetes (1) the internal material of such spores 1s baso

plilic stumble by oxidatine reactions and parth removable by

diastise The cell walls are thick and deeply stamned by such oxada

e reactions  {n cuatary lesions of the fun,, hyphie with awthro-
spores are frequent often with scaraty of spherules (32)  Hyphae
have not been seen elsewhere  Only the endospores and young free
spores are hikely to ciuse confusion with Histoplasma  Presence
of endosporulating spherules resohves this problem

E Cantida (Momba amous species)

Detection of these orgamisms 1s very frequent  While sapro
phytic growth 15 the usual explinition primary infection with
chronic or even grinufomiatous nflimmiton myy occur - Oraan
1sms occur in tissues s oval thick walfed budding yeasts rining
from 1 6 microns in size but usually 2-¢ microns  These 1re usunlly
associated with 1 variable number of pseudohyphae that are septate
and sometimes branching  Rounded spores similar to the free yeasts
may eccur 1t potnts of constriction 1n the pseudohyphae The yeasts
and pseudohyphre are dependably Gram positive and stumed more
deeply than Histoplasma by oudative rerciions  The yeasts seem
to be stamned solidly their thick cell walls obscurin,, nuclear detul
Distinction from Histoplisma also depends on histological assess
ment of the lesion and on the presence of psendabyphie hyphae
are rre 1n histoplasmosis
¥ Sporotrichum schenckn

As histological detection of this organism s sull regarded as 2
ranty confusion with Histoplasma seems unlikely The histologic
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Blastomycetes possess no mucinous capsules like those of Crypto
cocet There 15 usually 1 space often lunar shaped between the
cell wall and the nuclear matern] (I) Some mucroforms (2-4 mi
crons) are not uncommon and may predommate 1n exceptional
cases (81) These will be difficult to distinguish from Histoplasma
except that pathologic fextures of the two diseases differ as a rule
Compared with Histoplisma cell walls of such small Blastom)
cetes e usually thinner aind nucler larger 1nd more constant Both
may show stmilar birefringence fter methenimune silver (35)

B Blastomyces bhrasiliensis

The generl features are stmilar to B dermautdis except that
multiple buds ansmg from filamentous stalks occur  Microforms
also occur (31)

€ Cryptococcus neoformans

There may be virtually no mflammatory reaction ranging to
chronic nflammaton that 1s granulomatous to varymng degrees
(25) The orgrmsms occur s thin walled budding yeasts possess
mg as 1 rule mucinous capsules rich n 1adic polysacchande 37
They range n size from 2 20 microns but most will be 5 15 microns
The capsules are usually thick especially when mounted mn glycerin
jelly (38) after the Alcian blue (32) or our colloidal 1ron stamn (34)
Mucicarmine 15 much used for cipsule stainmg (1 25 41) but 15
less sensttrve than the newer methods mentioned  But some strins
have less thick capsules and the smallest forms commonly lack
them While small mnclusions are sometimes present the organisms
lack the large nucler regularly seen 1n Blastomycetes The mtensity
of staining by oxidative methods of polysaccharides depends on the
extent to which the capsules are present and stamed Buds usually
have slender stalks  Germunal tubes consisting of 3-4 consecutnne
and undetached buds are sometimes mstaken for hyphae Con
fuston with Histoplasma should occur but rirely if cire ts t1ken to
reveal capsules in Cryptococct

D Cocadioides immts

The usunl tissue response varies  In active lesions 1t 1s partly
suppuratne with a tendency to granulomatous reaction that be
comes domnant mn older lesions often with caseation and tubercles
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Teactron 15 usually pyogenic wind necrotizing with a variable granu
lomatous component (4) The typical climcal infectton usually
leads to suspicion and 1solation of the agent by other means But
use of the more sensitive oxidative reactions now favored for Histo
plasm1 should reveal Sporotrichum more frequently  Also the
moderate coloration seen 1 the walls of Sporotrichum n mce after
stuns for acidic polysacchanides (25 37) can be combned with
oxidatve Schuff s statning with mtenstfication of their net colora
tron (35} In mice the fung: are 3 5 microns wnd cigar shaped

G Other Microlnal Agents

Phagocytosed cocet with thick capsules may sometimes be mis
taken 1n H & I stamed sections for Histoplasma (30 37) Gram
type stains the nature of the leston and the smaller size of cocct
should prevent this

Toxoplisma occur 1n ussues 1 two forms viz the prolifera
fre organisms typically plentiful m active cases seen 1 newborn
wfants and i pseudocysts that are larger and typical of more
chronic infections (7 8) The former are crescentic usually with
one rounded end and measure about $ < 5 mucrons m smears but
smiller 1n sections  The proliferatne orgamsms possess b1 ophulic
nucler and a few glyco en granules Diagnosts from these forms
alone 1s dufficulg except by assessment of the clinicopathologtc {ea
tures present Pseudocysts are more distmctive and allow safer
diagnosts  These range from 30 100 microns n dinmeter and
uswally contain young forms ¢ach with 2 prominent glycoen pran
ule 1bout the size of the nucleus The cyst nall 15 stained by oxida
tive renctions nd 1s argyrophilic Trssue cells filled with prohfert
trve organisins may be confoundible with pseudocysts but lack the
distinct walls of the Iatter

Pneumocystts carmun 1s regarded as the cause of 1 distmetine

plasmicell pneumonia seen lar,ely in infants These are yest

like arganisms (24 microns) <een better 1 smears than m tssue
secttons ‘The bodies are not revealed decisiyvely except by the Gnd
ley stamn or by methenamne sither after chromic acid  Whether

conf lable with Histop or not remains to be secn
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pearance of exudate  When the mflummauon remamed acute
without 1 quiescent persod a severe nodulr intis occurred m one
to two weehs  Within two to four weeks morc the severe inflam
mation had begun 10 disipperr and became quiescent i two to
three months  Nodulr scars remruned after the mflunmation had
subsided  Heat hilled spores would not produce wn ntis

Microscopic sections of the cyes during the first week after
nfection showed 1 few mtrct spores nd mycelal elements The
amount ot exudate varied with the size of the mnfectng dose The
exudite was comprised of many polymorphonuclear and mono
nuclear leukocytes mnd few macrophages contumng yeast organ
1sms  Rare giant cells and occasional epitheliod cells were also
present - As the nodules tppeared the microscopic lesions became
grinulomatous  charctenized primanly by round cell mfiltrates
and epithehoid cells Yeast cells were promment within macro
phages and some of the many giant ceils A few wtact spores could
even be seen as long as 21/ wecks after infection  Abscesses with
tissue necrosis were present four to s1< weeks after infection By
tho to three months there was gradual subsidence of the mflim
matory process Ycast cells could then rarely be seen 1n phagocytes
although the organism was culturally proved to be present m the
eye of one rabbit six months after infection  Giant cells were absent
and only a few epithelioid cells persisted  The mfiltrates were com
posed extensisely of the round cell type  The course of the uveitss
was apparently self hminng

The early tissue reaction and healing of lestons in guinea
pigs and gerbils produced by the localized subcutaneous nocula
tion of pure yeast torms pure mycelial elements spores and mixed
cultures of Histoplasma capsulatum were even better defined mrcro
scopically by Brandt (2) During the fiest 24 hours following the
subcutancous njection of pure yeast torms nto the abdominal
and vagial wall of guinea pigs yeast organmisms remained extra
cellular A large number of leuhocytes but very few histiocytes
made their appearmce By 48 hours the lenhocytes were tewer
and macrophages which had mcreased m number had engulfed
many of the histoplasma yeast cells By the sixth to tenth day
a central area of acute mnflammation had developed Many pus



THE PATHOGENLSIS OF HISTOPLASMOSIS
IN ANIMALS

Jous J Procanow

’I‘he natural route of infection with the fungl organusm
Histoplasma capsulatum 1s quite generally considered to be the
respiratory trict Animals like man 1re assumed to acquire a prl
mary pulmonary infection by inhrlation of air borne macrocontdia
produced by the fungal syprophyte growing freely i the sor! After
lodging 1n the lung parenchyma the inhaled histoplasma spare
would be expected to comvert to the parasitic yeast Iike form
Dissemination of the histoplismn yeast via the bloodstreim and
subsequent partsitization of organs and tissues rich 1n reticulo
endothelial cells such as the Irver spleen lymph nodes bone mar
row and 2drenals would be expected to follow The many studses
of naturally occurring and laboratory induced infections 1 dif
ferent species of animals must be integrated to satisfactonly postu
Iate the pathogenicity of histoplismosis

The rmmediate response of the host to the presence of the
nfecting fungal 1gent n either the mycehal or yeast form has
been demonstrated locally m various extrapulmonary tissues of
amimals  Although these tissues 2re unnatural sites of entry for
Histoplasma capsulatum the response to the nfecting organism
parillels and substwntintes studies of pathogenests it the lungs of
expermmental wmmnls

Day (1) nduced 1 localized mfection n the 1ntertor chamber
of the eye of the rbbit and was first to show the carly develop
ment and healing of the grinulomn of histoplasmosis A destruc
t11 ¢ nodular antersor uveitss resulted from the myection of 2 s2lmne
suspenston of v11ble histoplisma spores nto the 1ntertor chamber
of normal rabbits  Grossly dilatavon of vessels and exuduion
appe'\re(l i the iris withm 21 hours  The immediate inflimmation
subsided 1n some rbbits withtn 1 week Nodules appeared m
two to four weeks 1nd subsequently became larger with the reap

246
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macrophages contmming yest forus located close to the area of
necrosts
The pithogeness of listoplsmosts has been best documented

expertmentally m the white mouse although the sequenunl pat
tern of the disease must be glemed from many studies De
\Monbreun (4) mnd other workers (5 8) demonstrated the susceptt
Inligy of the laboratory mouse to infection with the mycelnl and
yeast forms of Hystoplasma capsulitum  The reliability of the
mouse s 1 tool for the salation of the fungus from ussues (9 11)
or from soil (12 11) substantated ats predictable mlectivaty - Sus
ceptibihty to infection with varable struns and nfective doses
of yeast phase Histoplasma eapsulitum by the intracerebral {15 19)
meravenous (6 18 20) ntrapertoneal (18 19 21 24) md ntm
nasal (19) routes has been demonstrated 1n the white mouse  The
mycehal phase as an noculum has also been highly successlul
mtrperitonenlly (17 22 25 28) mtrnenously (6 8 29) wd miry
msally (27 28 30) in producang 1 recoghizable infection 1 mice
prored culturally and pathologically  Following infection a gen

eralized lustoplasmosts quite umfornly develops frequently result
ing 1n death but 1lso tolerted s 1 chrome infection  The dis
seminated histoplasmosts produced n mice directly exposed to
naturally contaminated smi by inhalation ot the dust acrosol shown
Ly Hinton et at (31) strongly emphasizes that the animal becomes
intected 1n nature primanly via the respirtory route

In our studies at the Umiversity of Chicago (30) the very early

pathogenests of experimental histoplasma ifection of pulmoniry
fissue has been well delineated in the white mouse  The progres

sive pathologic cellular rerction to the nstoplasma spore within
the mouse lung hs been obsenved from early implantation through
1ts subsequent rupture and conversion to the yeast phase The
natural mode of infection was simuiated by the mtrinasal moculh

tion of 1 saline suspension of viable miture tuberculate chlamy

dospores It was culturally demonstrated that dissemination of
the yeast orgamism {rom the lung to the spleen and liver had
occurred within tour days By the end ot two weeks heavy and

widespread reticulo endothelinlinvolvement had developed Micro

scopic exammation of the lungs of the spore infected mice were
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cells occasionl histtocytes and lymphocytes compnsed this area
Surrounding 1t were reticulo endothelial elements mterspersed
with a tew polymorphonuclear leukocytes lymphocytes plasma
cells 1nd Langhans type grant cells Fibrous uissue m turn sur
rounded this cellulwr accumulation  Yewst forms remamed free
within the acutely mflamed area while many others were con
tamned within the reticulo endothelal and grant cells Healing had
begun by the twelfth d1y characterized by an increase 1 plasm
cells the appearance of fibrocytes and decrease 1n reticulo-endothe
hal cells  Healing continued through the 31st day although the
yeast cells were few to absent by the twenty first day

When pure spore free mycelial elements were noculated sub
cutaneously there was consersion to the yeast phase within one
week The cellular response was similar to that induced by pure
yeast organisms  Fragmentation of the filaments and ingestion by
reticulo-endothelial cells occurred before the typrcal phagOC)““d
yeast forms wete present at the end of a week

Follmung the subcutaneous noculation ol a suspension of
pure chlamydospores many spores were phagovytosed mtact by the
large abundant multinucleate grant cells during the first few days
Reticulo endothehnl hyperplasia was evident  Other free spores
became completely surrounded by a ring of polymorphonuclear
leukocytes After the first weeh most ot the spores had begun to
show loss of chromatin network as they underwent degeneration
although the tubercles and spore wall of some rematned ntact for
1 longer ume In other spores there % 1s 1n nternal rearrangement
clumping and dnuasion of nuclear material to form yeast cells
W ith the ultimate rupture of the thick spore wall the yeast organ
1sms were released into the tissue where they were engulfed by
macrophages There was no systemic spread of the infection to
other organs

A more marked local subcutaneous reaction to mycelial organ
1sms was shown 1n rabbits by Scheff (3) An mflimmatory focus
with central necrosts developed withn 48 hours after 1noculation
\icroscopic examnation of the exased leston on the fifth dn
showed marked leukocyiic and monocytic cellular nfiltration
Tissue destruction was present n the necrotic arer with a few
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Fig 1 Tuberculate chlamydospore with slight cellular response in lung of
mouse three hours after infection  (x700~Haotchkess McManus )

made 1s often as three hour ntervals following inoculation The
spores were usually small enough to pass decply mnto the bron
<chioles or directly 1nto many 2lveol

From three to six hours after moculation spores were seen
mn the alveolt and bronchioles without any or only shght cellular
reaction to the mdividual spores (Fig 1) At most only 1 few poly
morphonuclear leukocytes ringed the spores 1n this early phase
The cellular ntiltrates about the spores progresstvely mcreased
m size thereafter Polymorphonuclear leukocytes rematned the
promment cell type By 15 to 24 hours after inoculation the
inflammatory reaction had become much more extensive though
stll hughly localized  The spores remained remarkably preserved
and characteristically distributed n alveolt or n ternunal bron
chioles (Fig 2)

By 36 hours after infection many spores sull muntamed 1
remarkable state of presersation The polymorphonuclear leuko
cytes had begun to degenerate and to be repliced by epithelioid
cells The exudate had mncresed to fill neighboring alveoh 1nd



HISTOPLASMOSIS 233

Fig 5 Spore wall fragments bemg phagocytosed but sull present in lung of
mouse 7 days after infection  (x1400—Hotchkiss McManuy)

capsules were snnmlndcd by polymorphonuclear leukocytes and

phag D gratson of the ntact spores
aml release of the parasitic yeast conunucd unul the sc\emh day
by which time all spores had disapp 4 Onl

Y
ot spore w1ll fragments remaimed to be phagocytosed (Fig 5)
By the end ot one week tocal granulomatous inhiltrates had
clogged man) alveoli adjacent to the bronchioles Macrophages
ly engorged with encapsulated | l yeast cells
had b:come numerous and were scattered lhmunhoul the exudate
However 1n other densely cellular areas round cells and epithe
lioid cells were much 1n esidence while yeast filled macrophiges
were extremely few By ten days following inaculanion widespread
pulmonary nfection with Histoplasma capsulitum was present
characterized by diffuse foc1 of dense exudative response through
out the lung fields (Fig 6) “Many mice had begun to expire of dis
semminated stoplasmasis at thas stage of the infecuon and lesions
were present in other organs of the reticulo endothehial system
Grayston et al (27 28) also showed that discrete lung lesions
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macrophages were present within the exudate A few were para
sitized by encapsulated histoplasma yeast cells Particulate matter
probably composed ot hypal or spore wall elements was found
mterspersed through some areas of exudate (Fig 3) No spores were
found to be phagocytosed mntact by macrophages

At 48 hours an 1nternal trabeculation of the histoplasma
spore now almost entirely surrounded by epithelioid cells 2p-
peared This nternal segmentation was more clearly seen dur
ing the next 12 to 24 hours The chitinous capsule of the spore
remamned 1ntact and the tubercles were promment about the
periphery

By the tiurd to the fifth day tollowing intection the walls
ot the spores were generally smooth and defects becime apparent
With rupture the yeast like contents bulged through these defects
and were exuded 1nto the parenchyma to be ultumately phagocy
tosed by macrophages (Fig 4) Occasionally discrete globulat
masses of well encapsulated yeast cells surrounded by epitheliod
cells could be seen 1n 1dentical position 1n the exudate m which
dentifiable spores were observed earlier Remnants of the spore

.‘
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1 : Jging through
Fig 4 spore and p content bulg;
ebect in hung of mouse 78 hours after nfection  (x700—Hotchkiss McMans)
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present “The nutial presence of the yeast ot spore and 1ts frag
ments has 1ttracted the larger number of polymorphonuclear cells
“The macrophiges appeared particulrly when the yeast orgamsms
were relewsed 1nto tissue 1By comparnison the typical progressive
reactnaty of the mouse Jung to the presence of the yeast phase of
Histophsm capsultum moculited mtrmasally was demonstrated
by Grayston nd Salun (19) Small infiltrates of lymphocytes and
macrophages inolving only 1 fen 2hveol appiared two duys fter
ifection  The mfiltrates were agun penbronchial in location but
contaned only 1 very few polymorphonuclerwr leukocytes  The
lesions mcrersed n size during the first week nd remamned com
posedd of round cells with some macrophages contuning the histo
plhisma orgimstn - By fourteen days the lestons were quite locahized
Subsequentis there wis healing by resolution  Cptheliond grinu
lomas surprisingly did not develap in these expenments By two to
four months 1fter wfcction mlrequent resolsing lesions persisted
but the lungs continued to show ncresed lymphatic ussue par
ticuiarly in the area of blood vessels Round cell infiltrates ap-
peared 1n the hiers by the tourth day atter infection  There was
progressive maturition ot the typical hepatic granulomas by four
teen days with subsequent healing and resolution  No other path
ologie changes were found m other organs
‘With the conversion of the spore to yeast orgamisms and pha
gocytosis 1lready apparent 1 aur study by the second day follow
g infection the bloodstream should obyiously next serve as the
medwm for the systemic spread of the parasite  Culeures of the
spleen and liver showed ncreasing posittuity and more heauly
mfected tissue by four days after intranasal infection attesting to
an early secondary hematogenous spread At the end ot two weeks
the blood was frequentlv positive for Histoplismn capsulitum by
culture  The numbers of orgamsms in the lung nssue had steachly
increased to a maxumum by ten days follow ing infection Optimum
seeding of organisms 1nto the biood probably took plice during
this period of propagwion  The exponentil growth of the organ
15m 10 ussues during the first and second weeks following infection
with sublethal doses of yeast organisms sntrasenously has been fur
ther explored (20 25) After one weel the number of organisms
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Fig 6 Diffuse focal granulomas throughout the mouse lung 10 days after
nfection  (Low power—HE)

ot considerable size were definitely present by one week follow
ing ntranasal moculation of spores These lestons were discrete
and peribronchial 1n location and tended to coalesce the hilar
region Progression of the lesion after the first week was shght
The lesions were composed of mononuclear filerates rare p01Y
morphonuclear elements and no edema  Yeast like orgamsms were
never abundant within these lesions and they dlsnppearcd rather
rapdly  Atelectasts was noted about the larger confluent hular
mhltrates By one month epithelioid cells had replaced the acuté
renction  Some lymphocytes and macrophages remuned There
was netther necrosis nor ftbrosis  There ws a tendency for the
Tesions to disappear eventually  Frequently infiltrates of round
cells were present tbout the pulmonary vesscls Pulmoniry lym
phatic tissue hyperplasia was marked Granulomatous orgniza
tion resolution and even disappenrance of lesions occurred within
two to tour months
The very early fissue response to the spore or yeast has varied

m regard to the numbers of the polymorphonuclear leukocytes
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sntroduction of yeast hke organisms into the expenimeniat animal
by any route there1s usually a prompt local response to the mocy
Jum 1 generatized proliferstion of the cells of the retcninendo
thehal system and engorgement of these cells wuh the yeast orgmsm
of Histoplasma cipsuhunm  This hyperplasia of the reticulo-
endothehial system and infiliration with cells of the monocytic and
ph type both ¢ large hers of the pirasites
have been noted 1o the lun.s spleen lner lymph nedes hone mar
row adrenals heart hadney bramn prncreas testes grstrowmtestinal
tract and subentaneous wnd connectine tssue of infected mice
When smtra enous ingection of the yest or mycehal form was per
formed dissemunated histoplasmosis resulted replarly  Ammals
autopsied when death occurred spontaneously or fate 1n the course
of the disease have provided the parhologic sections used 1n de
scribang the typreal dusermmnated granulomas (6 8 29 32}
Microscopic sections of the hungs showed hyperplastic and
heavily parasitized cells filling the snteralseolar septs and collaps
sng some ol the alyeolar spaces Occasonal parasitized cells were
{ound free in alveols It 1s difficnit to understand why Banm e af
(29) found the lungs uninfected 1 thew study
Within the bver and spleen small snfiltrates of round cells
sncreased 10 size duning the first twa weeks The proliferated
hupffer cells of the grossly enlarged hiver were found heanly para
sitized distending the sinusords and compressing the cells of the
ltver cords to the poant of necrosis m some areas  Generatly the
Iner cords were presersed howeser Some polymorphonuciear
tenhocytes surrounded areas of necrosis  Infiltrates were frequently
noted m the vicinaty of central verns  Multunucleated giant cells
appeared by the end of one month  Phagocytes Jymphocytes and
a few plasma cells were mterspersed 1n the connectise tissne of the
portal canals  Yeast cells were occasionally seen lying free within
the tisue By four to eight months Isver pirenchyma was usually
replaced by coalescent granulomas and macrophages and giant cells
contaimng an abundance of yeast cells  In the enlarged spleen the
structure was distorted by marked hyperplasia of the phagocyue
reticulo endothehat cells lining the sinusosds and contaimng many
yeast organisms  Normat lymphord follicles were often mamntaimed
Caseation necrosis was present 1o severely invaded areas  Macro-
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recoverable by culture trom the tissues became stationary or de
creased  After three to four months tissue counts were 100 10
1000 fold less than during the first and second weeks following
mfection  The growth pattern of the histoplasma organism w2$
similar 1n the spleen and liver during the course of nfection
There was some delay in the presence of organisms in Jung tissu¢
indicrung secondary mfection  The presence of the orgamsm it
the blood was not proved until the second week after mfection I
another study (24) following mtraperitoneal mfection with yeast
phase orgamisms cultures were often positive from the retsculo-
endothelzal tissues as late as 45 weeks after infection although the
lungs and heart s blood were usually negative by culture withit
16 weeks after infecton Fungus has been found persistently
following infectson for an eight month pertod of observation @
By using the intravenous route for expertmental moculation of
the yeast form of Histoplasma capsulatum the pathogenests of dis
semunated histoplasmosts should be stmulated  Very few organisms
are necessary to estabhish such an mnfection Rowley and Huber @3
34) have shown that a smgle viable yeast like aggregate was suffrctent
to mfect a mouse ntravenously Histoplasma infections could be
regularly and uniformly induced by the 1ntravenous injection of
approximately 100 aggregates per mouse regardless of the strain of
the organism  Differences 1n pathogenicity produced by vartable
strains were not measurable The dose of yeast cells that was capable
of producing overwhelming infection and death n mice substan
tially differed from that which would produce a chronic infection
Infections produced by 100 yeast like aggregates of Histoplasm?
capsulatum ntravenously did not cause death in mice for as long
as six months Intravenous dosages of 10° to 10 yeast cells hilled
mice on occasion Even oterwhelming infections with 8 x 10% yeast
cells survived for many months without evidence of mfection
The dissemnated and chronic lestons of histoplasmosts pro
duced 1n mice by the intravenous routes aswell 13 by intracerebral
intraperstoneal and intranasal inoculation have all been compar
able histopathologically  When the myceltal phase of Histoplasma
capsulatum 1s used the comersion to yeast hke forms would be

expected to occur within the tussues primanly infected  With the
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one il there w1s 1 Tge necrotc ren which erupted to the
surface Withmn thss lesion were noted masses of hypline Wnd many
tuberculate chlamgdospores of Histoplisma capsulitum  There
were no yest phase orpanisms within tlis necrotic mternnl \o
explanition e be grvan for this puticulir observatton which has
been unconlirmed by others
Though the mtricerebral route of imfection 1s superior i p1o
ducing hr h mortaliy rates momice (18) such an infection 1s com
pletely unnutural m ats acquisiion  However granulomatous
menugits occurs 1s the most constunt pathologic finding fallowing
mtracerebral infection nd could anse from or origumte the dis
seminated form of lustoplismoss Such lesions 1n mice moculted
mtracerchrilly with veast ke or, misms have been described by
Kiphie and Howell (32) but more specifically by Crayston and $al
vin (19) Two days after intracercbral inoculation a predominantly
Iymphocytic cellulr infiltration mterspersed with some polymor
phonuclear leulocytes was noted n the memnges Histoplasma
yeast cells could alrerdy be scen within the cellulr exudite The
mflammatory reiction usnally ncrevsed through the fourth day
and was 1t its hesght by the seventh diy  The mononuclear wmfil
trites 1n the meninges sometimes extended along the pernvascular
spaces more deeply into the brun  There wete only lymphocytic
nfiltrates 1n some mimals to extensine granulomatous nflamma
ton with yewt-contatning macrophages and 1 few polymorphaonu
clear leukocytes 1n others Rarels weie there gint cells or epithe
Loid cells By the end of two weeks there was disappearance of the
exudate Occasional foci of round cells were present mn the brain
substince  After one month there were vanible numbers of 1b
scesses with necrotic centers surrounded by 1nfiltrates of round
cells and macropinges 1n the brun substance  Many veast cells
could be found free within the necrotic matersal as well as within the
macrophages  Cellular rerction did not 1lwtss wompany the
presence of masses of yeist organisms
Small focal collections of lymphocytes were present m the Iner
two days after mfection ndicating early dissemination  The
lestons increased 1 number by one week and had the 1ppearance
of typreal granulomas A few granulomns appeared 1n the spleen
By one month to four months lestons became less 1 number and
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phages contunng yeast orgmmsms surrounded the necrotic wwess
wnd some polymorphonucler leukocytes were peripheral to this
There were occastonal plasma cells and polymorphonuclear wnd
eosinophulic lenkocytes scattered throughout the medull

1 ymph nodes were varrbly imohed from 1 few parsitized
macrophages to complete replicement of the lymph node tissue
with prasitized cells Monocytes circulating m penpheril blood
were found to contamn yeast like orgamisms Organisms 1 macro
phrges were commonly seen tn the capillaries of the glomerular tufts
and 1 the mterlobular arteries of the kidneys Though mortality
mught remun at a low Jevel there 1ppeared to be no healing what
soever over n et ht month period of obsersatioml culturil nd
pathologic study

When mice were injected via the mtraperttoneal route with
yeast organisms (27 28 32) the lestons were mostly confined to the
Irver spleen pancreas ind site of moculition 1 esions were found
only occasionlly n the lungs heart and mtestine  In none of the
animals thus infected were there lestons in the brun A granulo
matous process w 1th 1 necrotic center was extensive over the lSCefﬂ]
surfaces  Organisms were usunlly found to exist m the necrotic
arex which ws surrounded by epithelind like cells  Lymphocytes
were 1t the periphery Macrophages were filled with orgamsms
Grant cells were rare Plasma cells and Jymphocytes were found
located thout the periphery Tocal granulomas were scattered
throughout the Trver and spleen It was noted that the yerst orgl
1sms did not 1ln 135 provole a grinulomatous reaction  Orginisms
were found to lie free in the tissues without evoking any mflmma
tory response  The mtripentonetl mjection of the histophsmt
mycelinl form (6) resulted 1n only a very few lesions 1n which there
were 1 few macrophages contaming the yest hke fungus witlun
the mesentery and the peritoneum ot the 1bdommnal cavity

There 15 one reported exception to findmg only yest hike or
garisms m the reticulo endothelinl system follow ing dissemnation
of 1 ustoplsma infection Haley (35) has made the only discovery
of the mycelnl sporulaung stage of Histoplsm cipsulum an
expenmentlly mnfected mice The anmmals had been intected
traperitoneilly with the yest form of the orgimism  On the
thirty second dy follown,, mfection within the hver tissue of only
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The mwy reports of niturally occurnng histoplasmosis 1n
dogs have also contributed much to the description of the patho
genests of the dissermnated form of disese (38 54) The histo
pathological changes 1 these cases of spontneous camine histoplas
mosis have also shown lesions most frequently present 1n lungs
Iner spleen bone marrow adrenals lymph nodes heart gastro
mtesimltrct hidneys pancreasand menmges DeMonbreun (38)
being able to produce expenmental lustoplasmoss in puppies by
feeding the fungus inmlk s well 15 by intrapentoneal inoculation
had concluded that the infecton might occur via the alimentary
tract  Robinson and McVickar {39) in their pathologic study of 21
cases of spont ineous histoplasmosis 1n dogs further supported this
view that the gastrointesiinal tract was the usual portal of entry for
the fungus  They were of the opmion that the orgamsms after
ingestion  produced lesions in the intestine through which they
imvaded the bloodstream and were carned to the lungs 1nd other
organs

Ruhe and Caner (55) were able to show that dogs had a con
stderable natural resistince to lustoplismosis since even massive
doses of the yeast orgamism were not umformly fatal  They pro
duced experimental histoplasmosis in dogs by injecting a suspension
of yeast cells into the nght lung through the chest wall One of the
dogs did recover from this experimental infection  \when thus
ammal was sacrificed sixteen months after infection Menges et al
{56) reported that there were no active tustoplasma granulomas
present histopathologically in the spleen lungs or kidneys In
Para scase (45) the pirasite had also been found only within the lung
tissues Scattered residual vasculir congestion fibrous thickening
and connecuve tissue cells attested to the past infection Conse
quently Menges (57 58) furstsuggested that the primary pulmonary
lesion 1n dogs 1s produced by the mhalation of spores

Further substantiation of the prevalence of mild histoplasmosts
i the dog and the lung as a portal of entry has been provided by
Rouley et al (59) Lmmons e al (60) and Schwarz et al (61) Dis
crete intrapulmonary nodules have been studied pathologically
These well circumscnibed lesions were erther soft and caseating or
firm and calcshed  Persbronchial lymph nodes also contatned sum
lar nodules The caseating focus consisted primanly of proliferat
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some Iners were remarkably free from disease Only a very few
mice showed activity of the lesions one to four months following
infection  When extenstve braim abscesses were present the Iners
were more severely msolved with granulomas scattered lympho
cytes large mfltrates and many yeast cells Only occasional lesions
were found n the spmal canal heart and lymphoid ussue of the
gastrointestinal tract None were found m the Tungs kidneys or
adrenals

The production of histoplasmosts m mice v1a the oral route 15
extremely difficult to acheve as evidenced by studaes 1n our labora
tory and by Grayston etal (27 28)

Exper I systemic h 1 intections 1n rabbits have
been mduced successfully (3 5 6 36 37) although susceptibility
i this ammal has been considered very irregular  Spontaneous
recovery from experimental histoplasmosts has often been observed
The reactions to the intravenous and intraperstoneal mjection of
yeast phase Histoplasma capsulatum 1n rabbts 1s well documented
(3 36 37) However only the late pathogenesis of the acute nfec
tion 1s again defined  Granulomatous reaction w2s noted 1n various
organs with the usual yeast engorged mononuclear macrophages

Local cellular response to intraperitoneal 1nfection of histo
plasma mycelial phase has been studied acutely and chromcally 1n
the rabbit  On the second day after infection visible mmlk spots
appeared in the omentum and grew in number and size dunng the
first two weeks  Cellularly these lesions demonstrated increasing
numbers of monocytes macrophages epithelioid cells and Lang
hans type giant cells with occasional foreign body grant cells The
spectfic sumulation of the reticulo endothelal system was mani
tested by this clearly monocytic tnvolvement There was gradual
regression of the mflammatory process n reyverse cellular order
during the third and fourth weeks By six weeks after mtection
the cellular reaction n the omentum had completely cleared
Cellular changes in the local Iymph nodes and perttoneal fluids
showed monocytes epithelioid cells and giant cells as well  In ant
mals sacrificed after one year few areas of fibrosis and mononuclear
cellular nfiltrates m livers spleens and lymph nodes were noted
The fungal orgmism could not be recognized mn the tssue
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Other tssues were 2lso imvolved m many of the cases The
adipose tissue of the hone marrow was 1lmost completcly absent
The enthropoietic elaments were greatly reduced  \Many reuculo
endothelnl cells contamimg serst cells lymphocytes and plasma
cells were present In the hieart small cellular infiftrtes composed
of lymphocytes plhismcells ind large yerst-contaiming mononuclear
cells were located close to the blood sessels  Myocardial degenera
tion was present 1n arcumseribed 1rers  Occasionil neutrophls
were present in the necrouc foct  Withmn the hidneys masses of
parasitized macrophnges had often infiltrated the mtersitial tissue
and the glomerultr tults Small foct of epitheliord cells and aggre
gates of [ymphocytes ind plasma celis were contuned within the
cortex A few scattered glomerul showed fibrosis  Perstoneum
nd omentum show ed anfiltrates of mflimmatory cells with masses
of large mononuclear cells contuning occasionil yeast parasites
Meninges were moderately infiltrated occastonally with parasinzed
mononuclear cells lymphocytes and plasmn cells  Adrenal glands
were by pertrophied nd contnined infiltrates of macrophages which
had 1mvaded the cortex and medulll  \ecrosis w1s observed and
Histoplsma capsulatum was contamned 1n the microphages Ton
sitflar tissue the pancreas ad the intersunal ussue of testes con
tained foa of parasiuzed macroplitges  \lacrophages had also infil
trated the hase of several glosal ulcers

Fxpernimental histoplismn infections n rats (61) hamsters (65)
guinea pigs (66 68) chickens (69) and monkeys (4 70 71) have pro-
duced no new concept 1n the pathogenesis of lustoplasmosis  In
general 1t can be stated that these anumals have shown vanable
degrees of resistance to infection and consequently have been less
sutted for experimental study of histoplasmosis
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THE PATHOGENESIS OF HISTOPLASMOSIS
IN THE HUMAN BODY

Hrsry G Sweasy

I‘hc beginming and course of histoplismosis i mn stall has
many unsolved aspects The progressne and fulmiaung type
where there 15 1 rpid sequence of progression from one organ 10
another with the finding of prrisites 1n all the organs and even n
the blood stream was first observed and described by Darling (1)
and Inter by several others  The more chronic forms nd especially
the types hving encapsulated caseous or calcified lesions still offer
some problems for solution The vartous known courses and pos-
sibilitzes will be reviewed

‘The experimental work of Procknow (2) on the course of the
spores of H capsulatum in the mouse 1s perhaps a good indication
n favor of a stmilar course :n man - Since this experiment cannot be
repeated 1n man we must make an assumption with some Justfica
uon that after the spores 1re mhaled they go through a sumlar
«cycle :mn man to what has been shown in mice  Furthermore we may
assume that on mhaling many to hundreds of spores asis frequeml)
observed the same process 1s repeated over and over agam at each
small focus where the spores are located n the alveoh or m the

smnaller bronchioles
B>

Fig 1 (A) Adrenal gland demonstraung histiocytes packed with Histoplasmz
capsulatum  H & E %820 AFIP Acc 61428 (B) Abdomnal lymph node

with ep d~cell granul bling lesions of Boeck s sarcord H & E-
~118  AFIP Acc 611200 Insert (nght upper) Gndley fungusstain demon
straung Histop within an epithelioidcell g T of this

Iymph node <1250 (C) Subcutaneous nodule i which the reaction resermbled

fibrosing granulauon tissue Only a few Hustoplasma cells were seen H & E

“#15 AFIP Acc 89775 (D) Lungin winch the reaction was that of organtzing

H & E x267 AFIP Acc 206008 With speaial stains many His-

were seen  (Used by permission of the Am J Chn Path

n H Binford and the Armed Forces Institute of Pathology
Washington D C)

pneumomus
toplasma organisms
the author Chapmal
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\fter these prchiminan assumpuions are mide there are sull
unhknowns for the disease process s many varnitons . At one time
i scemed 10 be 1 rather simple process cxiendm,, from the primary
focus to the djormn,, lymphanes lymph nodes the blood stream
wid then to the vanous organs throu hout the body  In the pro-
gression the yest bodies are lound i great profusion in the macro-
phi,ts and ciseous for Since these pzents usutlly do notsun e
but 1 few months large numbers of parsites can usmlly be found
mn 4l the oigans - But the rpidly progressive fcctions are now
known to be rire compred to the more sfonls progressive tpes

Recently it has heen obseryed thatsingle lestons sometimes with
one or several sateflites m1y be the most common first locahzation
The course seenms to prallel that of primany tuberculosts mn 1ts
prinapal aspects with ¢rlaficaton and apparent heihing Straub
and Schwarz (3) wnd Schwarz ( 1) independently tn this monogrph
have wdicued strangly that the course 1s 11 many respects smilar
except i the crusatine 1gents The parasites which re not genet
teally morphologically or chemically Iike tubercle haaille do grow
at 1 comparable slou rate of speed and perhaps are met by stmilat
body defences 1s they advance through the body There has been
such n extensine awccumulation of facts regarding the course of
tuberculosis in the body ncluding the primary postprimary and
true re infecuou that 1t would seem that the principal courses and
2ctrons it the body are now established facts The temptation 15
great therefore” to apply everythung that 15 known concermng
tuberculosis to histoplasmosts since so many features are similar and
the evolution of the lesions follow 1long similar Iines

It would berishy however to assume too much similanty since
there has not been time enough or sufficient material of histoplas
mosis from which to driw definite conclusions  Already there ar¢
obsenvations on histoplasmosis that do not follow those that have
been described for tuberculosts  For example there are only a few
instances 1n the literature where primary tuberculosis begins as 2
shower of lung lesions with a corresponding moliement of the
lymph nodes Owing to 1ts nature histoplismosis 15 frequently if
not predomnantly seeded in that manner

Another difference that 1s borne out by roentgenological and

pathological evidence 1s the greater tendency of lesions of histo-
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plasmosis to take up calerum (5 6)  Whale both diserses ealafy the
difference 1s ton tegular to disiegard in both the primary lesions
mdalomthelrge comn orspherical lestons The reasons for the
grenter tendency for the lesions of histoplismosis to calafy 1s sull
obscure 1 erhaps theres greater Jocal retinaty than m tuberculosts
more enzyme 1ction nd more proteolysis crentin,, more free 1ons
for umon with the bisic calerum which seeps 1 from the blood
strexm

The lymphiucs of the penibronchial regions nd the medirs
unum are more prone to develop twmor hke masses simeltm,
cancer ot resutun,, 1n pressures that hase been found to lend to
broncluectiss (6) md even blood mn flow stasis to the heart In
constriction of the ven1 e Trom the hmited observations that
he been described so far regarding this phase of histoplasmoss 1t
would seem that they will ontnumber any simtlar type of formation
that has heen described for tuberculosis

Whatever the cause my be there has appeared 1 difference thae
has become obs1ous to 1il those who have studied the tvo diseases
m the greter madence of mufuple lestons i the spleen 1 histo
plasmosts Schwarz (7) feels that any case havin,, more than four o
e calaified lesions wn the spleen may be considered s hustophs
mosts n most plices tody that1s 1 pretty good rule but it must be
remembered that the observations on fustophsmosis huwe been
made after the advent of drug therapy for tubcrculosis ind At 1 tme
when huge doses of tubercle hicaill have been reduced by public
health methods

Althou_h the spleen 15 mvolved more in histoplsmosis tuber
culosis may 1lso ¢ wse dissemin ated lesions  (See Fig 1(B)) In the
“lder luerature mulusple calcificiuons as well as cseous tubercu
lous lesions of the spleen (8) hve heen reported  In my own studies
{9) Thave found several cases mostly m young negroes where mul
tiple raseous lesions hase been found i tuberculosis with some
undergoing calcificition At the ume of these observations tuber
e baanllt were found present tn all but two of these cases It must
be rdmutted that no stuns were made at that time for the parasites
of histoplasmosts but since the patients were out and out tubercu
fous 1n every way and since the findings were observed 1n a region
where lustoplasmosts was not common 1t seemed logical to consider
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them tuberculous  We can t draw too sharp 1 hine therefore regard
mg the number of caletficrtions caused by esther discase since both
disexses e sumilar in therr progression throughout the body and
the nature of the lesion produced The cause of the difference
partly 2t Ieast was that most paticnts died of tuberculosis before
the lesions in the spleen had time to cilafy  The general trend i
tuberculosis 1s for the diserse to terminate early when many caseous
foc1 tpperr 1n the spleen wheres m histoplasmosts the process 1s
relatively much more benign and more lesions persist and become
cerfic

Thegeneral rule 1t this ume and in the endemic wreas particu
hrly 15 that many dense calafic lesions m the spleen may be
considered s histoplasmosis

As the progression of the dise1se contmnues throughont the
body there 15 a tendency for the parasites to locate 1n certan other
organs beyond the lymphaucs (in addition to the spleen) notably
the adrenals bone marrow 1nd hver In disserminated tuberculosts
the same orgns are mvolved but from the evidence to date there
appears 1 far greater tendency for histoplasmosts to imolve the
adrenals than does tuberculosis Binford (10) found 21 out of 22
fatal cases with involvement of the 1drenals Rarely does tubercu
losis strike the adrenals heastly at 1ts farst onslaught but histoplas
mosis 1ttacks them commonly 1n the progressive ind overwhelming
types of the disease The tuberculous infection of the adrenals
usually do not produce symptoms unt:! years after the first infection
when an Addisonian syndrome may 1ppear

From the histories of many chronic cases 1 our studies the
diseise process seems to follow 1 definite pattern First 15 1 €1ses
that hive had strong, possibilities of exposure to dust that may be
suspected of bearing spores Second the patents are generally
the latter half of Iife and undergoing early detertoration Most of
our cases have been found in firmers between 50 and 75 years of
age Thatis the resistance to all infections has been lowered and
erther a new seeding of spores has taken place or there has been an
exacerbationof an old lesion  Both of these courses hve been found
1n cases coming under our observation Many have shown recent
mfiltrative lesions with or without lymph node complexes that
seem to pont to 1 recent mfection Others hnve shown a defimte
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exacerbrtion 1n ind around caseous nd catafied lesions where
there had been an early infection and for vanous rexsons the par
sites nere re wvakened and set up 1 new and active disease process
The question of a re infection on an old enurely healed mfec
tion 1s one that cannot be answered at tins time for 1t 1s nat known
when the first infection 15 healed 1f 1t 15 ever really healed with il
the parasites dexd  The problem of the hife of the parasites 1n old
lestons 15 therefore one that 1s difficult to determine and certainly
difficult to resols ¢ by experumental means It can best be done by
long obsersation of a great many cises whete chimenl xray and
laboratory studies have been carried out  In 1 few cases in our work
this has been accomplished but up to this ime we have been content
to demonstrite parsites 1n old lesions rather than to try to prove
therr viabulity - From the apperances of the yeast 1 old lesions
most of them seem to appear no different than other known hiving
yeast et an 1 few attempts 1o grow them our results have been
entirely negatne  Puckett (9) was 1ble to obtain only one positive
culture out of 22 cases of round lesions or s they have been called
comn lesions Itasdoubtful if these results represent the true situn
tion for we have not been able ta obtan growth 1 any encapsu
lated lesion although several have been recent and progressive with
abundant parasites present 13 shown by the G M S stun Methods
are still madequate therefore to grow the forms that we are able
to 1dentify not to mention the possibality of any unrecognizable
forms
It may be well to state 1t this pomt that less than half of the
openactive cases have produced growths on medium on the first few
attempts made The remunder have required numerous culture
plites and then perhaps only one or two colonies 1pperred  Many
times the coloniesare overgrown by contimnnung yeasts especially
by Candidr and bactern
There are some obseryations that may be worthwhile n indu
@ung possible viabrlity in old lesions  One 15 the presence of buds
on the yeist bodies Budding, 1s evidence of recent growth activty
2nd many old lesions have shown budding and short elongated
bodies that may be considered abortng mycehn  Several ossified
lesions have shown budding 1n the veast bodies The other ques
ttonable indiction 1s the presence of good birefringence on polar
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scopy  In some very old lesions the pansites hie been mcrely
shosts with poor or no birefrinenceatall - Tns ferture 11t no tme
relible for it s 1ecoqmzed that polysacchindes maw 1amun fong
after the pirwtes are dead The questton of the langth of time
parsites sunvne i encapsulated fesions thereforc 1s one that has
cwsed much eoncern md s fir hom scitled

I studving 2 Tuge number of lesions there is commonts 2
grew samtion i the size or shape of the pirisite Some of them
Pponcdobenpidhy growmg by buddmg, - Others were staition us
wndothers undor,om,, vinous st es of degeneritian down ta mere
shasts of the ongmal - There 15 no douby that the parasites Are
rulierabile md e destroyed w some lesions or seem 1o lov their
wund morphology  Sizes vary from one micron up to fine microns

A few words should e sad About the + nistion m sire of the
pasite n dilferent orgns of the Body nd m the vanons types of
disese Inthe fulminatin, and fital forms there s generally 1con
tmued progression 1 the rctculo-endothedinl cells of the round
of perr shaped yeast bodies of nera e size (35 microns)  As ciseous
centersdesclop there 1s 1 marked destruction of the parsites leaving
ghosts and the grnulir debns mentioned before  Under certamn
condittons s shown by Binford (10) the parisites may become
greuly enfarged up to 15 20 microns m dinmeter wnd somenmes
there 15 production of abormse md even some genuine hyphie
The hyphe my len then mto mmy jomnts nd actutl threads of
some length Whay bearing these changes have on the development
of fesions 1s not known It m 1y be that the forimuon of hyphie
15 the result of 1 certamn type of leston rather thin a tvpicad process

An olsenition that hs been mcrensiugly common s the for
mnon of one two or even everal Srmubir residues i the ends

Case onginally diagnesed momibass Lesions 1n adrensl gland tprcal for hus
1plismasis) “(3) Viable tisswe 1f heart valve Hustoplisma of normal sue
¥ tuch stainc { well wah hemataxyhn and cysin <1950 (1) A fiel 1 from wichen
thrombus but adyacent 10 A Large fcrms almo € it ible v i hematoxstin
2nd €xsn stun but v ell seuned with Gdley fangus tan X12:0(C) Tn
thrombus adyacent tn B 1ot nearer smner stface of thr mbus Larg forms
21th hypae * Gridley fungusstan <120 (D) Inner surface [ thromfbus
Seprate hyphae  Cridley fungus st «1-90 (U ed 1y permussion of 1m J
Citn Path’ the author Chapmn 1 Lunford and th Atmed For e Insutute
of fathology Vsashington D C)
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1 papilhus caused by lasma capsul
Fig 2b  (A) Necrounng renal pag . o
H & E <6 AFIP Acc 325234 (B) Duplicate section of A The large for
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and walls of the old parsites Darling s onginal work s sketched
the inclusions m the veast quite clearly At hirst these small forms
were passed by but 1fter seemy, them in increasing numbers and
alsorecalling the tnes we v e seen imicrospores free or m 1 matnx
with other typial yerst md 1bortise buds left mn old ghosts 1t
occurred to us that these bodies deserved study and more serous
consideration  The veference of Binford (10) to microspores as
small as one micron 10 size and mote espeerilly the fine detnled
description of Pane (11) who observed inclusion bodies m H capsu
latum seem to indicate that there may be sigmficinde to these smali
forms and there m1y be more yet to the evolution of the parasites
than 1s known at present W fule no budding of the smatlest forms
has been demonstrated typical birefrmgence has been observed
ot the forms less than 65 of a micron md transinon forms have
been seen up to 2 or more mmicrons  in many mstances these forms
arose 1 the ghosts of yest bodies On obsenving a great many of
these small granules they seemed to represent 1 budding process
that was interrupted by a too rapsd destruction of the yeust leaving
the bud as an abortive granule just protruding from the up of the
Yeast or actually trapped 1n or just beneath the wall 1£ any proof
15 ever found to the theory of ongm of microspores 1t may help to
clear upsomeofthe underground phases of histoplasmosis where
the regular yeasts cannot be found
Following a discussion of muicrospores 1t 1s fiting now to
iscuss the development of the various types of chronic lestons
After the first appewance of the parasites 1n the chronic forms there
s¢ems to be many courses taken by the disease process The first s
the nfiltrative Iesion that resembles chronic inflammatory misl
trates of tuberculosis absess or even cancer  The parasites appear
10 be phagocyuzed by the macrophages and 1n the early phases m1y
be stained by PAS and the Cridiey stain They soon dsappear from

wer¢ present only a1 the up of the necrotic papilla Periodic acsd Schff method

with fight green counterstain x1°50 (G and D) Necrouc adrenal gland i a

case of hustoplasmonis - Short hyphae and moderately enfarged forms  Gridiey

fungusstain %1950 AFIP Acc 64868 (I) Necrouc renal medulla in histo-

Plasmous Note short hyphs  Gridley fungusstam  x1250 AFIP Acc 579628

(Used by permussion of the Am J Cin Path the suthor Chapman H Binford
and the Armed Forces Insutute of Pathology Washington D C)
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1y, 31 (\) Roentgenogramof E § BI5 No 28906 taken on September 24

1954 showing a consolidated left lung  (B) The s:me as Figure 31 (4) taken

on October 3 1955 with 1 double exposure 1o show the mture of the lesion on

the left This patient wis always postise for afh and turned negatne ont

anutobereuloss drugs  (Used by permisston of Dr ] 4 Vhers Editor and
Drseases of the Chest

view however and the ¢ M[S stun reveals only small black dots
thit cannot be distinguished from dark stunm, artefrcts Vet
they seem to be present within the macrophages and may be rem
nantsof the prrisites $o far s we hknow now however the parsites
to allintents and purposes hase been destrosed 1 die macrophiges
After the caseous mass becomes encapsulated months 1nd years Inter
however typical yeast bodies 1lmost Always appear n the caseous
centers ‘This has been obsen ed so often that 1t seems that the part
sites h e anisen from some occult source Sometimes small ;rinules
m1y be seen 1 the chseous centers that hayve bluish green starmning
matrix associnted with defintte yeast bodies  Later on typical yeast
bodies m1y develop mn these smnll colontes It 1s possible for a few
typical parsites to hnve been overlooked but 1 most of the chronic
lestons the yeast forms are so numerous that some other origin must
be suspected  Since the yeast bodies are non motle and are placed
at regulr mtervals nearly aluways in large colonies 1t seeins highly
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FIE 35 Left (4) \Tow pou er siew of 1 section af 4 dense parenchymal cal
ufication vaken from the resected left lung of pattent shos 1 1n Frgures 3a (A}
433 (B) Two arens are outhined m the center of the lowon ane by dats at
o and another by black neat b H & E x5 (1) A quaredoff arca of
Figuae $h (4) showing bony char cter of Tesion 11 & T < 70 Rught () A
TETO%OPIC view of region marked at a n Figure 3a (1) showing numerous
Whical yeast bodies G M § stain x106r {BY 1 olarsscopic s1ew of (A1 x1066
©) & view of field marked off u b i higure 31 (B) Note the numerous
sooa dark st bodies that s Fe developtng into seast ] odies € M §
S X106 (D) Another view of the field of b m Figure 32 (\) G M §
2 X006 (Used by permision € Dr J A Msers Editor and £ eases of
the Chest
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probiable that they hate ansen from some obscure source  Further
mare there are transttian forms present that seem to bridge the gap
to more tprcal yeust bodies  These possible changes howesver are
only specultne and 1t present are to be conadered only as posst
Dilitses

If md when the lesion sloughs 1into 7 cxaty cultures usunily
become positnne and the parsites appear i the cavity walls espect
ally 1 the caseous centers of the walls The penipheral macropfinges
usually do not reveal any parasites 1 this stage of development
Whether the parisites were ever present 1n them 1s only conjecturil
at present

1n the encapsulated lestons the prrasites are usually found m
great numbers f[1r 1n the interior of the encapsulited mass and
almost entirely 1n centers where recent cascation has developed
Exenin old ossified lesions small pockets of parasites may be found
mthe centers of the lesions Some appear [resh and vigorous others
may be very small and 1in a matrix while others are poorly stained
and ghost fike Asalready stated the time these bodies may sutvive
15 sull one of the lewst understood problems of histoplasmosts It
seems safe to assume that so long as budding is present hfe was
present at least a short tsme before

As the disease becomes chronic and fibroid there 1sa tendency
for healing to take place 1n the walls of the cavities but the process
seems to extend into the ussues and the cavity walls become thicker
and usually hyalmzed but nearly always the surfaces become slich
and cyst like  Atthesume ume the disease 1s progressing slow ly into
the tssucs outside of the wall of the cavity

The round lesion as furst described by Puckett (12) may keep
enlarging when 1t 1s difficult to find any parasites exther by culture
or stuning  In some lesions numerous sections have fuled to reveal
parasites while athers only show them 1n the early pockets of casea

<

Fig 4 (The lewon from which these are taken are shown in the x ray 1n € hap-

ter 2. Figures 1 and 2 by Dr John Polk) (A) (Upper) B30 L B 26578

Showing macrophages in the perif hery of the lesion with what might be para

sites PAS stuin <1066 (P) (Center) Same G M § stam showing coal pig

ment and smalt black bodies that may be pucles of yeast (C) (Louer) Same
as (B)
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Fig 6 Iypical round fesxen {c o fescn ) of proven B typlismomas at {A)

{left} and proven wiberarlomas at (P) (right)  (Reproduced from Myers § A

Edutor Diseases of the Chest Including the Fleart {Springheld Thomas 1909}

by peemt sian of the Edwar and Pablishier  Thss and other ifhustravons by the

author sogimlly appeared 1 an article by Sy einy € rehch Coller wnd Jones
s CF 36 19R)

ttan that develop late wn the process and sell toward the center of
the Jessons  As mentioned before positise coltures on encapsulited
tesions is rarely ever found yet apparently sible forms exist

In our work we nated two types of round lesions one 1 grad
ually expindzng lesion that buslds up lrke the winding of a ball of
twine another where there ss m encapsulated infiltrate varying
saze from a few mulh to 4 or more

One of the greatest ensgmas 1n the lesions of histoplasmosss 1s
the formation of chronie pneumomuis There 18 a type that may be
calted a chronic pnenmoni with orgamang fibrinous exudate con

€

Fg 5 (Same as Figure 4-3Marg ns of fasous arez) (A) {Upper) B30 No

ng o8 A hugh pamer view of edge of caseanion showing fibrons below and

caseapos abote wih the appeasance of bean shaped bodies that way be para

sites starung 0 grow G KM S xI056  (B) (Lower) Same except the develop
ment 15 more advanced
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Fig 7 Taken [rom Pathologic findings tn benign pulmonary hustoplasmosts

by Sweany et al (Dis Chest 34 6 1908) (A) A reduced roentgenogram of

ELS Al5 No 24493 Showing a sphenical lesion m the left madfield with
Frr
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taunng 1 few macrophages and the other type 1 chronte granuloma
that sometimes cint be distingmished from sircordosis  Both of
thesc types huve been well described by Binford nd others  Part
sites are rarely 1f ever found i esther type and 1n the cases I have
studied no grinules have been observed

The evolution of ordinry re infection type of lesion 1s prob
ably much like the evolution of a similar mfiltrative tuberculosis
process where there 1s usually no insoliement of the lymph nodes
The leston becomes caseous 1n the center and after a tume shows a
tendency to form stellate crevasses in the center that soon find thewr
way mnto the adjorung broncly after which there 15 a gradusl
shelling-out of the ity New foct form more toward the base of
the lung s 1n tuberculosts and the same evolution takes place all
overagun There 1s a tendency of these cavities to slough out the
caseous matennl which 15 free of plymorphs and leave behind a
shck walled cwity  This 1s 2 deptrture from the progress in un
treated tuberculosis which Leeps 1 pyogenic membrane made up
largely of polymorphs with 1 smaller number of monocytes and
lymphocytes

A perplexing problem 15 presented in round lesions that are
typical histoplasmomas with omion ring formations but wherein
no foc1 of caseation nor yeast bodies were found Serial sections
may have found both caseous foct and parasites since only about
019, of the lesion 1s represented on one 6 micron section

Alternative views are that there are no hving pirasites remain
ingor that there1sa silent phase that has not yet begun to metab
olize and produce caseation with typretl yeast bodies

Irrespective of the ultimate cause and result an earnest en
treaty to pathologists 15 to search diligently for caseous—preferably
encapsulated caseous—foct where yeasts are found

Inaddition to the various unknowns already discussed so much
15 yet to be learned about the course of chrontc histoplasmosis 1n
the body that 1 few questions may be rased at this tme W e know

Pleunn at the Jeft base and bronchiectasss 1n the T ght middle lobe  {B) An
enlargement of the spherical lesion of (A) (C) \ low power section of sphen
cal lesion  Note the two centers of dense caseation and calaification outhned
by small dots at a and a _and the partial rings of less marked calalication
(Used by permussion of Dr ] 4 Myers Edutor and Diseases of the Ghest )
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Fig 7 Taken from lathologic findings 1n benign pulmonary histoplasmosts
by Sweany et al (Dis Chest 346 1958) (A) A reduced roentgenogram of
E L. S Al5 No 21493 Showng a sphercal leston 1n the left mudfield with

o



Fip ¥ () \microsop ¢ icdd of 2 € M S stamned sect on 1n the den € cen
tral calabicatn markel @ a n Figure 7(C) shos ing innamerable yeast
bodes <1133 (B) A polarcopic v ew of syme shotang  \altese crosses
%1183 (C) A microscopic field of stained section extending outward into the
zone marked b 1 Fiure 7(C) G M S stain x1133 (D) A microscop ¢ hield
of stamed sectson sull further out tov 1rd the peniphery  (E) Simdar to (D)
(Used bv perm ssion of Dr ] A \yers Editor and Diseases of the Chest )
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Fig 8 (%) A microphotograph of the central area of Figure 7(C) (the blood

yessel marks the general locauon) Note the outlines of the alieoh caused by
the calaum deposits 1 the alveolar wall and possibly to a calaum sale of

nucleic acd 1n the disintegrated nucler of the alveolar walls

x48 Von hossa

(Used by permussion of Dr J

A Myers Edutor and Diseases of the Chest)

her view simular to that of (1)

(B) Anot

stain
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Fg9 (4) AmirocopchieldofaC A S stamed secuon 1 the dense cen
tal calafican 0 marke!at 2 n Figure 7(C) showing mnumerable yest
bodes «1133 (B} A polaniscop ¢ view of same shov ing  Maltese crosses

<1183 (C) A microscopic field of stamed section extending cuty ard into the
zone marked b 1n Fioure 7(C) G M § stamn <1133 (D) A microscopic field

of stained section st 11 further out tov ard the periphery

(E) Sum Lar (o (D)

(Used by perm s 103 of Dt ] A Myers Editor and Dr eases of the Chest )
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Fig 10 (3) \ zone muked In ¢ Frgure %C) where there 1s stnil fibrous
ussue  The dark staiming bodies are smaller and assume a round granular
appearance  Most show no buefningence but one in upper left 1 npcal
G M S stan x 1133 (B) Polariscopic view of (1) Only 2 or 3 show 2 fant
birefringence G M § stamn x1133  (C) Sall further out in the frbrous 1>u€
G M S stan x1133 (D) Polanscopic view of (C) Only one shows npreat
Birefringence Others only show patats of ight  They may be artefacts 31153
(Used by permission of Dr ] A Mjers Eduor and Diseases of the Chest)

——

Fig 11 (A) A stamned secuon of a spherical Jesion of M 5 199 §203. 52
shawing the ring formation from the center outward  Note the heavy callous
on one side  This heasy buttan like plague on one side 15 present on several
spherscal Iesions and its cause 1s not undersiood H & E vi5 (B) Alugher
magmification of area marked off in (4) The calatficauon does not foltaw the
fbruls but 1s mose related 1 distance from the center H LE x20 {Used by

permission of Dr | A Myers Editor and Diseases of the Chesty
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it 1 wsbcorcalosts where there s bon v small healed prumarg
wnfection that 3 ve smfcction complex say form Do 1l catarfications
m the puenchsmy nd fymph nodes 1 Lirstoplismosss epresent
pramrny Tesion o mm stuotheare fection mmp]c‘( 45 someumes
ocours i tuberculosis Wy not henth mlected pcoplc who expec
torite firgc pumbersof parstes 11 the sputum piss the infecuon to
others 1s 1s done i raberculosis Tt seems possibile but ho case has
vet been found  Arc there vy other portals of entry than m the
ungs such 15 the tonstls pwstro intestsl tract of the s> Out
side of pentle lesions reported by Curtis and Hardi (13) Cuns
and Cauley (137) wud Van Pernis and 1ssocates {14) Jaryngeal
mfection nothing defusite yet has been reported

In concluston st may be stated tnt whi once Tooked lihe 2
relutnnedy stmple process bs turned out to fne many unkpott
phrises nd obscure fuets of she diserse Tustophasmoss espectally
11115 retrogression hethny, nd exacerhinon The relnonstps el
the known forms of the pirisite s not the process 1t nppe;ued tobe
when only the fulnminung types were tnown  Now there has
appetred mans new aspects and many L,1ps  our Lnowledge of
the host parsite velationship \uch depends on 1 more thorough
fnowled,e of what hiappens to the pansite 50 different suations
<nd w the mny chronsc phases of the disese Pathogenests of the
isease in the uuman body 1s therefore only partly understood and
the unknowns ¢in only be resohed by 1 more mntense progrim o
study
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THE PRIMARY LLSION IN HISTOPLASMOSIS

Jan Scuwarz

INTRODUCTION

Tlu prmary lesion 1n hlsmphsmtms has been recognllfd
only rccently even though its presence on . ray nd 1t wigopsy Must
have been noted by many examuners 1n the form of cascated or
calcified foet Such lestons were mterpreted rbntrastly until Iately
a5 tuberculous  After 1t was shown that many persons with calafied
mtrathoracsc lestons fuled 1o react to tuberenlin (3 8 1) 1w
concluded that the cause probably w1s not tuberculosis o post
tive answer 1hout the ntomecal iindings was grien anut the work
of Christze (3) Schulz (11 15) and Straub (18) Schulz (14 19}
hs described m § 1utopsies the presence of wcuve pnmary com
plexes documented w1th beautiful gross pictures ind demonstrationt
of the orgamism  Straub (18) specifically has established the constint
development of 1 primary complex after infection with Histoplasma
capsulrtum  He demonstrated this entity 1 67% of non selected
routine 1topsies n the endemuc are1 At the potnt of the primaTy
mfection a pneumonitis develops which 1n the mrjorty of cases
conduces to necrosts ind ciseation  The early Iesions which have
been observed are circumscribed 1nd very similar to the pnimary
lestons 1n tuberculosts  They 1re located subpleurally and 1re dis
crete but they frequently get much larger than the correspondmg
tuberculous lesion  The orgamsm Histoplasma capsulatum can be
demonstrated throughout the lesion when actn e ind 1n the center of
the lesion even after many years The pleural reaction ts 151 rule
minimal and may constst of shight fibrmous pleurisy or of an out
pourng of 2 small number of round cells much less frequently
polymorpho nuclear leukocytes Small satellite nodules often de
selop i the immedate vianity of the primary focus and Iater may

N
“Thus work 1 as supported in part by grant E 5 6 of the Nattonal Institutes of

Health U § Public Health Serviee

29>
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be incorporated nto the ciseation of the mam focus How much
and how oflten the mcorporation of such colltera] foct contributes
to the growth of the primary focus 1s hard to assess

Parrot (12) has stated m 1876 that the lymph nodes of the

Fig 1 \ctive priary complex 1n hstopla mosis of 15 months old girl  Large

caseous primary focus subpleural 1n lower th rd of lower lobe Cascation of

regronal lymph nodes which are markedly entarged  Dissemimated histoplas-

mosis with numerable mihary and somewhat farger foc 1 the pulmonary

parenchyma  (Courtesy of Dr Dale A S hulz from 4m J Ghn Path 24
1196 19.4)
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Fig 2 A S Inmary wcuse focus of histoplasmosts Thin and ncomplete

fibrous wall surroundsng the focus 1 ymphangitic strerks 1nd penafocal it

mation ire present  Formation of smll secondary foc outside the wall ate

tadicitions for the mechanism of potential incre ne i size of the primar Jesion
(Van Cieson Elastici=2/1 )

pulmonary hilus als 1ys vetlect like vnurrar the patholo,y dev elop
ing 1o the prrenchyma of the fungs Il nest pas 1 cette penode
de 1 vie daffection pulmonure qui ne se reflete d une mniere
tres—nette sur les ,an,lions bronchiques 1ls sont comne le imrowr
des poumons ct 1ectproquement 1l ny 1 pis d adenopithie bron
chique qui nut une ongwme pulmonure  This law of Parrot
applies to histoplasmosts 1s 1t does to most other y1npulonatous

diserses *

I he formation of a primary complex (consisting of the parenchsmatous f cus
2and satellize lymph no les) 1s wo t conclus vely cen i tubercalosis syphtlis sporo
trichosts cocadiodor 1cosis Ticketsial diseases ete If th s prmaple would be more
sadely known the many case reperes of primary larngeal cutancous oral anal
gus anfectic a « oul 1 have never been written  They be peak rather eloquently

et fun,
writer about & s prryaple thela of larrol

the ignorance of the



HISTOPT 4SO ay

A 3513

F1g 3 A518 1 rge calalied (amrested) prmars Deus ah refately soft
rim and rock hike centre m the lung  Huge sarellite dsmph nodes 3 it masses
of  upjled claheation m perdt Hinduat lociwon  The medial half of the
Tymph node a1 Jeft his been remried to permn snualmation of bt nchial
tomen  Muluple splensc calofications were found m this person

The tymph nades lorm an important pare of the milammatory
process 1 hastoplasmosss and are regularly mvolved ind caseated
duning, the primary infecion The lymph nodes can be very large
m pmany istophismosis d can hquefy nd perforite into the
bronchus just as tuberculous lymph nodes somevmes do  The
mph node component prratiels the development of the primary
focus and generally one 15 impressed by the stmibnyy of develop
ment of caserion or calafication which ¢an be seen n the primary
focus as compared with the satetlite lymph nodes

Darling (6) mentioned hbrociscous tubercles i bronchual
lymph nodes but if one considers that his case may hvve had tuber
culosis 1n addition to istoplasmosts one cannot accept the report
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Fig 4 1he growth of the primary lesion can be studied on the picture showing

the incorporation of a small nodule which had formed outside the thin ftbrous

capsule of the focus into the main mass of necrosis and caseation (A 3013~
23x) (Deeper cut of lesion seen in Fig 3)

1s conclusnve ration of a pul ry primary histopl
complex It 15 also well to remember that Ghon s monograph (%)
which made the concept of a primary complex known and scientift
cally acceptable appeared several years after Darhing s first observa
tion of histoplasmosis

Christie (3) observed 1n « ten months old infant two calcifred
nodules of 34 mm 1n diameter 1n each lower lobe with gmmﬂo‘
matous lesions 1n the hilar lymph nodes Histoplasma was 1€
covered by culture but no information was given as to whether 1t
came from one or both lung lestons or from the lymph nodes Some
doubt arses whether this really represents 1 primary focus since
there were bilateral lesions  huzma (10) described a caseous nodule
1 the lung but fuled to mention the presence of satellite lymph
nodes

Puckett (13) described two primary complexes but since the
material was surgically removed 1t would be hard to prove that
these are true primary lesions Howeser the fict that penphcm]
caseated lestons with hilar Iymph nodes existed strongly suggests
that 1t really represented a primary complex

All of Puckett s (13) sohtary lestons were subpleurally located
and he expresses the thought that they represent primary lesions

which have enlirged The distribution of his lesions 1s rather tnter
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Fig 5 3%3 Huge calafied subpleural prmary focus with (calafied) pleural
lymphangis traceable 1o satellite lymph node contaimng calafic lestons
(arrou)

esung  right upper lobe—I2 night middle lobe—14 right lower
lobe—~11 left upper lobe~12 left lower lobe—17 which very greatly
simulates the distribution we have found in primary foct (see
Table II)

Presently it ts not Anown whether progression of the primary
focus 1nto chronic pulmonary hustoplasmos:s extsts (but to carry on
with the analogy to tuberculos:s one has to assume s0) In view of
the extenstye caseatton 1n the center of some primary foci 1t appears
likely that breakdown and cavitation occurs which then could be
called a primary cavity analogous to ssiilar happenings mn tubercu
losts On the other hand 1t 1s concenvable that some primary lesions
develop 1nto a so-called histoplasmoma We have scen pulmonary
lesions which were rather large and had typical concentric lamina
tton ch Iy seen in pl but wlich undoub
edly were primary lestons in view of the presence of satellice lymph
nodes
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by 6 314y Tiug primany (ciafied) focus of histoplismosts with concen
e layening reminiscent of structure scen 1n socalled hastoplasmomas - Masane
cilateation of reginnal Ivmph node

THE RECENT PRIMARY FOCUS

Ta judge from the relatiy ely small rccumulated experence the
prumary active lesion 1n histoplasmosis begins 15 1 bronchopnen
monia with phagocytic cells (contaiming the oigamsm Histoplasma
capsulitum) filling the iseols In Iater stages the histoplasmic
mflammation can exhibit a freatvarnety of tssue response one ¢in
see only histiocytic proliferation or epithehiond cell tubercles with
or wathout necrotic centers filled with polymorphonucletr Jeuko
cytes or arets of mflimmation with leukocytes domnatmng the
picture Mutatts mutandis the sume 15 true 1n the specific case of
the primary 1ctrie lesion 1n the lung  We hve seen foct which on
gross nspection apperred to be rather well arcumscribed but not
encapsulated and which had the yellow color of cisertion  Under
the microscope such lesions blended slowly with the surroundin,,
lung nssue without exhibrung the sharp It suspected on gross
appearance In early cxses the lung had 1 peculiar type of desquam
atrve mflimmagon with densely packed pha,ocytes 1n the alieols
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big 7 The pnmary calabied Tung, focus  The € rocowt silver stan revead

mnumeralile yeast celts in clu ters (represenung groups Lying in phag xcytes)

and independemly  Notice furly unidorn size and ovil shape (€ rocoti—
1300% )

Histoplsma was present m the histiocyue elements The lun,
structure m some of these lesions showed little alterstion and not
only were the elstic fibers visible but many alveolar walls were
clearly recogmzible even on HF stam  In more advanced foat
necrosis ensties which however may be incomplete for considerable
ume Imlly however the cemer of the larger lesions especially
becomes completely ciseated  Polymorphonuclerr leukocytes have
m our experience never been a dommant fewure which makes 1t
different from the early primary lesion of tuberculosis The densely
filled alveoli containing desquamated kveolar cells and histiocy tes
are mndeed characteristic for histoplasmosis  The formauon of a
capsule 1snot  early rawcuion and the slow fading out of the center
of the inflammation 15 microscopically obvious even after many
weeks of duration of the pnimary focus  Lymphangitis becomes
abrious microscopically and sometimes even grossly 1f the pleural
Iymphspaces are mnvolsed The satellite Ilymph nades seldom show
complete caseation and frequently nmcroscopically show discrete
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Fig 8 Numerous calafic foct m the spleen wyth Histoplasma capsulatus 1
the center are results and remnants of hematie spread duning primary nfection
pertod  Notice concentric structure of spleatc Jestons

eprthehoid cell tubercles with or without central necrosts Seldom
the number of recognizable fungs 1s great mn the lymphadenis
If diffuse invalvement of the lymph nodes owans they become
markedly enlarged and rather browmish yellow with an edematons
apperrince very different from the dear yellow of the tuberculons
caseation

Whether there 1s progresston of healing 1s regulated by immit
nologic processes which escape morphologic observation

The result of healng (the arrested prrmary complex) will be
described 11 the following chapter

MORPHOLOGY OF THE ARRESTED PRIMARY COMPLEX

Already grossly there 1s some dufference between the healed
prumary complex of histoplasmosss and tuberculosts In the latter
the lesions are usually small and rather hard to find n many in
stances In tuberculosis 1t 1s not unusnal to find caletfic foct of
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1 or 2 mm which cn be located only after thorough palpation
and/or multiple sectioming of pulmonary tissue occasionally only
Alfter X ray examunation of the lungs which have been removed from
the body  In histoplsmosis the starion s quite different The
foct 1 the fung and lymph nodes are very promimnent mesure
frequently 05 em up 10 3 cm and more  There 1s hardly ever a
problem 1n loctiy, the pulmonary or lymph adenitic component
of the primary complex (2 17 18)

Another gross difference especially 1n the lymph nodes 15 1
the compositon of the Iesion since 1n histoplismosis numerous
discrete chatky lesions are found (rther than diffusely calcified
foc1) On xray this gives 2 suppled appeirinee which we consider
tather characteristic for lstoplasmosis (2 17)

Stauns for connective tissue and elastic tibers reveal that com
plete destruction of pulmonary tissue 1s not imarnble  However
toa great degree thusis dependent on the size of the focus In the
smlllesions frequently complete destruction occurs wheres in the
Targer ones there 1s only partial and central destruction of the struc
ture Inthe healed primary focus the center—w hich on mucroscopic
examination contains the greatest number of orgumsms—is gen
erally rock hard and needs considerable more time for decalaifica
tion than the comparatnely less mineralized periphery

TABLE 1
COMPARISON OF SIZE OF COMPONENTS OF PRI tarY Co 1PLEXES 1N HISTOPLAS 1€ 518
AnD TnrRcLLONS
Total ]
Aimber | tAmm S 10mm 10 nmo w re

Prsmary Focus Lung

Hustoplasmosis & $1ov 6oy, 3

Tuberculos s 3 9o 00

Lymph Nodes of the Pr m ry
€ mplex

Mitopla noss . 0 68% 3o
Tubereulo s . 1 88" 10

(Modified from Straut M and Schwarz ] {18))
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We hrve repeatedis abserved actise fact which had mflam
mitory changes mn the pertphery meluding tubercle formation and
1t appears obvious that this 15 the mechinism of growth of the
Iesions  Perfocal edemn becomes wnflammatory exudate epithe
hoid cells deselop nodules form wnd the tubercle hecomes caseated
nd Iater incorporited 1nto the mun nss of the primary focus At
this ame apparentdy insasion of the lymphatics and blood stream
occurs with preat reguluay - We have shown tht aailafic lesons i
the spleen and to lesser deg,ree i the liser can be found which can
be expluned only s hiemota,cious metstwses (16) In several
cases which we had the good fortune o examune che status of
grinulomatous response wnd cweaton w the splecn wis analo_ous
to that found m the pruntry pulmonary, focus wd ws satellite hmph
nodes Such actsve lestions i the spleen per se e mucroscopically
ndistinguishible from the cisexted pulmoniry or lymph node
lesion

The distribution of primary foct 1n the different lobes 1s quite
congruent nith st findings 1n tuberculosts wd runs closely
prrallel with the volume of exch lobe T he 1 ailible figures are too
smll to make 1 definite concluston about the distribution within
the lobes but ne hive the impression that just 1s mn tuberculosts the
lower two thirds of 111 lobes wre more frequentls the site of primary
foct m histoplasmosis

TAPIF 53

. Ra¥ MEASLREMFNT OF INTRATHORACIC CALcIfIC Foct

Sy 6 mm

or less or more Stppled
Pesitive lustoplasmin negative tuberenl n — 1 20 5%
H: taplasma capsttlatum demonstrated in focus . 22 Fyid

(Modufzed from Serviansky and Schwarz (17) )
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HISTOLOCY OF THE HEALED IRIMARY COMPLF\:
OF HISTOPLASMOSIS

Brsteally thie lestons hive o be disided wnto smali and hirge
focr since there 1s constderable mictoscopical difference between
thetwo The small focus of lustoplismosts demonstrites 4 structine
very stmilar to the one seen m the primuy focus of wberculosis
The central rey presents complete destiuction but frequently
mstead of the dense crlafication wiuch 1s found 1n tuberculosis
less heavy nunerahization 1s seen 1in histoplismosis  The normal
structures re seldom completely destroyed ncluding the elntu
fibers  Organisms re found m the centar sometunes i very Irge
numbers  T'lus small focus can become 1rrested nid 1s surrounded
by 1 marrow cipsule of connective ussue which often mncludes 1
this iim of bone generally with some bone marrow m 1t

The large focus of histoplasmosis s 1more complex m 1ts stiuc
ture In che center one sees the lestons described 1 the smali focus
that 1s more or less complete destruction of ussue meludin, elstic
fibers However going towards the periphery there 1s 1 marked
ncrease 1n connective tissie which 1s greater than one could expect
n the aserige lung  Apparently this represents the end stage of a
pneumonic process 1n which the exudste has become necrotic and
later takes on calcium  This area of scarring which became caler
fied merges with a broad capsule surrounding the large focus which
1s fibrotrc and frequently hyalimzed Vessels and other structures
<1n be clearly recogmized as shadowy remnants n thisarea  Calafi
<aton and ossification of this brod eapsule 1 not unusual wd the

TABLF 111

D1 TRBUTION oF Pr1 1ARY Foct oF HisTovLas 105 18 THE Dirrrrent Losss
oF THE Luncs

(Mod fied from Str ub and Schwa z {18) )
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Tig 9 48> The bonv im of the burned out primary lesion shows frequently
bone marrow production  The periphery of the focus 1s fibrotic or hvalinzed
and does not contan orgamisms  (Van Gie on—160x )

bone which has been formed frequently has a double rim with mar
row 1n between Occasionally the Inrge focus shows complete de
struction with a peculiar amorphous chalky materal filimg 1t up
The des elopment of the large focus 1pparently accurs by incor
portion of collateral mnflimmauon  Ths results m desquimative
pneumonit with production of occistonal wbercles which then
caseate nd are themselyves mcorporated mto the main focus This
repetitious process would explun the concentric rings seen 1n some
of the pumnry lesions  Tich ring indrcates the outer border of one
period of wmnflammation with capsule formation The secondary
incorporation of perifocal inflimmation 1nto the mun focus then
can form many such laminated rings  Lymphatic spread from the
focus obstously occurs ind small satellite nodules are found in the
tissue surrounding the man leston  The pleura over the focus 18
often thickened and completely adherent to the focus but extensive
adhesions seldom are observed Large exudatne (pleural) rccumu
Jatrons seem to be unusual i primary istoplsmoss also The
lymph node component of the primary complex 1s larger 1n histo
plsmosts than in tuberculosts and the calctfication has 2 less homo
geneous nd more discrete charcter  The small portions of il
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Fig 10 %61t The arrested primary focus 1s large encapsulated 1 tth bone

f tmation 1n the wall  Incomplete destruction of elastic tissue alveolar s alls

and vessels demonstrated by specsal st At thus time all acauty has ceased

and the orgamisms £ und in the center of the { cus cannot be gro 1 m culture
(v an Greson Elastica~90x )

cim deposited are often surrounded by broad fibrous or hyiline
bands There 1s much less anthracosis and anthricosilicosts 1n the
lymph nodes of histoplismosts than there 1s 1n tuberculosis A pos
sible explanation 1s that the primary mnfection occurs 1n exrly age
groups and the involved lymph nodes become scarred m hstoplas
mosis They ¢ q 1y are fromd ge and do not
become anthracotic whereas at present tuberculous infection tends
to occur 1n an older age group where many of the lymph nodes
already have become anthracotic
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Fig 11 Muluple calafied lestons attributed to  mitral stenosis

Death three

years after chest xr1ay was taken reveals hundreds o[ calahed muml Iesmns

some with clearly recognizable concentric |

demonstrated 1n almost esery nodule which was examme(l Tius pxaur: may

well represent multiple primary lesions i 1 case of misuve exposure
(Courtesy of Dr Ben Felson )
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Lymph nodes which often become very much enlarged during
primary histoplasmosis naturally produce complications by perfora
ton in the acute and during, the chronic stage obstruction—partial
or complete—of hroncht 1s scen by compression from without or by
formauon of brenchohiths after parnal irrupuion of caleified frag
ments of lymph nodes into the bronchus Wehve observed 1 lethal
hemorrhage from the pomnt of ulceration throush the brondual
wall Bronchiectasts emphysema and atelectasts may result from
the compression

An nteresun,, feature 1s the presence of socalled histoplas
momas which as such were recognized first by Puckett (13) This
author has expressed the optmon that these lesions posstbly repre
sent enlarged primarny focr In fasor of such i oprmion are several
facts Furst the distribution s quite stmilar to the one found by us
in the healed primiry focr Secondls several of our priman lesions
are Irge enough to fall nto the cate,ory of histoplasmomas and
show the same laminated structure which 1s so charactersstic of the
histoplismoma  In addition in many cases where histoplismomas
are discosered radiologically hilr lymph nodes can be found at
surgens or on xr1y  Microscopic examination of primny fou re
veals patholozy m the syme genertl deselopmental stage as 1s found
m the so-called hustoplsmomr  However this 1s probably not the
only or even most frequent pathogenests of histoplasmomas 1t 15
Justone of several possibihities

In tuberculosis—where 1 considerbly larger expenence exasts
—the occastonal occurrence of multiple primary focr (19) nas been
well documented and there can be Iittle doubt that sumilr happen
ings will be observed 1n histoplasmosis  In fact the tindings ob
served 1n epidemics well m1y represent such nstances of ex
tremely muluple primary foa  Fxamimation or such a case
revealed muluple lesions of 3 mmn drameter of more Al calaifred
with the structure consistent with healed priman foc: The rather
unique occurrence of massive 1inhalaten of spore contuning dust
1n such individuals could well be consistent with the anatomical

findin,, of numerous (dozens or hundreds) pulmonary lestons in
the same state of development  \aturally lesions of equal si7e could
be hematogenous mn ongin however the eprdemiologic evidence
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and clinieal pictuic indicate rather that the fairly large foa are
results of inlicton—infection because they become vistble a short
tme fter exposure (1 few days to 1 few weeks) They are soft at
first and calesfy howcsver this m1y take many years (7) The pres
ence of calafication indices prestous necrosts which 1s more likely
to occur 1 primary hustoplasmosts  This individual heated lesion
of epidemic hstoplsmosts s imdisunguishable from the classical
solitary healed primaty focus 1s described 1bove

RESUMEN

It has been firmly established that the usual route of entrance
of Histoplism? capsulatum into the body of humans and lower ant
mals 1s through the respiratory tract The facts pointing m this
direction 1re the following (1) epidemiologic evidence especially

focal outbretks (epidemics) which 1re extensively discussed 1 the
corresponding chapter (2) the presence of active primary com
plexes 1n 1cute cases of histoplasmosis at autopsy (3) X ray evidence
of healed calafic pulmonuy lestons the listoplasmic nature of
these w1s verified by Striub (18) who demonstrated the presence
of primary complexes wrth visual demonstration of Histoplasma 1n
the arrested lesions m 70 cases out of a total of 105 unselected
autopstes n Cincmnatt

Theoreucally other portals of entrance are possible there1sno
reason why occasionl enteric infections or moculation sto the
skin or mto mucosie communicating with the external emviron
ment could not occur  If such infections at 111 happen they must be
exceptional and should be 1ccepted as primary only if a demon
strible primary chancre with satellite lymph nodes deselops (prt
mry complex) This n the cise of enteric primary infection would
be ird to demonstrate clintcally but constderable experience with
autopsies 1m the endemic 1rea fuled to reveal any 1pprec|able
number of mesenteric calafications in the absence of thoracie cala
fications 4 posslble primary chancre on the penis has been de
scribed (5) The mucosal lesions observed i the naso pharyn¥
and mouth of elderly persons are unquestionable secondary to
pulmoniry infection which hs been demonstrited time ind tgun
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(1} Only stmultancous triuma and introduction of s oplsm
could concennably prodduce a primary oral lesion

The primary acuve leston becomes necrotic caseated and
arrested 1n the overwhelmimmg majorits of cises The priman focus
of hustoplasmosts 15 often large and becomes wregularly calaified
(stppled) The primary nlection produces with regulanty 1
priman complex consisting of the primany (pulmonary pirenchs
matous) focus with large satellite Iymph nodes which 1re generaily
very prominent and may overshadow the volume of the prumars
pulmonary Jesion
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and clmical picture indicite rather that the fairly large foa are
results of inhiltion—infection becanse they become yisible a short
time fter ¢xposure (1 few d1ys to 1 few weeks) They are soft at
farst and calafy howcser this muy take many yews (7). The pres
ence of calufication indicates previous necrosis whuch 1s more hikely
to occur 1n primary lustoplasmosts  Thus individual healed leston
of epidemic histoplsmosts  1s indistinguishable from the classical
solitary hetled primary focus s described 1bove

RESUMEN

It has been firmly established that the usual route of entrance
of Histoplism capsulatum into the body of humans and lower ant
mals 15 through the respiratory trice  The facts pomnting n this
directron 1re the followrng (1) epidemiologic evidence especially

fociloutbreaks (epidemics) which 1re extensively discussed in the
corresponding chapter (2) the presence of active primiry com
plexes tn acute cases of histoplasmos:s at autopsy (3) % ray evidence
of healed calcific pulmonary lestons the histophsmic nature of
these was vertfied by Straub (18) who demonstrated the presence
of primary complexes w1th visual demonstration of Histoplasma in
the nrrested lestons i 70 ¢1ses out of 1 total of 105 unselected
'I\IKD[)SICS m Cmcannats

Theoretically other portals of entrance re possible there1sno
reason why occastonl enteric winfections or mocultion mnto the
skin or 1nto mucosie Lommunlcatmg with the E‘(ICITIZII environ
ment could not occur  If such wnfections 1t all happen they must be
exceptional 1nd should be wccepted 1s primary only if 1 demon
strable primary chancre with satellite lymph nodes develops (prt
mnry complex) Tlis m the c1se of enterte primary infection would
be hard to demonstrate clinieally but considerable experence with
autopsies m the endemic arex fatled to reverl amy appreciable
number of mesenteric calctfications in the absence of thoracic ciler
ficitions A posstble primary chancre on the penis has been de
scribed () The mucosal lestions observed 1n the naso pharynx
and mouth of elderly persons are unquestionable secondary to

pulmonary infection winch has been demonstrited time and 1gain



THE PATHOLOGY OF CIRCUMSCRIBED
LOCALIZED LESIONS OF
HISTOPLASYOSIS

Inoves b lram

Il 1s possible that as many as one fifth of our populrtion 1 or
has been infected with Histoplasma capsulitum and that the num
ber of new cases 1mually may approcl one half mullion

The vast majorits of these patients have an uneventful uncom
plicated and often relatvels 1f not completely 15vmptomatic course
and the disease escapes detection during ats active phase A moder
ate number of those infected re left with residual mtrathoracic
lesions in the form of one to many discreet scattered fibrotic or
more often calaified arexs in one or more lobes that are seen i
Toentgenograms taken in surveys or for other purposes One com
mon type of lesion that 1s frequenth a residual of histoplasmosis
1sseen by x ray as a solitary intrapulmonary  nodule and has been
referred to by clinician and roentgenologist under a host of differ
ent destgnations  The term  histoplasmoma  has been used to
designate this type of residunl leston (1) because of 1ts simulnin w
some lesions due to \[ tuberculosts 1nd € mmits for which the
term tuberculoma and cocadioidoma  have come 1nto common
usage

The solitary localized lesion shows no sigmficant predilection
forany given lobe (2 3) Inthe present writer s seres of 66 residual
parenchymal lesions more than one half of which were of the
sohitary type twelie were in the right upper lobe fourteen i the
night middle lobe eleven in the night lower lobe twelven the left
upper lobe and setenteen 1n the left loner lobe Unquestionably
some of these lesions are the parenchymn! components of a primary
complex

Schulz (4) has described the primary complex of histoplasmo-
1310 nfants and Straub and Schwarz (3) have given a detailed

s
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Fig 1 Histoplismomt Note pleural plique heyscne lamimited appearance

and central necrotic [ocus

It 15 most smportant that thus charactenisue central wrea be
searched for and sectioned for 1t 1s here that organisms wiil be
found 1 the greatest numbers d often they can be found 1n no
other areas (1 3)

Microscopic examination shows little vanation from lesion to
leston Typrcatly the leston 15 surrounded by normal lung, pren
chyma wiich may or m1y not show mcreased thichness of the inter
lobular collagenous fibers There my be an occastonal epithe
ho1d tubercle 1n close assoc1ition with a small vessel but in generl
the surrounding parenchyma is normal The lesion 15 surrounded
by a zone of lymphocytes of varying thickness that m1y be missing
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account of the primary complex as seen 10 their autopsy matenal
There 1s evidence howeser that reinfection ty pe disease may occur
(5) Itispossible therefore that the circumscribed lestons described
m7y 1N some Instances represent reinfection

GROSS

The arcumscribed localized lesion of histoplasmosts 1aries
{from 05 to 3 5 cm 1n diameter 1s usually round but may be ovod
Its consistency varies from stony hard to firm and rubbery Typt
cally 1t 15 located n the mmmediate sub pleural region and 15
assoctated with a dense round oval or stellate pleural plaque that
15 fused to one edge of the leston The color of the plaque vares
from pmlish grey to yellowish tan and it 1s sharply demarcated
trom the adjacent norm1l pleura There m1y be a number of 0 1to
02 cm grayish nodules within the adjacent pleur that represent
Iymphatic spread

The cut surfice shows the typical lesion to be sharply demar
cated from the adjacent normal lung with 1 smooth even border
(Fig 1) Occasionally there 1re 01 to 02 cm pearly gray lesions
adjacent and occastonally there ire grayssh bands representing
thickened mterlobular septa In some cases there may be thickened
bronchioles and promment thick walled small vessels but usually
the adjacent lung 15 normal

The cut surface usully shows the pleural plaque to extend
mto the main lesion as a wedge stmulating a keystone  Anthracotic
marhngs 1t the edges of this tniangular mass are often prominent 11
the older lestons Older lesions tend to show prominent grayish
white concentric markings creating a lInmnated appearance with
promunent anthracotic deposits between the lammations Younger
lesions have a more homogenous appearance 1nd a more graylSh
tan to grayish pink color Without exception multiple thim slices
will show 1 small focus usually central that presents a granular
appearince 1 contrast to the adjacent portions Usually this focus
15 softer sometimes cont uns frankly granular necrotic matenal but
occasionally 1s soft and rubbery Tt 1s never hiquid nor does the cut
surface of the leston present the ragged mioth eaten appearance
often seen 1n symular lesions due to Coccidioides immitis
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Hustoplasmoma  Note pleural plaque keystone laminated appearance
and central necrotic focus

It 1s most tmportant that thus charcterssuc cential area be
scarched for and sectioned for 1t 15 here that orgamisms will be
found mn the greatest numbers md often they can be found 1n no
other areag (13

\lxcroscoplc eximimnation shows little variation from lesion to
leston Typrcally the lesion 1s surrounded by normal lung pwen
chyma which may or may not show increased thickness of the inter
lobular collagenous fibers There may be an occasional epithe
lioid tubercle 1n close assoctation with a small vessel but it general
the surrounding parenchyma 1s normal  The lesion 1s surrounded
by a zone of lymphocytes of varying thickness that may be missing
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over 1 hirge segment and wsually shows 1 tendency to form accumu
hoons 1arely with germinal centers The peripheral portion of
the leston consists of dense collgenous tissue with scattered plump
Iibrocytes Blood vessels and bronchioles me often m ntimate
assoctition with this Liver but are rarely incorporated withmn it are
usully pushed side or distorted by its presence  Central to this
capsule there 1s 1 thin 7onc of loosely wringed large epitheliod

cells although this zone 1s sometimes very scant or may even be
1bsent m lrge segments  Both Langhan's and foreign body type
grnt cells are usually present mn this portion but are ordmarily
sparsely scattered and they my be cntirely 2bsent especnally
older lestons  The perpheral costnophilic infiltratien so common
mandadjient to coccrdiordoms 1s not present 1o sumilar Jestons
duc to H capsulatum

Central to the zone of epithehioid cells there are brond 1cellular
collagenous fibers making 1 capsule of varying thickness which
enclose the soft granulr or rubbery centrl portion tht 1s rexdily
seen on the cut section In the peripheral portion of this granular
arexr m1y be seen concrettons of yarous rypes including flechs of
crlaum indeed the entire 1rea m1y be heavly cilafied  Staub and
Schwarz (3) describe trinsformation to bone with marrow spaces
mn their 1utopsy cases Some cises show retention of the ahveolar
framework with the proper counterstitn or with elistic tissue stans
Calatication 1s 1w 1ys less prominent n these cases

The only decisive microscopic characteristic of the Jocalized
leston of lustoplasmosts 1s the presence of H capsulatum and 1t 13
1 the central necrotic rea that by the use of 1ppropriate stuns
the organisms can be found

The present writer prefers the periodic 2a1d Scinff stun (PAS)
(6) stmply because hs original work was done with this stun s
eassly prepared easily utilized ffords good contrast and does not
distort the morphology Two other stuns have been used with
equl enthusiasm by others and quite possibly offer advantages over
the PAS stan (7 8) One cannot over emphasize the need for
spectal staimng procedures however Histoplasma may readily be
1n ulcerative mucosal lestons n the hupfer cells in ammals

seen
moculited 1n histiocytes and elsewhere with

e‘(penmem.zlly



HINTOLTASMOSS s

routine H R E stuny Tt bns boen the espenence of the present
witer mnd othas tht they cmnot be seen i the ranulomutans
tewons stuned by routine HE Lstan (1 9)  They can be made out
furly vedd i stuns for red Pt nalle it use 1 methylar biue
counterstun bt dentfieaion s difficnit md the procedure s not
sausfactony for din nostie purposes
Wath the use of the TAS stun one ¢ often {ind msrids of
s s, ly and wn clusters i the soft centers of the {ocalized
fesion (13x ) Usinbly there ue e numbers of org, wisins that
hue the typicd morpholoy show hitle varmvon m size and shape
and they mny be presentin clusters 1requendls they are i wssocia
von with many aypicyd forms that are pobably deenuating
forms  The identificinon 1nd detiosts 15 bised upon wdentifica
uon of the chrwtasiie urganisms howeser as 1t his been the
experience of the present winer nd others (1 %) that they cannot
be cnltared from the araumsenbed tocatized ltessonis It 1s there
fore issumed thatthey are non yible certamiy by present audtard
methods
There e Hegquont s tha are present m and nearc the
soft centrad locus i the cncnm onbed lesson Thetr number and
1y pe probbly depund upon the e of the leston Fhesc are conere
nons of v irous pes some v, veentnd nudeus and stadtue
cytoplism th ikes thered st of the PAS wd looks very much
fike an ot s but aot the M cipsalitam Others bive a dackly
stumng outer porton th n takes 1 hewy counterstain and resembles
1 yetst ke ecld
1he morpholugy of the organsm 15 now well ¢stablished and
careful study will discl s thae the artifacts do not present a seriaus
handwap With popurly stnned maternit patience and the use of
the tugh dry or il immersion lens sufficient numbers of typrral
orgnusms can be lound so thw the diagosis need never be made
on the bisis of 1 few suspicious structures
Theinadence of thisthpe of resdual lesson 1snot bnown. The
inudence of hustuplismosts will v iy accordin,, to the geogiaphical
arer from which pattents are selected  Straub and Schwarz (3)
stadied the lungs from 105 consecutive sutapsies on pruents da ing
from diseases other than histoplismons md were able 1o demon
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Fig 2 H capsulatum i necrouic focus  (PAS stain <1650 slightly enlarged )
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strate hstoplasmic lesions 1n 509, of the 30 Negroes and 73%, of
the 75 white patients in the series  These wisters were prunarily
1terested 1t morphological study of the primary comples of
tiustoplsimoss but 1t 1s noted thatn 41 cases the parenchymal com
ponent was larger than 05 cm therefore might be clssed m the
ctegory under considertion here

In the present wrter s scries of 66 cses of resected residunl
Jestons more than one half were circumscribed locilized lesions (2)

In Das Teabody and ki s senies of 215 sohitary pulmonary
nodules (9) selected by very nigid criter1z 82 o1 38, were found to
be grnulomas ind they were able to dentify H capsulatum in 39
c1ses or 559, of these  On the basis of therr study one can say that
about 189, of 1l solitary pulmonary nodules less thwn 60 cm
dimeter 1re 1esidul foci of hiustoplasmosis

NMmeover 1t has been shown by Ztmmerman (10) that H cap
sulatum conld be demonstrated 1n many lestons that had prestously
been destgirrted 1s tuberculomns on the basts of their morphologt
1l and hestological appearance rather than the presence of acid
fast bacilli 1n the lesions It 15 therefore evident that the solitary
localized lesion of histopl :smosis 15 ¢ very common lesion mdeed
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THE GENERAL PATHOLOGY OF
HISTOPLASMOSIS

Hevgy G Surany

It required over forty yeurs for many of the chimeal aspects of
hustoplsmosis to be recognized and becruse the diserse was usually
benign with 1 scaraty of pachologieal maternl there was until
recently 1meagre hnowled, e of its prthology  Only within the bist
few years huve the more importane phases of the pathology been
observed and recorded  \s the Lnounledge of the disease unfolds
new 1spects ipper thit 1equire special consideration  One of these
1s the primary complex which resembles the primary nfectton of
tuberculosts Another 1s represented by the so called com  lesions
Both of thesc types 1re handled m separate chapters W hen mote 1s
known of the disease 1t m1y be found necessary to include these
groups with general pathelogy but for the present it 1s more con
ventent to cliss them separately

Tor thns chapter we shall consider wlint 1s known of the general
pathologic features of the disese 1s 1t dissemnates localizes or
heals 1in the human body

Darling s first descriptions (1) were those of 1 dissenmnation
mvolving almost exclusively the reticulo endothelnl cells of the
body There were locilizations 1n the other pirenchymatous organs
but his description of the fulmimating, type with the morphology of
the parsites may still be considered as clssical  Others to follow
added httle untsl the more chronic forms of the disease were
recogmized

One of the recent studies to emphisize the importance of
pathology and wttempt to classify the disease according to pathology
was that of Schwarz (2) who described three types of dissermnated
lustoplasmosts One wliere the parisites were found n histtocytes
but where there w1s no colater1! tissue reaction Ina second group
there was a marked proliferition of histiocytes 1n the spleen Tymph

118
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nodes nd bone maerow but sull theie was little or no necrosis
This corresponds to the cute dissemumited phase Inathird group
there w1s 1 grmulomatosts whee there was wadence of v chrome
grinulonitn with o1 without ¢netion  In bt tius group way
dinided mto exudatnve and proliferitive 15 Aschoff did long ago for
tuberculosts In this st group the lesions may be found m other
orgs such s the lungs the Iner and tdrenals Nodules of epr
thelioid cells with the Lan_han's giant cells were frequently pres
ent In the centers of the nodules caseition existed md contrary
to the obseryations of Iter workers he clums that pelymorphs were
common especinlly i the lungs where necrosts and 1bscess forma
tion dominates the picture The caseation 1s most noticeible in the
adrenals Then there are mintures of several of these types that muy
be found

Puckett (3) pud special attention to the lr,c round lesions
which had been called tuberculomattr  but he must be ,iven
credit for finding that out of 22 cises all of them contained H
capsulatum as shown with the PAS stun  Of these 22 c1ses 7 repre
sented 1 focal encipsulated pneumonitis 9 were mrde up of large
encapsulated lesions with several daughter colomes or satellites
four had large encapsulated lestons along the lymph nodes only
one was cnvitary and one imolved only the hilum lymph nedes
Zimmermin (1) made similar studies nd found 18 of 35 of these
round lesions which had been cilled tuberculomata to be histo
plasmosts  The relwionshup of these spcaal forms of hustoplasmosis
to primary infectron or re fection 1s sl unsettled (See also Figs
611 Chapter 13)

One of the most extensive studies 1n the pathology of histo
plasmosis has appeared within the Jast two or three years under the
authorship of Chapman H Binford (5) of the Armed Forces Inst:
tute of Pathology in Washington D G While these cases were not
all of the fulminating type most of them were generihized and the
geneinl pathologic findings have been well documented

\ arions tissue reactions have been particularly well described
and the result has gone 2 long w1ys to clent up the cytolo_ical
chringes that exist m the disease  Binford has taken up the tissues
mvolved and has to a large extent given the inaidence of the yarious
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Fig 1 (A) Solutary fibrocaseous nodule 1n lung H & F x10  AFIP A«
127350 (B) Numerous Histoplasma organisms in necrotic center of “1{{’;;;;6

1
shown m (A} Cridley fungusstun 12,0 (C) Spleen  \FII Acc
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ussuc changes 1 the sertes of cases that he his described  He de
scribes the histrocytomycotic lesions 1 which e pomu out thit
H cpsulatum has 1 predilectson for the reuculo endothclinl sys
tem He states that the yeast form grows prolifically mn the cyto
plasm of the histiocyte ind greatly enlarges the organ imolved In
certun lestons there 3s 1 Ciscous neciosis asound which ave palisaded
spandle shaped cells that form the margi of the necrotic wreas In
19 of these 22 cases tlus Instiomycotic 1esponsc was observed In 11
the reaction occurred alone aind m 8 1t wis mixed with granuloma
tous lesions

A most umportant observation and one that has been venfied
by others 15 that neutropluls phsma cells and lymphocytes play
httle or norole in hustoplismosis  Epithehotd cell granulomas were
common and 1n the solitary or multiple pulmonary nodules 1nd 1n
10 of 22 d ited crses these hehowd granulomns with
Langhan s gimnt cells were present  Since many of these centers
exhibited caseous necrosts 1t was difficult to distinguish the nodules
from tuberculosis  On the other hand the non-caseous epitheliond
cellgranulomas maunly sarcodosis had mrde 1t difficult to separate
from that dise1se

In these non-caseous granulomas the fungus cells were seldom
seen on the H L F stun but the Gridley stain permutted the author
to find a few cells of H capsulitum in the sarcoid type of lesion
In one case a stained specimen of the axillary Iymph nodes res caled
H capsulatum when the diagnosis had been sarcordoss

Another peculinr observation was what was called orginizing
pneumonttis where there had been a filling of the alveoll with
fibrin and a partially orgamzed fibrous plug was present with an
nvolvement of alveolar walls 1 the process H capsulatum was

Ufper A few Hustoplasma nrgan sms w a Cr dlew €

<1950 The spleen weighed 570 Gm nd the onginal di . ndsis was miliary
tuberculos or sarcord sis fouwer Ep theliond cell ge nul n.a hiscologically
« mpanble with sareoid>s s H LE ~(3 (D) Adrenal medulla lemmstrating
farture of Histoplasma m necronc u sue to ta n with hematoxyl n and eostn
AFII Acc 579628 Ufper Peniod ¢ aad Schuff method light green counter
stan x1250 Lower Hematoxylin and ecuin stain <1250 (Used by permis-
sinof the Am J Glin Path the wthor Chapman H I mford and the Armed

Forces Insutte of Pathology Washington D C)
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kg 2 (V) Roentgenogram of D H L21 No 25139 (aken on tuyust 1

1955 showsng 1 fibrard and partly miilrane fesion m rght subapes  {B)

Roentgenogram of 1 1 23 No 25 2.3 wlen on Aenember 10 1920 show

g a more iflunmatory tvpe of lesion an the left subipes  (Used by perais
sonof Dr | A NMyvers Editor and Diseases of the Chest )

redily demonstitted mn such lestons  (See Fig (D) Chapter 19)

In a subcutaneous leston Dr Binford found = spidle cell type
of reaction that resembled fibrosng grinulomatous tissue The
author also menttoned the round lesions that hue been so well
described by Pucketr (See Fig 1(C) Chapter 13)

The Awthor then tikes up 2 few specsal orgns md mentions
them because of the unusual ferttes obscived 1n the disese process
1n these organs  In 21 of the 22 cases the adrenals were tnolved
The weight of the glinds on some of these cases went up to 190 gm
The wuthor mentioned the fact that this 1s 1well known obsers 1ton
and 1t seems to bear out what others have 1bo found  Not wire
quently these cises end up 1 i Addisoman type of colhpse
Although the wthor does not mention the number 1t 15 asstrmed
from the text it 2l the spleens were imolved by packing the
reticulo endothelinl system with pu sites resultng i 2 tremendous
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Fi, 8 (V) Upper left A sketch of re ected upper lobe of T 1 123 o
23993 Figure °(F ) purprrum, U shaw the cwhic protrusicn . a  the chronic
prcumonta at b and the atelectass at ¢ (B) Upper center A shphidy
enlarged cascous focus from the comolidated region below the cystic cavity
with catly casity formation H & £ <45 (C) Lower left \ low power photo
of sect1on of the chronic paeumcmitis ¢ b 0 (A) H & E <45 (\) Upper
night A higher magmibicau m of arer marked off n () H & E x*0  (B)
Louer nght A sull hugh r magnification of wn area of the chrohic preumo-
mts Note the mmperfect grnt cells fibroblasts fibrows macrophages and she
few lymphacytes with ny polymorphs Bt & E <140 (L ed by permt sion of
Dr J A Myers Editwr and Diseases of the (1est)

enlirgement of the organ He did mention that 6 of the 22 had 1
granulomatous type of lesion resembling hoeck s sucoid but n
which H eapsulitum were readily found  Three cases had medul
lary and papillary necross of the hidney as did 3 cases with vege
tative endocarditis In the e It two groups there were brzarre
shapes of the parutes 1nd not only were they large in size but there
were many mycelia nd many cells in which attempts of myceln



922 HISTOIT 453051

Iig 2 (A) Roentgenoram of D H B2l No 22130 ttken on August U

1955 showing a fibroid and partly milatne lesion m rght subapex ()

Roentgenogram of T P B28 No 25223 taken on November 10 1902 shov

tng a more nflummatory type of lesion m the left subapex  (Used by perm
sion 9 Dr ] A Myers Fditor and Dusea es of the Chest )

readily demonstrited m such lesions  (See Fig 1(D) Chapter 13)

In a subcutaneous lesion Dr Buford found a spidle cell type
ot reaction that resembled fibrosing granulomatous tissue The
author also mentioned the round lestons that hve been 50 el
described by Puckett (See Fig 1(C) Chapter 13)

The wthor then tikes up 2 few special organs and mentions
them because of the unusual featwi es abserved 1n the disease protess
1n these organs In 21 of the 22 cases the adrenals were myolived
The weight of the glands on some ot these cuses went up to 190 ,m
The authot mentioned the fact that this 1s 2 well known ohservation
and 1t seums to bear out what otheis have 2l o found Not mfie
quently these cases end up 1 an Addisoman type of collapse
Although the wuthor does not mention the number 1t 18 assumed
t a1l the spleens were 1nvolved by paching the

from the text tha
h p stees resulting 1n 1 tremendous

retteulo endothelial system w1t
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orastismodified by vinous frctors of resistance of the host or v e
lence numbers wdfor peculinitics of the parsite Yor eomple
the round Jesions are 1solace types it sull base not been con
nected up definnely to the other types of puhalogy  Fhe guestion
1nises whether they are part of w wfiltrate ar of wn expuding
process from a small focus whether they are p-unary or re wnfection
lestons or both

Some of these prablems will be discussud m attempt to Make
the hnow ledge of the prthology of the discase more complete Most
of the materil snbmuted hts heen studhed a1 the Missour: Suate
Swatovum 1 Mt Vernon Myssours (7 8)  Ssnce the matenial at
tind was tlmost exclusnely confined to the chest and consisted
m resected Jesions there must needs be certan unavordable
OTTRLSSION S

‘The first tssue sexcuion 1o the prsite of histophismosss hike
that of most toxic substwnces including waberculosts has been
shoun by Procknow to be neutrophalic  This phase apparently
soon passes from the tssie seacton for most of the disease process
ss confined to the reticulo endothelial apparatus so well shoun by
Schwarz (2) and Binford {5 \lthou, b Schwniz mentions neutro
phahic rercuon n certamn lun lestons 1 general polys are rirely
present except perhaps m mined ifectons One of the mun cha
actenstics af the pathologs of lnstoplasmosss 5s a general absence
of polymorphonuclear leukocyies m the preponderant myority of
lesions

Without wtemptng w tiace the lesions throu hout thew
course it will be sulhcient 1o describe the types of gross pathology

First should be considered the earhest recogmizible gross
Jesions nmely the wmftliewne focus (Sce Fig 2B 3 It 1s impossible
to foretell the possible outcome of 1ny focus that ts found m routine
grosssection work  Some m1y be the besnmng of 1 primary lesion
that will expand to different sizes extend to a lymph node and or
g0 on wd become yenerthized of not Inlmmating w chaacter
Some may be sesnfection anfiltrites Be thar as st may the focus
soon shows necrosts i the center and with 1 ring of epthehad cells
generally placed in pilisuding fashion around the arcumfesence
as Pmford has desctibed  In the caseous center there 15 not the
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formtion were just begmmng  In 15 c1ses hving bram sections
only 2 1bscesses of H capsulatum were found

Although the 1uathor was careful to mention the fact that the
report w1s not complete for every orgin 1t gave a very fair idea of
what to expect n the hine of cellular pathology 1n progressive histo-
plasmosts  Perhaps one of the most obvious nussing features was
my mention of involvement of the Iner It seems rather strange
that of 22 cases having 1 disseminzed disease some would not e
mvolved the Iiver

The Inst of the nticle takes up the many vanations observed
i the parsite s 1t was found m various organs  As mentioned
before grant forms mycehal forms and various other mteresting
aberrations of the parasite were noted

Vrvam and assocnates (6) reported on 20 cases from the Mayo
Clinic  After histing clinical symptoms of sore throat in 11 cases
chest pun productive cough loss of werght fatique feter chulls
sweats md anremir they recorded 7 of 9 cases ot hepatomesly and
t of 7 c1ses of splenomegaly before necropsy  The pathologic data
was based mostly on necropsy findings o1 very suggestise chimeal
findings In 11 cases there was pulmonary mvolvement 1n one the
mediastin1l nodes were mvolved with Hodghins disease histo
plasmosis o1 both the pharynx lier and spleen were exch
volved 7 umes  the wrenls were imolved tn 6 cases 1nd 1n another
there was dinicnl evidence of mvolvement the bone manow was
mvolved 1n 5 cases and in 3 1t was the first tissue to yreld positnie
evidence of diserse

From the preceding reports we cm sce that tlicre are many
clear cut types of cellulir pathology typieal of histoplsmosts & 1th
only shetchy 1ccounts of the gross lesions espectally 1 2 great num
ber of the orgns of the body It 15 clexr however that there e
certun disconnected aspects of the gross pathology of the disese
Iven mn the microscopic lestons there e severt well described
types m which the findings tre defintte and the descripuons e
precise but the relntionships to other types of pathology e pmb
ably not definitely established  As stated 1 the chapter on prthe
genests there ue also gaps mn the puthogemaity of the disene or

the disease 1n motton  as 1t progresses from one stage to nother
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Fig 1 (%) Adow pewer view [two ef the hibroid cavines shown in Figure

2(3) H &E 56 (1) \ igher m gnificauon of wall of ¢ty marked off in

(Y H & E x36  (\) A sull higher magmlicatin of wall of cavuty of (A}

Note palisade atrangement of cell  H R E xIf0 (P) \n area of chronic

Pneumonia 1o lung ussue showing alveoli packed s sth rgunizing hil rous exu

date with alieolar celts and macrophiges H R E x 13- (Used by permission
of Dr J A \Mycrs Editor and D seases of the Chest)

of the lestion Faery lesion of this 11 sture must be looked upon as
one stage of evolution of the mfection erther spreading or static
with probable terminition 11 an evenauon

The prrasites m such a lesion are usunlly present but the loca
ton wnd numbers e vanable  Some lesions may reveal typical
yest bodies approxim tely one to two per hugh pow er microscopic
field Inotherlesions the veast may be difficult to find  Sometimes
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finely mixed debris of 1 tubercle with pyknotic nucler but it 1s more
of 1 conrse neciosis of ussue cells This 1s then what nught be
consudered the elementary Lross umt of the leston of histoplhsmosis
The size may vary from 1 few mullimeters to several centumeters
depending on such fctors 1s number 1nd virulence of the parasttes
and the resistance of the host - Although it is possible that these fot
m1y localize any place in the lungs the common form encountered
1s found 1n the upper parts of the lungs just as 1s tuberculosts The
question of the primary nature of the process cannot be determined
without 1 corresponding comverston of the histoplasmuin skin reac
ton At the present tume 1t 1s very difficult to make this obser
tion OF course an involement of the lymph nodes followed by
generalization may be considered as lughly sug.estive of primary
mfection but there 1s no rewon now known why 1 re infecuon
cannot become generilized also by way of the lymphatics There
15 onte condition that 1s frequently present more than n tuberculosis
and that 1s that umnfected adults may come n from 1 rex free of
histoplismosis nd be winfected for the first ime This situauon
practically never holds for tuberculosts because there re 1efy fes
plices on the earth where 1 constderable amount of tuberculous
mfection does not exist ind m some places 1t 15 lmost unt eisal
For the present this problem with 1ts bearning on the pathology
must be held in 1beynce

Another unknown factor 1s relatronship of the lirst focus to the
slow growing or statsonary round lesions described by Puckett Per
haps the resistance or Inck of 1t with the virulence of the pirasite
may enter into the course of process

It seems clear that the acute massive infiltrattve lesion of 5 to
10 cm size should not be classed with the fibroplistic round Jestons
They are enurely distinct  Most of them show 1s soft crseous
masses Perhaps most of them shell out nto catities which hve so
many vaned characteristics as the process progresses The type
described by Puckett 1re mostly balls of fibrous ussue with vary
ng sizes of caseous foct  Usually the caseous toct re scarce
The large infiltrite 1s composed of 1 coarse gruular necrotic
of caseation w1th or without a fibrotic capsule depending per

type
f the process or the progressive or stitionary mture

haps on the age o
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they are located 1 some densely ewccous center Tn others they may
be nests of two to four smll pirisites i L marx with granales
of 1 undetermined nature throughout - Some granules may appear
m the ghosts of old yerst bodies In general thusas the acute inhil
trative lesion s distinet from the dhronic round Jesion i winch
the parrates e sometunes difficuit to find  The rehuonship of
these two types of lesions 1s not known 1t the present time
The number of calafic lestons which devclop mto healing
and encapsulated foct 1s another unknown butin the chapter on the
prinary lesion by Schiwrz these lesions e well shown nd perhaps
all primary foct go through the stages of encapsulation calafica
tion and ossification s 1 tuberculosts The lesion thit progresses
through ulceriion may show A stebiate crevass that finiily pene
trites 1 bronchus following which the c¢aseous debris excavates
leaving first a cavity with an uneven or urregular wall  There 1s no
Pyogemc membrine of polymorphs wnd monocvtes 1s 1 tuber
culosis but a barren wall of coarse caseons debris largels of destroved
ussuc cells Shght calaficition may be present  The fibrouc wall
may be of a vaned thickness depending on the age and chromaty
of the process and the thickness of the w1l may be from a few
millimeters t0 many cenumeters dependim, on the size of the
caseous focus and 1ge of the process
‘The wall of the cwity 1s usualls made up of 1 dense hylinized
fibrous tissue with 1 periphery of macrophages in wluch no para
sttes may be seen  From the mner wall there 1s 1 sloughing debrs
of coarse cascous materl that gradunlly 1s transformed 1nto a layer
of fibroblasts and fibrous ussue that gradually develops a shick
surfice smooth 1s 1 mucous membrane 1mally epithelization
sradually tikes place on tlus membrane  This 15 a charctenistic
that scts most cavatary lesions of nstoplasmosts aprt fiom those of
tuberculosis that is tuberculosis where no drug treatment has been
siven  The untreated tuberculoss 1lmost s his 1 progemc
munbrane even i the late stiges of healing  In advanced disease
of histopfasmous there are yccent miiltrates beneath the caviues

76578 A hugh power m crosc pic view cf center of caseous mass showing large
3¢t bodies about 3 1o » microns 1 dameter B M S x1066 (B and G)
(Lower left an! right) Another view showing bitefringence 1n (C)
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Fig 6 (A) Roentgenogram of S R P10 23637 taken on August 21 1973

Note destroyed right upper lobe  (B) Sagittal section of upper lobe of Jun,

removed on September 25 1923 showing extremely thick walled canies with

N0 pyogenic membrane  (Used by permnsion of Dr J 1 Myers Edstor and
Duseases of the Chest )

with some avities showmg clearng others partially cleared and
still othels near the apex of the lung which are completels cystic
n nature
Sometimes the diserse m1y become rapidly progressive and the
cavity enlaed One example m our work w3s mn 1 man who was
reported to be an alcoholic where the lesion that was followed
for over ten years 1s 1 modtrately advanced wnd healing type of
tuberculous process suddenly began to spread nd the process
did not stop until mo t of the parenchyma of the lung had all

—

Tig 7 (A)Secuons 2 b ¢ and d made from encapsulated lesions

removed and staned 11 1956 H & F x 45 (P) Microscopc photograph of

yeast bodies found m the ¢ leston of (A) € A\ § stun x 1066 {Used by
permussion of Df ] A Myers Editor and Diseases of the Chest )
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Fig ) (A) A low power view of dense o sified patenchymal lesion shown in
Fi,ure 8(4) There was 1w 4 lymph node lesion lefe betind perhaps the
1ymph node component of an old primary Small dts encircle several areas 1n
which yeast bod esare found H L E x45 (B) An enlarged area outlined 1n
black 1k Note the bone and murrow  (C) Aieros opic view of yeast bodues
found in area outlined by dots in () G M 5 stun x1066 (D) \nother field
outlined by the dots m (8} G M § stan <1066 (Used by permission of Dr

J A Myers tdtor and Duseases of the Chest)
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Fig 8 (1) Roentgenogram of H T 128 No 26098 taken on September 16

3919 showng a fibrord apreal leston 1 the left apex and a few nodules beloy

It was called 1 moderately advanced tuberculosts with an apteal cavity  (BJ

Same case taken on \ugust 31 1056 showng what was thought to be a pnen

monthor« because of the fibrin body showing  Tnstead it was found to be 2

completely destroved ling  (Used by permission of Dr J A Myers kduor
and Diseases of the Chest)

excnated all the way to the drphrigm lewvur g 2 thchaired plean?
md 1 mss wound the hulum made up of large broucht and blood
vessels About 1 dozen of these bronchi opened out mnto the cavity
A few parasites were found m the ety wall and one culture of the
spitum w15 positise enon,h to mike 1 diagnosis The old calerfted
foct which were present revenled many pockets of typically appes
g yest bodres watinn the center of the leston These foct were not
only calafted but they showed many rings of hone sndicating that
the process was quite old  The relrtionsinp of these encapsuled
Jestons of the lon,standing disease 1s 1 problem whicht will have tor
be worked out m the future for there 15 no answer to 1t now  On
the other extreme, the longstanding cavitary leston may progress to
imvolie 2 whole Iobe ar 2 whole lung with 2 pihing up of fibrous
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with Lan hans jint cells of vuyimg sives  This type of nssue
extended for 1bout 3 an wound the wall of the cxwiy VMethena
mne siver stuns did not res el my parasites m this ussue  Around
the borders of the pneumonic 1re1 were 1 scatterg of micro
phages but no parasites v ere found in them either See Fig 3c d e
Pinkerton and Iserson (9) hve described thus type of leston

A fen smnll foa of chrome pncumom as described by Bin
ford were found but not like fits results we were unable to find
panasites

There was aother unusual cise where 1 lir,e hronchopul
monry node nar the hslum was enlirged tremendoush but did
notresult in broncdhsectasts. There was an invasion of the bronchial
mucosa with a chnomic grinulomatous process but no obstruction
of the bronchi resulted At least there was no obvious bronchiec
tasisand no purulent im ol ement of the bronch: 1fter the lung had
been removed At the time of aperition the diserse was considered
asmost likely cancer  The pathologieal dingnosis was tberculoma
Later the prcasites of many sizes wete found in the large caseous
centers which were surrounded by dense binds of fibrous ussue
No other lesions were found esther in the Jungs or in the other
lymph nodes \fany of the parastes in this lesion of many vears
durauon were found m small nests m which ome of the parasites
measured no more than a micron i drameter

The pleurt 1s practrcally 1wy mvolved 1n the chronic pul
monary forms of the disease  In two cases parasites were found n
the pleural flmd  In general the pleurt resembles that found m
tuberculosis with 1 thuck rou, hened surfice above superficial cavs
ties and nearly always adherent to the partetal wall  As pointed out
by Puckett the round lestons frequently have 12 heavy smooth
button ike callous m the pleur1 which extends down o the
fibrotic and caseous Jesion Erequently primary tubercles produce
astmilar effect

No serious attempt has been made or n fact can be mide on
the limited material ar hand to determine the nature of mixed
prthology of histoplasmosis and tuberculosis sarcoidosts cancer
lymphomas etc Suffice 1t to s1y that the few specimens of tuber
culosis seemed to present moie polymorphonuciear leukocytes than
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tisste to grent thickness  This same result occurs on rare occastous
m tuberculosts It tahes place i 1 person who hiis enough resistance
to cse 1 benugn course of the diseasc yet not enough ta bring
1bout complete healin,  There 15 one very good example of this
which are shown m the lustritons

In the lymph nodes there 15 seen to be stmlar sarnton of
lesions to those found n the lungs lthough up to this tune there
have been no ruptures of lymph nodes 1nto the bronchi winch we
hwve observed or which hve been reported n the lucrature A
mentioned 1 the chpter on pithogenests the hmph nodes e
frequently enlarged w ,reat size crusing pressures thae result 1
m flow stasis by pressure on the vena cava and bronchiectisis by
pressure on the bronclt We have to date seen fise cascs where
the pressure on bronchy 1esuited m hionchiectasts  Fhe resulung
disease 1 no case was due to the actrve hrstoplasimosts but 115 1
result of pressure lerdin, to 1 secondary infccton  In one case the
parasttes were grown from 1 leston of only a few years durition bt
all the athers were from n old process where the prrasites were
found only by stuning an old calcified Iymph node with an entirely
nonspecific disease in the broncht  In the case 1n which the cultures
of I capsulatum were grown it 1s doubtful if the prasties phyed
my role in the bronchiectasts because only 1 few parasites were
found 1n the walls of the bronclu but large smisses of them vere
found n the encapsulated nd caseous foct  (See Fig 6 also Chop
ter 22)

The granulomatons and chronsc preumonic types of disese
are 1 pirt of the patholo,y of histoplhismoss just 1s 15 caseation €141
titon and cdabicitions The reasons for the ftbrotic chges
instead of caseous are not yet evident bur there are some obsena
trons that might be mentioned as in the tllustration where there was
A resolving cxvaty nd immedintely beneath the cavity w ts 2 consolt
dated mass that 1ppered Iike caseous pneumonit of tuberculons
In fact the first ume this type of lesion nppeared st w1s crlled

tuberculosis unti} prosen othernise  When 1 secnon was mde
through 1t however the hnife met resistance nd the surface left
was smooth and nigid On nucroscapic study there 11s 2 network
of fibrobhsts Bibrous vssue eprtheliord grinnlomatous nodules



ROENTGENOGRAPHIC ASPECTS OF
HISTOPLASMOSIS

FREDERIC N\ SILVERMAN

In[ormmnn derned from mdiologic examintions and re
fated to the problem of histoplismosis was restricted imualls to
epdemolog tc studies of histoplasmun sensitivity and the inadence
of intrathoracic crlaficiion —caletfication which general had
lide to differenuatc at from that of tuberculosss The salue of
these studies lay Jargely in supportin,, and emphasizing the fact
that all that crlafies 15 not tuberculosts Subsequently as actne
proved cases began to be recoznized roentgenographic patterns of
acute subacute and ultimately chromc disease appeared 1n the
literture  These raentgenographic patterns were prnimanls pul
monary - With increasing mterest m the disease the clinieal and
patholog 1cal spectrum of the disense became clarthied cntical com
parison of shadows and substance could be made and the detuls of
the pulmonary Jestons and the sigmificance of the extripulmonary
lestons became clear

This section will review the roentgen manifestauons of histo
Plasmosis 1n tlus historical perspectise nd sequence  Wherever
possible thee‘(nmplcs will be from proved cases  1n other instances
the criteria for the diagnosis re such as would be wceptable to most
students of the subject There will be no attempt to discuss daffer
entral diagnoss

For purposes of this presentition the clissification to be de

veloped wil} be primanly morphologic and can be outhned as
follows

T Intrathorcic crlaification

A Primary complex

B Separate components of primary complex
C Several foct with nodes

D Disseminated calafication

337
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were usually found in lustoplismosts 1lone  Sarcordosts silicosts
beryllosts and other granulomntons conditions aue so rirely found
with histoplismosis that more matertal must be studied before any
thing can be said about the altered pathology
In summnry 1t can be stated that much has been lerned about
the cellultr and gross pathology of histoplasmasis but much 1s yet
to be lexrned  Thiere 1s 1 rather constant pattein wlhich the disease
mantfests i both 1ts progressive type 1s well as 1n 1ts varying stages
of chronicity  There 15 nothing 1 either of these fields however
that cin be considered dignostic In fict the pathology stmilates
tuberculosts so closely that 1t 1s very e1sy to mist ke the two and
times pst most of the round lesions that have been removed have
been called tuberculomatr  The disease 1lso simulates sarcordosts at
times so that they cwnnot be separited without 1 search for the
p1r1slle
In the last analysis therefore 1t 1s mandatory to find the para
sites before a diagnosis cin be made  Tortunately 1n the majority
of active cises cultures of the p'xras!lc may be giown and m active
and particular caseous and calcified lesions the methenamne silver
stan when properly 1pphied will :dentify the parasites n over 80%
of the cases
REFERENCES
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between the madence of intrathoricic calerficatton md the ma
dence of posittre skin sensitaty to histoplrsmin has been uded
1010 the section on eprdemiolgy Notwnthstindin,, some of the
tdenulvin, fertures wlnch will be discussed an subscquent para
graphs 1t 1y necessany to cmplnme the fwt that mtrthoricic
alaficison 1s not speafic and that shin sensinaty tests e the
first step m the evaluton of the nature wnd s mifiomnce of inoa
thoraie calatfication demonstrated 10 1 roemgenogram of the
chest

The Caleafied Primary Complex

As in pulmonary iberculosis histophismosis when cilafied
Commonh presents 1s 1 prumary complex One hinds 1 clafied
focus 1 the prencliyma of the Iun, which by appropriite tangen
tial projecuon cm be shown to occupy the subpleuril posiuon
mdicited 1 the section on patholony  Mote frequently the pri
mary Glafied focus is found 1n the rouune frontal projecuon of
the chest 1 the peripherl portions of the han,  (Fi, 1) Careful
anatomical studies of the type undertaken in tuberculosts by kuess
{1) Ghonand kudlich (2) and others (3) have not been undertaken
1 histoplismosis apart fram the reltively small series described
by Straub and Schuarz {1 but there 1s no rexson to believe that the
distribution of primary foar should be any different The pnimary
focus should hve 1 chance distribution throughout the lung with
some slight tendency to be located in the lower two thuds of the
lobes rather than in the apieal portions primarly on the bsis of
solume of lung available  Thas 1s no place to enter 1nto the argu
ments on the distnbution of primary lestons fiom the pracucal
standpoint the locatton of the prumary focus 15 no different from
that i primary tuberculoss and has no specific diagnostic sigmft
cance The size of the primary focus however may hnve dingnostic
mformation not inherent 1n the location  Anatomical studies by
Straub and Schwarz (4) and radiologic studies by Serviwsky and
Schwarz (5) have sug.ested that a parenchymal calcifying focus
more than 5 mm in diameter 1s found appreciably more frequently
1 association with a postinve histoplasmin skin test and m areas
where histoplasmosis 1s endemic than 1 association with a posttive
tubercubin test or 1 areas where histoplasmosis 1s not endemic
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I Intrathorauc soft shadows
Infiltrate with hilar nodes
Segmental or lobar consohidation
I'ymphadenomegaly
Dissemmted soft  shadows
Coin lesions—histoplasmom v
Pleural 1eactions

MEOOR

11 Pulmonmy fibroctvtary diserse
IV Extrapulmonnry foct
Cervical nodes
Axailary nodes
Splenic calafication
Bone
Other migans
V' Hepatosplenomegnly with normal chest
VI Normal chest with positive blood and/or bone marrow
culture
The subsequent discusston will follow m this sequence

mooOw

INTRATHORACIC CALCIFICATION

Intiathoracic caucification has long been the hallmark of pul
monary tuberculosis  So well implanted 15 the concept that 1ntra
thoricic ealeificition 1s prima facte evidence of pulmoniry
tuberculosts that even todvy consideration of other diseases gen
erally comes at best 1s a second choice Neveitheless n certan
areas of the country other condttions so frequ ently exceed tubercu
losis s a ciuse for intrathoracic calufication that its roentgeno
graphic obsersation should serve merely 15 an mdication that skin
sensitivity tests are mn order 1f not to 1dennfy the nature of the
calafication 1t lesst to exclude some of the possibilitres particu
larly pulmonary tuberculosis In the Ohio aind Mississippt River
basins  histoplismosts 15 so much more frequently a cause of
mntrathoricic cilafication than s tuberculosts that on stanstical
grounds alone 1 physictan may ewn the reputation of bemg 1
diagnostician by fvorin, the diagnosis of mycologic disease rather
than mycobacternl disense 1 every mstance  The close correlation
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Fig 2 Calafied primary comples with mulberty  type of calahcation n

apicat locus, Note merapulm snary node alcification betseen | nmary focus

and halar pde Young adult  Hisoplasmin pasitne  twberculie aegatne
(Lostiesy dm I Rormt enol Rad Therapy & Suclear Med 1950)
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Fig 1 Chsscal calcstied primary complex in proved hustoplsmosis - Caleified
node remosed at operation for closure of patent ductus arteriosus and H cap-
sulatum found within 1t (Courtesy Am J Ved 1930)

The roentgen appearance of the calaification has been suggested
(6) 2 hnang enologic signibicance  stippled calabcanion of the
mulberry type (Fig 2) and focal calctfication with 1 soft halo
around 1t (F1g 5 3 and 4) have been said to indrcate histoplismosis
more frequently than other discases Both types of calaification
however are found mn other diseases 1nd 1n any gisen case statstical
prolnbllmes serve only to muntun 1 hgh mdex of suspicion
diagnosis must be supported by more deftmitive mesures In
aren endemic for histoplismosts any type of calaficition 1 more
likely to be assoctated with a positive histoplismm skin test than
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Biy $F fafargament of area in msert

frequemtly wih posttive hiustoplismin shan tests thain tuberculin
tests and (o oceur with greater frequency i the endenic rea lor
lustoplasmots than m non endemic arers This rudholoyic study
supparted the marpholo,ic myest, tions of Stewh wnd Schyw uz
(1) "The obsers wtion of the Trge size of the calafi lesions and the
extensive distribution had been 1emarked by 1on, nd Stearns i
1913 (1) prior 10 2y Anowledge of the relonship 1o histoplas
Mos1s The lr,e size was also 1 fenture m the ey report by
Turcoloy (6) 1 wiuch the progression of pulmonary infiltries to
alalicition was wrefully documented

Calabieations along the lympliatic drunge from the primary
focus to the hilum occur with reco,mnble frequency {(Fig 2) but
Provide no specific diagnostic mformation A pleural reaction 1s
seldom Teco,mized 1n primary histoplismosts even less so than in
primary tuberculosts where 1ts frequency is such 1s to properly per
MLt melusion vmong the components of the primary complex
Inane known mstame H capsultun could be found on direct
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Fig 31\ Halo foan  Calabic shadow wath “soft  denury surrcunding, 1t
Histoplismin positne  tuberculin negause

with T positnn e eubesculin shin test Ingenesal atis wise to conader
wtr iehotacic caleaficition merely as w expresston of diserse cp hle
of (rusing, neaross of tissue but pamtang survis i and not indrct
tve of my spectfic disese mn aeself

Calaficition m the Iulwr lymph nodes drumng the penchy
mal focus ocans 15 wuberculosns (Tigs 1 and 2) Here agun ihe
size of the leston m1y hme more dinosue significince m rdentify
n,, 1 given shadow s htstoplismosit than 1ts morpholo,y or the
Aistribution of clobemon Servimsky nd Schw iz (5) found
Imge lestons (more than 6 mm i dumeter) to be assocrted more
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Fig 5% Elfect of techimcal factors on nonisualization of components of

Primary complex  Immary forus {arrow) clearly seen n 1\ projection but

cardiac density and spine density obliterate cilaficauon i regional lymph
nodes (¢ tinal) druming this rea

non (Fig 5) Faluie to demonstrate a p uenchymal lesion when
2 hilar calafication 1 present may also hive technical factors at
falt not uncommonly 1n a routine PA projection whit appears
to be 2 hilar focus wctually 1epresents 1 parenchivmal focus wter
fotly or posteriorly subpleuril in the mestal portion of the fung
Later1l projecuons clewly demonstrate the position of this shidow
(Mg 6) Other fretns which have to do with demonstrition of
calcrura shidows must 1lso be hept n mind  these wclude the size
1ad density of the calcifying focus (T1g 7) Moreover crlcinm may
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e e et

P el

T oz n e X

Tig 4 Halo focusn apical region

smeu of cellular components of 1 massie pleural effuston (8)
Recently 1 posine cultine from pleural find v3$ obtamed 1 2
{atl case (9)

Separate Components of the Primary Complex
P P Y 3L
In not every mstance of calafying Mistoplismosis 1s the full
i ying P!
complement of caleified shadows recogmzed Occastonally one my
find only 1 parenchymal leston 1t other times only 1 lesion i the
yap Y Y
hilum 15 recogmzed 1ulure to wdenufy a fular leston may be
5
related to the fact that calafication did not occur m the lulum or
more frequently that the technical factors in demonstruny the
calafication preclude visurlization under standaid condittons of
examunatton  It1s quite probable that the carinal Iymph nodes are
involved with 1s great 1if not greiter frequency thin e the
penbronchml nodes however bectuse of therr position behind the
heart and supertmposed on the bony structure of the vertebinl
column calaification within them may be missed 1 routine examt
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Fig 64 Techmcal factors 1n demonstrition of components of calafying histo-
plum sal complex  Clissie calofvng « mplex 1 fromal projecuon

Several Foci with Nodes

As1in tuberculosis there may occur several foet of caleification
with hular lymph nodes more marked on or cxclusively resincted
10 one side or the other The multple parenchiymal foci (not dis
seminated calafication) probibhy represent sesernl primary foer tn
diiferent stages of exolution 1t the tme that allergy and necros:s of
tissue took plce  This intespretanion s supported by the fict that
when three or tour primary  focr ne present in the lung they are
apprectibly larger than the dissemin ited fine afieations noted in
the more common form of the dise1se

Disseminated Calerfication

Stausticnlly this sanety of mtrathoraac calafication (9) 1s
most likely to represent lustoplasmosal infection this has been
amply proved by the eprdemiologic studies of Furcolow et al (12)
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Fig 5B  Effect ol techinical factors on non visuahzation of components of

primary complex  Obhlique films shows primary focus but also shows cluster

of large calaifying cannal nodes  Note brfurcation of trachea outhined by air
n lumen above nodes

be lost from 1 lesion erther by resorption as in tuberculoss (11) or
by expectoratron as 1 broncholith (10) (Fig 8) A farrly large leston
1n infincy may contract and scar down to the pomnt of roentgen
invistbility 1n childhood or later  Other possibilities for the absence
of a parenchymal lesion would include an endobronchial primary
focus as well as a primary leston healing without calerfication
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e e

Fig /A Techmcal factors 1n demonstration of histoplasmosal lesion  Frontal
projection  rounded lesion in tase of nght lung almost completely obscured
by diaphragm

hadows represents multiple foc of p 1s resulting {rom the
nhilation of a large number of orgamisms  The analogy with
hematogenons dissermnated tuberculosis however 1s so great that
one my equally strongly support the contention that the dissermn1
nated lesions represent hematogenous dissemination The tnvasion
of the blood stream 15 well known 1n the disease and may occur
the absence of significant clinical symptoms  Although 1n  ep1
demics  the one possible exposure to the organism 15 commonly
known 1n non epidemic cases 1t 1s quite probable that recurrent
multple exposures to the orgamsm take plice particularly with
mdnidils Ining within the endemic aren or in environments
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Fig 67 Techmical factors in demonstration of components of calaifying husto-
plasmosal complex  Same pauent lateral projection Two calafying paren
chymal foct without recagmizable hilar node calerfreation

Wiath the extensive 1pplication of antituberculous drugs the mal
consideration that dissemnated calaification ¢ 1n result from healed
mihary tuberculosis may now become a reality and the security of
etiologic diagnosis M1y thereby suffer Dissemimated calcification
not nfrequently follows widespread snow storm lestons during
the acute phase of the diseise (Fig 10) Occasionally 1t appers
without obvious antecedent 1llness Lehan and his assoctes (19

have sugges(ed that the pattern of disseminated snow storm
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Fig «C Technical Lactors in dem n trinion of lustoplasmo al le 1on  \ppro
priate right antenor of ique projection shows rounded lesion clearly

spores of Histoplasma capsulatum  Their pattern 1s extremely
ranable but the following forms ocenr with sufficzent frequency
to permut 1 sug,estion of lustophismosis by the radiologist when
the diagnosts 1s not suspected by the chnician - Calafication of the
types described above tikes place 1 a Ilugh percentage of these

soft lesions as healing progresses (see Tig 10) 1t myy make 1ts
apperince as short as 5 months after the clinical onset or as long as
s1x yers after (13 14) Turcolow (6) states that 1n the course of
follow ing sev eral hundred chldren with pulmoenary mhltates d
posttive histoplasmin sensitis ity there was hittle or no tendency for
new lesions to appear or for indiadual lestons to progress
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Fig 7B Techneal factors in demonstration of histoplasmosal Jesion  Later1
Pprojection  superimposition of lesion on spine also tends to obscure 1t

heavily contaminated by Histoplisma capsulatum The radio
graphic mamtfestations therefore may represent the resulis of re
peated exposures or of a subclinical disease 1ggrvated by superim
posed over whelming exposure

INTRATHORACIC SOFT SHADOWS

These lesions occur as incidental observations or 1n assoclation
with clhinical signs and symptoms commonly following hnown
exposure emvironnients Inown to contamin lrge numbers of
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Fig 9 Dissemunate calahication  Strangest radi graphic esidence of previ
ous histoplasmosis  (Courtesy 4m J Roentg nol Rad Therapy & Nuclear
Med 1950)

Infiltrate with Hilar Nodes

The radiologic picture of acute pulmonary consahdition can
occur with histoplasmosts Commonly the inhltrate 15 a relatively
soft 1ll defined area seldom more than 2 3 cm 10 diameter which
because of the hilar lymphadenomegaly bears a very close resemb
lance to primarv pulmonary tuberculosis (Fig 11) This was one
of the farst forms of the disease proved to result from miection with
Hastoplasm+ capsulatum  Not all of these 1nstances heal by calerfi
caton but there 15 4 tendency for the infilirate and the prominent
nodes to persist for a longer period of time than 1n the cise of acute
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Fig 8\ Loss of calaium shadows i chest ilm due to expectorauon of bron
choliths  ugust 1996 (Courtesy {m Rer Tuberc 1937)

Fig 8B Loss of caloum shadows in chest film due to expectoration of bron

choliths  October 19,6 alter expectoration of bronchohiths  Compare areas
abose bt hulum  (Courtesy {m Rev Tubere 1957)
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Fig 9 Diseminaied akibauor  Stn,ew radographic esidence of prevs
ous bt typlasme 15 (Courten dm ] Roent,rnol Red Therspy & \uelear
led 1950}

Infiltrate with Hilar Nodes

The radielogtc pacture of acute pulmonny consohdation can
ourut with hstophsmous Commonhy the infiltrate 15 a refaunely
soft 1l-defined area seldom more than 23 cm m diameter which
because of the lular tymphadenomegals bears 1 very close resemb-
lance 1o ponan pulmanany wherculoss (Fiz 11) This was one
of the Eirst forms of the disease proved to result from infection with
Histoplasma capsulatum ot all of these mstances heal by calaf
cuon buc there 1s 2 tendency for the inbiltrate and the prominent
nodes to persist for a Jonger period of time than 1n the case of acute
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hg 8% Lo s of clewm shados s i chest film due to expeetoraon of |ron
choluhs  \ugust 1926 (Courtesy fm 1ev Tubere 1907)

Fig 88 Loss of cilaum shadows 1n chest film due to expectorttion of brot
choliths  Octaber 195 after expectoration of broncholiths  Compare areas
above it lum (Courtesy 4m T ev Tubere 1957)
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Fiz 9 Disemmared calofication St nges radigraphic evidence of prevs
ows hiswoplasams (Lourniess 4m ] Roentoenol Rad Therapy & \u lear

Ued 19573

Infiltrate with Hilar Nodes

The radiologic piciure of acuie pulimonan consohdanon can
occrr with hustoplasmous  Commeonly the infiltrite 1s a relatn el
soft WWldefimed area seldom more than 23 cm 1n dameter winch
because of the hilar mplirdenomegaly bears a ven dlase resemb-
lance to primars pulmonan teberculoss (Fr, 113 Thes was one
of the hirst forms of the disease proved to result from tnfection with
Hustoplasm capsulatum  \ot all of these wstances heal by calaf
catson but there 1s a rendency for the infiltrate and the promuent
nodes to persist for a longer pertod of ume than m the case of acute
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kig 10\ Serial films 41l feveloy ol 1 calaification
Norember 1917 Climically atypical pnewmania  dissestinated soft shadows
(Courtess 4m ] Poentgenol Rad Therafy & Nuclear Med 1950)

pyogenic pulmonary infection Occrsionally the chimcil signs may
antedite positve roentgen signs by weels to mouths In a vers
broad sense the rdiolo,ic manifestations are sumlar to atypical
pneumoniz  The mvolvement 1s usually unilateral and when
resolution of the pirenchymal focus occurs there m1y be concurrent
diminution of the hular adenopthy

Seg 1 and Lobar C lad.

W hen the lymph nodes e so placed 15 te be able to compress
a bronchus or when endobronchint retction s of 2 sufficent mnt
tude to permut obstruction of the lumen seymental or lobar con
solidation can occur and 1s rdiologically mdisun,wshanle from




HISTOP! 45\OSIS 35

i

Fig 10B  Seral [ms illustrating devel pment of dis emimated calafication
Octsber 19,0 Eahest calafiatinn seen in annual follow up fitm  (Courtess
1m ] Roentgenol Rad Therapy L Nuclear Med 1950)

that produced by any other cause (kig 12) Lobar consohdation
15 less common than 1s segmental diserse s a general rule with
coughing up of secretions or with substdence of the acute rexction
1 the bronchnal tree the apparent consolidruion which construtes
1n large measure atelectasts tends to clear Tt 1s quute probable that
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Fig 10C  Sernl films allustrating development of disserninated ealafication
kebruary 1958 Welldeveloped di semunated calaficatton

this reactton ts comparable to that of epituberculosts 1n pimary
tuberculous infection  Bronchiectasis following bronchial obstruc
tion by hustoplismosal Iy mph nodes has been reported (27) but from
analogy uith the conditions obtuning 1n tuberculosis one m1y
suspect that the bionchiectasis unless secondartly mfected 1s very
Iikely reersihle Howesver n an endemic arex non reversible
bronchiectasts may well hue had 1ts orgm m hlslnp! 1SMOSIS
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Fi, 11 Infbdwate v ath badar noddes Note fine imterlobar plewnd revenon

Lymphadenomegaly

Fnlargement of lnlar lymph nodes m1y be the only ridio
graphic festation of pul (Tig 13y Ths
may be spurious 1if the pnmary lesion 15 hidden 1 the shadow of
the lymph nodes and enlarged hilum or if the primary focus should
happen to be endabronchinl so thit the drunige mto the lymph
nodes 1 unissocnated with 1 parenchymal leston The node shadows
tend to be quite large persist [or months ind may produce as men
tioned above siyns of complete or mcomplete obstructton  With
incomplete obstruction empliysematous changes m the portion of
lung supplied by the myolved bronchus may be anticipated wath
complete obstruction atelectasts occurs (Frg 14) Fuven large lymph
nodes My disippear gridutlly without demonstrating caleifica
tion but m general prormnent lymph nodes 1n the hitums can be

y hu tof
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Fig 12y s 10n with slow Jnuary 195 teute
Iebrile tliness with respiratory symptoms

evpected to resule i hilar calaficaion Accordmn,, to Scryimshy
and Schwarz (5) Furcolow (6) and others this calcification 18
frequently suppled (Fig 15)

Dissemunated Soft Shadows

These are the socalled snow storm  shadows which cin repre
sent either hematogenous dissemination or the results of dissemina
tion through the bronchial tree of multple infecting gents (11)
The shadows usually tend to be somewhat Inrger than those scen
mn hematogenous dissemmated tuberculosis and one 1s frequently
surprised by the extensive nature of the shadows rdio,rphically
and the absence of clinieal signs and symptoms  The fine retren
lated pattern 1n the group of cases reported mitnlly by Sabin (15)
and Telson et al (16) tends 10 be somenwhat unusud inwsmach as
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Fig 1210 )] i with st Yugust 33os Lhing
calls greath mapsoved N\ te w1 ewance of rounided node abave nght lafum
We \ ould nuctpate a hrge (mose than } cmy calaficanon to deselop here

exlabanon has not developed 1n any of the wndividinls folloned
The recent suggestion by Fmmons (17) that this epidemic may have
been causedd In oryproceosts rather than histophismess of n can be
proved ma tend to remose ths fine reticnirted prtern from the
group haown ta be assocrieed with histoplismoss  The dissent
nated soft densittes 1re 1o numerous o count {Fig 16) Thay
vary betseen 15 mm m size o I
tocilized snfid and halar Lymphad

¥
galy s ¢ 1y
recognized  The development of calaficanon is very common
ihe mufuple fine nodular varrety 1t may not be clearly sdenufied
for several yers and resolution of the surroundmyg soft density is
exceedingly slon  Increasing calafication can be observed for years
after symptoms hive completely disappeared (see Frg 10)

y there 55 super d
t
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Tig 13 Enlwgement of lymph nodes only  Two nades or groups of modes are
recognized one abose the night hilum and the other below the left hitum A
separ tte pirenchymat lesion could not be 1dentified esen on lter projecttons.

Com Lesions—Histoplasmomas

Wathin the past ten yers the intoduction of mass chest sur
seys has brought forth 1 considerable meerest 1 the natute of
socilled com  lestons found n usnally asympromatic indtvduals
(see F1, 7) Asngeneral rule many ot these hnve been considered
to represent neoplism 1nd must be considered neaplsm 10 the
Ipproprive 1ge sroup Radiolo,ists have wtempted 1o ilferen
tate neoplistic lestons trom inflammatory lesions by the presence
of cilctum withm the inflammatory group  Somettmes ciletfica
t1on can be demonstrated only by tomography (g 17) To Puchett
(18) belon.s the credit for pomung out that many of these com
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Pigwen
Ltaloctsal due o bresciisl pomTesstm by

Terge 1wl amsey brovchimctacty dorelepat
L0 alveratio riint drear Live WAL 3 bad to
enetre pers-

Courtesy L2027 wd X 1950

Fig 14

Jestons actually represcnt histoplismomas  milimmatory tumor
masses comparable to the tuberculomas which have been known
for many vears

The presence of = small daughter Jesion 1round the primary
focus has been a very helpiul point riciologtcally i denufyving
inflammatory chanes as distinct from neoplistc ones  moreover
this charactersstic appears to be more frequent i histoplasmosts
than tn tuberculosis Unfortunately the dau,, hter lesiens are recog
mzed histologically more easily than radiographically becuse of
zechm(‘al factors By the syme token calafication may be present

logically but be radiologically smuasible  The fact thae these
lesions do not increase 1n size 1s opposed to neoplistic lestons 15 a
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Fig 15 Suppled cilaficition in mediasunal lymph node  Close up of area
of primiry complex shown m Figure I The wrregulanity of the calerfication
and 1ts size are clearly demonstrated

helpful differentral point it ser1nl films are 23 -ulable Occastonlly
with an increase m the density of the leston possibly due to depo
siion of calctum which 1s not yet clearly definable roentgeno
graphically there 1 1 spurtous enlrgement of the lesion  The
value of the lustoplismin and tuberculin shin tests i the elucida
tion of the nature of these lesions 1s obvious  Nevertheless ssur
ance that 1 given usible shadow 1s responsible for 1 posine
cutaneous reaction ¢in not be ginen unequivocily and crcful
e tluation 1s indicated in exch ¢se

Pleural Reaction
Pleurt] rexctions occur but are infrequent (Fig 18) In one
of the fatal cses described by Silverman et al (8) 1 massive pleurat
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Fig 161 Disserunated soft shadovs Julv 1919 Mdd respiratory symp
toms  (Courtesy m J I ventgenol Iad Therafy & Nuclear Med 1950)

effusion was present and from this pleural effusion could be cul
tuted lwrge numbers of Histoplismt eipsuluum  In [t the
organisms were 1ctually found in cells obtained on direct smear of
the pleural flnd  Massive accumulation of fluid howeser 1s un
common even though the patholoical matersl indicates that the
primary focus 1sso frequently subpleural and that 1 pleural reaction
1s present at the site of the lesion  Perhaps just 15 1n primary tuber
culosts a local pleunius 1s the rule rather than the exception but
does not reach the level of radiologic demonstration unless a
stgnificant allergic reaction 1s mvelved (see Fig 11)
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Fig 16B  Disseminated soft shadows December 1923  Famnt nodulanty
throughout both lungs (Courtess dm ] Roentgenol Rad Therapy &
Nuclear Med 1950)

PULMONARY FIBROCAVITARY DISEASE

Although histoplasmosis as a cause of intrathoracic arlahica
uon has gradually dislodged wuberculosts from 1ts posttion as the
exclustve cause for this Toentgenographic phenomenon the pres
ence of cavitary disease i the lung sull evokes the diagnosis of
tuberculosis with practically no differential dragnosis considered
The fact that effective mutuberculous drugs and surgical skills are
pow avulable for tuberculosis may jusufy to some extent the
perpetuition of tlus attitude however the proof that pulmonary
histoplismosts may develop 1ate a chromc fibrocu rtary tvpe radio
logically indisunguishable from tuberculosis menits consideriton
of a differential diagnosts  In fact the chronic fibrocavigary type
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Fig 174 Histoplasmoma com lesion  Solitary rounded density in left lower
lobe (Courtesy Dr Jan Schwarz New England ] Med 198)

of pulmonary histoplasmosts may cairy a less favorible prognosts
than tuberculosis 2t the present time and the differentiation may
have significant prognostic value (27)

Roentgenographically one recognizes the same features which
have been found n tuberculosis 1regular areas of consolidation
and fibrosts are adjicent to localized radiolucent arers some of
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Fig 178 Histoplasmoma comn lesion  Tomogram demonstrating caloum
densities within lesion  (Courtesv Dr Jan Schwarz New England J Med
19,8)

which repiesent loculited emphy ema but others of which repre
sent actual destructive civities communicating with 1 bronchus
through which the destroyed parenchyma has been extruded by
expectorton (Fig 19)  Apical and subaprcal locations are the
rule beginning 1s mfiltraton and progressing to civitation with
surrounding parenchymal disease  Spread to other portions of the
same lung or even to the opposite Iung 1s not uncommon Ihis too
tends to be 1n the apical region  Calafication in nodes 1s a common
assocrated finding and suggested to Lehan et al (19) that casntary
disease myy representa re nfectton  type of histoplismosis com
prrable to the reinfection type of tuberculosis
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Fig 18 Tleursd rexctom gl able bt plwnoy n Cufurid proof lacking

The rubrolo i ferures are sndistnguisible 1 the o dis
ewes loweser she orguism o be cultured by exvummnan of
expectorited matental or muendl obtuned on homhescopic
exploron Fyen the knowled, e that tubercutosss ts present shoutd
not exclude wonsiderition of hsstoplismosts i stch kestons uy mdy
viduals 1 or commyg from the endemc ares Both dueases hnve
been shown towo exist and the fact that radiolegsc cure or improve
ment 1t lewst does not tike place followmn, msttutron of wha
wonlit be wdequate therapy for one disene may be the mdicition
for the sevich of the other  Fabroc ssstus disense of this tipe 15 not
uncommonly wsocted with other dmome pulmonay disease
prracubirly caranomt (ki 200 This is not temarkable smce
wmdniduals with chirome fibtocmatay diserse tend o e somenht
older than mdiadialy with othes forms of pulmonary histoplas
mosts When the <nrues me produced by foculned emphysema
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Fig 19 Fibrocautary pulmonary histoplasmosis  Orgrmisms in sputum
treated by lobectomy H capsulatum also cultured from resected lung nissu¢
and nodes  (Courtesy Dr H C Sweany)

rather thin by destruction of tissue 1emarkable recovery can take
plice 1n many anstances lesions remmun stationary over long
pertods of tme Complications of pneumothorin md broncho
pleural fistulihave been reported (11)
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Fig 20 Fibrocastary pulmonary histoplasmosis complic ting carcuroma
Both conditions dingnosed ante mortem and proxed post mortem  (Courtesy
4n J Med 1955)
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Fig 21 Cervical md awillary |

; in proved subsequently fatal
tustoplasmosis  Organisms obtuned from surgically dramed cervical nodes

EATRAPULMONARY FOCI

Extripulmonary foct of ustoplismosis hve been known sinee
some of the earliest descriptions when mucocutaneous junction
lestons and destructive processes mn the nose 1nd throat sugested
that the disexse would have considerble intesest for otorhimolaryn
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Fig .2 Fatrapulm nry calaficaton m axillie hmph aode i asoaation
with intrapulm niry calabic lesion  Hit [1mm postve tul ercubin nega
tne (Courtes 4m § Roentyen | Ral Th rapy ~ Nuclear Med 190)

gologists (20 21)  Although absolutc proof 1s not yet matlable
nevertheless the ey adence strongly supports the possibtlity that these
lestons as the cutaneous lestons of blastomycosis (22) represent foa
distributed via the blood stream 1s 1 comphcation of the primary
diserse rather than foa ongmating in the area where they are
obsersed  The staustical study of Schulz (23) disagreed with this
tnterpretation even though the lung w1s the most frequentiy
volied organ 1n adults  In children hematogenous dissermmation
was more 1cceptable statstcally  In this respect listoplasmosis
probably differs somewhat from tubereulosis where extripulmon
1y fou have bean hnown to develop by direct ainfection  The
lestons of the mucous membranes of the mouth nose and throat
have little radiolo e siznificance in themsehes On the other
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Fig 23\ Cxtrapulmonary calification m spleen i o Chest film i 71

year old female with large charactenstic  pulmonary calafic focus  Splemic

calaification barely noticeable  (Courtesy Am J Roentyenol Rad Therapy
¢ \uclear Med 1926

hand extrapulmonary foa in lymph nodes where calaification
occurs more frequently 1s of radiologic interest  Proved mstances
of cervical adenitis with calaification resulting from histoplasmosts
are not immedtately 1atlable however the clinical obsersation of
proved disease 1 the acute stage mn these 1reas would make this
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Fig 285 Exraputa mary calaficatan w spleen 0 v Hewaly penetsatedd
Bilm over splequc wer  Multple calaficutms clearly shown Compare wnh

passibility 1 sery reat one (Fig 21} In indistdants wath exdoafic
uon an cervcal hymph nodes md who rent 1o webercubm and
histophsmm the idenaficition ol the cuuse for the cilafication 1s
as tnsecure as it 18 when calahcion occurs in the lung  Calafien
1200 his been observed s an wallary lymph node 1n 2 chald who s
a positive Mnstoplasmun shin test wnd a negative tuberculm test
{Trg 22) alhiough s 5s not proved 1t strongly Easors the posst
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Fig 243 Extrapulmonary calafication in spleen post mortem  Note yypteal
rounded concentrically calaified lesions  Spleen  (Couttesy New Frland |
Med )

bility that this caleification did m fret result from dissennated
tustoplasmosts  WWhether the dissemuinaton was via the blood
strerm or vi1 the lymphaties from the lung 1s open to question
Insofar 1s cervical ullary nd ¢ven infridiphrigmatie lymph
nodes are concerned both pathwys are posstble  However the
finding of splenic calarfication first f ointed out by Hih (21) almost
certunly requires hemtogenous dissemnation  The mcrdence of
splenic calafication has been studied by Schwarz ef al (25) md
corresponds 1s does the incidence of intrathoricie cilaficition to
the wnadence of histoplasmin sensitnity 1 addition  the fre

quency of splemc cilaificrtion differs i the endemic meu m
comparison w 1th areas where histoplismosis 1s not endemic Chm

Actersstic fertures of such calaificitions s apposed to calafictions
which are found mn up to 25%, of spleens 1n non endemic ares
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Fig %4} Exuapulmonacs calcthcanion in spleen postmoriem N ote typeal
1yonded concentncathy calabed Jesiom I tlnogie subazate of Jamelined
ealafred splenc o (Lourtesy Nev Facdiil J Afedy

clude (1) matuple lestons and (2) lestons which e divererely
tounded untform in denstty of powessing 1 himellted 1ppearance
shisch corresponds dosly to the histologic findugs (Fig <) Mmy
more imotied spleens e found of orgny e evimned after e
masal from the body than are found m sounne exmmnition
breause of the effect of filiranon of the surroundin, tssues on the
frequently selnvely Funt aalosfic shadows (N, 20 The demon
siration of the frequeney of dissenunted calodication in the spleen
15 an importint point i chrfyng the pahs (encsts of istophis
mosis ¥t 1s traly remarkable thit 1 dseast the epologte yent of
which can be spread i such aumbers thit sugh the blaad stream
and which can when Tocahized 10 the splean cause multiple arexs
of necrosis 1t 15 remark ible that stch a discise can occur 1 5o
Lenan a form as 1 he dindly unapprecnted or undifferentiated
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from the common upper or lower 1espirrtory infections expen
enced n the comse of normnl activity  Disseminated splenic calet
ficrtions 1lso suggest that calafic lesions should be found n other
organs 1f 1 adequate sexrch 1s made In fact lestons m the Iner
are now known to be present when search 1s made for them
Strangely enough the hidney 1ppeus to be reltyely spared ridio
logically but pithologically 1t least this o1gan 1s 1mvoled (23)
The distribution of lesions 1n the v1tzous organs has been described
by Schulz (28) however the majority of these lestons are radiologt
cally invisible

Adrenil lesions me found with consideitble frequency and
commicnt has 1lieady been made m the section on chinical manifes
tattons concerning the presence of Addison s aisewse as 1 mamfesta
ton of lstoplasmosis  Adrenal enlatficition s 2 direct result of
histophismosts has 1ot been recogmyzed 10entgenographically even
if caleification were found one probrbly could not clearly differen
t1ate 1t from that which tends to occur normally 1 2 certun per
centage of mdniduals usually children probably as 2 sequel to
molution of the fetal cortex It 1s interesting too that notwith
stinding the frequency of bone mariow mvolvement actual
des ructnve or productive changes in bone hue heen described only
once (26) In this nstince therc was merely spotty bone atrophy
associtted wath soft tissue thichening about the knee and fluid 1
the jomt Grwulwon tssue with cells contunmg pirasitized
orgamsms were found to be imading the bone n the arex where
the demumerilization was noted

Anatomical lesions in the bowel have been described 1t post
mortem exammation and prominent ulcerations have been found
associated with massnve bleeding 1n none of these mstances hwve
contrast studtes of the bowel been undertaken It 15 quite possible
that either the granulomatous lesions or the ulceritions could be
shown by appropriate contrast examination of the jutestinal tract
but identification of 1y pathologic change as lustoplismosal would
not be rcceptable on roentgen grounds alone  From the standpoint
of lesions which have not yet been found 1t 1s probably pertinent
to emphasize that intracranal ealeificanon as 1 mamfestition of
histoplismosts s yet to be proved  this 1s an important considern
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tion masmuch a5 i the endemuc aret there is 1 tendency to explun
my ype of ealeaficrnion w wsocation with 1 positine histoplismin
shin test 1s produced by histoplismosts This 1s 1 dnganus it
tude putculirhy with respect to caletfication unolvn, the centrl
nersous ssstem - Pathologgenlly lesions i the cenril nervous sys
tent hne been found but no aaleafic wwon s been desarnbed asvet

HFPATOSPLENOMEC ATY WITH NORMAL CIFST

In the dingnosts of hustaplismoss m mfants the finding of
heputosplenomegaly m1y winant serious consideriion of the
diserse 1 question \ot mlrequently an ifant with hemato
genous disseminated hustoplismosts fuls to demonstrate intrathor
acte lesions which would pownt 1o the disese hwang 1 pulmonary
ongin but msterd does show the masstve hepuosplenomegaly
which 1s non speaific (F1g 25) In some mstances the climcal sus
piron of lenkermn 1s rised bectuse of extemive bone marmow m
volvement the absence of skeletnl lestons wlich occur with
considerable frequency 1n leuhermn and the presence of hepato
sPlc:nomcgwl) may be the indication that we are dealing with
lustoplasmosis instead  In fact 1n one mstance known to the author
the dingnosis of leukemiy wis thought to be supported by the fact
that a sibling had previously died of leukemia  The infrequency
of fimilin] leukemrn honever rused the quesuon of the accuracy
of the il diagnosts nd suggested that both children were suf
ferng from disseminated bustoplasmosis instead  This proved to be
the cse  Perhps 1f more of the mfants with hepatosplenomegaly
were to survive the tell tale shadows would make their apperance
n the lung  In one case 1n which death occurred shortly after the
dingnosts was made roentgenograms of the chest demonstrated no
mtrathoracic lesions even though on patholo_ic examinmation two
well developed primary foct each measuring  mm 1 diameter and
contunmng enough calaum to be gritty when sectioned were found
atautopsy (8) These lesions could not be identified even on review
of the films when therr position was known
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from the common upper or lower respiratory infections experi
enced 1 the coutse of normal activty  Dissemunated splenic cala
fications abso suggest that calcific lessons should be found mn other
organs 1f W rdequate scarch 1s made  In fact lestons m the Juer
are now known to be present when sewch » nude for them
Strangely enough the hidues wppears to be reltsely spared radio
logically but pathologically =t lewst this organ 1s myotied (23)
The distribution of iestons i the vai1ous orgms lts been described
by Schulz (23) hownever the mujorty of these lesions are radiologt
cally mvisible

Adrena) lesions me found with constdetble frequency nd
comment hs alieady been made i the scction on clucal mantfes
ntions concerning the presence of Addison s assese s t manestn
tion of hustoplsmosis  Adrenal calaification 1s 7 drect result of
histoplsmosis s not been recognized roemgcmur-xphxcnn) even
i calaficition wete found one probibly could not clearly differen
uate 1t from that which tends to occun normally 1 certun per
centige of mdiiduils usurlly cluldren probably 1s a sequel to
mvolution of the fetrl cortex It 1s mteresting, too that notyith
standing, the frequency of bone mwiow ivolvement 1cturil
des ructive or productiie chinges m bone hse been described only
once (26) In tlus stince there was merely spotty bone atrophy
wssociated with soft tssue thickenun,, 2bout the kuee and flutd 10
the jomnt  Grmuliton tssue with cells contumng p,‘r’mtlll‘d
organisms were found to be mnading the bone wn the area where
the demiperalization was noted

An o} Jestons m the bowel hnve been described 2t post
mortem examunatton and prominent ulcerations hise been found
assoctated with massie bleeding 1 none of thesc instances hme
contrast studies of the bowel been undertaken It 15 quite possible
that either the granulomatous lestons or the ulcertions could be
shown by 1ppropriate contrast examunation of the mtestrnal trct
but identilication of any prthologrc change 1s Iistoplasmosal woukd
not be acceptable on roentsen grounds alone From the standpomt
of lesions which have not yet been found it 1s probably pertment
to emphasize that mtrrcrnnl ealaficaion 1s 1 mandestanion of

Iustoplsmosts s yet to be proved this ss an importint consitert
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pihologic change ot mirequently these mdmduls are 2d
mitted to the hospital for febrale inesses of an sll-defirred mucure
Laboruory studies are imstially negitne wd routine exminations
af the chest and abdomen are unrewarding  Recovery or mmprove
ment appears ta he spontneons md the prtent seteivns home
Subsequently blood cultures tiken dunng the period of icute
rllaess trn out to be posine nd the paucnt s recailed to the
hospital for evrhuron having no signs or symptoms of tus disease
or rehisely muld tiness which can be wmbuted 1o hustoplasmosts
only by wnference It 1s qute probrble that tus suuion obtams
in the great myjoriy of mdnsduils who descdop wympromauc or
muldly symptomatic histoplismoas md a positise histoplasmm sk
test The appesrince of mtrathoraeie cdaficanon subsequently
i these wdadils 15 1 Bmes 1 surpriang Gding i the Absence
of obvious soft lesions Howeser 1t ss ymportant ta recognize that
dissesmmited diserse may be present m the absence of any radio
logic signs evun move fiequently than m the tbsence of climical
st,ns wnd symptoms

SUMMARY

To summnnze the ruhologic fimdings n hustoplasmosis 1t
may be sard that a spectetim of diserse exsts mach 1 se doces m the
chimeal form the wute forms of the disetse € they do have rdio
loyte mamfestations are 1ehited 1 Jasge pare to the distibunion of
the orgamsm i the \arons orgs md the suscepubstiey of the
argans and therr festons ta radiologic demonstr wion 1o the chronic
form of the disese the lungs me 2lmost exclusively imolyed and
these demonstrate Nibrocwit iy chiages mdistinguishable from
those of chronic pulmonary tuberculosts or other chrome pul
monary mflammutory disese  In the healed or healing stages
calctfication trkes place with censiderable frequency the most
frequent lestons are found in the lungs but extrapulmonary foct
may make their appearance wmn the healn,, phase when they were
ridialoicdly iy esible durtng chere acute stxge Thars the roent
ZeN exanmination may serte not only as a case finding ool but may
also mirror 1o a greter or lesser degree the extent and sevenity of
the disease
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Fig 25 Massive hepatosplenomegaly and normal chese 1n infant with symp-
tomatic non fatal luistoplasmosis  (Courtesy 4m J Roentgenol Pad Ther
apy e \uclear Med 190)

NORMAI CHEST WITH FOSITIVE BLOOD AND/OR
BONE MARROW CULIURE
In 2 not msignificant number of piuents the diagnosis of
iistoplasmosts has been proved by positine blood and/or bone
marrow cultures i the absence of 1y rdiologicilly demonstrable



"3

HISTOPIASMOSIS 81

Moore M and Jorstad L. 1l Hustoplasmosis and fts importance to otorhino-
laryngologists a review with report of 2 new case  Ann Otol Rhin & Laryng
5 913

Schwarz ] and Baum G L. Blastomycoss dm J Clin Path 21 999 1951

Schulz D M Histoplasmosss a statistical morphologic study Am J Chn
Path  {11% 19}

Hhgh R 11 Cataf catons in spleen of histop and
reactors Pub Health Rep 611 8286 1946

Schwarz, ] Sherman F N\ Adnano S \{ Straub M., and Levine § The
relation of splente calafication (o histoplasmons  New England J Med 252
387 891 1903

hey J A and Large A M Histoplasmosis of knee [ Bone & Joint Surg 24
81 194>

Baum G L. and Schwarz | Pulmonary histoplasmosls. New Englend ] Med.,
586 7684 1958



320

@ N @& & osawm N

= Be

5

&

=

5

3 =

s
3

HISTOPLASMOSIS

REFERENCES

Kuess G De 1heredite parasitaire de Ja tuberculose humaine These de Pans
No 210 1898 (Pans Assehn et Houzeau)

Ghon A and hudlich H Due Emtrttspforten der Infektion von Standpunkt
der pathologischen Anatomue in Engel Pirquet  Handbuch der Kindertuber
culose Letpzig Thieme 1930

Schwarz J Tuberculosis infanul Pev Chilena Pediat 11893 910 194

Straub M and Schwarz | The healed primary complex 1n histoplasmoss
Am J Clin Path 25727 1955

Servansky B and Schwarz ] Calafied 1ntrathoracic lesions caused by husto
plasmo 1s and tuberculosis dm ] Roentgenol 77 1034 1041 197

Furcolow M Devel of mp Jestons associated with
sensttvity to histoplasmuin  Pub Health Pep 64 1363 1393 1949

Long E R and Stearns W H  Physical examination at induction standards
with Tespect to 1s and therr apy as d by review of
53400 X ray films of men m the Army of the Umted States Radiolog 41 14
150 1913

Siverman F N Schwarz J Lahev M E and Carson R P Hlstoplasmosis
Am ] Med 19 410 459 1955

Schwarz ] Personal communication

Baum G L Bernstem J L and Schwarz J Bronchiolihiasis produced by
histoplasmosss  dm Rev Tuberc & Pulm Dis 77 162 167 1958

Siverman F N Pulmonary 1 P P Am
J Roentgenol 6474 464 1950

Furcolow M L High R H and Allen M ¥ Some epidemiological aspects of

to and Pub Health Rep 61113° 114

1946

Kunstadter R H Whitcomb F C and Milzer A Primary histoplasmosis with
recovery of H capsulatum from the blood and bronchial secretions [ Lab &
Clin Med 341200 1919

Bronson § M and Schwarz | Roentgenographic patterns in histoplasmosis
Am Rev Tuberc & Pulm Dis 16 173 194 1957

Sabm A B Mibary granulomatous pneumonitis 1 2 group of men exposed t0
pigeon excreta Nat Tuberc 4 Tr 1931

Felson B Jones G F and Uluch R P Roentgenologic aspects of duffuse
miliary granulomatous pneumonitis of unknown etiology Am J Roentgenol
64 740 1920

Emmons € W Proc of Semnar on Histoplasmons Jewish Hosp A Cipein
nati Ohio Feb 11 198

Puckett T F Pulmonary hustoplasmosts A study of twenty two cases with iden
ufication of H capsulatum 1n resccted lestons  Am Rev Tubere 67 453478
193

Lehan P H Brasher C A Lamh H W and Furcolow M L Evaluation of
chinical aids to the diagnosis of chronic progressive cavitary histoplasmosis
Am Rlev Tuberc & Pulm Dis 75 938918 19 7

Curus A € and Grehn J N Thistoplasmosnis a review of the cutancous and
adgacent mucous membrane manifestations with a report of $ cases JAMA

1341217 194



HISTOPLASMOSIS 383

t1ion than one would customarily assume mn chissifying the chmical
types of any disese but 15 1 vital concept in understinding the
frequency of clinicnl disease versus the frequency of infection The
actual spectrum of mfection or disese «ccompanying mlection his
been demonstrated m only 1 very few diseases such s certun
enteric infections  poliomyelinis nd some other C\S virl mfec
tions Perhaps one of the best demonstrations of the spectrum of 1
fungus disense was that of Dr Smuth nd Jus group who studied
the climeal spectrum of cocuidiordomycosts 1n Army personnel in
the Southwest durning World War 11 (1) The basic problem of the
chnical spectrum of 1llness was brought out by these studies where
1t wasshown that approvimately 769, of the patients who developed
nfection 1s evidenced by change of shin tests from ne,1tive to post
tine had such 1 mild infection s to be chssilied 1s erther asympto
mauc or so mild 15 to be unrecognized  Since similar problems
exast with tuberculosis ind with histoplasmosts it appears desirable
to discuss the broad spectrum of response of the host to infection
rather thn stmply chmeal illness  The proposed classification 1s
constdered tentative at best  This is especially so since although
the disease wns only recoghized as 1 widespread problem in 1945
1t h1s now been estimated that more than 30 000 000 pcople are
infected 1n the United Stites  The chinical concepts of the disease
are changing and additional knowledge 15 being ndded each vear
Attempts at the chinieal classtfication of the discase have become
mcreasingly frequent and 1t 15 interesting that although 7 refer
ences to clinwcal classificacions were referred to at the time of the
previous classification mn 1936 (2) 4t least 1s many clinrcal classify
citons have been published 1n the last two yeus (» 10)

The basic difftculty with the easy recogmtion of the disense 1s
explamned by the fact that the disease spectrum runs all the way
from 1symptomattc or mild infection to acute fulmmating disease
to chronic cavitary discase of long duration  Simce histoplismosts
15 apparently not a new diseise 1t 1s obvious that the clinical
symptoms must mimic other discases otherwise the characteristic
clinical picture would long 1go have been recognized and
described

Agunst a background of this mimicry of other well known 1n



CLINICAL TYPES OF HISTOPLASMOSIS

Micnagt L Furcorow

Wth lustoplismosts 1s with every other infectious disease
the disease picture and climeal 1llness 15 essentinlly the result of 2
battle between host resistance and virulence of the orgimsm  Thus
the orginmism may enter the lungs and set up a mmor pal]mlﬂum‘
response skin test sensttivity may develop and the patient may
have no 1llness or minmmnl 1llness In other cises the putmonary
proliferation of the organism 1s more extensne and organisns My
enter the hilar lymph nodes and not mfrequently the circulation
In most of these cases also the chnical response 15 mild nd the
resulting development of resistance in the mdividual localizes the
orgamsm wnd overcomes the disseminated fec: In stil) other cases
the dise1se progresses locally resultin, i the development of Jocal
nodules ind even cavities usually at the stte of the ongmal pneu
monic infiltrations  Cavities are not as common as i cocadoido
mycosts In still other mdradunls the growth of the fungus seems
unimpeded and progresses through the Iungs to the regionn! Jymph
nodes and the blood strexm and the result 1s disseminated disease
often umes with a mmimal of pulmonary mhliration Here the
orgaism 1s found 1n all the ussues of the body and the prognross
1s immediately much more guarded  These disseminated c1ses M1
be roughly clusified 1nto two types the acute type 1n which the
prognosts 15 decided within the first {1 to 6 weeks and quitc often
ends fatally and the chronic variety 1n which the balance 1s more
evenly driwn between the host wind the orgintsm and the pattent
may go on with chrome dissemnated disease for 1 pertod of 1 year
ortwo However n these cases also the outlook 1s grim nd most
of them eventually succumb to the infection

Any discusston of the clinical types of histoplasmosis must 10
the opinton of the withor include 1 discussion of the entire spec
trum covering the responses of the host to implantation of the
fungus Histoplisma capsulitum  Thas s perhaps 1 broider defim

382
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384 HISTOPLASMOSIS

fections and clinical entities, an atternpt will be made to deseribe
the chinical spectrum of histoplasmosis  The classtfication might
be divided on what one might call purely clinical grounds stressing
munly the symptomanc types that smght be encountered by the
physician or 1t might be done on what could be called more ana
tomical grounds stressing the orgns which are most likely snvolved
and the symptoms which go with such mnsolvement In a prior
classification attempted by the author in 1956 the purely chnical
approich was used but increasing recognition of the pathogenests
of the disease and 1ts mimicry of tuberculosis has suggested that
perhaps 1t would be better to clssify the disease more from an
anatomical approach Accordingly the broad classification will be
divided 1nto pulmonary histoplasmosis and disserninated hustoplas
mosis exch subdivided 1nto acute and chronic vaneues  Localized
lesions and some of the less well classtfied types of infection will be
discussed 1 the subsequent sections This classificaton 1s 1llus
trated 1n Table I

‘The division nto pulmonary and dissemnated may well be
cricazed since the current concepts of mfection (see epidemiology
chapter) tndicate that practically all infecuons take place by way
of the lungs In other words the organtsms are haled and regard
less of the subsequent clinical picture the primary infection occurs
m the lungs Howeser it does appear worthwlile o dusde the
mamfestations mto primarily pulmonary and primarly systemic
or disseminated It should be stated here that the term dissemunated
asapplied 1n mycology (following the usige of Dr Charles E Smuth)
has come to mean the occurrence of lestons or spread of infectton
outside of the lungs themselves In other words the term dissemnt
mted 1s not employed in discussing mtrapulmonary disease s
1s 2 necessary qualification 1n s1ew of the different application of
this terminology 11 tuberculosts and some other diseases

ACUTE PULMONARY HISTOPLASMOSIS
Asymptomatic  Asymptomatic nfectron 18 by far the most
common type In the reports of the Smith studies referred to earhier
on coccrdrordomycosts 60% of the patients densed any 1llness what
soever (1) ITtisinteresung to note tre among Iboratory personnel
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fections and chnical entities, an attempt will be made to describe
the chinical spectrum of histoplasmosis  The classification might
be divided on what one might call purely climcal grounds stresstag
munly the symptomatic types that mght be encountered by the
physicran or 1t might be done on what could be called more ana
tomical grounds stressing the organs which are most likely insolved
and the symptoms which go with such msolvement In a prior
classification attempted by the author 1n 1956 the purely clmal
approach was used but increasing recognition of the pathogenests
of the disease and 1ts mimicry of tuberculosis has suggested that
perhaps 1t would be better to classify the disease more from an
anatomical approach Accordingly the broad classification will be
divided mnto pulmonary histopl. and d: d histopk:
moss eich subdivided 1nto acute and chromc vanieties  Localized
lesions and some of the less well classified types of infection will be
discussed 1n the subsequent sections This classificatton 15 1llus
trated 1n Table I

The divsion mto pul y and d d may well be
crticized since the current concepts of infection (see eprdemiology
chapter) indicate that practically 2l infections take place by way
of the lungs In other words the organisms are mhaled and regard
less of the subsequent clinical picture the primary infection occurs
n the lungs However 1t does appear worthulle to diside the
manifestations into primartly pulmonary and primarly systemic
or dissemunated 1t should be stated here that the term dissemnated
as applied i mycology (following the usage of Dr Charles E Smuth)
has come to mean the occurrence of lestons or sprexd of infection
outside of the lungs themselves In other words the term dissetnt
nated 15 not employed 1n discussmg intrapulmonary disease  This
15 2 necessary qualification 1 view of the different application of
this terminology 1n tuberculosis and some other diseases

ACUTE PULMONARY HISTOPLASMOSIS

Asymptomatic  Asymptomauc mfection 1s by far the most
common type In the reports of the Smrth studues referred to earher
on coccidiordomycosis 609, of the patents dented any 1llness what
soever (1) Itisinteresung to note that among J3boratory perxunncl
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of three years (12) Appronimately 309, of these persous developed
definite x ray lestons durin, the six months following conversion

Sigmificaint numbers of lesions also first became apparent at later
intervals follow ing the conversion probably associated with harden

mg or calcification of the lesions Table 1 shows the ditron which
these bigures are based

TABLF 11

Ntwerxa b1er CEnTOr HISTORLAS 118 SKIN Trs1 CONVERIERS withi PaEviovsLy
NECAnRE CHEST \ =3ys Weo DRvitortp Nrw Lt G Lisio § \rmnGro sy
Sre tonm Ermons F 11 wine THE F 11 t 19D DAYE oF ConvEmsion

Total N\umb VMo t} afte Con sersion
Ce te ni I 1
oottt fes ofP on os 61 11 193 Over2t
hY ber

Pefnte e I 1 ' o
Probable R 3 2 o 0
Q rest onat e . 1 1 1 1
Negatne 3 3 5 o 17 16

Total <t o 11 33 19 17

Pe Cent

Detinste 3 a1 12 5 o
Probatle 10 ¢ o 0
Questional le 7 4 A 3 2 6
Negatre 18 6 " bW e

Tor I 100 100 1 100 100 100

One prol at le x ray les on appear !8mo ths befo € skin test con ersion

Fig 2 shows the frequency of postive complement fixation
tests to histoplasmosis among the same group by the months after
conversion of the shin tests  Thus figure 15 based on the results of a
total of 219 serological tests on 77 histoplasmmn skin test converters
It 1s thus apparent that one fourth to one tmrd of the converters
develop erther shin lesions or < ray changes or both even though
no sertous clinical iliness could be elicited by questtoming  Indeed
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tarrly carefully studied m the hansas City Field Statton (11) who
were infected mn the course of their work approsimately 60%
admitted no illness However since some of the 1llnesses described
below will be extremely mild 1t 15 quite obvious that they could
have been missed Even among these 1symptomatic patients \ fay
Tesions are not at all unusual Since approximately one third of the
persons with positive shan tests show calafied lestons discermble
1 their xray films 1t 1s evident that at lewst this number must
develop x ray changes of 1 significant character during, their 1nfec
uon The prognosis in 1symptomatic infection s good stce if
estimntes of 50 000 000 people infected mn the United States are
correct 1t1s obyious that most of them must recover without serious
1llness or disease

Fig 1 shows the development of x r1y lesions 1mong a group
of skin test conserters followed 1n a school survey during 1 permd

251

20~

N

1
he 3

Percent with definite x ray leslons

12 18 24 over24
Mo $hs since conversion

P [ skin fest conve
with previously negative x rays who developed definite
new lung lesions by sis month perlods affer conversion

Fig 1
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or two  With more severe wfection similar symptoms are more
prolanged there 1s mare of 1 tendency for a cough to develop and
relapses my ocent of the prtient 1s ambulited too ewly  In adds
von the patient usunlly feels prosuted for 1 considerible ume
after recovery  Thrombophlebitis sometsmes with embolic pnen
monia m1y occur during the ncute phise  The x ray lestons n the
mulder type ran, ¢ from a nodule or two 1 the lungs with or without
tulir adenopithy to wmerewsing numbers of lesions usually with
hilr adenopathy (see Figs 3 to 6) The lesions are usully of a
nodular type although pneumome infiltrites are seen  In the more
severe disese 1 prcture T bl wypical g 1 s fre
quently seen with infltration finming out from both lubwr areas

Fig 3 WF ael  Nodule v ith caletfic center seen 1n left third muerspace
with enlarged hilar nodes  Serological tests for histoplasmosis positive  No
history of dine  (Courtesy of Iublic Health Reports )
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25
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3 12 18 24 over24
Months slnce conversion
Percentage of histoplasmin skin fest converters
who showed o positive (+HH) histoplasmosls complement
fixation test by six month periods following con
vers on

Percent with positive (HH) complement fixation tests
3
T

Fig 2

the only history of tllness obtamable was of the usual colds influ
enza etc so common wmong school children Some of these chil
dren may therefore hive been symptomatic nfections 1f onc could
ascertun the exact time of mfection

Symptomatic Infections  The chnical findings 1ccompanying
Histoplisma capsulatum insasion of the host ni1y be drvided nto
mild moderately severe and severe or they simply mny be classt
fied as being of varying severity runming from extremely mld
mthienza hsun, for 1 duy or two to extremely sexere non spectfic
1llness resemblin, atypical pneumonrt and Insting sometimes for
months  One suspects that the degree of illness which appears to
correlate quite well with the degree of pneumornc inftitration may
sxmp]} be an expression of the sesverity of infection or the number
of orgamisms wmhaled  In the mulder varieties the influenza like
1llness consisting of malaise and muld fever may Jast only for 1 day
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Fi, 4B Healing of the lesion by calasfcation 5 years later  (Reprinted by
permission from Rabin Coleman B ef ol Roentgenology of the Chest
Springfreld Il Charles C Thoma Publsher 1958)

that one can more treely classify to,ether the yvanous symptomatic
types of pul y hustopl. 15 that eprdemiologtcal evidence
suggests llm perhaps most 1f not 11l of the Hls(oplnsm'l nfections
are mdeed eprdemics 1t mintature there being evidence that most
nfections even among city children are acquured by visits to pomnt
sources 1nd the acqusition of the mfection at these point sources
(13 also see T prdermology Chapter)

The epidemics themselses tre dramatic instances which n the
past have been reported under such interesting names as acute
intersuitial pneumomts  (14)  cave sichnes  (15)  bat disease
(16) Tingo Marfa fever (17) speleologists disease (18) etc
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Fig 4A WF age9  Single pneumonic lesion with nodes 1n the nght mdlung
noted 1n April 1948 Tuberculin negative  Serological tests for histoplasmoss
were onginally negatrve later positive wath drop again to negative on Tecosery
No specific hustory of 1llness during this trme was obtamable Patient attended
school regularly  (Reprinted by permussion from Rabin Coleman B et al
Roentgenology of the Chest Springfield Il Charles C Thomas 1ublisher
1958

This type 15 accompanted by 1llness more severe than the 1solated
pulmonary nodules probably because more lung tissue 1s 1involved
The most severe type of symptomatic pulmonary infectron 1s the
epidemic type of diserse where multiple infiltrates are scattered
throughout 11l the lung fields and patients are often severely 1ll
requinng hospitahization for periods of weeks or months With
symptomatic histoplsmosts the onset 15 usually acute becorung
more clearly evident with the epidemc type of disewse  The reason
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Fig 7% WAL a,e 6 Film of October 4 19,0 revealed muluple soft pneu

monic infitrated with pentular wlsdiraton especally evident m nght fang

“Fubereulin son tests negatne histoplasmm postne  (Repronted by perms-

son from Rabis Colemin B ef al togy of the Chest Sg 1
I Charles C Thorray Publesher 19a8)

It appewrs that most cises reporzed 15 healed nubary tuberculosis
are 1 fact healed multary hastoplismons

The physwcian s often struch by the vanation 1 chmeal thiness
in a single epdemic (20) and by the vastety of xray lesions seen
from avery few to what 1ppers fo be im ol ement of most of both
ung helds {21} 1¢ 15 on thss basis that the postulate 1s made that
most histoplismosss is contracted t pomt sources nd thit the
various chinical mamfestattons depend to 4 large extent on the
degree of resistnce of the host 1nd the number of orgamsms
1haled

For some rewson 1t appears that most of the epidemucs have
concerned young adults workmen soldiers and persons of that
type  Whether young previously uninfected adults suffer 2 more
sesere chinieal response to the disense than persons of younger ages
hias not been determuned  Howeser 1t 15 clenr that among family
eprdemics the most severe disease tends to occur among the young
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Fig5 WM age6 Greatly enlarged mediastinal node on nght with small
infiltration night second interspace  Child became 1ll with colds about 1
month ago with fever and nuld cough Symptoms perststed for 6 weeks
Tuberculin negauve lustoplasmin Pposttine serological tests for histoplasmosss
strongly positive
Fig 6 WM agels X ray November 4 1916 Marked penthilar mhiteation
bulaterally with atelectasts of night lower lobe  Patchy infiltrates i left second
and third and nght midlung filled Subsequently required lobectomy of mmddie
lobe  Cultures of resected lobe negatsve Histoplasmun positine  tubercubin
negative serological tests for histoplasmosts repeatedly posttive

Indeed one recent author has gone so far as to suggest that perhaps
the curse that rccompanted the openung of the Fgyptian tombs
{ the Curse of king Tut ) might well hne been histoplasmosis
(19) Theepidemics are indeed strihing occurrences smce the acute
onset the coincidental exposure of a number of persons and the
severty of the discase usually lead the physician to suspect the pont
soutce prior to the 1ctual demonstration of the enology 'The wide
spread pulmonary infiltrations (Fig 7A) 1re also now known to be
characterstic of this type of diserse 1nd indeed are the only type of
x ray changes it lustoplisinosis which can be 1egarded as character
astic This type of pulmoenary change results after the passige of
time 1n most cases 1n the devclopment of healed milinry erlaifier
tion of a type formerly called healed mlinry tuberculasis (Tig 78)
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CIRONIC PULMONARY HISTOPLASMOSIS
(Progressnne Cavitary )

This disease 15 of extreme interest since at the time of the pre
vious report in 1956 only 15 cases had been reported in the hter
ture and the problem was just developing It 15 now quite obvious
that this problem s of extreme importance i tuberculosis sintora
tiroughout the whole country (21) Surseys have been conducted
1 37 santoritn 2§ states A total of almost 20 000 ser1 hve been
tested and more than 1000 positive serologictl tests have been
found The frequency of positive serological tests mcreases with
the frequency of lustoplismin sensiivaty n the aret varying from
29, 1 arens of low sensitivaty to more than 7%, 1n areas of high
histoplsmun sensitnvity - Since more than one third of these cases
cn he demonstrated to be active disease by careful cultural studies
1t 1s quite obuious that this 1s 1 matter of great sigmificance to the
medical profession  Between 1 and 297 of 11l admissiens to one
Sanatorum in Missourt and 29, in Tennessee c1n be proved to have
active pulmonary hustoplasmosis by culture The symptoms of
<hronic pulmonary histoplasmosis resemble 1 every way those of
chronic pulmonary tuberculosis namely cough sputum malasse
mild fever and loss of weight Bloody sputum 1s infrequent In
weneral the patient s symptoms are mild and are characterized by
exacerbations and remussions  During the remssions the patient
feels reltinely well The exacerbittons are characterized by the
onset of what 1s thought by the patient to be mfluenzz at which ume
new areas of the lung are found to be mnvolied The pauents are
usially in the older age group and many show a record of previous
hospital admussions  The disease 15 chronic and tends to progress
over the years (Fig 8A and 8B) Recent studies of 87 cases followed
for three years or more indicated that 79%, hnd progvessed 1nvols
g more areas of the fung than were tvolved when farst observed
(13 9) The duration my be for as Jong as 20 years depending on
the rapidity of progress of the disexse  Relapses are usual and many
of these patients obs1ously would be found 1n santorir The lab
oratory tests show positive shin and serologcal tests and positive
results by culture The sputum 1s not frequently loaded with
orgamsms 1nd no difficulty 1s encountered 1n most cases 1n 1solation
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Fig 7B The calafication which appears with healing 4 years later makes

evident the extent of the pulmonary nvoliement  Thus boy was absent from

school for an enure year with cough headache and pamnful jornts  Both tuber

culosss and fustog were but no d because

of slow clearmg of the lesions  (Reprinted by permussion from Rabin Colemm

B etal Roentgenology of the Chest Springhield 11l Charles ¢ Thomas
Tublisher 1958)

adults or adults 1 contrast to chtldren This may be because of
heavier exposure of the adults

Histoplasmoma A development of extreme interest 1n regard
to the ulumate fate of the acute pulmonary nfiltrauons due to
Histoplasma is the finding of pulmonary com lesions or histoplas
mom1 as they h1ve been called by hatz (22) The onigmal connec
tion of these granulomata to histoplismosts was first reported by
Puckett (23) whoindicated thae histopltsmom tis the most cominon
granulomatous leston occurring 1n the lun,, Fxpertence n 2 num
ber of different surgical climics his shown that up to 80%, of the
coin lesions remon ed because of confuston with possible Jung cancer
hve reserled Histoplasma capsulitum with proper stumng  Stee
calafication commonly develops tn Histoplisma fection the
presence of calaificatton 1s evidence in favor of the histophsmic
ongin of these com lesions
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Fig 9 N age 56 from an Hlinoss hospial - Onset 15 months belore with

chest cold  Hustoplasmin shn test negatine  Complement fixation test for

histoplasmosis positrie  Cultures posiene for H capsulatum  Bilateral pul

monary nfiraton and cavitatton insolung the upper half of the right lung

and medeal half of lefr lung  (By permussion of the \mencan Academy of
General Practice }

Fig 10 W M age 69 from a hansas hospital  Tubereuhin negatne histo-
Plasmin posiise  Four negatne sputums three negauve gasties for tubercle
bacilli X ray shows mfiltrauion and cavitation sight upper lung scarring and

laifs left base  Hustop cap ulatum repeatedly 1olated from the
sputum  (By penmusston from the American Academy of General Practice)

arculition thae the patient dees of arculatory or respiratory diffr
culues more than from actrve histoplismosts  However 1 many
paients the disease progresses ind eventually dissemunates just
prior to death

ACUTE DISSEMINATED HISTOPLASMOSIS

In many ways 1t 1 unfortunate to separate acute dissermnated
histoplasmosss from acute pulmonary histoplasmosts since the
portal of entry i most cises 1s presumed ta be the lungs Howeter
Christie (25) has indicated that 1t 15 also possible that some cases are
infected by way of the gistromtestnal tract At my rate the char
acterstics of disserminated disease tre that the organism 15 disserm
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Fig 84 WAL age 50 jears natneof Jows \ray Jupe & 1939 shows arked

confluens snhltration of the feft midfung with 3 very large cavity medsally and

other pasuble cavtties  Scattered infiltrates are scen i the night lung especsaliv

the upper Jobe  Panerct had had known chest disease for 3 years suspected of
being tubercuions but never praved

Fig 88 Nray taken 19 yeats after Figure 8\ Marked progresson of the

disease on the left 1 seen with destruction of most of the left Jung  vpseat

miltration and cavitztion 15 seen on the nght  The patient has negatise

tubercubin and positse Mustoplasmun skin tests  His spotum has been reprak

edly poutie for and has gscal tests for Iustop are
postitve Workup for wberculoss negaue

of the orgamsm from the sputum  The x rays mn thus ty pe of discise
show fibrotic mfiltsacion usually of the apsesl areas of the lungs
progressing to curtatton  Baltteral pulmonuy canitition s ex
tremely common sndeed typical 1s the disease rdvances Calehed
testons re frequentcly abserved i the st areas suggesting that
perhaps this 15 3 ve mlection type of diserse snce many of these
pattents 1re negrtiv e to tubercshin (fig 10)

The course of the disease 15 chrome mnd usually termimates
fatally ~hthough the progresstie wnohiement of the lungs may
result 1n so much destruction of lung ussue wnd obstruction of
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Fig 9 N age 56 from an Hhnoss hospreal - Ouset 15 months before with

chest cold. Histoplasmen shin test negatne  Complement fixation tese for

hustoplasmosis postne  Cultures positne for 1 cpsulacum  Dilateral pul

monany mhltratryn and cavitation invohung the upper haif of the rght lung

and medual half of Jeft Jung  (By permussion of the American Arademy of
General Practice )

Fig 10 W M age 69 from a hansis haspital  Tubercuhin negane histo-
plasmun positine  Four negatnve sputums three negauve gastries for whercle
baciili \ ray shows infiltration and cavitauon fight upper lung scarnng and

Ieft base P ty ssolated from the
sputum  (By permission from the Amencan Acidemy of General Practice )

arculition that the patient dies of circulatory or respiratory diffx
culties more thn from actise histoptismosis Howeter m many
pients the diserse progresses and eventunlly disseminttes just
prior to death

ACUTE DISSEMINATED HISTOPLASMOSIS

In many ways 1t 1s unfortunate to separate acute dissemnated
histoplismosis from acute pulmonary histoplasmosts stnce the
portxl of entry 1 most cases 15 presumed to be the lungs However
Chrstie (25) has indicated that 1t 15 also possible that some cases are
fected by way of the gastromntestinal tract At any rate the char
acteristics of dissermnated disease are that the organism 15 dissems
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Tig BA W \I ageadyears nanseoflona \ ray June 6 1939 shows marked

confluent mnfrtration of the ielt midlung wich a very large cavity medially and

other possibje cavities  Scatteted infiltrates are seen mn the right lung especally

the upper lobe  Pauent had had known chest disease for 3 years suspected of
being tuberculoss but never proved

¥ig 8B \ray wken 19 years after Figure 8% Marked progression of the

disease on the left 1 seen with destruction of most of the left ung  Apieal

mitltration and cavitation 1s seen on the might The patent has negatne

and posttnse pl shin tests  His sputum has been repeat

edly positve for H capsul. and his serologreal tests for pl: are
posttne Workup for tuberculosis negatse

of the o1ginism from the sputum  The x rass 1n this type ot disease
show fibrotic infilirition usually of the apical arevs of the lungs
progressing to cisttatton  Bulateral pulmonary casstation 15 £
tremely common mdeed typrcal 1s the disease 1dvances Calafied
lesions are frequently observed in the hilar areas suggesting that
perhaps this 15 a re mfection type of discase since many of these
patients are negative to tuberculin (Fig 10)

The conrse of the disease 15 chronte and usually terminates
fatally although the progressive Involvement of the Jungs may
result 1 so much destruction of lung nissue and obstruction of
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CHRONIC DISSFVMINATED HISTOPLASMOSIS

Thus type of disese 1s Just beconun,, recogmzed and 1s chare
terized by the presence of disserminated disese of 1 rither chronic
nature Indeed cases of this type hase been known o e for three
or four years with local or geneithized evidence of Histoplisma
mnleciion  Chronic dissemination appears to be more common 1n
adults thn i chuldren  This type of disease 1s most frequently
found among tients sulfering from other discases such as tuber
culosis Hodghin's disease leuhemin or stmilar chronic diseases
The disese 1s extremely diflicult to differentiate from the lypmho
matous disorders becuse of the enl irpement of the liver spleen and
lymph nodes which may occur  In addition the growth of the
{ungus 1n the bone marrow may distort the blood cell picture so 15
toresemble leukenmi even further

In mny cises of chromic dissermnated histoplasmosis the
adrenil glands m1y be nvaded mnd indeed destroyed by the fungus
Thus results m the rddiuon of Addison's disease to the patients
symptoms Hence easy fngueabily low sodium levels 1n the
blood and hyperpigmentation of the shin should be looked for and
mdeed expected In many cases the adrenals at autopsy appear
completely destroyed by the gtowth of the fungus  Quute frequently
the disease 1s first diagnosed by the finding of 1 mucosal or Iryngeal
vlcer which when biopsied reveals H capsulitum  In most of these
cases when careful exymnation 1s done other signs of dissemmna
tton will be found such as enlargement of the liver and spleen
positive serological tests positive blood cultures etc In our expert
ence these lestons are not benign and while the disease may be
present 1n a chronic form for periods of several years the pauents
all ulumately died of hustoplasmosis with the exception of a few 1n
the past year who have been treated Contrary to our experience
Christie (3) reports that some mucocutaneous lesions are bemgn
Patients with dissemination may or mav not show pulmonary

mvoliement  They quite often have other diseases and their course
1s 1n general prolonged However as mentioned before the dis
ease does tend to disseminate terminally and m our experience
usually end fatally

We now come to discussion of the less frequent types of histo
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muted thraughout the body by way of the blood stcam while the
pulmoniry mamfesttions are few or absent It has slonly emerged
tht cases of acute disserminated histoplismoss are not always fatat
s previowsly suggested (26) Therc appear to be 3 posstble out
comes—~the first~recovery  the second—~acute dissermination with
rapud fatal outcome and the third—chronic dissenmnation with it
mnte death but only fter 1s much as f yews The characteristcs of
the acute dissermnated disese re thit lung lestons are often rela
mely few or mconspicuous whereas the signs of systemic disease
sprhing temperature often up to as high as 10, or 106°F hepato
megaly and splenomegaly are ¢ In the pred: ]
gastro mntestnal type dinrehea 1s 2 common symptom  In dissemt
mted disease the chest x r1ys may be negative although usually at
utapsy pulmoniry foa are discovered Dissermination 1s more
common 1mong the very young nd sery old possibly becawse of
lowered reststance in these age groups  The frequency of ths type
of disease 15 unknown since misdingnoses are not uncommon and
often dragnosts 1s made only 1t autopsy The duration in acute
disseminated lustoplasmosts 1s ordmanly 6 weeks or less If the
duration 1s more than 6 weeks the case ts arbitrarty clissed
chronic  In disseminated disense shin tests 1re often negitive pos
stbly becruse of the high temperature or prostration Serological
tests are almost 1Inays posine s 1s culture of the blood or bone
marron  Prognosis based on the ountcome which 1s of course
merely a measure of the resistance of the host divides these cases
nto benign 1nd progressive  Lven 1n the earliest reports of histo
plasmosis cases are found of dissemuinated disease i which recover}
has taken place (27) With the mcreasing recognztion of the disese
the frequency of non fat1l dissemination 1s increasing (See chapter
on epidemiology) However it sull remuns tiue that 1n the pro
gressive type of acute d d lustop! the prog 8
extremely grave and most of these cases die mn 1 short time In
luldren acute dissemmated progressive disease 15 quute frequently
manufest by diarther and predommnantly gastro intestnal symp
toms This occurs occisionally m adults but 1s unusual as the
author has only seen two cases of this type 1n an experience mvolv
ing several hundred cases
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Fhis has been reported 1 1 number of cises ind we have seen sev
eral cases oursclies (35)  In addiuon f the nodes happen to sur
round the bronchus constriction s not uncommmon with hetling and
atelectasts and hionchiectasis s the result  Sometunes the bron
chiectasis 15 merely mechamend wnd 15 not accompimed by e
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Fig 11 WA age 16 Chest xray Julv 9 1958 reveals thick watled cavity

with apparent Buid level in right midiung  Several fhun v alled areas suspected

of cavity nearer hilus  Other arets m first interspace and hilus appear to be

calafying  Tuberculin negati € histoplasmin positine serologic tests for histo-

Plasmosis po ttne  Thus represents ¢ne n a semes of X rays showing several
areas of i liruon alternating with thin or th ck walled cavinies
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plismosis which perhaps should not be digmified by the terms of
types  These are vanseties of disease whose etolo,y 15 unquestioned
but frequency and importance are 1s yet unknown

Cutaneous Histoplasmosis  This will be discussed s exther
prmary or secondary  Due to the studies of Wilson in cocadiodo
mycosts (28) and Schwarz and Baum (29) and Wilson (30) 1n blasto
mycosts there has been considerible intcrest in premary or
moculauon lustoplsmosis This type s characterized by 1 localized
chanere ike lesion at the pomnt of moculation ;1ccomp:mlea by
enlargement of the regional lymph nodes Tt 1s extremely uncom
mon 1n hustoplasmosts Curtis and Ciwley (31) havng reported the
only 2 known cases 1s penile lestons We hue seen one other
possible case 1n 1 laboratory washer who developed an indurated
ulcer on his finger with regional lymphodenitis while handling
Histoplasma 1n the labortory  His shin test comy erted to positne
an xr1y lesion developed n fus Tung and lus serologic tests for
histoplsmosts became posttine  Three othier cises showing only
cutncous imohement but without the chmncre form lesion of
regional adenitis have been reported 2 from England (32) wnd one
from Australia (33)

Secondary mvolvement of the shin and mucous membranes
accomprnying disseritnation 1s ot uncommon occurrng in per
haps a third of the reported cases Such lesions ue usunlly part of
a progressine disense and the outlook 1s poor 1lthough I ooslt (4}
states that transitory dissemmmation of the fungus with shin and
mucous membrane lesions have been observed during the course
of acute non fatal pulmonary histoplasmosts rcquired m the labort
tory  Christie (3) also reports a non fatal non progressie form
with mucocutancous lestons  This subject his been reviewed by
Brum ez al (34)

Broncholiths, Bronchectasis and Middle Lobe Syndrome It
would be expected that with the frequency of cilafication so com
mon 11 histoplsmosis (30%, of posiiye shin test reactors) one might
frequently find Jesions 1 the hilar lymph nodes This m1y lead
with the passage of time to the breakdown of these calaified lymph

nodes which discharging into the branchus produce broncholiths
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histoplismosts (36) At other times active lustoplismosis accom
prnes bronchicetasts with positive sputum ind serologic tests The
exct degree to which histoplismosts 1s importint as 1 cause of
bronchiectrsis hias not been fully determined

Another pithological ety of extreme mterest 1s medistinal
fibiosis lexding to obstruction of the supertor vent cua This
entity h1s only recently been 1ecogmzed It was first reported by
Grllespie (37) Muller (38) hs reported two cases nd has 2 adds
tonal Cises (39) 1nd one has been scen i Cincinnts hospital while
Lt Col Richud R Tuylor at Iizsimmons Hospital has 7 addt
tonal cases (10) This ty pe of disease 1s char wterized by progressive
obstruction of the superior ven1 c1vt with or without ictive pul
monary diserse In all of these cases satusfactory pathologeal evt
dence of hustoplismosis s demonstrable  However the pnho]oglca\
picture 1s characterized by development of ¢ xtenstve firm fibrosis
which s extremely difficult to handle surgically  Whether this
represents chronic mfecton or whetheratis a restdual type of dis
ease 15 unknown but 1t does ppear to be a problem which should be
brought to the attention of pracutioners Speiking of the develop
ment of fibross i this type of infection one cannot help but won
der about the 1mportance of histoplasmosts 11 chrome pulmonary
fibrosts

The shellig out of mfiltriuons 1n histoplismosts has not been
frequently reported  However White ef al (41) report the occir
rence of 3 cases 1 which civines developed m nodular lestons e
have seen seseral cases of this occurrence and one 1s shown 1 F1g
11 However 1t 1s quite apparent from many reports that the
shelling out of nodular lesions 1s rare n histoplasmosts 11 marked
contrast to coccidioidomycosis
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THE DIAGNOSIS OF HISTOPLASMOSIS
W D Suruisy

’EIC diagnosis of histoplasmosis has become practical and
most internists in the area of hugh endemicity have recogmzed one
or more cases The greatest strides 1 the past ten years have been
made 1n the recogmtion of the clinical manifestauons and repre
sentative series of various climeal types have heen reported with
sulficient detail to form the basts for diagnosts  Although defimitine
etiologic dragnosts of histoplasmosis remains dependent upon spe
afic methods dragnostic procedures such as cultures of Histo-
plasma capsulatum serologic tests and shin tests are no longer
considered exceptional or difficult Only asymptomatic cases or
cases with another obvious specific disease such as tuberculosis
bronchiectasts  sarcoid ike  or  middle lobe syndrome due to
H capsulatum are likely to escape recogmtion today

The change 1n our diagnostic capabilities with respect to histo-
plasmosis 15 of such recent origin that 1t may not be out of place to
describe some of the steps taken 1n arrivang at the present situation
Histoplasmosis was first described as a rare mabignant tropical 1n
fecuon Isolation of the microorganism was achteved 29 years after
1ts first description Duning the first forty years few cases other
than those terminaung fatally were described  The protean nature
of the manifestations of fatal cases led to the recognition and report
of one ora few casesata tme  The vanous clinical types of histo-
plasmosts were recognized only after groups of cases were collected
Acute disserunated histoplasmosis 1n 1ts severe form was described
farst (1) Acute pulmonary histoplasmosts was sought and found
after epdemiologic studies showed that such cases probably oc
curred in large numbers in the endemic areas (2 3) The symptoms
and phystcal signs of acute pulmonary histoplasmosts were described
as a result of surveys of normal populations (4) 1s a result of the
observation of epidermics (5) and as a result of the description of
occupational infections in labortory workers (6) Chronic pul

40



404

2
3

3

-3

31
32

3;

o

3

37

w
k]

39
40

HISTOPLASMOSIS

Schwarz J and Baum G L. Rlastomycoss Am ] Chn Path 21939 10°%
1951

Wilson J W Cawley E 1 Weidman F D and Gilmer W §  Prmary cuta
neous North American blastomycosis A.M A Arch Dermat 713945 190

Curtis A C and Cawley E | Gental hustoplasmosis | Urol 57 1947

Symmers W St C  Localized cutaneous histoplasmosts  Brat M 2790798
19,6

Johnson D W and Dernck E H  Histoplasmosis  Report of an Austrahan
case M ] Australia pp 18 523 1918

Baum G L Schwarz ] Brumns Slot W J and Straub M Mucocutaneous
tustoplasmosts M A Arch Dermat 16 £8 1957

Furcolow M 1 Unjubhshed data

See Figure 6

Gillespie J BB Superior vena caval obstruction i childhood Report of a case
secondary (o hustoplasmosts  J Pediat {9 390 325 1956

Miller D B Allen S T Jr and Amidon E L Obstruction of the supertof
vena cava presumably due to histoplasmosis  4m Rey Tubere ¢ Pulm Dis
77 818 857 198

Miller D B Personal communication

Taylor Lt Col Richard R 1 ersonal communication

White F ¢ Chronic pulmonary disease i histoplasmin reactors A review of
229 cases drscovered thirough chest chmc examinations Am Rer Tuberc 72
274 29, 195,



THATOUE 45MO51S 40

(3) Chirotie pulmonary histoplasmosis (usually ranfection)
(1) Chromic extripulmonary hustoplismosts (ranfection)

1 Mucocutaineous

b Of endocudium

¢ Ofadremiglinds

d Ofcentra! nervous system

e Of other organs or tssues
(5) Disscnunated histoplasmosis (primry or remfection)

Asymptomatic lustoplasmosis relers to cases m which evidence
olsnfection often 1ctrospectine is present but in which lness due
to lustoplismosis 18 not recomured - Since 8097, of adult populations
n arens of lugh endemicaty may be found to rexct positively to
Histoplsmin shin tests the number of such a5y mptomatic ¢ases must
be great but they are generlly outside the pra ucal nterest of
either pattent or physician - A person wha s converted the husto
plisiin shan test fiom negamn e 1o 1 defimiely positive revcion e
be ssumed retrospectisely 1o have cxpertenced 1 subchnical infec
tion with H capsulttum I 1ihewise 1 retrospective diagnosts was
made 1n the presence of striking ealafic nodules (8) 1 persons
g 10w ren of high madence ns follows (1) the primary
complex with 1 comparitinedy large calaifred nodule 1nywhere n
the lung parenchym 1nd 1 caloifted nodule m the adjacent hilar
lymph node sometimes 1 to 4 cm 1n size with suail shell Tike conso
lutions (2) dissenunated small rounded miltwy calafied nodules
evenly distributed in the lungs (3} stmtlar miliary caleified nodules
n the spleen or (4) compirusely large solitary nodules in the
pulmonary parenchyma which were due to mactive histoplasmosts
The retrospective diagnosis of previous 1symptomatic infection can
be more firmly established following an epidemic when the patient
has had opportunity of exposure to a proven source of mfection
Data on symptomatic nfections in the hterature usually concern
Patients with pulmonary infections but 1t 1s assumed because of
lesions sometimes found 1n the gastrointestinal tract mn dissemi
nated disease that some part of the asymptomatic infections may
lso depend upon the gastromntestinal tract as the portal of entry
It should be noted while considering 1symptomatsc mfections thae
the reco mtion of splenic calcifications 1s restdual mamifestations
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moniry histoplismosts had to be distinguished from chronic
pulmonuy tuberculosts bath by exclusion of tuberculosis and by
delmtive dignosis of histoplasmosis follow g, surgicl excision of
lesions and the demonstranon of H capsulatum i pulmonary
tssue (7) A slow nccumulation of mdividual case reports defined
the clinial mamifestations of chronic disseminated histoplasmosts
and extrapulmonary forms such 1s the mucocutineous variety

NOSOLOGY

As 1 1esult of the seprrate description of the chimcal varienes
ot histoplismosis thetr nosology has not been umiform  Physicians
describing the disseminated disense used the concept of a spec
trum  of chmeal mamfestitions for which two extremes were
dearly defined such as nuld locahized diserse 1t one end of the
spectium and severe dissemmated discasc at the other  Another
terminology emphasized muld and severe forms of disease nd the
presence o1 1bsence of progression  Another terminolo,y defined
primary nd reinfection histoplasmosts as these terms 1re used for
tubciculosts The author has tended to apply the principle that
matomic location of the lesions together with the rcute or chronic
character of the course take precedence over other designations
T or the purpose of this chapter such a plm has functional advn
tges 1n that the first step in diagnosis 1s the recognetion of 1 group
of symptoms and physicil signs reliting to the natomic site of
imoliement 2nd 1t 15 on this basis that ctiologic stuches re then
cuned out  Accordingly syndromes are emphasized 1n the plar
that s outhned below The primary or remnfcction charicter of the
case 15 indicated only by additional adjecuves as 1t 1s determmed
following the wcumulition of complete evidence Prognostic con
cepts such 1s progression e left for separte constderation in ewch
case s they are related more directly to the presence of dissemind
tion or to sertous complicitions  The terminology below 1s used
for the purpose of making dhagnosts easier n this chapter and
without prejudice to the many other excellent schemes for classify
mg the chinical ty pes of histoplasmosts s follows

(1) Asymptormitic histoplasmosis (primary)
(2) Acute pulmonary Iistoplasmosts (usually primary)
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Fig 1 Roentgenogram of chest  Acute pulmonary histaplasmosis  seventh

day  Diffuse mouled infilrations and moderate hilar lymphadenopathy

(From Rier Jobn B etal JAMA 135 1250125° 1951 Reprinted 1y
pernussion of author and journal)

%33 no history of previous histoplasmosis and no residual pulmon
ary or lymphatic eilafied nodules and specific shin and serologic
tests were negtine durin the first three to four weeks of 1llness
Ina few acute pulmonary cases the evidence indicated remfection
There was evidence of previous histoplasmosts consisting of a pri
mary complex or other calcific lestons and speafic shin and sero
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of primary mfection usually with concomitant pulmonary residual
lesions 1s esidence that generalization occurs 1n some asymptomatic
miecuons

Acutc pulmonary lustoplasmosis 1s recognized by symptoms
and stgns that resemble the course of atypical preumoma The
history of exposure to infected matertals from which H capsulatum
has been cultured 1s sometimes avarltble and uds in the diagnosis
The following sites and activities (9) of patients have been implt
c1ted 1t the pornt of source of epidemtcs and may be consrdered of
posstble diagnostic significaince m the histories of patients shovel
ng pigeon excrett 1t a schoolhouse or 1n a water tower gathering
chicken manure cleamng or tearin, down 1 chicken house work
ing about turkey roosts clerung firm buldings mking a wood
fire 1n a storm cellar or 1 1 farmhouse children playmg about 2
farm or mn a hollow trec diggmng m soil 1 the woods to get fish
worms or 1n 1 cave sifting garden dirt It has been postulated
follow ing contemplation of this data about the pomnt of source of
epidemcs that the presence of dusty materal in a site that has been
alternately damp and dry and 1s enclosed are features common to
many such sources

Patients with acute pulmonary histoplasmosis became i with
fever sweats nonproductise cough and faugue from 7 to 21 days
after exposure Some of the patzents had chills at the onset burnmg
chest pamn and anorexta some lost neight and were very weak The
symptoms disappeared 1n from a few days to two weeks mn most
cases  Roentgenographic pulmonary lesions were often dsffuse
mottled denstties from 1 to 2 ¢cm 1n drameter unsformly distrsbuted
throughout both lung fields Some had a single or a few infiltra
t1ons located 1n any part of the lung freld All had enlarged hilr
lymph nodes either bilateral or unslateral The pulmonary changes
tended to persist for from one to three months or in some cases
residual granular thickening of the pulmonary mirhings was noted
The sites of the lesions tended ta calafy after 18 months to three
years or longer both 1n the lung parenchyma and 1n the Iymph
nodes

The majority of acute pul y cases of Justoplasmosis de
scribed 1n the hterature appeared to be primary tnfectsons ‘There
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Fig ® Roem

after onset

Tight Muly,

on the right and an ular caleiied nodales B 5 cm 1o drameter m hilum and
lesi non the left  Left hitum displced upwards

Lenogram of chest Chromic pulmonary hustoplasmosts 19 months
Budwteral apical fibrocavitary di ease  Cavity 4 em in diameter on
ple cavities |5 cm in dsamcter an the left Muliary calaibied nodules

remarkable n ihat hintle extripulmonary myolvement was found
I cases of chronic pulmonary lustoplwsmosts H capsulitum was
Present 1n Irge numbers and was readily 1solated from the sputum
of cases v 1th chiromic fibrocas itary histoplasmosis  Serologic tes s
and histoplasmun skun tests were positrve with very few exceptions

Confirmation of the dragnoss of chronic pulmonary histoplas
TMOSIS Was unsatisfactory in from one half to two tlurds of the cases
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logic tests were postuve when first performed  In such cases the
pulmonnry lestons were apt to be small and sharply demarcated
sometimes sulitry 1n apperance 1nd without hular lymphaden
opithy

Acute pulmonary histoplismosis cases  both primary nd
remnfection had 1 good prognosts

Collection and culture of material to which the patient was
exposed was often of vilue m identifying 1 capsulatum as the
etwlogic agent (sec under exposure helow) Sputnm gastric
washings bone marrow or biopsted lymph nodes especially if
obtuned early 1 the course of the symptomatic disease were only
occastonlly the source of confirmatory positive cultures

Clnome pulmonary histoplasmosis was recogmzed more fre
quently 1n hospitalized adults than other clinical forms of histo
plismosis  The followiny, thumbnul description of chironic pul
monry histoplsmosis was bsed upon a sertes of cases with
hibrocavitary lesions dirgnosed with the d of positnve cultures of
H cipsulatum (10) The diserse occurred most often among
farmers It began msidiously or with symptoms of pharyngrtis or
pneumonia usuilly with fever The course was chromc with
chronic cough mucopurulent sputum weight loss chest pun
weihness 1nd fatigue as the puncipal symptoms Roentgenology
showed the lesions were nearly always in the apical portion of one
or both lung fields Marked fibrosis of the pulmonmy lestons led to
displicement of the trichet and hilar structures toward the res
of mwaml involvement Cavittes were demonstrable often multt
ple and small m size someumes lrge and thin walled resembling
bulle  Acute or chronic complicating pulmonary 1nfections 2550
crated with the presence of bactertn such as Klebstell1 pneumonite
or Miciococcus pyogenes aureus were observed 1s well as pulmon
iy tuberculosts The most frequent comphcations were emphy
sem nd fibrosts assoctated with dyspner on exertion  The course
tended to be stable n over half the cises  An unfro1 1ble outcome
was usually associated with complications such s snfected pul
monary bulle emphysema etc  but not with active spread of
lustoplasmosis Likense repeated observations such as bone mar
row nd lymph node cultures and postmortem studies were
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Fig 3 Chronic disemmated histoplasmoss Mucocutmeous papulo-ulceratie
tesions of kps I ner splecn bane marrow and adrenal glands alsa imatved

In mucocutaneous histoplasmosts (1) the prinapal sites of
molement were the oral cavity the hips the fwaal piifus the
tonstls the pharynx the tongue the buccal mucosa the larynx and
the skan where ulcers or nodules were seen  The lesions tended not
to betender but developed as papules and ulcerated leaving a firm
margin without celtulins or secondyry bicterial infection  In some
cases marked involhiement of the regiontl lymph nodes stmulated
fumphadems due to tuberculosis Hodghan s disease lymphoma
or sarcord

In endocardial hustoplasmosts (12) the signs of changing, mur
murs high mtermutent fever embolt hematurir clubbing of the
fingers anem1n or splenomegaly dominated the picture as de
sertbed 10 7 of 10 cases by Merchant  Valves imvolved 1n 10 cases
were worie 5 tricusprd 3 soatval 1 and mnral and aorne

Histoplasmoss of the adrenal gland (13) reproduced exactly
the symptoms of Addison s disexse due to the complete destructon
or replacement of the gland by a cuseous mss Such patents were
apt 1o have some lesions of mucocutneous histoplasmosts bur 1
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becuse sputums and other macrls submutted for cultures were
persistently negatne ind bronchoscopic specanens and broneho
scopic obscrvations and broncho,rims disclosed no confirmatory
wformion ind no resomble di wnostic alternative  In such
CA8C5 1 W3S necessary to consider the diagnosts fess well established
than in cases with posine cultures The term presumptive wis
added to the dingnosis of chronic pulmonary histopl ismosis when
exammtion was thorough ind was neg wtave for other conditsons

Other chronic pulmonary lesions were less common and gen
erited diffcrent sets of symptoms nd  r findings Pleural effu
sionsdue to H capsulvium were rare The histoplismoma a com
leston  usually wath sttppled or central 1odular or concentrnic
rings of calufic maternl occurring in any part of the lung was
sometimes asymptomatc but was often studied thoroughly to rule
outneophsm  Histoplasmosis of the mediastinal Iymph nodes with
mediastimus was sometimes sufficiently extensive to produce ob
struction of the supertor vent cava Histoplismoss of the lymph
nodes adjcent to the mayor bronch 1lso tended to produce obstrur
t2on which w1s reported more commonly to affect the right middle
lobe wath the production of middle lobe syndrome and 1n some
cases bronchiectisis  Specimens of excised pulmonan lesions or
miected lymph nodes were usually necessary for the defimuse
diagnosis through the demonstrauon of H capsulatum i these
forms of chromc pulmonary histoplismosts

Nearly all pauents with chronic pulmonary histoplismosts
lived and worked under conditions of repeated exposure to possible
sites of mfectton usually 1bout farms  Most did not recall any one
hewy exposure before the onset and 1n some cases the onset w1s
so gradual that 1t could not be preaisely dated It seems reasonable
to suppose that endogenous remfection was often the cause of
chromc pulmonary histoplasmosis However no defintte conclu
sion 7s to the occurrence of endogenous or exogenotis remnfection
was usually possible 1n individunl cases

Extrapul y fustopl was occasionally localized 1n
one or a few organs or sites namely mucous membranes or skin
endocardium  adrenl ghind meninges ete The symptoms were
those related to the site of the leston
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1915 Followm, 1915 1 larget proporuen of the reported cases of
all types wre reported annunlly 2s recosering from histoplismosis
Such recoveries were more frequent an adults and were it to be
associted with less rcute and less extensive disseminaion The
prognosis was related to the 1cuteness of the symptoms and to the
degree of dissemmation

When the astromtestinal tract (16) was imolved the jeju
num cccum and colon were imolved i disseminated lustoplas
mosis nd diarther melent anoreva naser and vomiung some
umes dominated the climeal picte Shull (16) described nvolve
ment of the smll bonel large bowel or iser in 16 out of 21 cses
comung to postmortem 1n \ashville Tennessee  Ulcers with 1 firm
base 1nd margin were present m or ibout the anus or were visible
on proctoscopy  In some cases broad flat papules were described in
normal bowel mucosa n some of which ulcers developed One case
of fat1l hemorrhage from 1 duodenal ulcer with active Testons of
histoplasmosts was described  oceurning during the course of dis
serunated histoplismosis

Bone marrow specimens were the most profitable source for
demonstration of H capsulitum n disserminated histoplasmosis
\Microscopic exammmation and culture of lestons were also produc
tine such s lymph nodes Iner spleen lung mucocutaneous
lesions The stools sputum or blood were nlso posiive m some
cases

AGE, SE\ RACE

Cases of histoplismosis occurred at all ages There was a rela
tively high inadence of the disseminated form of the disease in the
first year of life which equalled that in 10y other decade  Incidence
wis agmn high 1n the fifth and sixth decades  Up to the 1ge of ten
there was no sex difference but after puberty males predomimated
Conversion of shin reaction to positive occurred most trequently
from a e four throu,h 1,e e1,hiteen 1 endemic areas No racral
predisposition was reported
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1ppers possible that some of the cses of adrenocorttcal msulfi
clency without 1pparent complicating lestons of exther tuberculosis
or hustoplismosis my hne had hustoplasmosis and the relative
propottion has not been determmed It was recommended that
c1ses of Addison s disese should be examined both for tuberculosts
and histoplismosis

Cenunl neryvous system mfection (1£) was reported 1s donunat
g the dmicl picture 1 1 cise of histoplasmosis

The occurrence of constrictive pertcarditis (15) sn patients
with no evidence of tubercnlosts but with posttrve skan tests for
lustopl smosis led to the discussion of the possibihity that fusto
phismosis was the 1l cause of chionic constrictive penicardius
m some of the prtzents mn whom evidence for other etiology #as
Licking

Spcamens obtamed by biopsy fiom lesions o1 blood spect
mens n the cise of endocirditis were necesswry for defrnne
diagnosis through demonstration of H capsulttum

Disserunated Iustoplasmosts varies from 1 mild to a severe
wute or chronic diserse  The acute generalized forms occurted
mostly m childien and imolied dhe lner ind spleen nd bone
marrow s well as other organs ind tissues  The general symptoms
15 described by Parsons wnd /avfonetts tn 1915 were low and
trregulr or moderate fever present m 959 of the ces loss of
weight i 409, with emaciation 1n 30%, moderte to severe anemia
of the hypochromuc type in whout 90%, palpable hiver wnd spleen
n 75 to 80% lymphadenopathy n 709, leukopemit 1 60%
albuminurit m 60%, and lesions 1n the lungs in 609, Roent,en
ology of the lungs w1s negatve during hife i two thirds of the
disseminated cases  Dense massive imolvement or diffuse mottled
densittes predominated Symptoms referable to the g'nstmmtesunnl
tract occurred 1n 25% ulcerative lesions of the oropharynx 1n 30%
of the skin 1n 15%, and lestons of the lrynx i 159, The endocar
dium the adrenals and centril nervous system were less often
mvolved The disease when generalized had 1 duration of from 2
few weeks to six to eight months the course was usully shorter in
young children As stated above the fatality rate in dlssemma(e;i
histoplismosts w15 about 100%, 1n cases reported from 1905 through
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ofonth It grew well 2t room temperature on blood a,ar plites
prepared with the addinon of pentaallm and streptomyain to con
trol bicterinl contumimtion  Collcetion of material such s sol
from the environment of patients 1 which tie mucronrganism was
present in the form of spores ind mycehnl growth did not requre
fresh speamens hut the culime required speand methods in winch
mouse noculation provided the most fuorable medium Micro
scoptc cxamination was hest carried out on exudates with the aid of
Ciems: Wi ht or Wilson stuning methods I capsulitum
brologic maternl appeired 1s 2 verst frum 2 to 5 mucrons i dia
meter with scattered trregular muses of nuclear protoplhism  The
yeast cells were pached m cdumps within pha.ocytic cells but were
also free 1 the purulent exudate  Crowtly in the mcubitor was
yeast Iike without the production of myceltum or spores At room
temperature the rowth was mycehnl with the production of typical
tuberculate chiwmydospores The demonstrition ol these char wter
1stic structures was the object of 2ll culture methods since they were
dirgnosuc of the orgnism

Biopsies made for the differenuation of grinulomatous and
neoplastic disexse were often the source of definitive evidence of
histoplasmosis Surgeons and pathologists lerned to routinely split
biopsy specimens into equal sized and equally representative spec
mens and carry out full etrologic studies by culture and appropriate
histologic technique 1pplied to separate parts of the tssue Al
though the microorginisms were sometimes readily observed with
hematoxylin eostn stains  special pertodic acid stains or silver
mmpregnation methods were more 1pt to disclose the presence of H
capsulatum 1n ussue section  Cultures were sometimes positive 1n
tissues 1n which the microorgnism was not demonstrated micro
scopreally and conversely microorgamisms resembling H capsu
latum were sometsmes observed that were not viable m culture
Both histologic and culture methods were therefore needed for the
maximum number of positive results  Under some circumstances
the appearance of H capsulatum was atypical 1n that large forms
appeared similar to tissue forms of Blastomyces dermatiudis
Cocardioides immitus or Cryptococcus neoformans At other times
the small forms of these three systemic mycoses resembled the usuil
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E\POSURE

History of exposure 1 t charactertstic site or occupation w1
sometimes of vilue m diinosis of acute pulmonary or acute dis
senunated lustoplismosts  History of residence 1n an ea of high
endemucity was so sometimes of value  Skin test surseys and tabu
lation of the location of cases and eprdemics of cases of hustopls
mosis delteated clearly 1 number of areas of relatvely high
madence (17) In North America the who'e Musissippt Valley
was one of these 15 was the St Lawrence River Valley and a portion
of the State of V 1rgimia 1n the Southeast and North Carolina m the
Northwest Other meas of high mcidence were most parts of Lattn
Americ1 and Southest st and Indonesin A cuse of hstopls
mosts seen 1 meas of lower prevalence was frequently assocrated
with previous residence m one of these areas of high ncidence
There were small are1s outside these locations however apparently
scattered throughout the world where the mtection could be con
tracted A lustory of residence v an area of high endemicity
suggested the diagnosis of hustoplasmosis but the absence of such
history would not rule out histoplasmosis

DEMONSTRATION OF H CAPSULATUM

The demonstration of the microoiganism w1s the most valtt
able single evidence of the presence of histoplasmosts o
arcumstances in which H capsulitum exasted as an mcidental
contamnant 1n man have been described and 1t 15 reasonable to
consider 1t to be a pathogen wheneter 1t 15 recovered from huma?
secretions or tissues Secretions exudites body fluids and tissues
for esamination for H capsulatum should be fresh if posstble and
1n ample amount  If necessary the antibtotics pemcrllin strepto
mycin cyclohexamide should be added to suppress excessine
growth of bacterra or saprophytic fungt The ripid disappearance
of H capsulatum from sputum specimens described by hurung
may be mimimized by refrnigeration  Tissues for culture should be
thoroughly ground n 2 Ten Broeck homogenizer or other strmlar
instrument  The microorganism was not fastidious  but occa

sionally required noculation on a series of plates for imitiatton of
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SEROLOCIC REACTIONS

Ihe general associition of positive scrolote reactions with the
course of actine mfection with H cipsulium was dleuly demon
strited (18)  Scroloic tests such 1s the complement fisation with
yerst phise mten becme posttnve o the third week of acute
primary histoplismosts md 1emuned positine durm,, the wlhole
pertod of actinaty  Ina few e these tots scmunad positise for
years althou h clinteal actasaty wassliht orabsent  Che tests were
apt to become netine e the tanmnal stae of acute disseminated
mfections or i chromie well localized diseise The value of the
seroloic test 2s 1 scrcamng procedure was studied  From 3 to 79,
of cases (19) hospitalized i pulmonnry discase hospitals were found
to have positine serologic tests using yeast phase anugen and sab
sequent confirmiuon was obtuned by culture 1 thout 19, The
antigens were not standardized nor mmufctured for general use
and serolo,tc testin,, w1s thus lunited by the nvulibhty of suitable
antigens The tests when wvalable offered 1 means for tentatively
confirmin,, the presence of hustoplismosis in cases where other
methods were not nulible They were found most valuable in the
diagnosis of some cases of acute pulmomr) histoplismosis or n

ptune  clironic pul Y pl 1s where positine
cu]mres were not obtaned

The diff { diag of histopl was depend
upon the 1s0ltion of H capsulitum or 1ts recogmtion by micro
scopy  Other specific methods such as shin tests and serologic
reaction were sometrmes viluable The following list of medical
conditions were simulited by cute pulmonary histoplasmosts
primary atypical preumonit pstttacosis Q fever fluenza and
bacterial pneumonin  Chronie pulmenary histoplismosis simulhted
other systemic fungus disewses bemign or mahignnt primary or
metastatie tumors chromic lung ibscess bacternl pneumoma
especially hlebsiella pneumonta bronchiectists md hamartoma
Chronic extrapulmonary histoplasmosis ssmulated carciomn of the
oral cavity bacterial endocarditis ind other conditions correspond
ng to other sites of localization  Disseminated hustoplasmosis stmu
lated other systemtc cruses of fever such as bcteremra brucellosis
and neoplastic disease
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11 capsalrtum microor,unsms Since both the pathologsc lesions
wd the mcroor anisms tesembled one another cultures were
Uways necessary to confirm the specific stin of fun,us Cultures
with the 1csulung denuficanon of chmwctenstic tuberculite
chlamydospoies when successful was considered the most schIflC
method for the identtficaion of H capsulitum

Skin tests ustng fustoplasmin which had been standardized by
compuson with 1 sunple of standard potency were most 1aluable
m ares of hi,h inadence of Instoplismosts when they were nega
tne md thercfore wnded to exclude the dinosts of histoplas
mosts  In areis of low madence the positive shin test w1is of niore
dfirmitive vilue  The test had to be c¢arrted out with due atten
t on to the noidince of techncal pufalls ind when thus performed
the inta pretation of the positive test wis self evident Syringes and
needles for lustoplisnnn skan tests should not be used for other shin
test mate 11l such s PPD It was necessary to insure solution of
the drsed Justoplisnun by nvernng, the vi1l to 1oid my mMIXIMg
with 1lcohol used for musepsis to make 1 perfect ntricufaneous
mjection rather than subcutineous and to 1void orat least observe
nd repewt mjections from which the fluid  lerhed Simce most
techmel errors led (o false negative tests careful repetition of
unexpected negative tests was often indicited  Reading of tests in
mullimeters of diameter of the indurition 1t the 48th hour nas
recommended Within the first tho to three weeks m primary
histoplismosis the shin test was negtine and te mnally m the
disserminted disease no reaction waselicited  The test was repm’“’d
negatrve 1n a modertte ber of chronic pul y or dissem!
nated cises  Under most circumstances however 1 positne shin
test reaction to histoplismin wias present in patients with nfec
tion with H capsulatum entheractive or macene Irwas noted that
there was 1 tendency for cioss reaction of histoplumm positine
patients to B dermanindis ntigens and occsionally to cocadior
din but not 1s fu as known with cases in which 1eictions 1o the
pun[led protem dern itive of the tubercle bacillus were posune
The dilutions of fungl it ens used for shir tests were chosen so
that they mfested the lest possthle amount ol crosy reactions
and the larger of 1y two conflicting tests were the more significant
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nodules and showed discicte epitheliond tubercles Schmumn
bodies and asterord bodies The distribution of the lestons in lymph
nodes spleen liver nd lungs was simlar - Other examinitions
gne smilr results negative PPD shan tests 1nd reversed aibumm
globulin e In some cases the observers concluded that the
pattent had sircordosis with 1 secondary infection by H capsu
htum In the myjonty of cses m which H capsulitum was demon
strated however the patients min the course of disseminated
histoplismosis and the etent and character of the lesions indicated
that the whole picture was based on I capsulitum infection
Isrel (20) 1n hus exhaustive study of the subject concluded that few
cses of lustoplasmosts sumulated sarcordosss and that histoplas
mosis like tuberculosis needed to be consdered 1s one of the forms
of granulomatous disease to be ¢xcluded hefore 1 definite dignosis
of sarcordosts was made He recommended the use of shin tests
biopsy with Instologic exammation wnd eultures and serologic tests
for histoplismosis i Al cases of sarcotdosts

Disseminated histoplismosts sometimes occurred 1s a termmnal
complication n the presence of lymphomas (21)  The lymphaden
opathy and other lesions such 1s hepatosplenomegzly and ulcers
prrucularly in the oral mucosa made the recognition of a comph
cating disseminated hustoplasmoss difficule Other fungus wnfec
tions some the result of the imasion of fung thit were usually
nonpathogentc were 1lso found 1n pittents with lymphoms sug
gesung that lymphomns under treatment w1th potent modern reme
dies including mubiotics steroids and 1nt: neoplastic therapeutc
agents were more susceptible to the dissemination of fungus infec
tions  Cultures and microscopic examination of the lesions and the
tissues removed in the case of lymphoma should always be made
with the possibihity of fungus infection 1n mind

In summary stoplismosis was most frequently diagnosed
following the recogmtion of certun clinical syndromes s follows
acute pulmontry histoplismosis was suggested by atypical pneu
monia especrtlly 1f the x riy showed diffuse mottled infiltrations
and hular lymphadenopathy 1n patents with exposure to a rural
emvironment or a dusty enclosed place Retrospective diagnosis of
acute pulmonary histophsmosis was made by observation of mult



420 FISTO! LASMOSIS

Three conditions namely tuberculosts sarcordosts and lym
phom1s were simulated by or complicated by histoplasmosts and
were the subject of special studies

Chronic pulmonary histoplismosis resembled chronie pul
monary tuberculosts but certun mamfestattons were more promi
nent 1n histoplasmosis than 1n tuberculosts  Paraphrasing 2 popular
song  Anything tuberculosis cin do histoplasmosts can do better
Histoplismosts was more frequent than tuberculosts in the areas of
hugh endemrcity Calaficatton fibrosts necrosis and castatton
with resulting distortion of the pulmonary rchitecture were more
pronounced in histoplasmosis  Chronic pulmonnry hustoplasmosts
was less apt to progress than tuberculosts Histoplasmosis cases
were often seen to develop a stable state of 11l health persisting for
years without Jocal or general spread of the mfection nd to suffer
more from pulmonary insufficiency than from active disease Simce
the differences were only differences of degree they were seldom
of dignostic value although they often served to raise the question
of the presence of histoplasmosis The muhary pulmonnry lesions
of acute pulmonary huistoplasmosis differed from smiliary tuberct
losts 1n their bemgn course and Iack of response to antituberculous
therapy Dissemin ited histoplasmosis was sumilar to hematogenous
tuberculosis Because of the much gre ter incidence of tuberculos!s
1t was necessary to consider the possibility of tuberculosis first 1
tuberculosis could be ruled out by repeated negative cultures of
suitable spurum samples or negative Mantoux tests 1 patients
Iiving 1n an endemc area the presence of istoplasmosis 1as con
sidered probable Histoplasmosis could be suspected however
whenever clinical mamfestations resembled those described above
when tuberculosis could not be definitely confirmed by positive
cultures when calaficiion fibrosis necrosts or civiation Were
striking and when the response to antituberculous therapy w3
mcomplete In some cises the diseases coexasted and both required
specific confirmation by culture

It was not unusual for diagnostic problems to arise 1n the dif
ferentration of dissemnated histoplasmosts and sucordosis The
granulomatous lesions of histoplasmosts when they were devord of
necrotic caseous degeneration duplicated the appearance of sarcord
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ple small cilafied pulmonmy nodules or single hrge pulmonary
or hulw Iymph node ccifications or splenic calafications 1
pattents with positye shan tests to hustoplasmin - Chrome pulmon
ary histoplsmosts was sug g ested by apical fibiocavitary lesions and
a chronic stable coutse 1n 1n adult male over forty usually without
evidence of wtne tuberculosis and usually readdly confirmed by
the presenceof H ¢ ipsulatum mn the sputum  Single nodular (coin)
lesions removed surgically were lso often due to H capsulatum
mfectton  Chrontc extrapulmonary histoplsmoss wis rmfested
by mucocutineous grnulomatous papules or ulcers or other local
1zed lesions m the endocardium central nervous system adremils
etc Disseminated hustoplismosts was suggested by fever hepato
splenomegaly lymphadenopathy nd leukopenia m mfnts and
children and by muluple lestons mucocutaneous nodules or
ulcers hepatosplenomegaly lymphadenopathy enterocolitls men
ingitis or signs of wdrenocortical msuffictency m adult males
Because of 1 similrity of hustoplasmosis to tuberculosts 111 1ts
vartous forms especrally the chronic pulmonary disease tuberct
losis 1s the first tentative diagnosis in many cases and histoplasmosts
1s recogmized only after specific evidence for tuberculosis 1s found
to be absent or equivocal Definitive diagnosis of histoplasmosis
15 based upon demonstration of H capsulatum usually from the
enswonment 1n acute pubmonary histoplasmosts from the sputum
1 chronic pulmonary histoplasmosts and from the bone marrow
or histoplasmos:s lestons 1n dissemmated histoplasmosis
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from tubercuiosis shonld 4o be conadered  Danonsartion of the
ettalogge agent visuilly by culture or by Ammal mocalinon i
the only cterion avubabte for 1 defunte digrioss Properly
evatuated immunologic tests however often establish the dingnosts
with 1 revonable degree of certunty - The dingnoss of histoplas
mints 1t it L rrious forms s being made with weresing frequendy
butitss probable that the great myjonty of cass even when clmieal
nmproms are present sull escape daertion  1he number of cues
diznosed m any particulr net s direahy proporional to the
degree of sntesest 1 the disgase nd often reflects the enthusiasm of
some ptculir mdindus? or group of mestigators

Tinnlly iy be smd that the diffcrentnl dingnosis of usto
plasmosts 15 compley muluficcted somewhat controversial hiffy
cult and 1n some snstances ampossible  Its importce 1o the
patient however from the standpomt of medical and surgical
treatment futly jusufies the vigorons wwempts wiuch e bemg
made 1 many medicl centers to acknese greater aturacy

PULMONARY HISTOPLASMOSIS

The differential i nosts of pulmonary histoplisiosis vares
consideribly with the tpe of infection and with the degrec of
setertty Table 1 reproduced from 2 recent pubhiciion In flaum
and Schuarz{2) su,,gests 1w 1y i which some of the various chncl
mamifestations of the disease M be interrelated pathogenencally

tsymptomatic dissepunated pulmonary calcifreation an the
mud western and south central Umited States 1s 1 the majonty of
nstances associated with a positive histoplasmin test and negative
taberculin test {5)  Occrsionadly sinyle hge calafied nodules m
the lung with calafied wacheobronclual bmph nodes hitewise
appear on the basis of ymmunoloquc tests 10 be of histaplasmmc
ongmn (6) Healed histoplismass wath c(alabicion must therefore
be diferentiated from healed tuberculosis 25 welt as from the
calafied festons of healed cocadiomycoss and othes fun, 1l infec
tons  This can be done onlv v the use of immunologic 1ests
togethier with other avatlable datx

The mulder caves of prrmary pulmonary fstoplasmosss tend to



DITFERENTIAL DIAGNOSIS
HENRY PINKFRTON

INFTRODUCTION

I)re\ 1ous to 1945 | pl was rarely diag d durng
Iife and our concepts of the disease were based largely on chinico-
prthological studies of fatal cases These studies showed that 1ts
clintcal manifestations were remarkably protean and could mimic
primary disease of many different organs

With the advent of immunologtc and cultural dragnostic meth
ods 1t has become clear that 2 fatal outcome 1s reluvely uncom
mon while asymptomatic mfection may occur i 90% of those
Irvang in certain geographical arexs (I) Non fatal infecuons of all
degrees of severity are being recognized with increasing frequency
(2) This broadening of the chnieal spectrum of the disease has
further 1ncreased the number of conditions winch must be con
sidered 1n 1ts differential diagnosis

In 1915 Parsons and Zarfonetss (3) analyzed 56 cases of histo
plasmosts 1 40 of which there w1s generalized volsement and
found reports of pulmonary mvolverent in only 31 mstnces In
non dissermmnated cases houwever lesions are confined Inrgely to
the lungs In general the pathogenetic mechansins methods of
spread clinical vagaries tme tables and pathologic sequences of
histoplasmosts are rather strikingly sumilar to those prcuously
established for tuberculosis and later for cocadiomycosis This
parillelism extends even to such basic concepts 1s primary and
secondary infection (4) the inter relationship of allergy and 1m
mumty and other complex and mcompletely understood aspects
of the host parasite relationship 1n chronic recrudescent mfections

In the differential diagnosis of hstoplismosis tuberculosis
must be given primary consideration since 1dentical clinical and
radiological pictures may be found 1n both conditions I'rom this
1t follows that most of those diseases which must he differentiated
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Fig 1 Hist plasmi cap vl tum in adrenal epithelnl cell adjacent t an area
[ easeation necry s N te the unstained ¢ psule and the presence of signet
nng Drms in few organi ms the central port 0 1s uniformly stuned

test Jeads to a stron,, presumptine dia_nosts of tubeiculosts Con
ver ely anepatine tubercubm test with a po e histoplismin cest
sugests histoplasmosis partscularly 1f geographic and other en
vironmental factors harmonuze with this diajnosts Comeersion of
erther test from negitne to positne with the occurrence of the
pulmonary infiltrauon greatly strengthens the diagnosis When
both testsare positive the patient should be studied by all available
means occasionally a favorable response to chemotherapeutic
agents routinely emploved for tuberculosis may be the only specific
evidence for makng the latter diagnosis The decieasing percent
age of tuberculin reactors among the genteral population m recent
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TABLE I

Prmery Focus Lung

{ Bronchopneumon o } l{: v
plus satelite lymph nodes .
| T o e
5
Arrested Hemmiatogenous spread —————v sngle or MUty
.
p may N {bronchogenic)s
complen ™ ceif tmea often fethal -
Glarge sf ppled} type wlontte  type ¢
Chrone Reubsori |
Putmanary wih g
hogenc)  wihoul s&t
Compleaton f om E dent & anchagen
feom h stoplosmos

orrested  complex

especklly from
tary h stoplasmomas s
Iymph node comparient Fib acovtary hstop

calcfied focr F————
! spleen ond tver | specal fom
d tuse t
/" muttple pr mary
Ady 1
Bronchiectoss venal caseaton dscrete : Iu g lesons ofter
s
bronch ol perfo at ons ® | hevy expos ce
hot th: {ep demcs)
b onchol ths me ngoencephal 15 1

mhary pulmonary colcification

Fo———— —_
| 2 Renfecton ?
!

{(Reprod ced fom New Englond_Journal of Medcne by pe misson]

occur in eprdemic form  Radrologic findings my be negatne and
these cases resemble mfluenza 1nd other respiritory mfections )
Since their recogmtion depends on cultural or immunologic tests
particularly the complement fixaton test (when performed 1t the
proper me and 1n proper dilution) 1t 1s probable that the majority
of these cases remun undrignosed In the somewhat moie sevele
cases positive roentgenologic findings mclude single or muluple
arexs of soft nfiltritrons enlarged tricheobronchinl Iymph
nodes patchy are1s resembling pneumonic snfiltration and diffuse
radiating mitltrations resembling those of sarcordosis

In cases with areas of soft infiltrition shown radrologically and
with negatie sputum examinations immunologic tests are of great
mportance A positine tuberculin test with a neg wtive fustoplismin



HISTOPLASMOSIS

o
’Z';-s.“‘éf":i"“‘

-
3

£}

1“~ S,
2 &
o
0 a
!
A

5

[0 s 3

ERERIC, TR

YQW- (LR Y=

Non<aseous tubercle ike lesi ns with central gane cells i spleen
No crgamisms were found 1 these lesions

Teast1n the nud western Uimted States 3 to 79, of the patients have
histoplasmosis without damonstrble aad st snfection In adds
tintothese some pittents have a mrxed mfecton with the tubercle
bacilus and the fungus The cnes of pure Instoplasmosis are dis
cavered by studymg carefully those pattents who 1n spite of 1
<ompletely typrct! chinical and radiologic picture have never had
sputums positine for \I tubercutlosis The importance of these data
1s readily appreciated when one considers that antibiotic agents
which ire effective agunst M tuberculosis are neffectine and
potentially harmful 1n micotic infections
Chronic prog cavitary hu topl cannot be differen

tiated from tuberculosis by clmicsl or radiologic findings (2 8)

dragnosis must depend on positive histoplismin or other immuno

Ingic tests and the demonstration (by culture and amimal mnocula

tien) of the etiologic agent 1n the sputum (or other gastric wash

ngs) In febrile cases which eventually recover the organisms may
he found temporanly 1n the blood or bone marrow (9) Often the
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Fig 2 Imvasion of the wall of an artery in the lun, by Huntoplasma
orgamsms which appear as small rounded dots are mtracellular m position

years has greatly mcreased the significance of a positive tuberculin
test (except m the aged md underprivileged)

Frequently the cascs of moderale severity must be istingwished
from ral pneumonta amd  primary atypical pneumonii and 1t
follows that they must 2lso be distnguished from ormthosis Q
fever nd toxoplasmosts  This can be done only by utihizing nal
able dignostic methods  Acute diffuse nterstitial fibrosis of the
lungs (Hamman and Rich) berylium pneumonitis pulmonary
alveolr protemosis and alveolar cell carcinoma may also stmulte
diffuse histoplismosis  In a fen cases muddle lobe syndrome h
resulted from the pressure of histoplasmic tracheobronchnl lymph
adenttis
Cases with prolonged or intermittent fever accomprmed by
radiologic evidence of definite pulmonary mvolsement arc most
often confused with pulmonary tuberculosis A number of careful

studies hnve shown that m nearly all tuberculosis spatorums 1t
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Fio 5 Fomasectr nof bone marrow 1n a case of generalized mjectisn - The
mrow con ists Largely of Histpla ma laden phagocyte and undidferentiated
cells

leston diagnostic segmental resection 1s carned out without delay
(10) Several studies indicate that rou hly half of these con lesions
turnout to be tumors (primary or metastatic carcinomn for the most
part) while the other half are granulomatous lesions (10) Inabout
half of these granulomatous lesions the euologic agent 1s 1dentified
by culture or by specinl staming methods  The recognized etiologic
agents include M wberculosis Histoplasm capsulatum Coccidio
ides immatss 1 listomyces dermatiadis Nocardia and Cryptococcus
neoformans  Histophisma capsulatm 15 of course prrtuculaily
common i the mid western United States and geographical fac
tors as well as the results of immunologic tests should 1lwavs be
considered in the preliminary differential diagnosis  In the remain
g half of the granulomatous lesions no spectiied enolo,1c 2gent
1s discovered many of these may represent hicaled mycote mfec
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Fig 4 \large pseudo tubercle m the lner compased of epithetiond cells with

1 penipheral collir of lvmphocytes  No grant cells are present and organtsms
were not found in the Iner

diagnosts 1s not made unul the segment of lung tssue involved has
been removed surgically and studied microscopicilly and by cul
turnl methods  In cases where both tubercle brcill and fungt are
present 1t 1s often impossible to decide which agent first guned
entry to the lung tissue and which one pliyed the more important
role Chronc cystic disease of the lun,s 1nd Rlebsiellh mfecuon
with cavitiuon were the onginal diagnosis n 2 reported (ses
Tungal infections other than histoplismosts  bronchiectsts and
silicosis may also cruse ¢ witation

The Coin Lesion A sigmificant contribution to our Kknowledic
of histoplsmosis of the Tungs has been made by the pulmonary
surgeons Watchful wautin, is currently frowned upon for pruents
who show radiologic evidence of 1n unexpluned round or coin
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Fig 6 Low power appearince of a greatly enlarged lymph node showmg

manv pale Histoplasma laden cells of reticuloendothelial ongim

uons with disyppearince of the orgamisms Some of the cout

lestons turn out to be ipoid preumoma (usnally from mmeral
ol asprration) unresolsed pneumonsa silico tuberculosis ifucts
benign pulmonary tunors etc

Recent studtes (11 12) indicate that the € rocott stan 1 niodi
ficiion of the methenamine sihver nitrate techmque of Gomors
1s much more effective thin PAS methods for demonstrating fungt
mn resected solitary granulomas In a re study of 26 cases presiously
diagnosed as granulomas of undetermined onigin Creendyhe and
Emerson (11} found histoplasma m 20 cwses  These studies were
made 11 2 non endemuc wer  Qf the 20 cases 13 were asympto
matic and discovered by rounne out patient chest films or nct
dentlly to hospitahization for other reasons

Schulz et al (12) studied 44 granulomatous lesions resected
without pre-operatnne diagnosis  Fighteen were proen to be
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Fig 10 Hadshrped ulcer 1n the colon m 1 ca ¢ f the intesunal tpe

example) should lso be given due weight  Only when all of these
factors have heen evaluated ¢an we consider that 1 comn lesion s

unexpluned In 1 young person who does not smoke and
whose leston shows caleafication rescetion 1s probably indyisable
12)

Looking 4t the problem Inoadly 1t1s den (although statistical
studies rrely face this problem squarely) that a lewt 109 of
surgically resected con lesions are so mnocuous that the surgeon
s made temporarily unhappy by the puhologiat report  His
thoughts soon turn howesver to previous wd pp wently identical
cases 1 which the report showed operable pulmonary carcinoma
and he does his own mental mathematics even though the rules fou
this type of mathematics have not been rigidly formulated The
1deal of com leston resection without regrets will for sometime
remun unattuntble but m the meantime every posstble cffore



431 HISTOPLASMOSMS

- .20 e P red -y oy o
« s - 3 e s SFC R
[P O S e‘i‘ﬂ.}“-:«:; “B e 4

»'wt-.-ﬁ}_:,, & S e Gk

4 0, .
L IR XY Pl Q
ST i RN \:\‘ \':lﬂ"';?e
A N

Fig 9 Intersutial preumontss in systerare histophismosis  Yale phigocytrc
cells laden with orgwmismys crowd the alveolir walls and lie free withtn alievh

tuberculosts 22 fungal miection (of which 16 were histoplasmosis)
2 sarcordosts 2 eosmophilic granuloma 1n § cases the etrologic
2gent was not determned

Few would disagree with the generally held belief that unex
plimed roundor com lesions should be resected It would seem
wise however to treat exch case 1s m indivrdual problem to use 21l
v ulble laboratory tests including ¢y tological study of the sputinm
for malignant cells and ta tike wta cansiderwwan such factors 1s
age sex geogriphical datz {particularly recent mgrition from
non endemic to an endemic 1rea) history of recent or past pneu
moma m the pient and m other members of s family 1 d
exposure to dried chicken manure sio dust cave dust decayed
woad ar other posstble sources of spore inha'auon  The pOSSIblhl)
of aspiration prenmonin {during an episode of vomiting for
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Fig 17 Lymph node v ith histoplasmosis  Necrosis and calaum deposition
s shcwn  Many organs ms are sull present

diagnosis1s that of any subacute 1!lness assocrated with fever spleno
megaly hepatomegnly lymph node enlirgement anemia leuco
peni anorexia and loss of weight (13) Dianosts can be made by
demonstrating the lughly charactenstic fungt i the blood hone
marrow or biopsy mitenal from lymph nodes liver etc Immuno
Togic tests are of relely lirtle value mn acute fulminating systemic
hustop) Lethal d ated mnfection 13 more common 1n
children thin 1n the older age groups

LOCALIZED HISTOPLASMOSIS

Although chronuc focal hustoplasmosts 1s most common 1 the
tungs 1t may occur in practically any organ or ussue 1 the body
and may mimic primary disease of many different organs (13) In
1ts mamfold focal forms 1t 15 nsually difficult and often 1mpossible
to establish the diagnosts but certun important points should be
kept in mind
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Fig 11 Caseation necrosis i the adrenal  Complete necrosis 1n upper nght
corner and essentiaily normal adrenal rssue 1n lower lefy corner

should be made to improtve diagnostrc 1ccuricy and to estabitsh
broad policies on the democratic basss of free discussion

GENERALIZFD HISTOPLASMOSIS

Hustoplisma orgamisms may be found m the arculating blood
or bone marrow 11 cases of pulmonary histoplasmosis which end
with complete clinical recovery Mjycethemia then does not neces
snly mdicate that dissemimnated Jestons will occur but gnes 2 clue
to the occurrence of the acute fulminating form of the disease 5
well 15 the more chronsc but progresstve types i which one or more
orgns are conspicuously imolved by necrotizing lestons

Generalized or systemic hustoplasmosis nmy occur termmnlly
1 pauents who hive had localizing signs such s pulmonary con
solidtton diurrhea naso-oral lesions or cardric murmurs It may
also occur without locthzing signs 1n which case the differentinl
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\nother infected cell from same preparaton as that u ed for Tig 13

Fig 1

medin only by demonstraiting, the presence of the charcterntic
mtracellular orgimisms

Cases of ocular moliement stmulate tuberculosts md other
srmulomatous infections so closely that they are rrely diagnosed
except in cases of enucleatton 1 which the orgamisms re readily
Seen in sections

T egetatie endocardutis 1s vavely caused by H capsulatum (15)
It should be suspected when routine blood cultures are ne, itive for
the common bacterinl agents nd may usualiy be diagnosed by
suitable cultural techniques

Ulceratiie I'nterttis Here 1,mn differenuation of the lusto
phsmic type from other more common types depends [irst on
thinking of the possibility and secondly en visulizing or culturing
the etiologte fungus Hustoplasma laden macropha,es huve been
mistaken for erythrocyte laden amoch e (16)

Cerebral histoplasmosts 1s relanely common 1n the dissemt
nated form of the disease (17) It may take the form of a localized
lesion (hustoplasmomn) or may occur s mild or severe meningits
Inrare cases 1t has been established 15 the cruse of rcute mentngites
by finding organtsms 1n the sprnal flwd

Adrenal involvement 1s very common massi € Caseous necrosis
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Fig 13 Film preparation from stern J marron puncture Giemsa stam Two
cells contaming organgsms are shown

Cutaneous and mucocutaneous lustoplasmosts must be dffer
entiated from leishmaniasis s well is from other fungal mfectons
(1) This can be done only by wdenufying the crusatve organism

Nasooral 1ype  Moore wnd Jorstad (11) hne emphstzed the
fact that nstoplasmosis of the n1so oral cavity may stmulate thino
scleroma Iaryngeal tuberculosts aleukemic leukenua lymphom
lershmaniasts noma blastomycosis and syplulis There 15 usually
hittle difficulty in establishing the diignosts by demonstritng the
specific organisms

OF particular importince 1s the differentiation [rom squamous
cell crrcmoma especinlly when nodular and ulcerntive lestons of
the tongue 1re present These lingunl lestons often simulate carct
nom1 not only grossly but to some extent microscopically becse
of atypreal epithelinl proliferation 1n the overlying cpudermms In
studying doubtful hiopsy specimens pathelogists hve letrned to
laok carefully for fung: i sections specilly stuned by (he PAS
and Crocott stlver methods

The otutrc ty pe ean be differentiated from other types of otius
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In 1 fatal case (case A) reported by Parsons and Zarafonetss (3)
numerous tubercle bialli were presentin the walls of a pulmonary
cnaty and i the kadneys  The caseous 1drena! glnds and the
olosal  pharyngeal and colomic ulcers contuned lustoplasms
organisms without tubercle bacilli while the widespread miliany

tubercles mthelner spleen pitwinay thyiod tongue phanny
tungs bronclnat lvimph nodes $adneys prostate and small intesune
shoned nerther fungr nor 1ad fast ergrmsms  (This report ante
dated the use of specin] stains for fungi) In pulmonmy caviues
tubercle bacilli and histoplasma organtsms have been found side by
side (21) The author {22) has seen two fata] crses of typical cnvtany
pulmoniry tuberculosis hoth of which shioned erly focal lesions
with numerous histoplismi organisms tn the adremls the pul
monary cuities showed only 2ad fast organsms These obsena
tions illustrate the difficulty of determiung which infecuon 1s
primary and which 1s secondary

The evidence suggests that neither the fungus nor the tubercle
bacillus exerts 1ny demonstrable intubitory action on the other
It 1s possible that impurment of the immunologic machiners by
cither infection my favor the development of the other  Ztmmer
man (23) believed that the disseninated form of histoplasmosts was
more likely to occur in patients with mberculosts It 1s perhaps
esen more probable that some unknown biochemical lesion (en
zymatic abnormality) may criucally lower the resistance to both
orgamsms simultaneously The unmashing of such a basic mechn
tsm might prove more tmportant than the discovery of new
antibiotics since there 1s rexson to believe that 1t may be impossible
to treat the two infections ssmultaneously and effectively

The occurrence of dual fungal infections 1s not surprising in
‘ew of the ubiguity of pathogenic fung: and the infrequency with
which they cause clinrcally important nissue destruction  Here
agamn a deterrorating immunologic mechamsm may cause flarng
up of two or more quuescent mfections In two fatal cases histo-
plasmosis cryptococcosis tuberculosis and Hodghim s disexse have
all been found at autopsy

Malignant Lymphoma Phelps and Mallory (24) reported pul
monary histoplasmosts 1n a patient dying with primary carcinoma
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with grent enfugement of the adrenals 1s the vsual prcture (18 19)
Dafferential dhignosis from other types of Addison s disease must
occaswnally be considered, when other localizing signs are absent
Theorencafly with massive and prtly calcified lestons denton
strible ridologreily  needle punch biopsy would establish the
dignosis smce the ¢1seous masses contun nemendous numbers of
fung: demonstrable by special stains (see Figs 1.and 11)

Other localied by pes of lustoplasmosis such as jome uvohe
ment renl and prostitic imobvement present spectl problems and
e be dragnosed only by demonstriting the orgmsms

DISEASES ASSOCIATED WITH HISTOPLASMOSIS

It hns become clear 1 recent years that scveral disease eniies
and syndromes occur 1 association with istoplsmosts much more
frequently than could be explained by chince alone

The specific mfections most often assocrited with fustoplas
mosts are tuberculosis and 1 varsety of fungal infections other than
hustoplasmosss notably cryptococcosis  Actine pulmonary whercu
lasis 1s lound at wieapsy w § 109, of <l freal cases of histaplasmosts
(Hodgson et al 21) In surgical matenal Schulz et al {(12) found
concurrent fungal and tuberculous infection in 4 of 140 specimens
Since ths dual infectton 15 carely 1f ever recogmzed durmg hfe
ume relationships are difficult to establish 1t 1s possible that a
tuberculous pulmonary ¢ ity may serve as the portal of entry for
the fungus but cavitwry histoplasmosts could equally well be com
plicated by pulmonary tuberculosis particulasly m vtew of the
fact that patents with uncomplicated pulmonary histaplasmosis
often reside mn tuberculosts sanatoriams where there 1 a particulir
danger of 1cid Fist infection

Judging from fatal cases reported 1t would appear that 11 €ases
of dual acid fast and mrycotic infection disseminated lestons are
much more often the result of histoplsmosis thin of tuberculosis
That dual mfection 15 not always fatal s illustrated by 2 case re
ported by Procknon m which multiple histoplasmic lestons 11 the
Jung were supcnmposed on a quiescent sohtary tuberculous Jesion
the histoplasmic snowstorm  cleared after a few months
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In1 Al ease (ease A) reported by Pasons id Zarfonctss (3)
numerous tubercle bacilh were present in the walls of 1 pulmon 1y
aury nd m the hidneys  The cascons adrenal glinds and the
glossal  pharyngenl nd colonie ulcers contuned  histopl sma
orgamsms without tubercle hallt wlule the widespread miliry

tubercles mthe hiver spleen ity thyiowd tongue phargns
lungs bronchil fymph nodes hidneys prostate and smallintestine
showed nerther fun,t nor ncd fast orgramsms (This report nte
dated the use of specral stuns for fungr) In pulmonuy caites
tubercle bacaill and lustoplasma orgunssms have been found side by
side (21) The nnhor (22) has seen two fatal cases of tvpical cavieary
pulmonary tuberculosis both of which showed erly focil lesions
with numerous lustoplisma orgisms 10 the adremals the pul
momry cavaties showed only 101d st ormisms These obseria
tions lustrate the difficulty of determumng which nfection s
primary and which 1s secondary

The evidence suggests that nesther the fungus nor the tubercle
baallus exerts any demonstrable inhibitory action on the other
It 1s possible thu mmpurment of the immunologic machinery by
either infection m1y favor the development of the other  7immer
man (23) believed that the dissemmated form of histoplismosis was
more likely to occur 1n patients with tuberculosis It 1s perhaps
even more probable that some unknown biochemical lesion {(en
Zymitic abnormality) may critically lower the resistance to both
organisms stmultineously The unmasking of such 2 bastc mechan
Bm mught prove more mmportant than the discovery of new
antibioties since there 1s rewson to believe that 1t may be 1mpossible
to treat the two tnfections simultineously and effectiv ely

The occurrence of dual fungal tnfections 1s not surprising in
view of the ubigunty of pathogenic fungi and the infrequency with
which they cruse climeally 1mportant ussue destruction Here
agan a deteriorating 1mmunologic mechanism may cause flaring
up of two or more quiescent nfections In two fatal cses histo
Plasmosis cryptococcosts tuberculoss and Hodghin s disetse hve
all been found at autopsy

Malignant Lymphoma Phelps and Mallory (24) reported pul
monary histoplasmosts 1n a patient dymg with primary carcinoma
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with great enlugement ol the wdremls 1s the usual picture (18 19)
Differcnun) duagnosis from other types of Addison s dr ease must
occwionlly be constdered when other localizing signs are absent
Theoreucally with massine and partly cilabed lestons demon
sirtble tdiologically needle punch bropsy would estblish the
i1, nosss since the cseons msses contun tremendous numbers of
fungi demonstrable by special stams (see Figs 1 and 11}

Other locali.ed ty pes of lustoplasmosis such 1s joint msolie
ment renal and prostatic involvement present specitl problems and
<10 be dingnosed onhy by demonstriting the orgamsms

DISEASES ASSOCIATED WITH HISTOPLASMOSIS

It has become cler 1n recent years that several disease entities
and ssndromes occur 1n assocration with histopl ismosts mutch mote
frequently than could be explained by chance alone

The speciftc infections most often associated with tustoplas
mosts are tuberculosts ind 1 variety of fungal mfections other than
histoplasmosis notably cryptococcosts  Active pulmonary tubercu
Iosts 15 found at autopsy m 5 109, of 1l fatal cases of hustoplasmosis
(Hodgson ¢t al 21) In surgical maternal Schulz et al (12) found
concurrent fungal and tuberculous infection 1n 4 of 140 specmens
Since ths du i infection s rarely if ever recognuzed durmng hife
time relationships re difficult to establish It 1 possible that 2
tuberculous pulmonary cavity may serve 1s the portal of entry for
the fungus but cavitary histoplasmosis could equally well be com
plicated by pulmonary tuberculosis particularly tn view of the
fact that pattents with uncomphcated pulmoniry histoplasmosis
often reside 1n tuberculoss santtoriums where there 15 1 pamcuhr
danger of acid fist mfection

Judgng from fatil cases reported 1t would appear that 1n €ases
of dual acid fast and mycotic infection disseminated lesions ar€
much more often the result of histoplasmosis than of tuberculosis
That dual infection 15 not 2hvays fatal 1s dllustrated by 2 C1s€ T€
ported by Prockpow 1 which muliiple hustophsmic lestons 1n the
lung were supertmposed on 1 quiescent solitary tuberculous leston
the ustoplismic snowstarm  clered fter a few months
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mally 1 patients with blood dyscrasias (27) The widespread
replacement of normal reuculo endothelial cells by atypical cells
would be expected logtcally to result in lowered resistance
Regarding the second explananon the author can say only
that lie has two cases of lustoplasmosis and  Hodghin s disease 1n
his files 1n which there has been serious disigreement among
expert morphologists as to whether the lesions of Hodghin s disease
are true or spurious 1n other words the lestons of Hodghin s disease
are not sufficiently typical to result in umiformuty of opinton  More
over as the quthor (13) pomted out in 1919 1n the reported cases
of histoplasmosts associated with leukemin the leukemia was not
entirely convincing and the possibality of 1 leukemord reaction to
bone marrow 1njury by the fung: could not be excluded In the
more recently reported cases (25) there appear to be similar devia
tions from the typical picture of leukemma and Iymphoma In two
cases for example biopsied lymph nodes were diagnosed confi
dently as lymphosarcoma but esentual postmortem examination
showed no evidence of any type of lymphoma In one of these cases
the reporters believed that there had probably been a pux up 1n the
original biopsy shide but in the other case no such explanatton was
suggested One must conclude then that the lustoplasma infection
had etther cured the lympt oma or had lated lymph
coma so closely that expertenced observers were misled Even the
two cases of leukemia reported by Nelson et al (25) were aleukemuc
and somew hat lacking n do 1on  This view 15 comparabl
to the recent recognition of the difficulties in sharply separating
such conditions as myeloid metaplasia from leukema  In short the
author believes that many of the Iymphomas and lymphosar
comas and some of the cases of atypical Hodghtns disease
associated with histoplasmosis are 1n reality reactive hyperplasia of
the reticuloendothelial system
The third possible explanauon at least 1n a modified form

has been most eloquently defended by Dubmn (26) This worker
gives sertous consideration to the hypothesis previously advanced
by Brandt (28) and by Desjardin (29) that various types of mnjury
to the reuculoendothelial sysiem mcluding chrome mnfections may
imuate Hodghan s disease Assuming that the primary disturbance
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of the ver The neoplistic diserses most often assoctated wtth
dissermmted Instoplismosis however are those which originate
from the cells of the retculo endothelnl system pm:cularh
lymphatc lenkemn Lymphosarcom and Hodgkn s disease 2l of
which re considered to be vaneties of - mahignant Iymphom

Nelson ¢ al (25) recently reviened 25 cases i which husto
plismosis occurred m assocrition with malignant lymphoms of one
or wother of the three types Hodghins disexse predominating
Amon,, these 25 crses 1re included the two previously mentioned
in which Hodghins disese was associated with histoplasmosis
«ryptococcosts ind tuberculosis

The assoctation of histoplismosis with Iymphom 1s too fre
quent to be explamned s purely fortuitous As hs been pomled
out by severil imestigators this lewves us three possible exphnt
tions (1) mab,nmt lymphomt m1y so disturh the normal defense
mechimisms of the body that exogenous infectron or endogenous
flarin,, up may result in progresstyve disseminated fungal infection
(2) under cert un 1mmunologic conditons the tissue reactions o
the fun.1 m1y closely resemble malignant Ilymphom and (3) the
mechnisms for the deselopment of mahignant lymphom my be
set 1 motion by the presence of the fung:

The first explination can be supported by considerble evt
dence and 1s most generily accepted  The 1uathor beheves on the
basis of personal experience that the second explnation s the
correct one in certamn cases The third explination s Test probﬂﬂe
but of gretest mterest and the author feels that 1t would be
unscientific to eltminate 1t without further experrmental study

In support of the first explinition an impressive irray of enl
dence can be adduced In Hodghn s disease (1nd probibly in other
lymphomns) there 1s 1 demonstrible poserty of 1immunologic
mechamsms (26) A wide vartety of orgamsms hve been cultnvated
from lymph nodes m Hodghin s disease 1ntibodies agunst these
organisms are present in svery low titre or more often are com
pletely bsent (26) 7ymmerman found malignant lymphomt 1
assoctrtron with 1bout one third of 1 serses of 71 cses of disserm
nated cryptococcosts D ed toxopl. and disse 4
glnd virus mfecuon mn 1dults often appear to occur term

salinary
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relationships h1ve been vanable  Histoplasma organisms hive been
found wmn the re study of 1 exased lymph node which orrgimilly
was diagnosed 1s sarcordosis years later the panent died with gen
eralized Iustoplasmosts and  sucord lesions  In other cises the
prcture has been that of sarcordosss but 2ter years of 1 chronic
bemgn coursc fustoplisma organisms fivve appered 1 exased
lymph nodes (33)

The zuthor s view based on stucdies of several cases 1s 1s follows
It seems quite possible that infection with H capsulitum may
complicate cases of true sarcoidosis On the other hand careful
study of severl cases which chnscally and hustologically sitisfy all
critern for 2 diagnosis of sarcordosis has shown that the entire
picture m1y be explained as 1 special type of rexction pattern to
histoplismn organtsms (19)  Given 2 large focus of necrosis with
masses of fungt 1 m organ such as the adremls dissemmation to
organs with good immunity and sensitis1ty to the fungal anugen
may result 1 lesions of the sarcoid type

Histoplism organisms are probably only a rare cause of the
picture known s sarcoidosts Other fungs the tubercle bactllus and
probably other undiscovered antigens may sumulate the reticulo
endothehl systemn 1 such 1wy 1s to cause the charactenistic lesions
and rdiologic picture

It 15 obvious that methods for discovering the ettologic agents
of sarcordosts are of great importance In those c1ses where the
anugen 1s fungal and Iine fung are present somewhere in the body
treatment with cortisone may cause flaring 1nd dissemmation of
the tecuon unless 1t can be controlled by some as yet undis
corered antibiotic

Allergic Diseases  As suggested thove there 1s reason for
believing that strcordosis may be n allergic manifestatton of histo
plasmosis somewhat comparable to the occurrence of erythema
nedosum and erythema multiforme 1n assoct 1tion with coccidiomy
costs although the latter are transient  Allergic arteritss 1s common
in histoplasmosis particularly an the lungs (34) and m the men
inges (17) 1t seems possible that certan other Allergic conditions
of currently unknown ciuse muy represent reictions to smonldering
hstoplasmc and other fungal nfections
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1 this disese m1y be an enzymantie deficiency resulung m a low
level of wnubody formation the result of ntigenic stmulatton
would be tirst prohferation of reticuloendothelrl cells md cven
tully 2 purposeless muluplication of these cells 1n 1 futile attempt
to overcome therr funcuional deficiency  Certunly 1f there s truth
m thus hypothests H capsulitum 1n orginsm which multiphes
within reticuloendothelnl cells would be 1 powerful sumulus to
the proliferation of these malfunctioning reticulum cells

Whule 1t 15 true thit 1n most cases the dissemmated fungal
mfection 1ppears to occur late 1n the course of the lymphoma mat
least one mstance 1t w1s present i a cutaneous nodule removed 4
years before death of the patent (30) The apparent absence of
fungi 1n the early stages might be due to their small pumbers 2
delicately balinced host parasite relationshup thus the fungt might
act 1s 2 constant mild stimulus growing massiely in tissues only as
1 termmal event Admitting the speculrtine nature of such a
theory 1t deserves 1t least careful testing by expermmental methods

Sarcordosts 1s another reuculoendothehal condition (n this
case 1 relatnely bemign one) which 1s rather frequently associated
with histoplasmosis  While some workers feel that 1t 1s a speaific
disease entity others look on 1t as 1 rection pattern resulting from
1 umque 1mmunologic response of an allergic nature to a4 vanety
of antigenic simulants (31)  Still others retlizing that non casent
mg hard tubercles form n response to many diffetent agents
make 1 distinction between the sircoid leston  and  true
sarcordosis (32)

Regardless of what new 1nformation further studtes mry bring
to light certain facts 1t present are clear Hard tubercles resemb
Ling those of sarcoidoss occur frequently in the Iner spleen and
lymph nodes mn cases of chronic but eventually ftal histoplismosts
1m which only one or two orgns show necrotic lesions with demon
strable fung and fung are ruely found n these hard tubeicles
even with speaal stuns (19)  In 1 number of cises lymph node
iopsy has led to 1 confident pathological diagnosis of sarcordosts
months or years later lustoplasmosis has been found 1t wtopsy—
usually with necrotic foct 1 one or two organs nd sarcord ike
lesions 1n the other viscert and i the lymph nodes (19 90) Time
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Healed Histoplasmosis  Splenic calesfication 1s probably often
the result of healed histoplismosts (85) and the author has suggested
that the peculiar type of splenomegaly known as Stengel Wolbach
sclerosis may have a similar onigin (19)

A study of fatal cases of histoplasmosts often shows scarring of
the iver Lidneys lungs nd other organs (19) Since there 15 eut
dence that fungal lestons even when marhedly destructtve to tissttes
may eventually heal completely 1t seems possible that certatn cases
of diffuse and focal fibrosis 1n varsous org ins may represent healed
funzil lestons  I€s0 proof will be very difficule but the tuthor
feels that 1t 15 the group of granulomatous and ftbrotic condittons
of currently unknown ettology that ane must suspect histoplasma
a3 a causative 1yent

The accurate dufferentinl dingnosts of lustoplasmosis the
explanation of 1ts frequent assoctauton with appirently unrelated
condutions and the discovery of new clinico pathologic1l mamfesta
uons of the infecuon (particularly when fung: have largely of
entrely disappeared from lestons) will conunue to challenge the
ingenuity of ehinte 11 and experimental investigators for many years
to come
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MEDICAL MANAGEMENT OF HISTOPLASMOSIS

J Lewss Yatrs H Vsrvos Lancrittmic ano € A Brasirr

INTRODUCTION

’I}:e need for effcctive medical management of histoplas
mosis cannot be demed A completely satisfactory or well stan
dardized method of management of the disese has not been
deseloped 1t this time  Some of the confuston which exusts as to
the cffectrveness of the presently avatlable therapy may be ex
pluned by the following (1) Histoplasmosts presents varted and
mcompletely understood chimcal pictures  (2) There 15 much
vanance 10 terminology  (3) Many patients with bemgn disease
do not consult 1 physicin Whether they do or not they 1re very
likely to mmprove spontaneously without spectfic theripy or mn
spite of the type of trextment used (4) Serious types of disease may
fluctuate 10 activity and become mactive spontaneously or have
periods of chimical and < ray remusston without complete arrest of
the disease (3 4 7 17 18 26 29)

The fact that many people i endemic areas hive benign types
of disease virtually without realizing 1t 1s shown by the finding
that 75 to 90%, of this papulation are positive lustoplasmin reactors
without 1 specific diagnosis of active histoplasmosis having been
made previously (1 7 8 21) A significant percentage of these
wndividuals eventually develop important disease as shown by the
finding that 79, of admissions to snatoria m the endemic area
have chinteally sigmificint histophismons (24)

AIMS OF MEDICAL MANAGEMENT

Tumny seem superfluous to discuss the aums of medical therapy
but thrs will assist 1n erystalhizing our thinking The aims of therapy
will vary with the type of hustoplismosts to be treated  Unnecessary
drug therpy should be avoided unul the development of a cheap
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NON SPECIFIC MFDICAL THERAPY AND REST

Many of the principles of therapy discorered to be of value n
other infections notably tuberculosis can be applied to the therapy
of histoplasmosns (3 52) Supportive trentment and measures to
assure prtient comfort such as aptipyretics et cetera so long the
cornerstone of therapy 1n tuberculosis can be nsed to good advan
tage This 1s especially true of pattents with acute bemgn pul
monary histoplasmosts  Because of some danger of serious extra
pulmonary dissemutation or the development of progressive
pulmonnry disease 1t behooves the physician to advise a defimite
rest program It s true we do not know how often dissemination or
development of progressive pulmonary disease occurs I patients
with benign histoplasmosts but the 1ncidence of all types of histo-
plasmosis 1n the endemic areas 1s so great (75 to 90% of the
population) that any one physicitn is likely to see a moderate num
ber of pauents with serious types of istoplasmosis Since there
seems to be an inureased inadence of thrombophlebits assotiated
with disseminated histoplasmosts a rest program should be mod:
fied by 2llowing bathroom privileges and other mild actnaty to
promote muscle tone and 1mprove venous return (3 52) This
comphication should be borne 1n mind and when 1t occurs proper
therapy should be mstituted promptly Elderly individuals are
more likely to develop this complication than patients m the
younger age groups

Adequate nutrition 1s essentinl and indeed in many of the
young people seen with so called benign pulmonary disserina
tion and chest x rays suggestive of miliary tuberculosss this seems
to be very important  The general nutrittonal principles found of
value mn the therapy of tuberculosis are applicable 1n this disease
namely the maintenance of positive nitrogen balance adequate
calctum balance and an adequate vitamin ntake
At the Missoun State Sanamnum and m most sanatona where
I 1 1s being d d at this time the majority of our
cases arc of the chronic progressive pulmonary type (18 24) The
rest program 1s ad)usted according to the severtty of the 1llness as
judged by toxicity and chinical progress Serously 1l patients are
kept at complete bed rest unti] their fever has subsided and therr
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non toxic promptly effective ants fungal agent or agents w hech may
be admunistered esily preferably by the oral route Swce many
patients with actve bemgn histoplasmosts wilk become wel spon
taneously or with suppartive minagement only ({0) judgment must
be exercised in arder to avoid unnecessiry therapy and yet not fal
to treat the progressive types of diseise dequately One goad
should be to save as much useful lung ussue as possible Suce 80%
of 30 cases with proved chronic pulmonary histoplasmosts have
been shown to worsen sigmfrcantly by « ray over 2 three year perod
the ndication for specific anufungal therpy depends prumarly
on making the diagnosis 1 this type of disease (51) Theaim of any
therapy 1s to return an indtvidual to 1 useful and comfortrbleactne
Iife whenever possible A long course of unpleasant and posstbly
toxic treatment should not be undertaken (f the diagnosts 1s ques
tionable or if the patient 1s so aged or has other dusease of such a
nature as to preclude a successful result Occastonally 1t 1s advisable
to direct therapy only 1t the relief of symptoms

Another aim of medical therapy will be to prepare patients for
defimitive smgery 1f this may be offered to lessen chances of recur
rences after surgery 1nd to decreise complications during the
post operative period

‘The ums 1n manigement of patients with progressive dissemnt
nated histoplismosis are first to sne hife nd then to restore them
10 useful and comfortable Iiving  All supportise mesures ay wlable
should be employed as well as the best anufungal agents Tvena
towic drug will be used with a calculated risk 1 those cases with a
uniformly grave prognosis Some of these patients may die after a
relatnvely short (3 to 4 week) 1llness (55) These wms e quite
clear when the progressive pul y disease or d ted
histoplasmosts 1re constdered However the 1ssues 1re not nearly
as cler with benign pulmonary histoplasmosis  There 14 consuder
able disagreement 1s to when to start trewment as to the durtion
of an mtial observation persod before starting trewment and
whether any therapy atalissaduisable(l 3 4 7 18 20 29)
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NON SPECIFIC MEDICAL THERAPY AND REST

“Many of the principles of therapy discovered to be of value in
other infections not1bly tuberculosts can be applied to the therapy
of histoplasmosis (3 52) Supportive trextment and measures to
assure patient comfort such as antipyretics et cetera so long the
cornerstone of therapy 1n tuberculosis can be used to good advan
tage This 1s especnally true of pauents with acute bemgn pul
monnry hls!uphsmnsls Because of some danger of sertous extra

or the develop of progressne
pulmomr) disease 1t behooves the physician to advise a definite
rest program It as true we do not know how often dissemination or
development of progressise pulmonary disease occurs in patients
with bemgn histoplasmosts but the imnardence of all rypes of husto-
plasmosis 1n the endemic areas 15 5o great (7o to 90% of the
population) that any one physictan 1s ikely to see 2 moderate num
ber of patients with serious types of histoplasmosis  Since there
seems to be an increased 1nadence of thrombophlebstts associated
with d i )¢ a rest prog; should be mod:
fied by allowing bathmom privileges ;md other mild actisity to
promote musclc tone and improve venous return (3 52) This
complication should be borne 1 mind and when 1t occurs proper
therapy should be mmstituted promptly Elderly individuals are
more likely to develop this complication than panents m the
younger age groups

Adequate nutntion 1s essential and indeed 1n many of the
young people seen with so-called benign pulmonary dissemtna
tion and chest x rays suggestine of miliary tuberculosis this seems
to be very important 'I'he general nutritional principles found of
value 1n the therapy of tuberculosis are applicable i this disease
namely the marntenance of positive nitrogen balance adequate
calcium balance and an adequate vitamun ntake

At the Missoun State Sanazonum and 1n most sanatorta where
h 1 15 bemng di d at this nume the majonty of our
cases are of the chronic progressive pulmonary type (18 21) The
rest program 1s adjusted according to the severity of the 1llness as
judged by toxicity and cltmcal progress Seriously 111 patients are

Lept at complete bed rest untsl their fever has subsided and therr
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geneial condition has improved sufficently to allow mild activity
meduding bathroom privileges  Patients who are not very 1! and
who are domg well re 1llowed up for one to two hours at meil
tunes may attend weekly movies do handscrft or go to school
part tme By allowing the patient these moderate privileges we
believe that he 1s more willing to accept specific therapy whtch 1s
Iikcly to require several months of hospitalization  Of course tht
oprimum length of hospitalization and durion of chemotherapy
have not been determined 1t ths time
It seems of the utmost 1mpor tance to prescribe 1 well rounded
therapeutic progrim mcluding modified bed rest proper nutr
tion rehabuitation procedures s well as specitic antifung?l agents
for 1)l pruents with 1cuve lustoplasmoss of a serious nature Tt is
probable that until more rdequate mntifungal therrpy 1s devised we
should use rest principles sumtlr to those wsed for tuberculosis
before the present chemotherapy for tubercuioss was estiblished
Tt c2n be shown that rest and good nutrition Hone will cuse tem
porary remission climcally and by x r1y ind by sputum ¢xamni
ton and 1 1 rre case will result 1n appuent mctiity of the
chronic pulmonnry type of disease
An example of this 1s shown n Case 1 a 36 year old white
male who w1s 1dmutted to the Sanatorium because of weight loss
cough and weakness of threc months duration
The physical findings were normal  1he tubercuhin skin
test w1y ne atve nd the histoplasmin shan test was positive
T he histoplismin complement frxation was posttive with 2 titer
of 1 61 A bronchoscopy was nejatine 1\ scalene lymph node
bropsy reveded chronie grinulomatous lymphadents Routme
blood counts unnalysis and hiver function tests were normal
and remuned unchanyed  One sputum culture was positse for
Histoplasma capsulatum  The panient recenved ten days of oral
Amphotcian B therapy prior to leaving the hospreal against
medical 1dvice W now know that ths was incffective therpy
Asmay beseen (Fig 1) the x rays on admission reverled multple
cavipes angd nhiltrations occupymg, both uppcr Jun, hads
Fourtecn months 11ter 1 chest x ray showcd prictically complete
clearsng of the diseisc - The patzent had not recerved 10y speeilic
therapy meanwile exeept for 1 modilied rest program at home
{Ic has been working 15 n accountng for approxumately one
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~ s 4 Fig 1 (Upferleft) \ ray on admis
KT £, ¥ jou | roved chionte pulmonry his
Fav. ASN r.a. toplasmosis  (Uf per ri he) \ray 3
P ¢ months later —no speailic therapy
- ~ TR t (Louer)\ 1w 14 months later show

Ehad LS g unusual improvement without
speafic therapy

vear and he remams chinically well - Whether the disease will
cxicerhite remnuns to be scen as there are xray bnormahties
remuning, 1t the Ickt apex

11ns inprosement on rest and good nutrition s also illus
trated by Case 2 This 35 year old white mate had been reln
ey well unul February 1956 when he destloped flu with
weakness non productite cough and low grade fever which did
not secm to respond to the usual anubotics  He last approxi
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mately 15 pounds 1 weight Two weeks prior to admission he
developed right antersor pleurttic chest pan

Physical examinition on admisston on September 11 1926
revealed a thin white male appearing chromcally 11l with dimin
1shed breath sounds over the right chest The examination was
otherwise normal

The mportant laboratory work revealed a negative PPD
skin test a positive histoplasmin skin test and a positive comple
ment fixation at a titer of 1 64 Numerous sputum cultures for
acid fast baaith were negauve  Four sputums were positive on
culture for Histoplasma capsulatum

Course  During hospitalization the patient was afebrile
except for temperature of 102°F on two occasions during ampho
terran therapy  Oral Amphotericin B was begun at 6 gm daily
on December 8 1956 and continued until February 19 1997
Meanwhile intravenous Amphotericin B was begun on Decem
ber 13 1956 and continued until March 6 1957 A total of 1 840
mgwas grvenn the three months pertod The average dose was
60 mg three umes a week Dumnng the admimistration of the
drug the patient showed moderate side effects such as anorexi
headache and nausea but these symptoms were well controlled
by analgesics and chlorpromazine Repeated blood counts urn
alyses and hiver function tests did not show abnormahiies The
blood urea nitrogen rose no higher than 18 mg during iatrae
nous Amphotericin B therapy On March 8 1957 the patent
left the hospital aganst medical advice having been advised to
have surgery On May 22 1957 he underwent a night upper
lobectomy at the Mayo Climic  Cultures from the resected tissue
were reported negative for Histoplasma capsulatum and acid fast
baailll but there was a necrotic granulomatous type of disease
present

The patient s progress since then has been excellent The
last chest < ray was taken here on May 14 1958 and reveals no
evidence of active pulmonary disease

This pattent mmproved at first on 2 modified rest program
and good nutrition as shown by the definite improvement be
tween the x rays of September 11 and October 29 1956 (see Fig
2) The xray findings remained stable untl Amphoterian B
therapy and then seemed to improve further Six sputum cul
tures collected after starting Amphotertcin B were negative for
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Fig 2 (Upper left) X ray en admussion—culeurally proved chronic pulmonary

hustoplasmosis  {Upper right) 71 days later on bed rest and good nutntion

alone (Lower left) After 5 weeks of I ¥ Amphoteriin B (Lower right)
1 year after nght upper lobectomy—himeally well
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Histophisma capsulatum  Symptoms mmproved but complete
cure nas not achieved without resectional surgery

INDICATIONS FOR SPECIFIC THERAPY

It 1s rdvisable that an abservaton pertod of vanable duration
be considered to olserve a diagnosed or a suspected case before
speaific therapy 1s imstituted  Specfic antifungal agents should be
applied in the treatment of (1} persistently symptom1tic primary
pulmonary mitdtrattons (2) chrome progressive pulmonary huste
plasmosts (3) disseminated hustoplasmosis () mucocutaneous
lesions (which usually mdicate dissemmated disease) (5) acuve
hsstoplsmosis superimposed on other chironie debrlitating diseases
(I 347 51 52y Itss hoped thit an wnexpensive non toxic oral
antttungal agent will be found which will be at least as effecuse
agunst the Histopliema Capsulatum s those as ulable for the
trenument of tuberculosts  Extreme care mast be exerted to mord
ateribueng 1 favorable result to 1 medication when the umprove
ment noted may hasve been due to 1 spontancous remussion which
nny accur during the natural course of the disease  This 1s exesnplt
fred by the fict thar many drugs reported fivorably sutatly hve
not proven effectise after complete scudies and adequate follow up
evalurtions Temporary cntical x 11y and sputm nnprmemenl
my be observed with bed rest and am improyed nutritional pro
gram (s my often accur i tubcrculosis) and indeed sometmes
without 1y therapy at all (see Cases § and 2) Pauents who consult
phystcians relassely Iate with progressive putmonary disease of
dissermnited histaplismosts on 1 raprd downhall course shoutd be
trewted 1mmediately with the best antifungl agents nulable
Panents with 1cute bentgn lustoplasmosts often will show defunte
mprosement mn three to four weeks or sooner on 1 supportive pro
grun I signs of dissemination or locil progression orcur i
dignosed case speatic mnfun, therapy should be nstetuted
Signs nd symptoms of progresston which should indicte smmedt
1te speafic chemothertpy are persistent nd mureasing wethness
malase fever weght loss hepunmegaly splenomegaly anem:a
lenhopenni l',mpmdenopmh) mereasiny or obtrously active X ra‘)
findings  mMuUCOCUMETHs ulcers setere cough and hemoptyst
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pleurisy 1ssociated with other mndwations of activity m a known
case and most important of 21l persistently positive cultures of the
sputum the bone mrrow 1nd the blood

Although a certun number of dissem-ted cases will become
well eventually without drug trertment (31) 1t 1s better not to
gamble w1th 1 possibly unfavorable result T urthermore the short
ening of a patient s 1llness 1s of defsnite value providing the thera
peuttc 1gent 1s not dangerous  The toxic effects of 1n agent should
be carefully e usted and bahinced conunuously 2gunst any
benefits which my aceriie  To be convincing the beneficnsl elfects
should begin 1n 1 relatively shoit ime such 1s three to six weeks
depending on the type of disease

In the evaluation of an antifungal agent 1t 1s advisable to
restrict the types of patients treated to those with lustoplsmosis
proven by mycologicil mens such as positive sputum or gastric
cultures positine bone marrow cultures or postive methenamme
silver stamns from resected tissues However we believe that at 1s
tmportant to trent Wwith antifungal agents those excessively toxic
patients who cn be considered to hne active histoplasmosis show
ing progression nd who have been diagnosed on the basts of x ray
findings clinical preture posiuse skin test and serological findings
but without having proved histoplismosis on 1 cultural or histo
logical basis (24) A similw pnincple has been followed n the
treatment of tuberculosts particularly 1 young persons with dis
ease that 1s apparently 1ctve by X ray wha hate positive shin tests
and who have 2 lhstory of contict with individuals with active
tuberculosts

TIHERAPEUTIC AGENTS AVAILABLE

Numerous agents have been proposed for use as effective ant1
fungaldrugs A brief review of many of these which have been stud
ted follows In 1945 Elson (56) reported that certam of the diamines
exerted a fungstatic effect on blwstomyces dermanndis so these
were tried on Histoplasma capsulium but the m vitro studies with
stilbamidime and hydroxystilbimudine demonstrated that concen
trttons required to inhubit Histoplasma capsitlitum could not be
achieved safely i yivo  This has been confnmed by clintcal trals
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1 cavitary pulmonary histop} (6 19) Ammosnibamd
has farled i chimucal nals Beta diethylhminofencolate (MRD 112
Merrell) has proved disappotnting, although there are some seports
i the literature of bencficial cffect 1 pulmonary hustoplasmosis
(1 3 419 23) Lihyl vanillate has 1 narrow therapeunc mdex
and gastric mintanon frequently occurs at the elfectve Jovel of
between 20 1nd 30 mg per cent (1 3 26) Nystaun s absorbed
poorly from the gastrotntestinal eract and produces ntolerable side
elfects when grien mntravenously although wmal studies revealed
1t nas an effectine 1n vivo antfungal agent (3 14 15 16 28) Irhas
been used successfully m Jocal injection for mucocutaneous ulcers
and 1lso as a topical agent  Lxpertence at the Missour: State Sma
torum faled to prove that 1t had any demonstrable effect on
chromic casitary bistophismosss (28) Amebaode (Rx Lally) 15
shown to be acuve m vitro but his proved meffective m chnical
trials probably due to the fact that 1t ts poarly soluble 1 wter (1)

Sulfapyrdine sulfathiazole and sulfadiazine have been shown
to protect and cure mice challenged with Histoplasma Capsulatim
infection (20) Combinung sulfadtazine with nystaun or Ampho-
tericin B produced better results in histoplasmasts m hamsters than
when exther drug wasgnenalone (2,4 8) However the fungstatic
action demonstrated in the laboratory has not been borne out 10
most chincal trials when these sulfas were used 2lone (3 23 25)
Further chiucal tests combrung sulfonarudes with more acine
agents such as Amphotericin B aie definitely mdicated smee
Chrstie suggests that they are beneficial 1 disseminated disease 1
cinldren (40 53) Actidione (cyclohexinude) has not proven effec
trve chieally  Candicrdin was found to be too toxic for human use
as was ascostn  An anubiottc Nepera 1968 seems helpful mn mice
15 effective m vitro and warrmnts chnal tmals (44 45) However
thisdrugsapparently not being produced at this tume 1n quanuties
sufficient for trals as a systemic medication

Varsous sex hormones do show mn utro fungistrc actnity
Studties 1n ammals and humans are too few for evalnation at the
present tume (1 11) Disulferam (antabuse) shows mn vitro actsvity
but 1s of no value chinically (4 28) Numerous other chemical
compounds hate been tested unsuccessfully erther because they
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prosed ineffectis e or too toxic  Some of these wwe Todides thymol
qumine minosilicylic acid quinacrine urcthane amunopterin
neowsphemmin sulbophen stiibamine vitimin h and antihusta
mines (1 3 § 21) Iomaznd cn be shown o huve some m vitro
effect as well but our experience i treating patients with com
bined tuberculosts 1nd k does not ind that st 1s of
definite climical value 1in histoplasmosis
Broad spectrum ntibiotics and even pentaillin ke been used
by us 1nd others in certain cases of the chronic pulmonary disease
with apparent clinical improvement  However we have not been
able to demonstrate conversion of sputum nd belteve this clinical
improvement 1s due to the mhibiuon of secondary bacterial m
vaders 1n the Inrge cavities which are present in chronic pulmonary
histoplismosts
ACTH and adrenosteroids have been reported of value
some dissermnted cises but were of httle value in mice (4 26)
Disseninated histoplismosts not 1nfrequently mvolves the adrenal
cortex  producing climical adrenal msuffsciency {52 see Case 4)
This must be kept 1n mind 1n evaluating these results since spon
taneous rmprovement 1n disserminated cases has been obsered (51)
Steroids may serve to tip the balance fayorably in borderline cases
Critical judgment must be used m evaluaung results 1 a spon
taneously remutting disease  The use of adrenosteroids n active
chromc pulmoniry histoplasmosis without effective antfungal
therapy should be considered dangerous
Prmaricne (Lilly) an antiblotic of the polyene type has shown
anufungal activity 1 1n vitro studtes roughly comparable to that
of Amphotericin B and nystatin - It has been prepared as an oral
drug but causes considerable gastrointestinal reaction which pre
vents most patients from taking 1t well It may prove effective mn
a parenteral form but 1s not avulible as yet (5 49)

AMPHOTERICIN B*
Much of the d scussion 1 th s section s b sed on our personal exper ence
Amphotericin B seems to show promuse as a broad spectrum
anufungal agent (3 41 42 52) It 1s an amphotenic anubiotic
dertved from a previously undescribed spectes of Streptomyces 1s0
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n cavitary pulmonary histophsmosts (6 19) Ammosulbamdine
hns farled 1n chinical trials Beta diethylamiofencolate (MRD 112
Merrell) hrs proved disappomting 2lthough there 1re some reporis
1n the liternture of beneftcral effects 1n pulmonary histoplasmosis
(1 3 4 19 28) Lthyl vamllate has 1 narrow therapeutic ndex
and gastric wrritation frequently occurs at the effectne level of
between 20 and 30 mg per cent (1 3 26) Njstatin 15 absorbed
poorly from the gastromtestinal tract and produces sntolerable side
etfects when grien intravenously 1lthough imnmal studies revealed
1t was an effectve 1n vivo wufungal agent (3 14 15 16 28) Ithas
been used successfully 1n Jocal njection for mucocutaneous ulcers
and 1lso as a topical agent  Lxpertence at the Missours State Sand
torium fuled to prove that 1t had any demonstrable elfect on
chrome catary lustoplasmosis (23)  Amebacide (Rx Lilly) 1
shown to be active 1n vitro but has proved meffective 1 clincat
trials probably due to the fact that 1t 1s poorly soluble m water (6]

Sulfapyridine sulfitluazole and sulfadiazme have been shown
to protect and cure mice challenged with Histoplasma Capsulatum
infection (20) Combining sulfadiazine with nystatn or Ampho
tertcin B produced better results in histoplismosts hamsters than
when erther drug wasgivenalone (2 4 3) Howesver the fungistatic
action demonstrated 1n the laboratory his not been borne out 1n
most chmcal trials when these sulfas were used alone (3 23 25)
Further clinscal tests combining sulfonamides with more active
agents such as Amphotericin B are definitely ndicated since
Christre suggests tht they are beneficial in disseminated disease 12
children (40 53) Acudione (cycloheximide) has not proven elfec
tive climically Candicrdin was found to be too toxic for human use
as was ascosin An antibiotic Nepera 1968 seems helpful i mice
1s effective m vitro and warrants chinrcal trials (41 45) However
¢his drug 1s apparently not bemng produced 1t this time 1 quantities
sufficient for trils as a systemic medicrtion

Various sex hormones do show 1n vitro fungistatic activity
Studtes 1n ammals and humans are too few for evaluation at the
present time (1 11) Disulferam (antabuse) shows in vitro activity
but 1s of no value clincally (4 28) Numerous other chemical

compounds hive been tested unsuccessfully either because they
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ments to tolerance when 1t m1y then be gien three times a week
i full dosige WWe hanve not treated anyone with more than 1 mg
per Milogram per day

Pracucally every pruent recening the wubiotic exhibits muld
side effects These consist of malaise norextn nauser low grade
fever nd hewdache Tables Tand 11 present the severity fre
quency and type of side effects observed by us durning the therapy
of 24 cases of tustoplasmosts with intrmvenous Amphotericin B
‘The majority of panents gradually develop tolerance to fever

TABLE I

Swe EFFFCTs—I 1 A (PHOTERICIN B

D gree Vumber Per Cent
None 4 166
snld 6 )
Moderate 10 116
Seve e 4 166

Total ot 938
TABLE Il

St E EFFECTS AND RELATIVE FRIOUE CY OF SYMPTOMS IN 20 CAsks—IV AaPnotericiy B

Sympt m Number 5 nptom Number
Anoeua _ 1 Nausea _ — 5
Chlls — — 1 Diarthea . . 1
Headache __ - — 9 Rh o 1
Feve — — R’ P ur tus

— 1

Emes s
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Inted from 1 soil sample from along the Orinoco Ruver 1n South
Americt Its exact chemical structure 1s unknown but 1t 1s classt
fed as 1 polyene compound with a molecular formula of C46
H73 NO20 (41) It h1s no anubacterial activaty, but mhibuts the
growth of yeast 1nd yeast like fungt to a marked degree (35 36
38) Larsh et al found 50% mlubition of 5 stramns of yeast phase
Histoplisma Capsulatum by 0 05 meg per mulliliter concentration
usmg Hela cell techniques  The grstromtestinal absorption of this
drug 1s rather poor It 1s avultble as a lyoplulized yellow powder
prepared tor parenteral use® (16) The published data on blood
urine and spinal fluid levels 1re meager  Bio assay ona few patients
mdicates definttely mlubitory concentrations m blood There 13
prolonged excretion 1n the urtne with signzficant mufungal effects
for as long 1s two months after discontinuance of intrivenous
therapy (51) Thissuggests that the drug wccumulates in the hidneys
and then 1t 15 relesed 1n the urine gradually This concept 15 sup
ported by the tendency for the blood urer mitroen to rise pro
gressively s therapy continues  The phenosulfonephthalem and
ure clerance tests are progressiely depressed lso  Forcng flurds
will tend to decrerse the B U N elevation  These renal function
tests return to normal within a two to four week period after dis
contmuance of the drug
Increased resistance to Candida species to nystatin and Am
photericin B has been induced n vutro (48) The development of
resistance 1n chnical situatrons has not been thoroughly mvestt
gated 1s yct
The dosage usunlly ringes between 0 5 mg and 1 0 mg per Mo
gram of body weight grven intravenously m 500 to 1 000 cc of 5%
glucose 1 water over 1 six hour period It 1s gtven daly to sert
ously and acutely 11l prents nd to 1mmuate 1 course of therpy
(3 52)  \fter the dosige has been increased to tolernce or the
pattent hs shown considerable improsement the frequency 15
usually decrewed to three times 1 wech  The optimal duranon
of theripy is unknwon  The trewtment 15 begun with a 25 mg
dose usually given duly nd gradunlly ncreased by 5 mg mcre

Fach o0 tag of Amphe tericin B s prckaged weth 41 mg of sadim desoxycholate
with sodium phosphte a5 2 butfer tnder 1 e name of Funes ave by Squ bb
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Fig 8 (Upper left) Chest xray on

admasston  (Upper nght) \say 4

o~ monthy fater when Amphoterion B

begun  {Louer) After 3 manths of
£V Amphotencn B

SN
¥

One mvestigator 15 rdministersing small doses of hydrocortisone
with each treatment and benefical results are noted n the
reducnon of side effects (50)  Thus may greatly unprore panent
acceptance of the drug  Inan occasional pattent phlebatis and/or
periphiebins affecting the vein used for admunmstration may be a
problem  This usually subuides spontaneousty within 23 o 48
hours Avordance of recently used vesns will help
The results of therapy of p types of histopl

with Amphoteniain B have been fatorable  As would be expected
the results w duserninated hstoplasmosis have been more dra
maue than with chrome pulmonary disease The problem pre
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malasse 1nd herdrche The nausea 1s controlled fairly well by
chlorpromarine and mechizine nd the fever and malaise by salicy
lates  All of the pattents with severe side effects were difficult to
control by ancillwry medcations (sterords were not used) The
side effects of the drug were poorly controlled with only one of the
moderate group Only one patient fatled to receive at Jeast stx
weehs therapy because of side effects Two were discontrmued
because of elevated B UN orrash Two who needed more therapy
left agamnst advice at the end of two months therapy One of these
h1s shown a sputum relapse and the other 15 lost to follow up
Chulls will occur 1n an occastonal patient and are helped by adjust
1ng the dosage and ume of adminstration of salicylates by seda
ton and by keeping the patient warm  These side effects do not
seem to be serious except that they tend to Iimtt patient acceptance
of the therpy  This of course will vary considerably from pasent
to patient and wilt depend largely on their understanding of the
need for treatment and physician patient rapport One of our
patients with culturally proved pulmenary histoplasmosis who
recerved great benefit from the treatment took the drug for four
months although he spiked temperature of 101° to 102° F every
day of therapy 1n spite of other medications This patient s chest
x rays are shown mn Fig 8 Note the increase in xray findmgs
between September 6 1956 and January 10 1957 when Ampho
tericin B was started This patient remams well and 15 working
full time more than a year after discharge from the hospital The
pauent acceptance 1s also influenced adversely by the mode and
duration of admimstration of each dose More sertous side effects
dooccur Azotemta usually of muld degree occurs rather nmiform
Iy and 15 usually accompinted by decreased urea clearance and
phenosulfonphthalein excrenon The blood urea nitrogen com
monly rises to 30 mg per cent and occastonally hugher Purpuri€
eraptions rirely have been abserved Pruritus occurs occastonally
during the actual adminstration Temporarily discontinuing the
drug for more than 48 hours usually necessitates restarting the drug
at a lower dose and reactions which occur are usually more severe
than those observed mtally  Two cases restarted after more than
two weeks lay off have presented anaphylactord type of reactions
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was readmitted to the hospital wath adreno-cortal msufficiency
with an exacerbatton of his chimical findings including fever
werght loss general miluse splanomegaly nd 1enl histoplismoss
as shown by positise urine cultures e hs agun responded well
to Amphotencin Il gnven along with adrenosterord therpy

Amphoterian B must be considered 1 effective drug, n the
treatment of hustoplismosts [t my he considered most effecttve
n disseminated diserse 1nd may be used to speed recovery of
perststent bemgn pulmonary histophsmosis It has proved to be
suppressive m chronic pro_ressne pulmonaty diserse I there 1s
much destruction of lung tissue surgical exasion 15 advnable when
feasible (22 24 25 26) Thoracoplasty may be advisible rarely
The nubiotic may ssist i mactnaung disease on one side so
that the discise 1 the other lung may be resected It m1y be used
efl'ecmel) as i umbrellr for rescctional surgery of lustoplas
mosis (22 21 26) The use of Amphotenncan B at present may
be Iikened to the ewrly use of streptommcin m tuberculosts This
1s dllustrated by sumilar uncertunuies as to dosage duraton of
theripy and types of disease for which 1t should be used  Howeser
pauent acceptance of thus theripy 15 not on 2 par with that of
streptomyan The optimum duration of therapy 1s unknown but
proper esaluation of effectiyeness 1n amy case of chronic pulmonary
lustoplasmons requires two to four months of therapy At present
we are attempting to persuade our patients to accept at least four
months of drug theripy \ ray improsement frequently does not
parallel closely sputum conversion nd relief of constitutional nd
pulmonary symptoms After anubiotic therapy we advise conun
uation of a modified rest program for six months or lon_er depend
g on whether surgery has been done and the 1mount ot disense
Temaimung  Cxiremely severe types of disseminated histoplasmosts
such as central nervous system disese (menm.inis and imvolsement
ot brun nissue) and endocnditis have been observed and should
be considered mdications for higher dosige mnd more prolon,, ed
therapy with Ampt 1an possibly b 1 with sulfc

T
and ather antifungal agents (39)

Other drugs are needed and are being tested Short cut meth



464 HISTOI LASMOSIS

sented here 15 compariblc to that seen 1n moderately and far
advanced pulmonary tuberculosss that 1s if there 1s considerable
destruction of lung tissue (massive necrosis) 1 morass of diseased
tissue 1s created from which 1t 15 most diffucult to eridicate the
orgrmsm without surgicl mtervention

The charcter of the sputum usually changes trom purulent
to mucoid md the quantity 1s markedly dimunished even disap-
pewring n some mseances  Sertal chest s rigs revel cleartng of
exudatine components but civities ind necrotie focy frequently
temun akthough often decrersed n size  The anuhrotic 15 deft
nitely suppressive and produces remarhable clinictl improvement
md prompt sputum conversion in most patients This hs been
shown waith 23 of our chronic pulmonary cases tn which persistent
Iy positne sputum cultures became negative within two to three
weeks and 1emained 50 1s long s therapy was continued  Several
pittents with extensise pulmoniry destruction who veluntarily
stopped therapy after si» to eight weeks hrve shown sputum e
lapses  One elderly mmn with 2 destroyed pight Jung and 1 bron
chopleur fistula and chronic empjemn showed 1 sputem wd
chinienl relapse within two weeks atter cessagion of treatment This
therapy had been conanued steaduly for newrly six months This
happened 1 spite of the fact that bus < ray hd shown absence of
empyema flud and hus sputum cultures had been consistently
negatnve for tour months  Another patient with chronc puimomry
hustoplismons showed 1 sputum relipse while ne nere chmngng
from the nsoluble suspension to the lyophilized form which nec
essitated admimst: wtion of the drug i lower dosige temporuily
He mauntaned s chinieal smprovement ind undernent a resec
tion without mishap and remamns well after one yerr Another
piuent wuth fir advanced enatary pulmonary disease 1mproved
by x ray tnd chimcally but his sputum did not convert untit after
wwa months of theripy

An elderly mn with severe disseminated diserse on & down
tull course for two months responded chimscally wathun 2 week
and made a remarl 1ble recovery within two months at wluch me
treatment w1s discontinued becwse the B U™ was 70 mg per cent

He remuned well for approximael seven months and recently
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Fig 4 (Upper left) Prior to Amphotenicn therapy 5 sputums positrve for
Histoplasma Capsulatum  (Upper right) ® months of I V Amphoteriun B
Sputums negatnve for Histoplasma Capsulatum  (Louer left) 1 month after
cessation of Amphotenicm B Sputums sull negative  (Lower right) 3 months
after stopping Amphoterian B Sputus negatne for Histoplasma Capsulatum
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ods of testing using Hel cell tissue cultures to determine their
effects on yeast forms e bemng used (5)

Case 4 will 1Nustrate some of the above statements  Ths
57 year old white man with active chromc cavitary pulmonary
histeplasmosts was diagnosed on the basis of 5 sputums positise
on culture for Histoplasma capsulatum  posttive histoplasmn
skin test positive complement fixation for histoplasmoss and
abnormal chest x rays (sce Iig 1) Although che tuberculin test
was posttive 13 sputum cultures were negative for acid fast
bacillt

Intravenous Amphotericin B was given for 4)/ months
During this treatment the patient gained 10 pounds and became
afebrile except for a low grade fever occurring on the day of each
I V treatment He recetved 65 mg of Amphotericin B three
times a week He suffered moderate side effects including
nausea occasional vomiting ntestmal cramping and nuld diar
rhea mild clulling anorexta and malaise  These were well
controlled by salicylates and chlorpromazine The blood urea
nitrogen remained normal throuphout the therapy  The lust
sputum that was positive for Histoplasma capsulatum was col
lected 3 days after starting mtravenous Amphoterian B There
have been 15 sputum cultures negatrve since then and 6 of these
were collected since Amphotericin B was stopped  The pattent
was rexdmatted for a short ttme recently approxmmately 3 months
after stopping Amphotericn B and 8 sputurns were negatnve by
culture for Histoplasma capsulatum  He suffers infrequent ept
sodes of incresed cough and purulent sputum with low grade
fever and malaise  These symptoms are controlled by short
courses of broad spectrum antibiotics  We believe these are due
to secondary bacterial infections of the large cavities remammng
m the lungs (see F1g 4)

This pattent allustrates the converston of sputum by Ampho

terian B and the mmprovement of exudative components of his
disease but destructive lung disease remarns and 1t may be only 1
matter of ume unul jus sputum becomes positsve again  Surgery
15 not adsv1sable because of his poor ventilatory function and bilat
eral cavitation Perhaps mtramuscular Amphotericin B could be
used to Leep this type of disease quiescent This case 15 an example
of the serious type of chromc pulmonary histoplismosis and
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Sputums negatve for Hustoplasmi Capsulatum

i

Fig 4 (Upper left) Prior 1o Amphoterian therapy 5 sputums positse for
Histoplasmta Capsulatum  (Upper mipht) 2 months of I V Amphoterian B

(Louer left) 1 month after

cessation of Amphotenion B Sputums still neganve  (Louer right) 3 months
after stopping Amphoter cin B Sputums negative for Histoplasma Capsulatum.
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illustrates some of the problems which occur 1n the therapy of ths
type of diserse

SUMMARY

It wppears very likely that eventually the therapy of Tustoplas
mosts will include combined drug therapy over longer pertods than
are used now Perhaps the combinton of Amphotericin Banda
sulfonamide would be worth a trial a¢ this e Also surgery will
be used more freely as a more effective medical therapy et olves

At present Amphotericin B seems to be the best antifungal
agentavulable Itis primarly suppressive and has its own toxicity
and therefore should be used only where defimtely indicated The
principles of therapy des eloped for tuberculosis are useful nimety
rest adequate nutrition 1nd long combined drug therapy Cer
tamnly there 15 a tremendous need to learn more of the disease
uselt as well as ats treatment  Thus certanly will be forthcomin,
1n the enstung years as many people are working on this problem
Cooperative studies on mycoses such 1s are being carried out by the
British Medical Research Council Veterans Admunstration and
U S Public Health Service on tuberculosts have been naugurated
by the Veterans Admimistration and U § Public Helth Service
with regard to these mycoses  These should prove to be very frasful
1 the future
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SURGERY FOR PULMONARY HISTOPLASMOSIS
Joun W Pork

Resecuon for localized mycotic lestons of the lung has been
advocated 1 the past few years as mdicated by several reports 10
the literature (15) These reports deal primanly wath the three
most 1mportant  blastomycosis coccidioidomycosis and histoplas
mosts although other 1solated reports prove that other mycotic
lestons may be successfully resected Thirty cases of localized pul
monary histoplasmosis with complete pathologcal studies have
been presented by Forsee (6) and his co workers Chrontc progres
stve histoplasmosis was first descrtbed by Johnson and Batson 0]
and Bunnell and Furcolow (8) 1 1948 Suthff and his co workers
(9) Palk and his co workers (10) and Hughes and his co workers (11)
later presented cases comparable with this form of the disease In
a more recent report Polk and his co workers (12) demonstrated
the wide vartety of pulmonary manifestations which may occut
wath this disease and reported cases which must be differentiated
from bronchogenic carcinoma pulmonary tuberculosis bronchiec
tasts and empyema It 1s the purpose of this text to consider prob
lems encountered with the surgery of pulmonary histoplasmosis

CLASSIFICATION

The usual classificauons of pulmonary histoplasmosts have
seemed to be unsatisfactorv from a surgteal viewpont and we sup
gest a modification from pre existng classifications Pulmonary
histoplasmosts has complete disregard for tssue barers 1nd can
produce all of the pathological processes encountered with pul
monary tuberculosis That the two diseases occur sumultaneously
m approﬂmnely 209, of our cises seems well documented

Our sertes of cases mncludes pulmonuy resection of 27 focal
1zed lesions hustoplasmoma) 29 cases presenting other va-ying pul

monary pathological processes 12 cases of pulmonary histoplismosis

42
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m children nd approxamatedy 25 cases of histoplismosis seen at
the Missourt State Swnatonum for which no surgery was recom
mended In thus senes the dingnosis has been proven by demon
stating the oygmusm Histoplasma capsulatum in the body tissue
or sputum  or serologically praven by having 1 complement fixa
tion titer of 1 8 or lngher  No case 1sincluded which reverled only
2 positne shan test We would therefore present the following
chssification 1s 2 basis of study for the surgeon

MIIARY
PULMONARY <
FocaLzen

ACUTE PREUMONC
PRIMARY BRONCHOPULMONARY <
MIDDLE LDBE SYNDROME

MEDARSTINAL LYMPHADENOPATHY

FOCALIZED
PULMONARY CAVITARY
DIFFUSE REFILTRATION AND CAVITY

BRONCHIAL STENQSIS

RIGHT MDOLE LOBE SYNDROME

'PLEUROPULMONARY —~~ EMPYEMA.
WISTOPLASMOSIS ASSOCIATED WITH PULMONARY TUBERCULOSIS

Indications for Resection

Two considerations of pirimount tmportance must be under
stood when treatng pulmonary histoplismosts Tirst establishing
a diagnosts of histoplasmosis may be long and tedious since cultwe
of the or,1n1sm 1s not practical m the routine Ihboratory  Second
1f the pauient has not localized his disense to a portion of the lung
then the pronosts 1s very poor If these tacts are realized then
surgicl resection for hustoplismonts seems to offer excellent therapy
1 this form of the disease

The indications for resection of histoptismosts have not as yet
been definitely established due to the paucity of cases We have
theretore utilized many of the established mdications for resection
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1 pulmonary tuberculosis to guide our selection of cases for
surgery

PRIMARY HISTOPLASMOSIS

The diagnosis of primary histoplasmosts 1s often rendered most
difficult since the patients with tius form of the disease do not
deselop lesions which cause the orgamsm to be promunent 1n the
sputum  Therefore the diagnosis must often be suspected by the
history and x ray appearance of the disease and further proof gamed
by the use of the serologtcal and skin testing studtes It 15 true
this form of the disease that the symptoms may often be so mild
that clinical advice 1s not gamned at the time of infection and many
late diagnoses are made by the presence of healed calcified lestons
1n persons with positive histoplasmun skin test and negative tuber
culin test It 1s this group of individuals who 1n the primary phase
of the disease present a miliary 1mvolvement of the lungs or 2
focalized small infiltrauve lesion

Other types of the prrmary phase may occur however such
as the acute pneumonic form of the disease or a phase of the dis
ease which we have frequently seen that 1s Tight middle lobe syn
drome It 15 our contention that these phases of the disease do
require specific treatment

Case Report This 5 year old white female was seen on
June2 1957 complaining of cough aching of the legs and ankles
and loss of appetite  Her mother stated that she had been run
mng temperature almost every day for one month The chuld
had remamed active until the past several days There was no
weight loss  The child gave a history suggestive of having asp:
rated materzal from a rug approximately two weeks prior to this
when she had a violent episode of coughing X rays on June 2
revealed an atelectasts of the right middle lobe and some infiltra
tion 1n the right lower lung field  Bronchoscopy was performed
at Burge Hospital Springfield Mo June7 Right muddle lobe
bronchus was noted to be markedly inflamed and almost com
pletely closed from extensive pressure ‘There was no evidence
of any foreign body 1n either right or left Smears and cultures
were made for acid fast organisms These studies were com
pletely negattve  An intermeduate strength tuberculin skin test
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wasnepiive  Ihe lustoplasmn shin test was positve Comple
ment [ination studics werc reported posine 1128
The chuld was discharged to her home on anubiotics which
we felt would lielp control secondary mfection  Over the last
yar the serology has sanied from 1 16 to 128 Ou the above
program which had been supplemented frequently with broad
spectrum antibiotics: the atelectasts 1n the right middle lobe has
mproved approximately 509, A tonsilicctomy was performed
July 3 1958 and the child 1s doing well
Medtistinal lymphadenopathy another phase of the primary
form vames 1n the symptoms that 1t produces It has been our
expenence that symptoms do not necessrly follow the preponder
ance of the wdenopathy but seem to vary 1 great deal with the loca
tion of the adenopathy and the resistance of the patient to this
disease We have scen prtients with extensive bilateral mediastinal
adenopathy who presented very few symptoms and 1n whom the
serological fiter was not over 1 8 In contrast to this we have seen
several cases where the only presenting denopathy was mn the
azygosnode yet exch of these patients presented marked symptoms
conststing of malaise fever weight loss 1nd anorexia In both of
these patients the serological titer was 1 6 and 1 128 was found
Both cases impros ed after long terms of bed rest ind broad spectrura
anubrotics which were used to control secondary mlection
In two cases the mediastinal node was large and calcified
Even though one ot these pittents had 1 postve tuberculin skin
testand histoplasmun skin test the locatton of the node 1n the anter
tor chest su gested the posstbility of 2 dermord cyst At the time of
surgical removal a diagnosis could not be mde unul the spectmen
was opened and studied

RE INFECTION HISTOPLASMOSIS

Reinfection histoplasmosts comprises the majonity of cases
which we have seen who defimtely seem to benefit by surgicat
resection  The age group on this type of case 1 our series has
rarted from 18 years of age to 68 The vartous phases of this dis
case under our classification will be discussed separately

Focalized pul y hastopl. {histopl } 1s bemng
encountered more frequently in surgical resections throughout the
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country than any other phase of this diseise (14) Thus 15 due pni
manly to the tact that these are comn lesions wnd exploratory
thoracotomues are bemng done beciuse of the predomumiting fear
of bronchogenic cwanoma  Such 1 surgical attack 15 defmtely
warranted  The sprend of the nstoplismoss from resection of the
histoplasmomn 1s exremely rare  In our senes of cases and 1n the
sertes presented by Dasis ind his group (18) there was no spread
of the discase from resection of this type of c1se  Since this case 1
so furly common no cise report will be grven

Tt 15 well to bear m mund however that 1 dealing with this
type of case both histoplismosis and tuberculosis may be found
m the same nodule Tt has therefore been our routine to cover
all such pattents who 1re having 1esection of con lestons with rde
quAte ant1 tuberculosss therpy

The lrge focalized mss scen m two cases diameter OVer 5
em  must be differentiated from 1 solid tumor of the lung or
bronchogenic cwramomt  They frequently have the mdefimte
borders seen 1n certain cancers no cavitation 1s present and in one
case the sputum was susprcious for cncer cclis even though ¢ the
tme of surgery no cancer w1s found At the operating, table ths
type of lesion 1s firm and with the marked 1denopathy present with
them suggests that lobectomy should be done prior to biopsy of
the lesion

Case Report LB 259 year old white male was admuted
to Missoun State Sanatorium December 12 1956 He stated that
he had had sevcre colds 1n the winters of 1995 and 1956 and had
a productve cough for approxsmately fise months  During the
sumimer of 1956 he mmproved and had no symptoms referble to
the resprratory tract  In the fall of 1956 he agun had severe
productive cough and compluned of pun in the right chest A
rocntgenogram revealed a dense mass m the nght upper Iung
field (Fig 1) Following lus admisston to Missourt State Sana
tortum a right upper lobectomy was performed on December 20
1956 The G M S stuns of resected lung tissue revealed Histo-
phsm1 capsulitum  The patient has heen followed for 18
months 1nd has returned to Jus normal work as a farmer (Fig
2 shows 1 stmilar lesion )

The third form of disease which we have seen which requires
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pulmonary resection 1s the cavitary form of the chronic progresstie
type Thas disease has been adequately described by Bunnell and
Furcolow (8) and our group (15) If the cavtary component 1s
localized then lobectomy offers excellent results in selected cases
In the cavitary type of thus disease which has an evtensne dif
fuse infiltration 1n hoth or one lung surgical resection 1s not recom
mended until after adequate bed rest and regression of the disease
has occurred It has been our optnion from the observation of our
own cases and from those 1n the literature that the spreads follow
mg pulmonary rescction have occurred in this type of cise espe
cally if the resection 1s carried across disersed portions of the lung
In certain nstances the cwvitary and infiltrative components
of the disease are limited to one lung This type of disease mimics
the typically destroyed lung of pulmonary tuberculosis and mn our
opinion warrants pneumonectomy We will eliminate a case report
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Fig 2

here since this has been shown 1n previous articles and will pre
sent a destroyed lung cise with the use of Amphotericin B therapy

In the re infection type of pulmonary histoplsmosts we also
have a2 combination of bronchopulmonary msoliement Tins 15
a much rarer form of the disease than the pulmonary form which
includes the focalized and cavitary proce s Since this form of
disease offers llent results from pul y resection and since
histoplasmosis seems to be on the mcrease and we feel that further
such cases will be seen mn the future we are includmg this i the
text

True bronchial stenosis as a resuit of this diserse has been
demonstrated 1n only one case 1n comparison to the numerous
cases of bronchial stenosis which have been shown n pulmonary
tuberculosis We are unable to explam this pathological phe
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nomenon Raght upper lobectomy was performed in this ease and
complete recorvery guned

Case Report  \ k139 vcar old white niile was admutted
to Burge Hospital Springhield VMissour: on October 18 1905
He stated that 1n September of 1905 he developed 1 severe cough
pamnan nght chest and sensation of pressure 1n the night chest
He continued to work until October 1o 1922 with the above

P persistng A am (Fig 3) revealed 1 large
cystic leston contaming fluwd 1n the night upper lung field  He
was admitted to Burge Hospetal for study  The histoplunun
skin test was positive  \ tuberculin shin test was negatne - Sev
eral sputum cxumimations were negative for tad fast orginisms
Bronchoscopy was performed 1nd a stenosis of the night upper
lobe bronchus w1s observed  Smears from this area were nega
tive for malignant cells  On October 20 1955 nght upper
lobectomy was performed  Sections of the upper lobe showed a
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multiloculated cyst the largest measuring approximately 6 an
diimeter - The cyst linings were covered with a fibrous exudate
Sections of the upper lobe bronchus shoucd 1t to be obstructed
completely obliterated by fibrous tissue G M § stans revealed
numerous orgamsms idcnufied as Histoplasma capsulatum  The
patient has rceurned to his normal occupation as a truck drver
Bronchiectsis associated wath pulmonary lustoplasmosis and
right mddle lobe syndromes have been seen on several occasions
m the past few years It 1s our belief that the mddle lobe syn
dromes occur from the adenopathy which destroys this lobe 1 the
majortty of cases although in one case very few nodes surrounding
the bronchus were found while the broncht were bronchiectatic
and the lobe destroyed by fibrous tissue

Case Report RW 240 ycar old winte female was admit
ted to Missour: State Sanatorium on January 6 196 She stated
she had coughed up small amounts of blood m 1915 and 1949
On December 14 1955 she coughed up approximately two cups
of bright red blood and was admutted to Burge Hosptal m
Springfield Missourt  After bleeding was controlled broncho-
scopy was done on December 20 1930 This reseled extensive
bronchiectasts mn the left lower lobe and hingula (Fig 4) She
was transferred to Missourt State S$anatorium and on Januan
16 195G left lower lobectomy and lingulectomy were performed
Tissue cultures from the aperative specimen were reported post
trve for Histoplasma capsulatum  The organisms were also dem
onstrated 1n the tssue utilizing G M S stains  She has had no
further estdence of hemaptysts and has resumed her activity as
a housentle

Two cases hnve been seen m which the organism Histoplasma
capsulatum could be cultured from the empyema flind thus
establishing that this phase of the disease may occur also  The
empyema wn these cases was the result of 1 large bronchopleural
fistula eroding from a large cavitary component and mn both of
thesc cases the pathological process took several years to develop
Two other cases haie been seen 1n which an empyema was present
but sn which the orgamsm  Histoplasma capsulitum could not
be demonstrated In both of these cases however the Instoplasmin
shin test was strongly positine and the serological uter reached
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1128 Inthese litter two cases 1 Schede type of thoracoplasty over
the empyemn sprce resulted in appuient rrest of the disease

Case Report H'1 a 5o year old white male was admitted
to Missour: State Sanatorium for the second ume on July 13
1956 He had previously been a pattent 1n this institution from
January 1900 to M1y 5 1950\ diagnosis of pulnionary tuber
culosis moderately advanced actisaty undetermined was made
at that e althan, h no raud fast organusms were found  Over
the next few vears the patient complained of weakness moderate
dyspnen cough and edema of the lower extremitses His dyspnea
finally became more marked and he was readmitted to Missours
State Samatorium July 13 1956 Xray at thit time showed
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marked progression over the previous film of 1950 (Figs 5 and
6) A large air space mvolving the upper two thirds of the left
hemithorax and fluid levels over the diaphragm were present
A cavitary lesion was noted sn the right apex Repeated sputum
exammations were reported negatne for aaid fast brellt Cul
turcs from the sputum and the empyema fhurd were reported
positive for Histoplismt capsulitum  Patient was placed on
Amebacide and Amphoterian B but did not tolerate tins form
of therapy  On September 19 1956 he was taken to the oper
ating room for explortion and possible thoracoplasty A left
pleuropneumonectomy w1s performed  The patient cxprred on
September 29 19560
The 1bove case presents two featurcs of pulmonary histo

plasmosts which we feel 1re of piramount importance The first
and probably the most sigmificant 1s the progressine destiuctine
nature of this diseise  We do not agree nith other authorities who
feel that this 1s entirely 1 benign diserse  The second 1s that the
orgimsm Histoplasmt capsulatum defintely may be the etiology
of an empyemn

Histoplasmosts with associnted tuberculosss has occuired 1n

L3
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approamtely teenty per cent of our cases  Fhas weludes the
sertes of comn leaons 1nd 1iso the cavitary phases of tns disese
In 11} cuses that had 1 poutise cultwe for 1ad frst organisms prior
10 surgery the sputuin beeyme negane for thus type of organism
when dequitely treated with antitubereulosis theripy  Then
though the sputum betomes negune for 1ad fit argansms
radoloy1c ymprovement his not been munfested 10 some cases
suggesting 1 second or undeshan, distse

Case heport 1§ o8 year ofd white male aus admitted to
Missourt State Sanatonum on August 26 1921 fe stated that
he had had progressn ¢ dysprea productive cough weakness and
paar appette for Ine months prior to ademusuan - Followng b
admission to Missourt State Smatorium sepeated sputum exam
matons were positne for 2ad fast organsms  The wbercubn
shen test and hstoplasmin shin test were postne Serolo,se
studies on September 17 1901 were reported positee § 16 m the
omplement finavon phuse  After chemotherapy for bis raber
oulosts 2 left pnounioncctomy was puformed on fanuany 18
19,6 (Fig 7) Postresection tf phasty was then d
on February 8 19,6 Aad fut arjanems were demonstratcd an
the resected Tung tissue and numerous orgamsms sdentefred s
Histeplasm capsulrtum word reseafed by € MS st Panent
eontinues in good health 1o the present ume

Within the past sear we have seen approxamatdy 1y cves
which have feft us 153 some doubt s to the vibiis and viralence
of the or anisms Histoplasma cipsatatum  In each of these 15
cases numerous postsve cudtisres for weud fast orgamsms have been
reparted ‘They 1l responded to anutaberculons dru,, therapy wd
became negine prior to havmng surgieal resection In ewch of
these cuses the resected specunen has fatded 1o sield wad fust
argattisas by stasnt nd culture set our pathologsts have reported
the organism Hustoplasma capsulatum when the Gomor: meth
emmine sther stun has been used  Stringehy enough n 1 of
these pusents cultures for Histophisma capsulatam have beew
negatiie The exaet tole that the orgymism Histophsma capsula
tum plays in these cases 1s not fully understood by this amthor  Fur
thes speculiton and studtes w1l e to be dane before any by path
esis can be given
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Fig 7

Trends m Treatment

To the present time pulmonry resection has offered t'e most
defimtive md successful form of theripy for pulmonary histo
plasmosis In spite of this scveril factors hve presented 1 major
deterrent to this form of therapy  First 1 postoperative spread of
disease s teated by surgeans wid many will not resect 1ctive et
tary testons Secondly operating on 2 disease with n orgimsm
resistant to therapy 1s completely contrary to many sound surgical
prmcxpﬂs For these reasons as well as control of the more ful
munating forms of this diserse many medtcinls hwe been tested

1n the treitment of histoplsmosis
Amphoteniun B appers to be the ant: fungal agent best susted
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1 the present treatment of histoplasmosis (16 17) In fact weare
1n the early stages of surgical therapy with histoplsmosis 1s we
were 1n the early resection period for tuberculosis when only
streptomycin was nailable

Amphoteriain B theraps appers to be promising from a surgt
cal standpornt in several ways  Farst 1t definitely has been shown
that sputum can be converted from posttive to negatine  Most of
the patients whom we have followed have reverted to posttive
status however sometime after the drug 1s stopped  Secondly 1t
appears 1o us to cause regression m infiltraine lesions although
this 1s hard to evaluate since many infiltrative processes will xm
prove with bed rest alone Thirdly 1t seems to md 1n the control
of symptoms particularly cough

Eight patients have had defimtise surgical procedures after
Tecensing vrious amounts of Amphotericin B Six resectsons ind
two electise thoracoplasties have been completed Postresection
thoracoplasty and closure of 2 bronchopleural fistula was necessary
following a left upper lobectomy and superior segmental resection
There was a questionable sprend of disease following a second stage
thorcoplasty

The major weakness of this form of therapy 1n our opmion
15 fatlure defimtely to affect the casitary and fibrouc disease when
1t oceurs

Case Report  H M 51 year old white male was admitted
to Missour: State Sanatorrum January 3 19,8 *  In December
1957 he had complamned of feser severe cough with marked
sputum and exertional dvspnea  The patients symptoms did
not improve with pemtallin therapy N ray revealed diffuse
disease throughout the entire right lung several caviues bemng
present  For this reason the patient was admutted to Mhissoun
State Sanatorium (see Fig 8)  Following admussion to the Sana
torium  bronchoscopy was performed Jamuary 20 1908  All
studues for acid fast OIEANISIIS were negative chemed cultures
were positive for Histor hotericin B
therapy was started on January "3 and contimued “until Nay &
1998 A dose ranging from 2o mg daily given three times weekly

This patt nt d <t n an ther hosp tal 1n Nov mber 19 8 of a  hr n ¢ preu
L
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to 70 mg datly three umes weekly was used  The patients

sputum conserted to negative status around I ebruary 4 or three

weeks after treatment w1s instituted  The night lung remained

destroyed  On May 6 1958 a riplt pleuropncumoncctomy was

performed  Paucnt tolerated this surgery well and was dis

charged May 28 to resume normal activity at home

As previously stated and shown by thus c1se we feel that

Amphotericin B therapy will consert the sputum i the majonty
of these cases At the time of pneumonectomy the right lung was
destroyed  On cutting the specimen there were numerous stellate
cavities measurin, 2 cm 1n greatest dhameter W do not feel that
Amphotericin B would close this type of cuty
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TABULATION OF DATA

Becanse of the fact that there has been a prwcrty of resected
cases dor the various phases of pulmonary histoplasmosis we felt
that 1t would be worthwlile to tabulte our datn Furcolow and
Brasher (13) 1n a recent publication stated that only 16 cases of
chronic progressive cnatary histoplasmosis had been reported
Polk and his group (12) Iind reported 21 cases of pulmonary histo-
plasmosis having had definve surgical therapy

‘To date we have performed varying surgical procedures on
29 patients presenting ‘arious pulmonary pathological processes
the etiology of which was Histoplasma capsulatum  There have
been 4 pleuropneumoncctomies in this group The one death
which occurred 1s 1llustrated 1n the preceding portion of this text
The other 3 pattents are Ining nd well

Twenty three patients were treated with pulmonary resection
rarying from subsegmental resections to lobectomy nd se,mental
resection There his been one death n this series from a pulmonary
embolism on the tenth postoperative day This was previously
reported by our group Two patients wn this series have had
telapses or spread of their disease varymng from 9 months to 2
years In both of these patients we were able to demonstrate the
organism Histoplisma capsulatum n the sputum  One has recerved
Amphotericin B ther1py the other 15 being evaluated for this form
of therapy

One patient had a left exploratory thoracotomy However
because of the extent of the disease which would have required a
preumonectomy with disease 1n the contralateral lung no defim
tive surgery was done  This pattent had recerved MRD 112 prior
to thoracotomy He exptred in 1rreversible shock 60 hours post
operatively Autopsy reveled 1n acute pseudomembranous enter
1t1s with toxic hepatiis and toxic nephrostis  Also bilateral put
monary histopl was d rated

Of the remaining cases having had definitive surgical proce

dures results have been satisfactory They have returned to normal
life

Two patients with positive sputum have had primary thoraco-
plasties as a defimitive form of therapy One patent had recetved
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Amphoterscin B until the sputum became neganse followsng
which a two stage thorcoplasty wis done  This pattent has subse
quently died of 1 coronary occlusion It 15 our opmion that this was
1 bad selection of cases due to extent of the disewe wnd hus low
pulmonry reserve The other patient done piior to Amphoterian
B therapy has remaned posstive but contisites to lead a qurescent
hfe We feel that hus symptoms especially cough were reduced by
the thoracopl1sty Two patients without positie sputum bug with
serologies varying from 1 64 1o 1 128 had also recessed prunary
thoracophisties  These two pattents have subsequently returned to
their homes  Both are m the 60 age group wnd hve not returned
to work 1t the present time

It can eastly be seen from the above remarks concerning thora
coplasty that few surgeons have had enou,h expertence to evaluate
tius operation adequately 1n pulmeniry hustoplasmosis We hne
used 1t as 1 secondary operiton withholding 1t for the aged debih
tated pauent who has had bilateral extensive disease  Perhaps if
thorwoplisty were used i the young group with unilateral Jocal
szed disease results would be better

In aseries of b5 resectrons for com lestons over a six year persod
27 cases of grinulomitous disease have been found proven to be
lustoplasmosis by demonstriung the orgimsm m the tissue It 15
wteresting to note however m only ¢ of these cases has the organ
1sm been cultured from the ussue  We hwe found the Pertodic
Acid Schiff stain 1nd Gomort s methenanune silyer stain to be ver
usefuf 1 chis phase of the disease  There have been no operatnne
dexths m this serres and the entire group has returned to normi
hie

In 4 of these 27 proven cases of fustoplasmosss acuve pulmon
ary tuberculosts has also been demonstrated in conjunction witly the
hustoplasmosts  In 11 of the remaintng cises wine pulmonary
tuberculosis w1s dlemonstrited ta be responsible for the com feston
e have therefore treated il pauents who are to hnve surgery fos
2 coint leston with antituberculous therapy prior to and Tollowing
resection ‘The mntersal prior ta surgery hras varied from 6 weeks to
48 hours Postoperatively the panents demonstrited to hinve rctise
tuberculosis hnve been treated with two yers of intstuberculons
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therapy We feel that thus has been parnlly responsible for our
hming Ind no bronchopleural fistulac o comphcations in thns
series

Tuelve cases of pulmonary histoplismosts 1n children exclud
g the epidemic form have been studied m the past 3 years In
all of these cinidren there his been 1 strongly positrve shin test and
a high titer serological sest It has been on this basts that we have
made the diagnosss of histoplasmosis since 1n none of these childien
have we been able to demonstrate the organrsm  Histoplasma
capsulatum 10 the sputum

‘There hate been 6 right muddle lobe syndromes 2 pneumonic
processes and 4 mfiltritnne type lestons  In exch pavient there has
been an acute febrile course with marked cough and Issitude In
each of these patents the course h1s been self lumited  We have
used broad spectrum ntibiotics 1n each ¢ise but do not feel that
tlus form of theripy uded the course of the diserse It 1s our
opimon however that in the exacerbations the antibioucs are
helpful i controlling the secondary infection consequently re
ducing fever and other symptoms

Complete bronchoscopic studies have been performed 1n 5 of
these patients In 4 the middle lobe bronchus w1s stenotic due to
external pressure In none of these 4 cases could active disease be
seen in the bronchial lumen  Attempts haye been mde to dilate the
bronchus m each patient  Two pauents followed for over 3 years
have improved and the atelectasis 1n the muddle lobe has disap
peared In 2 the mddle Jobe syndrome persists  We fve elected
to follow these children rather than perform mddle lobectomy
untl more definitive knowledge can be ganed concernsn,, this type
of disease

Within the past year approxmmately 15 cases have had surgtcal
resection at the Missourt State Sanatorium presenting a somewhat
complicated picture In all of these cases the sputum was positive
for acid fast bacallt on admission both culture and dsrect smear
After reverting to a negatve status on drug therapy resection was
done Tissue studies then revealed no evidence of active pulmonary
tuberculosis In each of these cases organisms 1esembling Histo-
plasma capsulatum were demonstrated with the Gomort methena
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mune siver stan  In all of these cises cultures weie negative for
hustoplasmosts At thns trme we re unible to make further com
ments concerning this stnce more study and followup will be needed
upon this type of ¢ise  All are livang and well

The remuning cases mentoned mn our classiftcation wall most
prob1bly be discussed 1n other sections of this text and will not be
included mn this group since no deftnttrve surgieal procedures were
done

SUMMARY

A classification based on surgical findings and cases ol proven
histoplasmosts 1s presented  The indications for surgery in pulmon
ary histoplasmosis re not definitely established due to the pauctty
of cases  We therefore ntilized many of the established indrations
for resection 1n pulmonary tuberculasis to guide our selection of
cases for surgery with this disease

Surgical resection 1ppenrs to offer the most defritive form of
therapy at the present time Further expertences will be needed
before the fina] evaluron of Amphotericin can be established 1t
the treatment of histoplasmosts
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THE PLACE OF HISTOPLASMOSIS IN THE
PRACTICE OF MEDICINE

Jorn H Seasury

In 1945 the medical pricutoner was hittle concerned with
Iustoplwmosts  considered then to be 1 rare and fatal disease
Within the next ten yeus the story of cocerdiordomy cosis w1s found
to be Mgely true for Iustoplismosis  In some sttes 1t was 1 more
common infection than tubcrculosts Most cases were reintnels mild
ot ctunlly 1sy tptomte Frongh of the eprdennotogy nd chmed
charicrerstics had been recorded to pernut the alert physician to
suspect the disease ¢uly mn its evolution  Skin test 1t ens md
serologic dngnosis becime readily wvatlable  When used mtelh
gently these tools permutted the prictitioner to make a reasonibly
certun diagnoss of 1ctne cisease

The y00d genertl pricttioner peditricn wnd ntermst
learns about diseases common 11t or pecubiar to the geograpluc rex
s soon 1s he selects his locatton  There are sigmicant differences
m geogriphic distribution of many mfecttous diseases withmn the
Unuted States  hnowledge of these differences 1s essent1l to every
dny practice The ease ind frequency of nvel has made this part
of the prtient s lustory both more important and more rewarding—
sf the physician s prepared to take advantage of st

Although histoplismosis 15 widely distributed 1ts highest
madence m the Umted States 1s 1n those states bordering the
Misstssippt Rtver basin - Physictns in tiis 2rea should be well
acquunted with histoplasmosis

Elseshere 1 the United States small focal arets of moderate
to high endemucity exist  Awareness of the fct that small areas of
nfected sorl may be present in regtons supposedly free from the
chmicl disese may pernnt the inquisitin e pracutioner to correctly
diagnose isolated outhreak of virus pneumonnt  among
adyoruag farm famihies
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To the pliysicrm on the West Coast of the Umited States histo
plasmosts 1s certunly no problem at present no mndigenous cases
havin, been reported Itis probibly present but still unrecogmized
msome Western rets  More cises will be reco_mized i the Fastern
States s those physicians who have been stz Wedonthmet
here are repliced by those who look for 1t In middle Unted
States histoplasmosts should be 1 rouune considerition 1n patients
who present with acute or chromc pulmonnry disetse or grinulomns
of the skin or tucous membranes

Just how unportant histoplasmosts 1s in the practice of medi
cme depends not only on geography wnd the matural morbrdty and
mortality of the disease but also upon the degree to which these
latter factors can be modified by trextment and the frequency
with which the infection 1s confused with other discases of different
mmportaice  The consider ition of some of these tactors may helpin
recognizing the disease nd ws1ying its importance

AREAS OF HIGH ENDEMICITY

Inareasof hih endemicity such as the Mississtppt ¥ alley most
cases of hustoplasmosis w1ll be primary mfecttons tmong the young
Our present knowledge points to the soil particelarly where en
Tiched by chicken droppings s the major source of infection
Consequently one would expect the lughest inctdence 1mong fine
to ifteen year-old children since thisis the 1ge groap with greatest
exposure to the sotl while sull non immune Newcomers from
areas of low endemicity will also be particularly likely to have
primary infections regardless of age

Since primary histoplasmosis 1s usually mild and self imited 15
there any reason why the practiuoner should make an especial
effort to diagnose 1t? Is 1t not sufficient to recognize the few mn
whom the disease pro_resses chronically or disseminates acutely?
There 15 msufficient knowledge at hand to answer these related
questions factually but by combining what 1s known with conjec
tures denved from amalogy te tuberculosis one can wme at
Tewsonibly probable answers

Primary hastoplasmosis in infants seems to be a2ccompanied by
serious dissemination more often than 1n older children or adults



THE PLACE OF HISTOPLASMOSIS IN THE
PRACTICE OF MEDICINE

Jous H Srasury

In 1915 the medical practitioner was little concerned with
istoplismosts considered then to be 1 rare and fatal disease
Withun the next ten yers the story of coccrdrordomycosts ws found
to be hrgely nue for histoplismosis  In some states 16 ws 1 more
common infection than tuberculosts Most cases were retn ely mid
or ncturily asymptomatic - Frough of the cprdemiology and clinreal
charxctersstics had been recorded to pernue the alert physician to
suspect the disease erly i tts evolution Shin test ngens nd
serologic diignosts becime readily wauible When used mrell
oently these tools permitted the prictitoner to make 1 163500 1bly
certun dingnosss of active diseisc

The ood general pricutioner pediatriciwn wnd mntermst
learns about diseases common 1 or pecuhar to the geogriphic aren
s soon as he selects his lociion  There are sigmficant duifferences
1m geographic distribution of many infectious diseases within the
United Stues  knowledge of these differences 1 essential to every
day practice  The ease nd frequency of travel his made this part
of the patent s Instory both more ymportant and more reswrding—
if the pliysicrn 1s prepred to ttke advantage of 10

Although histoplismosis 15 widely distributed its highest
mcsdence tn the United States 15 1n those states bordening the
Mississippt River basin Physicians n this area should be well
acquunted w1th histoplasmosts

Elsewhere 1n the Umted States small focal areas of moderate
to lugh endemicity exist  Awareness of the fact that small 2rexs of
mfected soll may be present in regions supposedly free from the
clintcal disease may permit the mquisitive practitioner to correctly
dragnose an 1sofated outbreak of virus pneumenn  vmong
adjornng farm farilies
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AREAS OF VODFRATF ENDEMICITY

Relunddy more wnlis will hne primuy histoplasmosis i
areas of moderate inaidence than mn 1res of ugh endemicty T'x
cept for rare focal autbreahs conung from lughly infected caves old
chicken yards md bat roosts there 1s not likely to be acute (diffuse
eprdemrc) pulmonary lstoplasmosss in the arca The same compht
cations of primary infection can be expected 15 1 areas of high
endemicity but since the disease 1s Iess common misdn,nosis will
be more frequent

Symptomatic primary and chronic rewmfection histoplismosis
produce more morbidity 1n areas of moderate and low endermicity
than they should Tatlure to suspect the diagnosts and 1mproper
trextment 1s quite common  Even in 1reas of high endemiaty
surveys of tuberculosis samitornn 1eveal a si,mficant number of
pittents who are being treated without bactersologic confirmrtion
Many of them have been sent 1n by practitioners who have imtiated
antituberculous theripy on the bisis of roentgenographic evidence
or signs and symptoms without serologic or cutaneous testing for
Iustoplismosis blastomycosis or cocardioidomycosis

Confusion of primary and chronic progressne pulmonary
histoplismosis with tuberculosis may result tn needless confinc
ment concern and prolonged musdirected anumicrobial trewment
Swnce specafic antimicrobial therapy s available for both tubercu
losis and the yeast hke fun,us mnfectons accurite dra,nosis has
become essential to good practice 1nd m1y actually 1ssume medico
legal unportance

The practitioner 1n 1reas of lugh and moderate endemcity of
histoplsmosis must hive exther positive bacteriologic evidence of
tuberculosis or a positine tuberculin shin test and negattve cutan
eous serologic and usually cultural studies for hstoplasmosts
before he should make a diagnosts of tuberculosts  This obvioushs
1s not applicable to the mitiation of treatment for suspected miliary
or meningeal tuberculosts

These ethica! and legal imphcations are sufficiently important
to sumulate prictitioners to demand better climcal pathologic
mycology from therr hosprtals (which by and large are grossly
madequate 1n this field) and to become fully cognizant of the ind:
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The sttution m1y be ltkened to primary tuberculosss 1n mfants
It 15 probable that histoplismosis i mfants should be treated
antmicrobrally rather than expectantly

Acute (eprdemic diffuse) pulmonary histoplasmosis 15 asso
anted with missive inh iliuenal infecuon and 1s more likely to be
seen i areas of hugh endemicaty where heavily nfected sods are
present (caves old chicken coops and yards bat roosts) Even
though rarely fata] ths form of the disease produces severe illness
and often prolonged asthemia It 15 desirable 1n my opinion to
treat this climical ¢y pe of histoplasmosis wath specific mnmicrobials
1f the diagnosts can be suspected early Treatment should be mstt
tuted before mycologic or serologic diagnosis 15 possible so that
suspicion and careful history taking are essentinl  This form of
histoplasmosis needs study to determine whether 1t can alter sig
mificantly the function of the lungs and hiver Fxtensnve fibrotic
lesions m1y remain m these organs after the ifection has subsided
Healing by fibrosis may be more detrimental 1o visceral function
than recovery with multiple calcified areas of necrosts

Primary infection m children nd adolescents other than the
acute pulmonary (epid, ) form 1s c ly unrecognized
because of its mldness Those with moderately severe prumary
infections are usually correctly diagnosed or thought to have either
tuberculosis or 31rus pneumonia

The primary ifection 1n children and adults needs long term
statistical study relative to the frequency and seversty of complica
tions nd the 1dsisability of restricting actisity or anttmicrobially
treating the active phase of the tllness It 1s known that the prumry
wnfection may be complicated by obstructive atelectasis winch m
gve rise to bronchiectwsis or lung bscess  The frequency of these
complications 1s not known nor 1s the effect of hmiaing actisity n
their prevention  The mediastinal nodes are sometimes molved
and serious obstructive mediastinistss may result  I¢ 1s probable that
primary nfections accompanied by extenstve lymphadenopathy 1n
the mediastmum or by compresston of a bronchus should be g
microbially treated It 15 ikewise probable that symptomatic care
alone 1s sufficzent for most primary infections of cluldren and
adults There are sufficient cises 1n areas of hugh endemicity to
tatisucal study of these problems

permut s
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AREAS OF VIODERATE ENDEVICITY

Relatnels more adults will hve pnmary histoplasmosis m
areas of moderate maurdence than n 2rens of high endemiaity Fx
cept for rare focal outbreaks coming from lighly nfected caves old
chicken vards nd bat roosts there 1s not likely to be acute {diffuse
eprdemic) pulmonary lustoplasmosis in the arcr The same compl
cations of primary mfection can be expected 15 in arews of hugh
endemicity but stnce the disese 1s less common  msdiagnosts will
be more frequent

Symptomatic primary and chromc remfection histoplismoss
produce more morbidity 1n areas of moderate and low endemcity
than they should Failure to suspect the diagnosis and improper
trewment 1s quite common  Fien 1 areas of high endemtaty
suriess of tuberculosts sanatoria 1eveal a sizmficant number of
patients who are bemg treated without bactenologic confirmation
Many of them hase been sent in by practiioners who hay e imitiated
antituberculous therapy on the bss of roentgenographic evidence
or sizns and symptoms without serologic or cutaneous testing for
hustopl. 1 yeosts or coccrcdiond os1s

Confusion of primary and chronic progresstie pulmonin
histoplismosis with tuberculosis may result in needless confine
ment concern and prolonged misdirected antimicrobial trextment
Stnce specific antimicrobral therapy 1s avulable for both tubercu
losis and the yeast hike fungus tnfections nccurate diagnosis has
become essential to good practice and may actually wssume medico
legal importance

The pracutioner 1 areas of high and moderatc endemicity of
histoplasmosis must have either posttive bacteriologic evidence of
tuberculosis or a positise tuberculin shin test and negatie cutan
eous serologic and wsurlly cultural studies for histoplasmosis

before he should make a diagnos:s of tubercatosts This obviousls
1s not applicable to the tniuation of treatment for suspected mihary
or memingeal tuberculosis

These ethrcal and legal implications are sufficientdy important

to stimulate pracutioners to demand better clinical pathologic
mycolozy from therr hospitals (which by and large are grossly
nadequate m this field) and to become fully cogmizant of the 1nd
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‘The situatton mny be likened to primary tuberculosts m snfants
It 15 probable that histoplasmosis 1 mnfants should be treated
antmicrobially rather than expectantly

Acute (eprdenmc diffuse) pulmonary histoplismosis 1s asso
ciated with massive inhlational mfection and 15 more likely to be
seen 1 areas of high endemicity where henly mfected soils are
present (cwves old chicken coops and yards bat roosts) Even
though rarely fata] tlus form of the disease produces sesere 1liness
nd often prolonged asthema It 15 destrable 1n my opmon to
treat this chinical ty pe of histoplasmosts with spectfic antimicrobials
1f the diagnosts can be suspected early Treatment should be nstt
tuted before mycologic or serologic dirgnosis 1s posstble so that
susprcton and careful history taking are essentral  This form of
hustoplasmosis needs study to determine whether 1t can aiter sig
mficantly the function of the lungs and Itver Lstensne fibrotic
lestons may remun tn these organs after the infection has subsided
Healing by fibtosts my be more detrimental to v1sceral function
than recovery with multiple clcifred areas of necrosts

Primary infection n children 1nd adolescents other than the
acute pulmonary (epidemic) form 1s commonly unrecogmzed
because of its mildness Those with moderarely severe primary
mfections are usually correctly dirgnosed or thought to have erther
tuberculosis or virus pneumonm

The primary mfection m children and adults needs long term
statstical study relative to the frequency and severity of complica
tons and the wdvisability of restricting activity or anumicrobrilly
treating the active phiase of the illness It 1s known that the primary
mfection may be camplicated by obstructive itelectasis which may
give mise to bronchnectasts or lung abscess  The frequency of these
complications 1s not Anown nor 1s the effect of limiting ety 1n
thetr presentton  The mediastinal nodes are sometrmes msohed
and serious obstructive medrastinitis may result It 1s probable that
primary mfections accompanied by extensive lymphadenopachy m
the mediastinum ar by compression of a bronchus should be mu
mucrobally treated It 1s likewsse probable that symptomtic care
alone 1s sufficient for most primary 1nfections of children and
adults There are sufficient cases 1n areas of high endemuaity to
permit staustrcal study of these problems
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ctions methods wd matenals needed for the Itboratory diagnosts
of the mycoses Fig 1 1llustrates the consequences of madequate
Inboritory dignosis

Contusion or uncertunty of dingnosis cannot alw1ys be pre
vented  The patient who presents with apteal pulmonary mfiltra

sasr

Tip 1 (A) This « ray v as male after
7 m nths of fatigability and cough and
«ne month of fever Numerous sputa
1 ere reported negatie for acud fa t ha
cilli and patbogenic fungr  Broncho
cyy 1 asnormal Symptoms continued
) be 1 as referre | to a Jughly tepn
tat te cltmic and ho pitalin an ther state:
v here all stuclics v ere reg cate [y sthout
inding an euologtcal agent  Fxplara
tory 1t oracotomy v ath br p v ol deleft
luno resealed a chrome grmul ma
« hich v as not further Jiagno ¢i  (B)
After returning home  spif tems con

unued and ths « ray st s ed an exien
sne contralater1l spread  (C) Cavita

ton of both upper lobes 3 as pre ent
when th ¢ % rav v as taken e asre
ferred 1o a thir | hospatal v Fere Hite

It materecaily found i sputuriar t
2 hings fr m the previously biopsie
Tung T hree ho { taltzations 19 months
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SPECIAL 1 ROBLIMIS COMMON TO ALI ARFAS
OF HISTOI LASMOSIS

Many of the climeal problems 1ssociated with histoplasmosts
oue their enistence to fatlure of clinierins to suspect the presence of
thedisease Famihianty wath chmcal forms of lustoplismosts wilt do
much to increase suspicton and orderly attempts to establish the
diagnosis In addition the prictitioner needs to refresh his know!
ed,e of microscaptc patholoyy not for the purpose of supplinting
the pathologist but rther to properly mterpret the pathologists
report and to 1rgue with him when mdicated

Whatever his formal knowledge may be the American pricu
tioner seems to ssocrate the histopathologic designauon chronic
granuloma with tuberculosis foreign bodies and perhaps syphilis
Forgotten are the many causes of chronic granulation tissue  In
stead of representing 1 dingnostic clnllenge this stmple ussue
diagnosis 1s likely to be ccepted as an answer  Unfortunately the
presence of multinucleate gant cells nd especially ciseauon
necrosts 15 often sufficient to lead the pathologist to unwirrinted
assumptions  The practitioner must remember thit he hke the
surgeon in the operatin, room 1s responstble for the dragnosis and
treatment of his pittent  He must know what 1s required for a
diagnosis and he must find out 1f these 1cquirements hanve been
met In their efforts to be helpful to the climcian both pathole,1sts
and radiologsts often report that a process seen by \ ray or in the
microscope 15 suggestis e of tuberculosts sarcoidosis or some other
specific process Too manv practitioners assume that tl ese sug
gestions are fairly specific diagnoses and proceed 1ccordingly

No matter what the histologtc pattern of 1 srinulom may be
search for etiologic agents should be undertaken It 1s best when
the chinician insists that a generous portion of 1 biopsy be seprated
before fixation 1nd sent on sterile gauze or wm sterile sue for
cultural and animal inoculation  Dignosts can be made sometimes
by special staiming  but the tendency to rely on tissue dirgnosis
without culture or ammal moculation should be ressted vocifer
ously and frrmly

Another American fallacy 1s the drctum that a single ditgnosts
should be made to answer all the findings of the history and physt
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the practitroner may resort to 1 therpenuc trial  This 15 sound
prictice but 1t 1s quute fallacious to ttach any dignostsc impot
tance 1o 1 fvorable response  Fig 2 iHustraees this problem

AREAS OF LOW ENDEMICITY

At the present me  the extent md posstion of tress of low
endemicity 1s not well known  Untl the epdemuology of histo
plasmosis 1s more completely studred one cannot be certun of the
1mpoitance of animal reservoirs erther 1 the mfection of man or
in maintenance of and extension of focil are1s of soil contamna
tion The 1ppirent ssmilrity between histoplasmosts and cocadt
ordomycosis would make one beleve that wherever animal histo
plasmosis 1s found human cases will be discovered  Ths does not
mmply wy particular correlation betw een the density of antmal and
humannfiction At 1ny rate present knowledge suggests to many
students of histoplasmosts that arers of Jow endemicity will be
charnetenzed by few focal potnts of so1 contamination rather than
by 1 generally low so1l count or scarcity of animal nfection

In arets of low endematy few physiciins will encounter
chiucal cases of lnstoplismosts and a poor diagnostic record 15 to be
expected  The cases most hikely to be recognized re those chronic
progiessne adult cases with granniomas of the mucous membrmes
or other bropsiable sites  Infection may occur 2t any age stncé
smmunity s not acquired by cluldhood primary disease  Gases may
be muluple within a single raral famuly 1f heasy exposure at 1 focal
pomt occurs By seelung such a fustory (eg clearing way
abandoned chicken coop) the alert physicinn may find the disese
m supposedly uninfected rers The patholoyst who carefully
studtes 11 biopsy nd necropsy matertl of a g ranulomatous nure
with specinf stuns 1s likesse 1 an excellent position to uncorer
new arets of histoplasmosts

Fortunately for mediune there are many obsessis¢ and com
pulstse physictans who always do skan tests with lustoplasmn blas
tomyan and coccrdiordin rather than just tuberculin I a positnve
reaction 35 imestzated new arets of infection my be found mnd

1n ares of low endemicity 1 focal point may be unco ered
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Such pautents may improve durin,, the first fow days of bed rest and
antibiotic therapy the improvement generally being atnbuted to
the anubioutc  The mitinl 1mprovement with supposedly specific
treatment frequently gives the practitioner 1 feeling of confidence
mthedingnasis Indecd when the sulnequent course of the patient
15 not as satisfactory veculturin,, m1y result i the judgment that
the patient now has supermfection by bictenia sensitive to the
anublotic prescribed for the il allness Such crrors 1re not
entirely asordable but my obscure the true nture of the nfection
Stmple microscopic study of sputum smears stained by the Cram or
Wnight methods prior to the sttution of anumicrobnl therpy
would prevent some of these mustihes Pyogenic bacternn are
assocrated with an abundance of polymorphonuclear leucocytes m
the exudate when they are producing disease 2 defimte predorm
mnce of the offendimn,, org mism can be seen 1 stumed smers dur
ing the early stige of cinical symptoms  The presence of mmy
macropha_es lymphocytes 1nd alveolr cells with only 1 small or
meoderate number of polymorphonudlear lencocytes 1s unhkely to
be associated wath rcute staphlycoccal pneumococcal or streptococ
cal disease Unfortunately modern pracuce rarely includes micro
scopic examminition of the sputum by the physicrin himiself. The
cellular exudate i the sputum of patients with chrontc progressive
cavutary histoplismosts frequently contains 2 furly equal distribu
tion between polymorphonucler and so-called round cells

In recent years theire has been 1grow g interest in the solitary
well marginated round or oval density n the lung bields When of
appropriate size these are often referred to s comn lestons This
type of lesion 15 rrcly diagnosed by any type of laboratory study of
the sputum or bronchil washings  The ctiolegy of these lesions 15
quite vaniable In some of the 1eported series carcinoma has been
2 very mmportant ciuse whereas tn others 1t has been much less
promnent Histoplasmosis and other mycotic infections may pro
duce single or muluple coin lesions  Histoplasmomas rarely con
tun culturable Histoplasma at the time they are removed and are
generally considered benign  One 1nstance of central liquefaction
and concomitmt spreid 15 known to the author

Corn lesions that are due to chromic mfectious granulomas
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cal exammation providing the majoruty of the laboratory studies
are conststent - Such 1 statement tacitly 2ssumes that exch disexse is
chimeally unlike 71l other diseases nd disregards the fict that
disese of one system o1 o1gan predisposes to other disexses of the
sune ussues  The practiioner may be content with smgle proven
drignosis so long 1s the course nd response to treatment 15 as
expected  Some errors will be made but these are pardomble
Histoplismosts and other mycoses should be considered when the
patient s course or response to treatment is aty pical of the diagnosis
This applies to patients with tnfection neoplisia or collagen dis
ewse  Mycotic infection occurs with increased frequency 1mong
diabetics just s does tuberculosts  Tubcrculosis and 1 deep
MYCOSIS e COMIMON COMPUNONS 1N 1My eXperience

There are two sttuattons which are particul ily challenging to
the pracutioner the ppearince of » mycosts during prolonged
anubiotic trextment for 1nother diseise aud confusing 10 acutely
progressing systemic mycosis with bacterial infection

Although Candidiisis appears to be the most frequent fungus
infection comphicitinz prolonged antibacterinl treatment histo
plasmous should be watched for m its endemrc treas  This situa
t1on 1s most Jikely to w1se in debilitated patients who hive hid dor
mt primary disese The endogenous remfection 1s Ikely to be
mstdtous and must 1ken for erther 1 exacerbation of or the develop
ment of resistince by the primary disease  The physicrmn should
be particularly alert to the possibility of this complication during
the mma_ement of children with chrome pulmonary wmnfections
and chrone cysuc fibrosis  This complication 1s 2lmost equilly
dangerous 1n the antibiotic treatment of the aged

Acute pulmonary histoplismosis ind progressive febrile histo
pIasmosls m1y be dingnosed s bacterial infections 1t le st duning
their erly evoluuon  The presence of constitutionl mamfesta
trons and pulmonary findm,s suggestive of 1 mnfectious process
Jeads to culture of the throat and sputum  If 1 bacteria) pathogen
15 rcporled such s the Pneumococcus Hemophllus wfluenzic or
staphlycocct and streptococer the illness may be attnbuted to the
Bacterial pathogen Unfortunately the presence of such bactern
do not necessarily mdicate that disetse 1s bemg produced by them
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persistent in seekin, the cause of jrmulomas and chionic pulmon
ary disease nn1y dernve much sausfaction from correctly diagnosin,
and treating a disese which 1s rare in his commurnity

In il wreas there must be continued cauctuon of 2l physt
cans i the proper care and disposition of the hiopsy  Dentusts
onlsurgeons atorhmoliryngologists dermitologists gynecologsts
and general practinoners must be urged to biopsy persistent tumps
bumps and sores and 1o see that culture or 1mmal moculauon s 2
part of the study of the bropsy  Eathologtsts and hosprral wdminis
trators frequently restst animal imoculition B 1 diagnostic method
on the basis of economics nd the difficulty of the «umal care
Nesertheless mocultion of hamsters or youn, mice 1s the single
labomory procedure most Iikely to resultin a definite diagnosis of

Clinical pathologists and bacteniol must 1n

prove their own kmmlnd_,c of medical mycology and greatly
improve the traiming of the Registered Medical Technologrst
Etiology cannot be established for all g I processes but
the up to-date pathologist can inform the practitioner of (1) the
facihitses ayulable locally and through the various Health Services
and (2) the matenials which must be submitted Only two things
are necessary  an tnhgt d patholegist and a consc
Ppractttioner willing to sk
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usually 1cquire lammar or granulir deposits of caleum with 13ing
Despite the fact that calctum may occur m neoplstic coin lestons
this 1s 50 rare as to be of Iittle practical importance However cal
cium deposits 1n lung anteror or posterior to the com lesion nself
m1y 2ppear to be within 1t 1n a routine chest x ray It 1s my own
prictice to consider all com lesions which show definite caleum
depositions by laminography 1s non neoplastic m orzm 1 beliere
that this 1s adequate grounds for observing such lestons rather than
1emoving them surgically

The early development of histoplasmomas may be accompa
nied by an elevated complement fixation titer and 7 positre histo
phsmin skin test During quiescence the complement fration
reiction probably disyppears quute rapidly lthough there 1s msuf
frcient statstic] study of this process to permit definite statement
Again mmy onn practice 1 com lesion 1n children or )ounzadnhs
with 1 positive histoplasmin coccrdiosdin or blastomycin skin test
1s kept under periodic obsers 1tion esen though 1t does not contasn
calcam  Fortunately most histoplasmomas 1 middle aged or
elderly 1dults contun crlaum

The plce of hustoplismosts 1n the practice of medicine will
depend primnily upon geography and specialty  Physicians should
be famliar sath the disetse in ueas of high endcmcity and corect
diagnosts should be made as a rule by general practitioners
pedrtricnns and mermsts  In areas of high endemicity the
frequency ol comn lesions demands that the urgeon be fumihiar
with this form of the disease

In areas of moderate endemmctty the pedrtrician ned mernist
should arrive at the diagnoss in most patients with acuve disese
These specntlists should be correct 1n their presumpttse dia,noss of
most chronic lesions and symptomagc primary infections The pen
erl pracutioner should know that the diseasc occurrs withun Jus are?
and houw to look for it Tor lnm proper dirgnosis or suspiciont
resultzng m Jater diagnosis by others should be both rewarding d
sumulatng

In areas of low endemucity cortect dirgnoss 1s likely to remain
prlnclpﬂl) with the pathologrst nd bactertologist who s ade
quatcly wauned i mycology Howevar the pricutioner who s
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In the yeast phase there 1s considerable vartation 1n size but
the average 1s 131/ x2 microns x 3x3)/ mucrons  Under dufferent
conditions there m1y be1gicitvaraton m size One pole 1s usually
ported whete buds form or wherc buds are prone to appear but
buds my form t cather pole m somctimes apolr around the walls
Small refractile o1l dioplets 1 present m the walls wich small re
fricule granules 1n the (ytoplsm undeigomg Bronin movement
The nucleus 1s usinlly 2 crescent shaped mass around the bud at
the periphery  When 3t divides part goes mto the bud and put
remuns in the hody of the yeast

The nunire of Alncan lustoplismosis 1s descrbed and s been
designated w5 H Duborsu - This strun e vartey 1s occrsionally
found here  Usunlly the foums e Trrger than the common type of
H cpsulatum

The qwuithor oes mto the mny physiological 1ecuons of the
funus with regard to sources of the elements m metabolism pro
duction of rc1d gas e the H 1on concentration under different
arcumstances

The chapter by Dr Emmons begis with the pertment state
ment that the sporadic occurrence of histoplasmosts without evi
dence of contagion suggested that there might be a reservoir m
nature  He confirmed this suspicion by cultuning H capsulitum
from soil and demonstrating macrocondidiin the first two positive
soil spectmens  The author describes the techmque of 1solatton
from the son

In an arer of northern X irgima where there was a high mna
dence of posity e shin reactions and calcifications 1n human beings
ott the xrry 31/ 9 of the rits were found to hate lustoplismosis
nd 1% of healthy dogs nd cats were found with H capsulitum
i therr lymph nodes but w1thout demonstiable lesions  The frrst
samples of soil found positine were found at the entrance of a 11t
burrow near a chicken coop which pointed to the assocrition with
old chicken droppings rather than to the rits 1s the source of the
fungus Further studies revealed that fresh chicken manure w well
kept chicken houses did nat reveal any fungus  This indictes that

the time factor drying fator or something else enters 1mto the
Pprocess



SUMMARY

For the conyemence of the casual reader as well 1s for those
who wish to stdeet certun chapters for study 1t was deemed exped
1ent to summarize briefly even if mcompletely the chapters which
do not have a summary prepared by the author

The first two chipters do not need an extensve swymmiry  The
ntroducuion by Dr Meleney 15 1 combmanion of scientific duta
hustory 1nd personal experiences i the early development of the
knowledge of hustoplsmosts  An interesting part 1s a buief nstory
of Dr Darlings hfe with mny pessonal over tones  [here 13
naturally some overlpping with Dr Baum s chapter on hnstory but
there e so many interesting personal touches that the shght duph
Cion 3» 10 attricton rather than objectionable

The chapter by Dr Baum on the hustory of bistoplusmosis
needs no further comment as alt s sard and well smd n the text

Dr Pne s presentation of the morphological and physiological
characteristics of H capsulitum 1s remarhably complete  He has
described the dutl phase of the microorgansm and tells how to
grow them The mycelnnl phase grows best at 25 30°C on blood
medt but tuberculated spores form best on $ibourtud s ghiose
agar  Mycelial growth does not grow well 1t 37° at which tem
perature the culture tends to be transforme 1 into the yewst phise

The vrious forms that 1ppear due to different media 1 differ
ence m H ion concentration tempenlme and age e hetween
rather wide hmits Some 1re very Jarge and birure othersare small
and less conspreuous  The macrocomdia form 1t room temperare
on mycehal projections and average from 5 15 microns in dsameter
and usually become tuberculated characterized by many short Jarr
Iike protrusions from the walls of the spore The microconsdiz re
only 2 6 microns in dimeter and they may form from Iarge or small
hyphae They e not tubercuhited The microcontdir myy develop
sto the macrocomdnr  The tubercultted spore 13 rccepred s the
best means of 1 certun dgnosis of histoplismosts
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In the yest phise there 1s considerible virtion 1 size but
the average 15 114 x2 muctons \ 3x3)/ nucrons Under different
conditions there may be 1te atvarntion m wze One pole s usunlly
pointed where buds form or where buds are prone to appear but
buds imy form w cuther pole o1 somcnmes apolir around the walls
Small refractile el dioplets vie present i the walls with small rc
fracule granules i the ytophsm undergomg, Bronrin mosement
The nucleus 15 usally 1 crescent shaped mass wround the bud at
the periphery  When it dinades pnt goes o the bud and put
remains m the body of the y st

The mture of Afriern hustoplsmosts 1s described nd has been
destanited a5 1 Duboisn This strun or v wrtety 1s occwionlly
found her¢ Usually the foums e Irrger than the common tvpe of
H apsuhium

The 2ithor oes nto the many phystological reactions of the
fun_us wath regard to sources of the clements in metibolism pro
duction of acrd g wid the Hon concentrtion under dafferent
circumstinces

The chapter by Dr I mmons begins with the pertinent state
ment that the sporidic occurrence of histoplismosis without et
dence of contrmion sugested thit there might be 1 reservorr 1
muure He confirmed this suspicton by culturing H capsulium
from soil and demonstrating macrocondsdin in the first tho positine
sol specimens  The withor describes the techmque of 1solation
from the soi

In m area of northern Virgima where there was a hugh e
dence of positive shin reactions and caleifications tn human beings
on the x ray 31797 of the rts were found to e histoplismosts
nd 4% of healthy dogs nd cats were found with 1 capsulatim
1n thewr lymph nodes but without demonstiable lesions  The first
samples of soil found posttine were found at the enirnce of 1t
burrow near a chucken coop which pornted to the wssocition with
old chicken droppings rather than to the rts 15 the source of the
fungus  Further studses reveled that fresh cliscken manure in well
kept chucken houses did not reveat any fungus Cls mdicites that

the time factor drymg fictor or somcuthing clse enters it the
process
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There were reported many other sources of H capsulatum
both in ammls and m the so1l Pigeon bird 1nd bt manure were
productine of positive results Varnous types of soil nd orgumc
matet1nl 1s found in old silos tiver bottoms dirt floor of meat
houses mad cwves were tound to contun H capsulatum  Other
posstble factots ire prevailing winds river basins nd valleys The
withor pomts out the brological advantage of a free Iisng resistant
siprophytic form that resists heat cold and drying over the delicate
and sensitive parasiie form that 1s extremely yulnerble to these
rarious factors

In the cnpter on geographic distrsbution Ajello estabhishes
the fact that lustoplasmosts has been reported from every Jarge
regton of the world except Russit ind China - Although the greatest
ncidence has been found 1n central United States there 1s no cer
tanty that ather regions of the exrth may not also be heavily seeded
with the fungus providing suttible search 1s made for 1t

The author tabulates the reports of findmgs of H capsulrtum
i soil and m wild and domestic 1nimnls mn widely scattered parts
of the world although most of the reports are from the Umted
States

He also cites references to many proven cases outstde the
United States and Cannda

The chapter on laboratory diagnostic procedures by Larsh
reveals how mvolved the finding of H capsulatum has become
Fuyen with the most meticulous technic 1solation of the tungus 1s
not always wchieved

Culture methods for the first attempt at 1solation include blood
medti several of which 1re 1vatlible and Sabruraud s It is most
essenuial that antibiobies tncluding pemalhn streptomyan chior
amphenocol and actidion be used to control the secondary con
taminants that mfest most specimens

The tissue phase or yest phase as produced sn animls 1s
necessary for some strans where there are few cells or where there
35 uncontrollible contammrtton By use of one of several accept
able blood media the yeast phase may be recovered and 1t then my
be re mnoculated back on other medir or in Hela cells

The appearince of the colonies on the various medit re
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describied s well 1 the use of vanons wmals for woculition wlach
are required for best results “These methods are well presented

The use of stuns the polanscope the fluorescent mubody
techic ud madenufyimg the yersts when thaey ne found

On the problem of immumy 2munst hustophismosss: Salun
states that a sublethnl mlection of H capsulitum will mduce pro
tection inanimals such 1s mice gunea pags nd dogs although the
basis of the protectron 1snot yet known The immumzng mfection
does nat eliminate the pathogen but restricts ats growth especnlly
n certain organs

Evidence ponts to the fact that resistance develops 1n human
beings alsa Fpidemucs of the disese lrnve been noted to occur in
areas of low shin reactinaty 1 people comun,, from low sensitivity
levels or an people with nepative shin reactions s shown by con
version from negative to positine histoplasmn reacuon during the
eprdemic

Mice vacanmted with hilled veast cells withstood tnfection
even cerebral infections better than the controls 1w cells pro
tect better than dead cells  The protective power secms to lie 1n
thecell wall ind not 1n the protoplasm fraction of the cells Precipt
tins and complement fixing mubodies do not ply any role in
Tesstance

Humorl antibodies could not be shown to play any role in
Teststance although more extensie work 15 needed (o bear this out
There 15 no ev1dence that agammiglobulinemsa causes any increase
n the susceptability to yeast infection

The mechamsm of mcresed 1esistance may have some rela
tonship to the phagocytosis as shown by use of P32 laden cells
There 1s probably anncreased capacity of its macrophages to engulf
and thus intubat the growth of the fungus

‘There 1s a defimte natural resistance as shown by the great
1ncrease in serious infections i nfants much less in old age and
lowest in the teen age period  [here 1s need for research in attempt
to develop an eifective vacaine against th disease

On epid logy Furcolow what was smd about the
noncontagiousness of histoplasmosis Epidemiologically the pro
ducuon of spores by the miflions and billions makes easy dissernina
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described as wll s the use of v wrious animals for inoculauon which
are requited for best results  These methods are well presented

The use of stains the polanscope the fluorescent ubody
technic ud in idenufying the yersts when they e found

On the problem of immumty 1gamnst histoplismosis Saluin
states that 1 sublethal mfection of H capsulitum will induce pro
tectron int amimals such 1s mice gumea pags md dogs although the
basts of the protection 1s not yet known  The immumang (nfection
does not eliminate the pathogen but restricts its growth especially
n certain organs

Esidence pownts to the fact that resistance develops i human
beings also  I'pidemucs of the disease have been noted to occur m
areas of low shin reactinity 1 people coming from low sensttn ity
levels or 1n people with negrtve skin reactions as shown by con
sverston from negatn e to positive histoplasmin rexcuon during the
epidemic

Mice vacanated with killed yeast cells withstood mnfection
even cerebral infections better than the controls  Livin,, cells pro-
tect better than dead cells The protecise power seems to lie 1n
the cell wall and not 1 the protoplasm fraciion of the cells Precipt
tins and complement fixaing anubodies do not play any role
Tesistance

Humoral antibodies could net be shown to play any role i
resistance although more extensive work 15 needed to bear this out
There 1s no evidence that agammaglobulinemia causes any increase
1 the susceptability to yeast infection

The mechanism of increased resistance may have some rela
tionship to the phagocytosis as shown by use of P32 laden cells
There 1s probably an increased capacity of 1ts macrophages to engulf
and thus inhibit the growth of the fungus

There 15 a definite natural resistance as shown by the great
increase i serious infections m infants much less 1 old age and
lowest in the teen age period There 1s need for research 1n attempt
to dcvelop an effeclne vaccine against th disease

On gy Furcolow what was said about the
noncontagtousness of histopl Fpid logically the pro-
duction of spores by the m:llions and bxllxons nrikes easy dissermina
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There were reported many other sources of H capsulatum
both m mimals and in the soil  Pigeon bird nd bat mnure nerc
productive of positive results  Various types of so1l and organic
material 1s found 1n old stlos rver bottoms dirt floov of men
houses and cues were found to contamn H capsulatum  Other
posstble fictors are prevauling winds river basins and valleys The
auther pownts out the biological advantage of a fiee ltving resistant
siprophytic form that resists heat cold and drying over the delicate
and sensitive parasitic form tht 1s extremely vulnerable to these
vartous factors

In the chipter on geographtc distribution Ajello establishes
the face that histoplasmosts has been reported from every laige
region of the world except Russia and China - Although the greatest
mcrdence his been found 1n centril Umsted States there 15 no cer
tainty that other regions of the exrth may not also be hevily sceded
with the fungus providing suitable search 1s made for 1t

The author tabulates the reports of findings of H capsulttum
m so1l and 1n wild and domestic ammals m widely scattered parts
of the world although most of the reports are from the United
States

He also cites references to many proven cascs outstde the
United States wnd Canada

The chapter on laboratory dragnostic procedures by Larsh
reveals how mmolved the findin, of H capsulatum has become
Even with the most meticulous technic 1solation of the tungus 15
not alwys 1chreved

Culture methods for the first attempt at 1solation include blood
media several of which are available and Sabawrwud s It 1s most
essent1nl that anubiotics including penicillin stieptomycn chlor
amphenocol nd 1ctidion be used to control the secondary con
tamimints that infest most specimens

The tissue phase or yeust phase as produced n antmals 1s
necessry for some struns where there are few cells or where there
15 uncontrollable contimination By use of one of severil nccept
able blood media the yeast phase my be recovered and 1t then may
be re moculited back on other medinor in Hela cells

The appearince of the colonies on the various media e
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Dr Tenenberg s 1rticle on serologtenl recuons has 1 complete
summary which may be referred to (p 168)

The histoplismin 1ecuon s gien by Drs Palmer nd
Edwards reveals what 1 valuable tool 1t 1s for finding infecuons by
H cpsulatum  They guve the methods of prepartion stindards
2ation stability dosage and means of 1pplying histoplismin There
seems to be 1 considerable amount of cross reaction with coccidios
din much more so than a c1oss 1ection of coccrdiomycosts with
histoplsmin - Attempts ¢ 1solation of the active principal thus far
have only been partally successful

The histophismin reaction 1s much Itke that of tubercubin It
makes its appearince 10 four to six weeks after ifection 1nd seems
to Jast for years ind decades

Toran sden of the locauion of an endemic area of the world the
mapan Fig 1 (p 198) should be consulted Histoplasmin sens:
tivity 15 hughly prevalent in patts of Amertca with scattered low
prevalence 1reas i some regrons in Africa ind Southeast Asin

A more detuled map of the United States 1s shown in Fig 2
Asothers have mentioned the central part of the country especially
Hong the bi, rivers contans the highest tneidence of skin reactivity
to hustoplasmin

Geographic location 1s of far more significance than other
factors suchasrace sex and occupation There 1s a shghtly higher
incidence n males over 12 yers than n females higher m whites
than 1n Negroes and higher 1n rural than in urban populations

The authors point out the difficulty 1n separating out infected
from non infected on the basts of the size of the particular shin reac
tion especally in the midzones where the rerction may be esther
positive or negatne ‘The x ray 15 some help 1n indicating tnfec
tisity by the presence of calaifications In the study of students
shown in Fig 1 149, of students having a rexction of 6 mm or
more have pulmonary findings while only 0 3 of 19, have pulmon
ary findings with reacttons less than 6 mm  They show also how the
cross reactions with cocaidiomycosts casts a doubt on many of the

statistics for hustoplasmosts
The methods of stuning have been well grven by Drs Mowry
and Frenkel The authors go 1nto the development chemustry and
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uon by the arr The resistince to drying hext and physical
conditions perpetuates the sinsnval of wny partculir fungus Some
fung: produce wntbioucs which help to protect the species W eather
chringes such ns temperiture and hunndity fect the nfe and
spread of fung: of many types  Localized evtstince of certun fungt
are known perhaps the most noted to date 1s coccrdiomycosts

H capsulatum does not produce a great number of large tuber
culated spores but the small spores e produced m nfinite num
bers and are viable for long intersals in the sotl  The latter are
smll enough to enter readly 1nto the resptrtory tract going down
as far as the alveoh

The mfection rite along msers and valleys 1s 10 1mportant
charcterstic of H capsulatum s well as the zonal locihization
Certain sotls notably the red yellow podzohic soils have been pro
posed by Zeidbery, as 1 contributing factor to 1n mncrere m H
capsulatum but there are many exceptions to this soul theon
Emmons has suggested that certun wnmals may cause the hm of
spread of the disease because of their restricted locition Burds have
been thought of but so many birds nngrate tht 1t 1s hard to ccept
this theory Water and mvers hive been suggested as 1 means of
spread and the gronth on certun plants but nothing has yet been
defimitely established Bird manure s different since 88% of
epidemics hve been related to this possible source of the pirasite

The common denominator for growths of the fungus hs been
found to be wn optimum temperature and 1 relats ely high humid
1ty The most henily mvohed 2rea concides with the greatest
number of d1ys of the year between 60 wnd 90 temperture i
region having reltusely high humidity

The relationshup of winds especally tornadoes to the spread
of the disease as 10 coccrdiomycosis seems 10 have some merit but
a more mportant feature 15 what the uthor considers a source
pownt  such 15 chicken coops pigeon Tofts vat roosts etc These

source ponts corsespond with mamy surieys that have been

conducted

Many OE the infections of the body tend to begin in the lung
but a few guswomtesunal mfections have been reported
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Dr Tenenberg s article on serologicnl reactions has 1 complete
summary which my be referred to (p 168)

The lustophsmn 1crction as given by Drs Palimer and
Fdwards reveals what 1valuable tool 1t 1s for finding mfections by
H cipsulatum  They gine the methods of preparatton standard:
atton stability dosage and means of applving lustoplismin There
seems to be a considerable rmount of cross reaction with coccdior
din much more so than a cross rection of cocadtomycosis with
histoplismin - Attempts 2t tsolton of the actne principal thus far
have only been partially successiul

‘The hustoplismin reaction 1s much hke that of tuberculin It
malkes 1ts ipper1tnce mn four to six weeks fter infection nd seems
to st for years 1nd decades

Toran ider of the location of an endemic aren of the world the
map i Fig 1 (p 198) should be consulted Histoplasmin senst
tnaty 15 highly presalent i parts of America with scattered low
prevalence ares in some 1egrons in Africt and Southeast Asi

A more detuled map of the United States ts shown in Fig 2
Asothers have mentioned the central part of the country especially
along the bi, rivers contains the highest incidence of skin reactivity
to histoplasnun

Geographic location 15 of far more si,mftcance than other
factors suchasrace sex and occupation ‘There 15 a shightly higher
1ncidence 1 males over 12 years than 1n females higher in whites
than in Negroes and higher n rural than 1n urban populations

The authors point out the difficulty m separating out infected
from non 1nfected on the basts of the s1ze of the particular skin reac
tion especially in the midzones where the rection may be erther
positive or negative  The ¥ ray 1s some help 1n mdicatng mfec
uvity by the presence of calafications In the study of students
shown in Fig 1 149, of students having a reaction of 6 mm or
more have pulmonary findings while only 0 3 of 1%, hnve pulmon
ary findings with reactions less than 6 mm  They show also how the
€ross reactions with coccidiomycosts casts a doubt on many of the
statistics for histoplasmosis

The methods of staining have been well grven by Drs Mowiy
and Frenkel The authors go into the development chemstry and
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technology of the various stamns for the demonstration of fungt
espectally H capsulitum in tissues They point out the f1ce that thus
fungus 1s more difficult to demonstrate under most conditions than
ordwnary fungt

They trice the development of the various methods most of
which are based on the 0ld Schuff rexction of long g0 They credit
Tilie McManus Hotchhiss & McManus Bauer Gridley whuchisa
modified Bauer method khgman most of whom have had some
role in the deselopment of the PAS stun or other stamns of 1 ke
nature The two most common reducing agents have been Periodic
Acid 1nd Chromtc acid - As with most others who have worked in
this field they emphasize the superiority of the methenamme sther
method origmated by Gomon for muan and later applied to yeast
by Grocott  The technical detuls of the vartous stuns particularly
the latter are given with great minuteness They undoubtedly will
serve a good purpose for those who are not fumiliar with the method

The authors describe the differentiatton of other common
fung: from H crpsulatum

The chapter on patho,enesis of histoplasmosis in tnimals by
Procknow res1ews the hterature on the subject and reports his own
studtes concerning the changes i the macrocomdia that take place
on bemy moculated mto the lungs of mice  The quthor states that
most 1infections re constdered to be by the resprratory tract due to
an inhihen of spores which 1re converted to the yeast forms in
the lung and become disseminated by the blood stream to organs
rich 1n reticulo endothehial cells  Such organs include the Iner
spleen bone marrow and adrenals

The author reports the first reaction as described by Brandt
The first noticeable effece was 2 polymorphonucletr leukocytic
mmasion By 48 hours the macrophages had become predomimant
By the sixth to the tenth day 1 granulomatous leston with reticulo
endothelial elements predommated Only a few polymorphonu
clear leukocytes lymphocytes plisma cells and Langhan gint cells
remamed Fibrous tissue later surrounded the area  Healing had
begun by the 12th day with an increase m plasma cells frbrocytes
and 1 diminishing number of reticulo-endothehil cells Yeast cells

hecame absent by the 31st day
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Pure mycelil inoculrtions were comverted to the yeast phase
within one week  Inoculwons of chlimadospores resulted n
phagocytosts by mulunucleated gt cells dunng the first few
days Reticulo endothelial hyperplasta was present  Some free
spores were surrounded by polymorphs and most of the spores
showed degenerition  After a week the chromaun of the spores
became re arranged to form yeast cells The cell wall ruptured and
the free yeast cells were engulfed by macrophages

The experimental work 1s giien by all routes of inoculiion 1n
arious antmals

The uthor s own work triced the spores inoculated intra
nsally 1nto the lungs of mice from the large chlimadospores to the
yeust forms  Within four d1ys disseminatuon had reached the
spleen By thvo weeks widespread reuculo endothelial dissernima
tion had taken place The spores were usuzlly small encugh to
enter the bronchioles and alveolt

Fien after six hours the spores were seen without am cellular
reaction but there was a gradual increase of cells first polvmorphs
and other cells afterwards After 15 to 21 hours the inflimmation
mcreased but sull remuned localized  Many spores remained well
preserved even after 36 hours Polsmorphs began to degenerate and
become replaced by eprthelioid cells By 48 hours there was an
mternal trabeculation of the spores which became well developed
by 72 hours From three to five days defects appeared 1o the walls
and yeast like material bulged through the defects 1nto the paren
chymr These cells were then phagocytized by macrophages This
process continued until the seventh day when all spores had
disappeared

The pathogenesis of histoplasmosts 1 man 15 only partly
understood The beginning of the mfection as so well shown by
Procknow in animals and the nature of some of the chronic forms
are sull quute speculytive in human infection  The pregressne
fulminating type originally described by Darling 1s about the only
form that 1s known from the begmmning of the yeast invasion to the
end of the process There 1sa marked parallelism to the progressive
forms of tuberculosts yet there are many potnts of difference such
s a greater tendency to calafication greater dissermnation of calar
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fied lestons 1 the spleen and a general tendency for the lymph
nodes to enlarge more than 11 most tuberculous mfections

In the chronic forms of the disease there are several unknown
features that have yet to be explamed One for example 1s the
presence of typical yeast bodies 1 encapsulated lesions some of
which reveal great age even in bone formation In a few mstances
of encapsulated and calcified lesions these sheltered yeasts seem
to have been responsible for exacerbation of the disease but exacer
bation from very old lesions 1s as yet doubtful

A most emgmatic aspect 1s the role of smnll microspores that
seem to be restdues of a budding 1n the yeast bodies Many of these
small spores range 1n size from 0 3 to 0 6 microns and sometimes
show birefringence as do the Jarger yeasts They seem to arise from
the yeasts usually 1n the process of disintegration A bud begins
to form 1n the pointed end or some other place around the wall of
the yeast and while 1t 15 1n the process of formation the yeast body
1s disintegrated and the bud rapidly forms it a microspore which
seems to contain elements of the origial yeast body The mechan
1sm of this change has been described by Pine 1n his chapter If
these smalil bodtes can be shown to possess viabelity 1t may be an
other means of prolonging the viability of the parasttes after the
mother cells 1re destrayed  Proof of this theoretrcal concept 1s still
lacking but 1t will bear study

The primary leston as described by Schwarz states that only
recently has Anow led,e of the primary leston of histoplasmosts been
described It has been found to conform to Parrot s law of stmular
adenopathies  as does primary tuberculosis The nature of the
lesion 15 also simlar to tuberculosis Trequently there are satelhites
around the main focus  Itis not known whether the primary lesion
progresses as does primary tuberculosis or not but 1t 1 1ltogether
Iikely that 1t does

The author describes 1n detarl the evoluuons of the primry
lesion of bronchopneumoma phagocytosis of the yeast py histio
cytes hustiocytic proliferation eprtheliord cell tubercles with s
cous centers filled with polymorphonuclerr cells although the
latter are not dommant  Many of the minor features are listed as
the lesions become older  The lesions ire seldom mall calaum
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ssuswrlhy chatky suppled md rock had evon wath yewst present
M of these ferures differ from those of tuberculosis There 1s 4
systemic dissermintion as indicited by cafedic testons 1o thie spleen
and to 1 loss degree the Juer  The lobar locilizison of thest
primary lesions hav¢ been tabutued

The smal] focus 1s othernise stmdar (o tubercudoss but the
large focus duffers m il there s complete destrucnion of 1l ussues
inchirdig the elwstie fibers an the center wath w imccse of Hibross
toward the periphery  There 151 mergsng of the center ¢ seous wer
with hensds hydmuzed cipsule wround the outade  The Jn,¢
focus g sprend by incorporing colateral nflimmaoon and thus
tend to explun the coteentiic fin, s that are seen i some lsons

1 smph nodes berome more enlirged 1 nstoplsmons thanin
tubercidosis They may c1use compressian of bronddu reulting in
bronchiectwsis welectwrs or emplvsema Fhey my supiure md
produce hemorringe

The tuthor ss of the oprion that some of the 1ound lesions
described by Puckett me prmuy lesions but probably not afl
Multple pranary foct may and do exist a5 51 tuberculosss

Puckeu descsibes the large round leson tha s frequenth
found sn histoplasmosss - This mirtpulmonns nodule ssa form that
he calls 1 Instoplwmaona in Leeping with teyms applied to tuberen
losis wnd coccidiomycosss  These fessons 1re sctttered m il tung
lobes carresponding to the s ttexmg of primary. tesions i tubercu
losts Some however may be 1e mifection lesions

They vary i size from 8 510 3% am m diumerer bhey may be
roundorovesd  They e usuath subpleur i with rhewy round or
orord wlite or yeHowsh pleurdd plaque fused to one side of the
fibrotic process Theie may be suclites m the wjuent pleunn
These lestons we shm phy demucated frory surroundin, hui,
pwenchyma The author calls tention to 1 wedge of hewy hibrous
tssue that usually evtends mea the center of the wwon which he
terms the keystone  Conceniric formanons re common whnch
gie the leston 1 Janiinated 1ppensmce Saft centers may be present
i the intersor of exch lesion wheve the pwasites ire found  The
parsites are brou bt out by spectat stans but cannot be grown on
the culture methords that we used 4t present  Artefacts 1ve mny
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and must be 1uled out before any diagnosis1s made  The ncidence
of these round lesions vary geographically but 1n endemic arens they
constitute 509, or more of the round lesions that are found on x ray

The general pathology of histoplismosis 1s one of the most
recent of the many phases of the diseise to be described  Until the
last few years the only lesions known were those 1esulting from dis
sernmnated disease  Most of these lestons were in the organs rich n
reticulo endothehial cells lymph nodes spleen liver adrennls and
so forth At first there was httle caseation but later cseation
developed In some perifocal arens there were grinulomitous
Iesions with epitheliond cells and Langhn giant cells

In the chronic forms of the disese 1t 15 1lmost cxclusiely
reticulo endothehal 1nd granulomatous ty pe of nflimmanon with
1 scarcity of neutrophils plasma cells and lymphocytes Only occ
sionally are polymorphonuclears found and they posstbly are 1
result of some complication Of the various organs the drenals
are commonly 1nd severely mmolved 1n 4 caseous necrosts The
spleen lymph nodes lner bone marrow are ilso mvolsed with
necrosis and grinulomatous type inflammation  Necrotic lestons
may be formed m the lungs kidneys brain nd heart valves

The lung lesions are especnlly important for they are the
prancipal ones in chronic disease much like that m tuberculosis

The origin of the chronic leston may be from an older focus
that has undergone exacerbatian as result of a loss of resistance
of the host  First there 1s 1 Instiocytic invaston then granulomatous
lestons appear with perifoctl caseition  There may be fibrotc
encapsulition 1 various areas of large infiltrates The central soft
emng tsa granulr type of caseation with varyin., amounts of f1brous
debrs and destroyed phigocytes These cells usually vegin to
appenr in the caseous arexs Finally there m1y be a ruptme of the
mass nto 1 bronchus with small to lrge cavitres resulting These
cavittes may first be made up of pockets due to fibrous bands but
complete excavtion finnlly occurs to lene 1 rigged walled cavity
which 1n time changes to 2 smooth walled or cystic type Most
chronic cavitary cases hiave cysts 1n the upper part of the lung with
a repetiion of the process toward the base 1s ime goes an Some
cavitary cises m1y hve extremcly henvy hyalimized fibrous walls
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On the other hand there may dovelop rapid destctions of thie Jobe
ora lung with cavitary discase wspally as 2 result of some break m
the resistance of the host

There mw develop a fifirasd poeumonntss that 15 composed
fargels of g lomytous tsue eprthehord cdls with Lan hs
gant celts The hmph nodes my be espeenthy enlirged to form
tumor masses ssmthung aancer and cusiag pressure on bronch
which lesds to bronchiecrisss or other pressure phenomena

Roentgenoloment Gindings in hstophismaosss have been so well
summrized and itustrated by Dr Stherman tht there 15 no seed
for any more commont {p 379)

On the chimceal types of hustoplasmoesis Dr Lmcolow -
proaches the subject from a tentatine classification of 2 complete
disease spectrum invobang both chimical and anomic features
and not just on the bins of chimcal itlness alone  Fhus deosion wws
reached after the amthor found more than 1 dozen different duical
classifications no wo of which were alihe and also becruse there
re estmated o be thuty wuthon wfectons w the comtn with
only a small percentage of clinscal disease  The b daffreuins
with easy recogmuion of the disewse  he savs 15 that the disese
spectrum runs ol the way from asymptomatic or mukl wfecton
through to chronic easstan disease He also states The disease 18
Tot new so 1t 1s obuous that the ssmptoms hate mimiced other
distases otherwise i would hvie been recopred long ago

The classtfzcation 15 mito four mam groups

(1) Acute pulmoniry fstoplasmosts diuded o asympio
matcand sympomatic The Iz myy be muld or severe

(2) Chromic pulmonary hustoplasmosis

{3} Acute dissermmated fustoplismasss which m1y be bensgn
Of progressive

(4) Chrowe disserminated histoplasmosss

Other forms recopnized e 1eute cutaneous fustapismosts
bronchiohus bronchitss {mddle labe syndrome) chrome hibrosis
fesulng in compression {inflow stasss)

So many dsfferent claswficatnions perhaps pownt up the need

for a commttes to wark on untform classfication as has been done
for tuberculosss
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Dr Suthff has given wn adequate summary on the diagnosts of
Iustoplasmoss (p 421)

In the differentsal dirgnosts Pinkerton states that the mechan
1sms of the disease re strihangly sumilar to those of tuberculosis 1d
coccidiomycosts The most important disease to consider 1n differ
entil dingnosis 1s tuberculosis and the finding of the respecave
1gents by culture stun or animal noculation comes first m the
attempts to find the cause of the process Immumniological tests are
lso valuible The author says It 1s probable that the greut
majority of cises even when climical symptoms are present still
escape detection  and  that in the number of ¢ases diagnosis 1s pro
portional to the degree of intercst 1n the dise1se  Agan he savs

‘The differential dingnosis of histoplismosis 15 complex multy
faceted somewhat controversral difficult wnd in some mstances
tmpossible

There 1s 1n elabor e chart which 1llustrates the various types
of locahizations of the disetse 1s well as its progression

The 1symptomauc pulmonary calcilications are differentiated
by positive histoplismin and negatnve tuberculin tests Healed
histoplasmosts with calaficatton must be differentiated also from
coccrdiomycosts which invohe many laboartory climeal and ~ ray
study Climenlly active forms have to be differentiated from influ
enza and other respiritory mfections of an acute nature  Culture
and ymmunological tests 1re required to nchieve this result More
severe types of infiltrates and Jarge lymph nodes patchy pnenmo
nitis and rdiating infiltrations that muse be differentiited from
many different conditions hike sarcordosis pncumonta cte 1 post
tve tuberculin and negatine histoplismn and vice verst reé
extremely important in dingnosing either disese

Finally atypical pneumomn Q fever ovmithosis wd tovo
phsmosls pulmonary fibrosis of mny types rc diseases from
which histaplismosts must be differentitted  Acute duffuse mnter
sttial fibrosts (Hammon Rich disease) berylosis cute alveolar
proteinosts ahcolr cell ciraanoma 1nd other conditions iy simu
late diffuse histoplismosis The middle lobe syndrome 15 frequent

1 histoplismosis
Cses with prolonged or meermiteent fever ot clironic crvatary
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disense are confused with tuberculosis It requiresall the di1, nostic
felities warlable to find the respective parsites Cystic lung
Rlebsella infections nd other fungus nfections bronchiectrss
stlicotuberculosis or other cwitary disease must be considered and
which must be separated from histoplismosis

The author takes up the coin lesion 1nd differentiates the
many diseases in this category then the genernlized lesion nd the
local lesion 1n the many systemuc localizatrons important of which
e the pharyngeal infections

An important problem was that of associited diserses Most
common 1s tuberculosis but also Cryptococcosts nd other fungus
tnfections  Hodghins disense and other lymphomas sarcosdosts
allergic diseases and many more are 1lso present

The chapter on medical trextment by Yates Langelutuz and
Brasher has an wlequate summary m the text to which the reader 1s
referred (p 468)

Likewise a summnry of the chipter by Dr Polk on surgical
resection will sulfice to indicate the place of surgerv in the treat
ment of histoplasmosis and give the reader n mdicition of s
content  Although Dr Polk s clissification daffers from most of the
others 1t 1s intended purely for surgical use Tt points up 1 need for
astudy of this phase of the problem (p 490)

Seabury states that before 1945 the medic1l pracutioner was
hittle concerned with histoplasmosts considered to be 1 rre and
fatal disease up to thatime  Now 1t 15 dufferent because the disense
!s more presalent 1n some regions than tubcrculosis There are
enough Lnown methods now of chimical and laboratory pracedures
to permit 1 general practitioner to suspect and find the disease
early The alert phystcin 1s or should be icquanted with the
geogriphic distribution of the disease s well as with the many
clinical and laborttory tests that help to rdentify 1t The many
factors of endemicity rre mentioned which will contribute greatly
to a better understanding of the disease process for the benefie of
the practtoner of medicine

He dnides the field into varous regions namely of high
moderate and low endemicity In the re1on of high endemicity are
found most of the primary cises of histoplsmosis It 15 generally
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Dr Suthif has given an adequate summary on the dignosis of
fustoplsmosis (p 421)

In the differcntinl dignosts Pankerton states that the mechan
1sms of the diserse are strhingly similar to those of tuberculosis and
cocaidiomycosis The most tmportnt disese to consider 1n dilfer
entil diygnosts 1s wberculosts and the finding of the respectne
1sents by culture stun or animal mocalation comes first 1n the
ttempts to find the cuse of the process Immuniological tests are
so valuable  The ~uthor s1ys It 15 probable that the zreat
monity of cises even when clinical symptoms re present still
escape detection  and  thatin the number of ¢1ses diagnosts 1s pro
poruonal to the degree of mterest m the disense Agan he says

The differentnl dingnoss of histoplismosts 1s complexn mult
ficeted somewhat controversi! difficult and i some imstances
tmpossihle

There 1s an elabor ite chart which rllustrates the vanous types
of localizwons of the disese 1s well as 1ts progression

The asymptomaac pulmonary cilerfications are dfferentiated
by positive hustophismin and negave tuberculin tests Healed
stoplismosts with calarficition must be differentrated also from
coccrdiomyrosis which molve many Ihboritory chmical and vt
study - Chreally actve forms have to be differentiated from mflu
enz1 and other respiratory ifccuons of an acute nature  Culture
and immunological tests e requured to wclieve this result More
sevcre types of infiltrates ind lge Iymph podes prtchy pneumo
mitts and ridnting miileranons that must be differenuated from
many different condrtions Iike sarcordosis preumonnt etc 4 post
tine tuberculin and neginve histoplasmin nd vice versa are
extremely importmtin dingnosing erther disease

Fimally atyprenl pneumonia Q fever ormthosis 1nd toxo-
phsmosis pulmoniry fibrosts of mny types re disewses from
which histoplismosts must be differentiited  Acute diffuse 1nter
stitnl fibrosis (Himmon Ruch disewse) berylosis acute 1hveolar
protemnosts 2lsveolr cell caraanomn and other conditions m1y stmu
late diffuse hustoplismosis  The middle lobe syndrome 1s frequent

1 histoplasmosts
Cases with prolonged or mtermittent fever o1 chronic cavitary
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disease wre confused with tubereulosis It requires 1l the diagnostic
fichities wulable to find the respective parasites Chvstic lung
Rlebsella infections and other funyus infecttons bronchtectasts
sthicotuberculosts or other cxitary disease must be considered nd
which must be separated from lustoplismosis

The author takes up the con lesion nd differentiates the
many discases 1n this category then the generalized leston and the
local Iesion 1n the many systemuc localirations mmportant of which
are the pharyngeal infections

An important problem was that of assoctated diseases  Most
common 1s tuberculoss but also Cryptococcosis and other funaus
wfections Hodghin s discase and other lymphomas sarcordosts
allergxc diserses and mny more are also present

The chipter on medical treatment by Yates Langelutt, and
Brasher has an adequate summary 1n the text to which the reader 1s
referred (p 468)

Likewise a summary of the chapter by Dr Polk on surgical
Tesection will sulfice to indicate the place of surgers 1n the treat
ment of histoplasmosis nd give the reader an mdiciton of its
content Although Dr Polk s classification differs from most of the
others 115 ntended purely for surgical use It points up 1 need for
astudy of this phase of the problem (p 190)

Seabury states that before 1945 the meaichl practuuoner was
liutle concerned with histoplasmosis considered to be a rare and
fata] disease uptothatime Now 1t 1s different becanse the disexse
is more prevalent i some regions than tuberculosis Toere are
€nough known methods now of chnical and Iborators procedures
10 permut a general Ppractitioner to suspect and find the disease
€arls  The alery physician 15 or should be acquainted with the
geographic distribution of the disease s well 15 wth the many
climical and laboratory tests that help to identify 1t The many
factars of endemxcu) are mentioned which will contribute greatly
10 a better understanding of the disetse process for the henefrt of
the practinoner of medicme

He diides the field 1nto various regions namely of high
moderate and loy, endemicity In the region of high endemaity are
found most of the primary cases of histoplasmosis It 1s generally



518 HISTOPLASMOSIS

mild nd miy not produce wmy 1mmedmnate problems except n
mints where it may 1t smilarly to primary tuberculosts in infants
The wute diffuse forms are sometrmes severe and are found 1n
regrons where sotls are contimmated with bird droppings  Fven
though rarely fatal it produces severe 1llness ind the physician must
know how to diagnose and treat it It should be treated the auther
thenks rather early with inttmicrobinls  After the disease fias rin
uts course the Inte effects of recovery such 1s fibrosis must be
properly understood There are 1lso many complications the phy
sician should know

In regions of moderate endemrcaty there will be relati ely more
adults haing the primary Instoplasmosts than 1n the ares of high
endemicty The diffuse ind generalized form 1s not so coramon
Fatlures of dirgnosts are common  Many linger n sanatoriums
under the diagnosts of tuberculosts and 1re treated s such In the
regions of lugh 1nd moderate endemicity the physiciin should hase
positive findings of tuberculosis and negauve findings for histo
plasmosis before making a dirgnosis of tuberculosis  The 1reas of
low endemicity are poorly outhned at present Resort to shin test
ing for all granulomns 1s 1 s1fe way to pick up cses mn 1l arexs

One of the biggest obstacles to cltnicnins 1s the pathologic
diagnosis of chronic grainuloma  Because of the tendency o call
1t tuberculosts or other chronic process without findng the true
etiologic agent  Instead of representing a diagnostic chillenge
this simple tissue diagnosis thatis  chronic grinuloma  1s hikely
to be accepted as an answer  Cultures stains and wnimal nocula
tion should be made without delay and continued 1f necessary to
try to find the real etiologrc agent

Seabury states wnother fallacy of makmg only a sumple dia,
nosts without looking for other supeirmposed or the 1ssociation of
other diseases such as hustoplasmosts and tuberculosts diabetes and
other condittons Prolonged antumicrobial therapy should be sus
pected of producing not only Candidosis but other fungus mfec
tions such as histoplismosts especrally 1n cluldren and old people
Many other posstble errors are ated

He discusses cotn lestons their role and differenual pomnts to

watch He pounts out that 1n eleyated complement fixation test and
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positise histoplismin shin test are most valuable indicators of
histoplasmoss

Emlh he says in lngh and moderate endemic reas pricu
tioners pediatriaans and medical mnternists must mke the diag
nosis whereas in 1reas of Jow endemicity pathologists and bactenol
ogusts traned 1n mycology must perform that service In dentistry
oral surgery gynecology and most other specialties the disense may
appear so 1t behooves everybody to be on the lookout for 1t

Aboveall pathologists 1nd bacteriologists tramned m mycology
should use alt culture staming and wnumal oculaton technics
posstble when the diagnostsisin doubt  Thes should become myco
logically conscious This applics to medical technologists also

Etiology ofall 1 cannot be established but the up to-date

pathologist can inform the practitioner of the facilities avalable
and the material which must be submitzed for examnation Two
things are necessary an enlightened pathologust and 1 conscientious
praciiioner willing to ask
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mld and m1y not produce any immedate problems except m
wnfwnts where 1t may act similrly to primary tuberculosss it infants
Ihe awnte diffuse forms are sometimes severe and are found
regions where sotls are contamintted with bird droppings Even
though rarely fatal 1t produces severe illness ind the physician must
know how to dingnose and treat st It should be treated the quthor
thinks rather early with antimicrobrals  After the dasease has run
its course the late effects of recovery such as fibrosis must be
properly understood There are 2lso many complications the phy
sicran should know

In regions of moderate endemicity there will be relatnvely more
dults h1ving the primary histoplasmosts than mn the areas of high
endemcity The diffuse and generalized form 1s not so common
Failures of diagnosis ire common Many linger i sanitoriums
under the diazgnosts of tuberculosts and are treated as such In the
tegions of hugh and moderate endemtcity the physician should have
posttive findings of tuberculosis and negative findings for lusto
plasmosts before making a diagnosis of tuberculosis The areas of
low endemucity are poorly outlined at present Resort to shin test
tng for all granulomas s a safe way ro prck up cases w 11l areas

One of the biggest obstacles to clinicians 1s the pathologic
diagnoss of chromic grinuloma  Because ot the tendency to call
1t tuberculosts or other chromic process without finding the true
etrologic agent  Instead of representing a diagnostic chnllenge
this stmple tissue diagnosis ¢hat1s  chronic granuloma 1 likely
1o be accepted as an answer  Cultures stains and 1mmal mocula
tton should be made without delay and continued 1f necessary to
try to find the real enologic agent

Seabury states another fallacy of miking only a simple diag
nosis without looking for other superimposed or the association of
other diseases such 1s histoplismosis and tuberculosis diabetes and
other conditions Prolonged antimicrobial therapy should be sus
pected of producing not only Candidiosis but other fungus mfec
t1ons such as histoplasmosis especially 1n children 2nd old people
Many other possible errors are cited

He discusses coin lesions their role and differential points to

watch He pomts out that an elevated complement fretion test and



AUTHOR INDLX

A

4gell Dabero °A 51 90 97 118 1 1,00
Alexanler F R 170

Alitather W E 93

Altman P L 118

Arcaleao A E 5

Aronson D L. 135

Sachoff Tutwig 319

B

Baldnlwe G D 29 6°

Baton R 47°

Bauer H 81 911 217 13 ™3 2°9 510

Baum GerallL. 7 400 4% 504

Becker Paul 150

Bermard M W 3

B fod ChapmanH 51 55 6 7% ™3
77 985 319 3% § 5 3%,

Prlley G E Ly 178 19

Boar M D § 9

Bonorden R 56

Beadenboph W G 1352

Brandt F A *17 443 510

Brasher CharlesA 1, 487 517

Pown J H 116

Punnell TL 47% 4 7

c

Campbell C C 54 56 94 158 1 0174
17 176 177 178 179 181 187

Campins H 196

Cawley E P 400

Cazer P D 261

Ch ndler Ca ohne 26

Chse M W 100

Chrstie Amos 4 24
9% 296 397 399 453

Cole C R 140

Comant \ F 40 54 71

Cooke W B 11517

Cozad G C 49 116

6 83 197

Crabtree ] 4 -3
Crmm | D -3

Cross F W 67 181 194
Curtis A € 400
Curtisa d Harrell 2%
cun A 2

D

Darl ng Samucl Taylor 3 10 11 1° 14
15 16 17 18 19 2> 40 76 143 21
68 277 °9> 206 318 501 511

12 Rocha Lima Hennque 3 17 18 40

Dais EW 31746

Day R 16

DeVonbreun Willam A 34 179

g 40 53 56 6@ 6 116 158 159

19 %61

Desjardin A U 445

Dickson E C 5

Dodd Ratherme 3 19 21 6

Dowding E S 4 56 6¢

Droutet E 6> 19

Dubin I N #3

Dyson ] E 194

E

Edwards PhyllsQ 6 88 93 509

Ekson W O 457

Emerson G L 437

Ewmons Chester W 4 5 6 78 50 9
119 10 121 17 1°8 18 191 197
194 261 3 9 505

Evans E E 181 194

Eans R E 47

¥

Farrell R L 159 67
Felson B 3 8

Feo M “~13

Forsee J H 47

Fenkel J h 217 2°1 509






AUTIIOR INDTN

Menges R W 919 130 ¢1
Merchant R k413

Mear hF b

Mdfleton J € 58

Miller D B 40

Mocre M 4D 4 438

Mowry RobertWs 50
Murray §F 1%

MesWF

N

Nepon 1 40 4 4% 0
Saben ¢ E 44
Nlen W F O3 41 418

S16 13

r

Palmer Carr IF $
LN

Para M

Park Phwards A o

Paot M ] 13

Parsors R J 4 0 1R 4114 140

Pates A1 181

Peabody J W 317

Peacock € 1 U3 5o

Peieror J € 47 88 1817

Phelps B M 44)

Pinclec 3 5
A

P nkerton Tlenry 335 1€

Polk John¥y 477 487 51

Totenza L %13

Procnew Jchn] (930 410 10

Puck tt Themas F 31 33 13 271 273
3196 307 319 37 30 33 W60
9 518

LI TR]

68 41 2]

R
Rebello ER T 95
Rib E 606 18t
Rinle 19
Riley 4 liam 4 3 19 143
Riwer € 11 197
Robmson % 61
Rowley D A 576,69 71 7 6 €1
Ratn £ 174

Kute J 5 "0
Rumyc 11 G oL
Ruscll FallF 1

5

Sativ AR 1IN 3R

Sacts 1O

i § B o of b €7 € 686t 0
B ECRERE RN B
1, 10 180 381 183 i

Sitaw S g0 EL LC

LGS 3218

S nken JohnR 7 40

Schers € M6 6

Sclubert J £ 1 G

Scluls DM T ST 31304 0

Srtwarz Jan 31 0 6 €16 I 130

Mo 13 153 1o 311 31
3, 318 3 30 339 310 313 38
$t 4004 Ji”

Scabury | hatl 17 018

G nehy Dernar fo 31390 31 3%

Sherwood N f 5

Short b M 73

Stult H § 415

SlaMF ¥

Sifvermas Claglone &

Syhverman Frelenc S 36

Smith Clarles 4 17
383 3%

Sorensen L ] 181

stearns W 1T 315

Stewast R A 46

Straub A nuel 83 34 40 7 0 °97 30%
311 334 315 330 313

Gir tg Richard P 17 ™

Sunf W D 4 28l

Smeany Henry © 13

§ mmers W St C 93

1
18 LK

T
Tage M 18
Tahd £ E D 159
Taylor Richard R 40°
Tenenberg Davel] 7+ 169 1 176

5
Tu worth E H 51,9
Tomphms Ednatl 319 0°1%



S
*

Furcolon Michacl I 4 6 8 23 20 29
30 31 19 19, 174 175 177 182 183
196 19/ 317 317 31 3,8 4, 444
48, 07

pe

G

Casw RS .3
Gerter P U 214
Chen v 380y
Cifford M A 2o
Gallespie J B 400
Comori ¢ 31 3.6 16
22 43,10
Gonzilez Ochoa 4 82
Goodpasture Frtiest 20
Cordon M A 12/
Corgas W € 10
Crvton [ T 91 1
w0 1118 196
Greendvke R VI 432
Crulles M+ 32 6% 16
231 510
Crooott R (€
510
Cranterg b o 59

206 339

17 213 223

8 1.0 140 141
23 Lo 29 960

13 228 231

2 LR & S P § RN

H
Haterman R T 130
Halev L D 51 8
Hansmann C H 7 40
Hazen EL 19
Helmt right A 1
High R H 3,4
HA G Yt 91
Hinton A 161 949
Horr W H 107
Hotchkiss R D 31 16, 933 10
Hottle G A 171 180 193
Howell A J 40 11 7 158 169 176 1.9
181 197 194 250
Huber M 6 69 756
Hughes F A 4:2

49 116

14
ngold 0 T 114
Isracd H L 9
Ierson L 33

FUSTOPLASVOSIS

J

Jchnson 1 F 42
Jorstad 1 B 438

h
Katra S 1 90
hac (] 0

hatz § 84, 394
hephie & | 18
hesnohan ] W 219
Resset Jehnd $ 1)
faphie € .09
Rlaer J H 8% 93
Riatzo 1 .M
Rhgman A V[ 31
Rnight R 4 19,
hudhch H 339
Aucss & 339
Rurung J [ 11 1,6
huma ] F 296

96 ™o uI0

L
Langelutug H Vernon 517
Larsh Howard W 49 51 5¢ 116 It
L 460 SO0
Lehan P H 6 1,4 1
Lichow \ 1 148
Lilie R D 12 212 °74 © § 999 733
231 510
Lindberg R B 191
Littman M L 5/ 11 1o7

18 348 266

Leong F R 313
Loosh C C 10 137 143 196 400
Lumsden 1 § 23

M

McManus J T A 31 16. 33 731 510
McVickar D T 57 158 o1

Maddy kenn T 124

Mallory F B 411

\anos \ E 88 132 132 201

Marcus § 159 195

Manat F 92

Martin D S 1/

Sfefency Henry E 19 20 47 76 J0f



SUBJECT INDL\

\
Absceus (¢ Lung abscess)
ACTI steron ts
with Ampl tenicin B 4 9
Actulone (see Antibrotics)
Acuted wseminated It toplasm s
chronic course 494
Latal 1n very young 398
Tecorery 307
Acute pulmonary histoplasmoss 33§
33 40 408

Altison sdiscase > 1 322 399
Adhesions an histoplasmoscs
compared to nerdence in tubercutosts
304

Aerosol (Henderson 3)
direct 1 oculation of dust 160 16
Adrenal glands
aff ityof fungus for 7 37 3 6 399
439

Adult pr mary infection in histoplasmo
ss3c
Afsea (nctuding Union of South
Af ca) 94 1.y 197
Aftican b stoplasmosis (see H dubosr }
Ag mmaglobul nemia
€ff ct on resistance 106
Age race and sex distnbut on of
both ends of Life 41>
cases of hustoplasmosis 141
more men than women 415
more whites than Negroes 41
Agglutination test
© Ttod on particles 6
hemagglutination test 171
bust plasmin fatex 171
Saslaw and Campbell 170
Alezan blue (s ¢ Stain)
Aleurospores
macrocon dia 44
microc n dia 44
Al eolar protemnosis 4 §

Amason \alley
tird migration nfluence 1 6
American Assoctation of Pathologists and
Bacteriologists 22
American \egro
m g holog) of tuberculosis in 33
American Socicty of Tropical Medicine

Amphoteriain I3
treatment 7 4 9 460 461 46° 463
ArE 40 48y
Anacmia
due to 1 istoplasmosis 19 437
Ancon Canal 7one Ho pual 14
Ammal cxperimentation
intra ceret rat 159
mtra pentoneal 157 158
intravenous 1n wh te brown mice
guinea pig white rats rabbit
log hamster thesus and cyno
‘molgous monkeys 160
mucin enhances infection 1n diagnosts
160 161
Animals implicated
susceptability of dogs cats cattle
horses and sheep 119
wild and domestic 9”
wildan mah 1 16
Anopheles mosqu to 11
Antibiotics
in culture of H capsulatum (pentillin
¢hloramphenicol streptomyest
acud one) 150
Antigenic fraction of H capsulatum
potency of cell wall 181
Antigens ind creasing order 174
ground yeast—least effective
h stoplasmin—in chronic cases
whole yeast—n early cases
“Tenenberg found whole yeast more
sens teve but more non speaf ¢
175
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SUBJECT INDEX

A

Abscess { e Lung abscess)

ACTI stero s
with Amphotericm B 4 9

Acti1 one {see Anubiotics)

Acute ds seminated i toplasm sis
chronic course 494
fatal 1nvery young 398
recosery 397

Acute f ulmonary histoplasmosis 334

33 105 408

Addison s dusease 201 322 399

A thesions n h stoplasmoss
campared to 1nc dence in tuberculonis

o4

Aerosol (Henderson s)
durect noculation of dust 160 16
Adrenal glands
aff muty of fungus for 7 320 3 6 399
439
Adult primary infection n hustoplasmo
u36
Afica (including Union of South
AMrica) 94 17 197
Aftican histoplasmosis (see H duboisi)
Agammaglot ul nemia
effect on renstance 106
Age ra ¢ and sex distnbut on of
Both ends of life 41>
casex of hustoplasmosis 144
more men than women 415
more wh tes than Negroes 41
Agolut nation test
collodion patticles 6
hemagolut nation tese 175
histoplasm n latex 171
Satlaw and Camphell 170
Alcian blue (see Stamn)
Aleu ospores
Macrocon d a 44
microconidia 44
Alveo! 1 prote nosis 493

Amazon Valley
bir t migration wfluence 1 6
Amenican \ssoctat on of Pathologists and
Racterologists 22
Amencan Negro
morphology of tuberculosis 1n 33
Amencan Society of Tropical Medicine
an

Amphotericin B
treatment 7 459 460 461 46 463
164 46> 4%
Anaermia
due to hustoplasmosts 19 437
Ancon Canal Zone Hospital 14
Animal experimentation
tra cerebral 19
intra perttoneal 1o/ 1 8
intrarenous m white brown mice
guinea pig white rats rabbit
dog hamster rhesusand eyno
molgous monkeys 160
macin enhances infection 1n diagnosis
160 161
Amimals implicated
susceptability of dogs cats cattle
horses and sheep 119
wild and domestic 92
wild animals 125> 1 6
Anopheles mosquito 11
Anubiotics
1n culture of H capsulatum (pemacillin
chloramphenicol streptomyein
actidione) 150
Antcnic Fract on of H cap ulatum
potency of cell w 11 181
Antiens in decreas ng order 174
ground yeast—least effective
Hustoplasmun~ n ch onic cases
whole yeast—1n early cases
“Tenenberg found whole yeast more
sems tave but more non spec £ ¢
17

55
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SUBJICT INDEN

A
Abcess s € Luns abssess)
RCTH sterouds
w1h Amptaterien B 4 9
\etwdione (see Anut atics)
Actite dissemnated ntopla w wis
¢hrot i course {94
fatal 3 very young 3%
recovery 31T
Aute pufmonary k stoplasmens 38§
340 408
Aldion s d scave 200 300 999
Adhesions 1a bs topfasmoss
mp;)ml to incrdence m tubexeulos s

Aeroso] (Henderson 1)
& sectinoculation of duse 160 162
Alrenal glands
atha tyottungus for 7 322 3 6 39
)

Adule primary wnfection i Sastoplasao
33 3%

Affica { nctudine Uasson of South
Afnca) 0 1.5 197
Alncan b stopta mows (e 31 dubas
Agamma lobulincrai
elfect on resstance 105
Age race and sex distr Tutson of
bothenlsotl te 41
s of histoplasmoss 144
more men than women 415
TArE whites than Negroer 41
Agglutination tesg
cotlodson pass cles 6
hemagglatination tes 1 ¢
Nt toplastrin atey 135
Salaw and Camphwil 1 o
Alcan blue {1 ¢ Sraimy
Aletronpare
Macroeonsda 41
Microcemilia 44
Alveolar protetnoncs 423

Aruan w aitey
bird m granon influence 196
American tssocaton of Pathologasts and
Bactenotomists 22
W engan Segro
smary hotovy of tabiere itosis e 33
American Soniety of Trepycal Med ene
-

Ampbotencia B
treatment 7 427 450 461 40 463
164 403 4%
Anaemia
Que o hiuaplasmons 19 437
Sncon Canal Jone Hopual 14
Antmat experimentation
ntyy cryebral §09
smtra pertancal 150 1 8
W1z enous 1 white brown mice
fuinea pig white ras rabhit
dom hamster £ eswsand cyno-
molous monkevs 160
snucen enhances infreion 1h diamnosns
160 161
Animals implicated
suserptabibity of dom cats cattfe
Firsey and sheep 119
wii $and domestse 2>
wi3d animals 12 176
Avopheles mosquno 11
Antib ot o3
n cuteure of 3 capsulatom (penscstlin
chic ramphensrol sireptetaven
actatinac) 150
Antrenuc fractu g of H capeulatum
prtency of celf watl 181
Antigens in decyeassnn ordey 17§
ground yez r-Jeant etfzent &
B taplasmnin—in chromic caves
whole y¢3 t-in e2rlyp caves
Tenenties touer 1 whole yeast more
senntiye bt more non apeofic



o b HISTOPLASMOSIS

Antunicrobeal treatment 491
Are ts of presvalence outside the maimn foer
Manland Pennsylvamia Delaware
Georgia North Carola 131
Minnesota lowa Lake Champlam
arex 132
Arkansas
optimum weather 131
rstotle s admonitron 3,
Asia
Southeast 94 19, 416
Associated diseases tuberculosss other
fungs cte 110 441 489
allexgic discases 445
Hodghins 447
lymphomas 411
lymphosarcomas 443
neoplastic diseases 412
sarcordosiy 444
staphylococcus and streptococcus 01
steroid bodies 421
Asymptomatic hustoplasmosis 407
Atypical pneumonia resemblance to
lustoplasmosis 419
differentiated from 498
Australia
H capsulatum found 9¢
Artcfacts
1 haste plasmosts 31y

B
Bacterjologists
tramed 1n micology 20° 03
Batdisease 391
Bat excreta (guano) source of histoplas
mosis 31
house bat—soil produced H capsula
tum around house 83
Bat roosts 491
Bauer reaction (sze Stams)
Bemgn infection
10 dogs and cats 78
1 man 88 318 419
Berrylum pneumonitis 428
Birds as carriers 16
Birefringence (See Polarized mictascopy)
Pastomyen 498 50°
Blastomycosts

B brasuensis 167

B dermatitides 16

isolated by direct methoul 163

sulbatadine in 6

vanious aspects 239 240 3,1 431 49,
Blood and bone marrow

positive cultures v ith no symptoms

Bone marrow
must productine source of H capsula

tum 415

Broncholiths 400

Bronchiecrasis 3,0 400 40 491

Brucellosis 419

Buds of veast (Gomort stawn brings out
buds best) 48 6 6. 270

[+
Calafication (ealeifie lesions)
all that caleifics ot tuberculosis 357
concentrac Jammanons m histoplasmo
sis 34 502
disserminated 313 4%
Instoplasmun test hi her 1 x ray post
tse cases 141
n awllary nodes 373
1n Jungs 140
mspleen 31 874 310 3/6
Iarger than n (uberculosts 317 343
most lesions are multiple with fymph
node (Ghon) complex 141 147
number of 3°)
Schauman Iike bodres i 217
stippled and mulberry type with soft
halo 340 3 ¢
with negatve tuberculm 4 03 9
with positnn e histoplasmin 140
Califorma 4
Callose
n sporcs 45
Camp Cronder 100
Camp Gruber epidemrc 31
Candida
appearance of 211 500
ssmlar to H capsutatum on heart
sahes 8 2.0



SUBJFCT INDrX 227

Cascous encapsulated areas
contain most celts 2.1 27
Capsule
apparent cap ule wartefact 60
cellwalt 13
none i capsutatum 3 60
Cattle
susceptibility 119
Carainoma 401
Cavs incrlence of 11 cap ulatum 11 29
19

Caves 451
Cavedisease 81 8 391
Cavitary histoplasmosis & 29 %81
apicaland sulapicat in positio 366
caseous then hyalinzed tl en epithe
Nalized 309
may have paras tes in watls 3°9
* ray appearance 364
Cav 1y wall evolves from
agranular caseation to 3 9
agranulomatons process 331
finally toa cyst 3°9
then to 2 fit rond mass 39
Cerebral h toplasmosts 439
Chesapeake By (only one of many
ch cken coops infested) 81
Chicago Unisersity of 49
Chicken coops yards and heuses 4
11128 494 498
from rat bustows near 49
growthof hustopla mos fr m wls
around 28
m sture importa t 130
on Chesapeake Bay 81
uncl 0 encps rather th n clean are
best souree RO
Chi kene er taassou ceof H cap ula
tum 3179 80 91 128 434 493
Ch cken manure (se Excreta)
Ch chens
€ CTEtamp 1t at (s ¢ Exc et ) 91
freeof d scase D791%109
Ch nese taborer )
Ch tn
apsule res due 959
mwalls € po s 4
sta ned by McManus st n 31

Chlatyd spx res
shape size 4
Chloramphenicol (see Antibiotics)
Chromatin appearance i cells  f veast
1o
Chrome cavitary b t pla mwt
=9 progres s 39
Chronic disseminated ! istoplasmoss
mumics other discises 23 mphomas
Hodgkm's etc 399
Chronic granuloma
a pitfallan diagno s 499
Chromclesionsinmce 6
Chronic pulmonary histoplasmo
nsnature 268 40 410
resembles tuberculosts <l sehy 4 0
G amnat
tume of appearance of sensity 16y 1o
histoplasmun 1%
PIgeon s rests 1 water tower 3% 54 81
Classificat ons of | 1stopta me 15
anatom aal 38§
chronic progres ¢ ¢h stopla mo 1 479
ctimeal 384
m xerate seventy of b st plasmos
138499
surgical clas [ cation 43
syndromes rather th n 1 seases 407
116
table 4 6
Clinical pathologs ¢ mwcology 41503
Cocertio desmomus 1 06 07 40
31417 431
Coccilio hintest 189 0/ 498 ©
Coce d omycosis 4 5 24 % 189 900
cro s reactions with 88
ssolation methods /G
m scellancous 493 4 4 4% 49
precipitat on reaction 177
spectrum of d sease ( 6% withno
symptoms) 383
with polarized | wht 163
Coccidiond 1granatoma ( e Co cidiomy
costs)
Comn_lesions (h stopla momas) 81 319
360 43 434 501
Coton sof H capsulatum
appear nice of and growth on media
4142



5.8

clfect of temperature on 152
Colloidal agglutination test m hustoplas
mosis 28 168
C b ) fixation 1n
6.8
Salvin test 169
Saslaw and Campbell test 169 1,0
Tenenberg and Howell test 169
Complications
pucumathorax broncho pleural fistula
368
Canidia (see Macro and Vicrocondia)
Comversion of
spores to veast 2,
Converters
shin test negatne o fosive 3 6 386
384
307 ray positive 383 427
2 @ become serology positrse 389 42,
Corcmia 42
Costa Rico 9
Cresyl violet
1mproves birefringence of cryptococcus
I3

Cross reactions
aded by geographical distriltion 1,9
especially cocesdiomycosts 1/8
of hustoplasmosis with other fungs 28
7 03

Cryptococcus (ncoformans) 81 16° 214
<19 240 3,0 41, 431
wentified by polarized Light 163
Cueva delas Lechuzas {see Cave dis
ease)
Culturzl characteristics (see alyo Yeast
phase and Mycelral phase)
appearance of col ies grov s1n 10 14
davs 151
many atypical forms 152
Cutancous mucocutaneous 438
Cystic canaties form 1 fustoplasmosts 23
no pyogenic membrane 285
with shick walls 28>
Cystac frbrosis
chronic 500
Cytochemicat features of other yeasts (see
also Blastomyces dermatitides T
brasthiensis cryptococcus neofor
mans cocaxdioides 1mmits) 239

HISTOPLASMOSIS

Cytomycosis (named by De Vont reun
but not accepted) 2

D

Dalton Ceorgia
shun reactions varied 100 200
Decayed wood sourceof H capsulatum
434
Dehissing, spores 114
Diagnosis
be accurate 1n area of low endemuay
49,
benareofa single diagnasis look for
other d1 cases 499
by laboratory means 160
culture and animals 161
Diffcrentiation of histoplasm is from
tuberculosis 9 419
Diffuse 1nterstitral fibrosis (Hamman
Ruch) 498
Dimorphic fungs 85
Diphasic fungs 157
Discasc patterns of serology 177
Dissemnated hi toplasmasis 334 407
mostly in children with splcen Iver
adrenals involved 414
nature and symptoms of 436
x rav shadows 328
District of Columibia 94
Doy,
intratracheal toculation preduces
widesprea | dusease 26
a susceptible host 9 119
geod source of H capsulatam /9 119
wolated H capsulatum from by De
\fontbreun an I Emmens 4 29 9
widespread disease i natural infection
usually by gastromtestinal route
6t
De mestic animals su ceptible to H €3
sulatum
dogs cats cow horse 92
Dual natureof I capsulatnm
veast phase mycelsal phase 40
Dust miection 8



SURECT INDIX

E

Egyptian tombs 392
Flectron microsco)
wses 1 stu 1y of hustoplasmosis 3
$ncap ulated lesions with pata ites i
center 281
Fulemicareas 1y
Virguma and Georgla § 6
Areas of endimucity
moderate 49
Dhw 193
high 404
Endspores
fat globules simulate sn C immitis
4
Ententes due to histoplasmesis 439
Ep fem ology
adances In may depen 1 on skin tests
1%

¢ cadiomyeosis 4
fustoplasmosis *6 113 168
tuberculosts 4
Eptesicus fuscus (see House baty
Estado Lare—in \ encruela
cave having H capsulatum 87
Eif shanall te 1n histoplas nosis 7
Fransulle (Crmm and Short reported
negatise uberct in with calesf ¢
scars) §
Esolutc n of prmary hustopla  osis
ben 1 as tronch pneumoma later
granulomatou changes caca
to1 a1 e on ca ny fo mat on
polymorphs are scarce epithe
Lod cells many 9%
atrested primary usually 1 reer than
wn tuberculo s not s dense 300
hematoger ous as st own 1 y spleen
Test s 300
Bistol gv s milar to tubereul s 1 ut
1 sscentral calcif cation 303
E<p uretodust 416
Extra pulmonary b topla mo ¥ (mucous
m mbrane oral e doca d al
nal central nervous syst n - peticar
du spleen 1 er men nges) 41
FACa putmonary f c1 3,0 3,1

adre

59

F

Farmers
mast frequently anvolsed with chr 1 ¢
form  uswally exposed to chch n
manure 410
Fibr xavitary dscase $6
Fibre 1discase
v ution of 781
rixat oo tisue
by atcohol (cthan ) methan 1ar
alcohol formalm °1
Fixatnes
alcobol formal 0 Zenbers Hellov s
272
Flood theory
that spor 8 arc carried away and then
spread by air 13>
Honda 94
Flu rescent antibody
pessibilitics i d agnosts 164
Fuclgen react on 7 81
Fulminating type of hi opl 1w oss
ats nature ”G8
Fung: unperlecta
towhich H capsulis
Fu g
Iemonstrated in buman ¢
geograph ca pects 114
naure of anuibiot cs produced 114
pathogenic forms °1?
true natttre of 40

36r 36

t1ng 40

ue ¥ 31

G
G str wmtesti1al histoplasmo 1 41
Gai charo bird 81
Gereray thitoplamois O
110 h ke tbereulosistue van 1
certain aspects 71
Geagraphical locat on 1 3
h ghest i East cer tr 1stae %00
Cemuutes 47 56 71 210
Germinat mofspore 1 htypst 1 1
p pan 47
€1 ncomplex 11
Ciemsaand Wi ghtsta n (see St}
C lyco,, n granules
timelblack 23 3
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Comart Gyocots stan (methenamine

silver)
in caseous and encapsulated tesion
80 positne 336

Gram s stain 31

Gram Weigert stam $1

Granules of yeast $20

Granuloma of histoplasmosis 216 322
334 498 499

Grocott stam (see Stain and Gomon
Crocost)

n

Hamartoma 419
Hamburg Germany

Institute of Teoprcat Diseases L
Hamman Rech disease 498
Hamster

Chinese 3 19 103

H duboisin 3,
Healed miliary tuherculosts

probably hustoplasmoses 39°
Heartwalies

Jocalization on 8 439
Hematoxshin and eosn

madequate 1 hustoplasmosis 53 67

21

Hepatte granuPontas 2o0
Hepatosplenagaly 3,7 43
Hematogenons spread

may be hike tubercutosss $19
Hular adenopathy 338
Hustiocy tes

organismsin 14
Histocytomycast 321
Histoplasiun sensitivnty 4 93

€ross reactions with eotadt whm 195

degree of senstnty 197

development of sensivity 196

diagnosts with 498

dwstribution enaps maccurate 94

dosageof 193 19¢

factors atfectane 19/

tagh rate 88

in cluldren %5

11 navy recrus 206

1n student nurses 4 26

mterpretation of 201 02

s elanon 1o ¥ ray shadows 330
preparaton af anugen 191 19
pulmonary bndungs higher m stronger
shin reactions 206
reading reaction 19,
sigmficauce of suze of reaction Y07
speaiftcity of 14 19,
stabelity of 193
standardization of 197 193
suppression of sensitivity 197
tesng wauh 418
the test techuee 182 190 101
types 137
Histoplasinetea
cou lesions 333 412 40 LU
epsthelioid cells around capsule 314
lestons simular 313
sue s Joem 352
the heystone a dense pleural plaque
312
yeasts found 10 central caseation tf
present 313
Histoplasmosss
affticts nultions 14 113 119 380
Lenigm form 27 87 190
confusion with tuberculosss )
eputemcs of %9 31
geographical incidence 26
healed fesions i spieen 34
Ruwan wofection 93
munics other duseases 333 7%
worph logy of lesons o 34
new approach an diagnosis 33
non contaguausness of 113
regio 12l naturc of 113
sub cluncal type 6
H capsulatum
antibodies in 6
cultnation of 6 149 416
dual form parasite and saprophyte
Hluorescent antibody 149
found m
hollow rrees basements storm cellars
fioors of meat houses and old water
towers 81
from arr 29
from soil 78 8%
H duborssn 31 61 65
nfections 4 »
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1ravian habitats 10 3y
nlung
mwaterolpners n tf wniin | lants
1718
optimum temperature f © gr wth
humilty dehiscer ce 13wt im
portant 114 177
polarized light 149
profusion of speres 114
st g 149
stnct acrobe 51
tsueculture 149
B farcim tosis1n hotses 9 15 1o
Hodgkmsdseae § 4
H mogene us reactions tronger than
heterologous 179
ook w1
1n cause of anaema 11
Horses
susceptibibity of 119
Hipersen uaty to
cell proteins 108
delayed type 109
Hypha hyphae 47 1 ¥ 2 ) oo
pseu 1o hyphae o

T
Taamu uty an hustoplasm ssis 6
¢ell fract ons used buto I\ cap ular
Pa teffectve 104
challe ige dose redhuce § but a1l cell
kalled 300
mmeretestsa en cnter £ 101
killed cellsor f ctions usc ! 100
I g eells mo e effectave 109
man from e1 demic areas less s tsc pe
ble to acute attacks 100
mechan mof prot ction nknown 104
0 humoral anuibodies st own 107
pathogenslessin v ceinated a imatvas
1€1d by P 32 labelled cells 100
¥es stance 15 perhaps due to 1 1crease in
ab fity of macrorhay, s to destroy
cells 108
shown by inoculating eyes ¢ Exatt s
4nd 3> day ol 1 mice J0

Diailencecfhntopla n s reporicl has
rven in ast T years 343 144
may be 14 poj ulabicn $10
111
ne 1t cagsubatum foun § 1t
Ilresa 916
Indhara
1l anfeste 1 1M
tnfarces 43
Infection
pregres wemarchef 19 0 )
25
Infilerates wath soft bilun nostes 3 3
Infitratinelest n
e tenof 27 3,370
tnternats nal Heatth Board 1)
Il nea 417
Intersitial pr umonius 431
Intesunat imy Tvement 3 &
Intraperitoneal 1 ocul b B
cultures rer 4 npositt ¢ f 14 week
[

J
Jacksot County Towa
supports po ntsource 1t ory 140
vaniations in skin sens tivity 134
I h FHopkms Lt ssersity Schorl of
Hhgiene 11

Jouthistoplasm 1 43)
h
Ral zar 35 6 40

fan as City sct ools
ifeety nm e ural than url &
were tested for sou ce pomnts of
ong ns of infect on 137 13%

Kot plast 15
A, T ¢

cur«e of 39
Rlctsiell pneumo
Ruppfer cell 17
Rurns gand ¥ gan medwm 1ol

potato flon egg med ym 156

1y

410 $19

L
Lar Ve uela 197 416
Larynyeal hustop! smosis 2%
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Latin Amerca 9

League of Nations 12

Leesburg Georgia 11 18

Leishmania 3 5 [0 14 15 17 19

Life cycte of Hl capsulatum diagrammed
41

11ipoid pocumonia 432
Littman s

Iner splecn glucose blood agar 1.4
Lobar or segmental consohdations

Iike epitubereulosss 3o4

Lymphomas 4°1
Lung abscess 419 194
Lung cancer

confusion wieh ht toplasmases 391
Lungs

most fections take place n 141
Lymph node

can cause pressure 33

can Liquefy 796

can petforate 307

maltagar 43
nutrient dextrose agar 43
potato dextrose agar 43
Sabouraud s agar 41 19
tomato juice agar 43
whole blood medsa best for yeast
phase 41
Mcdiisunins 494
Mcdiceal technolo, ists
shilled mycology J03
Mediterranean
eastern 1
Metany! yellow (see Stain)
Metazon
stawng of 219
Methenamne sher nitrate stan 31 6
(see also Stain)
Mevico
cavedisease in due to bat guano 8°
Mice inoculated
ntraccrebral hugh moreality but 18
29

ovolved and farge in
2%

Jarger than in tuberenlosss 313

lesions stmular to those 10 lungs 331

Iymphadenomegaly 3,7

mediasttnal 494

M
Macrophages 7 1 2,3
Macrospores mucrospores
( ee Macroconidia)
Malania 10
Maltesc croses 14
n polarized light 277
Martmque \egro 14
fiest case of histoplasmosis 15
Maryland
low 10 shin reaction but many
cases reported 84
Mayer s (s¢e \ucicarinine)
Afayo clitic
Vjwian listed climcal symptoms 324
Media
bram heat infusion wath bloa 1 41
brain veal agat 43
corn weal arar 43
Franeis media 41 57 151

wnteapantoneal route only inver spleen
pancreas and Jocal sites s ere
ivohed 28
intravenously with yeast produced
Jestons m most organs %
oral route most dufficult to control 60
Mickle tissuc dissemminator 163
Microconidia 44
may form macroconsdia 152
micocomidia predominate 49
one nucleus with nucleolus 48
size nature germunation of 47
Micrococeus pyogens 410
Aficroscopic pathof gy
for clnncians 499
Mid Jle lobe syndrome 400 40, 43 489
Mumnesota resident first case in U S 19
Minnep lis
skin scnsutevaty around 137 133
Missisap] trer
bied megrateon has vo mfluence on
1°%6 127
has high endemucity 193
has optimum weather 131
high mncidence along 124 416 49
Missourt rner
berd migration noanfluence 127
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hi hoancidence along 1 4
oprmum weatl er 131
Mixed infecuinns of histoplasmosis tuber
culosis and other discases 499 500
Mor slia { e Candi 1)
Moniliaccae 40
Monocytes
crculating 19
\fontgomery County Marylan 1
skin reactidn varsed from 14 to 607 200
Macrocontdun
germ tubes £ om 47
n culture |
m soit 0
nature and sze of 44 114 117
Mucicarm e (Mayers) 163
Mucous membrane histoplasmosis 498
Muluple exposures may oceur 319
Mjycelial phase 5
broth filtrate antwent was first
T toplasmin 3 24
conversion 10 yeast 18 dafficult—best re
sults on B! acar Hela cells
hurung Yegan Litman s and Sal
vinsmeda also i mice at 37 C
temperature chelat ig agents at
ne aal gsteme  ghol cycne
versnead 4 151
fecuousne 11,
morpholo7y~— 1 1te liuffy colon es 1o}
neclshy 1 Lumid ty
opt mum pH 65 51
reaction caused 3 12 wm |
Tesistance to elements 1 §
temp yaw ehestat 0 C 1
Myccthem 1 6
Mycolory clinical 4J

9019

N
Nashille Tennes ce (see \ anderb 1ty
Naso oral h stopla mo s 433
New Mex o 93
Nodular larg 107
Noca dia 431
Non ¢ ntag ousness
n tyetproved 90
Non specift sumulation 7
NorthC ofin 416

Nort 10
Nosol gy 406
\ymho pores 1

(]

Ocular § istoplasmosis 439

Oty ier
bird mgration no anfluence 1”
fi1s optimum weather 131
hghi adeacealo g 194

O 11c ! (see Gancl aro)

Omatloss 4 8

Otchistopla m s 4%

1

Panama 1
Laraffin secuions °17
Parrotslaw holds as n tuberculosis > 9
Passive transfer of Chase 107
145~ tain { ¢ Stain)
Pathogenes s
of acute histoplasmosis
mostly 11 young tumor bhe masscs
entarged lymph nodes and spleen
(more than i tuberculosss) 71
adrenals bone marrow and ler also
severely imvolved) -
of chron ¢ h toplasmos s
dust exposure 1n latter part of hife
kel
remfection or e acterhati >t 973
man mats 46
wn mice 249
Pathognomonic
only cuttured paras tes 336
taun sirongly presum) tne 330
Pencillin (se¢ Antibiotics)
Peansylvan a
publ caus ns of Lnnersity of 19
Pev o cac d (see Stain Schuft's PAS)
Peru
H capsulatum from floor of caves in

Phalippine Islands 15
P geons

nests 6

exc eta 31

n water tower 81
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Latn Amenca ¢

League of Natrons 12

Leesburg Georgia 11 18

Leshmania 3 5 10 14 15 17 39

Lifecycle of H capsulatum duagrammed
1

13pord poeumonsa 432
Littmat s
f1ver spleen glucose blood agar §.7
Labar or segutental consalidations
Bthe epriuberculoss 304
Lymphomas 42
Lung abscess 419 494

Yung cancer

contu ton with histoplasntosts 394
Langs

0081 Infections 1ahe place i 141
Lymph node

€an cause pressure 33
can hquefy 206
aan perforate 307

malt agas 43

nutnent dextrose agar 43

potata dextrose agar 43

Sabouraud s agar 44 149

tomato jurce agar 43

whole blood media best for veast

phase 41

Meduastinus 49t
edical technologists

shafied myeolegy L3
Mediterranean

eastern 197
Metany} yeflow (see Stam)
Metazoa

stasmang of 212
Methenamine siher mtzate stain 33 62

{see alsa Statn)
Meuro
cave disease 1n due 1o bat gusno §°

Mice noculated

sntracerebial fugh mottadiey but s
2,9

mvohed and farge
put)

targer than 1n twberculoss 319

fesions similar to those an fungs 334

smphadenomegaly 3 7

nedrastieal 49¢

M

Macrophages « 221 2.3
Macrosposes merospores
{see Macroconedsa)
Malans 10
“ahese croses 251
o polanized hight 22
Matunsque Negro 14
frrst case of tustoplasmosts 15
Maryland
Jow 1a shin Feaction but many
cases seported 84
Mayer s (sez Muctcanimine)
Aayo ehmic
\uwran histed chimeal symptoms 32¢
Media
Leawo heast infusion with blaad 41
Lrasn veal agar 43
corn meal agar 43
Franciemedaz 41 57 151

ntsapanitoneal route anly iver spleen
pancreas and local stzes were
mmyohed 2,8
mtssvenously with yeast produced
fesions 1 most organs 227
orat route most dfficuit to contral 260
Miclle tssue dusserminator 103
Microcomdia 44
rmay form macroconidis 157
mucocomhia predomsmate 49
one aucleus weth nucleotus 48
size pature germunaton of 47
icracoccus pyogens $10
Micro ¢ pic patholory
for chnmesans 492
Muddic lobe syndrome 400 400 4 8 489
\tanesota res dent first ease s U S 19
\Lnaeapolis
sian sensiis sty around 13- 133
Nt sippraser
hred migraudn has no influence on
(Al
has high endemicity 493
fas optimum weather 131
high ingr tence along 1 § 416 49
Missoun niser
‘rd nm ration no mfluence 1 7



SUBJIFCT INDPY 53

Resects 1 of histoplasmosts Satellite foct
bronchial stet osis 4/8 n primary lesons 9 %)y 96
bronet ectasss 380 Scarcity of 1 athol gical maternat 318
cauitary type 477 Schaumann bike bo fies 1/
indscatt ns for resection of primary ( ee also Asteroid boies 4 )
type of histoplasmosts 416 Schuff reaction ( ¢ Starns)
pulmonary lesions 4,3 4,4 Sepedonum
Rescrvours of H capsulatum Han man an1 Schenken discorere 1
hosts in nature 4 5 46 47 histoplasmo 1s 6 months beforc
Resistance DeMor treun but thought 1t
natural 109 110 32 3 6 sepedonium
Reticul e xdothetial cells » 19 3 17 Serology m histopla m sis
] ;3318313 3 complement frcation ® % 169
Riverbasus n sanatorta in ma lest 39
mphcated by sonie Missoun Missis  methods 169 1,3
sipp1 Ohty \Amazon LaPlata On nistigtut e in acutedisea e 31
noo m South Amenca Congo s msmtuvityns specificity 1/ 13
an3\ gerin Afnica Irravaddy m (see also Agglutmation an1
Burma suspect also many other Precipitat n)

great mvers Mekong Indus Gan  Sexfacto s 701
ges Yatgtze and Yello 81 19 Sheep

Rockefeller Foundation 4 11 su ceptibnlity of 119
Rotterdam 140 $1co tuterculosss 13
Rour 1les 1 Stlos
twotypes 83 dust 431
filtratse mass source of H cap whanimn 111ana
contrifugal enlargement 8011
(secalso Comlesions 434) $K 1 sen 1tvity to histaplasmo « 4
Route of 1nf ction of Hl capsulatum comerters 168
Bastroant stnal relatively rare 246 methods of tesing 418
most common 1s respiratory .46 permanence 6
Royal Society of Tropical Me 1 cine 12 sureys 14 L.
Rural vs urban factors 01 time of appea ance 197
Russelt bordies 23 witl pulmonary le jons 140
Skunk
S asreservorr of H cap ulatum 78 13
Sabouraud s agar for 1solation of Socto economic factors 01
H capsulatum 40 77 Soft x ray shadows i chest may later
$20 Paulo Brazl 11 show calarficauons 31
Saprophytic form of H caps ilatum % Sourcepo nt_( ee Pontsou ce’)
Da lings and DeMonbreuns concepts  South Afr ca 6 10
of a saprophytic phase 16 H capsulatum  olated i caves of 8
Etamion s proot of 1t 76 South Amenica 4

B10ws 1n s0ul as saprophyte 78 79
§ ra e Venezuela 196
Savcord Yike les ons 321 323 336 405

Specratists
of all types mu t be alerted 503

$ 1coudo 15 Spec mens
ha dtod flerent te f om histopl ¢ surgical and autopsy 217
mos 40

Spectrum of disease 406
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Figment m hustoplasmosts lesions less
common than in tuberculons 30,
Ilasmodia
resemblance of histoplasmosis to 14
Piattsburg \ew York
Ppigeons nests with H capsulatum 81
Pediatnician and antermist important 70
Pleural invohement 343
1 leuntis may be present m chronic
hustoplasmoss 330
cffusion tess common than m
tuberculosis 362
not common 361
[ neumanitis
simulating chronic pneumonia 283
stmulating sarcord 331
[ neumocysts carmut %42
I odzolic soils
red yelfow 81
roughly corresponds to histoplasmin
skin sensttivsty 173
Point source nfection
a focus of grow th of fungus where
peaple become infected 137
boutne out by epidemics 137
questionures showing evidence 141
200 391 393
Polanized microscopy 163 227 312
Polysacchande
10 capsule 7
Portal of entry of hst plasmosis is mostly
respiratory tract 308
others may exist —enteric shin
Iractitioners
obligations 492
Prague 31
Precipitin reaction 6 28 169
test of Salvan and Hottle 141 1,2
Primary complex
by  ray 339
1ts posation 1s simular o that of
tuberculosis 404
Prognosis based on benign o progressve
type 398
I remary lesion of histoplasmesis
a primary complex_ as in wberculosis

297
are widely distnibuted 232
hustology of 303

manfants 493 494
may be multple 307 347
many located beneath pleura *9;
may deselop ato histoplasmoma 97
morphology of 300
only recently recogmzed 17
some have concentric laminations 297
the recent prumary *03
Pueumonius
orgamzng 321
Progresstve discase 3 0 331 33
result of sescction of same 481
Prostatic hastoplasmoss 439
Protoroa 21
Protozoon 40
Yublic Health Service 4 8 25 2% 200
Psuteacoses 419
Pucrto Rico 9
1vogenic membrane 399

Q

Qlever 419
ifferentiared from 4.4

R

Rabbuts respond to 1noculation
irregularly 260
Race factors 201
Race—in a serics
09 Negroes 437 whites 31/
Rats 5
\orway rats
(Emmons found 3 ;0 p sune he 1o
Tated organisms from rat furrows
near chicken coops) «& 1 0
Recoveries from histoplasmosis
are found 1n the less acute less
disseminated cases 41>
Reanfectton complex
a question 299
Re wnfection hustoplasme s
may he hike cubercal wis 2%
Relation of seroloy to skin senstvity 187
skn test fias no effect on serology except
3 hen repeated every two weeks 1t
affects colloidiol agglutinanon 183
Renal histoplasmosss 439
Retmissions 1 partial arrest 119
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PAS(I1 tchhi McManus) 233
procedure 35
reagents 231
results 23 36
Temperature
elfectofon H capsulaten 11
237 C—yeast forme nospores 4
at 0 C-mscehia and spores 4°
Tennessee State Health Department 4
results of culture of chicken yards 171
Therapy of fustoplasmosts
antimony tried 6
best used tn progressie cases 4 0
N agreement s to time and type to
treat $,0
only suppressise not curative 450
plan of treatment 451
Test £ good eare as 1n tubercul w
o1
p afic 6
peafic agents
stilbamid ne_hy Yroxystilt ams Line
MRD 112 N\ystaun actidione
amebicide mepera antabuse
are farlures or at least no great
help 4748
Ampl otericin B 13 suppressive 458
Tingo Maria
Fiel rede Ty goMana {5 ¢ Cave
d sease)
Tis ue phase {see Yeast phase)
Titers of serology tests
Sigmf cant in complement fixation 176
Salin190 1 40
Sa law and Campbell whole yeast
110 1 80 suggestuve 1160 pre
sumptive
ground yeast 140 1 160 pos 11 e
“Tenenberg and Howell w th histo
plasm n 1115 sgnuticant
Schubert s modhf cation 1 8 5 gnafy
cant
precipit n 176
sgmficantin1418
collodion acglut nation 176
sign ficantin 120 1 80
Tomadoes
ndissemination 8 139
0V ssss ppr 136

kin tests <nly pastly confirm 130
Tulsa 13
I sxop lasma °f
rabecutation
«fsp >resan 48 ours 2,2
Transaal
development time of shin sensitisity
toh t plasmor 1%
Trnda) 81
Tuberculate spores 21 4 49
const lered to be duagno ticof hy to
plasmosss 152
1noculation s mice 19
Tubcreuhn
negatise but with catof cscars 3
test 189
Tubereutomata $1
tmany { und to be histoplasni mas 313
Tumors 419
bemgn mal gnant meta tatic 431
Trypanosoma hippicum 10
Types {climical) of hustoplasmosts
pulmonary—acute chronic 384
d ssemnated—acute chron ¢ 381
“Types (pathological) of histoplasmos s
1n histiocytes only 318
1 many organs but no cascation 319
granulomatous with or without casea
tion 319
Tuberculated spores
inoculated mtranasalty n mtce 49
13 hours no change 250
1 6 hours a few poly spores 1n
alveoli 50
10 15 to 24 hours many cells but
local zed no change n spores
250
w36 hours spores st 1l intact
epitheliod cells replace poty
exudate spreads 951
10 48 hours internal trabecul t on
of spores 52
1n 60 o 72 hours more segmenta
ton 52
10 S to 5 days defects 1 spore walls
yeast contents bulged through
[
engulfed by m crophages blood
stream infected 1n 7 days
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Speleologists discase (see Cave discase)
Speteologusts
n Venezuels warned of mfection by
H capsulatum 82
bat manure suspected 82
Spandle cell type of pathology 322
Spleens
ntolved in hustoplasmosis 140
Splenomegaly
1 hustoplasmoss $ 437
Spontaticous care
in animals 29
mman 4
Sporcs
best medium for growth 50
disseminated m air 115
found tnsotl 7 50
germinatson of 47
infects mice easily 50
1n great numbers 114
tnoculated into lungs of mece and fol
lowed from 3 hours to months
249 258
resistance to chemicals 50 115
resistance to heat drying cold
550 1i4
suze types 41
tuberculated 116
Spores in man
probably are changed the same as
m mouse 268
Sporotrichum schenchi
appearance of 241
Sporords
microspores or inclusion bodies not
understood may be abortive buds
246 277
Stains
alcian blue 214
alkaline methylene blue 47
azure-cosin 212
Bager s chromic aeid Schuff 87 211
Best s sarmume 219
Brown and Brenn 217
cotton blue 47
Giemsa s and Wrights 6% 214 715

HISTOPLASMOSIS

Gomor Crocott (methenamine silver
nitrate 31 62 224 2°7
Crudley 31 67 162 213 214 220 >
hematoylin—poor for histoplasmosts
21
Hotchkiss McManus 31 16
metanylycliow 297 230 34 237
McManus periodic Schiff 31
Schuits 47 67 167 211 212 213 214
215 7%; 239 314
Wulsons 416
Steatorms caripensis
a bird from South American caves 81
H capsulatum grown from dirt of
floors of cares 87
Sutbamidine 6
(2 hydroxy) 6
Streptomycin (see Antibiotics)
St Lawrence rver 416
Student nurses
reaction to histoplasmin ™)
Surgical methods 48/
lobectomies 489
pleuropnemonectomics 488
scgmentals rarely done 489
Supeior vena cava
syndrome 407
Supravital staining 3 19
Survnal of yeasts 281
Swiss mouse
for inoculation 161
Svmptoms of histoplasmosts
muld moderate and severe 388
rescmbles tuberculosis 388 395 408
sometmes hike atypical pneumonia
389 410
Syvrra and Lebanon 12

T
Techn ¢ of staining (see also Stains) 73

Chromic Aaid Schuff (Gridley) 228
procedure 230 231
reagents 290
results 231

Gomort Grocott (methenamine silver)
procedure 2.1 295
reagents 271

results 276 227
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1AS(H 1chki McVMapus) 233
procedure 35
reagents 234
Tesulis 235 236
Temperature
clfect of on H capsulatnm 41
at3; Gycast forms nospe res 4
at 0 C-msceha and spores 4
Tennessee State Health Department 4
Tesults of culture of chicken vands 121
Therapy of histoplasmosis
antm ny wied 6
best used in progressive cases 420
noagreement as to time and type to
treat 4 0
only suppressive not cutatine 450
Plan of treatment 431
Test Bxod gond care as in Wubercul wis
41

spectc 6
pec ficagents
stilbamid ne by Troxystilham line
MRD 1L Nystatin actidione
amebiaide  nepera antabuse
are fatlures or at least no great
help 457 438
Amphotericin B 1s suppres e 458
Tingo Marma
Fieksede Ty goMana (see Cave
d sease)
Tussue phase (sec Yeast phasc)
Tutersol serology tests
siguificant i complement fixat on 176
Savinl 0140
Saslaw and Campbell whole yeast
1101 80 suggestrve 1160 pre
sumptive
ground yeast 1 40 1 160 positve
T nent erg and Howell with h sto
Plasm 1115 ¢ gnificant
Schubert s modif cat on 1 8 sigmt
cant
Precipit n 1,6
S gmifkantm1418
<ollodion aggtut nation 176
Sigmificant 1n 1 20 1 80
Tornadoes
m dissemination § 137
nM 55 55 ppr 136

cxts ¢ nly partly confirm 150
ruba 13
Toxof lasma 2t
Irat culaton
Espores in 48 hours 2,2
Transvaal
developnient time of skin sensiirs iy
o hi toplasmos 196
Trndad 81
Tuberculate spores = 4/ 4%
cons tered to be diagmo tic of hi 10
plasmosis 15
inoculation ja mice 19
Tubercuhin
negatie but watk caledf cscars %
test 189
“Tubercutomata 31
many found to be histoptasm m « 319
Tumors 419
ben gn mabignamt metastatsc 431
Trypanosoma hipp cum 10
Types {c] icat) of histoplasmos s
pulmonary—acute chronic 384
dissemunated--acute chronic 384
Types (pathologieal) of histoplasmosis
1n histiocytes only 318
1n many organs but no caseation 319
granulomatous with or without casea
tion 319
Tuberculated spores
inoculated mtranasatly in mce 49
1n 8 hours nochange .0
11 6 hours a few poly spores n
alveols 250
115 to 2¢ hours many cells but
localized no change 1n spores
2,0
n 36 hours spores still 1ntact
ep thel od cells replace poly
exudate spreads 2.1
1n 48 hours internal trabeculation
of spores 75
1060 to 77 hours more segmenta.
tion 957
10 3 t0 5 days defects i spore walls
yeast contents bulged through
25
engutfed by macrophages blood
st eam nfected 1n 7 days
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local grahuloma 253
n 10 days widespread infection 251
Culsa Oklahoma 136
Tyrode s solution 107

u

Undetermined fungus 93 J
Uveitis anterior

caused by inoculating eye 246
Unresolved pneumonia 43

Al

Vaccne 8
need for mman 110
Vanderbult 4 19 21 24 25 26 41
\enezucla § 8t 190
Vicinal hydroxide 1 fungs basis of many
stains 211
Visthilety of cumpanents of calcafication
onx ray
not always equal—duc¢ to techmcal
problems or to the slower cala
fication of the lymph nodes 344
or to resorption of lung lesion 315
\uginia
4 fatal cases +7 84 416
Virulence 325 376

w
Weather important
optimum humidity and temperatare
131 132
Western Texas 93
West Vargima 94
W hitfield Murray countics Georgia
pulmonary findings 1n stronger skin
reactions 205 206
White mouse
used to demonstrate routes of infection
1.1 249

Winds
implicated by some 84 132
Wild ammals
(rats hamsters guinea pags clhuckens
monker) are variable 1o reaction
263
Workers—in diamond mines 11
World Health Organization
found cases from many countnies 9

X
X ray shadows (see also Chapter 17 on
x rays)
chromic casitary shot s fibrosd cavitees

3

Yeastn lesions 32/
Yeast phase of H capsulatum 5 6
best temperature 67
buff colored to brown color a4
colonies round cream colored convex
58
converston to mycelial phase 69
growth on sugars chemicals etc 68
large forms 62 6>
means of 1 lentificatton 1,0
membranous cercbriform 154
morphology .9
physiology of 65
produced by growing on
whale blood media humid atmos
phere 37 temperature cystine
cuncaed ric d 56
sensitivaty
Kitled by drying freezing and physi
cal agents 120
wire 27
suppressed by serum albumn 56
ume to generate 6
Yellow fever
coming under control 10






