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Foreword

Fror e time of Posadas Retford and Ophals 1t the end of the century
till Gsfford and Dichsons  broik through” of Vallev Fever i 1936 hnowl
edge of diordal mfcctions proceeded at a lessurddy and orderly pace
However 1n the past twenty vears progress has been constwntly 1cecler
atmg A monograph on coceidiordomy cosis 1s very timely Bech s Bulletin
57 of the Cilifornin State Department of Public Health summanzed most
of our knowledge of the curlier era but even 1t was incomplete  With so
many new workurs attricted to this subject a monogriph summanzing
prst studics 1s ivaluable  To be of maxmal worth such a monograph
must provide 1 perspectis e of the total field

We are very fortunte that Marshall Fiese recogmzed this need and
has met 1t admirably  With his undergraduate and graduate medicnl
trammmg i the classrooms Jaboratonies and wards where Rixford Ophuls
and Dickson taught and studied Dr Fiese was steeped m this subject
I recall DBr Fiese then our ding Resident in Med tellng me
after we had seen 1 patient with dissemmated coccidiordomy cosis on the
Men's Medical Ward that he planned to prictice n the San Joaqum Vallev
Later I learned that he had nccepted a positron m the Fresno Veterans
Admunstration Hospital - T congratulated hum and emphasized the superb
opportunity he would hwve for cocaidiodal studies m keeping with his
lmeage Indeed Dr Tiese 1s fulfilling superbly the responsibilities of
this charge  Through the years he has been a diligent student and has
published excellent onginal research  Cqually importantly he has seen
and treated all the vanieties of the cocadiondal diseases viewed countless
roentgenograms seen and studied the tragic autopsies and perhaps most
umportantly of all lived for years n the cocaiiodal countryside  This
15 the environment in which he has read and studied the many hundreds
of papers on cocardioidomycosis  As this monograph reveals Dr Fiese
has been lving this subject  Cocaidimdomycosis has been figuratnvelv
and Iiterally a member of my own famlyv  As Marshall Fiese describes
1t T seeat vividly accurately and deftly revealed Indeed its portrayal
15 1n more intimate detl than anyone clse ever has grasped Tt 1s authonta
twve without bemng authontarian  In its friendly tone one of his mono
graphs greatest contributions should be that of wfecting many others with
a fascination for this subject a form of mtellectual mycosis  One hopes
that 1t will also liquidate some of the harrassig and detnmental hvpotheses
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with which some of the meperienced and unsoplusticated huwe been
gulled The monogriph should be 1 mnor factor m making succeeding
decades even more productive than the Ist two

Cuances £ Sy M D

Dean School of Public Henlth
Unnersity of Californin

Prestdent Californnn State Bord
of Public Health



Preface

Wen T was 1 medical student at the Stanford Unnersity School of
\Medieme Twas often intngucd by 2 stuking picture—part of an old medical
convention exhibit which had been sct aside n one of the hallways It
was 2 greatly enlirged photograph showmng the face of a poorhy dressed
farmer with an unusual shm lesion that made him look pathetic and ugl
I wondered who he was and why his likeness had been put 1o the displav

One day Ton,, afterwards while reading the 1896 paper of Rixford and
Gilchrist—the first North Amenican descnption of cocadiondal disease—1
found the same photograph and read the story behmd it It was the face
of poor Joas Furtado Silverra (Frontispicee ) the first patient with coceid
1oudal granuloma to be followed to the end and the first of thousands of
Californians known to have suffered the ravages of fungus Coccidiordes

This book 1s the story of Coceidiowdes immitss and the vaned disease
it causes  Although cocerdiondomycosts 1s no longer a rare and exotic
afliction knowledge about 1t 1s not so old but that it still his an air of
mystery both to Javman and physician  In popular magazmes the account
of its denouement 15 compared to the thrilling story of Walter Reed and
Yellow Fever Except mn lighly endemic areas the discovery of a new
c1se 1s still the subject of a medical piper  Nevertheless 1n the past fifty
years knowledge about cocerdiordomycosis has become as precise as that
abaut any other serious mycotic mfection  Coccudiodes has became a tvpe
fungus for mycologie mvestigation et there 1s no source where one can
find concentratcd withm the pages of one book the growing mass of in
formation about it There have been mny excellent reviews of the sub
Ject notably those by Dr Charles E Smuth but one must hunt through
the peniodic hterature for them  This book has been written 1n an attempt
to bring together i one plice the listoncal myeological pathological
and clinical aspects of coccrdiordal disease

Although I am a native of the San Joaquin Valley of Califorma 1t was
as a medical student at Stanford that T first heard of “San Joaquin Valley
Fover  Those were the dayvs not long after the renaissance 1 the study
of cocaidioidal infection when knowledge was young and 1ts growth was

exaiting  With more enthusiasm than judg we put y
cosis” mto nearly every differential diagnosis  We could usually depend
on having a histologic shde of diordal 1 as an unknown”

in examinations mn Pathology  Once when I could find nothing diagnostic
on a shde except a few inflammatory cells I decided that m the absence

1%
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of everything else, there must be some spherules somewhere—so 1 diagnosed
coccrdiordal granulom: and passed handily

The contagious enthusiism of Dr Charles E Smuth, who was then
2t Stanford was in Juge part the reason for my el mterest m cocerdrandal
diserse  The resulting fricndship has matured smee 1 hwe retumed to
my native San Joaqumm Valley and has been the stimulus neeessiny to
the assembling of the data contuned 1n this book

My obligations are more than I cwn number  to mv medicl confreres
m the San Joaquin Valley, who with 1 hint here and there opened up new
avenues of thinking to the staff of the Fresno Veterins Adminstration Hos
pital (Dr Forrest G Bell Manager Dr Stcphen Chen Chief Medienl
Service, Mr Roval Sorensen bacteriologist wd many others) to Dr
Gordon A Diddy nd his staff at the General Hospital of Tresno County
to my secretanes, Mrs Hary G Swdorn and Miss Donis Bowen and my
mother, Mrs Jesse T Tiese, who paticntly copied and re copied the manu
senipt, to Miss Mary Hess hbrarian at the Fresno Veterans Adminstration
Hospital and Mrs Marghuretta Golden wd Mrs Lueille Buccter: ibrinans
at the General Hospital of Fresno County, and most of 4l to the scorcs of
physicians and scientists of North Central and South Amener who so
Jundly shared with me their photographs thar wisdom and ther devotion
to mankind

Mansuare ] Tiess MD
I'resno Cahforma
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Chapter One

The Present Importance of
Coccaidioidomycosis

Importance 1 End muc Arets
fmportance i Non Endemic Arcas

IMPORTANCE OF COCCIDIOIDOM1COSIS IN ENDEMIC ARLAS

For i first ime 1n the world s long hustory  coccidiordoms cosis 1s assum
ing the proportions of an important disease  Until the last two decades
1thas been but a rare and mysterious affliction as Iittle relevant to Amenicn
medicme 1 general as filanasis or kMl azar  Its present sigmificance 15 1n
large part a by product of the westward migrition of the Amenican people
In 1900 the population of the San Joaquin Valley of Califormin was 108 000
In 1930 1t was 440000 At the present time 1t 15 well over 4 million and
the monthly increment 15 2bout 2000  The population of new by Los
Angeles County mereased 49 per vent between 1930 and 1950 Dunng the
same decade other southwester states also saw a vast expansion varying
from 20 per cent m Texas to 50 per cent 1n Anzona Nearly 700 000 acres
of new San Jorquin Valley land most of 1t on the Inghly endemic west
side  hue been put under cultnation smee 1942 Many thousands of
acres of the Sonoran desert m Anzona have hkewise been turned into
fertile farm land  Each ycar seyveral mllion people travel m and through
the endemic areas of Califorma and Anzona Two and a half million visit
the National Forests and the Natonal Parks—Yasemite hangs Canyon and
Scquora—at the eastern edge of the San Joaquin Vallev In the decade
between 1930 and 1940 many thousands of people migrated from the
drought nidden states of the mid western dust bowl to the farm lands

of central Califormz Sice World War 11 the influx from all the eastern
states has continued  Hundreds of th d:

of non people have
3
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thus come to share the S Jorquin Valley and the Sonormn desert with
n anaent resident Cocerdiordes s the Tength of whose tenure here
wehwenoway of know mg
The importance of cocadiodal disease, does not he m sts frequency
as a cause of death  In the whole United States «s C £ Smith hs pomted
out there were only 353 deaths from coccrdiordoniy cosis 1n the five vears
1951 1955 less than holf the number of fatalines which occurred on the
ughways dunng the single holidhy weekend of Chrstmas 1936* The
average number of deths was only 71 per vear  Sivty per ccnt occurred
mone state Cahformia
However when morbidity rather than mort\lity 1s considered the
dise 1se assumes 1 cifferent mmpottiace  In the most hghly endemic arens—
Bakersfield Califorma Phoenx Anzona and Ll Puo Towis—nearly 100
per cent of the population will have been mfected n 1 few vers and
about - fifth of them will have had an sliness severe enough to s tempo
rary meapacity ind to warrant medieal eare
Untl July 1 1955 only dissemunated coceidtordomy costs w15 report
wle m Calformr  From 1893 when the first case was obs(nod’lmh‘
the end of 1954 1566 cases were reported or n < erage of about 25 e
cases per year for the whole period  During the first half of the entire
span that cocardiordal disease s been recagnized there were never n\rym‘c
thun twenhy eases dingnosed per year nd wsunlly less thw i"x\Ll \‘m
the rapidhy mncreasing popubition since World War 11 the numbre n:
nisen sharply so that since 1950 the 1w erige number of new cases per \;&’
has been nearly 75 (Table I} If dissemmation occurs onhy u_nul‘ wm !
or so eases of prmary mfections there must now be 1110ut 35 Umlsm
new mfections yely m Califormia alone  Since July 1 1955 1cmvp:m; "
cavtary nd disseminnted coccidiordomy cosis hve all been Y’LI""’I‘"1 o
gether i one total figure bu; 1t1s obr 10“; ﬂ)"\t reports are bemng comple
on only © tny percentage of primary mfections
Al’l ty Pes)ofp cocclduizh] (Escasur)h'l\c been reportable m Ariz ‘;"r‘ 3")‘::
1942 There his been considerable varability m completeness of s
dred fold samtion e different
mg as cvidenced by the more thw hundr s e e
vears from 1 tota] of 5 i 1947 to 573 i 1936 (Tahle 1) Nine! ¥
the two countics of Mareopt
cent of the reported cases have been from e whieh
{Phoentx Mesh nd Chandler) and Prma (T“““Y“) cn‘““““ From the
are Jocated the large mulitany ur ficdds (Table 1V page i) o
eported csts As
other 12 countics hase come onh 5 per cent of the l("(pam‘m\ o v are
Californir 1t 15 abuious that onls 2 fuw of the c]lsc‘s mrymg T e v
actually bemng recorded  The vigor with “)"anll ths especralls swce
with local factors nd pusonncl The th\"“"‘“ lllu better mdex of ¢
1950 has been much less vanable and is probabh o
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TABLF 1

Incinrsel oF IissTMINATID COCCIDIOIDOM COSts I CALIFORNIA 1903 1954
Yea Cases Deaths Year Cases | Deaths Year Cases | Deaths
1893 1 - 1914 5 + 1935 28 14
1894 1 1 1915 2 1 1936 44 17
1895 - 1 1916 5 3 1937 38 27
1896 - - 1917 4 3 1938 7 19
1897 - - 1918 1 1 1939 73 21
1898 - - 1919 1 4 1940 54 25
1899 2 1 1920 5 3 1941 11 17
1900 2 2 1o 8 7 1942 19 21
1901 3 1 1922 4 3 1943 31 2%
1902 - 1 193 16 4 1944 40 17
1903 1 - 1924 17 8 1945 43 i
1904 1 - 1925 4 1946 43 0
1905 2 1 1926 14 6 1947 63 0
1906 3 k3 1927 19 7 1948 72 52
1007 3 1 1928 36 11 1949 91
1908 1 - 1929 46 25 1950 (3] 65
1909 - 4 1930 2 1 1951 64 43
1910 1 i 1931 19 8 1952 64 43
1911 4 1 1932 19 9 1953 91 56
1912 3 5 1933 54 15 1954 78 37
1913 4 3 1934 49 9

Data for the ye r prior to 1923 when cocer hoidal granuloma was first made reportable
are from Spectal Bulletin No 57 Californ a State Deparement of [ ublic Healeh and the dates
are those of d agnows not of onset  Data from 1942 onward snclude both civil an and m litary
frures Comp led bf\ 1da May Stevens Chief Morbidity Statistician Califormsa State Depart
;r;(-nlt :r Public Health  Courtesy of Dr C E Smith President Californi: State Board of | ublic

ealt

TARLF 11

REPORTED INCIDENCE 0F CoCCIDIOIDOMYCOSTS 1n ARIzONA 1942 1956
Jer Cases Deatks
1942 57 [
1943 222 o
194 [
1945 7 1
1946 17 2
1947 5 6
1948 15 1
1919 82 2
1950 180 2
1951 180 7
1952 386 5
1953 97 8
1954 207 8
1955 164 7
1956 573 6

Comp led from data suppl ed through the courtesy of Clarence G Sal bury M D Com
m soner Arizona State Department of Health
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TABLF 111
ORIGIN OF REFORTFD CaSES 0F [MSSTMINATED CotcIpiotboM cosis 1n CaLIFoRNIA 1893 1954

408
27 0%

Sacramento | alley

acramento 27
ling S
Yolo 9
Placer 1
Coluxa 3
Y uba 1
Glenn 2
Butte 1
19

3 0%

Other Countres

11 coastal countres 161
7 mountam counties 9
Unaflocated (transieats} §6
79

15 0%

* \dapted from 1 Vanual for the Control of Communicable Diseases sn Califorma Califoraa

State Department of [ubhc Health 1956 p 59

By permas 10n

TABLF IV
Orto1y 0f REPORTED CASES 0P COCTIDIOIDOMNTCOSIS 1N ARIZONG 191 195
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\avapal
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State of
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Total
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farly constant rate of infection  There must be fiv¢ or ten thousind priman
infections yearly 1 Anzona

The economic mmportmee of coccrdiordl disease i endemie areas
can best be mferred from the accurately tabulated experience of mlitary
mstrllations  Hugenholtz® ® has reported that at Williams Air Foree Base
near Phoenix Anzont the man davs of hospitalization for cocadioidomy
cosis grewtly exceeded the combined total of mn diys of hospitalization
for the three other most frequent acute illnesses (tonsillitis upper respir
tory mfections and gastroententis) plus all traumabic mjunes The loss
to the arr field n working dws alone was $35 000 Including the cost of
hospitalization the cxpense was twiee that figure  Other Awr Force Bases
m the wwen have stmularly estumated the total cost of cocerdiondal infections
at $50 000 to $100000 yearly  When the military expenence 15 applied to
the cnlian populttions of the whole endemic aren the magmtude of the
problem begns to be appreciated

The data from civibian hospitals are necessanly less precise hecause
(1) a enthan hospital does ot Tepresent a community i fofo s does a
mlitary hospital nd (2) only 2 few of those strichen with cocerdiordomy
costs are actuilh hospitahized m avihian hospatals whereas m miltan
service a man s either fit for duty or 1s under medical surveillance  Never
theless civilin experience bears out the conclusions mentioned above In
2 lughly endemic 1rer some physteins may sec several fresh coceichondal
mfections cach week  Nearly 400 patients were hospitalized for severe
coccrdiordomy costs at the hern General Hospital Bakersfield Calforma
m the years 1951 1955 a quarter of them for dissemmnated disease many
more were treated on an out pattent basis  In 2 sumilar penod {1952
1956) 50 patrents with defimitely dingnosed severe coccidiordomy coss
were hosputalized 1t the General Hospital of I'resno County Califorma
The averige period of hospitihzation was 81 days At $18 per day of
hospitalization the cost to the county for each case was about $560 nd
for all of them about $28000 These figures only begin to indicate the
total cost of cocaidiordal infections m the counties concerned for they
do not include the cost of welfare aid to familtes of victims the economic
loss from mability to work and the expensc meurred by the much larger
number of pattents whe were too 1ll to work but not sick enough to scek
hospitahzation

Another reflection of the cconomic importance of coccidioidal disease
1s the fact that 7 are b mereasingly concerned
about the problem of Labilty ansing from industrial exposure ta Cocct
diordes  Because of the large numbers of non immune persons often of
the susceptible dark skinned races who are attracted to agneunltural work
mn the endemic areas underwnters are having to re evaluate the nsk
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mvolved i ansuring employers of farm and ruril hbor  Beetuse msurance
losses are categonized by occupation rather than by disease 3t 1 chiffieult
to determime the total expense of compensating victims of occupitionally
meurred cocardiodal diserse Tt 1s nevertheless well established that the
loss his been considerable since the first recogmtion of cocerdiordonn cons
as an industnally mcurred disease 1 1930 There are cases on record
which pensation for total disability s been continuous for twenty
yeus  In view of the tendency toward merewsingly hiberal aw ards i il
types of hability, the concern of the msurance underwnters 15 well founded

On the other hand 1t 15 s ewsy to overestimate the mportunce of
coccrdiordal disease s 1t 15 to belittle 1t Among the unmstructed~lasmen
and physicians alike—severil legends have wide acceptance  The first 1s
that cocerdiondal disease 1s 50 prevalent and so infeetious that 1t 1s fool
hardy to enter an endemic arer Although infections do somctuncs occur
from flecting exposure there arc mmy Jong time residents of the Swm
Joaquin Valley who have never clearly heard of the disersc much less
suffered becruse of it Another kgend 15 that the mfection 15 2ls s
devastating whereas i truth at as usually symptomless and onhy rirch
scrious  Agaun the rdex exsts that if one gets the diseise he must loue
the endemc tten forthw th w arder to get well s if 1t were som thing ke
an allergy  Actunlly of course once the organism 1s i the body  the out
come has notlung to do with geogriphy  The patunt either recovers and
has 1 permwent immumty  or—rarels indced—suffers 1 scrious comphiet
tion no matter where he 15 If he leaves the endeme arer wmother po
tential victim may comg to take Ius plice A further misconception ciuses
all sorts of unrclted symptoms to be attribated to Coccidiodes ofen by
the liwvman limself but occasionally also by the physicrm Amauety 10
rctions neurasthenits and constitutional madeguacies hnve 1 oredy <«
plntion m Valley Fever ™ The formed physicen s aften hard put
to convnce the patient that 1 vague indispostiion of several vears durition
1s ot the “Valley Fover” for wluch he has been treated without bonehit
of Iborators studies or ans othcr cffarts 2t confirmation  Other folk tiles
confuse cocerdiodnl duscase with Western Cquine Enceph tlomydites or
talwrema (both also present mn the San Jorqun Viliey) wd other oo
tities—es en “spring feser ™ Although the inportance of mcmd:mdom;m\l\
1 real and considerable 1s much consternation 15 cwised by arrational un
mformed fear of 1t 1s by 1ctual myvaston by the fungus

IMPORTANCE OFF COCCIDIOIDOMICOSIS TO
NON ENDEMIC AREAS
to endemic arc s bt

s of importince not onf
e ot 1 P n hoth 1 hwzwd wd

also to ather parts of the world where 1t bis heer
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mdireetly a help  In certan situations the danger of coceidiordal infec
tion 15 actually greater outside of the regrons of highest cndemuaty  Lab
oratory mfections for mstince are more prone to occtir where the fungus
15 not recogmzed as 1 constant danger and where due precautions are
therefore not obserned A number of infcetions some tal have been
contrictcd m hboratonies far removed from the naturil habitat of Coc
crdiowdes immutis The exact cxtent of fomite trinsmission of the disease
1sunknown  The reported cases are fuw but since only chronie cocerdiordal
Tesions would ordmanly be reeogmzed 1n non endemic areas the number
of cases of pnimary disease there 1s probably several hundred times as
many

The disese 1s also of importance when patients return home from
endemic weas  Smee World War IT' many chronie infections have been
seen m clinies and Veterans Adminsstration facilities of eastern states The
number of tounsts who suffer undtagnosed primary infections can only
be imgined  Fortunately the disease 1s almost always bemgn

An 1mportant problem often raised 1 non endemic areas 1s the ques
tion of contagiousness  More fully discussed in Chapter Five it need only
be mentioned here that man to man tr: on of ¢ diordomy has
never been demonstrated  Ne unusual precautions need surround the pa
tient with cocerdiondnl disease n the non endemic arews  Neither 1s there
any evidence that new endemic areas have been created by the returning
home of patients harboring the fungus

Coceidiordomycosis has not been an unmitigated hazard for non
endemic areas for knowledge of Coccidiordes immutis has advanced 1m
measurably the knowledge concerning other fung) particularly  Histo
plasma capsulatum  For 40 years “Darlings Disease” was known only n
its fatal disseminated form At the same time a vast incidence of non
tuk lous pul v calaification among mhal of the M

PF

Valley was unexplamed The two conditions were related and the mystery
of Iustoplasmosts was solved when 1ts striking analogy to coceidiordomy
cosis was noted The advance of the \mderstandmg of Histoplasma was
almost a by product of the increasing knowledge of Coceidiordes  Students
of the southwestern disease prepared the way for their colleagues in the
rmiddle west The resulting information has now diffused throughout Latm
Amenca and Europe where histoplasmin and cocardioidn shin testine

surveys are evposing the unsuspected vastness of the hlstop]asmos;

problem
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HU\!A\ cocComasncosts 1s as far as we hnow 1 relitvely new discsc
for the re1s where 1t can be contracted hwve been sigmificantly populated
only during the Inst century  Indian tribes and ey European cxplorers
must have been exposed m more distant tumes but we hue no hnowkdge
of the dwcase among them then  The S Joaquin Valley of Caltfornn
best known of the endemie arcas was once 4 sparsehy mhabited desert
where the Yokuts Indians hunted b and antddope geese and doves  1F
coceidiordomy cosis visited native vallages 1t w s mcompartbly more bemgn
than the cholera syphilis and Spanssh influenza wlich the white mun m
troduced at the end of the eightecnth centuny  discises which hastened
fifts tribes of Yokuts mto oblvion  When Spash vaqueros settled on
Tand grants in the southcmn San Joaquin $fles m 1643 thes were pursued
by smallpox and dysentery rather than by am recoynizably new infection
The er1 of modem farming 1 the San Jorqum Valley realls b, w when
the rutrond pushed southward from $an Princisco s the muddle 1670
Not mam vears later it was reahized that thus vast agneultunil cmpree
spawned 1 new and dadhy discase cocadiondilt granulomt winch was 1o
grve the Valles its unw cleamic distanction
o
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The endemic arets of Anzon1 New Mevico and Teoxas were Iikewise
but sparsely scttled frontiers until farly recently lthough coceidiordal
infection probably custed wnong the Anzont Indians of modern cpidemi
ologic studies ruflect ancestral conditions ™ Except for pnmitne mtne
tnibes and 1solited garmsons of Spunsh soldiers the endemic areas of South
America were also virtually uninbabited until the present century

THE LRA OF DISCOVERY, 1891 1899

In 1891 2 muiddle aged soldier from the Argentine Pampa was sent to
the Unuersity Hosputdl i Bucnos Awes because of an unusunl tumor of
the shin  There lie was studied by Algandro Posadas a 21 year old
medical student working in the pathologie ! laborators of Robert Werniche
Anatue of Argentina the pitient had been 1n robust health until four years
previously when he had noticed verrucous patches on Ius nose and night
cheeh then on hus thigh and back At first no bigger than the head of 1
pin the nodules enlrged beeme uleerated and looked Posadas said very
Iike 1 cauhflower®  Although he and Wermiche considered the lesion to
be neoplistic—an example of mycosis fungodes—they clearly recognized
theran a parasite which they Likened to the protozoan Cocetdia  In 1892
Posadas published 2 prclimmary report in Argentma®  as did Wemiche
i Germany * both unaware s yet of the malignant course the discase
would follow In 1894 Posadas wrote lus doctorate thesis on the same
subject “A Contribution to the Study of Tumors™ In the next few years
with temporary renussions the discase progressed until the patients shin
was everywhere covercd by lesions the lvmph nodes were generally m
volved and the viscera were full of miliwry tubereles  The changing pic
ture was the subject of several of Posiwdas published studies®? % In
1898 after seven years of recurrent fever and punful new eruptions the
patient finlly died

Fifty ycors later m 1918 Dr Tlavio L Nino Professor of Parasitology
at the University of Buenos Awres School of Medieme was browsing through
the natomical muscum of the medical school when he came upon an
unidentified head perfectly preserved (Fig, 1) Tts appearance remmded
him of Posadas description of the stnichen soldier ®* Microscopic study
of the shun lesions aud comparmson with Posadas photographs removed all
doubt that Posadas patient had been rediscovered after half 1 century
The next year 2 hand and foot were also found still teemmng with em
balmed parasites The specimen 1s now Ethibit No 1 m the Institute of
Parasitology at the School of Medicine 1n Buenos Awes

About the sume ttime that Posadas soldier developed his mysterous

malady in Argentma an ymmigrant Portuguese farm laborer in Cahforma
became simalarly Ml ¢ ®
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Joas Turtado Silverry an umbitious voung man of 83 vews cune to
the San Jorqum Vallev from tis home m the Azores m 1886 Withm 2
vear or so he noticed a tender spot on the back of lus neck where hns
collar rubbed the shin  Sumilar patches appeired on the forched Al
though he was able to work for several vears fus fellow Iiborers were so
afrud of his ugh shin lesion that he had to room by humsclf  In 1893
when his strength hnd long since fuled he entercd the San Trncisco City
and County Hospital to remam until he died m Jamuans 1895 L ungating
shin lesions spread over most of lus fice and myvaded the ¢ves destroving
his vision  The eruption was so sensttne tt the shghtest tonch cansed
lum to ery out m pun  Regional lymph nodes hecame swollen and fluctu
ant  Cough mnd purulent sputum merewsed  Rules filled the ungs Ab
scesses appeared on the legs wd m the testes Dospite freguant surgient
debridement and the applicition of methyl violet 1odme  brommne ol
of turpentine, carbolic neid potasstum permangmnte nd bichlonde of
mercury he fuled steadily and dicd about aght vears after the appearme
of the first shin lesion

runche s omd Ce {6
RARRE}

1 Ve
1 Anatomicil speermen from Posidis ind
;l(?.:‘;:flnm\com Ummp\um Bolettn dil Instituto de Chntca Qurrir e
1930 )

hseesses md tubereles were found i the shm \nl;
Iner pentoncuts spleen Iymph
mtion of the lesions showed
I mmet

At necropsy 1
cutapcous tissues  bones  testes Tungs
11|

nodes nd adrenal ghinds  Microseopic e
them to be Gllcd with a parwsite pew 1o C abfornrs phasictins
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Ruford with the hedp of T € Gilehnist of Johns Hophuns Hospital studied
the orgumsm stuncd st ind moculited it mto the shin of dogs and rablats
to produce local lesions and regional Iymphidemtis®  When they at
tempted a bctenolopic culture the plite was overgrown with 1 mold
and was thercforc discarded 15 contaminated At the suggestion of Dr
Charles Ward(ll Stiles the emment p logist they concluded that the
organism was 1 protozown of the etwss Sporozoa  licewse of its resem
blance to the genus Cocerdta the agent of cocadiosis i chickens they
called 1t Cocoudioides immutts ( am™ not plus mitis™ mild hence not
mld  severc or as Dicksonputit swage %)

In 1894 Dr W § Thome of $n Francisco had showcd Rixford a sec
ond pitint—also 1 Portuguese from the Azores who had worked m the
San Joaquin Valley~whose tllness was fatil in but twelve weeks after
the appeirince of the first shin leson® Thinking the cawsatwe orgamsm
was sightly different from the one first scen Ridord named st Cocadiowdes
pyogenes

Ruxford recogmzed that Ins e1ses were similar to that of Wermche and
Posadas although the finl report of the latter w s not published until four
yeurs later - The paper of Rixford and Gilchnst published m 1896 * was
the first extensive study of cocadiodomycosis and the first 1 which the
siguficance of the parasite s the agent of 4 new and distinctive discase
was apprecated

EARLY MYCOLOCIC INVESTIGATIONS 1900 1913

In 1900 shortly before Tus own untimely death at the age of 32
Posadas published a more complete account of hus case which had come to
autopsy two years hefore and descrnibed the reproduction of the disease
m monkeys and dogs?  In the same year Wilham Ophuls bepan the work
which made hum for a third of a century the foremost authonty on coc
adiodal discase With Herbert Moffitt he reported upon the third Amen
an patient also a Portuguese farm laborer from the Azores ™ This was the
first case in which the whole course of the disease 1s traceable m retrospect
from primary pulmonary infection to death with miliary disemination
three months later  Although Ophuls noted the protozoa of Rixford and
Gilehnst m pathological sections nd m moculated gunea pigs he dis
covered that culture of the organism 2lways produced eolonies of a mold
Ophuls humself saxd that when Moffitt and May Ash first showed him the
mold on the culture plates he considered 1t a contammant until subeul
tures from gumea pigs regularly showed the same fungus Its life cycle
was roughly outlmed m this prelimmary report the first systematic study
of Cocerdiondes
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The fourth Ameriean cise was reported by Montgomery m the same
yer (1900) ** wd soon thereafter sevcrtl others were described? * I
1904 Wolbach described the morphology nd eulturdl charctenstics of
Coccidiowdes ™

In 1905 Ophuls pubhshed his second and third pncrs on the disease
studies so carefully done that venv httle new could be added for thurty
yeus In one paper he desernibed i det ul sts gross pathology, hstology
nd chmeal course, summanzing All the previoush reported c1scs™  Con
trary to previous opmion he emphasized the primacy of the lung s the
portal of entry of the fungus  In the other paper lic dedmeated the biphasic
Lfe cvcle of Cocaidiowdes tmmutis and desersbed its morphology m hoth
the parsitic and saprophy tic phases

In the next nme years but few adinees were made  New c1ses were
dinguosed cach yeir m Californtn * ¢+ 6% M 3™ Hektoen noted the re
semblance of the pathologic fesions of coccdioidomy cosis to those of tuber
culosts  Evans reported 1 c1se of memngitis without obysous discise ¢Ise
where in the body * Von Wasiclewshs reviewed the Amesen stidies m
the first German paper on the disease  The first reported cocardiondal
mfection nequired i Texas that of « young physicitn whose dllncss was
rapdly fatal was erroncoush dingnosed blastomycosis® unttl MacNeal
wd Hjelm correctly 1dentified the csative orgmsm

IMMUNOLOGIC AND EPIDCMIOLOGIC ADVANCES, 1914 1924

In 1914 and 1915 severa] chissicd] studies were rccomplished  Jon
V Cooke 1ud the foundition for the lter studies of the immunology of
coceidiondal ifections when he demonstrited 1 speaific preeipitin re wtion
m a pitient with granuloma ¥ e wis unable to demonstrate shin sansy
tinaty nd complement fixation ntihodics with the methods used Mac
Neal and Taylor discussed the 24 previonsh recorded cises of coccrdiod il
granulomt nd deseribed 1 mee detul the deselopment of the saprophy
tic stage of the orgamsm from sporingir ' Using, ancrobic cultures thay
also devised the first method of perpctuiting spherule multiphication an
vitro
In 1915 Crmest Dickson begin the work which wis to make Jun
~uthority second onls to us semor colleaue at Stnford Ums crstts. Wil
Ophuls  Hus first paper w s 1 thorough clini Wl doseription of coccrdiond
granulom: and n account of mme new cucs brmgm, the number of ml
ported exscs to 4047 Tn the sume vew the diseise w1y agun describee
m Europe by Campiche whose pitient had contricted the micction m
Californn #* | Lot

In the nest ten vears the most noteworthy wdy mec was the x{u iy
deseniptions of the rocntgcnologic W chanctenstics of cacathondhl dinc e
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by Bowman 3 and Taslor® I vnch reported 1 case in South Carolina 7
Husch feirmyg tht the discase s bemg mtroduced into Clucago de
senbed a fatil ersc which had onginated in Cahfornir > A new mycosis
at first thought to be cocaidioidal was reported 10 Brazil by Gomes and
de Assumpgio ®

By 1925 ns the first quarter of the century drew to 1 close warencss
of the disc1se w s widespread on three continents—North Amenca South
Amencr and Europe  Sceds sown one by one m various hiboratonies were
about to bear frnt In the next four years morc studies were to be pub
Dished than in anyv previous decade  The second quarter of the century
opened with 4 flurry of mvestiyatine exertement that anticipated the epoch
makmg discovenes of ten years later

PATHOLOGIC AND MYCOLOGIC PROGRESS, 1925-1936

The yewrs 19231936 brought to culmination the ey pathologie
epdamiologre and mycologie studies  The fungus and its taxonomy were
further studied by Bump * Cstellwne * * ™ 1 and Cifern and Redaellt
o asr 13 \ontenegro deseribed the first recovery of Coccidiordes
tmmtis from the blood * Cocaidioidm shin sensitnaty was demonstrated
by Hiesch and his co workers % 1 ¢ and by Jacobson ®  Laboratory m
fection was reported by Tomhnson and Bneroft® * ' Cocaidiondal
fectron in firm ammals was desernbed by Beck ' ¥ Indigenous infec
tion was noted m Tevis ** ' ' Cases were also reported although
endemiaity was not demonstrated n Mexico ! Rhmsas ™ Lowmsiana 0
Hawan ° Italy ¥° ' and crroncously m Chma '™ Florence Ahlfeldt
m part colliborating with Riesman reviewed all published cases ** demon
strated the pulmonary route of mfection m gumea pigs ® reported the first
casc n New VMevco® md described spores in tissues ** Cocerdiordal
meningitis was studied pathologieally by Rand'  and Abbott and Cutler *
Evans and Ball reported the first scries of autopstes eighteen i num
ber " The rehtionship of South Amencan Blstomycosis was clhnfied
and its earhy confusion with eocudiondomycosis gradunily corrected by
a series of studies those of de Almerda bemng most entical # 10 17 118 10
143 16 171174

Duning this decade two observations antiapated n part the great dis
covertes of 1937 In 1929 Ophuls stressed the overshelming evidence that
the lung 15 the portal of entry showmg that old pimary pulmonary lesons
are almost always d rable 1n diordal ! " In 1932
Stewart and Meyer isolted Cocerdioides immugts from the soil of a San

Joaqum Villey farm where four Fiipmos had contracted serous or fatal
mfections t 7
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THE RL AWARLNING, 1937 1940

The Renusswce period m the stnchy of cocudiodonycosis ta usc
Mevers well known phrase, ™ was the result of the work of two Califorma
phvsicrins Myrme A Gifford of Bakersfield and Ernest C Dickson of
Stanford Dichson had long suspected that there was 1 milder more com
mon forn of cocardiodomy costs than cocerdiordal grinufoma but fnang
tn San Franeaisco, he did not have the opportumty to see such casts on an
epdemrc seale  In 1931 he wrote

Cocerdiotdal granuloma probably occurs with much greater frequencs
than his been believed The reltively lngh percentize of positne
findings by Beck 1n 1 small senes of beef ammals nd sheep (18 § per cent)
mdicates that nfection of human beings and certan wmmals 1 Cilhforniz
cnnot be unusual There hwve been at feist three proved cases nd
five or six suspected cises m which the pro.ression after pulmomin 1w
fection has not been ripidly downward but to apparent receovery It
1s suspected that this type of infcction m1y be much more common than
has been beles ed 137

The first clue to the benign form of cocerdiordal mfcetion came s the
result of 1 lboratory aceident m 1929 1 € Chope 1 lus own night to
become 1 recogmzed v estigator of coccrdiordoms cosis w1 then 2 medical
student working 1 Dichson s Jaborators  One dv he opened v Petrr cish
contunmy an old culture of Coccidiordes m order to cxanmne at more
closchv  As Tus Dreath touched the cofony it exploded w1 puff of fine
spores nd he mhaled A Tungful of the deadhy cloud  Eyght davs Titer he
was strichen with pleuntic puns so sevcre thit Tes chiest hind to be strpped
He suffered feser cough hemoptysts nd 2 werght loss of 15 pounds w
as mamy days  Chest rocntgenograms mdicated hilr hmphdenop thy
and patchy bronchopneumoma  Tour weehs Iiter erythematous nodules
erupted on lus shins Endosporuliting spherules were seen m the sputum
and from 1t was cultured 1 Fungus fat\l to gumer pigs A drrenows of
cocerhardal grinuloma was made and the worst was cypected but the
pneumomia soon elered and he recovered completeh to sponed v loug
vacation m Anizon 1 at the capense of the medic  school * ™

Four months Iter Dichson s 1 second patient who recovered mpdis
from cocctdiod ] preumontr diignosed by the findng of the (unL!u\ n
the sputum  The onls differcnce from hus first case w that «r\llu m
nodosum did not occur  In nother pitient dud cocudiordsl gr talonm
develop ™

In 1935 Dichson saw 1 voung
10 the oi] fields i western Fresno Comnts had n acute respiratorn "
accompnted by en them nodosum Shorth there sfter 1 skn; lesion :“:
taiming Coccrdiordes appeared on hus nech Severd other suth cases

engmeening, studeut w ho aftar working
dlncss
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vinced Dickson thit coceidiondal granuloma 15 but the end stage of an
imfection which 1s ¢ wscd by mhalition of chlmydospores™ of Coccidiotdes
mmits

Just as Dickson was becoming Jughly suspicious of the custence of
1 mild form of cocaiordal diseasc Dr ‘Myrmie A Gifford of the hem
County Department of Public Health began to suspeet the sume thing
In August 1934 only five duys after she had begun work in Babersficld
Dr Gifford sww a 45 yer old white woman 1 frut picker who had a severe
acute pneumonsa nd crytheminodosum  Dr Joe Smuth the hern County
Henlth Officcr told hier that it was 4 case of “San Joaquin Fever  a disease
of unknown ctiology very frequent m hemn County  Three months later
Dr Gifford s a Ilipmo man of 26 years with a chest cold  fever
cough and erythema nodosum whose sputum contamed Cocerdiordes 1m
mitis She began to wonder if thure was o relavonship between  San
Joaqun Fever and cocaichordl disease

In January 1936 Dr Dickson visited Bahersfield in the course of s
reserech on cocardioidomicosis  While preparng for Ius vist Dr Gufford
noticed thit the records of three out of hfteen cases of cocerdioidal granu
lom1 mentioned antecedent erythema nodosum  Dr Dickson was im
meditely mterested i her observation recalling the l1boratory acquired
mfection of Dr Chope which had also been accompanmied by ervthema
nodosum  In addressing, the staff of the hern General Hospatal later that
day Dichson mentioncd Dr Gifford s suggestion that San Joawguin Fever
mmught be wn carly festation of hiodal mnfect Two other staff
members then recallcd havng seen San Joaquin Fever precedmg other
cases of cocardiordal granuloma

Stx months later the Annual Report of the kern County Department
of Public Health for the Fiscal Year 1935 1936 ' sa:d

Incomplete reports showed more than a score of cases of a hitherto
unpublished disease popularly called San Joaquin or Desert Fever ™ which
1s charactenzed by carly symptoms of bronchopneumonia followed 1n a week
or ten days by rused reddened tender bumps” or nodules on the legs
arms and sometimes on the chest neck and tace this rash 15 sometimes
diagnosed as “erythema nodosum”  An xray of the lungs m these cases
usually reveals parenchymal ind hilar lymph node wvolvement and some
times pleunssy or pleunsy with effusion or nterlobar empyems  An < ray
chagnosis of the chest findings i these cases 1s frequently tuberculosis”
However these 15 usually complete recovery as shown by the x ray a few
months Jater

Research studies are being carried on by the County Health Department
and the staff of the hen General Hospital to determine the selationship
i any of coceidiondes to San Joaquin Fever  The cocaidandin test m all
cases of San Joaquin Fever” so far tested with the Kessel coccidioidin prep
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aration has been so strongly positve thit 1t has been found necessary to
use 1t 1 one tnth dilition with normal sihine to wvoid temperitures and
severe local reachions

To date the typicil double walled cpsules chrcteristie of cocerdiordes
have been recovered by direct exammtion of sputum smears, cultures and
by ammal moculittons from stx cises diignosed as San Jowqum Tuer or
erythema nodosum

In My, 1937 Dichson rexd his paper, Villey Fever of the Sm
Joaquin Valley and Fungus Cocaidioides  at the Del Monte Scssion of the
Californ11 Medical Association, suggesting the name  coccrdiardomy cosns
for ~l stages of the disease and subdiiding it mto prmary md secondary
phwses  Several other cases of prmary cocctdiord il preumonn some
progressing to fatal disscrmnation were carefully studied and reported by
Drs Dickson and Gifford  The conclusions of therr defimtine paper,
a classic studs published yomtly m the Archives of Internal Medieme were
as follows

It has been shown that anfection wath the fungus Cocerdiondes mny
cruse discase of 1 prmary or secondary progressine tpe

The prunry form of the diseise 1s due to mhithitron of the chtunydo
spores formed m the vegetatne phase of the growth of Cocardiowdes

Infcction with Coccidiordes 1s common in the S Jorqum Valley i Caih
form 1t 1s usuilly mild and the graat myonty of prtients recover withont
comphe ttions

The condition 1s often dragnosed as 1 bid cold or “flu” 1n the beginming,
but when crythema nodosum ocenurs i ats course it ss popululy hnown m
the San Jorquin Valley 1s desert or v aley fever

In 2 few cases the condition subscquently progresses to the haghily
fital dise1se known s cocadiondl grmulom

The pime cocordiodomycosts his been suggested to mdude all types
of infection with the fungus Cocerdiordes

In Septunber 1937 1 grt was made by the Rosenberg, Tound ition
m S Trancisco for further study of 1eute cocadiordomycoss Wath this
support there was undestiken 15 precisc an epdomiologee studs s lies
ever been made of ay disease clearly defimng the extnt of the problom
w the San Joaqun Villey ndiciting ats genenily bensgn conme e
revcalng the conditions under which 1t 1s most Iikchy to be wqmred Scr;r(‘i
of phvsicians nurses and nterested Tnvmen took part m the studs ‘llr
the leaders of the texm were Dr Gifford Dr Dichson and a protege ©
the latter named Srith

Dr Chardes E Smuth was to become the thurd member of the stmford
dynasty of cocardiordoms cologists succeeding Willnm Ophuly m‘d 1 mo:\t
Dickson  He hec ume Professor of Public He itk at the St iford Ponarsy
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School of Mecdieme after Dichsons untimely death n 1942 At present he
1s Dew of the School of Public Health at the University of California and
President of the Ciliforma State Board of Public Health

Trom December 1937 to May 1939 South spent three days a week
1n hern and Tulwre Countics the southammost counties in the Sin Joaqum
Villyy miking, n intensive survey of the meidence of Valley Fever ™
County health departments and medical socictics practicmy, physicians
nursing orgwmzations private ranchers and govcrnmental agencies co
operated in the study In v year and 2 half Dr Smuth saw 432 patients
with erythem nodosum or erythema multiforme from 15 months to 70
yeurs of age  The fungus was recovered from the sputum of many and
the cocerdiondm shin test wis found to be positne n all (except 15 wha
refused to cooperate)  The mceubation peniod was established at 7 to 21
days usually about 2 weeks  The seasonal mcidence was noted to be gl
n the summer and fall  Most of the patients wcre newcomers to the San
Jorqumn Valley part of the vast influx of agricultural workers from the mid
western states  Although only cases with erythematous shin lestons were
studicd mtensively 3t was soon appirent that only 2 small minonty of
patients wath prmary cocaidioidomycosis developed dermatoses

Two other important papers appeared from Stanford University at
this tme  Alun J Cox Professor of Patholo,y and Smuth reported four
mstances of arrested coceidiondal Iesions of the Jungs or bronehial lymph
nodes m paticnts dving of other causes  Typieal spherules at Jeast some
of which werc viable werc scen m old encapsulited cascous partially
caleified foct  Simlar lestons could be produced in evperimental anmals
Harold Kk Taber Professor of Peduatrics together with Dicksan and Smuth
published the first deseniption 1n the pediatnic hterature of Valley Fever
mechildren *

In August 1939 Drs Dickson Gifford and Smuth reported therr find
ings to the Sixth Pacific Science Congress meeting, at Berheley and Stan
ford * ® ™ Ther papers summinized so well the discovenes of the
previous three years that most of the studies made smce then have been
merely refinements  August 1939 marked the chmax of the Renaissance
penod

THE CONTEMPORARY PERIOD 1941 PRESENT

Once the general pattern of coccidioidal discasc had been determined
1t was easy to work out lesser problems The decade between 1940 and
1950 offered unparalleled opportunities for studying the nfection because
of the large concentrations of non immune men in the military mnstallations
of endemic arcas Charles E Smuth appomted civiban consultant to the
Secretary of War for the study and control of cocerdioidomycosis m the



20 Cocardiodomycosis

armed forces, completed several mmportant studics conerning its epr
ology and unmunology  With Rodnes R Beard H G Rosenberger
E G Whiting he showed that dust control ;n army air fields—by
surfreing ronds and ur stips bmlding sw imming pools rather thin at
fields and plinting grass m dusty arews—reduced the ifection rf
65 per cent ' He and Ius colleagues then desenbed the s anetics of
adioidq] nfection’ * and the patterns of cocaidiodin shin sensitinaty
serological reactions 1n mny thousands of cascs®* ¢ With Robe
Peers and Emile F Holman he reported surgery for cocardiondal cwati
With L E Biker wnd E M Mk he made an exhaustine stuc
morphology taxonomy, and distribution of the fungus  His personil
tacts with so many of the problems conceming the fungus hwe 1
Smuth the authonty in the ficld

The experience of other physicians n the military senvice o
greutly to our knowledge Shelton reported a small ¢pdemic 1t €
Roberts Californiy an an arer not praviously known to be endem
Goldstemn nd Louie deseribed the climeal features of the discise
occurred m eprdemuc proportions i 75 seldiers who had been on v
near Sm Luis Obispa Californin® ™ Colburn desenbed the roenty
logic findings m the stme patients®* Lec ™ Cheney ind Denenl
20 Willett ¥ 1% Sweigert Tumer and Gillespie * ¢ nd several ot
made extensne stuches of the chimei] aspects  Jwmson nd Carter !
Rakofsky and kmicherbocher ** 1nd others studied the roentgenalo e
tures  Forbus and Bestebreurtje of the Army Institutc of Pitholo,y
ported the pathologic findings 1m 95 casts the Jurgest such scrics to dt

Tollowmg World Wir II residual lesions i returmng soldiers w
deseribed by a number of observers particularly by Buss Berhe ind ]
collcagues m New York 3¢ 4 #0 wuet ase Indrgduid ces of
semimted disease appeared all over the Umted States Surgery for resid
Tesions was reported by Greer nd hns colleagues Waned md Owee
and Cotton and Iis colleygues *7 ** The question of contagion fr
pibients rcturning home w18 ruscd by Rosenthal but no cline Wl e
were noted ¥ e et e
In the same penod many studics were mude imong avihans

williim A Wmn of Sprngylle Cilifornit n 1 seres

emic areis
b ind 1ts ben:

brlltant papers deserbed the residu Wl pulmonars ¢ty

nature 3 23003

Other important studes were made m Rern wd Tulwre (mmhﬂ]
Giford Thomer Buss Birsnar Huntington Smle  Ramirez, Vaug
Cohen Maloney 1avain Enstan Me W Mackler nd others Pmmc}
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50916 30 ghepe ats endemiety Tad already been domonstrated by Phil
Lps > Woolley Famess ¢ °Ahlls™ and Aronson ®

Several mstruetn ¢ epidemics of cocardiodomy cosis ocenrred m situa
tions where 1denl conditions for study obtamed  Tirst and best known of
these w13 one reported by Dwis Smith and Smith in 1942 m which scven
of fourtcen unnersity students and faculty members were stacken follow
wg a bology field tap from Stanford Unnersity to the Pwoche Vallev
n S Bemto County Califormn®® A reconstruction of the events of the
three dnv ficld tnip indicated that the seven vietims {(nd two 1immune
compamons) were m 1 group by themselves on only ene occasion—when
they pursued a rattlesnake to 1 squirrel hole and tred to digat out Dust
flew so thickly that breathing was difficult  Wathin two wecks primary
coccidiordomycosis appeared mn all seven  Three months Iater after all
hd recovered one of the students gmded Charles £ Smuth back to the
suspected rattlesnike hole nd Coccidioides was recovered from the soil
Powers and Stark reported the roentgenographic studies they made of the
victums of this epidemic recordmg, for the first time the changes that occur
m the Tungs as the pulmonary reaction to Coccrdioides tmmutes develops
and recedes 3

In South Americ1 interest m the disese revned after nearly forty
vears At first depending hewls on North Amenewn mestigators par
ticularly on Charles E Smuth researchi there becime more and more mde
pendent  Cases were recogmzed with mereasing frequency  coccrdiondin
sunvevs were made m most of the countnes of Central and South Ameriea
and ongmil mycologic studies werc undertaken  Some of the leaders
m Latin Americt 1re Gonzalez Ochoa of Mewco Campms of Venezueln
\Machmnon of Uruguy Gomez of Paraguay and Nimo and Negron: of
Argentina

It 15 harder to avaluate objectinely the present decade  The years
since 1950 have been primanly yeurs of assimlation nd diffusion of the
previously acquired knowledge concerming the geographical distnibution
epidermiology ecology nd symptomtology of the fungus and its disease
New ¢ndeavors have been maunly concerned with two problems (1)
refinements of mycologscal knowledge and techmques wnd (2) therapy
of disseminated coceidiordomy cosis

Several groups of investigators have further clanfied the my cology of
the fangus  C E Smith continues this work at the Unn ersity of California
as have his colleagues Lorrame Friedman Demosthenes Pappagianis and
Lee Gordon  In Los Anagles J Walter Wilson Orda A Plunkett Robert
Lubarshy Victor D Newcomer | E Tarbet Edwin T Wnght Alvin |
Teehb Thomas H Stemberg Lows H Winer and Carlyn Halde are making
important contributions concerning both the mycology and treatment of
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the disease Ruth C Burhe of Yale Ralph A Vogel Norman I' Couwnt and
Hemz E Rarrer of Duke and Libero Ajddle and his co workers of the
U S Public Health Service 1t Atlhntr hue also made now obsnations
md devssed new methods of mycologic study  In Anzonn reveahng
ecologic wnd vetermary studies hn e been wccomplished by Reith T Madds
Raymond E Reed Charles ] Prchal and others

Thomas F Puchett of 1 itzsimmons Army Hospatal i Demver pomted
out the frequent occurnce of hyphl forms of Cocerdiodes tmuntis n the
humn host #* and Fiese Chea and Sorcnsen of Fresno reported Tnphd
forms 1 sputum of patients with cocardiondal ¢ itres *

Rescareh concerming treatment follows two maw pattems In the
cast and mddle west a number of tharapeutic agents are hang tred
agunst vanous deep mycoses and cocardiordomy coss often ppears 1
one among sever\l diseascs bemg treated expennmentally 1 Snapper of
New York ™t and Arthur C Curtis nd Ius collengues of the Unnersis
of Michigan are Jeaders m this type of study

In Southwestern states rescarch has been umed more speerfically at
disseminated cocaidiordomycosis Roger O Egeberg nd lus collcagues
at the Los Angeles Veterans Admmstration Hospital hue studied pro
digiosm  Robert Cohen of Bakersfield has reported the m vitro and m
wno effect of 1vanety of drugs which he his tned  Frese Radding Chen
and Steinbach of Tresno ™ * 1 and James L Dennys and Anld 1 Hansen
of the Untversity of Texis ™ have reported successful treitment of severd
cwes with ethyDvamllate  Charles E Smith and Lee A Gordon have mde
ammal expeniments with 1 number of the newer fungierdes Ampho
teriem B has been tried by Sternberg and hus collagues the Unnarsity
of Califorma at Los Angeles™ and others **

Thus far therapy has lgged far behind the precise hnow Jedge we hve
concerning other aspects of fungus Coccidiordes  The nnt k-\; vy zr;1 ||:(
frced with the atreipition that they will brayg sts control lT 1;1 ;\l (t‘
4 fithing clhmix to the sewrch begun by Pos whs Rixford m;) Ophuls
brought ncarly to completion by Dichson Gifford and Smuth



Chapter Three

Mycology of Coccidiordes immutis

\yeclogie Principles
AlyOleogie Characten ties of Coceidildes fmmatls
“Tasonomy
Pirastie phase
Sapropl ytic phase
Gross mrpl ologie ¢ aracterstics
Vanations among strawns
Thysicn chere d ¢} wwwctersties
\fethads of \ycologie Study Appl cble to Coces hotdes
Callection wnd prepirition of pecimens
Dir>ct microscopie obs nation of infected matenal
C lure metl o ls
Ammal moculation methods

T suc staning, metl o1

MYCOLOGIC PRINCIPLES

Foncr ane sumple plants but a step higher thin bactena  Most of them
are harmless saprophytes 1 few cause disease in man ammals or other
plants Fung together with algae are classified in the Phylum Thallophyta
elementary plants not differentiated mto toots stems or leaves Algae
contaiming chlorophyl are able to utilize the energy of sunlight to manu
facture their own food by svnthesis from earbon dioxide and water  Fung
lacking chlorophyl must depend on other living orgamsms for food and
are therefore erther saprophytic or parisitic
Fungt are subdivided 1 large part on the basis of their types of re

productive cells ac spores  Some the yeasts reproduce by simple buddmg
of the parent cell  From the spores of most germ tubes extrude to become

23
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long branching filaments or hyphae, the tangled mat of which ss called
the mycehum  The vegetatn'c mycelum penctrates the substrate and
absorbs food  The il mycelum projects bove the surface and beass
the reproductiy e cells  The myochum and s spores represent 1 prumitne
plant or thallus  The hyphac of certun species become subdnided mto
chuns of cells by cross walls or septa Some of the cells become speett]
1zed reproductive culls, the spores  Ascospores are sewunl spores (1¢
spores produced by nucleiwr fusion) contamed n an ascus or sparc steh
Thallospores are asewual spores bomne on the nphie  Onc type of thal
lospore, the chlamydosporc 1s m enlwged round thick walled sporc borne
at the end of 3 hypha (termmal), in the muddle (intercaliny ) or on the
side (Iteral) - A sumilic by pe of thllospore the arthrosporc 15 1 rectangu
lar thick walled segment of the hyphr  Sporingin are spore contaming
swollen structures usually seen on the <nds of the hyphae of phy comy cetes

Colomes of fungt may be descnbed s yewty, veastithe and filament
ous The first composed of sigle celied budding forms are soft most,
membranous colomes bhe those of bactenr  Yeasthhe colones hue the
same appearance but contan 2 vegetitne myechum  ibunentous or
mold like colomes have fluffi powdery or cottony ternid myedn

Some of the pathogenic fung present different appeirinees as sipro
phytes ind parsites having different Iife eveles m the tissues wd i ex
ternal nature

There are several shghtly different schemes by which fungi are clisst
fied In gencral the true fung: are subduisided into phycomyectes ascomy
cetes basidiomscetes 1ad 2 fourth group sometimes cilled Inphomyceles
and sometimes with  shghtly different impheation fungy mperfech The
plhce of Coceidiodes in the scheme depends on defintion xeept for
the schizomycetes almost all pathogeme fungr are meluded m the fourth

group
M}COLOGIC CHARACTERISTICS OF COCCIDIOIDIS IMMITIS

Cocerdiondcs 15 1 genus contunng but onc species Cocerdrondes un
s Rasford and Gilchnst 1896 It cxists m two distinct phises e
saprophytic and the prasitic (Fig 2)  The former occurs m exterm
nature on laborators media, and n host tissucs undcr ecrt un conditions
which approximate external nature  The hitter occurs m wmnl tissues
and undcr certam laborators conditions m which vang, tssue o> more or

less muniched

Tavonomy
crhordes 1s not ey defined bucse

The tavonomic posstion of Coc
h hich canse difficulty with i of the

the organism has charactenstics w
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stindard chssifications  Opinton iffers more about Cocewduoides than
about 1y other pathoteme fungus  Eathy mvestigitors considered the
spherule to be an 1scus and the fungus thercfore an ascomyeete There
15 farly general agreement now that the spherule 1s not an ascus for
endospores develop by cleavage and their number vanes greathy not by
multiples of two  The present nncertunty 15 whether Cocerdiondes should

hytic Parasitic
i

Figure 2 Duigrammatic representation of the We cvele of Coccrdiordes immitis sapro
Phytie and parasttic phases

be classed among, the phycomycetes or among, the hyphomycetes or funy
mmperfectt  Opinton s based on varying defimtions  Castellam and several
later mycologusts ncluded Coccidiodes among the fungi mperfect or
hyphomycetes?  Conant classified 1t thus together with other fungi which
donot have a sexual stage and which are not clenrly phycomycetes ascomy

cetes or basidiomycetes C F Smith*™ and Emmons®  considered 1t most
likely a hyphomycete On the other hand Baker Mrak and Smth with
a somewhat stricter defimtion of fung: mmperfect: stated that 1t 15 1mpos

sible to mclude Coccrdiordes in this group because 1t does not form comdia
n ats saprophytic phase and forms sporangia i host tissues ' These
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authors preferred clwsificition with the phyvcomyectes desprte the fict
that Coccrdiowdes has 1 c th septite myeelum m the saprophs tic
phase unlihe other phycomyectes  They noted that Cifernn d Redaell
had alrendy suggested the relationship to the phycomueetes ' Negrom
has restated this viewpoint on the basis of observations of endospare forma
tion by means of the Woods hight #  Blank and Burke™ also suggested
clssification with the phycomycetes  The question remmns to be settled
and 1s essentidly 1eademrc

Parasitic Phase

In mfected tissue Coccrdioudes tmmnfis appears 1s ¢ round  doubly
walled structure commonly called the spherule (Fig 8)  Formerh
thought to be an ascus 1t 1s now generally considered to be 1 spormgium

o
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of Cocesdiodes wamntis 1M
s €1 690 704

Fiure 3 Doublycontonred endospore hlled spherule
g Y ™

utum eprinted from Comant Ameriwan Reten of Toberculos
sputu (R 1 f e

or srreulir endospores o spornio
red sometimes disposed pe apheridl
Tty doubly refrutlc will »
10 e compased of

When mature 1t contuns Llobulr
spores from 2 few to scveryd huad
and sometimes  throughout the spherule
about 2 micrt thick  The thin sincr Wl appears
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clutm ¢ The thieh outer wall has an extenar layer of phospholipid 773
Ordinanily the spherule wall 1s smooth but sometimes 1t 15 covered with
fine excrescences ¢ulled “prickles  wnd somctimes by club shaped protru
sions 2 to 5 muera Jong

Tigure 4 Young spherules of Cocerdiodes immins before appearance of endospores
(From Taubet Wright and \ewcomer The Amencan Journal of Pathology 23901 917
1952)

* "wWhoer -

h ‘ﬁ""! “\"_ “:
\g"@ :*9
h -
\Nta ‘:'..‘::1

s B2
y 'f')l Pardd
P .

Figure 5 Spherule of Cocardiondes immutis 1n eleavage  (From Tarbet W nght and
Newcomer The American Journal of Pathology 28 901 917 1952 )
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Most spherules measure 10 to 80 mycre i dinmeter
,onnf] llaSn: ::!c;:rgﬁi)o micrt or more - Endospores are usmll)z\ ?.Z“tumsldm‘x};?:
o duamd Sc(u (:;'msmn Aly reach 30 to 40 nuera Young spherules more
omm ) secn than miture speemmens, hawve clor cvtoplsm  without
granules or endospores (I'g 4)  Formation of small nuclet m the dovelop

TV
Al ‘ »

Figure 6 Mature spherule of Cocardindes immtis filled wath cndospores (From
Winn Cocoriodomycosss 1 Hinshaw wd Culind Discases of the Chest Finhded

phiyand London W B Swnders Compan 1936 )

mg spherule w s reported by Immons b and by Baker Mok ind Srmth **
md wis further studied wath the dectron microscope by O Hern ind
Henr ** Crtophism dnades by cden e plnes to form endospores (11gs
5 and 6) winch we hiberated from the mature spherule by ruptare of ats
will (g 7)) Fach endospore develops into v new spherule — The avede
15 sepoated mdefmtchy untid brought to ¢ halt by the defense mechanisms



Figure 7 Ruptunng sphenile and extruded endaspores of Coccidrofdes inmitis (From
Baker and Braude The Journal of Laboratory and Clinscal Medieme 47 169 181 Feb
rny 1936 )
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Figure 8 Cerm tubes sprouting from spherule of Coceidiords
es smmutss (From Bak
and Braude The Journal of Laboratory and Clinical Medicime 47 169 18(1 ‘F?bruaar;r
1936
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of the host or until the spherule 1s extruded from In mg tissue  Some n
vestigators have reported evidence that spherules conjugate prior ta sporu
hation * ' this could nat be confirmed by Baker and Mrak ™ Spherules
In apparent comjugation 1re seen so rarely that the appearnce 1s probabh
m artefact Budding of spherules has also been deseribed by some ** °
but conjugation and budding are thought by most i estigators merchy
to be the close approximation of spherules which hwe doveloped from
adjacent endospores or arthrospores * 2

The spherule was the first known form of the fungus beme deseribed
bv Posadas* Werniche 3 and Rixford and Gulchrist* when 1t was still
thought to be 2 protozown  Ophuls who first demonstrited the vegeta
tine filhmentous phise noted the deveclopment of hiyphal clements mto
spherules when injected mta 2 gumen pig ** Wolbich also reported chams
of enlwrged rounded hvphal cells i rabbit tissues 48 hours after mjee
tion ° Ophuls held that culture miterial 1s not mfectine unless chlimdo
spores are present ™ an opimon m which Stewart and Meyver concur ¥
Dickson reported that Chope on the other haind was of the opmion that
immature cultares with neither chlimy dospores nor arthrosporcs can 1lso
produce spherules when mjected

Tarbet Wrnght, 1nd New comer has e graphietlly deseribed the chnges
n both the parasite and the host tissues at from 4 hours to 1f dus aftcr
ntrapentoneal mjectton of mycelium mto mice ™ By 4 or 6 hours 1 fun
of the rectingulir hvphal cells become enlarged spheneal bisoplilie and
thick walled  Duning, the first 48 hours these rounded hyphal spores or
young spherules remun jomed togcther m the hyphal chuns By 96 hours
most of the myeelium degencrates and disappears only a2 portion of its
cells becommg spherules  Young spherules grow Iarger until at 5 to 7
duvs they erage 40 mierh 1 diameter ringmyg from 15 to 90 micrd
Clenage beems at this stage with the apperance of radul p u'mmn;
Endosporcs thus produced e 2t first sharph angulr wd hter ]rm;n(
Mature spherules contun hundreds of endospores By the seventh (nll\“
nipe spherules begm to rupture hiberitmg ther endosporcs " I‘rnl‘us "
time on new generations of sp]anl]L‘s are cncountered m ';, \lll( -
matunity  Mature spherules are usually contuncd m gint ecdls or his
cvtes of the host

Saprophh tic Phase

The puasiie phise 1 termin wed wnd the s”nprop]}l\llc} pl; :::“ l‘y‘(\_;::u
In the death of the host or by the expubon of the sphernlt ],’N > .
tissuc n sputum pus or cudates  Conversion from onc ‘[:“ D,
other 1s wot nccessath immedite for af conditions 1r: 1] n{,\(mh '
spherules m1 wpparenthy persist for 2 Jong time an sputu!
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has reported that spherules remamed viable and mfectious in exudates for
over three months at refrigerator temperatures®* His expeniments with
sputum hept outdoors m sun or shade were less conclusive but it appeared
that spherules could e for several days m the shade  Hampson observed

Figure 9 Chain of arthrospores of Cocctdiodes immutis (From Tarbet Wrght and
Newcomer The American Journal of Pathology 23 901 917 1952)
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Figure 10 Cham of endospore contaming spherules of Cocerdrodes mmmitis develo
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that spherules refngerated for 15 months produced tspical colonies when
finally eultured** When phated on artifie il culture medin mmture
spherules ind endospores esther free or still mprsoned begn to germnate
within 3 or 4 hours  Germ tubes sprout from the spherules and endospores
to produce yphae (g 8) Branching and septition appewr veny ey
By the second dny the mycchum 1s tanglcd and complex  Young hsph
e 2-4 miera thieh ind have sept1 at regulir mtenals By lhi end of
a week many of the cells of the 1er! mscelium develop mto hyphil
spores usually rectangnlar (wthrospores) but somctimes round or ovord
(chlmydospores)  Typiel hyphre consist of brrel shaped fertile arthro
spores alternatmg with smaller stertle cclls—the cmpty eclls of Naorth
Amencin mycologists or dispunctors of Negrom (g 9) *! Lmpty cells
rupturc easily to free the asthrospores fon mg on the htter tags or o
ments which hedp to distmguish the specres Hyphol chuns thErch) disir
ticulate reacily particalyly i older cultures so that the whole mycchum
may dismtegrtc mto 1 cloud of ur borne spores  Transy erse dimenstons of
the hyphal spores e from 2 to B or 10 micr: Only occasional stramns bear
larger spores up to 20 micrr wide  With such iy drmensions they are
carried by the shghtest breeze and when mhaled pencirite to the smallest
bronchiale or pulmonry alveolus  When arthrospores or chlimydospores
are plced on fresh medin they sprout germ tubes wlich devedop mto
new myeddin after the manner of endospores  Hyphal cells and spores
contun one or two nucler  Large chlamvdospores may contun four

Some observers have described speat reproducine hyphic distinet
from the ordinary vegetitne hyphac lternatedy beanmg spores md cmpty
cells® ™ Lmmons reported the devclopment m voung cultures of spe
calized side branches almost twice the dimeter of vegetitng hyphe
Alternate cdlls dehimited by septum formation inercase m s turgidity
and murl thichness  Intersening cddle gradually lose their evtoplism
but thar walls parsist to muntun the mtegnty of the dim until the
occurrence of the disruptn e sequence mentioned previoush

In dditton to wthrospores nd chiumvdospores wnother type of repro
ductne culls 15 sometimes borne by mycchin the  culturc sphemles of
Biker and Mrik " or sporngir of Burhe ®  As carly 15 1911 Muche i
and Tulor ohsened temporny spherule crowth and multiphcation
medin consisting, of satee fluid or geltimzed Frorse scrum cont unmg stenik
hedney shices ' However M\l and Tudor were merchy pupctuting
the growth phusc dready custing 1o the prsitic phse for thar o
Tum consisted of sphenules m pus from fected ummals  Thar expormwent
was successfulls repoted by Cifern wnd Redadl i 1936 who confirmed

the dexclopment of cndosporuliting spherules from pus contammg, im

mature spherules b The st phase s bean cultured m anbreon ted
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and non embryonated cges ¥ %% 9% 1 Lack in 1938 first showed that
spherules sometimes appear m the mycehial or saprophitic phase ** Using
a medium of bef mfusion broth contuning, pautnlly cogulated egg al
bumin ineubited at 37 C under semn wmcrobic conditions he ohserved
that chlamvdospores enlarged mto sound  doubly encapsulited bodies 1n
which endospores formed  Baker ind Mrik showed that cortam strams of
Cocerdiordes will bear the same type of reproductine cells on 2 vanety of
media at normal tomperitures and under 1erobrists with no attempt to
mime conditions of the anmmil body * These cells winch they termed
culture spherules  closely resembled spherules in amimal tissues ecept
that they were smaller (1020 mucry m diamcter) and were not free
being joned to the hyphal chun in either termmal or intercalary positions

Schlumberger observed the desclopment of  culturc spherules from
myceha m aitrated blood or horse seram ncubated 1t 875 Cin the slowly
revolung tubes of 1 roller apparitus designed for tissue culture® Burhe
mduced the development of culture spherules —or as she prefers “spor
angua™at room temperature i 4 complex medium containing even coco
nut ik She observed that when endospores were released from the
bursting sporingtum  they either grew mto mature spherules directly or
sprouted to form hyphae which in turn bore culture spherules or sporanga
Lubarskv and Plunkett also grew spherules 1 4 CO-O atmosphere using
another complex mixture which included rooster serum and tissue culture
medium " Denms 1nd Hansen were lihewsse able to produce spherules in
hving tissue cultures 1n 1 perfusion type chamber Thev noted that
spherules and livphnl forms developed concurrenth 1¢  the saprophytic
and parasitic cvcles occurred side by side with interconversion one to an
other Converse** ** was able to produce long chams of “culture spher
ules (Fig 10) m a hqud mediwm mcubated 1t 37 C in complete darkness
under reduced aeration

Conant and Vogel discovered that they could alter the growth charac
teristics of certan struns of Cocerdioides immitis for several generations
by treating myceln with Tween 80 a wetting agent ™  Subcultures of
2l stramns lost to 1 great extent at Jeast their ability to form arthrospores
In some strams endosporuliting culture spherules appeared m place
of the arthrospores usually borne  Colontes were moist and yeast hike with
Tittle tendency to produce an aenial mycelum

Baker wd Braude noted that spherules were produced in vitro when
Lving neutrophiles were added to susy of mycelal fi L
They postulated two phases in the development of spherules from mycelia
(1) mhibition of mycelia by obstruction of the growing tip of the hvpha
and (2) emergence of spherules from the stunted mscelia i the presence
of living philes It wasp

posed that spherule formation 15 a mechan
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1c1l phenomenon 1 which attaching neutrophiles counter evers 2 ancmg
hyphal tip preventing mycelil growth and foremg development of the
more resistmt spherule  They noted m vivo myeelnl formition onl
m situations in which there 1s 1bsence of leukocytes 1¢ walled off pul
monry cvities ind acellubir memngenl foc:

The demonstration of spherules m the siprophytic cycle showed that
the two phases of Cocerdiordes are not necessanly mutually exclusne
Baker Mrkh and Smuth suggested tht the complete syproplatic oicle
ncludes the culture spherule and the cvele usully seen without spherules
1s mcomplete 3

One might postulate that there arc two normil types of vegetitne
reproductive cells—arthrospores (or chlmy dospores) and sporngn which
mught be v inations of the swme cell  Under certan conditrons, the undif
ferentiated hvphal ccll may develop mto the arthrospore or chlmy dosporc
and the Intter into the spormgium At wy stige development may tike
one of several directions dependmmg on condiions  The chlum dospor
may sprout Iy phe, or 1t may enlrge mnto i cndosporulatmg sporingim
The endospores of the Itter mv also either sprout hyphae or grow ito
endosporulating spherules  Certamn struns naturally tend to follow one
pittern but presumably all struns arc epable of followmg almost
pattern if conditions are nght

Furthermore certan conditions foster certun patterns  The young
culture on artificial media tends to follow the  siprophytic evele  In
the Ining ammnl body the sume strun follows the parstic ovede ™ In
between are borderlme conditions m which both cyeles oceur side by
side nd mmtercomert one to another 1¢, m Lacks mcdum Borkes
medium tissue culture ete  Individuil struns mas naturaliv (mw the old
eulturcs of Baker and Mrik) or artdfically (fter “Tween 807) tend to fol
low both cyeles concurrently

In recent vers the frequent occurrence of hyphal clements i host
tssues has Deen appreesited Two types of cocadinda! Iesions the rest
dual pulmonary cwaty nd hemgn pulmonary grmnloma tend to haehor
Coccrdiondes tmmuns 1 1ts miccdnal phase * Sporadie mstances of ths
phenomenon have been reparted In Forbus and Bostebreurtye * B'xlr'nn
(ciscussion of Bass) * Greer VWersel nd Owen wd Scbun P ‘l
body and Ltbherman Reviewmy the first extensne series Puchett fonn
Iy phe of Coccidiodcs tmmmtts 1 73 per cent of 34 ¢uatres nd m ‘3(1 x:tf
cent of 30 pulmonary granulomas **? Fese Chen and Sorenstn demon

Biker and Braude r pert tle fndher of my y
a it foaopaurt 0

o emngend e b e wtb Bt
deno < wtt

T e
There may be rare exceptions hy
center of an avasculir focus fn the thik phte mong
cocardimdl m mngatis M 1 have alw etn an exunpl i ;
whether it occurred ante mortem of et fy post nizt 1 oW net

certainty
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strated hvphae i the sputum of paticnts sath cocerdiodal eavities as well
as m ther surgienlly removed specimens (Fig 11} * Mjyeehal forms
are most Iikely to be found on the surface of 4 ety wall or within the
necrotic debnis of a granulomt 1¢ not m the parenchvma of Inng tissue
but 10 the borderling zone  Sometimes both spherules and hyphal elements
are found m close approvimition At times hvphae contan intercalan
spherules Tike the culture spherules of Baker and Mrih - By the use of
cavities produced artificiilly 1 rats (p d and  granul
pouches) Wntht Newcomer and Stemberg cxpermentally produced
Lvphal forms m host tissucs ™ These ohsenations show that borderline
conditions m which vegetatie and parasitic phases devclop side by side
oceur niturally 1n ammal tissues as well as astifienlly in culture  The
surface of a pulmonry cavity 1s morc like the surface of 4 culture medium
than 1t 15 like the parenclivma of the lung the spleen or bone marrow It
15 to be expected that mycelia might grow in such 1 cavity and that hvphae
mught accasionally be found 1n 1ts discharges

L4
. S L™
Figure 11 Branching septate hvphae of Cocerdioides immitis 1 fresh sputum of a
patient with a cocerdioidal e ity of the Tung Hotehbass McManus stan  {From Fiese
Chen and Sorensen Annals of Internal Medicing 43 253270 August 1953 )

Just as some stramns tend more than others to produce spherules n
culture so some may possibly tend to produce hyphae 1 host tissues

The latter possibality 1s less susceptible to expenimental proof than the
former
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Gross Morphologic Characterstics

At room temperatures and on 2 wide v ety of Inboratory media
Cocardiordes grows faster than most pithogenie fung:  The thallus de
velops on solid media fter mocultion with matenal contuning sphenulcs
(esther tissue or culture spherules) endospores chlumydospores or arthro
spores  Growth 1s not clewrl) vsible until the thid to ffth dyw when
2 motst flae membranous colony apperrs  In the next fow dass a fluffy
white aerinl mycelum typreally dev elops looking much Iike the surface of
1 cotton boll At ten duws the by pieal colony presents 1 central tuft of
Byphae surrounded by 2 narrow zone of sparse growth and 1 wider zone
of thick tangled cottony mycelum (g 12) Enlwging gradully the
colony often fills 2 Petr dish n 1 month or so It grows 1 erther light
or darkness, with no consistent differences  As 1t ages at tums tin and
then brown and its surface becomes powdery with frigmented hyphae and
free arthrospares

Vanations Among Struns

Morphologic Vanation  As inferred previoush there 1s considerable
varnmbility i the morphology —both gross and microscopic—among diffcrent
struns of Coccidiordes ymmtis There 15 no evidence of sigmificint vam
tion m the nbigenic properties of the fungus even wlhen obtuned from
widely separated parts of the world so that there 1s no reason to postuhte
more than one species  The morphologs however 1s much less unform

Vartion withm 1 species 15 of course almost the unserst rule It
is well known that A arrtion occurs ¢ven i pure cultures of 2 single strun
of many funm  Cultures derived from scparate sigle spores of a4 parent
colony my differ morphologically

Baker Mrak ind Smuth reported strihing gross morphelo.te dnﬁ;'r
ences aniong 15 struns of Coccidiondes tmmtis from different parts of € u]
world**  Colomes ranged gradully from flat md smooth to comex me
cottons  Under the mucroscope there was less morpholo, :xrmm‘l:]
although severnl struns tended to produce  culture ﬂphcmh]\n n r:s
cultures  In the parasiic phasc there were no detectabl (I“lﬂ'nc
Antgenic chractenisties were hikewase apparently 1dentical m) 1" -

In 1 more comprchensive study of 47 struns of known pithegen ui
Incdman and her co workers demonstrited an even wider rnge nlf sl":;“sr
tion both grosshy and microscopically * - Some stramns pm;lmgﬂ {|z!m(
colonies or hvphae so bizarre that the morphology gave no hin ’n tete
dentits  Furthcrmore the confusion was multiplicd by the usc n’ ' I](m\
culture med On ene medm 2 steun mu bt produce 2 Bpics mmkm
whereas another medium wlich cwised no chinge n mast ]\l: ‘:‘;n:drr\
profoundly altcr the morphology or color of the strun nndc
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tion  Most struns on most media produced colonies which were at first
moist membranous and flit and which soon formed an abundant white
cottony cnial mycelum which became tan with age  About a third of

Figue 12 Cocerdioules mmitis A Culture on Sabouraud s glucose agar mineteen

days at room In young culture x 580 C

Arthrospore formation m old culture x 700 (From Conant et af Manual of Chrical
Mycology 20d Ed Philadelphit and London ¥ B Saunders Company 1954 )

the strains howeser produced mature colonies which were uvnusual 1n
color (yellow bege or dark brown) or m form (from flat and wet to
roughanddry )
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Under the microscope most strams showed varying numbers of the
usual rectangular or ovoid spores, aither free or 1n chuns  Some struns
however produced grotesque spores of v ined size A fow produced nonc
at all on any standard mediwm Al struns Milled muce and the spherules
of all loohed exactly lihe

Hampson showed that sporulition of certan struns 1s depressed 1f
screw caps mstend of cotton plugs are used on test tubes particululy if
meubated at 87 C mstead of at room temperature ®° Iriedman nd Py
pigiams hne demonstrated that sporulition is mhibited of peptone 1s 1n
cluded m the medwum®  Connt ind Vogel discovered thit Twecn-80"
as mentioned previously regululy depresses sporulation cipraty for
several generations and nduces some struns to form culturc sphorules
wstead of arthrospores 7

The vartbility among different struns of Coccidioides immitis presents
an obvious difficulty in diagnosis for morphologic charactenstics cither
gross or mucroscopie, cnot be entirely relied upon  The spherule 15
the only morphologically constnt cell  Defimtne dingnosis from the
mycologic standpoint therefore depends upon animnl moculitron nd re
covery of the charactcristic non budding doubly refractile endosporuliting
spherule

Varations in Pathogemcity  Although 1t 1s not possible to detcrmme
preasely the pathogemeity of different struns of Cocerdiowdes for the
human host constderable differences of virulence hwve buen shown in
expeniments with muce  Fricdman wd her co workers hue carcfully stud
1ed 27 struns of Coccdiowdes from different parts of the western hems
phere and from « varety of chmel types of cocardiodal disease I the
wy from mild pumwny pulmoniry micctions to fulmmating disscmm
tion>>  Virulence determmed by the relrtionslip betss cen 1 constunt dos
age of Coccrdiowdes particles nd the time of death vaned from 100 per
cent mortality withn 30 days to 100 per cent survnal through 90 dus
There appered to be no positive correltion hetween sirulence for miec
and that for men  The strun most lethl for nuce wis wolited from 1
patient with pnmary cocerdiordl ervthema nodosum from which recoveny
Some of the struns lowst vrulent for mice were deened

In general the more virulent strams wert
Most

w1s complete
from fatal human nfections
those whose hyphae produced tvprcal arthrospores on sohd mede
of the strams c¢ven those of low virulence were lughly mfectine

Physico Chemical Characteristics

Brochemical Charactenssties Culturl requirements of Coee wnde s
have heen farhy oxtensively studied for many vears Although there hine
been nunor points of disagrcement mong mycstigators knowledye 5 m

general certun
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Bang 2 fungus 1 ats natural stite it requures some sort of n orgamc
substritc or 2 substitute but very simple compounds will do It eannot
fix witro.cn from the nr but requires onls 4 small amount n the medium
ind 1 wide vanety of mtrogen contuning substinces are satisfactory —not
only protems but alse peptone urer amuno acuds anudes ammonium salts
mtrates and others ™ Amino acids and ammonium lactate but not urea
may be used s the souree of both mitrogen and ewbon at the sime hme *
Proteoly tic 2ctivaty ss moderate  MiIk 1s congulted wd peptontzed and
gehtin 1s hqufied n 1bout 20 duys™  kenttin (hair and feathers) 1s i
gested 1 Blood 15 hemolyzed  Mitrates are not reduced to nitntes *°
Indol and Indroyen sulfide are not produced from anuml protems 4
Ammonitis formed pacticularly i ned media ®

Curbon 1s likewise usuable from many simple as well as complex
sources—fats acetie actd and other orgame reids (but not formie) ammo
acxds and amides Inctates hevoses disaechandes tesncchansdes glucostdes
polsacchindes and aleohols 3 Not all are utilized equally well  Carbo
Indrates although good saurces of earbon are not required s such and
are not fermented with the production of acid and gas™  \agnesium
15 mdispensable ilthough sron m1y be omitted 7 Vitarmns and other
grow th factors are not required *1*

Physical Requirements  The vegetitine form of Cocerdiordes immitis
15 essentrally an obligate acrobe although st will grow slowly mn sem
anterobrsis ™ Tt 1s not fastidious s far as pH 1s concemned growing well
with 2 pH vamation of 2 to over 12 so that 1t can casily stand the extremes
of pH 1n the sotl It withstands drvng better than most orgamsms re
sistance to dessication must be an mportant factor in the disscmmation of
dust borne chlmydospores  Burke has reported 1ts solation from a seven
month old sealed microscope shide ™

Temperature tolerance 1s wide  Dry spores remam viable for at least
six months at —~15 C*"  Exposure to a temperiture of 46 C for two
hours docs not harm the fungus but 1t 1s hilled 1 4 minates at 60 C
nd 95 per cent of viable cells re Mlled at 52 C 1n two hours *7 Tt grows
at 22 C though not so wll as 1t does at 37 C About 30 C s optimum
for growth

In brief Coceidiordes tmmatis 15 not at ll particular about sts en
vironment exther chemical or physical It can subsist on simple organic
compounds and even on morgami compounds It will grow well on de
caved wood strps of carrots potitoes strips of eactus or even warm

motst soil remaming viable for long periods It 1s therefore ideally susted
for hot and elmatic conditions
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METHODS OF MCOLOGIC STUDY APPLICABLE TO
COCCIDIOIDLS IMMITIS

Although once 1solated Cocerdiordes may be grown with cwse s
culture cannot be approached casuallh  Unless properly respccted at 1
clusive and dangerous

Collection and Preparation of Spectmens

Concentration Procedures  Methods slightly different from those used
for bactena are required for h mdlmg cocadind ] materials Tt has long
been recogmzed that concentration procedures appropriate for the studs
of the tubercle bacillus are Jcth\l to Cocerdioides  Apcllo m 1 well phnned
quantitative study demonstrated that treatment of clincal speaimens with
sodium hydroude sulfunc nerd or tnsodim phosphate usually destrovs
Cocardiordes and severil other pathogenie fungi® Smuth has proposed
an alternatise method for concentrating sputum  gastnc contents or con
trmmated pus®’ The matenal 1s treated with cupric sulfate (005 per
cent solution final concentrition)  Gastric contents should previoush
have been neutralized  After 1t has been nllowed to stand for 4 hours
the suspension 15 centnfuged The sediment mm be exinuned tmmeds
ately under 1 cover slip my be cultured on selectne medin or may be
moculated into a gumen pig

Alkiline digestants are sometimes useful i prepiration for direct
microscopic study even though they Ml the orgamsm Cover slp prep
arations m1y be made by mrang 4 drop of pus with a drop or two of
sodium or potassium hydroxide (10 30 per cent ) For Iarger unounts the
matensal may be placed together with twice the amount of 4 per cent
sodium hydroxide 1 1 50 cc centnfuge tube which 1s put m 1 hothng
water bath for five minutes and stirred ocetsionalls with 1 ghss rod It
15 then centnifuged for 20 minutes  The supcrmtant flud 1s decanted and
the sediment resuspended n 2 cc of distillcd water A Toopful of the
muxture 15 studied microscopically under 2 cover shp

Sputum  The most uscful speamen of sputum for mvcologie studs
1s often one collected soon after the patient w thens i the moming for
it represents pulmonary sceretions iccumulited durng the mght "’IT
helpful if the patient clenses the mouth and tec th befare produting lul-
spectmen It must be certan that the matenal comes from the lungs {-m(
not from the mouth or nasopharmyy  Severtl vens deep breaths w il ollu;
cause the patient to cough up sceretions from fir down n the Ir;onc it ‘1
tree  Sterhzed Petn dishes are much better than the common xmpx!ﬁ
sputum cup for collecting the speeimen Maternl pmducu'l] I.’;: : :Il,l:‘ﬂ”]
paroxysm of coughing 1s fir more kel to be dignostic th
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colleetion of salnv 1 food particles and misopharyngeil hawkings  Positive
samples are often Cisily obtuned after scveral fulures if the physician
humself will supervise the collection

Discharges  Cocerdiowdes ¢ usually be recovered from purulent
lesions espeenlly of previously unopened wd uncontumnated — Spherules
are often seen 1f a drop of pus is mixed with 1 drop or two of sodium or
potassium hydroxide on n glass shde covered with a cover glass and ex
amincd under subdued hiht - Even if the Iesion 1s contaminated  the fungus
can be selectinely cultured on cyeloheumide medum

Gastric Washings  Gastric 11 1ge 15 not often erther necessary or
helpful In svmptomitic pumary coccadioidomycosis serologic tests usually
gine the answer so that even sputum studies may not be necessary  In
disscmunated disease the penpheril lesion 1s almost always productive of
diagnostic matenal - In residual pulmonany envities sputum studies usually
suffice  In solid residual pulmonars lesions where help 1s most often de
sired naither sputum nor gastric washmngs are likely to contain the fungus
Consequently the ran¢ of usefulness of gastric lavage 1s not wide Fur
thermore 1t v not so likely to be productive of the causatine organism
as it 15 tuberculoss  Coccrdiordes 1s digested by gastric juice more
readily than the acid fast orgumsm so that even if any fungus elements
remun at the time of aspiration they soon disappear unless rapidly cul
tured  Usunl concentrition procedures ns mentioned above destroy Coc
cidioides  Nevertheless gastric lnvage 15 now and then effectne so that
it may be worth while in some cases of undiagnosed pulmonary lesions
to culture gastrie aspirates on mycologic media as well as on media used
for the tubercle bacillus  The cupric sulfate method of Smith may be used
for concentrtion

Bronchial Washings  Matenal obtmned durning bronchoscopte pro
cedures m1y also be cultured for Coccidiordes immitis

Bropsied Tissues  Surgically remosed specimens may be staned by
the methods heretnafter described and mav be cultured or moculated into
ammals  Bun has deseribed the demonstration of the fungus ina surgically
resected lung specrmen which was ground m a mortar digested with two
volumes of 4 per cent sodum hydroude for 30 minutes neutralized to pH
7 with 8 per cent hydrochlonc acid and centnfuged The sediment con
tained many spherules *°

Spmnal Thud  Even in known cases of cocadiodal meningitis 1t 15
notorously difficult to culture the organism from the spmal flmd  Centn
fugation may help to concentrate organisms and mike culture more bkely
Wayne and Juarez have deseribed a method for isolation of Coceidiodes by
use of a molecular filter membrane® ™ The suspected spmal flmd 5 to
15 cc 1s passed through a stenle membrane (47 mm gnd marked HA
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type Millipore filter, preferably blrek m 1 Peren filter holder®) and fol
lowed by a 10 cc stenle distilled water wash  The membrne 15 then
placed on bram hert mfusion agr moculated side up in 4 serew cxppcd
2 ounce v The jar 1s mverted screwed nto the cap m which 1s 2 stenle
bibulous prper disk wet with 2 cc of water and meubated it 37 C or
at room temperature  Colonies e detectble in 3 to 6 duys

If anfected spmal flud 1s Jeft at room temperature in 2 cotton pluged
test tube for « month or 50 1 cottony grow th often appers on the surface ™

Sod  Study of soil 15 of cprdemiologic not ehnieal sigmficnee but
the appropnate methods will be mentioned here  Stewart wd Mover
who first successfully 1solated Cocordiordes from the sotl mned soil wnd
brme mnto 1 paste which was allowed to pereolite mto 1 il narrow
eyhnder contumng 30 per cent st solution'  T'ungus sporcs rosc to
the surface  Diluted supernatmt flud was centrifuged and the scdiment
mwoculated mto guinet pigs or cultured on 1 scletin e medium

Ayllo ind his co workers® ® have deseribed v modificition usmg eur
rently waihible antibioties  About 10 Gm of soil »s suspended m 80 cc
of physiologic sahine contuning 5000 units of pemeillin and 1000 umts
of streptomyemn per ce The solution 15 stirred sigorously wd Wowed to
scttle for wn hour 1 ce hquots of the supcrnatant fluid are thon myceted
mtrapentoncally anto each of 4 mice  After aght weeks the muee we
saenificed and portions of Inver and splecn tnoculited mto tal ¢s of neatra
peptone dextrose agar which e observed for s weeks

Atr On at lenst one occasion Coccidrordes s been recovered from
dust Iiden ur usimg an Anderson sicve sampler m which ur home pir
ticles were impiged dirceth on the surfice of modificd Sibournds medin
n Petrt dishes

Direct Microscopie Obseryation of Infected Material

Although study of fresh unstuned sputum or other miton iy s often
wnrew wding nd wdenpificstion wsudh ruquires culture md ummnl moct
Iation somctimes the tpic il spherules of Coccrdioides e found by dmlcl
microscopic exunmation I cases of pulmonin cwitation there miw b
found 1n the sputum tiny flcchs not unhike the “sulfur gr wales of wtimo
mveosts which under the nueroscopc ¢ scen to he tingle & manes of
hvphie  Although Ukilme digestion mikes 3 speamen amsint thlc {n]r
culture  somctimes troatment with sodium or potssumm Indroude ux(‘
centrfugation makes it possible to find Jdumps of sphtrules m mnlll’m'(,
speaimens A fage volume mas be digested wd eontrifuged o des r; );«
ahove or A drop or two mu be mined with sodmm hvdroudc on 1 shde

*\likpore Filter Corporatin Watrtown ~2 Mass rchusetts
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Durcet meroscopre obsery ition 15 also made possible by microculture,
1 rapid method for dignostie study of myvecdnl growth A drop of purulent
mitenal 1 mixed on 4 shde with a drop of sahne and topped with 1 cover
shp which 1 nmmed with v iseline  Lxummation dunng the next 24 or
48 hours will show the sprouting hyphae of Coccidiordcs ymmitis which
ean be triced brck to the parent spherule or codospore  In once refinement
of this method 1 fcw drops of Stbourwd s agar m1y be poured on a shde
llowed ta sohdify moculited with 1 loopful of material and covered as
above ** In mother modificatson germmtion of spores cw be followed
1 hngmg drops m Van Tieghem cells contammg a hiqud medinm * 1

Spherules cn be mde to stand out more clearls by addmg, cqual parts
of saturated solutions of wdine and Sudwn IV ** Spherule walls hecome
gradumlly daker 1s wodine 15 absorbed ind Sudwn 1V helps differentinte
fat globules from them  Lactophenol cotton blue my 1o be used s for
wthrospores

Culture Methods

Glasstrare and Contamers  Most of the historie studies of the mor
phology of Cocerdiordes mmutts ke becn done i Petn dishes m which
colonil chartctersties are so beautifully demonstrated  The Petni dish
1s still unequalled for research purposes when morphologic defimtion 1s
cntical  Mamy hboratories hawe lon,, used Petrr dishes for routine clmieal
work without meident  Howerver beetuse of the erse with which Petnt
dishes may be brohen some mvestigitors warn agumst therr use and
suggest the substitution of test tube slants or the even less fragile medieme
bottle or screw cip jar A test tube need not be opened after myveehal
growth has begun if a needle 1s thrust through or by the cotton plug m
order to introduce materitls or remove myveclnl suspenstons 7 Rubber
stoppers rubber diaphrigms through wlich ncedles may penetrite and
screw eaps are frequenthy used with success but Hampson has shown that
varrtion m colomal morphologs often results from tight closure of bottles
or test tubes *

Culture Media  Because Cocerdiordes grows so casily on almost amy
thing scores of artfictil media hne heen described for use 1n ats culture
each purported to have n prrticular excellince  Because various media
have been constructed to fulfill different purposes they cannot be compared
willy nilly  One medum may optimally il 2} the brochemical require
ments of Coccidiordes imminis thereby giving luvuriant growth while al
|0\v1ng many other orgamsms to flounsh s w ell  Another medium may sup
port Coccidiordes immutis parsimomously  but may support other fungi not
at all having the advintage of selcctivaty  Other medin m1y promote
safety of handling lthough in them morphology 1s less charactenstic
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Another m1y have the ady antage of sy walability in laboratories any
where  Stll others may fulfill peculiar experimental ums—such as the
propagation of the spherule phase m vitro  Several medin answ ering dif
ferent needs will therefore be described (1) standard laborators medin
readily avulable everywhere (2) medn designed to promote optimal
growth of Coccidiowdes and to provide standard conditions for mycologie
study (3) selectiv e medin for 1solation of Cocerdiordes from contummated
matenls  (4) hqud medin for safe propagttion of Coccudioides and (5)
speeralized medin for expersmental 1 estigation
(1) Standard laboratory media
(1) Sabourwds Dextrose Agar easily 1 ulable evervwhere 151 good
medium for Coccrdiordes but 1t also supports mam other orgamsms  The
standard preparation contuns 4 per cent dextrose  Roesslcr found that
1t 1s mproved by reducing the dertrose to 1 per cent nd rusmg the pil
to7247
(b) Bedf mfusion glucose agar blood agar, potito wgar and other
routine medin re also usable  Friedman ind Pippagiams hwve noted that
m media contaming peptone  Coceidiondes grows well but sporulates
poorly ¥
(2) Media designed to promote optumal growth of Cocerdiordes 1m
mtis and to provide standard conditions for its study  Stewart wd Mever
have proposed that medin should be chenuenlly defined so that morpho
logical and physiologieal charactenisties mav be referred to w emiron
ment that can be duplicated anvwhere ™ Bram heart mfusion 1gar s
1 satisfactory medium promoting ripid colomal growth  Excellent spore
preparations cn be made on agar contumng 2 per ccnt glucose md 051
per cent yeast extract (Difeo)
(8) Selective media for isolation of Cocardiordes mmmitis from con
tanunated materials
(1) Smths sclectne medum supports Cocerdiordes sc wbly but
other bicterin nd fung of animal origin grow hardly at all** Other sotl
fungt may grow as well as Cocadiordes howaver so that 1t 1s not uscful
for 1solatmg Cocctdiondes from soil
1 per cent ammontum ¢} loride
1 per cent sodiim Acetate
08 per cunt tnbasic potas fum phospl 1te

2 per cont agar
Autoclnne at 15 lbs pressure for 10 munutes Jo t before pounse nic

Petri dishes add 004 per cent cupne sulfate

corg Ajllo ind Cordon is one
bocuse 1t selectinedy solites

1 other bactersy and siprophytic

(b) The cvclohexinude medium of C
of the most useful media for routne use
Cocadiodes pnmitis from amontg; almost Al
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fung ®° 1t contamns pemerllim and streptomyen to mbibit bactena and
cyclohicainnde (Actidione®) to nhibat othcr fungr  Even lugh concen
trations of ¢yclohcamide retard the growth of Cocerdiowdes immitis and
some other pitho_cns only shightly where is saprophytic fungu are therely
almost completely mhibited

Sthouraud s d wtra ¢ agar qs

Tenalln 20 umts per ml

Streptomytin 40 umts per ml

Cvell eumide 01 mg per ml (For 1awily contammated materl 05

mg perml or 10 mg permb may be used )

(4) Liguid mcdia for safe propagation of Cocadiodes  Although
the charictenstic colony of Cocerdioides immitis 15 obtuned only on sohd
medin thar advantage 1s considerably lessened by the danger of handling
culturcs contammg the highly anfectious 1enal myceln  Ligmd medin
propagate the fungus m 4 form which e be safely handled and can be
mjected snto animls for spherule identification

After trying more than 200 different combinations of synthetic ma
terrls Roessler and his co workers*' proposed the following as a supenor
medium AHPO 015 M KRHPO 0015 M MgSO 0008 M NHCHO
008 M glucose 2per cent  1or 1 natural medum they proposed  peptone
1ptreent glucose 2 per cent MeSO 0008 M RIIPO 0015\ KHPO
0015M zinc 2 ppm  plasmolized veist 01 per cent

(5) Specialized media for experunental meestigation  Because so
many substances have been tried for vanious purposes this type of medi
will be illustrated only briefly

A number of methods huve been proposed for the production of
spherules from myccha i vitro one of the hest being that of Lubarsky and
Plunkett ** In thesr mediom they observed profuse growth of spherules
without germmation or mycehal production

Stenle Tyrod s solution 4 parts
Stenle roost r serum (from a 79 1b young cockerel} 2 parts
Chick em! 1y0 extract (9 duy old embryos pt lvenzed fn a Waring

Vlendor with addition of 02 <¢ Tyrodes solution per embryo) 2 parts
Sol tion Kltered through a Scitz flter  CO—0O (767 per cent to 233 per
cunt) bulbled throigh tle mi ture at intenals (04 L over a penod of
1 1oty at abo t 12 hour intervals after inoculation with mycelial elements
of Coces holdes immutis )

Other methods for propagating spherules m vitro have been described
by MacNeal and Tavlor * Lack  *¢ Baker and Mrak ** Conant and Vogel
Burke ® and Converse ® °

Culture Identification  Identification of mycelia may be accomphshed
by morphologie study of the hyphae and confirmed by anmmal inoenlation
In making mycehal suspensions care must be taken to prevent atmos
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pheric dispersion of the spores It 1s unwise to open the contamer to
pour hquid on the colomv Salne, m1y be mjected through or past the
cotton plug of m 1gar shnt with 2 synnge necdle through which the sus
pension m2y be withdrawn after the my celinl frrgments e mived

Tor morphologic idcntificition 1 drop of the mycclnl suspension 15
mixed on  shde with 1 drop of Ictophenol cotton blue md the, prepant
tion 15 studied nucroscoprenlly for the barrel sh wed arthrospores wd 1l
ternating empty cells of Coccidiowdes

Lactophenol Cotton Blue Stan

Thenol erystaly 20 Gm
Lactic aad 20 cc
Clycerol 40 ec
Dustilled water 20 ce

Dissolve Iy haating genth under 2 hot water tap  Add 005 Cm
cotton blue

Precautionary Measures The dunger of lboritors mfcctions (sec
Clipter Iine ) must color iy discussion of my colowie procedures apphicible
to Cocerdiordes The only theoretically certun presentne mewsure would
be for Ihboratories to refuse to deal wath the fungus thus depriving the
clinierin of mmportnt ditv - Unfortunatel  «ven such 1 ngd prictice
ma ful for hboratory personnel mw handle Cocerdiordes unw ares

Vauous mesures have been trhen to mmimmze the dwger  After col
Ieagues m distwnt parts of the same bwlding hnd been infected C T
Smuth ecised growmg the fungos on sohd medin m s hiborstory 1t hiss
even becn suggested that Cocerdiowdes be hmdled only by personned known
to be immune and then ondy i 1sohited buldimgs bared to Wl others  In
the Iiboratory of Looney wid Stun it was forlidden that suspiaous cul
tures be opened until autoclwed Keency of Johns EHophms designed
A stunless steed bov wath 2 plate gliss top and trmholes fitted wath Jonz
sleeves of rubbenzed sk tammting i gloves ¢ Smuth preforred 2
chumber suilar to that desenbed by Mover for use with plague hedh®’
Bactenologie hoods arc often used 1w dded precwtion bang, the exhims
tion of the ur through n memeritor ™ Gowns gloves ind musks 1re r
qured m some Iborttories althouzh Tosie ind cxperience prove gwze
mashs 1 feeble defense for mfcctions hauve been equired despte their
use ¥ ¢ Petrt dishes we genenidly prosenbed for routing cultures of
Coccrdiondes lthough in laboritories where they are wsed with can and
diserction they have not been an undue hzard

In 1 Iiboritons where Cocadiordcs 15 comstantly handled my col
Teagues e sucecssnlly used the followmg, method A sohd medam s(l
Ieetineds promotin,, Coccrdiowdes 1+ moculited ind the culture s x nmm;xl
duls thereafter As soon 1 1 flit membrnous colony 1s vistble ¢ laaplu
of maternl 15 trinsferred to hqud medin At this stige about two dns
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after moculition the colomy 15 still moust and veasty the micetious acnal
myveehum not vet huvng, devddoped  After trinsfer the ongmal culture
1s immeditely and permanently sealed with scotch tipe but 1s observed
Tong, enough to llow identsficition of the colomy hefore 1t 15 wtoclved

Such 1 method 1s advisable only when pursonnel are constntly alert
to the daner  If the colomy s tllowed to develop too long before the
trnsfer 18 made nfeetious spores will of coursc be present Tt 1s not
for the ummittated A simular proccdure has been descnibed by Cratz and
Puchott ™!

Preparation of Cultures for Cross Demonstration. When desired for
gross demonstration eultures of Cocerdiondes should be mctited or 2
non puthogeme simult such 1s Qospore should be used  Cultures may
be lalled without signuficwtly altenng therr gross apperance by suspend
g them above 25 50 c¢ of concentrited formaldehyde m n closed con
tamer for 24 hours at 37° C or for 1 week at room temperiture** Des
sicators or v other tightly closmg jars m1y be used  Petn dishes are
verted above the flud  The formaldchy de odor may be dissipated by lean
ing the dead culture exposed to room atmosphere

Ammal Incculation Methods

One cubic centimeter of the my celinl suspension or suspected spherule
& g matenl 1s latcd intraper iy nto cach of four mice
or 01 cc mtratesticularly into gume prigs  Tween 80 15 sometimes added
to the moculate  After 4 to 6 duws spherules can be demonstrated m pus
from the resulting orchitis or peritomtis  In 10 to 14 dws mice succumb
with lesions of the lungs omentum spleen and at the pont of mocula
tion  Histologie examination reveals the tvpieal endosporulating spherules
of Cocaidiordes

Refinements of moculation procedures for quantitatne studies of viry
lence have been proposed by several mvestigators  Strauss and Rligman
found that rapidly and umformly fatal coceidiondal infections were pro
duced if suspensions of Coccudiordes m dilute hog gastric mucin were
jected mto mice ¥ harrer noted that mtracercbral moculation of mice
was more sensitive than mtrapentoneal because the latter required such
Targe doses of the fungus” ¢ nedman and her co workers however dem
onstrated that accurate determinations of virulence could be made by
intraperitoneal njection 1f measured numbcrs of viable particles of Coe
aidiondes ymmitis were used ® ' Myceha were brohen and evenly dispersed
n saline by mixing for six hours 1n a flask contamng, glass beads  Counts
were made by moculating pour plates with the suspensions  Stock salme
suspensions stored at 4° G to mhibit germmation were diluted to the
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pproprinte concentration of fungus particles By this mens doses of 100
wnble particles could be myected when desired

Tissue Stuning Methods

Although stunmg with hematowyIm and cosm will sometimes demon
strate Cocerdiondes at often fuls to provide the destred contrst between
prrasite and host tissues  The perodic acid Schuff techmgue m the Hoteh
liss MeManus ° or Gndley™ modifications 15 supertor (g 13 Patho
geme fung: contun certun curbolndrates mucoprotems nd glvcoprotemns
which e oudized by penodic 101d to Aldehvdes which m tum form
colared compounds v ith the Scluff reagent
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Figure 13 Scctions of 2 chrome coccidiodal ety of the lung ’Lc[l . st u(.lu;:‘u':’cll:

hematonn hn and eosim shossang hittle but caseation necrosis Right ; m‘l: A

Hotchhass MeManus technigque with the same magnificition shmnn,g ;(‘,u :l e

of mveelum  (From Scabury Peabody and Libaman Diseases of the Chest -
Joomany 1934)

The more recently published Grocott silver stun ® pmlm:lur(t:"(':cltul
even the panodic acid Scinff techmque  The nne kh(ln mnnilsns‘x‘ s
proccdure ongmally desipned by Comon 1s 1 histoc] l('mn: e
cogen and mucin was adipted by Croentt for m\ml:;'.,x;‘ s:lm o
Inlt; nded primanly for photonucrogr aphs at hns’:h":’u \'“u :d‘ O
ard procedure 1n some mycologie Taboratonies
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the Hotchhiss McManus and Grdley stamns are ats simpheity and depend
ability ats sharp black and white delineation and 1ts use of more stable
solutions  Spherules and endospores of Cocerdiondcs stand out sharply
mblck (Fig 14) Individual endospores are sometimes found when other
stuns gne negatne results

A simple techmque using Puker 51 Fountain Pen Yok has been de
scribed by Sorensen Tiese and Cheu®  Although less preeise than the
penodic acd Schuff or Grocott tecl 1t has often d ated Coc
ctdiordes when routme stanmg methods have failed
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Figure 14 Spherule of Coccidiowdes 1immitis human lung  Grocott silver stam
(Gomon s meth sibver § (Rey Y p
American Journal of Clumical Pathology 25 975 979 1935 )
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hkiss MeM Stam (7 dic acd Scluff tech )
Fix tissues in any routine fivatne
Process embed in parffin and section

[Ey

from Grocott
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8 Deparffimze n vy lol
4 Immerse m absolute ~lcohol
5 Rmsen distilled w 1ter
10 ngmll;:sxnersc two shdes sunultaneously 1n 1 per cent periodic rend f
7 Rmse m t1p water
8 Immerse for 2 mmutes m this solution

Bisic fuchsin 01 Cm
95 pur cent leohol 5wl
Water % m

9 Washm tap water
10 Immerse onc shde for 10 mmutes and the other for 30 mmutes
n this solution

Zme hydrosulfitc 10 Cm
Tartanie aad 03 Cin
100 m!

Water

11 Washan tap water for onc mmute

12 Countcrstun with Iight green or with saturited aqueous solution
of pienic 21d for two minutes

I3 Rinsem trp water

14 Dehvdrate clear md mount
In scchions thus prepired walls of spherules and endospores stun

brilliant red

Gridley s Stan (periodic acid Scluff and Comori's aldehyde fuchsm

stamn)
1 Fix tissues mn any routme fivatne
2 Process embed i paraffin and scction 1t 6 nnert
3 Affi to shides with Muers egg lbumin wd dny
4 Deparaffimze to distilled water
5 Immcrse s o per cent chromic wid for an hour
6 I("ISL n l'll""ll]g t lp witer rnr 5 nnnttes
7 Immcrse i Colemms preparition of eulgen raagent for 15 min
utes
B ic fuchsin 1 Cm
200 ml

Botne, water
Ihssolve flter cool
Foty sutn mchil ulfite 2 m
1N bydrx hnc aend 10 m
Let FT ach f £ 24 hours

0,0

Actnttead carlom
S1 ke for Dgnanut Bt rthrond cnar paper
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§ TRumse 3 times m sulfurous 2ad ninse 2 minutes exch

10 per cont sodwm metals 1 1fte 6 ml
1 N hydroct be acid 5l
Distilled water 100 ml

9 Wash in running tap water for 15 minutes
10 Immersc m aldchy de fuchsm solution for 15 minutes

Basle fuchsm 1 Gm
70 per cent ethyl aleol of 200 mb
Paraldel 3 de 2 mi
Hydroct lone acd 2m

Ke pin refng rator for 3 diys until d ep blue

11 Rmse off excess stam in 95 per cent alcohol
12 Wash wellin water
13 Counterstam in metaml vcllow solution for 2 to 5 minutes

Metanul yello v 025 Cm
Distlled water 100 ml
Clacual acelic aad 025 ml

14 Washn water

15 Dechydrate clear and mount

Wath this techmque spores and hyphace are both well staincd  Hyphae
stan deep blue and spherules decp rose or purple a,unst a bright yellow
background

Grocott Silver Stam (Gomori's methenariine sdver technique “GMS
stamn™) "

Solutions

1 Fue per cent 1queous chromic acid (chromium troude CrO)

2 Stock methenamine silver mitrate solution  Add 5 ml of 5 per
cent AgNO to 100 ml of 8 per cent methenumne U § P grade (CH ) N
A white precipitate forms but immediately dissolves on shaking  The
clear solution remans usable for months at refugerator temperature

3 One per cent aqueous sodium bisulfite (N2HSO )

4 Five per cent aqueous borax U § P grade (NaBO 10HO)

5 Onetenth per cent aqueous gold chlonde (AuCl HCI 8H O)
This may be used repeatedls

6 Two per cent rqueous sodium thiosulfate (NaSO 5H0)

Procedure

1 Deparaffinize sections i xylol and run through aleohols to water
Smears are prepared on albumm treated shdes and fixed 1 95 per cent
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alcohol  Shides previously stamed with hematovylin and eosin mas be
used by removing cover glisses m wlol and runnmg through leohobs to
water  Subsequent chromic acid treatment will remove my remaining
stam

2 Hydrated sections and smers we oudized m 5 per cent chiromie
acid for 1 hour washed n running water 10 mmmutes and then treated in
sodium bisulfite for 1 minute to remove 1y residunl chromic aeid  They
are then washed n t1p water for 5 mmutes and finally in 8 changes of
distilled water

8 Silver at 45 50°C m 2 worhing solution prepared by adding 23 m!
of stoch methenamme silver mitrate to n equal portion of distilled water
contuning 1 to 2 ml of 5 per cent borax  Fungt and muem will beam
to stun vellowish brown n 25 to 30 minutes and will be adequately stuned
at the end of 1 hour Shides re then nnsed in distilled water 2 or § tmes

4 Tone m 01 per cent gold chlonde for 5 nunutes  This will lso
bleach the background  Rinse in distilled water

5 Remore unreduced siher by treating with 2 per cent sodmum thio-
sulfate for 1 or 2 minutes and after washing thoroughly counterstun 1f
desired  Aqueous safraun my be used of 1 red nuclear stun 1 desired
or 1 hight hematowy lin eosin combimation mv be used of tissuc detul 1s
important

6 Dehydrate clear ind mount 1s usual

Results

Fungy are sharply delmented n black with the mner parts of myedia
and hyphae stamng n old rose as a result of tomng n gold  Muan lso
assumes a rose 1ed color 1s 1 result of tomng



Chapter Four

Geographic Distribution of Coccidiordes
mmaitis

Aethnds of Geographic Study
North America

Cabforma

Anzona

New Mewco

Tevas
Nevada and Utah
Other States
AMevicr

Central Amenca

South Ametica
Argentina
Paragniy
Bol 1
Veneziela
Urugwy
Chile
Brazil
Ecuador

Europe

Afnca

Asia

Other Parts of the World

The st two reported cases of coccidiordomy cosis roughly ndicated the
man areas of endemicity of Coccidiordes immitis—the Gran Chaco Pampa
region of South America and the southwestern Umited States  The bound
anies of the endemic zones have been more precisely dehmited but with
only two or three exceptions no new areas have been discovered  Except
for Venezuela Cenh'al Amenm and Mexco endemicity has not yet been
proven elsewt m other parts of the world appear
to be “imported” or due to transport of the fungus by formtes
53




Cocardioidomycoss

COCCIDIOIDOMYCOS!S
ENDEMIC AREAS

Uneartaln boundartes \\\\\\

Figure 15 Map showng approumate boundanes of e where Cocesdiorde s immitts
15 known to st in North Centrd and Sonth Amenica
METHODS OI' GEOGRAPHIC STUDY
Therc are sevesal wavs by which the presence of Coccdonde s smmtis
m1y be demonstrated
(1) Isolation of the Fungus from the Soil  Trom the theorchic stand
It w s suceessful on

pomt this mcthod would apperr to be most valid
three hustonc occastons (Stewart and Mever 19327 Duns Sunth and
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Smuth 1942%° and Emmons 19423) and has recently been adapted to
experimental ecologic study by Lgcberg Ely Lubuwshy  Plunkett and
others It 1s currently vielding much worthwhile information especially
1 uninhabited areas

(2) Identsfication of Cocerhiordes immtis 10 Wald Animals  In de
fining the endemiaaty of a given aren this method 1s almost as conclusive
as the first It was first employed by Emmons who demonstrated the
fungus 1 vanious species of wild rodents m the southwestern states®” %!

(8) Hdentification of Cocerdiondes immitis i Domestic Amimals  This
method 1s less conclusne than demonstrition of the fungus in wild ammals
for two obvious rcasons  (a) stock ammals and pets may be transported
from one area to another and (b) they are exposed to fomites at least
as often as their human masters  Strww used for beddmg hay and even
the dust on other ammals have been imphicated 1 cascs of ammal coc
adioidomycosis 1n non endemic areas  Nevertheless because of constant
governmental mspection of crcasses 1n abattours cocerdiond il lesions have
been found in sufficient numbers to be statistically sigmficant

(4) Morbidity Reports of Human Cocadiordomycosis  These were
the earhest clues to the distibution of the fungus and are still 1 most 1m
portant source of information  Early reports concerned only the secondary
form of the discase—as ndeed they still do except n the southwestern
states of this country  In other states and countnies reports with few
exceptions still concern cocerdioidal granulomt or residunl pulmonary
lesions  In southwestern states reports of primary cocaidioidomy cosis are
more important m locahizing, endemacity than reports of secondary forms
Primary coceidiordomycosis 1s closely related chronologcally to exposure
whereas cocerdioidal granuloma may be dingnosed so long fterward that
the site of exposure can be inferred only 1n retrospect

(5) Cocardiordin Skin Testing Surcey  Mass population survey by
this means 1s a most useful epidemiologic method ~ Furst applied m Cali
forma 1t has now been used 1n many other states as well as 1n Europe
Central Amenica and South Amenca  School children college students
hospital patients and groups of employees have been most often studied
Possible sources of error which have to be evaluated are (a) cross reac
tions with other antigens known and unknown and (b) previous travel
or residence 1n other endemic areas

(6) Skhin Testing Home Grown Domestic Animals \Maddy®*® has
developed one of the most precise of all methods by slun testing home
grown cattle 1e cattle who have never been taken more than a few
hundred feet from the spot where they were bom  Already he has apphed



56 Coccihordomycoss

it extensively i Anzon and some of the adjacent arcas It promnes tq
define not only endemic are1s in general but also small pochets” of Jugh
nfestation within general areas

NORTH AMERICA

The North Amenicwn habatat of Cocerdioides tmmitis i ols es parts of
the Amencan stites of Calfornt Anzonn Nevida Utah New Meueo
and Texas, ind the Mevican states of Bajr Califorma Sonor: Chihuahua
and Corthwilr  The area 1s roughly co termmous with the Lower Sonoran
Life Zone the eastern half of which mcludes Cothwlh Chihwihur and
and west Texs whence its Rio Grande and Pecos Valleys reach north
ward mto New Mevico The zone 1s mterrupted by the continenta) dnide
to begin agamn in Anzona and Sonora sprending over the descrts af southern
Nevada southeastern Ciliforma Bajx Calfornnt and the San Jorqum
Valley  One narrow arm follows the Giand Cinyon of the Colorido nto
northern Arizona and nother follows the Virgin Ruer mto southwesten
Utih around St George

Calfornia

In the exrhest North Amcricin paper on cocardiodal disease Ridford
correctly surmsed that the S Joiquin Valley was somehow associated
with the infcetion although he hid then secn anhy two cwes  Spe Whing
before the Californin Academy of Medicme m 1894 he sad

Dr Thornes patient wis a natie of the Azores Ishinds but had re
sided here 14 vears My patent was also 2 natine of the Azores and had
Iived here seven yews  Both were proviously healthy and worked 1 the
San Jorquin Valley for some time before the trouble began My pitient
had 1lso worked about the docks i Port Costy and San Frinusco m un
Inading ships many of which ¢ ime from the tropies It was thoutht possibte
that the ifection was wcquired an the hold of one of these vessels Howerer
since two cases e ocourred here both huling from the Sm jowun
Villey 1t myy be that the ongin of the mfection 1s nearer home

Cleven yers hiter Ophuls opened s 1ddress before 4 section ?f lll("
Amernican Medical Association with these words  We hue Cail on;‘l‘
a pecubiar form of oidionivcosts of which so fir no cues hne b(‘“ém
scribed an people who have not been m our state exeept the ey
e w Buenos Asres™*t .

Bifore long the gmgnphm! 1ssociation w s so well re mf,y.n/gl ::;11(
coccrdiondal grinuloma was often eilled the E'lh!f‘m]');m Il)m Nm"mm n]”"

when o
occrsion an editor] storm crupted m Bihers "1‘ s w
pomud the disease ¢sen further by calhing ot the
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diserse  Dr Joe Snuth of hern County recalled that on this occasion
the cditor of Tie Bakersfield Cahforntan firshly eriticized the State Bord
of Henlth for this “mfamous adscrtising of our fur valley »

At the present time the areas where Coceidioides eusts re fairly
accurately known although question still remains concerming certam bor
derline aities and towns  In brief outlme the arex includes the San Joaquin
Valley decreasing from south to north the neighboning counties across
the mountauns to the west and south and the desert counties borderng on
Anzona and Mevico  In all some 17 of the 58 counties 1n the state have
been implicated

San Joagum Valley The vast Gentral Valley of Califormia 1s one of
the most fertile areas in all the world A great longitudinal trough about
450 mules long and 50 mules wide 1t contams two thirds of Califorma s farm
lands  The nearby Pacific Occan and the protecting mountums low on
the west and towering on the est give the valley 1 umform climate with
hot summers mild winters and 1 low 1verage annual ramfall confined al
most entirely to the winter months  The level floor 1s formed of a great
many alluvial fans lud down by strexms nd nvers ongmating i the high
Sterras and other ranges of mountains  Under the alluvial plain 1s a thick
sedimentary blanket source of prohfic ol dep a of geolog
ages when the sea covered the valley The Sacramento River draming
the northern half and the San Joaqum Ruver dramning much of the southern
half umte to enter the Swn Frineisco Bay  South of the San Joaqum
watershed proper although still m the San Joaquin Valley there 15 a
system of intenor dramage where the kings and hem Rnvers enter Tulare
and Buena Vista Lakes

Not many generations ago the San Joaquin Valley was but a desert
through which great mvers flowed unused Diversion of the waters mto
complex imgation systems has transformed the desert nto one of the richest
agnicultural areas of the Umited States producmg, cotton grapes wme figs
peaches citrus fruits and many other crops

The southern and western part of the valley has long been an m
portant source of petroleum and natural gas  On the eastern side m the
Tap of the Sierras 15 the Orange Belt” nich with aitrus frmit  The valley
floor supports the fruit cotton and grapes which have made it so wealthy
All or parts of eight counties form the vailey proper—hemn Tulare Rings
Fresno Madera Merced Stamslaus and San Joaquin

The endemicity of cocardiordomycosis 1s hughest n the south and
tapers off toward the northern part of the San Jonqumn Valley ke
Countv 15 most highly endemic followed by Tulare Rings and Fresno
counties North of Fresno endemucity 1s spotty on the east side of the
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valley but on the west 1t continues s far north 15 Tries m St Jorqum
County  On the west nd south 1t spills crass the Cost Range mto S
Bemto Monteres, Swn Lms Obispo Swutr Barbarh Ventura and Los
Angeles Counties

hern County  hern County 15 the aren par excellonce for the study
of cocaidioidomycosis It wis there that the reltionship between Valley
Fever md cocaiciordnl granuloma w s worked out  Mare clinteal studies
of the disease hv e come from the prctieing physicians i Bakersficld than
from any other sumlr group  Obscrvations long taken for granted m
Rem Counts prosohe great interest csewhere  As Helen Mackler put it
World War I brought 1 swarm of ease reports from the multitude of meds
1] people trinspluted from rescarch centers to unhappy loerlization m
desert truming camps  Those of us who Ine 1n an aret where 1 ease ex
perence of 500 patients 1s not too unusual may sonle at the exatement
which 1m ests some of these mdnsdual cases ™

hern County 1s the site of conjunction of the three mountun rnges
which enclose the Great Valley on the south—the Temblor or Coast Ringe
on the west the Tehwhapr mountuns to the south and the Jowcr reiches
of the Sterra Nex wda on the east  Rich ol ficlds underhe the westem and
southern parts of the counts nd the valley floor 2lthough hot and nd
1s extremely fertile

All of that put of kemn County which bes wathin the S Jorqun
Valley 1s highls endemue I rom the west side ol towns wonnd Taft cunt
many of the early cases of Valley Fever  The agncultural townships of
Arvin Shafter Wisco and Delmo with 2 third of the populition of the
caunty were the source of two thirds of the el cuses of disscmmated coe
aidiodomycostis ' Studies 2t Minter wmd Gudner A Tidds durng
World War II showed the speed with which Targe groups of non immune
men become mfected

Cocardiodin surverys by Mysme Gifford C L Snuth Julict Thomer
and others have showed the high madence of positne reictions wmony
permment residents of hern County 7 "7 In somt stndies 90 {l:
cent of long time residents have rexcted positineds to cocadiocdhn sha
tests  Thorner showcd that the madence of rerctions imong Culdse n}\\\»\v
directl proportional to the length of tne that tho bad lnu; ;n ‘(;1;!
Counts In her sencs the porcentige of posttn roactors v mu‘ ’_‘,’(’; ;—Y
per cent n those \;)m} ]’l ud ))L}(n xn”t)hc c(nln);\nllt;i thm vyaarto 76 7

thosc who hid been thare 10 tars ¢

C(‘ﬂf'l'_';lc habitit of €occrlindes smmitis w Ko County u\uﬂn;\s ’t‘?‘u
arer withm the 5w Joaqun Vol oxtending Castw rd u(.l;n\\»‘ :rl‘” '
hachape mountans nto the Mojive Dot Durmy \;‘“ tr et con
was found thit an appreenble numbes of men hout G pe
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tracted esther frank or mapprent mfcctions sathin four or five months
after their armal at Mojne Cahforma*'* Plunkett has demonstrated a
focus of Coccrdiordes mmmutts near Imokern fifts mules northeast of \Mo-
jave adding further confirmation to the concept of patchy endemicity
throughout the vast reaches of the southcastern deserts of Californa®*

Tulare County Tulwe County 1s situated 1n the eastern part of the
San Joaqumn Valley and the mountuns of the Sierra Nevada  Continuous
on the south with ke County ats southern agrnicultural areas are lughly
endemic for cocahimdomycosis amd ts northern reaches are only httle
less so It was in kern and Tulawre Counties that the classic epidemuologic
studies of Smith were carmed out ™ The cities of Porterville Farmers
wille Lindsay and LCxeter are surrounded by endemte regrons nd Visala
Tulwre and Dinuba also have therr share of eases

Wm A Vmn of Springyalle Tulwre County has made outstanding
contrbutions to the chnical understanding of cocaidioidomycoss includ
mg the defimtine descniption of the residuil cocardiondl cavity It was
as Medieal Director of the Tulwe kings County Tuberculosis Hospital at
Springuille that he made his obseryations®*  Probably no one has so
carefully studied more cases of pulmonary cocardiordoms cosis

Rungs County  Kings Counts 15 loctted exclusiels 1n the western half
of the San Joiqumn Vallev between hern and Fresno Counties so that the
whole county 1s within the endemie area During VWorld War IT an excel
lent opportumty was rethzed to compare it with hem County 1n that
Lemoore Air Base near Hanford was one of the four air fields studied
by C E Smith and his assocrates* It was found that the infection rate
rose and fell m the same general pattem that prevasled at Minter and
Gardner Fields in karn County but at a lower lesel The mncidence at
Lemoore was about half that at the southern ficlds

Fresno Counfy In gencral the madence of cocaidiodomycosts
Fresno County 1s only ~bout 1 quarter that of hern Counts but except
for the mountamous areas m the east no part of the county 15 known to be

entirely free  Fresno Citv itsclf 15 not so highly endemic as some other
parts of the Valley but the fungus abounds not far asay particularly
to the south and west  In recent years many large ranches some of them
comprising several thousand acres have been established on the west
side of Fresno County 1ttracting hirge aggregations of non immune farm
workers often trinsient to the cotton fields cotton processing plants and
melon fields In this highly endemic rea are Coalinga and ats o1l fields
and the tgncultural towns of Firebaugh \lendota Tranquillity  San
Joaquin Cantua Creeh Five Pomnts 1nd Huron

The farm lands i the middle of the county surrounding the cities
along U S Iighway 99 are less heaily infested but numerous mnfec
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tions ongimate even up to the castern foothills  Scyveral of my patrents
pprently contricted the diseise 1t Pie Flat Dwm on the Rmngs Ruer,
well into the foothills of the Sierrr Nex ida

Madera County The relatvely small part of Madcra County to the
west of U S Highwy 9915 endame but m general the concentrition of
the fungus 15 notieeably less than 1n the more southarh counties Chos
chillh on U § Highway 99 15 1bout the northernmost pomt where en
demmceity reaches as far east 15 the middle of the Valley

Merced County In Merced County endemiesty 1s furhy wll Inuted
to the western stnp of the county, m 1nd new the foothills of the Corst
Range Infections ongmate around Los Banos and Custine hut less often
further cast

The preese studies done m the S Jorquin Valles A Fuclds dunng
Waorld War II showed the strhing contrist between Castle Field ner
Merced and Minter ind Gardner Fields near Bikarsficdd ' In 1943 1944
for mnstance the infection rite per 100 susceptible men at Minter Ficld
was 1561 at \Merced 1t was 036 Somc of those mfected while stitioned
at Merced had actunlly trwvelled in the southern puut of the ¥ alley watln
the period of mcubtion

Stamslaus County There 1s vers httle cocardiordomcosty 1t Modesto
i the middle of the Valles or to the cast  Along, the westam hlls ther
ts patchy andamierts

In 1945 Chenev and Denenholz reported the results of cocerhiodm
shin testing sur cvs wmong officer personncl at Iwmmond Cenerdd Hospital
w Modesto®  During 1 yewr of observation shin tests chnged from
negatine to positine m onl 10 of 360 mdividutls or 26 per cent Al
though these men were resident m Modesto throughout the peniod thes
probbly trudled mto known ndemic wers onh v few mifes ™y

Sau Joagum County The sauthwcstern corner of S jo wpun Count
mrks Cilifornis northernmost known hibntat of Cocerdiondes imantis
Tndenueity cxtends through Varmlis ilmost to Tricy

San Benito County S Bemto Comty n comprise a1
of the Tow mount uns formmng, part of the Diblo or Cowst Rt o
panoche Piss between the San Jorquin aind Sw Bumto 3 Wloss w \{
site of the rittlesnile hole epdenic mentioned m Chipter Two \)\ m:\
Coccidioides immutes was ssolated from the soit ** Cases of cocaudtmdom
cosis are seen now nd then in Holbster

Montercy County The southeastern corner of Manteror Co;u b
found to be endemic 10 1942 when severl cases of acute m(ul( l(:l o
costs occurred m Army personnel stationed at Camp Noberts 3 g

wre put
The nd

by WS
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tany reseny wion on the westem slopes of the Coast Range m Monterey
and S Lus Obispo Counties * Tndemucity wis demonstrated to be
pitelny for the discise was prone to appeir m some compantes and to
spare others although bivounes were not far aprt

San Lins Obispo County S Lins Obispo County 15 seprrated from
hern Countv only by the low mowntuns of the Coast Range  Northem
San Twis Oluspo County s are1s of endemicity around Cimp Roberts
San Miguel ind Pwo Robles nd cistward to the hills - The ety of San
Luis Obispo atself 15 not endcnmie

One of the well known military epidemics occuned 1mong, personnel
of Cymp San Laws Obispo fter dusty mancovers wath mech wized nfwtry
equpment  Goldston nd Lowe™ ** reported the chintcal findmgs nd
Colburn® * reportcd the rocntgenologic findings i 73 cases of acute coc
cdiordomy costs

Santa Barbara County Scattered eises of cocardiondal mfection hwe
been reported from Santa Barbara Counts one 1 a Tihipmo farm laborer
who hnd been i Lompoc for 15 years ' According to Smith endemiesty
does not reach the coast®

Ventura County At lenst the southeastern quarter of Venturr County
1s endermic and probibly akso other arens  Several cises have heen re
ported from Sinta Susana Moorpark and Fillmore It 15 not surprising
that these little costal valleys md therr dry hills harbor the fungus Sim
Valley 15 sep wated from the known endemic area of Chatsworth and Canogr
Pk by onlv four miles  Endemcits appears not to extend to the cost
where ocean fogs are unfriendly to Cocerdioules

Los An,eles County It has been known for many vears that some of
the patients with cocardioidal grmuloma it the Los Angeles County Hos
pital had never been n the S Joaquin Villey  In the past few yeurs
studies of epidemics i detention camps i several locations have micely
d d the end of cocaidiordomycosss n the San Fernando
Valley In a Forestry Camp near Saugus scveral apparent and other m
appwent infections occurred 1 personnel who were hnown to have heen
detuned 1n the camp duning the incubation period 7 A similar eprdermc
occurred among boys resident n a facility near Chatsworth at the western
cdge ot the San Fernando Villey ¥ Cocardiotdin shin tests done 1n ngh
schools have showed an nereasing imaidence as one goes northward from
downtown Los Angcles mto the San Fernando Valley * In Los Angeles
the mcidence was 16 per cent at Newhall 5 per cent and at Canoga Park
near Chatsworth 13 per cent

San Bernardmo County A number of cases of coccidiordomy costs
have been seen i San Bernardimo Colton Barstow and Needles although
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only part of the spuschy settled desert has been studicd It 1s Trkels that
2 considerable section of this large county harbors the fungus Pt of
of 1t 15 ncluded m the desert area stadied by Willett wmd Werss #

Ruverside County  An cpidemic occurnng wmong armn personnel of
forded Forrest M Willett and Ins collergnes n opportumty to delneite
roughly an area of endemicity m the southeistern comer of Califorma a
great irregulir triangle bounded by Buming Needles and Yemn ™ Ban
ning near the edge of the desert was endemic March Iiddd newr River
side a fow mies weny was not The cimieal study of Willctt and Weiss
concerning 83 hospitahized patients was one of the outstanding contribu
trons to the knowledge of the disetse 1s 1t ocenrred m militars installhions

Another small epidemic reported by Goldstern and McDonld cstib
lished the endemicity of cocerdiordoms costs m b rrren mount uns of ¢ istern
Ruerside County ™ Ten cases of primany cocadioidoms cosis ocenrrd
among military personnel who had been at Pallen Pass not fir from the
Californin Anizona horder

A cocadindm survey of Ingh school students m Buwnmg and Pilm
Springs showed 1 17 per cent madence of positne rections the hrghest
found by Kessel wmd his co workers mn Southcrn Calformt °

Imperial County Imperid Villey wath ats desert dry Iully and ar
tfiadls mgited fum linds would seem to be 4 Ithedy hibutat for Coc
cidordes vnmtis but hnow ledge concerning the aret1s meomplete Ther
1s pately endemiaty m Imperiad County and 1t 15 m the general aret m
plicated by Willett and Wens * but the exct lacitions of the hazard arc
m emgmt  Meeth qust across the border m Mewco ws the sitc of the
1950 cocardiondin surven of Drs Shm Villegas and Arndi Roves®! m
which an medcnce of 33 per cent positsne rections w s found

San Diego County The cxct sites where the fungus Dies S‘m
Dicgo Counts re unhnown hut there are sugecostions that put of the
rural arets are endame The bost known case m S Dicgo was th 1;
of the gonlli m the 200" The bu,c wmmil dud of wate drwe nnnllu1
cocadiordom costs ifter m lincss of ¥ month md 1l It proswmed
that he hiled the spores of Cocadotdes when he nd Ty e m\’hP
tossed aver themscdves the dusty hodding strws wiieh fod been hrou
n from rurid Sm Dicgo Comntyv Other ises pussibhy mdigenons hue
occurred m S rego County

Aorthern Califorma Occwtonal Cises of cocadimd il x wmlom 1(!:’::1‘
been reported from newr W oodhind m Yolo County from (mmll e
County nd from other arcas of northern Cabfornn bt mf" H“{;‘ e
has not heen demomstrated there Hhndln, of products from thy
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Joagun Valley or tnps to endemic arcis hue usually been suspected
The Swrmmento Valles 1s apparently free of the discase

Anzona

Although suspected for years the endematy of cacerdiodomy cosis
m Anzont was not demonsteated until after the work of Gifford and Dichson
mn Calformy  Farness reells that he stumbled on the first case” m 1937
beeuse of lus interest m monthasis ™ In 1938 Woolley found Cocadiordes
smmitis m the sputum of pibents bung, erroncowshy treated for tuberen
losis 1n Anizon In 1939 Storts scported 1 c1se of cocadiodal memng
tis i 4 four year old cluld mtne to Tucson 7 In the same year Brown
demonsteated positive cocctdhordin teictions i patients with envthema
nodosum  * and Phullips found 1 number of positive reactors among rest
dents of Phoenix > In 1940 Farness and Mills descnibed a senes of cases
of cocadioidal diseise m southern Anizona ** In 1942 Aronson Saylor
and Parr®® revealed the unespectedly high meidence of positive cocerde
oidin re rctions among Indian children on scyeral Anzona resenations (Sells
Papago acney 94 2 per cent S Carlos 1gency 93 per cent Pamn agency
836 per cent and Fort Apache agency 119 per cent)  An madence
of over 90 per cent 1s lugher than that obtuned m iy other similar group
of children  In 1942 wd 1943 Emmons reported the isolation of Coc
cudiordes immutrs from the soil and from severl speaies of rodents trapped
near San Carlos Tucson Casa Grande and Phoemx** The mmplication
of thus senies of studics 1s that southern Arizona has the highest endemicity
of any area vet studied Both Phoentx and Tucson are m the Iughly
endemic area At Phocnrx 42 per cent of the school children between 5
and 17 reacted positively to cocaidiordin in 1 series reported by Emmett ¢
At Tlorenee southenst of Phoenmt 50 per cent of susceptibles are infected
within only six months®  Most of the cases come from the two counties
of Mancopa (Phoemx) and Pima (Tucson) (Table 1V}  Northern An
zona 15 probably not an endemic e execpt m the northwestern corner
and along, the Colorido Rinver

New Mevico

The first case of cocaidioidal granuloma known to have onginated
m New Mewico was reported m 1827 by Riesman and Ahlfeldt ™ There
15 an wregular band of endemicity ncross the southern pnrt of the state
continuous with endemic areas m Texas Anzont nd Mexico  The himits
of the myvolved aren though not preessely known can be inferred from the
outhnes of the Lower Sonoran Life Zone (Iig 16) Northern New
Mevieo mncluding the cities of Albuquerque and Santa Fe 1s spared ®
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Ligure 16 The Lower Sonorin Life Zonc m the southwestern United States sonebhy
¢o trminous with the mitunil labitat of Coccidiotdes smmitss (Courtesy Dr Resth
T Maddy )

Texas

In 1913 1 young Tevis physiern dicd of v raipidh el mveoss
When MaeNcal ind Hielm identified the cwsative pansite s Coccldiondes
tmnutis they supplied the first clue to + new endamie e higer Gan
thin that of Calformn * Yct when Caldwedl o 1932 reported three
new cscs of cocerdimndl disease he eould arte only two provionshy reend
nzed m Texs ' In 1933 L M Smuth deseribed 1 cise onginating
west Tevis™  In 1935 Lehmw ind Piphin reported 1 crse from Sm
Antomo !

In 1942 several new studics were completed i Dalle by € ildwell
m LI Pusoby L M Smuth™ md m S Angelo by Schubse Cildwell
obscrved that of the ritio of rwute ¢ases to chrouic cises 18 scveral hundred
toone then an app adling number of them e beng overlooked Schulz
recogmzed  Cuses of pnman cocadiodoms coss ongmtig i S Aiat lo

mavers tme and reported i 16 por eent madence of cocadordin e
In 1916 Hnnes reported 1 20606 pr

1B

actors imon, weost Toxn residents
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cent madence i Dilhis wlich aty s atsclf northeast of the endemic
zone *"

C T Smuth states that the entire Rio Grande Valley west of Misston
Tavas s mvohed®  There 1s patchy endeniaty wround San Antomio
but the arc docs not (xtend as far north 15 Wit Talls Houston Tort
Worth wd Dallas e outside it Turther west S Angelo and Tl Puso
e m the mvolved region 1 Prsos madence of mfcction 1s comparable
to thit of Phoenmy Anzont and Bikersficld Californin

In 19331934 scveral Awr Foree Bases in the southwestern states co
eperited m 1 study of the medence of cocardioidomycosis among ther
pusonnel # - Three of the Texas bases form a curved line near the estern
extremuty of the endemic war (1) Webh ATB Brg, Spring Texs  (2)
Goodfcllow AFB S Angcde Texis and (8) Larcdo ATB Larcdo Tevas
The meidence of cocadiordm cons crsions per 1000 susceptibles per vear
it these three bases wis only 258 235 and 43 respectnvely  compared
to 810 1t Willams AT'B m Chandler Arizona an aret of lugh endemiaity
These findings demomstrte the tapenng off of endemicity m centril Texas

An imagmany line runnmg more or less novth nd south separates
Texvas mito two differcnt chimates and Ife zones the Lower Sonoran to the

BT ML CE OF COCCO DN 3T 3TVIY YO NG DUMTS

Figure 17 G hic dstrib of freq of d

reactors among

48676 young adults - Cocerdroudes tmmitis 1s knawn to cxist i areas of high icidence.

A lTow metdence of positive rerctions oceurs 1n areas where histoplasmoss 1s endemic
(From Edwards and Palmer Discases of the Chest 3135 60 January 1957 )
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west nd ats Lower Austral counterpart to the east ** In the Jatter zone
run oceurs on nd off throughout the ver and werages 40 nches or more
To the west run 1 more restrcted to wmter months and 1\ erages only
10 to 16 nches per yexwr To the cast vegetation 1s more dense to the
west vegetition 1s more sparse winds are stronger and dust 15 more
presalent  Malwn ensts to the east but not to the west of the lu
The ncidence of reactions to Instoplismin mereascs tow wd the ¢t
and of reachions to cocadiondm tow wd the west

Nevada and Utzh

An arm of the Lower Sonorwn Life Zone extends long the Colorido
River mto northwestern Anzona and southern Navadr and follaws the
Virgm River mto southwestern Utah Cocardioidomycosts 15 muldh en
demue m this arcy around Las Vegas Nevadv and St Ceorge Utah as
demonstrated by shin testing sunevs and the finding of Coccidiordes m
rodents

Other States

Cases of dissemmated cocerdiordomycosis nd residudd pulmon iy Te-
sions have been seen m all parts of the United States so that the question
of widespread endemtcits his been rused perodicallv for 50 vears An
analysis of such cases shows that most patients hwve pravioush been mn
one of the endenme wreas of the southwestern states A fow e not but
m therr cases the possibthity of fomite trmsnussion 1s strong Wath mn{dtm
epidemuologie techniques 1t has been posable to dehnnt the arcis of ,(h
denuerty to those mentioned bove  Although at 1s to be (ypected that
knowledge within the southwcstorn states will hecome more preerse 'l\
1s unlihely that any new mdigenons arcrs will be found clsewhere m the
United States

Mevico

Ve
Coceidiordomycosis hs 1lwavs been of rehitne importnce to

cws hving n the United States becse of therr mmhnu\; l::;‘(:nh\:«\(}
susceptibilits to dusscmuntion Stadies of (ndemmats of Cou u( s b
recently been undertihen in Moo atself those of Dr \nlnnl\«; Conrile
Ochor of the Institute of Helth nd Tropical Discses m M
bang most extensne

I:I‘h( first Mcxicmn studies of cocadodomscoss [\‘\lml.(u[:’n::l:::ul":
case mmported from Ciliforue wer those of Ciearo! ] |::| w«“ .
1932 Conzilcz Ochors work followed 1 visit he m’u(t ’x“ e
hborators of C I $Smuth m S Francisco Wath e
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493 residents of the border states of Sonora and Baja Cilifornin i the
atics of Hermosillo Mexicalt and Pueble Nuevo 17.2 pur cant reacted
positincly to cocaidiondin' 7 Flimating those. who had been i the
cndemic areas of the Umited States the pereentage was 134

In 1948 Glusker and lus collcagues tested draftees from varous
states i Mcuco®  With one cxeeption only the border states were rep
resented amonsg the positis e retctors—Sonors 67 per cent Chihwahua 37
per cent and Baya Crliforma 32 per cent Colima 4 tropical and humid
state fic to the south had 33 per cent but the tot1l number tested 1s not
speafied nor wre former residence md trvel of the subjeets mentioned

The first case wineh Gonzilez Ochor considers indigenons to Mevico
ws reported by Madnd in 19481 T Sixtecn vears hefore showmg signs
of pulmonary cocaidiodomycosts the patient had been m Plioenix - Madnd
also reported n meidenee of 12 1 per cent renctors to cocaadioidin among,
213 residents of Hormosillo Sonort

In 1930 tests done by Shin Villepgs wd Arand Reyes i Mexical
Byt Calformia showed wn neidence of 327 per cent positne reactions
m 2945 tests®?

At Mewvicos southern iatremuty - Conzalez Ochoa found no postne
reactions to cocerdiondin in Yuctn although 55 3 per cent of the mtives
reacted to hustoplasmun *77

Northern Sonorn and Bt Cilifornin are very much lke the en
demie arcas of Anzoni and Ciliformn m chmate and physical charac
tenstics  From 1 consilerition of these simlnties and from lus own
studics Gonzalez Ochot concludes that certun parts of northem Mevico
may have as high an endemiaity s Californit and Anzona *®  Cases of
dissemintted coceidioidams costs hve been reported from Baja Crlifornia
Sonora Chilinahua nd Cothuilr the four states bordening on Califormn
Anzomn New Meuco and west Texas  The preeise arets of greatest
endemicity 1 northern Mexico remam to be defined

CENTRAL AMERICA

Cocardiordin and histoplasmin survess have been undertihen m most
of the countries of central America in recent yeurs (Table V) The general
pattern has been a sigmficant number of positive reactions to lustoplasmin
wnd a tiny percentage of positive reactions to cocerdhrordin (0 to 4 per cent)
Cascs of climieal hustoplasmosis hwve been reported from Panama Hon
duras and Cuba It 1y Likelv that in many plices the igh nardence of
histoplasmin sensitivity 15 specific and that the few reactions to cocardiodin
represent cross rections to hstoplasmin or some other fungus ntigen
although the demonstration of chmical coceidioidomycasis 1n Honduras
reopens the question
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TABLF

P'FstL1s oF Cocctpiomiy AND HISToPLASMIN SN TLsTINC StRyvivs iy
ENTRAL \MERICAN COLNTRIFS

Tolal Aumber Tested der Cent Posur e

Geograph uthors
Area Histo Cocerdior Histo Crendr
Plasmin dn plisoeen | din
—_—— ] e}
Panama (1) Tucher's 151 ; 8 6%
— T
(2) Tucher®s 500

il etubiseis N, S
(3) Tuchers 1000
Puerto Rico Suarez™s ] 1055

Fomtor | 0 ke Torre |
(2) Seoter 0 | 4
7’ {3) Trejos 10 preparition -
Cub Pardo™ ( T
Yucrtan Alexico {m—"ﬁ
Honduras

The fourth general area of endemicity of Coccwdionles wimites w s
demonstrated n 1951 by Castro and Trejos ®* The first cluc ws thar
findmg of Cocctdiordes m 1 pathologie specrmen sent them from 2 patint
m the Comayagun Valley of Honduris where chmatologic conditions i
simifar to those of other areas hnown to he the habitits of Cocardioudes
In 4 shin testing suney Trejos found 1 25 per cent maidance of positise
reactions umong 1300 residents tested

SOUTH AMI'RICA

Two gencral South Amencan arcis 1re now known to support (o
cidiordes immatis—the Venezuelan State of Lary m the north nd the (,r"m
Ch1ep Pampa region m the somth the latter comprising Lrge parts of Py
gn1y md Argentint ind 1 small strap of Bolna (Tig 13) o

The Gran Chaco 1s m extensse lon)md plam 1bont 700 miks m‘L.
and 400 miles wide It 1s boundcd on the north by the tropicit \\ood)} nl\li“s
of Boltvrr on the south Iy the Hio Sailade where it as continious “\‘“1 ‘
Pamp: on the east by the Pariguay Bier nd on the west |)\]tlu1 1‘?:’;;1]
foothills  Although lugch wm arca of scrub forest ind Lriss (m‘hum b
troptel swm chme there 15 (nough vumnibion wathm |t’ o .
et of cocerdiond ] endesmerts Tt o more humnd tos rd tn";"”l py
more 1nd further imland toward the Andes Tt sparscls pop!
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the most part by men engiged m cattle rasing although there 1s also some
agniculture  In the northwest oil has been discovered  North of the
Pilcom1yo River 1s the Chaco Boreal or Paraguayan Chaco  Its northem
and western fonges are m Bolvin - The Chaco Central betwcen the Ber
mejo and Pilcomavo Rivers contuns the Argentine Province of Formosa
and the borders of Salta  The Chaco Austral south of the Bermejo con
tamns the Province of Chtco and parts of Santiago del Estero Sinta Fe and
Salta

The Pumpa 1s 1 vist almost treeless fertile plan continuous on the
north with the Chaco and on the south at the Rio Colorado with Pata
goma  To the et 1s the humid Pampa to the west the dn Pampa  The
Intter contuns a few scrubby trees nd grass

Argentina

Although the world s first case of coccrdioidomy cosis was described 1n
Argentint only 1 handful of other cases have been dingnosed  Except 1n
sparsely settled regions its endemucity appears to be less than that in cor
responding, parts of North America  Posadas made his brilhant observa
tions 1n the years 1892 to 1900 It was not till 1927 that the second
Argentine case. w s found—that of 14 man from whose larvngeal lesion the
fungus first called Pseudococcidiodes mazzar was isolated *  The third
case was diagnosed as recently as 1934'* A tatal of only 14 cases could
be aited n a comprehensive review made m 1950 4%

At the present time there 1s widespread awareness of the problem
Primary cocerdiordomycosis and Iboratory acquired infections are bemng
recogmzed * ¢ Several groups of mestigators hnve undertahen ex
cellent geographic epidemiologie 1nd mycologic studies

Dr Pablo Negrom of the Malbran Bacteniologic Institute Unnversity
of Buenos Awres has for many vears been a leading student of the mycology
of Cocaidioides immitis  In 1939 he discovered the fifth Argentine case
the first from which the fungus was cultured  In 1948 following the diag
nosis of a case of coceidioidal granuloma m Rio Colorado Negrom and
his co-workers Daglio and Bniz de Negrom: undertook an extensne sunvey
of the area between the Colorado and Negro Rivers * Using their own

dioidin prepared ding to the method of C E Smuth and stand
ardized against hus coccidiordin they tested 2 065 school children m various
towns  About 8 per cent of the reactions were positne and about 8 per
cent doubtful The town of Rio Colorado itself had the highest percentage
of positive reactions oy er 10 per cent

While the survey was being made Dr Briz de Negrom herself came
down with cough and precordial pain and her shim test changed from
negative to positive clearly demonstrating the endemicity of the area This
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part of the ternitory of Rio Negro thougl considered the northern ex
tremuty of Patagom 15 chmatically more like the Pumpr—dry wd wim
At present 1ts population 15 sparse

A second studs, conducted mong the patients hosprtalized m Bucnos
Awres showed that many of those coming from mlind re gions, parhicuhrhy
from the Chaco nd Pimp1 had positne cocerdiondin re ictions ¢

In 1 subsequent survey of school boys i the Chaco provinces Negrom
showed that the lughest endenucitsy 1s m the wid southe stern corner of
Santingo del Estero and the adjicent put of Tucuman * Hlf of the
known Argentine cises of coceidiordoms cosis hve come from this smill
et ® Negront demonstrated wm mardenee of 20 per eent positrse rcie
tions to cocaidiondin in Las Terms Santngo del Lstero

In 1 senes of thirtecn papers published m 1948 1933 Negrom 1 ported
his exhaustne ind ongml studies of Cocerdrodes tmmitis=its biochemicetl
charactensties # its gross and microscopie morphologs * ' the cssentrtl
sumlnity of North Amenican ind Argentime strauns *™ 1 iriations m virulane
among struns “* geographie distnbubion ** immunologic chrieteristics
and cytology *

Professor Flwio L Niio Professor of Pirisitology at the Unnerats
of Buenos Atres hs also been retive i the myvestigation of Argentine coc
cdwordonneosis  In 1931 he identified the s e org wsm of the thid
Lnown Argentine c1sc  In 1949 he undertaok 1 study of pinents hos
pitalized m the Hospital Naciomif de Chintcxs in Buenos Awes® - Tis col
lewgue Luws Terridt Urzut made 1 sunultucous study hospitals m
Cordobr and Tucumm  They concluded that there are m genant thie
~reas of cnderments m Areentiny one on the North (the Chieo) 1 second
w the Centril Provinees (Tucumm Citunre: Cordob: Swmtiie n
Estcro md Sain Luis) nd 1 third mn the south (Rio Negror Nort s
contly the central focus s been enlurged to nclude Mendozn # Thiw
1y he continnty beeween the known are 1s of endenmaty forming, 2ot it
il ind serm errcle throngh the Bolnnn Parignn m md Argentin Chee
the Pampy and northern Patrgonit

Paraguay o

One of the hest South Americ m ¢prdemiologic survvs was conducted
by Dr Raul T' Comcs a physicom for the Umon Oil € ml:pm\ d"""i:::;s
crly operitions in 1 new ind spursehy whabrted \:(‘\ of ¥ \x.x_,nnt \\“\m“
conditions for 1 controlled studs were exeedlent The uncste o
w 15 mityated by the recogrution of two ¢1ses of pumry puluen nr\S :"”.
adiosdamtcosis with enthant nodosum not often dharporved 1 Sa
Amaricty

Pirguas o sph! mito westarn wd st o
River I the ¢ stam section where all the pra

s by the great P
apl atics e Toc ited
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surveys of cocaidiondin sensitiaty huve shown few positive rerctions At
the eapital ety of Asuncion Gines and lus co workers reported an meidence
of only 26 per cent The western part of Pariguayv—almost twice s
large s the estern—compnses the Parrguavan Chaco 2 vast low plun
whose monotonous flatness 1s broken only by few small Iulls m the far
north  The climate 1s hot and aud the summer temperatures often reach
mg 110 T or morc  High winds blow from the north during most of the
year  To the south nd ¢ast the Parneuayan Chaco 1s so low that at 1s
flooded yeurly by the Pilcomwo and Puraguay Rners  Here it 1s cosered
by pim groves and tall griss  Cattle rinches and imgated farms pre
dommate  Lengun Indnins wd other abongmnal tribes mhabit the area
The middle zone of the Pirtgunyin Chaco 1s very differcnt  Although
furly heavilh wooded and subject to rams part of the year there 15 no
grass to prevent the blowing tbout of the thick dust in the heavy winds  In
the northwestern corner of Pariguny  adjtcent to Bolisia 1s 1 third zone
an empts desert were wind blown sands pile high i dunes  There 15
almost no run temperatures are tornid and the strong north wind rarely
rests  Nothing grows but 4 few serubby hushes and cactus plants - Guazu
rangue Indins Ine here as they hue for genertions unknown  The
area 1s otherwise unpopulted cxeept for outpost military garmsons and oil
compamy personnel

In cocaidioidin surveys conducted i the three zones of the Chaco
Gomez discoy ered 1 sharply mereasing endemieity from southeast to north
west  Only 2 per cent of the Lengua and Swpana Indians m the grassy
southeast rexcted to cocerdiordin  In the northwestern desert 44 per cent
of the Guazuringue Indims rercted  Paraguayans in intermediate areas
shosed 155 per cent positse rections

Bolnia

Because of the proxinuty of Boltia to the known areas of hugh en
demierty m the Paraguryan and Argentine Chaco it 1s likely that the
fungus exists there too  No formnl studies hve been carmed out but there
are a few hmts that at least part of Bolvit 1s endemie  In his survey of
Puwaguty Gomez found that the medence of posttis e cocerdiordin reactions
was highest near the Bolivin frontier *  In 2 publication concerning the
biolo,v of Cocctdiordes immtis Artagweytia Allende of Montevideo men
tions that one of his struns was 1solated i La Paz Bolwia from a man who
had lived tn the Chaco

Venezucla

For more than half 2 century onhy two general habitats of Coccidioides
unmttis were known the first in southern South Amenca and the second
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m southwestern North Amenet (Umted States—\lexico) The third im
portant arer was discovered m 1949 1n the Venczuelm Stite of Lan
Profiting from the long expenience of other regions  Venczucli physictns
speedihy applied modern epidemiologic methods so that withn 1 year
the endemicity of coccrdiordomycosis 1 Estado Lart was demonstrated
beyvond doubt

The Venczuelwn discovers was ocerstoned by the dignosis of coee
adiordl grmulom of si vears duration i 1 60 vear old woman who had
alw1ys Ined 1n the State of Lar ' The case was studicd In Dr Humberto
Campins Cluef of the Dermtologicil Service 2t the Antonto Masio Piedr
Hospital Barqusimeto nd his colleagues Dr VModesto Scharyy and
Seiiora Ver1 Glueh  The lesions contuned spherules the coccidiondin shin
test was positre and the complement fivation test done by Dr € E Smuth
waspositneat [ 16

In March 1949 Dr Camipms saw a second case of dissemintted coe
adioidomycosis ** Within months he Ind undertrhen md completed
one of the best coccrdioidin surveys ever made ¢ Over 7000 resdunts
of seven dustricts of Lart were shin tested usmg cocoidiondm supplied b
Dr C E Smith and by Dr Negront of Buenos Awres  In the cipital of
Barquisimeto one nearly 4000 tests were done  The percentige of post
tive reictions varied from 11 i Cabudarc to 46 4 1 Aruadt Crinde The
over ll pcreentage was 104 Over three quarters of those reacting post
tisely had never resided outside of Lari A break down of the fignres
obtuned from testing 2 450 school children nd young adults showed that
the percentage of positise reactors steadily mercysed from 6 per cont it
5 vears of age to 15 per cent 2t 25 vers of age

The State of Lar1 m the northwcstern part of Venczuclr 1 esst nm\l\'
1 hirge plun surrounded by mountuns It & furh hot nd and ';;1([\
vegetation consists almost solely of crctus and other descrt plants )l‘
annual runfall 1s about 18 inches per vear at Barquusimeto nd snm(‘\,\ 11
Tess m other parts of the stite  Beng 1 the trapies and 10 degree slr:;::u
the equator 1t has only two sesons—the runy (.»\pnl—-()uoh;r) ;n( o
dn (November~March ) The troprea] heat rs moderated by h,t v Y
tude of most of the mhabited ares so that m general Lart 18 more mml"
and not quite so hot as other desert arens whae mccnlmnlunnf::h "
endemic  The simianty between the Stite of Larz nd sevens * ;J
Venczuel n states sugyests that the fungus may cust elsewhere 15wt

Uruguay -
Dr Juin E Machmmon of the Unnersity of Montcadeo his bevo
responsthle for many of the advances m the study of funjus disease

tries Mo and
South Amcrict not enls m Urugnm but 1lso m other coun
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Ius colloyues Riewdo C Artrw,neytia Allende and Heetor Vincdh were
pioneers 1 the use of cocaidiordin shin testing - eprdemiologie studes
m Uruguny Puajnay Clule nd Argentina®  Their cocadiodm made
after the mcthod of C £ Smuth 1s now a standard preparation in South
Amencr  In 1941 they tested thar first hundred Uruguryan subjeets with
coccidiondin supplied by Smith finding only one doubtful reaction With
therr own cocerdiordin 1100 they obtuned only 9 positive reactions n
977 trnls (09 per cent)  With a 1 10 dilution the percentage rose to 46
There was no sigmficnt difference among residents of vanous parts of
Uruguny  The country 1s relatively small and its chimate fawly homogen
eous  Mackmnon and Ins co workers hning shown cross reactions be
tween lustoplisnun and cocaidioidin in expenmental ammals felt that even
their low proportion of humn reactors to cocaidiondin was falsely Iugh
istophsmin sensitinity was therefore also determined 1 360 subjects
with 105 per cent postive reactions  Only one of the 860 reacted to
cocaidiodin nd he had 1 much stronger reaction to histoplismin than
to diodin  They luded that dioidomy cosis 15 not endemice
in Urugunay although histoplismosts probably 1s

Chile

Although Chile 15 adjacent to Argentna and also has a dnersity of
climatcs—and and semi and—cocerdiodomycosis 1s not known to occur
there  Coceidioidin shin sunveys hwe heen done in several areas without
the discovery of any positie reactions In 1930 Ferrada Urzua Alenso
and Donoso reported 1 survey of 332 subjects from 26 cities (mostly from
Santiage Arica and San Bernardo) ¢ * In 1951 Machinnon and Honorato
Chaparro tested 400 school boys m Vina del Mar®* In 1952 Vacarro and
Farada Urzua studied the shin sensitnaty of 95 students at the Unn ersity
of Chile ™ In all of thesc surveyvs there was but one posiive reactor—a
college student from Venezuela

Branl

Not many areas of this vast country have been studied systematically
but so far cocerdiodomycosis 1s not known to be endemic m Brazl  Sur
veys wath Tustopl, diondin and paracocardioidin 1in the aity of
Rio de Janeiro have showed up to 30 per cent reactions to histoplasmin but
only 1 per cent to cocadiordm *  The latter were considered cross re
actions to others antigens

Ecuador

Negront mentions an endemic focus at Pomasqu Ecuador ™ More
data are necessary before accepting 1t as a valid area of endemicity
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EUROPE

Although several ¢ases of coccardiordomy cosis hwe been rcported from
Luropean countries 1t 1s unhhely that continental Europe 1s 2 natural habu
tat of Coccidtordes tmmutis - Until recently, the only studics of the discase
concemed ndimadu) cases  Cocadiodin shin testing surs evs—althouch
limited 1n scope and number—arc now confirming the opmion tht Coc
cidioides 15 not among the fung: to be found there

Italy

The first Curopean series of cases w s recorded m Iy, where Cifern
and Redaelh hwve made extensie studies of the mycology of Cocerdiowdes
umnitis** ™ The fungus was 1solated from three pitients resident m
Naples  The first was 1 girl of 14 who had 1 pulmonary cwaty with re-
current cough blood streaked sputum and pleunsy for 7 yers A mu
of 40 working in the grun silos 1t Naples was reported to have sibw
symptoms 1n the same vear (1929) * “Blastomycordes  Iater shown to be
1dentical with Cocerdiordes was found n the sputum of both  One m it
conjecture that the finding of one or two patients with residual pulmonry
cocadiondal eavities represents 4 much higher meidence of primary coc
cdioidomy cosis

In 1933 4 Neapolitin woman 1s sud to have had gluteal swelling, and
uleeration after 2 local mjection of cimphorated o ™ Clenospors
meteuropaca latcr identified with Cocaidiordes ymmutis w1 wolated  The
true sequence of cvents e only be inforred  Trauma muw hne csed
1 loctlized lesion i 4 discwse alrcdy dissemimating

A case of pulmonry cocerdioidomy cosss reported n 1955 wis thought
by Sotgiu wnd Corbelli to have been duc to contact with wnicultunil pro
ducts onginating m the Umited States * *

Tt 15 unlikely that cocardimdomcosss 1s endemic i Itah althouft
defimits ¢ studies have vet to be done  The sporudieits of reported II!(((L‘
tions suggests that fomites rither than ntural eyposure were \pom(l‘f‘:‘:s
Prchmmarny reports of shin testing sunveys support ﬂm_\ ew No T y
to coceriondin were obscrved for mstince umong 143 school cnldren o

Toscmy *

Hungars

A case of cocadiodomycoss occurring m x Tiblat from ll;(l\;:‘x::il
of Budapest w s seported n 1954 ° m_(l two cises of 1;;)(.::(]:1):()’:v ("f y
i human bangs were reported m 1953 * Tl\(‘ P ml ”]:,E;,,, of
orgampsms md some of the studics e not conchsne m; i 1(([")\ \;\",2.,“”
50 suzgestine to the authors that they pmpmul 1 cocedson
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of the populition near the Austro Hunganan border  Without further
nformition the «ndemicity of the diesase in that vieimty seems unlikely

Trance

Preliminary survervs sith histoplismin and cocadiordin show nothing
unexpeeted  Among 463 tuberculous patients in a samtanum  there were
no definitely positne rcactions to ather histoplasmin or cocadiondin ®
Eiht men had doubtfully positive reictions to cocaidiondin so weak that
no imfcrences m1y be driwn In mother surves in northem France there
were no positiv ¢ reactions among nearly 600 adults and cldren * ¢

Norway

Cocaidiondin and lustoplasmin testing of 1074 subjects i Norway
show ¢d 27 reactions to histoplasmin alone three to cocaidiordin alone and
23 to both reagmns ™ OF the three reacting positively to coccidiondin alone
one had been m Calform1 It 1s possible that histoplasmosis was respon
sible for some of the reactions  The msignificant number of rections to
cocerdiordin alone would be expected in the damp Norwegian cimate

Finland

Histoplismin and cocaidioidim studies in Helsinkt revealed no sigmfi
cant reactions **

AFRICA

of end y of diordomy cosis m the Belgian Congo
was ruscd briefly when a Europen colomist contracted a fungus infection
caused by an orgamsm resembling Coccawhioides tmnutis®® * ™ The
disease was lter called African Justoplasmosis and the organism Histo
plasma duborsti Vanbreuseghem 1952 Some mycologists consider 1t to
be a vanant of Histoplasma capsulatum  In one arer shin testing sunveys
showed 17 per cent positne reactions to histoplasmm and 69 per cent
to coceidiordin the latter probably representing cross reactions

ASTA
India
In a study of 64 patients from Calcutta with eosinophilia and pulmon
ary calafications no positive reactions were found to cocadiondin husto
plasmun or blastomyem although all reacted to tuberculin **
Philippues

Studies of 824 patients 1n a tuberculosis hospital near Manila show ed
no reactions to cocaadiordin although 26 (3 15 per cent) reacted to husto
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plasmin ™ 1t 1s fortunate considering the devastating effects of Coc
cidiowdes i Tilipmo patients, that the Phuilippine climte will not support
the parsite

OTHER PARTS OF THE WORLD

Isolted cases of disserminated cocardiordomy cosis have been reported
from the Balkans Hollind China Hawan and Canada Some of the
diagnoses were erroncous for no cultures were obtuned and the desenp
tion of the orgamism found on histologic study 1s unconvinemng The fungus
obtuned by culture from the Balkan patient was clewly Cocerdiordes im
mutis but there 15 no evidence that the infection was indigenons I such
isolated cases, fomite transmussion 1s 1t least 1s likely as endemicity

Doubtless other areas of endenueity will be discovered for apparently
comptible terram and chimate exist on severil contments  The tools are
avulble  Further knowledge merely s uts usmg modem epidemiologie
methods in other parts of the world
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ECOLOGY OF COCCIDIOIDES IMMITIS

C oceudiondes thies on such simple substrates and tolerates such extremes
of temperature and pH that 1t mght be expected to be ubiquitous  As a
matter of fact 1ts geographic imutations are more seere than those of any
other important pathogenic fungus  There are evident]y other than chemm
cal and thermal requirements which dehimt 1ts habitat

Friedman and her T measured wely the number of
cocardiodal spores surviving under vanous conditions of temperature and
humidity  Temperatures of —15 C to +-50 C were used Temperatures
less than 87 C had Iittle deleterious effect  Low relative humidity (10
per cent) together with high temperatures (37° C) were lethal but only
after st months At 50 C all spores died m two weeks The stnlung
thing about these data 1s not that the fungus can finally be hilled by ex
treme conditions but that 1t survives as long as it does In external na
ture the hinatwon of lugh peratute and low relatne humidity s
short Iised—not only seasonilly but also dwinally Duning part of every
24 hour period the temperature 15 cool and the relative humidity moderate
or hugh  Because 1t can sunve the hot dry hours of the day as can few
other mucro orgamsms Coccidioides 15 adapted to desert ¢l

E4



78 Coccidioldomycoss

almo];ub”ursk)land Plunhett nve shown that Cocerdiodes will grow on
any soil within almost any natural pH ringe and under almost
natural extreme of heat and cold ™ They moc?:h(cd hal o
of the fungus mto mny diferent sunple of myvcehal dements
to almost mples of sorl rnging from nch lom
almost pure sid obtuned from Califormin Arizona New York New

Jersey, Pennsyls wma OMlahoma Colorado and Texas Lvery sumple sup
ported the growth of Cocaidioides Even the sifting of swdy soils to re-
move particulate vegetable matter did not restnet growth so long as
motsture wis present  The organism ko grew on the vegetable particles
separated from the soil  In soil the fungus remuned viible ter four
months of constant exposure to 4 temperature of 42° C or to altermiting
freezing 2t —20° C 1nd thawing 2t room temperature . Growth occurred
2t pH levels ranging from 35 to 90 < range coverng the pH of most
soils  Obviously, Coccidiowdes 1s not fastidious under Iiboritory condi
tions  Yet in external mature, its domun 1s narrow

Plunkett h1s noted that Coccrdiowdcs thrves better 1in uncultnated
soils than 1n cultisated presumably becise of the merewsed orgme con
tent of the Intter and consequent competition with other micro org msms* *

Smith and lis ssocintes' have demonstrated that the medence of
primary cocaidiordomn cosis v anes directly with the wmount of runfilt dur
g the previons winter At the mr fiddds of the southern S Jowqum
Valley durng World War II dry winters werc followed by 1 Jow mat
dence of coceidiondal mnfections and wet winters by a ligh merdenee
Therr studies re supported ind eltborated by the findings of Fyebery md
Ely who demonstrated the differcnce m the distnbution of Cocculiondes
in the soil after the dry scason and after the wet scason®  Studyng sun
ples of San Joaquin Valley soif taken at varving depths bedow the surfce
they noted that cocardiond] growth was concentrited on the surfrce
the end of the wet serson (Apnl) whercas 1t the end of the dry sc 1son
(January ) there was less growth 1t the surfice thn it depths of § to 12
mches  Turthermore thur pereentige of posttive caltures at the ad
of the wet season was almost three tmes thit which they found 1t the
end of the dry scason  They postulated tht the heat of the summer sun
reduced surface growth durmng the dnv seison

Certun of these datt apper contridictors C occrhiondes will grow
under almost any condition m the Iiboritors—vet n sternal mature it
habitat 1s hmted It thrives best on nch medn—vet m the desert at &8
most often found on the lewest soil - The el deletenous Jthorators con
ition 15 the combimition of i h temperiture md low Lumidity=-yet it
1s preessely mowreis where such 1 condition obtuns that the orLansm

flounishes
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Cgeberg and Ely® hwe suggested an intnguing theory to resolve
these pwadoves  They pont out that Coccidiowdes grows much more
rexdily i stenhized soils than i unstenlhized  Perhaps heat and low hu
mudity abet the growth of Coccidwides by stenlizing the sol  Poor sub
strates high temperatares and low humiditics may shightly retard Coced
tordes—but they completely Ml sts rvals  Could it be” they ash “that
this scorchmng stenlizing summer heat 1s an ally of the orgamsm by
ging 1t for a bref penod of tune 1 growth mechium ot thoroughly
contummated with its antagomsts and competitors?”

The role of animls in the ceology of Cocerdiowdes has not been defi
mtchy established 1t s generlly thought that ammals ke man are but
accidental hosts of the parisite although Emmons for a while felt that
there m1y be more thin 1 casual reltionship 7 In 1942 when he dis
covered cocerdiondl infections m scyeral species of rodents m the Anzona
desert particularly 1n pocket mice (Perognathus) and hangaroo rats (D:
podomys) he proposed that cocaidioidomycosis 1s prmanly a disease of
such rodents transmitted onlv mmeidentally to other ammals  He has more
recently modified this apmon no longer considenng rodents to be neces
sary resersours of mfection

In their studies of Coccidhordcs in the sl of the southern San Jorguin
Valley Egeberg and Ely found a derably hugher p ge of posi
tne cultures in soil taken from rodent burrows than 1n that collected at
random at least five fect awty from the burrows®'  In a total of 500 sorl
samples 136 per cent of those from burrows were positne but only 34
per cent of the random samples  The reason for the higher concentration
of Cocerdiordes m burrows 1s not clear at present  Factors may be (1)
higher relatne hurmdity and lower temperatures and (2) “ennchment”
of the medim like that of the barmyard soil in which Histoplasma has
been found 1 Tennessee In ny case there scems to be some relation
ship casual or otherwise between the fungus and desert rodents

In 2 metrculously careful study of ecology and climatology Maddy®*®
has demonstrated that the area of endemiaity of Cocaidioides immutis 1s
almost synonymous with the Lower Sonoran Life Zone By subduiding the
zonc even further he has been able to grade with nice precision the vana
tions of endemicity within the area  On the basis of hus ecologre studies
he predicted the high rate of infection 1 one southwestern city even
before he knew that cliniel expenence confirmed s judgment

Some of the common plants of the Lower Sonorin Zone are the creo

sotc bush mesquites cactr yuccas and agaves Among the charactens
tic mammals are the kangaroo rat pocket mouse long eared desert fox
and the big, eared and tiny white hured bats  Some of the distinctive
birds are the mockingbird road runner cactus wren canyon wren desert
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thl;;sgcr 1I:ooded orole black throated desert spurow  Texas mghthawh
and Gambels quall It appears that Cocoidiodes immutss ma be added
to the list of mdicator flora for the zone

CLIMATOLOGY Or COCCIDIOIDOMYCOSIS

A companison of the widely separited arens where Corerdiotdes 1s
endemic makes its chimatologic requirements clear  There 1s 1 farly nar
row spectrum of conditions under which it multiples i external nature
Even withm the Lower Sonorin Lafe Zone there 15 consider bl vanation m
the concentration of the fungus nd certun extremities of the Lower
Sonoran like the Sacrumento Valley of Ciliforni apperr to be free

Cocctdioides exists i areas that are sentt and but not completely dry
It prefers_the edge of a desert region rather than its center It needs run,
but prospers_best when precipitation 15 restricted to the winter_months,
to be followed by 1 long “dry “summer The amount of run s pot so
cnhfnl as 1ts confincment to 2 shart sexson  In the Sm Jorqum Valley
run” werages less than 10 inches per year  In the central Parigunvan
Chaco 1t may reach 20 28 inches per yvear  Cocaidiodal infections seem
to be more prevalent when dry seisons follow furly rumv winters

High summer temperatures and muld winters 1re also necesers The
werage dmly high temperature m July 3t Bahersfickd m the southem S
Jongum Valley 15 1002° T At Fresno 100 mules north 1t 1s 990 F - That
small difference may parth explun the lugher endcmerts m hern County
In the winter freezing temperatures are reiched relively mfrcquently
The average duly Jow temperiture i December 1t Bikersfield s 352 F
and at Fresno 381°

A farh fine haht soil capable of guneritmg donds of dust iho pre
vauls 1 endemic arens  Winds are not necessars for growth of the fungus
but they obyvioush ud dispersion of ats sporcs  The Panigunan Chwo s
almost constantly windy  The San Jorquin Valley hs windy months but
during much of the year the wr s furh quet  Wind however s nat
the only factor i rusing dust  The volume of dusty ur need not be gt

The size of the dust clond 18 rrrelevant so long 1 1t emclopes the face
of a susceptible ndividual - Becruse agrieultural procedures—whether dm
g 1 tractor or picking cotton from 1 dusts plnt—rasc dust where people

are such work 1s more important than hr hw nds
n which Coccrdowdes man

In summanzing the physieal ensironment v "
be dangerous Egeberg has cited these factors hot summer wether nl(x'(s
winter weather a rum penod dunng the var three or more mf;n lx
without run dunng the veir soil productine of much dust nd winds to

seatter the dust ™
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NATURAI L\POSURL IN ENDEMIC AREAS

Since nhalition of one lungful of sporc beanng air 15 all that 1s neces
sary to contract cocaidiodomycosis mere presence in an endemic area
constitutes 2 hazard of some degree  Tounsts spending but a few hours
driing throu h such an arct have been know to become nfected  On the
other hand some people have Ined 1l their lives near the fungus wathout
having, the disease

Several factors 1ffect the concentration of the fungus in the air of
an endemic region  The first factor 15 ecologic 1¢  the amount of the
fungus growing naturidly m the viemty  Because the spore 1s micro
scoprcally small one can only infer where 1t 15 beng, propagated  The
fungus probibly multiples duning the ramy season and 1s dispersed durning
the dry season when spores break from the mycelia and are scattered by
the wind

A second factor affecting the number of air bome spores 1s the de
gree of artificial alteration of the ceology se the relatnc proportion of
bare ground and paved or griss covered ground Cities are less dusty
than countrysides A moderate summer breeze 1 the citv may be a dust
storm 1n the country  Alterations m the \cgcta!lon clcarl\ cause ch:mgcs
m the fungus population or i its d the

Mllxtar\ operations during World War II gwve the most smng dem
onstration of the importince of vegetation  In 1941 several air fields were
established m the southem San Joaqum Valley Coccardiondal infection
was recogmzed to be 1 hazard but 1t was preferred to the hazards of
mountuns and fog 1n alternative locations Dunng the first year clouds
of dust billowed over the fields and a quarter of the susceptible person
nel became imfected C E Smuth appointed consultant to the Secretary
of War proposed ngid dust control measures *”  Rods were paved ar
strips were hard surfaced and swimming pools were substituted for dusty
athletic fields Lawns were planted by the acre and mlitary personnel
were ordered at nish of court martial to avoid unprotected areas as much
as possible  As a result of thesc efforts the rate of cocaidiondl infection
m the military nstallation was cut by one half to two thirds at the same
time that the rate m surrounding agricultural camps was nsing

SCASONAL VARIATION IN THE INCIDENCE OF PRIMARY
INFECTIONS
Although primary diordomy cosis occurs throughout the year its
meidence mereases sharply m carly summer and remams high until the
first rains of winter  C E Smuth has mcely shown that the monthly rate
1s inversely proportional to the amount of ramfall (Fig 18) ¥ In the
San Joaquin Valley primary cocaidiodomycosis 1s essentially a disease of
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June to December, the peak oceurnng bout September  The naide
15 usually lowest m February In some vears the seson beginy 1 \
or even earher nd sometimes 3t continucs nto Jiury A few mf
tions begin during the Ty sewson for even then dry duys may be wyy
and dusty
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picking grape piching cte ) just prior to the onset of the illness  Fve
more worked m cotton gins or compresses where the air was heavy with
dust brought from the fields on the cotton bolls  Another mne did con
struction work or generil Iibor m the same dusty areas  Truch drvers
accounted for wmother four Over two thirds therefore worked 1n the
ficlds or rural arcas or dealt with thar products  The remanmg third
represented 1 cross scetion of commumty Ife many of whom had also
driven out nto the country for business or pleasure

Agneultural emplovment notoriousls attracts non immune people to
endemic arexs  The earh (pidemiclogie study of acute cocardiordomy
cosis with crythemy nodosum done by C E Smith in 1937 1939 showed
that over four fifths of the cises occurred m people born outside of the
endemic arca 3 Newly nlf of the patients hid been m the San Joaquin
Valley less than 1 yor and nowhy two thirds for less than two years
Smuth s studs was done during, the penod of migrition of many thousands
of farm workers from Oklihomn and Arhansas to Califormn Primary coe
eidiordomy cosis oceurred overwhelmungly m groups newly attracted hy
the agriculture of the endcmie aren Furthcrmore 1t 1s members of the
races most susceptible to progressne cocerdiodomycosis who are now
most Itkely to enter endemic arcas at the call of agniculture  Each year
thousands of seasonal firm laborers enter the San Joaqum Valley from
Meuco—many of them lcills by agreement between the Umted States
and \Meuco and some illegalh—the wet backs” who evade normal im
migration procedure  Fpridemologie suneys m Mevico are made difficult
because so many Mcvicans who react to coceidiondin have previously been
m the southw estern Umted States  Large numbers of Negro farm workers
have come to Calforma for emplovment i cotton fields The southern
San Joaquin Valley also his sevcral lnrge colonies of Filipmos who work
n the grape vineyards and fruit orchards  Most cases of severe disserm
nation occur 1mong members of these dark shinned races

Recognition of cocerdiordomy cosis 1s an oceupational hazard 1s nothing,
new In 1937 the State Deprtment of Public Health reported that of
the 450 cases of coceichoidal grinulomn previously diagnosed m Californi
655 per cent had occurred 1 people whose Jobs exposed them to the sorl
and 1ts products In the same year Gifford Buss and Douds wrote

For some time 1t hs been recogmzed by those dealing wath the discase
that agncultural workers cattle wnd sheep men o1l nggers telephone post
diggers and other persons with occupations mvolving exposure to soil dust
m the San Joaquin Valley nd Southern Californta counties are more ex
posed to nisk of infection with the Coccidioides fungus than elsewhere 1n the
stzte  The disease 1s now 1 by as an occu
Pational hazard for workers who are exposed to soil dust in endermic areas
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The first case to recene compens n ern Counts w
wion 1 K
P: Countr was 1 Leologst for

Ou
occup':tt:)‘rrxlqel :ﬁp!ilsl;n:'lfzz ';:c[ 1 it my be redatndh €15y to estiblish
or ]J) handling formites  Se i 1100;10"5115 e teured i the Iiboriton
oporatbality, fos ot rcely less difficult 1s the determmition of e
P ity for infections suffered by employ ces who m the course of therr
occupation are required to enter endemic wews  \ost problems nsing
1 endemic areas are more complicated for mere resydence unplics 2 (us
tawm hazard s Levan his emphasized in a thorough revien of ocetp itonl
responsibility m cocerdioidomy eosis ™1t Legal wssumption of occupation il
onigm m an endemic arer requires evidence that the oceupition mere1ses
the nish of fection ovar that of other members of the commumts  Ab
solute proof that infection 1s contracted on the Job 15 not demanded for
uncertunty of proof does not destroy 1 leg il night It 1< sufficcnt to demon
strate that the probabilits of mfection 15 gre iter during working hours th
it 1s durig the rest of the day

Most often the question of occupitional ongim msolves workers who
were residents of endemic arcas prior to their emplovment  The question
15 then merely onc of probibilities  The cyict mstnt of eposure ¢m ob
siously not be determined It ss neeess iy 1o show that the amplovment
exposes the worker to 1 greater hazard of mfcetion than that of the com
mumty m general  The problem resoh s itself essentiilh to ths question
Where w15 he in contact with the greatest amount of posstbly contimmated
dust—on the job or off? The probabilities of cxpasure 1 dufferant s
tions are roughly proportional to the wmounts of dust encomntere dm
ech
In one such cise 129 var old white fim worker moved from OL
Tahomn to the San Jorqumn Villes of Cilifornitm 1950 In the next four
years he Ined m v anous parts of the west side of Iresno Counts where
cocerhardomy costs 1s endemie Part of the time be worked m the ficds
but during the cotton prehing season hie worked m cotton Ly

In 1954 he Ined 1 v house surrounded by Tiwn where dust w s present
He drove five mles over shibth dusty ro s to
2 hours cvery mahit The urw s so hey
the cotton thit the foor had 1o be swept
Litions werd not particalirly different

but not unusually hens
the cotton g where he worktd 1
with dust and It brought m by
once or twice even hour  The cond
from thosc of other seasons

After about four weeks work hewis stricken with (hest pun s
night sweats and 1dn cough  $hen ht sow bospit hized five dus hter
Cocardiodes was cultured from the sputum His fover and other ssmp
toms clcared after four more duns but an acuty cants ppe wed m the are
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of pneumomtis requirmg three months of rest before it closed spontane
ously ‘The Industr! Acadent Commussion of Californt found the
fection to have been contricted m the course of his employment

Levan™ has suggested these critern for establishing 1 case s occu
pationnl

(1) Lsidence thit the patient was free of the disease prior to the sus
pected employ ment exposure

(2) Clronologie comptibility hietwccn the alleged mfecting exposure
and the onset of the discase

(8) Working conditions clearly productive of possible nfecting ¢x
posures

(4) Exclusion or evaluation of extra emploviment exposure of n
equal or greater degrec than work exposure

TOMITE TRANSMISSION

Because of the ese with which dust may be carned on clothing and
other articles fomute tewmsmission of Cocerdiowdes vmmutis 15 ensy to imagine
On the other hand n the mdiniduil ease 1t 1s very hard to prove and
few cases are reported  Within endenue wens where the very air may be
contammnated cases nvolving formte trwnsmission could not be distin
gwished from others Outside endemic areas primany infections would
likely not be diignosed and secondary disease would appear long enough
after exy to mahe dentification of the offending fomite a1l but 1m
possible

There are nevertheless a few dath which demonstrate that formte
transtmssion 1s real  Children have contracted acute coccidioidomy cosis
by playmg with cotton bolls brought from endemic 1reas  Men have been
mnfected by handling dusty clothes An epiderme reported by Plunhett
15 perhaps the most striking exwmple of the roles of formtes ¥+ Several
anthropology students from Los Angeles had dug into the sl of an old
Indian campsite m the umnhabited descrt near Inyokern Calfornia for
artifacts  Two weeks later four of the group and another student who
merely cleaned the artifacts after thev were brought back to the laboratory
were stncken with acate pulmonary cocasdioidomycosis  Soil samples from
the campsite gave positive cultures for Coccrdiordes smmitis

Additiona] evidence concerning the importance of fomtes 1s supplied
by the number of cases of cocardiordal granuloma which have occurred
m areas where fomite transmussion 15 more castly postulated than en
demicity  The vahdity of some of these cases ts questionable for cul
tural and mmmunologic data were never obtamed the diagnosis being
made only from post mortem observation of pathologic sections In others
the wdentity of the fungus was reasonably well established

In any event
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there hve been a few certun and many possible cases of coccicioidoms
cosis 1 non endemic aress  Furthermore 1t has been established that
mamy of the patients concerned could never have trawelled m endemie
areas  Such cases have occurred m mamy of the non endemuc states of
this country and m Cwnadt Hawar Itals and the Balkans

In recent vears the question of fomite trinsmission his heen rused
severnl times m the Iiterture  In 1949 1 wool sorter in New Lnglnd died
of 1eute muliry dissermtted coccrdtoidomycosts  One account of hus
cise 51 s that be was m Californin several years previously © although
another account demes this®  His work mvolved handling dusty wool
some of which was from Ciliforma The sequence of events s not cler,
but it ts possibly a case of fomite transmussion

Benmett Milder and Baker ated the casc of 2 Negro never outside
the northeastern states whose occupatron mvolved handling a hemp prod
uct imported from Califormt1 and Mevico  In 1949 he ws sticken with
chronic progressi ¢ cocaidiordomycosis  The authors concluded that fomute
trinsmussion of the fungus was the most likely source of s mfection®

Other cases less well defincd suggest that dust on frut and vegetable
products may have transmutted cocerdiord 2l spores  The question 1 st
open

LABORATORY EXPOSURE

The onls occupations more hizardous than agucultunal and allted
purstuts are those which imolve hndhng Coccidiordes m the hiboritory
The total number of Iboratory wequired mfections 1s unknown beese
mny must be asvmptomatic or undingnosed A numbcr of scvere wfec
tions are nevertheless v matter of record

It 15 ¢1sv to sec why Cocerdiondes 1s « dangerous argamsm to hindke
It grows on 2 wide vinety of medin requinng no speaial (nndn!ml;shsl(:
that if present m caltured matenal it will appear whether or nof 1“ W
becn expected  Its colontes are not so distimctive but whit they \r(x -
mistaken by the unsusprerous for those of less dmgerous fung \“m
cultures fragment raidih mto chlimvdospores nd arthrosports T\U“ Ny
that thes are s tfted sith the shchtest ur corrent tasth p lf\xm;, l:: di
such birners s protectne misks md bang, horne unsecn nr‘ L,n“m -
tances  Colonics wsully do not bear throspores and chl I:m(rmp(d,\ o
the renal mecum until thay e severil dus old - In the fisst ")
two thoy re therefore reditndds larmless but after ue )"v)"(" s{y;: o
velop there 1s no ihsolutchy safc wan of h mdhn,, thum ln‘us"‘ I
maoan 15 daling constaintly with Coceidiordes he mun 1{\;1 5||ul(ys(ﬂl1l(
dentits m the cultare untid he his gpened ot mounted b for o
stuch nd otherwise iberated ity spores
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We can surmise that unrecognized infections often cccurred m the
early vears when the fungus was cultured by workers blithely unaware of
the portal of entry the pithogenesis of the discasc and the mfeetiousness
of the spore  The first rccorded ease was thit of 1 Nebrasha physian the
course of whos¢ disease was reported m three papers by Tomhnson nd
Bancroft m 1928 and 1934*% 5 As 4 mediend student he had worked
with cultures of Cocerdioides m 1927 suffumg a typieal pnimary infection
soon followed by dissemination to the left leg and foot  Fortunately the
disease was not fatal

It will be recalled that it was an mfcction acamred m Dicksons
Taboratory which first suggested to um that there 15 1+ mild form of cocad
oidomycosts * Numerous other mfections were hter recogmized in the
laboratories at Stanford University some showing only conversion of coc
cidiordm shin tests from negative to positne and others bang associated
with symptoms and spherule contunmg sputum  On one occasion 13
obstetrics students who had been m a clissroom two stories thave the
laboratory d primary dioidomy cosis

Cases have occurred i most of the Caliform laboratonies handhng
the fungus but at the present time 1ts danger 15 so well recogmzed there
that adequate precautions are uswally taken Tt 15 m non endemic arets
that the hazard is now greatest 1In 1943 Bush of Tusciloos1 Alabamt
reported the case of 1 medical techmeran who worked with pathogenic
fungz** Wil prepanng a mount from n old culture of Coccidioides
she dropped the cotton plug, to which long hyphae were adherent  As it
struck the tble a cloud of dust wrose  Although she had worn a surgieal
mask which covered her mouth and nose well two weeks later she suffered
an acute febrile sllness with erythem nodosum and arthntis and the coc
cidiondin skin test became strongly positive

The fatal case of a 74 year old Negro male dishwasher was reported
by D T Smithand E R Harrell Jr of Duke Unnversin n 1948 After
collecting glassware from the mycology Iaboratory and delwermg 1t to
the autoclaving rooms the patient suffered an acute pneumoma proved
to be cocardiordal when the fungus was recovered from the sputum  Gen
eralized lymphadenopathy and 15 ch 1zed a progressnve dis
ease which was fatal in 170 days

In the same year Nabarro of London reported the case of a 82 year
old research chermist who prepared extricts of Cocerdiordes for shin test
ng by scrapmg dry cultures mto a receptacle and gnndmg them with
salme *** So much dust was raised that she wore a guuze mash but a week
later she came down with acute pneumonia erythema nodosum and ar
thriis  Cocerdroides tmmitis was recovered from an moculated gumea
Pg
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Gounzalez Ochoa m 1949 mentioned two mfcctions acqured il
laboratory m Mcxico Gty one eliricterized by bronchitis and the other
by ervthem1 nodosum

In 1950 Loonev and Stem reported the ewsc of 1 98 v¢ 1y old Negro
techmern who contracted an acute illness 2 weeks after exming with
1 hand lens wn open culture Jater 1dentified as Coccrdordes smmitys *
The mycosis beexme dissenunated to the bones of the hwds wd fect

In 1 review of 1842 hboratory mfcctions cwsed by v wnous pithogens
Sulkin 10 1951 noted that 63 were cwsed by fungi—usually Coceudionds s ®
In addition to the cases reported m the hteritme Smuth has collected t
total of 63 proved and 9 probible ces of Iboritory mfections

In 1952 Tzzo Bonfigholi and Martmez reported the first ibortors
mfection 1 Argentinn ** A techmcan was discorvered to hwe nodulir
lesions 1n both lungs  In retrospeet he reeilled an iness with cough
retrosternal pam and envthemy nodesum  The cocadiordin shin test was
positive

In reviewmg the reports of Tiboritory wequired mfections i non
endemic areas one 1s struck by the fict that 1lmost a1l of the patients d
cither ervthama nodosum or dissemmated lesions  Inwsmuch s these
comy]xcmhons occur 1n onlv 2 smll mmonty of mfcctions 1t 1s obvious
that the tota]l numbcr of cises must be vers much Tirger thin reported
The implication ss cdear Handling Cocadiondes wmmutis without proper
precautions 1s foolhardy—and for members of ccrtan 1aces may he suicwdal
The danger mav be mummized by certun precavtion s mc surcs morc
fully desenibed m Chapter Three such as use of Tgmd medis se thng of
cultures on sohd medit fter arthrosporcs hine had 1 chec to devedop
and use of bicteriologie hoods ar other protectne devices

THL QULSTION OF CONTAGIOUSNI'SS

The problem of the commumcibihts of cocaidiodomycons wose
when the first pibient was seen m Californi - Fyen beforc s hospsit ders
tion Le was offcctnls isolited by far for lus fedlow workers shunned
Ius presence completch  Althouth datt wre now Wdequtte to wnaer the
question onee for Al it contimues to hariss pitionts thor Tumlies nd
therr phasicins partieulwels outside of cadennc arcas The guestion
mtenscly practici] T oonce observed 3 pibient with slowh pmgm_\m!
chronie disscmmation who had 1 hirgt subontancous cold hvn” ol
his back sith 2 tmy drunimg smus but whose Tungs were o, s pee
feeth clear Well able to be up nd round he was unresticted m Iln\
hospstal privaleges When tr wsferred to U nid westom hospital n l(;r; (,:
to be noar s fumily he w s nolited <o antreetic i thiat he wes »,r
abndoned by the ternfied stiff - Ths confusion @t the suddon hinnh
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ment was complete A week lnter he signed his relese agnst medical
advice  Imasmuch s strict isoliion presents 1 morale problem under
the best of aircumstances 1t 15 defensible only when it 1s necessary to
proteet the health of others

As Berhe has stated the problem

The significince of this difference of opwmion 1s greater than mere
academc controversy It 1 of vital importance to the patient and his
family to know that wsolation (such as 1s idicated 1n tuberculosts) 15 un
necessaiy  In fact since the patient wath residunl kesions ncluding eavi
ties generally has few if anv svmptoms and 15 well able to engage m
gunful employment the entire matter of socioeconomic 1djustment becomes
dependent on the question of infectiity of his disease

Before the nature of the cansatne organism was understood confu
sion about the problem of t bility was under dable  When
the distinction between the two phasces of Coccrdiordes smmutis was recog
mzed fear of contagiousness was n large part allaved It was observed
that 1t was m the mycehnl or saprophytic phase that the fungus was
mfectious  As long as it was thought that mycelial forms never occurred
mn tmmal tissucs 1t was generally accepted as a corollary that the disease
could not be spread from a patient to his friends and relatives  Occa
sional entics of this view felt that the parasitic form or spherule was also
mfecthious  In a senes of studies of the question Rosenthal showed that
gume pigs could be mfected of matenal contaning spherules was foraibly
mjected nto the lungs through a tube placed m the trachea **' No one
doubted Rosenthals observation but most students felt that the conditions
of the expeniment were not analogous to the clinical situation but were
analogous to experimental imtroduction of spherules into other parts of
the body  Examples of human infections from implanting spherules into
abraded tissues are dingly rare In a subseq paper R hal
reported that healthy guinea pigs became mfected if they were caged
with diseased animals ®  an obsenation that has not been confirmed by
others  In general 1t has been felt that except under art:ficial conditions
the spherule 1s not an infective agent and that there 1s therefore no danger
of transmussion of the disease from patients who harbor only the spherule
form

The question of contigionsness was reopened when 1t was discovered
that the mycelal form of the fungus may appear in bemgn residual pul
monary cavities and granulomas  On the basis of pathologic study of a
case or two some wrnters have concluded that coccidioidomycosis must
be considered a contagious disease®® * * It 15 noteworthy that fear
of communicability has been expressed not by wnters who live m endemic
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rexs but by those who lue elsewhere md who 1re therefore likely to see
onlv sporadic cises

When my colleagues and I first reported the discovers of hyvphal ele
ments i the sputum of patients with cocerdiodal c1nities of the hung
1t was realized that the question of contagiousness was thereby raised even
more pogntly than before  We therefore undertooh 1 critical evalua
tion of our own c1ses 15 well as of the reports of others for actual evidence
of mfections resulting from contict with pitunts  Although thousnds of
soldiers who contricted cocadiodomycosis i Ciliforni during the war
hasve returned to their home states there has not heen 1 smgle case of con
tact snfection among them  Judging from the known meidence of bemgn
residual pulmonary Iesions and of disscminited Iesions followmg primn
coccrdioidomy costs there must be hundreds of men with chrome Testons
m various parts of the country  Six patients wath pulmonan ¢raties were
acturlly followed by Bass and his colleagues m New York with the question
of contagiousness m mmd ! They found no evidence of mfection ather
obyvious or jnappent among the mtimate contacts of these ptunts with
Anown open cavities  Cocaidioidin shin tests and chest roentgenogrims of
all the close rehitives who were studied remuned negatne In o Tuge
sertes of cases of chrome diserse including 92 of cwvitation scen over 1
penod of more than ten years Winn never saw evidence of trmsmussion
of the diseasc from one person to wmother ¢ven when v mother remuned
at home with her cluldren ®* € L Snuth has also not scen endence of
cocerdiordomy cosis among familics of several patients with caaties * Coc
cidioidin shin tests huve remamed negatne after Tong contict between
ptients nd fanilics  Puchett whose studv of hyphic m cwsties md
granulomas concemned the finst sigmfic it Jurge sencs wn ko anware
of any evidence of contact mfection

My aypenence agrees preaseh with that of the abow mentioned
authors  Although there are alwavs scverid paticnts with coccrdiordoms
costs on our wards there has never vt boen ¢videnec of mter fimmom trins
russion of the disese despite the fiet that such piticnts e neves wolited
The man n the bed nat to thit of 1 pitint with cacadiodomycosis 1
very much safer than the trswent furm hiborer whidig the dnst of
endemic rer

It must be dmutted thit with the danonstrtion of hyphie the
sputum  transmussion of cocadimdomicosts from 1 paient with 1 u\lt\‘
becomes 1 p()mluhl\ I will oven pr((h(t that somedn momstinee o
man to mm contagion will be reported whereupon thous mds of patients
will he speedih and unnteessandy ssofited A redsbe o J]l)lll("l[h““
ever shows the prictical msignifienee of the problam The sk of um'
tractn,, the discse from a prtient s mutch loss than the sk howee



Lptdemiolo.y of Cocewdiond 9

shight of contractmg it by drving through an endemie arer  An example
of the former danger has vet to be reported examples of the itter are well
known Yt s C L Sonth observes  no one scrioushy proposes barrng,
trnved through n endamie arcr ¢ Neither does anvone suggest quaran
tuumg, agneultural produce from southwestern states although rare ex
amples of possible fomite trwmsmission hue been noted  In my opmion
ordmiry hygieme precwtions 1re Al that 1s mdicated 1 the care of pa
tients with cocardiondal cwaties I faenl tissues are used for handker
chiefs  discharges are prompthy disposed of and Tinens arc hept clean
there should be small chance of propagation of myecha and thur ur
borne spores

Tlis discusston of contigiousness concerns only pulmonary cavities
and grinulomis  With possible rare exceptions mycelia hase not been
demonstrated m other forms of cocerdimdal diseise either primary or dis
semmited  Even if the prodiction of trinsnussion from 1 patient with
A ety 1s somedy realized that eventuahity will hwe no implications re
garding other tvpes of the diseise

The majonty of the staff members of the Fresno Veterans Admmistra
tion Hospital have only recently come to the St Joxqum Valley and are
thercfore not immune to cocadiondal diseise The combmed exposure of
hospit] personnel to infected patients including those with hyphae 1n
the sputum now represents a total of several hundred exposure years
Despate this theoretic hazard there was in five yeurs of observation only
one hnown case of primry cocadioidomy cosis among the new members
of the staff—that of 1 nursc who contricted the mfection during the peak
of the cocaiiodomycosis seson Just 1s amy new comer to this area might
do  Her symptoms began about ten days after she made a pleasure tnp
outside of Fresno into adjcent parts of the San Joxqum Valley where the
sk of mfection 1s greater than m Tresno atself

In practice the nsk of bility of diordomy cosis 15 so
shight that except for the ordimary precautions of decency 1t may be safely
disregarded  As fir 1s primary diondal and d i

P
coceidiordomycosss are concerned  there 1s hardly even a theoretic hazard
Even m the csc of those with chronie cocaidiondal cwitation of the Jung
climeal evidence 15 overwhelmingly convinang that cocerdiordomy cosis 1s
not 1n the usul sense a contagious disease



Chapter Six

Immunology of Coccidioidomycosss

Acquired Immunity to Cocerdiodes immitis
Coccrhordin Shin Sensitiity
Serological Reactions to Cocaidiondal Tnfection

ACQUIRED IMMUNITY TO COCCIDIQIDLS IMMITIS

’I;IF iresence of Coceidiodes tmmutis i the body evokes 2 rypnd md
ordinanly cficetne smmunologie response on the prt of the host  Im
munity therehy conferred 1s hfe long and complete  As fir 1 we hnow
second attacks of cocaidiordomyceosis do not ordinwrly occur lthough
there 1s cvidence that unusually massive shalation of spores mn cause a
partil break through of immumty  Smuth has reported the case of
mmune laboritory worker who had nuld malaise and recurrent precipiting
after an overw helmmng Ibortory exposurc ** There bt been no malaoms
sitution following ordimiry exposure  An amilvsis of allewed recurment
attachs of paturally acquired  Valley Fever shows that what actu il
reeurred was n undiignosed illness 1ecompamed by cnvthom nodosum
It has never been proved that two widely sepirate attacks of crythomt
nodosum were both coceidioidal Furthermore once mmmumity has heen
ostiblished  there 1s httle dnger of disscmmation  If disscmmition 18
gomg to oceur 1t almost certunh daes so durmg, or soon after the primin
mfcction

scvenil phenomenn assoented with the immunologic response of the
hody ¢ mcsurable providin, precse dngnostic nd pro nostic tooh
The unmunologic methods of study re more wenrate thwn those vet de
vddoped for most other fungus mfections Thes are the cocadiondin shin
test the preapttn test and the comploment fixation test

(3]
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COCCIDIOIDIN SKRIN SENSITIVITY

Cocardiordin 15 the filtrate of hquid cultures of Coccidiordes 1mmutss
When used mtelligently 1t 15 the most valuable single tool generally vl
able for the diagnosis of cocerdiordal mfections

Cocadiodmn has been prepared m sanous ways  Cooke who m
1915 made the first attempt to studs eases of cocaidiordomy cosis serolog
ically tried shin testing with emulsions of mycelin and spherules ! s
results were equnocal  Davis 1n 1924 prepared the first successful coc
aidiondm a1 suspenston of the fungus rather than a filtrite®  Hirsch and
Tus co worhers m 1927 used the first broth fltrates for shin testng” ** A
vear later Jacobson shin tested patients with progressne cocadioidomy
cosis using 1 filtrite of Sabourauds broth and then glucose broth ™ The
first shin testing survey was accomplished by Hurwitz Young and Eddie
m 1938 usmg a broth fltrate which had been hilled by heat dned and
suspended in phenolized salme " Ressel's veal broth culture * heat Lilled
and ground with sand was the cocaidiodin used by Gifford 1n her clssic
study of Valley Fever * In 1943 Hassid Baker and McCready™?
solated from diodin logically active polysacchande con
sisting of galacturome aeid glucose and an umidentified sugar i the ap
proumate ratioof 1to 6to 3

The cocexdiodin most widely used at the present time was deseloped
by C E Smith after he had tned and discarded a number of other prepara
tions because of their content of foreign protemn or the prohibitrvely long
time required for their manufacture®*  For culture he modified and
adapted the asparagine formula already proved satisfactory m the prep
aration of the tubercubn of “Punfied Protem Dernative”  For the inoc
ulum he uses ten strans of Cocctdiodes immutis 1solated vanously from
patients with dissemmated infections wnd poor sensitnity with erythema
nodosum and strong sensitivaty with pleural effusion with uncompkicated
primary mfections and with restdual pulmonary cavitation Diverse en
demic areas are represented Incidentalls Smuth was able to demonstrate
no sigmfi daff m the diordin produced by various strams
He also showed that grinding the mycehal mat prior to filtration brought
about no merease m the amount of cocerdiondin produced

The fungus 1s grown for six to ten wecks the time period being deter
muned by potency tests  Aqueous merthiolate 1s added and the matenal
15 passed through a Berkefeld filter Tests for stenility potency and spe
ofioty are then made  The standard dilution for routme testing 1s 1 100

Coceidiondin 1s a stable substance being only shghtly attenuated by
heating m an autoclave at 250 F for ten mmutes or n live steam for an
hour Undiluted it may be kept at room temperature without loss of po
tency for at least ten years and perhaps mdefimtely Even when diluted
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1t muntauns its strength for scvertl vears at room temperiture unlos ot
has been contiminited m which eise it ma cse cither filse negatines
or false positty es

The cocadiordin shin test 1s given m the stme wn as the tuber
culn test The Iner must never have been used for e other hiolosicl
preparttion notwly tubcreulm 01 ml of the appropritte dilution (usu
ally 1 100) 1s mjected intradermally - A positive reretion 15w ndurition
5mm or more i dinmcter  Usually there 1s also ervthemt but sometimes
the blush 1s so funth pink that 1t 1s not noticed 50 that the test my be
crroncously called negatinve even though there 1s detectible ndurtion
or edemn

Sourees of error m admnustration and mtcrpretation e (1) wsing
contammated cocerdiodin preparitions (2) usimg luers previoush wsed
for tuberculin testing  (8) myjcetmg subcutmcoush mstaxd of mtricu
taneously  (4) reading too exrly or too Jate nd (5) overlookmy mdury
tion beeause ery thema s funt or absent

In the shin of 1 sensitne purson cocerdioidin cases the dcdwed
type of rewction  Occasionally n immedinte rection 1s seen Bhe thit
caused by mtradermal pollen mjections m a person with pollmosis with
erythemr wheal and pscudopods ppeinng m 15 to 60 mmutes md fid
mg m 1 few hours  Such 2 renction 1s not neeessnby indicatne of coc
adiodin sensttivaty for 1t ¢ occur m patients who huwe nover bun
m an endemic arct and who do not Iter show the speafic dadwed n
action

The dignosticallv sigmficint reaction o mduration at lewt 5 mm
m diameter with or without ervthema bogmns withm 6 to 24 hours Nt
mal reiction apperrs i m werage of 36 hours  The test should b raud
at both 24 and 48 hours  If rcad only at 24 hours slow rc ictions may not
vet hwe appearcd wherets of read only at 48 hours 1 fow mn alrady
have vanshed Ocesomitly 1 reiction muy not e vissble for three div
or mramal for four duws  The sizmficanec of the musinlly delied
rewction s the same as that of the typeil 2845 hour rcction

Cocerdiowdin sensitnaty 15 not passneh trwsferred to the shm of '\
non reactor by mtradermal mpcction of scrum from 1 patient with b h
scnsitrsats Furthcrmare repcated shan tosting wath cocadiordin does not
mduce shin sensitinaty or stmulite the formtion of humoril wtibodics

Sensitinity to cocadiodin usually docs not ppoar unti severtd l(In:
after the onsct of ssmptoms of priniiny coccidiadomeosns 1S lnh':\l“:‘
carly the speafic reaction will not et hane apperad nd lll ”I;mnhh
not repeated the dignosis w O e overlooked Tt as nusorthe ,l a "
to test smmedntcds for w il negitine rction 1 the ~II] -
background for evaluating @ liter posstine rowction € ocurdindin sa
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taty meisured by 11100 dilution uswally appears m two duys to three
weeks after the first sumptoms or nme dws to sic weehs after exposure
1f 1 1000 cocerdiondin 1 used sensitnaty myy not be apparent until two or
three weehks Jater  Rarely scnsitmaty does not appear for six weeks At
the other extreme comversion of the skin test from negative to positive has
been noted five days before the onsct of symptoms of a modcritely severe
primary nfeetion  If the allness 15 cocerdiondal sensitiaty wvanably ap
pears sometime during, the pamary stage and increases for several weeks
exeept m ccrtun cses of overwhelming disscmination A patient wath 1
mild reiction dunng the fist week may have 1 severe reaction two
wecks lter

Ervthemn nodosum atself 4 mumlfestition of hypersensitnaty 15 ac
companted by strong dermal reactions to cocaadiondin so that it 1s prudent
to use lugher dilutions thn usual (1 1000 or 1 10 000) in testing a patient
so affiicted  Skin testing dunng, pnmany cocardioidomy cosis sometimes
precipitates erythemt nodosum or cuses its recurrence  Insmuch as both
are expressions of the same sensitinaty  envthema nodosum does not appear
before rerctinty to cocaidioidin A negatne cocerdiondin reaction 1 the
presence of crythema nodosum therefore rules out cocaidimdomycosis as
the cause  Although diowdm skin testimg o Iy flwres up ery
thema nodosum the reaction 1s more annoyving than senious  Healng of
the pulmonary lesion 1s not therchy delaved nor 1s comvalescence pro
longed Turthermore cocerdioidin admimstration never causes dissemi
nation nor does 1t reactivate an old quiescent infection

Cocaidiodin sensitinaty after mfection 1s generally of long duration
although 1t m1y wane slowly It has been demonstrated as long as 21
years after a pnmary nfeetion  In highly endemic areas 80 to 90 per
cent of long term residents react so that sensitnvity must ordmanly be a
stubborn charactenstic  Although persistent sensitivity has been blamed
on repeated exposure 1t has been known to remam for over 20 years after
the st possible contact with the fungus  Rapid loss of sensitivity within
a few months after convalescence has been described i small serres but
those with the widest cxpenienee have observed that more long lasting re
actnvity at least for 1 number of years 1s the rule  When sensitivaty does
tend to decreasc 1t may do so even n the face of constant exposure to
high concentrations of the fungus It has been shown that coceidiordin
reactors mav harbor spherules of Coccidioides m ancient caleified coc
aidiodal lesions providing an explanation for their persistent sensitivity
Like a positny e reaction to tuberculin a reaction to coccidiordm does not
mdicate when mfection has occurred Tt tells what” not when” Un
less comsersion from negative to positine 1s noted the time of the mfec
tion cwnot be mferred from the shin test alone
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There are two situations m which an actine cocardiordl infection may
not be reflected by a positne shin test (1) euly m the counse of the
primary diseise before sensitivsty has apperred and (2) m the stage
of dissemmation  When dissemmation occurs shin reactssity ma de
crease or disapper  About 70 per cent of such patients will not react to
11100 dilution about 40 per cent wall not rect even to 2 1 10 dilution
Nevertheless although it 1s 2 fallible diagnostic tool cocerciondin 1s valn
wble prognostically  High sensitimity does not present dissenination but
muntuned sensitivity wgurs 2 better chance of survin 1l Execpt n cuses
of meningitis three quarters of those who continue to react to 11 100 di
lution will survive but only a sixth of those retcting negatincly - Moningitis
although myvarnbly fatal 1s often assocrated with strong cutincous re
wtinaty unless 1t 1s part of a generihized nuliary dissemination i which
cise there 1s usually mergy

The loss of eutineous sensitrs ity my not be speeific for cocerdiordim
for cases have been reported in which sensttivity to tuberculin wis ko
lost as milnny dissemmation of the coceidiodnl leston oceurred  Re
covery from progressive cocaidioidal granulomt 1s often accompined by
re estabhishment of sensitinaty to cocaidiordin

Shin sensitivity 15 sometimes lost with restdual pulmonary Iesions (en
ity or grinulomt) and humoril 1ntihedies are usually low or absent
this form of the dise1se

Although there 15 no cross sensitinity between cocarchoidin and tu
bereulm there we cross reictions with the antigens of several other
relted fungt  This problem became appirent with Emmons discovens
of Haplosporangium parvum m Anzont and the cross rexction between
cocadiondin mnd haplosporangm

Larly m World Wir 1T Smth noticed that 2 hrge number of soldiers
from central Unmted States rected to cocardiondm ¥ He mfared that
wothcr fungus such s Histoplasma capsulatum mght b responsthle
for the crass rcaction tnd postalited 1 bemgn form of hatophismoss
which might have caused the hitherto mexpluned pulmon iy cilafic:
tions imong residents of that wrev His conjecture was prmul correct
by the mvestigtions of Chnstic and Peterson® ' ind Pilcr e Snuth
then demonstrated that 1 pnmans histopl ismin scnsitinats was 1t \ponflh'f
for the low grade reactions to cocarchondin imong residents of the Ohu;
and Mississippr Valleys Cocerdiordm shin testing, sun vy m Contrt
Amernich hive o rosulted o a small pereentage of positne reichions
(Tiblc V) Histoplsmosis now known to cust thare s prﬂhl'll\ n
sponsible for the false positives s 1t was 1 the ammy suness /

There 1s also cross sensitiaby batween cocadiondin and (xtracts o
North Amencmn workers e shown crms 1eic

Blastomyces species
f : ces dermatitidis and South Amen

tions with blistonvan from Blastomy
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can mvestigators have reported sumilar results with  paracocaidiordin
from Blastomyces brasihenscs (formerly Paracoccrdiodes brasiliensis) the
causatne agent of South Amencan Blastomycoeis or paracoceidiordomy
cosis

Cross reaction 1s usually fant or absent when normal dilutions of
these antigens are used but 1t may be apparent with Tigher concentra
tions suchas1 10

SEROLOGICAL REACTIIONS TO COCCIDIOIDAL INFECTION

Prior to 1937 serologic studies of patients with cocaiioidomy cosis
were more 1 cunosity than 1 recogmzed necessity  In the only known
form of the discase prog e diordal granuloma d was made
by d ration of Coccrdiordes m the lesions either by culture or b
opsy so that serologic confirmation was not important  Today however
with the recogmtion of the vastly wider spectrum of cocaihondal infection

logic tests are v both for diag and prog;

Although other methods of diagnosis— ¢ recorenng the fungus from
the sputum—nre theorctically superior n actual experience the serologic
tests are more practicable  Sputum m1y be scanty and its culture may
be hazardous particularhy if the presence of Coccidiordes mumitis 1s not
suspected and precautions are not taken  Unless there has been an earher
negitne reaction a positive coccidiondin shin test 15 suggestive but not
conclusine  Because of the drawbacks of these other methods serologic
tests have recentls come nto their own
Cooke who n 1914 was the first to study the immunology of coc

if yeosis d rated a speafic precip reaction by the ning
method but could not show complement fixation or shin sensitiaty ¢
Davis who made the first useful diodin also d rated com

plement fiation using as his antigen a 4 week old culture which had
been ground up ©
C E Smith devcloped on a wide scale the modern techmques of
serologic study  Although Ius vestigations were well under way m 1940
he did not finally publish his results until 1950 when he had already per
1 1

formed over 21000 precip and P fixation

tests®o 07

Cocaidioidin 1e  the filtrate of cultures of Cocerdiodes 1mmitis 1s
the antigen for both the precipitm and complement fixation tests The
preparation of cocadioidin has been described above  For serologic test
ing as for shin testing multiple strams of Cocerdodes immutis are used
m the manufacture of coceidiodin although there has been no evidence
of antigenic vanation even among strains from different continents Each
Tot of din must be sep 1y standardized The antigens are 1l
most indefinitely stable at room temperature holding thewr potency for
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Precipitims are speetfie immune bodies which react direetly with an
ti_ens to producc 1 preaipitate To detect the speafic preapitin for Coc
cultoides immutts 02 ml of undiluted scrum 15 placed 1 each of severnl
tubes  Cocardiondin 15 then added-02 ml undiluted to the first 02 ml
of 110 dilution to the sccond and 0.2 mi of 140 dilution to the third
A control 1s run using unmoculated aspiragime medmm mstead of coc
adiodin - Preapitns are demonstrated by the formation of 4 button or
flake after the xed components have stood for 1 winle Dub readings
are made for 5 davs  Button formation 1s rceorded s +++4

The precipitin ind complement fixation tests are ighly speaific for
cocardiondal dise 1sc  Cross reictions hve not been noted with bactenal
nichettsinl and viral infections  Furthermore scycral mycoses—such s
actmomicosts blistomyeosts and en ptocoecosis—have so far not shown
non speific reictions to the cocadiondal antigen  The exception s his
topl m which cocabodin mwy weally fix complement both
the 1cute disersc ind 1 some eses of the dissemmated form  The titers
are usually low ¢g 116 compired with the histoplasmin titer which
ma be 1128 or lugher  In blastomycosis coccrdiordim does not fix com
plement but blistomscin mw gne ugh complement fixation titers
cocerchiordomy costs 7 ¢

Bieberdorf and Chamblis have described 2 serum for use 1s a post
tne control n rcas where positine sera are not sily obtammed  Their
method myvolved using the sern of rabbnts infeeted artificially *

The serologic patterns n vanous types of cocadiordomycosts are suf
fierently specific to be of great diagnostic and prognostic aid  Fortunate's
precipitins and complement fiun,, antibodies appear at different times
and under diffcrent circumstances so that the information dermed from
cach 1s distinctne  In brief immunologic charactensties of primany coc
adiodal infection may be summarnzed thus

(1) Cocaidiondin skin sensitivats 1s present m every case of primary
cocaidiordomy cosis—w hether mapparent moderite or severe—and usually
persists for years unless orerwhelmmg dissemiation oceurs

(2) Precipitins appear next arc present i most svmptomatie pn
mary nfections and usually persist for only a few davs or weeks even
when dissemination follows

(8) Complement ficng antibodies 1ppear st and then only in more
severe mfections persist for several months or even years in uncomplt
cated disease and ordmanly nse very high in dissemnation and persist
throughout the period of generalized disease

In prmary cocerdioidomycosis one or both serological tests e post
tive 1 1bout 90 per cent of patients with symptomatic disease but only
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in 10 per cent or less of persons with mapparent mfection In general
the more severe the fection the more likely the dex elopment of humoral
antibodies The precipitin reaction s positive 1n about three fourths of
the cases of uncomplicated svmptomatic prmary coccidiordomy cosis nearh
half the time the precipitin test alone 1s positne  About 1 thud hue
both precipitms and complement fiung antibodies  In onh 1 few (less
than « fifth) 1s the complement fixing test alone positn e

If both serologic tests 1re negatne throughout the course of 2 mod
ertely severe pulmonary mfection of unknown cause there 1s only about
one chance m ten that 1t 1s coceidiordal  If tested on only one occision
the presence of antibodies may be missed

Humoral antibodies are alwavs preceded by cutaneous sensitnity  In
the uncomplicated primary infection 1t 1s therefore fnutless to do serologie
tests until the sk 1s positne  The shin test becomes positive during the
first week 1 over 80 per cent of mnfections by the end of the second week
1 over 90 per cent by the end of the third week 1n virtually 100 per cent

Precipitins lag somewhat behind shin sensitnaty  They appear m
about 50 per cent of symptomtic cases durmg the first week n 85 per
cent by the end of the second weeh md m about 90 per cent by the end
of the third week  Almost none make their mmtil rppewance there
nfter By the fourth week precipitins begm to disappear the percentage
of positive reactions falls steachly to almost zero m 8 or 4 months In
all of Smuths nearly forty thousand tests precipitins persisted longer thn
seven months after uncomplicated primars infections m only 1 handful® !
Four patients still had demonstrible precipitins at 7 to 9 months thre
at 10 to 12 months onc m the sccond year wnd one m the third veir
Almost 1s rarely were dissemmated mfcctions wccompaned by persistng
precipitins—eight m the second vear three n the fourth vaar and one
n the minth year  Once they have vamshed preaipitins reppear m only
one situation—-when rupture of 1 residual pulmonary cuwaty cuises €oc
cidiowdal hsdropneumothorax

Complement fiung antibodies develop more slowly thn precipitins
In less than 2 tenth of symptomatic cises do antbodies pper during
the first weekh but they continue to appear for thrce months whercs new
precipitins do not 1ppenr after the fiest month  In uncomphe it primin
infections complement fixing antibodies usually regress durng the first
year most often during the first six or eight months ~ Only rirchy do tho

disappear before preapitns do  In the presence of benin nmhfnl
pul y lestons plement fivation may persst it 2 low Teved for

several years  When dissammnation occurs 1 lagh titer ustath p;‘r‘nts(l:
until death or until healing, of the discaise I hne seen 1 mwimi 1
twenty vears after the first svmptoms of 1 peripherl grmulom?
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RACIAL DIFFERENCES

T was noticed very early in the Twentieth Century that members of the
darl shinned races are particularly ptible to d d diord
mycosts  Part of this predeliction was at first thought to be explaned by
the fact that as farm laborers they were more often exposed to infectious
dust but 1t 1s now obvious that racial differences are real and striking

There 1s no particular difference in the racial susceptibility to primary
coccidioidomy cosis for persons of no one race are more hkely to mmhale
the spores than those of another Cocaidioidin shin testing surveys show
essentially the same general patterns in different races It 15 n the reac
tion to the pnmary infection that racial differences are so great Negroes
and Filipinos are much more prone than Caucasians to have severe pnmary
illnesses and to suffer dissermnation  To be speaific cocahoidomycoss 1s
more than ten times as hkely to become disserminated m the Negro than
m the Caucastan  In the Filipino the hazard 1s even higher

The relative racial susceptibility to cocerdioidal granuloma has been
estimated from morbidity data gathered in hern County by Gifford who
calculated case and death rates per 100000 for the years 1901 1936 =
Enough cases had occurred m four groups—Caucasian Mevcan Negro
and Filipmo—to give valdd data  From Table VI 3t may be seen that
Mevicans are about three times Negroes 14 times and Filipmos 175 times
as prone to suffer d i d ycosis as C: The
total number of cases 1n other racial groups was small but 1t appears that

101
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therc 1s lso meresed susceptibility 1 Amcriem Indins Japnese nd
Chmese

Gifford also noted i 1937 that Caucasims with 67 per cent of the
total population 1 hem Counts  contributed only 41 per wnt of the case
of coceridioidal granulom: wherc1s other races with onle 13 per cent
of the total population contnibuted 59 per cent of the cases  Over 22 per
cent of the ciscs occurred m Tilipmos alonc Uthough they represented
only 025 per cent of the popul tion

TABLE AT

Disststrsarrp Coceintoipostycosss — Cov aratiir MorpimITs asn MorTaumy Raqes W s
Variots Ractat Grours In higs ColaTy CaLirornts 1901 1936

Cise Rate Case Rate Death Rie | D ath hate
Race per 100 000 Rano per 100000 | Ranr
Cauct 1an ) 8 | 1 3 !
Mentean | 281 | 34 140 5
Negro ! 1122 | 137 I est na

Filipin

Adapted fromditvof Gifford Bu and Doed # By poeme o0

The reason for the diffcrence m ricn) susceptbility s unknown n
the cnse of certun other discases m wlich there ts 1 smulir riend differ
ence at has heen proposed that Tong yposure his brought 1bont 1 il
resistinec This ¢ hardly be true of cocadiodomycosis for it 1s 4 new
disewse to Cwestns 1 well 1s to Negraes wnd Tilipmos  Indeed the
ouly group which could have hd long cxposme—the Cthifornin Induns—
have somewhiat less resistance than Caucists of Gifford s fiures are repe
resentatng

For some rc won other thw long ancestral exposure members of th
white rice hue the ety to develop higher mmmunity to coccidiodonn
coss than other races  Assaciited wath this better smmumty s the hnher
waidence of chssical Valley Tever imong Cacastins - Althou nthem
nodosum occ wionally occurs 1among, \e_rocs d Filipimos the madonet
1s Tower thin amopg, Cwcsins It 1s morc likely to occur amon, N 100
of mixed wcestry thin m pure blooded Negrocs e sl

The questian somctunes 1rses conceming differences within t uf\\ Im
rice A defimte mswer cwnnot be grven That are no figures dor .
stince to compare the madence mong those of Nordic md (h(;s(‘;
Latim descent  The number of Portuzucse amaong the fist victuns "l ;.n
adiod i grmulom tm € iforne s sugzotive of mere wed smeeptibn
but prease data are Iekimg
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SL\ DIITERFNCES

It was ongmally thought that cocerdiond ] grmuloma was 1 disease of
adult males  Onlv two of the first 60 ciscs reported in Cabforniy mvohed
fomales When Ricsman and Ahlfeldt made their study of 87 eases m
1927 2 mun pomt of thar piper was that occasionally the diseise docs
occur in women and elnldren *

Now st 15 hnown that there 1s no sex predehiction i pnimary coc
adiodl mfection  Shin testing surveys hnve shown equal distnbution
of posttn e retctions between the sexes There are nevertheless differences
n the rexction to pnmary mfcctions Typienl Valley Fever 1e primary
cocarhoidomycosts with crythema nodosum 15 much more common m
women thwn m men  In fict primany cocerdiodomycosts 1s more often
diagnosed m women simply becwsc the shin lesion converts an iapparent
mfection mto once which 1s very obvious  Ervthema nodosum oceurs in
about 5 per cent of all infcetions i men and about 23 per cent in women
Before puberty this sex predeliction for shin mamfestations 1s not ap
parent but thereafter the trend 1s clear

Males on the other hand are much more prone to suffer dissemina
tion of the infection  In Giffords review of coceidiondal granuloma 1n
hemn County the case rate per 100000 for men was 265 and for women
only 74 ornearly 4 to 1 In Becks earlier suney the ratio was nearly
6 to 1™ The culy figures m1y hne been weighted by the fact that
there was 2 preponderance of drk shinned males brought into the valley
for agnicultural work but 1t 1s still true that the infection 1s less likely to
become dissemimated 1 women thwn 1n men  An exception to this rule
15 noted Inte i pregnaney when the fumile susceptibility to dissemunn
tion ncreases ¢ ¢

AGL DIITFRINCFS

By stself age has no cflcet on the merdence of pnmary cocadiodo
micosis  In shin testmg surveys 1t s of importance only mn so far as 1t
affects the length of residence m endemic areas Numerous mvestigations
m endemic arets show inereasing percentages of positive reactions with
the age of children

Age probably has no clear cut mfluence on susceptibihity to dissemina

tion  Faber felt that clildren under the nge of four years were somewhat
more susceptible thn older children and adults ™ Townsend and Mchey
reporting a case of fulmmating dissemination 1 a 3 week old infant pro
posed thit the newbom has very hittle resistance to coccrdioidal disease 7 ¢
Granting that such grave illness cn occur m the infant however 1t seems
statistically no more frequent than at other ages  Considening the large
number of children horn 1 hihlv endemic areas 1t would be expected
that serious infections would occur now and then
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EARLY PATHOLOGIC STUDIES OF COCCIDIOIDOMYCOSIS

Tiir onts unique feature of the cocerdiordl lesion 1s the proscnce therem
of the spherule of Coccidiordes immutis The pathologie ippe trances are
not otherwise distinctively different from those of 1 score of other dis
ewses rnging from svphilis to sarcord

Cocaidiordomy cosis 15 often compared to tuberculosts There am
chimeal )| and roentg similannes but the pathologe
mimicry 15 the most strihing of all '™ The charctenstic foture of both
1s the tubercle but the resemblance cxtends also to the cwdtine pul
monary lesions the cold abscesses of soft tissucs nd the verrcons Jesions
of the shin

The smilnty of coccidsordal and tuberculous lesions wis noted by

Rixford s the first brief note concerming his orsginal North Americin cast
Later 1n Ins paper with Gilchrist @ 1896 I

of coccrdiordonn cosis o
remarked that “Both to the naked eve and microscopically  the noduls

were indistinguishable from tubercles save that they contuned the pror
tozoan orgamsms and did not contain tubercle bacith ™
It was Ophuls who made the defimtise descniption
anatomy 1nd histology of coccidioidomycosis m two ¢
108
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Lshed 1n 1905 ! In the closing sentence of one of them he wrote
“The resemblance of the discase to tubcrculosis 1s so great clinieally and
anatomically that the true nature of the process 1s recogmzed only when a
careful microscopie cxamunition 1 made of the discased tissues or the
pus m the lesions ™' He noted the great vanety of lesions produced by
the parasite and the vanous organs affected  As mn other infectious granu
lomas he wrotc there are scyveral types of lesions the most charietenstic
being the nodule of granulomatous tissue  In addition there are suppura
tive lesions Dboth acute and chrome and caseation  He demonstrated
tubercles with giant cells of the Langhans tvpe submibary abscesses sur
rounded by thick Invers of epitheliond cells and acute abscesses filled with
polymorphonuclear leukocvtes

Ophuls thought that he could distinguish between the type of lesions
produced by spherules of various degrees of matunty  We observe m
this diseise  he wrote “semarkable transitional stages between nodular
lestons on one hand and chronsc miliary abscesses on the other  There
are nodules with central abscess formation and chronie abscesses with
central c1seation of their contents  Furthermore sometimes we find large
masses of fibrous tissue with numerous very large fibroblsts few leuco
cytes and occastonal gant cells usually mcluding one or more of the para
sites It may appear extriordnary that one parasite should be able
to produce lesions of such entirely different aspect A careful study of the
tissues however has convinced me that these differences are largely de
pendent on the stage of development m which the parasite 1s present
The adult forms are found 1n the less acute lestons whereas the abscesses
always contam sporulating forms often in very large numbers It
seems then that only after the bursting of the capsule the substances which
produce the suppurative process gan access to the tissues ”

PATHOLOGY AND PATHOGLNESIS OF
PRIMARY COCCIDIOIDOMYCOSIS

Because men do not die of plicated primary diordomy
its pathologie picture in human beings has not been adequately studied
From analogies to the disease n expenimental ammals and from a syn
thesis of certun observations 1n man  the pathog may be satisf: 1y
postulated

When contamnated air 1s mhaled arthrospores and chlamydospores
are deposited on the tracheobronchial mucosa and the membrane linmg
the alveoli and alveolar ducts The tiny dimensions of the spores—2 to
10 micra—allow them to traverse the smallest passages The metamor
phosis from hyphal spore to tissue sporangium presumably follows the same
pattern m the lung that it does m the tissues of experimental ammals as
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deseribed n Chapter Three In 4 to 7 dus mature sphurmles develop
from mycelnl spores
The mutil lesions would be expected m the bronehial mucost as well
as m palmonary pwenchymt  Tiber Smuth and Dichson mferred from
the ease with which spherules are found n the sputum that bronchnl
lesious are frequently present © Bronchoscome obscrvations of Bisner
and Cotton have confirmed the custence of 1 primary bronelutis ¢ven
cases m which pneumonitis 1s not climeally evident “ They concluded
that pulmoun cocerdiodomeasis 1s primandy an endobronclinl discisc
Obsers ions 1w experimental and domestic anmils e dducdated
the pathology of the early pulmoniry lesion By mcns of w mgenions
appywtus Cronkite ind Lack admmmistered spore heanmg wr to the nos
trls of gumea pigs without trumn and without contummation of the rest
of the ammils body Between 8 wd 21 dus after exposure the Tungs
contuned barely visible trinshucent grey nodules stnlar to tubereles which
mcroscopically were typica] grinulomas  In the earliest lestons there wis
merely thickening of the alveolar septa hecause of the mfiltration of mono-
nuclear cells wnd ocersionil cosmophiles  As the lesion axpmded the
iheolt were obliterated and normal arclutecture was rephiced by the
epithchord cells and giant cclls of the tuberele  Crinulonnis were soon
present 1n the tracheobronchnal hymph nodes s well s m the Tang el
Sumilar Iesions of the Tungs and Iymph nodes have been scen m sl b
tered cttle and i trapped rodents It s presumed that such Iesions o
develop durmg the priman stage of humin cocerdiodomycosss  To ik
wnd symptomitic cises lesions may be fow wmd Timted  In more sesere
cises n exuditne rechon 1o occurs m the lang  In uncomplicited
discase lesions may be completdy resorbed or mas be enclosed m 2 fibrous
eapsule
Autopsy studies of pitients who die soon fter the prumany disc l:<‘
g anider of the pathologicn) processes dunng, the primars phise t

rildest lesions may be 1 Iohulr foc il pulmonan consolid 1tion resemblng
amv bicternl pneumonin Ahvcol e filled with wndate which c;(“\:
tuns spherules polvmorplionucle lcuhoestes and v few mnmmucn“
cclls  Lattle fibrm 1s present i such cxudite so that resolution ,md
be complete  In more severe Tesions consohd ition muv be ululml\‘( b
even lobar with graat suppuration hemorrhige neeroses Lr u;u m"“x"hr
mition or fibrm production  Such lestons could hcat onls with (‘: e
ble by thmization and fibrosis  In addition to pulmonny hsm;x e
mw be necrotizing ulceratine bronchitis broncinohtis wied l\muc‘ m‘: ‘l““
Regiontl il ind medistind lvmph nodes e (n]ll’)l,(‘d 1]!11: :‘“l",l“‘
suppuritine and grimulomatons lesions Insmuch u‘l u‘w‘ A
findings thay may not be chanwctenstic of the wud mald mfectse
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theless they probably indicate the tvpe of pathologie process which fol
lows mvasion by Cocctdiowdes unmutts

Histopathology of the Tubercle or Granuloma Tuberculoid lesions
appear not only 1n tuberculosis but also 10 coceidiordomycosis leprosy
syphilis typhoid fevcr lymphogranuloma mguinale tulwemia brucellosis
torulosis schistosomiasts sarcoidosis berylliosis sporotrichosis and other
discases  The presence of the causitine agent of these diseses calls forth
an mhltration of mononuclenr cells—v nously ealled macrophages histio
ovtes and reticuloendothelial eclls

"«F"“’v"‘:"’i‘«!’”‘?‘rf‘ ST
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Figure 19 Cocaidiondal tubercle and spherule contaming giant cell human lung
(From Winn Cocaidiodomycosis 1 Himshw and Garland Diseases of the Chest
Philadelphin and London W B Saunders Company 1956 )

The epitheliod cell—as the lear cell 1s called because of the
changes d by the a large pale cell with rather
vigue margins a large vesicular nucleus and abundant cytoplasm
Amitotic nuclear division or fusion of epitheliond cells produces gimt cells
Usually their many nucler are radsally arringed mn a rosette about the
penphery—the Langhans cell Sometimes nuclet are scattered haphazardly
throughout the cytoplasm—the so called foreign body gint cell Guant
cells said not to appear until necrosis or caseation has taken place are
located m the middle of the caseous aren 1f 1t 15 small or at the edge if 1t
1s large It 15 thought that the function of giant cells 1s to digest and re
move dead tissue  When casettion or coagulation necrosis occurs epithe

Lo cells lose thar outlme therr nucler disappear, and thewr structure
fades
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Around the eprthelioid aind gint cells there appers 1 zone of hmpho-
oites and plisma cells  This whole mass of cells constitutes the tiny
translucent nodule or tubercle Stuned with hematovyhin and cosn
the homogeneous necrotic center 1s red the penpherd grnt edls and
epitheliod cells are pule and m the outer zone the lymphocyte mucle
stun dark blue

PATHOLOGY AND PATHOGENLSIS OF
DISSEMINATED COCCIDIOIDOMYCOSIS

Pamany cocerdiordomycosis 1s an ~ur borne infection  the leston 1s 2
bronchitis bronchiohtis or bronchopneumonn:  Secondan, cocerdiodo-
mcosis 1s blood or lvmph borne the ksion can be amy combintton
of suppuration necrosts and granuloma n almost ny orgn

Forbus and Bestebreurtje #° pursung the resonmg of Ophuls hne
further correlited the varous forms of the parasite with different types
of Jesions  They postulate that each form of Cocerdiondes—chinmy dospore
spherule or endospore—has 1ts own peculiir chemotctic properties  Be-
cause chlimy dospores or arthrospores are present so tr insiently at the mtn
tion of the primary mfection thes cmmot be studicd pithologreally
human tissues Onh by analogy to evpenmental infections e their
effect be mfured  Presumably the reaction of tissues to hyphnl sporcs
1s sumilar to the reaction to endospores

When endospores are Itberated from the mature spherule an mtense
polvmorphonuclear reiction 15 evohed  Neutrophiles rush to the endo
sporuliting argaunsm anade the ruptured capsule md attempt—tsually
without success—to phigoctize the spores  The orgunsm on the ather
hand 1s lughly destructive of the mflimmitory eclls winch soon shaw
evidence of mun nd eventually die lewmng graat muses of ceflul
debnis  Blood vesscls are Ihewise damaged nd bloody flud escapes mio
the discased tissues  Widespread necrosis or hquefiction occurs

When the endospore his hecame 1 spherule with @ well mforme dap
sule the polvmorphonucle ar leukocy tes art rlplu‘u] I Trge monomcfur
cells which often engulf the maturing parsite In this mtcrmeditte sli\.‘(‘
the orgamsm may ¢ wse hittle neerosis and may m fict stumulatc pmh U}l
tion of the host tissues  Mononudler cedls m contact with the sph’un(
begm to grow reproduce and devclop puclar Gentifhy fornung, l;"l:l‘l
grant e Ils  Surrounding, mononuclear cclls also prolifentc Imm:m-‘.(; o
the typical (plth(‘hmd reaction  Rupturc of the maturc spht ml '\‘\”d‘ .
eration of sts endospores cruse dostruction of the enulfing "";”m(m.m
cell and dispersion of the new gencrttion of pirwsites into nedn
The evede begms agun with the polymorphonncJar reichion
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The balnee between suppuratinve ind mature granulomatous reactions
detcrmines the outcome It tissue resistinee s good  grnulation 1s fol
lowed by hyalmization scurmg and ocersionally by calesfication ¥ re
sistance 15 poor suppurition my become predommant  Primary pul
monary lestons are prepondermtly grainulomatous  dissemmated  Jesions
tend to be suppuritne

THE VARIETII § OI' COCCIDIOIDAL LESIONS
IN DIFTLRI NT ORGAN SYSTEMS

Skin and Subcutancous Tissues

Sconer or hiter the skm 1s mvolied m 1lmoest 11l ¢ ses of disscminated
cocerdiodomy costs except menmgitis  Histonieally  the first cases of coc
aidiordal granuloma came to medier) attention because of the shin lesions
Many of the important studies of progressive cocerdioidomy cosis have been
made by dermitologists  Somctimes 1 shin lesion obviously secondary
15 even vet the occasion of 1 denmtologic piper on Primary Cutancous
Cocerdiodomycosis *

The most charctenstic type of lesion 1s the verrucous granuloma sim
ilar to that scen m blastomycosis  When several such lestons apperr n
crops they generally indicite cute milary dissemmation (Fig 20) but
sohitary nodules muy apperr in chrome less mailignant disease  The ver
rucous shin lesion usually 1s secn fiest on the face or scalp lthough it may
oceur anvwhere A charictenstic site 1s the nasolabual fold It begins as
an eprdermnl thickenmng without muceh redness or mflammation When
larger 1t looks much hike 1 common wart although it 1s dwker  The sur
face of the lesion has iy papilliform excrescences from which a drop of
scm muy somchimes be cxpressed A crust may form  obscurng the
warty characteristies  In chrome cocardiondil disese the lesion may per
sist for months no Irger than 1 small pea At other times 1t m1y grow
to many centimcters in diameter resembling a fungating epithelioma It
may eventually heal leaving an atrophic sear or it may persist for several
years without evidence of progression  Sometimes as mn the ongmnal cases
of both Posadas and Rixford 1t may slowly spread until death ensues with
widely dissemmated lesions  In fulminating cocardioidomycosis the le
sions mav enlarge become pustular and coalesce destroymg all human
semblance

At times the lesion seems to follow a local mjury  Usually the re
lationship 15 chronologcal rather than caus1l but oceastonally 1t may be
real

Another sort of lesion 15 the subcutaneous abscess In miliiry disease
the body may be covered with lesions  few millimeters m ditmeter In
chronic infection there may be one or two large abscesses commonly on
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Figure 20 \errucous shin lesions in fulminiting disseminated cocadiod iy coss in
mn 4 36 vewold Fabpino vinevard laborer fital an five weeks (Trom Wann Annals
of Internal Medieine 17 407422 1942)
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Figure 21 A Scvere cocaidionda] preumonit oecurning in a hh{’.l';: ll.:md ot
B C and D Four months later  osteahtic eocardiondal lesions o
shull hand and foot
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Luwer

Lihe the spleen the Iner is frequently subject to (1) enlargement due
to generl tovieity and (2) nuliry granulomas and abscesses

Bones

Cocaidioidal osteomyvehitis occurs in about half of the cases of dis
semmnatcd cocerdioidomycosis  Only cutaneous lestons are more charae
tenisic  Practically all bones in the body htve been infected and usually
the process 1s multifocal mvohving several bones at once (Fig 21)  Bones
most commonly diseased are the rnbs vertebra shull and bones of the
extremities particularly the distal portions  In flat bones lesions are prone
to occur m the middle  In long bones they are more hikely to be located
m the ends particularly near bony prommences such as the ankle or
tibial tubercle  Cocadiordal osteomyelitis 1s primanly an osteclvtic proc

Ve (ﬁ}\

+
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Figure 22 Coceidiondal dactylits 1 a 6 month old child  (From Cohen Archtes
of Pediatrics 66 241 263 June 1949)
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ess although in chrome infections there 1s Inter 4 strong osteoblastic ten
dency, sometimes with complete healing  Soft tissue bscesses do not
ordmanly cuse lesions of underlsng bone but bony lestons often produce
soft tissue abscesses and ulceration Lestons m epiphivses may perforate
the articular carblages and penetrate jomts  Inward evtension of shull
lesions may mvolve the memnges with the usual lethal termnation  In
fection in the lumbar sertebr1 may extend through the attrchments of the
psoas muscle producing 1 psaas abscess like that of tubcrenlosss  Lestons
ongmatmg m the nbs often disscet widely before erupting through the
shin

1f multifocal cocerdiondal osteomyelitss 1s part of widespread systeme
disserination the prognosss 1s poor  If however, the process 15 Tuited
to onc or several bones 1t may be 1 chronie non progressine self imited
disease  Bursner and Smart have emphasized the essentially bemgn nature
of chronic osseous coccidioidomy costs when no other tissues e mvolved ™
In « report upon 18 cases of 4 to 29 yewrs durition they desenibed hail
mg and return to full activity m most  One patients lestons of the facnl
bones nght wrst lcft ealeincous pelvis and nght seapuly heded i five
veurs nd did not recur n the next 24 years  Apparent curc n often
achieved by amputation of diseised extremities as i the case of 1 white
mfant ated by several authors ' ** who was bom dunng 2 dust storm
and suffered a respiratory infection at two weeks of age md 1 dictylitis
at four wecks (Tig 22) The discised finger was unputated six months
later  She was well wnd hid 4 mummal complement fixition titer at the
age ol seven ycars

Jomnts

The trnsient arthritis accompnving primary pulmonary mcudm‘;dﬂ
mycosss has alreads been desenibed  “Desert theumitism™ occurs m 2 to
5 per cent of all eases n the mtial stage often in association w ith ervthem?
nodosum  Jomnts my be punful tonder swollen and red s they an
mn rheumatic fever  Arthntis at thns stage s 1 sensitivits ph(nommon!
and like envthema nodosum indicates a good immunits  The fungus s no
present m the jomts and no parmament dimage 1 donc s

The sitaition 1s quite different m secondary mcv.uhmdmmmu's il‘:m"
are Also frequently myvolved n the generalrzed mfection hut[l:;‘( oo
1s no longer due merels to sensitsity but to actu il s m}nn ;1 i ';“r{] "
by the fungus  Cocerciodal arthritis has been noted a0 1 nrm e
the cases of chronie dissemmation  The ankle s most often Il e
followed 1 frequency by the hnee foot clbow wrnt dlnll'l[":Lr ’lrl‘l;m“s "
Occastontlly the vertebral jomts and lup are mvohed [T

often multiplc
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At first affccted jomts are acutely swollen and red  Later fluctua
tion may take place burrowing to the overlying shin with the formation
of discharging sinuses  Sometimes disserminated lesions appear first m
the synovial membrane  More often the jont 1s involved by extension from
n adjacent focus of coccidindal ostecomyelitis  Roentgenographic studies
show destruction of articular cartiliges nurowmg, of joint sp'lccs and b
sorption of bone with little tendency to heal

Diseased jomnts contun purulent or caseous matenal and the tissues
contam granulomatous lesions with spherules of Coccidiordes  Cocerdiondal
arthnitis closely resembles that of tuberculosis

Sotelo-Ortiz has described two cases of cocadiordal synovitis of the
knee in which there were pun swelling and hmited motion for several
yeans®  Synosvectomy lesscned the symptoms  The excrsed synovial mem
brines were greatly thichened charactenstic of chronie villous synovitis

Sheletal Muscles

Although stnated muscles are uncommonly the primary sites of blood
borne dissemmations they e often lved in the of

from osseous lesions  As i tuberculosis psoas abscesses are now and
then seen

Lungs Brenchi, and Pleura

The lungs ind pulmonary tree are doubly vulnerable to cocardioidal
mfcchon They are open to the air borne spores wluch cause primary

hitis and L h they are also susceptible to the same
processes which cause dlsscmmand lesions 1n other organs Sometimes
secondary spread occurs vin the bronchi themselves as when a necrotic
Iymph node erodes and discharges mto a bronchus At other times par
ticularly during the course of a fulmmnating infection the orgamsms are
widely d d via the pul y oreulation causing, mubary ab
scesses and nodules throughout the lungs (g 23) Sometimes hema
togenous spread nto a lung where cocaidiodal activity has long been
quiescent mrks the terminal phase of extra pulmonary dissemination

Pleural reaction to cocerdiondal disease vanes from a fibnnous mflam
matory reaction to severe grainulomntous thickening interspersed with b
scesses or empyema  Sometimes there 1s pleural effusion which even
m non dissemmated nfections may contam the fungus  Abscesses 1n
the nbs are sometimes accompanied by secondary pleural lesions

Adrenals

In the report of the first autopsy done on a victm of coceidiordomn
cosis Rixford and Gilchnst noted that the adrenals were “enormously en
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larged  md were filled wath wregular vellowisk mrrsses ™ sertpin
which showed an enormous number of protozor”™  Forbus and I
breurje noted grmulomatous Jesions m the adren ) ghinds of 16 of
50 cases studied at autopsy  but they had no record of chmcrl d
nsufficiency m any of thar scries Despite the frequency of ad
locilization  Addisons diseasc has been reported on only rare occ
m progressne coccrdiondal disease  Maloney has described two

Frgure 23 Sectin of the luog, of 1 21 diy okd mfint dyang, of wute disse mmﬂll‘tl:"‘:;
cdiodomyemys showng the et surf et ikl stydded with nl‘(“h);l\").{ﬂ\ll' o
nodules  (From Chntun Swre Ferrs Salizar id de R:mnu /

Duscases of Chuldren 92 66 74 Juh 1936)

crses  Butt md Hoffmw one * T ohsrved no siuns of xd;(nlul“f‘l:l;l
w oy of my cises Uthough the adrenh had boen pars juls ’( s n“ o
scvertd When miltin disscontion of the disc1sc oceurs the sl\:"pl‘ :
of tavicits ire so averwhedmung, md fulmmat that mopeet a :m ’
sufficteney would Tk be overlooked  In more 5]0\\]»l pnmr\uannm
ene enough adrena] tissne usuilh remum to prevent chinic Py

23 enm e edicr v
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Central Nervous System

Lesions of the centril nervous svstem may occur m either (1) the
parenchym1 of the brun and spin Al cord or (2) the menmges  The latter
site 1s the more )important by far

Cocardiordommy costs somctimes produces solitary or multiple granu
lomas of the brun althouh 1t does so less commonly than such other
mycoses as blastomicoss  The granulomas maw be muhary or myy be
large enough to simulite @ bram tumor  Rarely an actual brun abscess
may be cused by Coccrdiordes  Rhoden desenbed the fulminatmg all
ness of 1 diabetic 16 vear old hoy with haadiche morenrn and signs of
menmgeal wntwion * Autopsy showed 2 lrge abscess almost reple
my, the lft cerehellir iemisphere hned by 4 rigged membrane con
tunmg grev yellow pus and cusing such swelling that the fourth ventricle
w1s compressed and the third and latend ventricles dilated

Menmgitis 15 the most sigmficint cocaidiordal lesion of the central
nervous system  Among Ciucasitns 1t 1s the commonest cause of death
from cocaidiodomycosss  In some series 1t was present in one fourth of
the cases of cocaidioidl granuloma  No form of the disease 1s more
varblhy fatal

The usual vanets of coccrdiordal leptomeningitis 1s 1 Forbus words
“a firm plastic type of menmgeal milimmation which results in the en
casement of the bram substwnce particularly the bram stem 1n 1 ngd
highly orgamized granulomatous mass of tissue *  Perhaps the most
charactenstic feature of the diseasc from the chinical standpomnt 1s the ob
struction of the subarichnoid spaces and spmal fld channels by the thick
exudate causing the internil hvdrocephalus which alwavs develops of the
patient Inves long cnough and which s atself eventually fatal

Lesions arc most extreme at the hase of the brain  The leptomeninges
are congested cdematous and studded with opaque vellow grey nodules
Cerebral vessels arc dilited  The brun 1s edemtous 1ts convolutions wide
and 1ts suler narrow  There may be pockets of frank pus between the
arachnoid and pia mater  The meminges of the spmal cord may show
sumular lestons

Mecroscopieally  the menmges nd adjacent bram contain tubercles
and granulomas with occasional be refringent endosporulating spherules
The longer the duration of the process the fewer the spherules

ikely to be found ® * Here and there re focal areas of suppuration

Occasionally the granulomatous process 1s maumal in the spmal cord
or its envelopes simulating a cord tumor The lesion may begm m the
spmal canal or it may extend from the vertebrae Of Rands two cases
the first concerned an extra dural granulom which penetrated the thoracic
cwaty ' ® The pitient had n spastic paraplegia and loss of all sensation
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below the level of the compression Surgrenl remonl of the leson restored
essentially normal motor function  In severil other cses constricting sub-
dural granulomns of the thoriaic or cenvenl cord cinsed pnplegn or
quadnplegia Joss of all sensation wd death

In cocarhiosdnl lesions of the spimal cord cerebrospinal fluid studus
nd myelogrms are typical of complete block m the ewal  Flwd 1
deuply xanthochromie wd cogulates readih  Protem may be meredibhy
hugh—12000 mgm per 100 cc 1 Gotthebs erse® The gold eure fol
lows the so-cilled paretic pattem Roentgenograms mus revel vertes
bral crosion  Decompression operitions are often unsucecssful and the
process 1 imvarbly fatal - The spinal canal s filled with a tough purulent
exudate  The dur s greatly thickened so that the cord may apper twice
sts normal size Although the cord proper mny be but a strand of nenous
tissue  Neerosts may huwe rendered ats structure umdentifizble

Lye

The exves are not contmonly meohed m either primary or secondn
cocardiodomycosts  Most of the few studics concerning oculir dhseist
menton clmict! rather thwn pathologiel findings  Trowbndge has done
most to deseribe 1nd clssify cocaidrordal lestons of the cie *

Mamfestations durmg the primary phase are usually assocrated with
erythem nodosum and Iike it we evidences of by persensitnaty - Phiseten
ular conjunctivitis and episclentis or heratitis ire most common Selorat
and episcleral blood s esscls are engorged  The conjunctiy e may be thick
ened and hvpertrophicd  There may be mdurited (o ations on the con
junctis ¢ and sclerie Symptoms usually subside prompth but occ isier
il selernl hypermi persists for several years

Lesttt rcported 1 cise apprenthy concermng 2 primany mfcction in
which both vitrcous chambers were clouded by wlstish appe g move
able globulir opacitics “* There were abo sminll strnds of conncetint
tissuc attached to hemorrhagic ases on the retint A manth Jater tht
eves were normil  Lajo Py reported 1 somess bt sumihir retn 2t offfores
cence mafitrlene ™

Disscmmn ited coccadiardom cosss not mfrequenthy msohcs oxtrioculir
structires € ewaloms of the evchd or brow nd abducos paby m o€
exctiordal maungts are for mstanee scen now nd then 1 esions i thll
ove atself are uncommon  The first North Amencm cwe of Rixford 'nlﬂ
Gulchrist s perhaps the most remarhable Opaatics wppeared m l\l:‘
cameas Tlurt W 1S severe (‘)l( mosis l"]dlr “)( t[)n’\“l(’h\ (U Om ’;1"‘
wis destroved by 2 pro_cnte micction complicting, the granudom o
coma of the other (e becune so wethened that dunn, it of couglns
itgnenay nd the eveball had to be remored



Pathology and Pat), of Coccudroid sts 119

Tarbus wnd Bestebircurtye tabulted two eases i which the ophic nerve
contamed cocaidiondal lestons but there was no elaboration of these data
Lovehm®™® and Conan and Hyman ™ have reported cases of disseminated
disese m which retinil exudates hemorrhages nd pervasenlwr sheatlung
were scen on examination  Pithologie studies conld not be made

Nasopharynx and Larynx

Cocaidioidal grinulomas of the tongue nose and throat are now and
then purt of widespread disscmination more rarcly they represent the only
detect tble extra pulmonary lesions It w1s eary noted that retropharyn
geal abscesses m1v oceur as the result of anterior presentation of suppura
tis e lesions 1n the cervical vertebrae

Chuldrey and Gray described an extensive ulcerating granulomn of the
posterior nasopharynx and trachen ™' Wnting before the discoveries of
Dichson and Gifford they thought the nasopharyngeal lesion represented
the portal of entry for 1t antedated other dissemmated lesions m « fatal
wfection  In another case rcported by several different authors 17 #4 ¢ 3
there were edema of the arytenoids ulccration of the laryngeal mucosa
and a fungating granulomatous mass which obstructed the ventnicles and
eventually made a tracheotomy necessary  Mumma described the case
of 2 colored man with sore throit dysphagir hoarseness and blood tinged
sputum whose only obvious lesion was a granuloma of the ¢piglottis and
whose general health was good ™

Heart

Non speaific my ditis or speaific granul reactions n the
myocardum have been described m bout a quarter of some series of
autopsy studies In a description of the histopathologic findings 1 four
cases of disseminated cocadiordomycosis Reingold reported non speaific
myocarditss wn three and a speaific granuloma m one®* In the seres of
Forbus and Bestebreurtje granulomatous lesions were found 1 14 of 50
cases *  The foct were for the most part tiny and infrequent  Gore and
Saphir reviewing the matenal at the Army Institute of Pathology (pre
sumably including some of the data of Forbus) tabulated without further
defimtion myocardial changes m 11 of 48 cases of coccrdiodomycosis

The pencardium 15 also occasionally mvohed m disseminated coc
aidiodomycosis  In 7 of their 50 cases Forbus and Bestebreurtje reported
that the mvocardial granulomas mentioned above were so superficial that
their eruption had resulted m penicarditis

Pencardial granulomas may also occur without generalized dissermina
tion  Larson and Scherb reported the case of a 60 year old white man
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who died after 1 brief episode of congestin ¢ heart fulure * Antopsy studies
showed chronie dhestse perscurditts Granulomas contunmng Coccrdiowdes
were found 1n the lung nd i the peneardiom Tt 1 Thely that the pent
cudil lesion did not represcnt disscmunation m the usul sense of wide-
sprexd hem itogenous or I mphogenous seeding but was mercdy conti zuous
mvolvement of the pericwrdimm from newbs mfectcd lung m an other
wise bemgn primany pulmonry mfection

Rarcst of all cardine Iesions are those of the ¢ndoerdum noted first
by Epstun ' Townsend mnd Mehey reported cocardiondsl endoc irditis
m the cse of 18 week old infnt with fulimnwting dissemmition ¢

Peritoncum

Like other scrous surfaces the pentoncum s often myoleed m widehy
dissermmited cocacioda] discise  Oceasiomalfs perstonttis recomp wies
cocardioidomy cosis of the fomle adneny i which cise the process mw
regress after surgical remov ! of the discased ovares nd tubes ™ Some
times seites 1s the fiest symptom of generilized cocaidioidomycosis  On
ocersion the ctiologic diagnosis his been made by pentoneoscopy wd
biopsy Peritoncdl surfiees are studded with muliary tubereles or cov
ercd with thiek granulomatous tissue

Gastromtestinal Tract

One stnhmg difference between cocerdiordomy cusis wnd tubcrentlosts
15 that the former usually spares the gastromtestinal trict Ophuls often
made 1 pomt of the hsence of Iosions i the mtestme ¢ven when ne ah
every other abdomimil organ was nddled " Tulmmating cocadiordomy
costs 1s occsionlly ushered m by dirrher hloiting or constipition but
cven then the bowel ss free of lesions

It has been noted i cses of co evstmy tuberenlosis ind dissemin
cocerdtordomy costs that mtestimal lestons of present contun M tuber
culosts but not C enmitis In 1 case reported by Firestone wd Berson
spherules were found m the langs Iver spleen wdramls hidness pmsl}ll(
thvrord menmges brun shin tonsils nd vmph nodes Tubercde bt
alls were ilso found m the Tungs nd though there were extensive tuber
culous ulcers i the slaum no spherules could be demonstr ite ot i the hlhr)

Cocadiod 1l pertomtis often myohes the scrosal surfice of ”I; lm“"ll
as well 1 of the mesenters md pnctal pentoneam: but cocardiondal Lru "
lomis m other Tnvers of the mtostmad wall e very rire (rlvnim“ul
1931 reparted the fiest Qe of actuyd cocadindal my e n]( the b
will ' DPucmlng m 1949 reported @il case of coccxliondom
which lesions were found m the sk fumgs nd peric wchm

ated

3OSy mn
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tion there were numerous ulcers throughont the small and large bowel
They measured bout 2 ¥ 4 mm  therr long axes bung transyverse to that
of the bawel

Sometimes the gastromtestimal trict s mvolsed secondnly  Caseating
masses of lvmph nodes for mstance hue been known to ulcerite into the
stomnch or esophyus

It 15 not known why the grstromtestmal tract resists Cocerdioudes ym
nutis  Tuberculosis usually the bovine vanety can of course he con
tracted through the alimentay cmal mamfesting itself classically as
scrofula or tuberculous cervictl ademtis  Cocardiordomycosis can ppar
enth not be contracted thus  Lubarshy and Plunkett have shown that
Coccuhoudes orgamsms both m the vegetative and saprophytic evele can
pass through the g stromtestinal tract of mice with harm neither to the
fungus nor to the host®  Intestinal mucosn 1s not lethal to the organism
but neither 1s 1t iy 1ded

Urmary Tract

The hidney his been mvolved to some degree m about half of the
fatal cises of dissemmated cocaidioidomycosis  Torbus and Bestebreurtje
reported gross and microscopic renal lesions m 30 of their 50 c1ses studied
post mortem an meidence exceeded tmong abdominal organs only by
lesions of the spleen*  Rohn found that renal lesions were reported m
the 1ccounts of 27 per cent of 214 cases he collected from the hterature *

Lesions 1n the kadney are usually small miliary granulomas or abscesses
scattered throughout the parenchyma The renal pelvis and ureter like
the gastromtestmal tract are almost 1lwiys spared  Uncommonly the
bladder s involved

Ervthrocy tes and leuhocytes are sometimes found m the urme  Rarely
there 1s gross hematuria I have seen a case of rcute fulminating dis
semmated coccidioidomycosts m which there was hewy protemuna  In
massine miliary dissemination the fungus 1s now and then cultured from
the urine as in the case of Goldman and Mowitt * ¢

Male Genital System

The prostate 1s occasionally invaded m generalized coceidiordomy cosis
but only rarely 1s this climeally evident Forbus and Bestebreurtje found
microscopic prostatic lesions in 6 per cent of thetr cases ®  McDougall and
Klemman described a case mn which there were among other findings
hemiturra pyura wn enlarged ndurated prostate and hloody prostatic
flud®  Coccrdiordes orgamisms were found m maten] aspirated from
the prostatic abscess



-
12
(1

Cocardiordomycosis

Several cases of cocaidioidal eprdidvmitis have recenthy been reported
630683 51 Most often the lesion his been the only extripulmonary focus
of cocaidiordomyeosis  In at least one case the epudidvins has been onhy
one of many sites of mfection *®  There has often been long latent period
up to severil yews between the priman mnfection nd the obyvous
penpheral lesion  In several cases the lesion has apparently followed
truma to the testicle: The dissemmated lesion might have been adequately
combatted wnd ehimmated had 1t not been for the trauma In most ¢ 1ses the
complement fivation titer has heen farly low and apparent cure has sonte-
tumes follow ed surgical estirpation

In one easc semunnl ejrculite contuned Cocerdiondes argumsms rus
g the question of possible inocultion of spherules mto brided mucous
membrne of the female gemtalin*® If such trinsmusston should occur 1t
presumably would ciuse a prmars sclf lumted Iesion an the vast myonty
of mstances

Coccrdiordnl ¢prcdidy nutis closels sesembles tuberculous eprdidvimtis
The eprdidynms 1s thich firm nodular enlarged wd tender — Somctimes
there 1s fluctuntion ind sometimes 1 overhung draning smus On see
tian granulomas and tubcrcles contunmg spherules are found  Ocersion
ally adjrcent testienlar tissue 1s also iny ol ed

Temale Gemtal System

Coceidiordal mfections of the mteenl gemtalin of the femile hue
been reported on scveral ocersions ' * 6 Somctimes s in the est
of Conan and Hymn endometril cocidioidomy costs was merdly put of
generahzed dissymnation * Becase tubercles of the endometrum were
the first clue to the dirgnosis these authors made the surprising suggestion
that the portal of cotry was the post prrtum uterus However the course
was n genertl similr to that of other secondary mftctions so that there
is no reason to suppose thit the prunary mfcchion ws other tham respirt
tory The diserse was eventully fital

Sometimes the pcvie mflammation 1s the mam extra pulmonin 1o
Charactenstic ssmptoms are pelsic pim often wsocnted with ""1"1“|0<q
peniads profuse vagml discharge chills foser madane il mn}’l 9
Phasienl signs e lower hdommal distension tender msses "1]» it
nexal regrons nd great pun on mampulttion of the corax Usut l“
dignosis of the tubo ovarin abscess 1s made hut the camatnt '\';2!‘\""‘
not suspected At operation tvpreal findings are studdmg of the pun o
with Iittle white nodules remiscent of those scen 1 tuberculous perator
and mflammatory masses mvolvng the tubes oy ries md uterus L

Remon 1l of the discased orgns has m scveral cases been l(}“u,\)\(:”u
segrossion of all symptorns deere we of the tter of complcment frank,

100
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bodies and restoration of 1pparent good health'® ¥ At other times
fatal recurrences huve tahen place 4

Coceidimdomycosis and Pregnancy

Although the subjeet needs further study there scems to be an ex
ception to the general rule that women withstand coceidiordal infection
better than men m that pregnancy appears to increase somewhat the haz
ard of dissermmation  In this respect cocerdioidomycosis may be remimis
cent of such discases as poliomycliis m which the ncidence of severe
forms 1s mereascd by pregnancy It must be noted however that the
numbers are small and the nisk shght  No one would advise cocerdiodin
negitive females to leave the endemic area during pregnaney!

Isalated examples of fulmmating cocaidioidomy cosis m preg white
women were reported long ago ° but the relationship of pregnancy to
disseminated coccidiordal disease has been emphasized only recently Mor
bidity data re inadequate nd meomplete bectuse primary coccidioidomy
cosis has not long been reportable and its meidence dunng pregnancy 1s
therefore uncertam  Other sorts of data are nevertheless suggestne In
1948 for mstwnce four maternal deaths were reported m hern County
Califorma three of these were due to cocaidioadomy cosis

In 1949 Smale and Bursner reported five cases of dissemunated disease
occurnng durmg pregnancy i kem County ¢ This sernies was expanded
by Vaughan and Ramwez in 1951¢  They studied 28 cases m which
primany  coceidioidomycosis was contracted duning pregnancy and five
cases 1 wiich 1t had been contracted so recently that the complement
fixation test was still posstive  Therr senies meluded all such cases known
to have occurred m hern County between 1942 and 1940 There were
19 Caucasian women 1 Mevican 1 Chinese and 7 Negro The numbers
are too small to 1nalyze statistically  but certain mferences may be drawn
Dissemination occurred 1n all of the Negro women 1 2 of the Caucasians
and in the one Chimese a total of 10 out of 28 Dissenunation was rapidly
fatal to all patients (except one who was still alive when the paper was
written) There was a high inadence of meningitis  The later the onset
of cocardiordal infection the greater was the hazard of dissemmation  The
disease was contracted during the fist trimester m 12 cases (with one
stance of dissermation) dunng the second trimester m five (with two
mstances of dissemmnation} and durng the third trimester m 11 (with 7
wstances of dissemmation) When the onset was during the first tnimester
the chief comphcation was a tendency to abort

It s generally felt that the placenta 15 an effective barner to the fungus
and that al does therefore not occur This
opimion stems from such studies as that of Cohen who approached the
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problem from two st wdponts (1) the rnty of cocardiondm shin sunsitin
ity a0 nfints bom i endemic wrews®® and (2) actuil obsers wtions of
mfants born to mothers suffering from disscmmated cocerchiodon cosis ***
Among those he reported were two similir cases of pregnaney complicted
by fulmmating dissemmated coccidiordomy cosis 1 Negro mothers both
of whom dicd of their diseise soon after delvery of premature fants
In one c1se 1 fetus of five months w s stillborn nd n the other the mfnt
sunnved a month to die of aspirihon pncomonn  In hoth cases the
plicent1 was studded with granulomis contuning Cocerdiordes but no
lesions wcre found in the cord nor m the bods of the mfant  The umbihcil
veins and Ivmph nodes at the Inlus of the hver were free of lesions  The
Ine born infant had at birth 1 complement fivation titer cqul to that of
tts mother (positrve 2t 1.32) but 2 month hiter 1t was posttive 1t only 1 4
The infant s cocerdiordin shin test was negatne

Smuth® ¥ has reported six cises m wlich blood from the umlnlical
cord has fixed complement four times 1t the sume titer 2 the mothers
and twice 1t onc sernl dilution less  In one mstwee the scrum of both
the mother and the new born fived complement at 11 82 dilution Eine
months later the baby s titer had fallen to 1 4 although the mothers was
unchmged

These datmndicate that as m syplulis the complement fivng intibods
m1y be pusivey transferred through the phicentr This phenomenon docs
not mn 1tself suggest congenta] cocerdiordomy cosis

Tuberculous lestons 1re ocersionalls found n the viscert of new bom
mfants of tubcrealous mothers but 1 Colen™ hws observed  the tiherck
bacillus 1s vers much smiller than the spherule of Cocewdiondes imontes
Wherc1s the timy tubercle bacillus might concens thiv pass through the
pheentt the spherule is usutlhy several times the size of red Dlood ed!
and the smallest endospore 1s only 1 quarter the size of 1 red «dl so that
pheantal trnsfer of the fungus would be morc difficult

It must neverthcdess be pomted out that two cises do not prove 1
theory At most thev demonstrate that pheental trmsfer of Cocediondcs
1s not the usual conrse of cvents  In severy] other eises phicantal transfer
althouch by no mews proven 15 at lowt one of the possibilitics Such 1
cise for mstance 1s that of 1 three week old mfnt borm an Cluco md
never tiken elsewhere who died of fulmmiting coccciodomyeosrs *
The mother had suffered monostotic coccidindal osteomyehitns saveril
vears prumusl\ before she had come to Chicago but the lesion I Tong,
been closed  The altermitive to plicental transfer appars to be fomite
transission unrelited to the mothers allness  Conzemtil cocerdiondomy
costs must be rare mndecd but more data e ne ded to prove that at s

an impossihihity
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COF\ISTING COCCIDIOIDOMYCOSIS AND TUBFRCULOSIS

Fungus mftctions e notovously prone to complicite certun debil
tating illnesses such as leuhemin Hodghins disease and other lymphome
aplistic et leukopenie disorders tubcreulosts and dabetes ** Funy
most likely to cruse secondary infections are Aspergilius Candida Crypte
coccus Histoplasma and Mucor  Not all fungt however show this te:
deney to imvade second inly - Those with no such habut are Actinomyce
Nocardia Sporotrichum Blastomyces Cocerdrordes and the y uted org
1sms of maduromycosis and chromoblistoms cosis

Nevertheless although Cocerdiordes does not tend to follow n tl
wake of other discases 1t 1s by the Iw of nerges occsionally supenn
posed on other mfections  Becwse of the sumlnty of pathologic findint
and symptoms coeusting, cocadiodomycosts and tuberculosts Iave bec
Of LTC\( mtercst 3 Y3 B3 01 03 1T 603 136 T 100

The combinttion of these two discases 15 most often scen m tube
culosis stmtan Joeated m areas where cocerdiordomy cosis 1s endemuic B
fore pulmoniny cocardiodomycosts was clewrly recogmzed as an entut
pitients with  Valley Fever were sometimes crroneoushy hospitilized
tuberculosis hospitals where they contrictcd tuberculosis  Usually hov
ever the combmation oceurs when patients with old tuberculosis eith
actne or quescent contrict primany cocaidiordom costs

Vanous mtngung situations have been reported  Oue patient b
A tuberculous effusion on one side ind 1 cocerciord ] effusion on the other *
Another had 1 cocarioidal ety 1n one lung nd 1 tubereulous ety |
the other the sputum contunmn, orgamsms from both * Stll anoth
pittent two vears after suffering priman cocaidioidomn cosis deselope
1 bronchopleur ] fistula and hydropneumothorax the flud of which cor
tamed both € smmutis and M tuberculosts* A tuberculous cavity he
apprrently ruptured mto the pleurt metdentally gong through = Iate
cocaidiordomn ¢n route

In a few cases disseminited cocerdiondal disease has cxisted coimc
dentally with tuberculosis erther pulmonary or generalized  Sometime
tuberculous osteomvelitis occurs m one bone nd coceidiodal osteomy e
s 1 another ' In at least one case both orgamsms have been foun
m the sime hone *'  Cocvsting mvasion of many viscery has been r
ported but m such cases Coccidioides has spared the bowel althou
Mpycobactertum has not

In 1953 two fairly Jurge senes of cocusting disease wcre reported ]
by Stein of Tucson Anizona ™ and 24 by Cotton Pemdo Brrsner and Bal
cock of Rern County California™ ™ Lnough cases have now been ol

senved Lo form conclusions concerning the patho enesis and treatment
combmed discase
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It might be presumed that cocardiod ]l mfection of the lung would
wehen 1t nd predispose to subscquent myasion by tuberculoss How
ever the inaidence of tuberculosis 1n 1rers where Cocerdiordes 1s endenue
1s certunly no higher thm elsewhere  The merdence of tuberculosis n
patients known to have had cocardioidoms costs s Tikewise no he her thin
would be evpected by chwee 1t scems unliheds then that Cocctdhordes
breaches the defenses to llow Inter iy wsion by Mycobactermm A more
plusible pathogenesis 1s that cocadioid ! fesions crode the fibrotic wall
of old tuberculous foer and Iiberate thar hall for Jocil hyperama nd
neerosis accompny pulmonany cocadindi! lesions Nevatheless ot s
the opmnion of most obsersers m endemice arcas that quiescent tuberenlous
mfections must seldom be ety wted by primary cocadiodoms cosis

Cocadioidal cwvities may be long Ined and comeident tubcreulosts
ma be contricted any time durimg thar course This T doubtless been
the cwse mn some mstmees of double mfcction Simihrly sold coca
dioidomas may persist for vewrs wd crosion by 4 spreading tubcreulous
lesion may oceur s 1 2 case desenibed above

The most common pithogcnesis appers to be purchy acadental de
velopment of acute cocadioidoms cosis duning the course of 2 tubcreulous
mfectron  In this sttuation 1t does not scem that the two discises huwe m
adyerse nfluence on each other Lach runs its own coursc mdepond

enthy 7



Chapter Nine

The Varieties of Coccidioidal Infection

Thsr wine vanety of sy p d with coceidiondal mfection has
been apprecated ever since the lustorie work of Dickson and Gifford m
1937 Before thit time only onc tiny se,mant of the spectrum was recog
mized—that of progressne cocadioidil granulomr  Now 1t 1 known that
v asion by Coceidiordes imnutis 15 accompanted by syndromes whach vary
from asvmptomntic to 2lmost explosnely fatal
Coccrdiodes vmmtis uswally causes 1 mild primary pulmonary
fection mapparent m 60 per cent of the cascs  In 40 per cent it vanes
{from a vague non spcclﬁc mdlsposmon to an acute pneumomtis Bargly
the portal of entry of Coccidioides 1s estrapulmonary and the ensming
primary lesion a bemgn penipheral granuloma
In a small percentage of the cases the mvaded lung 1s left with a
bemign residunl lesion either 1 cawity or 4 granuloma (coceidiodoma)
Rarely the pericardium my also be the sitc of 1 bemgn clironte granuloma
In something less than 05 per cent of the cases primary COCCIlel
domycosis 1s followed by p Lized or diss coc
cidiodomy cosis formerly called coccldloulal granuloma The generahized
form of the disease may be either acute or chronic  Miliary dissemmated
coccidioidomy cosis Jnd acutc cocaihordal memngitis are rapudly fatal
Chronic d i chronie cocerdiordal menmgitis
and solated peripheral granuloma may persist for several years before
recovery or death
A useful classification of coccidiondal disease 1s as follows
1 Prmary Cocerd oidomyeosts
A Primary pul nonary cocerdin lomycos s
1 Asymptomatie
2 Symptomatic
(2} Influenza Lhe syndrome
(1) Incumona
(1) With plevral effusion
{2) With acute cavitation
(3) With acute pericard t
B Prinaty evtrapulmonary coccidhordomycos s

127
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I Benign Residual Cocaidiod il Lestons

A Pulmomny
1 Chrome cocadiorda] ety
2 Chronic coctrdiondal granuloma (cocadiodoma)
3 Cocerdiondal bronthuectasis
4 Cocesdiondal pulmonary Rbrosis

B Heural
1 Ineumothorix and hydropacumathortx
2 Clrome cocadiondal emps ema

C Pencardil
Chrome cocardiond il pericarditis

1T Dissemmnated Cocadiordomycosts (Progressive generahized or secondiny coctadond iy

cosis  coccrdiondal granuloma )

A Acute
1 Acute miliry dissennated cocerhiordoms co 15
2 Acnte cocddind il menngitis

B Chronic
1 Chronic di saminated eocercdindamy cosis
2 Chronie cocadiodal meningitis
3 Isofted penpher! granuloma



Chapter Ten

Primary Cocaidioidomycosts

Primary Pulmonary Cocciciordomycosis
Types
Incubation Teniod
Symptoms
Pl ysical Find ngs
Laboratory Find ogs
Roentgensgraphic Findings
Common Sypdromes $1 ggesting Prmary Cocerdio domycoss
Acute Compl of Pnmary C !

Chrom Comphcations of Primary Coceidiond xmy costs
Treatment
Primary Extra Puhmonary Cocaidiondomy costs

PRIMARY PULMONARY COCCIDIOIDOMYCOSIS

Arrouen there are several portals by which Coceidiowdes immitis imght
enter the body 1n actual fact it 1s almost myvanably the respiratory tract
which 1s first imvaded  Even before the demonstration of primary pulmo
nary coccidiordomycosis by Gifford and Dickson Ophuls had showed the

umgque importance of the lung ' Only rarely does the fungus gam access
via the shin ™

Types of Primary Pul y Cocerdiod

(1) Inapy Inf Most dsordal mf are p
matic During World War IT a number of studies were conducted 1n which
1t was shown that cocaidioidin shin sensitnaty often appears i newly ex
posed personnel without any accompanying symptoms ¥ ¢ The condi
tions of these studies were 1deal Troops new to endemuc areas were skin
tested on arnval and at intervals thereafter usunlly every month When

179
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1 presiously negative shin test became posttive at was ovident that infeetion
had occurred in the internal - Infections of uny consequence were reflected
m the pattents sick cll record  Other affected personn were quizzed
to see f less tmportant symptoms had occurred  Sometunes men reerlled
muner resprratory symptoms  but often none whatever could be remem
bered despite the certun knowledge that mfcction with Cocediodes had
been aequired mn the intenal

Sruths studies of 1351 fections occurring m three S Jorqum Vil
lev Air Fields from 1941 to 1945 showed that 596 per cont were mppir
ent*” Only 246 per cent of the infections were dignosed  Another 158
per cent caused minor symptoms which were either ignorcd or were
terpreted correctly only m retrospect fter the comsersion of the shin test
fromnegatre to positine

(2) Symptomatic Infections Pnimnny coceidiondomycosis s 2 self
himnted disease of a few duys to several weeks duration About 40 pur
cent of acute cocardiondal mfections cwse svmptoms v arvng from msig
nificant to prostrating  In the mildest cases the pitient mas experience
only vague maluse and fagabilits  In other cases he muy hve trmsient
fever and the gencrilized achmg so often assoctited with influenzy or
the grippe  without amy Jochzmg respiritory signs or sywptoms Ths
type of mfection has becn called the  mflucnze ke ssndrome  of coce-
crdiordomycosis  Its true nature 15 usually overlooked ather hee e the
patient docs not sech medical eare or becwse the tests regqured for 1
speaific dingnosis do not seem indicated for so muld 1 discse  The ex
istence of such types of cocadioidomcosts has been ravcaled only In
sunvess of large population groups

Infections sevcre enongh to cause the patint to seeh medieal e ane
most often esamples either of 1cute coccrdiondal pncumonty or the more
spectacular speaific envthemis  Resprators mfections usinlly mamlfest
themsclies as ather bronchitis or pncumoni As Bemum s noted
pnmany coceidiord ll pneumonte ms be cleilh adistingunkable from
that associted with phcnmococctss or streptocoecus fections tuberailosss
typhoud forver psitticoss Q fever orithosis histaplumows  wd wird
pncumontas *'™ Pulmonn infoctions moy be comphiated by (1) pleurii
cffusion vanvang from magmdicnt to mysane (2wt poncditis ud
(3) acute enition  The Jatter 15 1o e distmomshed from the chronie
pulmonany ety which together with other rosdial pulmonary Josions

will be described heramfter

Incubation Period
The meubation penod of priman cocadimdonn e T bee
cucly determmed by studs of crses an winch the exact tune of expowire

u pre
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was known as 1n infections acquired n laboratories of non endemie areas
and nfections following hnef exposure to endemie areas ™ The usual
incubation peniod 1s 10 to 16 days the extremes hewng 7 to 28 days

Symptoms

Acute pulmonary cocaidiordomy costs 15 charactenzed by various com
binations of the follow ing sy mptoms

(1) Ferer Feverisusnally but not alwys present i symptomatic
primary cocoidiondomycosis 1t may be evanescent or stubborn lasting
from a few hours to two months or more There 15 nothing pathognomonic
about the course of the fever ~lthough m the uncomphieated case 1t usu
ally nises gradually with dumnal vanations until 2 peak 1s reached nd
then falls as stcadily  Undulations and recurrences suggest comphications
Dissemmation of the disease 1s often heralded by a recrudescence of fever
after 1 brief remission  In other ¢ases dissemination oceurs without re
musston of fever after the prmany stage  The longer the penod of imbial
fever the more likely 1s dissemination although thus observation 1s by no
means mfallible Dissemination has been known to occur without nny
nse mn tempenture either durnng the mtinl phase or duning the period
of dissermnation

In Willett s military cases the v erage duration of fever was four days
m Caucastans and eight diys i Negroes®  In my expenience the averige
of both 15 more nearly two to three weeks  This discrepancy 1s doubtless
due to the fact that a wider spectrum of discise was observed 1 Arms
Hospitals than in nstallations where onhy the more severe cases were hos
pitalized

The course of some infections 1s afebrile even n the presence of such
other signs of activity as mcreased cr)throc)te sedimentation rates and
abnormal roentgenograms of the chest The absence of fever does not
necessanly mean a good prognosis for progression of the disease may
occur without 1t but m general there 1s good correlation between the
height and durttion of fever and the seventy of the disease  High spih
mg fevers with remissions and exacerbations are often seen m patients
of dark skinned races when dissemmation 1s impendim;

The height of the fever 1s as vannble as its duratton  In mild cases
1t may be barely recogmzed In more severc cases 1t may nse to 105 T'
m the afterncon  Chulls and mght sweats as m any febrile disease may
occur

(2) Pan Chest pain 1s a common symptom and frequently the first
In some series 1t has been the dommant symptom occurning m 70 to 90
per cent of the cases The discomfort 1s sometimes dull and constricting—
more an oppression than a pam  More often it 1s the typical pam of
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pleunsy made worse by coughing or decp mspinition I requently at 1
substern1l  Somctimes the pun 1y excructitimg Al bt proventng res
pirition Now 1nd agun it ppears so suddenhy that trwmtic fractur
of the nbs myvoeardial mfurction 1cnte penicarditis or cute choleevstity
e suspected  Pleuntic pun 1s often weompamed by faction rubs ind
sometimes by demonstrable pleural flusd  The pun s usually trinsicnt
distppeanmg after several divs but oecisionalhy v e achmg persists for
several months

Substemal pun on swllowang 1s occisionally scen sometimics sover
enough to prevent the catmg of solid food * It s ben proposed that
such dysphigia 1 duc fo medistiml hmphndomts

(8) Shortness of Breuth Respirators cmbarrssment 18 uncommon
but it m1y accompiy Tirge pleuril cdfusions, otensive pncumoniy or
more rarely still spontincous prcumothor iy

(4) Cough Cough of some degree 15 often prescnt but ot 1s loss
frequent and Tess severe than would be aypeeted by 1 comparson with
other respirtory mfections In some seres it ha oceuned m Jess thin
half the eases wnd has usunally been non productne ** My expenance b
been somenht diffirent porlnps heewse of the Ingher madane of morc
severe cwses with production of white purulant or cven blood stro thed
sputum the rale rither thn the (weeption Goldsten and McDonld Tk
wise found cough m 88 per cent of thar ¢ wes production of sputum
66 per cent md hemoptysty i 18 per cent*"' The pats of sputum n
the cxperzence of mny s Ied them to mummze the possibihities of sputuim
cxmnttions m dignosts of the disc e Howaver am ospenicnced hands
and with proper mcthods sputum studies e often deasne Inorosanes
of 100 cases T found tht i 76 per cent there w s productine couhi md
m 41 per cent Coceidrondes ws found i the sputum o samuers st
appears thit cough puticulirh productine congh 15 In no me s um
versal i cocadiordal infections hut when prosent at may lod to the cor
rect dignasts

(5) Anorevia Anorca of some digree wsmilly weompunes the m
fection  Sometimes it 15 50 s ere that the patient m Jose 20 or 30 pounds
dunng, an allness of soveril wedks 1 no complications oceur i orom
appetite usuilly returns nd waght » rpudhy reguned Oce wiomlly

howerver even m the uncomphaated e there i long pertod of poor

appetite and fulure to Lun When disconmation follows the o

of the primany st ¢ mu progress mlo profound cichican

(6) Headache Cencralized hadiche occurs moibout v third of the
cses sometuncs bang so scvere that lumbar puncture s done in foar of
Spml flurd 1s normln the teute stige Hod

enee ph.\h(ls or memnts
bt occ il it per sty minh

ache usually subsides m 2 wedk or so
Jonger
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{7} Cencral Symptoms of Infection Generalized aching myalgra and
backiche arc often present  Maluse and Dssitude of some deree are com
mon  Inmild cises these my be the only complunts without any findings
wdicrting t respirators mfcction  Profound fitigabality and lassitude may
persist for months after n othcrwise uneventful recovers  Such residual
svmptoms are often larming to the patient who 1s aware of the possibility
of serious comphications It 1s important that the phisician remember the
frequency of post nfection Issitude so that he mav reassure the patient
who fears that lus dwease 1s becommg disseminated

On the other hand some patients show objective sins of the disease
without proportionately severe symptoms  They m1y feel better than the
rocnteenogrphie findings would indicite T once saw a nurse whose acute
cocerdiond 1] pncumonit was discovered only because 1 roentgenogram of
the chest was required pertodically  She had continued on duty during
the peniod of mfection and only 1 retrospect recalled hwing felt va uely
under par

(8) Pharyngins Mld sorc thront and pharyngeal mjection occur
oftcn enough to cwuse confusion of the dignosis with the common cold
or other respirators allnesses

(9) Cutancous Mamfestations The cutneous lesions of acute coc
adioidomy cosis are amon,, the most dramatie findin_s although 1t 15 now
Anown that they appear in only the smll minonty of cises  The carliest
shin Jeston 1s 1 genernlized fine erythematous macular rash which occurs
mn roughly 10 per cent of the eases It usually appers vathin a day or
two ter the first symptoms and subsides within 1 week  The eruption
often covers the whole trunk and extrenuties  Sometimes 1t looks ke the
rash of mecasles wnd sometimes ke urticara  These early cutaneous
changes do not denote speaific sensitinity to the fungus but are simply
an example of the “toxic ervthemns” which ppear m many acute febnle
illnesses  Thes appear before sensitivity to cocerdioidin 1s well established
and do not represent the same sort of specific reactions as the later lestons

The speafic cutaneous lesions of acute cocardiordomycosis are ery
thema nodosum and erythema multiforme  Usually these appear several
days—but 1t times as Jong as three weeks—after the onset of respratory
svmptoms sometimes with 1 recrudescence of fever following a remission
Occastonally when other svmptoms are too muld to be noticed the speasfic
enythems e the only obyvious mamfestations of the disense  \More rarely

vet crvthema nodosum may precede by several davs the first symptoms
of a moderately severe respiratory infection It was the illness character
1zed by erythem nodosum which was origmally recogmized as the primary
sta_e of cocadiondal infection  In fact ervthema nodosum is a sme qua
non of the chssical $n Joaqmn Valley Fever” of Gifford and Dichson
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lthough by general usige Vally Faver now mcludes 1l sorts of coc
aioidomycosts A populr pre saentific nime of Vally Tavar” was
The Bumps

The speatfic envthemns oceur m 1bout 5 per cent of all prmny
fections or about 20 per cent of these which wre symptomitic  Cryvthem
nodosum 15 associated with the development of 1 good immumts and usu
ally mdicates 2 good prognosis It oceurs more often m women than
men or 1 about ene quirter of all mfections and 40 per cent of those
climerlly dingnosed 1 women Freguently these allergic mnfostibions
convcrt n otherwise mappirent mfection nto one which s unnustikable
The female predisposition to ¢rvthem nodosum, not pparcnt i cluld
hood becomcs cler cut after pubuty  The speerfie cryvthamas are nire
mn Negroes occurnng m Jess than 1 per cent of ssmptomatic cises and then
usinlly i those of mined mcestrs  The predisposition to ersthama no
dostm occurs 1 inverse ratio to the prldlspusltmn to disscmmation White
women e most Ihedy to have enythama nodosum aind Ieast Iikedy to e
chisscnation Negro men are Teast kel to e arvthemt nodosum and
most Ikeh to he dissemmttion

There has nsen m some quarters the Tegend that ervthema nodosum
cffectncdy prevents iy complicrtions of the primry mfection such s
dissemm ttion or residual pulmonary Iesions In reaction to this der the
mfercnce ts oceasiondl made that there 1s no wsoertion bebween €n
themy nodosum uid 1 gpod mmmumits The truth ippaars to e betwean
these two cxtremes A revaew of the ¢l work of Dickson nd Cafford will
dispel the firstallnsion  One of Dichsons first pitients was the engmeenng
student who de coped cocerdiondal shin lestons after hnvng had nvthenn
nodosum ™ The immednte occwsion of Giffords sugiestion to Dickson
that Valley Fover might be rdated to cocadiondal grinulomy w s her ob
sery atron that m the hutorws of three cses of the hitter mention ws mde
of ¢rvthema nodosum * In one of Dicksons cwly prpers he sud "W
hne san records of sovaral m which eocadiondil grnufomt de
veloped fter envthant nodosum The concluding, sentence m the s

“The wute iness whether or not there s crvthom nodasum

paper i
In 1 rcoent rovew of cves

may progress to cocadiordal grnulony
from hem Counts Ciliformy Birsner menbions four an which orthom
nodosum was followed by disscmmution ' In four others resichrdd pul
mon iy cavihiton follow ed—1 complicition not uncxpected m wmuch s
Cwatation mn occur i the prosence of good nnmumty When disaimn
ton accurs after topical Valles Taver st often tikes the forms of menm ot

It 1s nevertheless tne thet anthemt nodosum as Lood prognovtt
sen for the madence of disscmmation followiny, ¢dassic it Valley l:\’u
ls:’ﬂllsld(fllll\ less than atas wmong primiry mfections without the spectli
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ervthemas  Although about one out of two hundred symptomatic primary
infections may become disseminated Smuth found that coccidiondal granu
fom1 followed only one out of seven hundred atticks of crythemr no
dosum * Other statisties symlarly confirm the infrequeney of dissermina
tion following erythema nodosum  Onc may therefore conclude that 1l
though erythem nodosum has no magic power to prevent dissemination
itas i general a fuvorable sign

The lesions of erythema nodosum are usually Lmited to the lower
extremities  They tvprenlly appear s 1 erop of bught red tender stching
or punful rused nodules n the shin from a few millimeters to severil
centimeters 1 diameter  They are firm or clastic and are deeply em
bedded in the shin The distabution 1s roughly symmetnical over the an
tenior tibual surfaces  They m1y be more numerous around the knees
and now and then extend up to the lower third of the thaghs or even to
the lateral surfice of the thighs and buttocks  The acute lesions regress
m 1 few diys changing 1 color from brght red to reddish purple and
then to brown leaving dusky are1s of pigmentation for several weeks or
months

Although crythema nodosum 1s occasionilly seen above the thighs
erythemt multiforme 15 the more common lesion on the upper half of the
body (Fig 24) Itisseen asasanets of reddish nodules macules papules
and vesicles with cremate or mugmate borders The common sites
are the sides of the nech and face the “collar arer” of the upper back
and thorax the dorsal surfaces of the arms forewms and hands and the
margms of the palms  The lesions are red and fade to 2 purphsh or vio
laccous hue Semetimes erythemn multforme oceurs alone and some
times with erythema nodosum of the legs The lesions usually appear
m one crop but occasionally new crops appear over several weehs par
ticularly after fatiguing exertion  Pitting edema of the ankles may accom
pmy ervthemu nodosum presumably because of mterference with lym
phatic dramage

The specific erythemas arc assoctated with a strong sensitinaty to coe
adiodin and are often D d by f 1ons 0 the jomts and
conjunctinae which are also allergic responses  Occasionally shin testing
with coceidiotdin will precipitate an attach of erythema nodosum  # When
the, shin lesions are present coceiondin shin testing must be done with
caution starting with lugh dilutions (1 1000 or even 110000) Ex
quisite shin sensitivity 1n association with erythema nodosum 1s also seen
m primary tuberculosis of childhood 1t has been noted that children with
erythema nodosum accompanying primary tuberculosis may react to onls
1/10 000th as much tuberculin as 1s required 1n tuberculous children with
out ervthema nodosum  In primary tuberculosis erythema nodosum oceurs
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when the baaillus hs completed ats first stage of mvasion, it which pont
sensitivaty to tuberculoprotemn 1s highest

Tmonany < xade wl e

¢ 24 Envthem cmultiforme wsocnted with wate pamany pu

l'r:::;n (Irom Cifford  \nnual Report Kern County Dipartment of Tul b Health
19351939 pp "379)

Wancr has pomnted out that the histop itholosc il fo Illllrll\ uf\ |llhl\‘|‘:«
of envthem nodosum e identical whether the wsocnited dier (I n e
adimdomy cosns tuberculosss thenmatic fover tnlaomn lsm :,I\l,,',’,,,,,],.,
drug, rciction ™ In the envthem ttous nodule there an ;I;l (”(1:(1 e
nuclcr infiltration of the shin edami acute artentis fibr
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Instiocy tie grnulomis and polymorpl Jerr and ¢ philic infil
tion of the subcutineous tissues

(10) Jomt Mamfestations Arthnitis often 1ccompames the spec
shin lesions of primary cocesdiodomycoss giving mise to the popular na
“Desert Rheumttisms Tt too 1s assocrited with high scasitinaty to ¢
cadimdim 1t has been observed 1 about 8 per cent of some series
symptomatic c1s¢s At imes there s nothing more than 1 vague arthrai
without objcetnne findings  In other cises there may be exqusite p
on pressure or motion with only shght pernrticulir swelling stiffness ¢
ness or heat  Effusion nto the joint has not been observed  Acute ¢
adindal arthntis may affeet any jomnt~lips shoulders clbows wrists
fingers—but most often 1t mvolves the ankles and knees  Sometimes o
one jomt suffers and sometimes several At once of M suceession
arthralgin mny be as fleetmg as the carly shin Jesions or 1t may per
for severtl weeks but it ilways clears without scquelae

The arthritis accompun ing, the primary stage 1s 1 sensitivity p]lenn
enon orgwisms of Cocetdrondes are not present in the imvolved jonts
this respect the Jesion resembles that of acute theumatic fever which 1
tesents the reiction of the articultr tissues to the presence of streptocc
dsewhere m the bodv wnd not n streptococcal msasion of the affee
jomts  The septic arthnhy of dissemmated cocadiodomycosis 15 due
an actual msaston of the jomt by the fungus wheres the arthntis of
mary coccidiordomycosts 15 an allergie response  Although the jomnt
shin manifestations of priminy cocaidiosdomscosts often oceur simu
neowsly cither may aceur alone

(11) Conjuncticstss Infl wtion of the con) 11 1s another m
sfestation of hypersensitivity n the acute stage  Frequently it 1s o
shadowed by other more spectaculir symptoms so that its exact maide
1s uncertam It prohably occurs 1t least as frequently as crythema nodos
ud acute cocadiordal arthnitis It may be simply an arca of shght ¢
junctival mycehion or there may be conpunctisitis of the phlyctenulr ty
cpisclenitis or heratifis  Organisms of Coccudiondes are not present 1
ue

Physical Fimdings

The physienl findings 1n primary pulmonary coceidioidomy cosis
usually not remarkable cxcept m the presence of the allergic erythen
arthnitis or conjunctivitis - There 15 nothmy, pathognomonte about the «
ease The patient looks like any other patient with a respiratory 1ilin
with vanable signs of fever congh and prostration  Even m the prese:
of pneumoma Caucasian patients usually have unexpectedly few s
of toieity  Negro and Filipmo patients may appear more profoundly
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There ma be moderate pharvnzeal mjection With cocerdiond 1] phen
mom there my be ries or signs of consohdition  When preumom 1s
accompwted by pleunsy  there maw be 1 pleuril frction rub or sins
of pleural cffusion when accompaned by penicirditts there may be 1
pencardinl fniction rub - Penipheral hanphadenopathy s not seen in un
complicated nfuctions

Laborators Fradungs

(1) Hematologic Charactersiics (1) I cuhoeytes In 1bout half of
the cises the leuhocyte count s moderately clevated  from 10000 to
15000 Occaswonally 1t 13 aver 20000 There 1 rough correltion between
the degree of leuhocytosts and seventy of the prnmary mfection Tuby
m the course of the disease there 15w mercwe m mmature Jeehocy tes
Tater there mwy be both 4 relatinve wnd an absolute merewse m Ivmphooytes

(b) Losmoplules The most import it hematologre charetenstie from
the stindpomt of dignosis 15 the frequent occurrence of cosmophtliy
Eosmoplule counts of 4 to 10 per cont are almost the rule and m some
scries a quarter of the pitients hid counts of over 10 per cent It 1s not
rire to hwe cosmophile counts of 20 to 25 per et Wallctt hay reported
2 e wlich the tont leuhoevte count wais 496350 with 69 per cont
cosinophiles ' ¥ Very Ingh cosmophile counts are often associited with
prolonged pulmonary mfiltration and sometimes herald dissemn ttion of
the mfcction

(<) Lrythroeytc scdumentation rate: The hamatologie tost most uscful
for cvaluating the progress of the mfection 1s the mesurcment of the
ersthrocrte sedimentition rite  Alnost imvarnbhy ey ited arly i the
discase a1t grdually fulls wath reeovers Pulure to retum to norml or
continumg mse are suggestine of dissemunation The test 1s partienlidy
uscful m mterpreting the siguficmce of 2 positne shin reiction to coc
adiodim A porm) enthoo te sedimenthon rate cssentnifhy yules out
wtne primany cocadimdomycosrs <ven af the cocerdiodin skan test »
postne The raverse 15 of course not necessanily true rpd sedimen
£ 2tion rate docs not necess il ostablish that v cnrrent ifiness 1s cocadiod
The scdimentition rate 1s tso the most rddnble stmle imdey of by
of 1 prumany mfection It docs not rcturn to normal antl iter other
stens of activits have disppeared 1t s thadfore helphol m determunin,,
when 1t s safc to allow 2 patrent to be up and wound

(2v Mycolozie I'mdings  Speafic mycologic methods wsefol m
dngnoss of cocadwtdonueoss e disensed m greater dedul m Chaptes
Tlxr:L The demonstration of Coccadioides i the sputum 35 theareteally

w least the dipostic method par exeellenee Tt neverthedess Bs sovernat
prictical difficulties which mst b taken anto conndiration Stady of
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4 fresh smar 1s not alw ys rednble for artifwts my he mustaken for
spherules gromg 1 false positve  nd spherulcs mwy be overlooked cven
when present grang 2 filse negatve  Culture nd even ammal mocu
Titlon my e necessary potentinlly hnzardous procedures requinng strict
precwtions  Furthermorc m mild cses it my be mpossible to obtun
sputum  Even more serioushy 1l pitients may not complun of cough It
18 nevertheless worthwlule to try to obtun ¢ sputum specimen for exammt
tion  If nstructed to breathe decply five or six times  the patient may
suddenly congh vigoroushy and produce maternd from fir down the
bronchnltree  The difficultics attend wt upon demonstrition of the fungus
often make scrologic procedures the diignostic methods of chowee

(8) Immunologic Tindings (1) The coccihioudin skin test The coc
adiordm skin test should be performed immedintely m each suspected cse
If negitne 1t should be repaated i 1 week or two  Cocadioidin shin
sensitivity ppetrs m from 2 to 21 d1vs after onset and persists for 1 to 20
veus or longer even for fe  Conversion from negatne to positive 1s
indisputable cvidence of an actne primary infection The test 15 discussed
m detml in Chapter Six

{b) Scrological tests for coccrdiordal infection  The preepttm test
and complcment fixition test are desenbed in Chapter Sic In primany
nfections they should be postponcd unbl shin sensitivaty appears for the
shin 1s sensitn ¢ to coccrdiodin before humoral antibodies are present  If
Coccidiordes 1s found m the sputum scrologienl confirmation 15 not neces
sary for dingnosis although it uds i yudgng the prognosis  In acute n
fections preaipits appenr first become mramal and reccde furly rapidhy
The presence of precipitins therefore ¢stablishes that pnimary cocadiodo
mycosis his occurred recently  Complement fixing, wtibodies 1ppear and
disappear more slowly  Humoral antibodies particularly those that fi
complement mav not he demonstrable m mild infections A nsmg com
plement fixation titer to 1 Jesel of 132 or Ingher 1s an ommous sign

(c) Serological tests for syplulis Such tests as the hahn and Wasser
mann are sometimes falscly positive m coceidiondal mfections

(4) Electracardiographic Findings In a sigmficant number of cases
(25 per cent m one small senes) ** electrocardiographic changes are noted
dunng pnmary pulmonary cocadiodomycoss  1f acute pencarditis 1s
present—1n unusual comphcition—chinges m1y be similar to those found
m other vaneties of penicarditis RS T segments may be elevated and
T waves inverted 1 several leads  In most cases changes if present at
all are non speafic  Tudbury* ® noted two types of changes (1) m
\§rted flat or diphasic T waves nd (2) low voltage of the QRS com
plex
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Roentgenographte I indings

The rocntgenogriphie wppe i mee of the Tungs m priman cocadiodo
mycosts v artes widcly  ftma be entirdhy norm il or there my be extensine
pulmon iy mfiltration great lvmphadenopsthy or missne plaunil offn
sion  Becwse they are 15y mptomitic most cises of primry discise 1w
not studicd roentgenogriphicilly  The muldest mfcctions bang onh
superficial inflimmations of the bronehil mucost or 1 fow lveolt ¢ wse no
chinge in the thoricic shidow At times howcver pulmomin ibnormh
tics are noted (ven m asymptombic cwes  About 80 per cont of nfechions
severe enough to require hospitalizition cause pulmoniny chmees detect
able roentgenogriphucally

There 15 nothmg pithognomonic ahout the rocntgenogrim of prmn
cocadiodomycosis It muy minue that of broncduts el pacu
monit  primary tuberculoss or even metwtatic ewanom - Virous ¢
sificitions some very chiborite hue been made of the Josons of prinmny
cocordimdomycosis Mt 440 1 Such hists me wcful for study wmd
reference but the mdinadu il rocntgenogr un often defies el wsafic ition

Primey cocerdiondal Iesions may occur i the bronchus prenchvnt
Iymph nodes wnd plaurie Penbronchind mfiltrations muw e reprosented
only by fuzzy thickenmg of hulwr shaidows or by merc wsed hronchioy seolr
markings which ridinte from the laly toward the bise or periphery
Parenchymial kesions + iy from 1 sal ke hize or v ague motthng to donse
homogeneous consoliditions  Infiltrations m1y be ponpheral dansitres
arcumserihed wd diserete or they may be eentral finmg out from the
ilt mto the lung fidds  There my be but one such patch or there mas
be 1number throughout both Tungs

Lesions mnv cust mos part of the Jungs wmcluding the apres bt
they are more Ikl to be 1 the lower Tobes or hise of the upper Tobes
When they do appcr m the ypices thes Took much ke ranfection tuber
culosss In severe infections particubarly m dark shinned patients whok
lobe or ¢ven more mu ppear most sohd lthough wu i the distn
hution 15 not strcth Iobir Cocudionda] pntumonn e sembles vpiod
preumont more thin hictarnd pneumomt m that anfiltrstions e morc
umiform ind crrcumsenbed thn an the hitter

Sometimes canditine fosons dar riprdiv m 1wk or teo bt often
resolution of densc consoliditions s slow  regquinmy severdd months
Penipheral densities may not resolie completehy devedopmg, o fibrous

At first more or Tess diffose miltntans

nodules which persist for vears
1t the

they become smaller ind more round Tenang 1 solitiry nodule
site of the previous prcaionsts At tumes there 1s €3 nabon of ;m\;
of diffuse pucumomtis or of 1 nodnle with form tion of 1+ vty which
may speedily close or whichmn become chromic
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Primany cocerdiodomy costs may ¢ wise not only bronehtis and pneu
monts but 1o regronal Ivmphademtis Althouh hilar Ivmph node en
Irgement my oceur lone 1t often occurs i conjunction with parenchymal
lesions and 1t 1s commonly more evident on the side of the affected lung

Fiure 25 \Ad cocendiondal pneumomitis and halar adenopathy from which recovery
was complete Filipino farm laborer

In more severe cases medinstmal nodes are also enlarged  In some senes
medinstinal Iymphadenopathy was a constint finding n mfections which
later becime disseminated suggestmt, thit the medistinal lymph nodes
are the second line of defense which must be brenched if dissemination
15 to occur  Hilar lymphadenopathy may reress m a few days or weeks
If the mediwstmal nodes arc nlso mvohed regression muy take months
even if dissemination does not follow

Caletum 15 sometimes deposited 1 healed lesions of the lungs and
lymph nodes although caletfied foa are less m cocardiordomy
costs than m histoplasmosis  Pleural effusion often just cnough to ob
literate the costo phrente suleus 15 sometimes noted on the roentgenogrim
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2
(F1g 26) It ma be the onh demonstrable ibnormality - Now and then
spontancous pncumothorix 1s seen m primany cocerdiosdon costs

Frure 26 Cocadionda! preumonn: md mterdobar plaunil cffusion oceurnn, 1
white mile who Liter recovered completeh

When the prim sy nfcction becomes ripudly dissemmted sernl rocnt
genogrims mu show stady progression of the pulmonary Iesion antil
dath cnsues (Fig 27)  Pncumonn 1s oxtansine md may be 1((mupml(‘('
by pleural effusion The medistmum s wide becune of the mftuned
homph nodes Wath midoary sceding the lungs sear to explode with farzy
little nodules which m soon become confluent

Common Syndromes Suggesting Primary Cocerdiosdoms cosis

Certun sundromes e espeanlly su_estive of prumars pulmon s et
adiosdomycosss 1f ther s 1y possbility of cxposure by residenc trundd
formites or hbor tory work

(14 Irythema Nodosum or Multiforme The spectfic anthens shanld
su_rest the possthilty of cocadindil mfection cven ontside of the on
dene o af there as iy possibaits of cxposure In endene aron en
tham nodosum i onerilly conidered to bo cocadiond il antil prosed
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otherwise  Indecd circ must be taken lest other eauses of envthemy no
dosum be overloohed for tubereulosss streptococeal mfections and other
diseases will occsonilly be responsible aithou h the odds favor the
dugnosis of cocaidiordomy cosis

(2) Acute I'chrile Arthriis espeenihy 1l assoaiated with ervthema
nodosum or conjunctivitis

A

Figure 2°  Severe coceiioidal preumonnt occurning i 4 Filipimo farm liborer A

Tenth diy of illness widespreid imvolvement of lin.s puticululy of the left B

Twenty thud duw of illness two days before death milun nodules throughout both
Tung fields (heavier roentgenographie exposure thin in previous film )

(8) Lominoplhia particularly in the presence of pneumonit or other
respiratory disese

(4) Respiratory Infections During the Summer and Fall in an En
demic Area  During a hot dry or windy season cocaxdioidonn cosis should
be considered 1 any febnile illness that 15 not otherwise obviously ex
planed

(5) ebrile Ilinesses Qccurring in New Arrinals in an Endenmic Areq,
particularly 1n those engaged m agnenltural work

Acute Complications of Primary Coceidiordomy cosis

(1) Pleunisy with Effusion. Mild cocardiondal pneumonia 1s frequently
accompanied by 2 pleural reaction manifested by pleuntic pan vanable
friction rub and pleural cffusion detectable only roentgenographically
Oceasionally pleurl effusion 15 so massive that the thoracic cavity appears
to be obliterated on one side  In Ophuls first casc the earliest m which
the primary phase can be recogmzed a2 gallon of flud” was removed by
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thorwcentesis ™ Large (ffusions most frequent im members of dark shinned
riees are often followed by disscnition of the disease  Somebimes the
pleural flud 1s stenle sometimes even m bemgn fections without dis
semination the fungus ¢ be cultured from ot

(2) Pericarditis Larson wd Scherb hue shown that acute pert
carditis may tecompiny primany. cocadiodal pneumonir - Abbott hos
also recomnted such m mstance proved by penicirdectoms It 18 sur
prising that 1t has not been reported more often considcrmg that pen
carditis 15 not rare with other types of pucumonn such s viral or pr
mary wypicil pneamom  Inflummition of the pericwdm m accur
by direct extension from the contiguous lung nd pleurw or by mdirect
spread via the Iymph channeds of the medistinum

Perserditis mus be munfested by pun huwdly distmgushible from
that ordimanly scen m primany pulmonny cocadiondomveoss A pen
cardul friction rub mawy be heaed  The electroewdiogrim shows dinges
m the RS T segments md T waves charctenstic of pencardits - The
roentgenogram of the chest shows the chimges of primary cocadiond sl
[7"(.[”“0["'1

Cocaidhordomi cosis mwv rirehh ¢ase v residual grimulom ous Toston
lcading to constrictive pencarditis mdistinguslable from that of tuber
culosis *

(3) Acute Pulmonary Cavtatron  Scrial rocntgeno grums made dur
g the course of pimary coccdiordnl pneumoniy sonctimes demonstrate
i wer of trmsient cxewation m the nudst of consolidited pulmon iy
tissue  Thie Ieston 1s more often thn net w weadant il discovers wathout
symptoms or scquellie Tt mu perosst for 1 fon divs or weeks be forc
(]osmgsponhncnusl\ Occasionally it (]ndnps mto the ¢hronc pulmmnn
cwity desertbed m Chapter Fleven Fueept for somewhit cdoser abs rit
tion nd more restrcted actvity thn bt otherwine sean mdicated
no 5[7((.] !l ”llrlpl utic mesures are usu l”\ NCCEsy Ny

Chrome Complications of Primary Cocadiosdomy costs

The chromc complic itions of primry cocadiodonncoses e dialt
with m Chapters Ten ind Flovn There are two types of ironre com
plications onc bamgn ind onlv oce sion il smport it the other mih

nmt md frequently £it]
Benign dhiramic cocerdiond ] Testons my oceur m the lun, ploury or
Chrome pulmoniry kestons are cocadionda] ¢avitibon e

pericwdium p
Pleurtl Tostons are essentiitiy

adiodoms bronchiectisis wd fibross
complic itions of pulmon iny rosdimls 1¢ pnoumothor iy iy dropncuno

mit e
thorix nd cmpyamt Posicrdnd Jestons are raedy mmportnt ¥

stonally ¢ ruse constnctive pene wditis
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The milignmt compheitions of primin cocerdiordomyeosts are the
vanous tvpes of dissenmmation acute midiary dissennation chromic dis
semmation menmgitis and the 1solrted peniphert! granuloma

Treatment of Primary Cocerdioidomy cosis

More fully discussed m Chapter Thirtecn the treatment of uncom
P]l(‘“ld primary pnlmmnr\ (OCCI(IIOldOln\[OMS s m gcncnl Sy mptom’ltlc
Test and walgesies are usually all that 1s required

PRIMARY ENTRA PULMONARY COCCIDIOIDOMYCOSIS

Althouch 1t has been cenerilhy believed that the mypured shin is an
important portal of entry of Coccidiordes ymmutts 2 cntical evaluation of
reported cises shows this to be more legend thwn fact  Intradermal or
subcutancus moculition of the fungus is of course possible for 1t 1s
uscd mn mmals s the finl step in dentifying Coccidiowdes  The prac
treal importance of the dermal route i human primary infections 1s how
ever guite other matter

The legend of primary cutmcous cocaidiordoms cosis arose in the earhy
twilight of incomplete knowledge about the discasc when only the pro
gressne grnuloma was recogmzed s cocadiondal  In the first case to
be reported in North Amerter the il lesion was sud to he a some
what clevated tender red spot on the back of the nech™ where the collar
band rubbed * In s 1903 paper summanzing All the then known facts
about the discise Ophuls stated that “:l former cises seem to be
examples of primiry mfcction of the shin He nghtly mferred that the
lung was an importmt portal of entry howcver and concluded that “the
nfection m1y prmanly be ather a cutaneous or a pulmonary one

Becwse the first known leston was on the shin many early cases were
considercd to be exwmples of cutancous noculation particulwly when
triuma could be related to it The reason for this false inference 1s now
obvious  For 42 vears the only known form of coccrdiodal disease was
the dissemmated  When t leston apperred on the shin of a person prev:
oushy, thought to be well 1t was naturil to assume that the fungus entered
at that pomt  Now 1t 1s possible to reconstruct the true sequence of events
m such cases The actual mvasion of the fungus via the respiratory tract
had been asvmptomate or unditgnosed Disserinatton had occurred
through the blood and Iumph channels to the shin and other orgmns  The
cutantous Iesion was merely the first obvious evidence of disscmenation

Subsequent lesions thought to have developed from that m the shin were
simply signs of more widespread dissecmination from the lungs

Despite the clanfication of the relationship of primary and secondary
coccidiodomycosis by Gifford and Dickson the legend of the cutaneous
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route of moculition has persisted and 1y still gnen credence mcurrent
texthooks reviews and cise reports Although the shin 1s 2 possible
portal of entry 1t 1s not importmt onc  Proven cutancous moculition
Iias been rare - The problem was clartfied by Wilson Snuth and Plunhett
m therr report of an unquestion thle ¢ase of pnmry eutancous cocardiodo
mcosis */ They accepted s proved but one previously reported e
thit of Guy and Jacob * *Whose pitient w s mocalited wath Cocerdiorde s
by the prck of 2 crctus thomn At st one subscquentls published case
may 1lso be recepted as genume ™Y
In the cse reported by Wilion Smuth and Plunkett spherles were
mtroduccd mto the scvercds abrided shin of the finger of 1 morticiin when
he ambalined the body of 1 victim of dissemmated cocerdiondomy costs
Four dns Iater the finger became swollen red, md knder There was
transient fover An omdurated grinulomt centrlly uleerited  ippeored
at the site of the moculition nd healed slowly over the course of 80 dns
Scveral firm subeutancous nodules 1ppearcd on the bick of the wm nd
epitrochle wr and anillary Jvmph nodes beeume enlirged tender and fluctu
ant  Cocerdiondes was ssohted from the mutid lesion md from the 2l
Iy nodes  The serologie pittern wis typical of modernite pnmany coe
cdiodonncosis  The preaptm nter for cocadimdal mfcction hecame
muwmt and then disipperred the complement fivation titer rose to 14
aud then fell
The fust hiborators moculition mde by Rinford® mto the shin of 1
dog produced 1 pnmany Ieston almost 1dentical wath that descnbed I
Wilon Snmth ind Plinkett but the sigmific mee of that cwrly cxperament
hus never been appreanted  The wnmad suffered 1 Jocal shin Tesion wd
regronl lvmphademtis - Then caeept for sceondary Dacternl mfcction at
reeosered spontncoush without prograssne cocadondal - grmmloma—
none the worse  Rinford sud  for the expenment
The crterit for dignosis of primny cutmcous cocehodomy costs
proposcd by Walkon Smith nd Plunhctt arc
(1) There should be no histors of simficint pulmonin discise im
medntely precedmg, the ippe rinee of the cutscous leson
(21 The lustory should be suceestne of mocalwon thromh @ e b
m the skin at the site of the first cutmcous lesion observed  Sunphe m
jure” such s 1 bump or brunse should he canside res] msulficront evidenee
(3) Onl 1 short mocultion penod should (ypse probably betwern
one wd three weeks Before 1 avasible cutincous lesion desedops
(1) The primin louwon should rosanble 1 “chanere s scen m o pn
man svplulis or the primin cutneous tubcrenlous complex rither thw o

The losion should be 1 rchitndds pam

abiseess or torpid et mcons uler
with centrad uleer tion

Iess Bl mdured nodule or nodubie phigue
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(5) The prcapitin roction to cocadiondin should soon become posi
e It should dicline somewhit more slowly than sf the disease had
been prescnt in the lungs for & few antccedent wecks

{8) The respanse to the wtracutwneous myecton of cocerdiodim should
become positive nd shonld ancrcase m seasttnaty (11000 difution) wn
fess smmumity fubs to devlop

{7) The comploment fixition rectian should be negative at first and
remun so for scverrl weeks after whrc at should be present only m Jow
titer unloss mnmanty {uls to desclop

{8) I'vmphingitis wnd lymphidenopathy should deselop but m the
regton of drunage onh Development of nodules smmilr to those seen m
sporotsschosis mas be cxpected

(9) Spontweous haaling of the “pnman” cutaneous syndrome should
occur withm 1 few weeks {unfoss the patient 1s immunologically defective
thus shoukd be antrcaprted e but one ar tue per thousand wmstances)
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Benign Residual Coccidioidal Lesions
Chronte Cocerdiosdal Lesions of the Lung
Cratation
Cocardiowdon
Broneltectisis
Fibrosis
Chroai Cocerdord 1 T estons of the Pl
Empvema
Fncomothoras and by dropnenmotherax

Chronic Coxcxchord t! Lesions of the 1 erierdiom

Adtmoven primany coceidioidomy costs almost lways Tegresses spontine
ously 1t often It wes 1ts sear m bronchil or pulmonany tissues  Birsner
writig from wide rocntgenologic evperienee m the southern S Jowpus
Valley notes tht m hus area it 1s anusud to sce 1 completeds norm
roentgenogram of the chest m an adult *?

Froguontly ot ss smpossible to prove that pulmoniny fibrosis or bron
chicetses we casalls related to cocadioidomyeosss but i the opimon of
mny such lesions e seen more commonhy m endenie s than ebe
where e 1

CHRONIC COCCIDIOID AL CAVITATION O THF TUNC

One of the dhissie rocntgenogriphie findmgs m eocadiond it dise 15e s
the “thun walled ety (Fag 28) It o first reposted v Tamoss and
Mills * ind then by Yegm nd hegd The dehnitive desenption of
the Tesion w s made by Walham Wann Medic d Durcetae ind Supermtend
ent of the Tulire hangy Counties Tubcrenloss Hosprtal at Sprmx:\llh”
Cilifornty 1 scries of studies botween 1941 wd 19327 3 0t
Although not paithonomonic the thin sl wath Wtle roachion mmm{l
1t strongs su_gests coceriodomeons On the ather houd e of
rection and a thich w il do not mle out eocadiond il dise 1

s
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of the 1cnte pulmonary lesion It tvpically appears it the site of the pre-
vious pneumomr  There may be exens 2tion of an et of fibrosts  Some
times 1 nodular leston appears first with subscquent central necrosts and
evtemition of 1its contents vit 1 commumeating bronchus

Symploms Chronic cocaidiondal envities are often symptomless  In
Smuths senes of 153 cises of pulmoniny cwattion dingnosed m the mily
tany services, 88 or 56 per cent were sient lesions bang discosred
only by routme roentgenographte survcys @ Of those with svmptoms
17 pur cent were noted i the course of acute coccidiodoms costs 15 per
cent suffercd hemoptysis 6 per cent had chest pun and 4 per cent had
cough maluse fover or sputum In endin prachice slhere routme
rocntgenographic studics are less common most of the cises e drrgnosed
beeause of hcmopt)m In Winns scrres of 92 cases hicmopty sts—3 srving,
from blood strcakmg to fraink hemonhwe~occurred m two thirds * * Sce-
ondan infection occurs oceastonally Usuallhy exeept for mnoving hemop
tists the patient is in gaod health

Laboratory Studies  Humtologic studies are wsuddly normal  Th
envthroevte sedimentation 1s not ordinanly accelerited Unlike the situt
tion m severe dissennations the cocerdiordm shan test wsually renuns posi
tve lthough i an appreenble number of ¢ies there s ancrgy even to
A dilution of 1 to 10 Unless the primany mfcction 1s not long pust the
preapitin test 1s negatine 1 complement fivition persists at uswally docs
som Jow titer  In Smuths scries * the sery of only three fifths fived com
plument in dingnostic titer (2t Taast o plus at 12) A guistar were o
tirels negatne Lessthan b Wi of those with posttine tests hd titers lugher
than 12 Less thn 2 Afth were hugher than T8 Although T hue seen
amamal titer (1 236) 1ssoctted with 1 cocaadiond ] ¢ty this combim
tion must oceur very rirch

With encouraganent 1t 15 almost lw 1vs possible to obtun sputam
from 2 patient wath 1 cocadind ] c vty (ven when he docs not complun
of hcmoptssis or cough ind the fungus 15 usuilh recoverihle there fmm)
Spherules are frequenthy rcported o the sputum: on direet smear
Tese Chen and Sorensen huwe alse desenibed the finding, of mveenl
forms m freshly obtuncd sputum At tunes the sputum: contuns flecks
sutrestive of the sulfur gramules”™ of awtmomycoss whih whan coum
ined under the mucroscope re seen to be tingled misses of Tapha

Roentgenographie Tindin s The bpicd” cocadion ] ¢ty s thin
walled and (vt hhe with no surroundm,, rc o Often however the
wll 15 not “typieal " but 1 thick md hardcred by a farly dense pu)nln{n i
shadow 1 which case st cannot be differentiited rocntacno,r wphuc it from
1 tubcrenlous ¢ty or ¢ven lun\,’ abscess  Ustally therc s vsngle coats
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sometimes there re severil  Irequently n lrge easity if secondanly m
feeted contaumns  flud level (Tig 29)

Figure 29 Secondinly mfected  thick walled cocardiondal cavity with fld level
(krom Winn Coccrdioidomyeosis m Hinshaw and Garlind  Discases of the Chest
Pluhdedpha and London W B Saunders Company 1936 )

Pathologic Tndings  Cuatics vary in dinmeter from  few millimeters
to many centimeters  The cavity may be surrounded by atelectatic ung
tissue and mterstitinl ibiosis sometimes with pirenchymil tubercles and
alveolar epithelialization  The cavity atself 1s lined by a tough fibrotic
membranous wall often covered by a shagyy exudate contaming spherules
or even hyphae of Coccidiordes smmutts The lumen may communicate
with a bronchus  Sometimes the cavity 15 more or less filled with a loose
necrotic amorphous maternl also contuning the fungus  Occasionally
the contents 1re frankly purulent

Complications Hemoptysis mentioned 2bove 1s the most common
compheation being reported m two thirds of some series ¢ * Usually 1t 1s
mummal but ocersionally 1t 1s massive having been fatal m at least two
cases *® Somctimes bleeding, occurs onlv during respiritory 1nfections
Secondary infection occurs now and then  Cotton feels that progressive
enlargement of the cavities 15 due to superimposed bactenal mfection 2

Rupture of 1 penpheral cavity may cause pleural effusion empyema
P P thorax or bronchopleural fistulx
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Treatment  Therapy of cocaidiondal eavitics discussed more fully m
Chapter Fourteen 1s 1 subject of considerible difference of opmton  Some
favor ignorng the lesion 1f 1t 15 asymptomatic 1eserving surgacal resection
for cases m which therc are severe symptoms  Others favor removal of
all evities to forestall comphicitions

Coexisting Chronic Catttation and Dr ted Cocardiodomy
It hins often been noted that chronic pulmonary cawvitation nd dissemma
tion rrely comeide  Sometimes this fact 15 presented as 1f some mysten
ous influence guarded the patient with 1 ety Probably 1t 1s just a mat
ter of stitistictl chance  Nesther dissemunation nor eavitation are com
mon sequellie of primary cocardioidomycosis 1t would be even less com
mon for them to comade Cavitation does not present dissemination
nevertheless cvatation 1s usually associated with good mmumty  Dis
semintion therefore would be evpected to occur only rarely n the pres
ence of cwvitation  Dissemination follows one m severil hundred priman
mfections there 15 no reason why dissemmation could not wccompm one
m several undred pulmonary enities

Although cwitation 1s usually rccompamed by a low titer of com
plement fixation there 15 vers occsionlly 1 titer m the ringe of dissem
mition  Onc of my patients with 1 cwaty of some two yews durition
had 1 complement fixation titer of 1256  This case 1s almost umque
the meidence of such titers m cwatation bemg so low as to be recorded
at zero n Smuth s cumulitive series ?

Cses of comadent dissemmation and cavitation are so rare that the
are still worths of publicttion even mn endemie wes  Interostmgly ses
eril of them concern concomitant menmgitis md ewity  Chrome coc
cidiordal menmgths 15 also usually accompanied by low scrologic titers
and 1s usully the only extra pulmonary lesion

Smuth and his associates * Jenkins and Postlewute ® ' Nillsen and
Youssy “* and Tmmmes and Baum  have ech reported 1 cise of com
adent memngatis nd cavitation  Aurz and Toud also reported the cst
of 1 voung man with cwitition n the presence of trnsient dnsenimated
shin lestons

When ¢ nitrtion nd dissemmation comneide 1t 1s improbable that dis
sermmition tikes phice from the ety More Iikeh both are sequeliae
of the pnminy mfection The redationship can be di wrimmed thus

 cnatation
primany mfection {
~ dissemmation

rither than thus

priman mfcction — cnvatation — disscmintion
Turthe rmore. disse mn ttians do not occur sath ¢xasionl trotment of cav)
ties
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COCCIDIOIDOMA

Varously ealled the ressdual nodutar density: berugn pulmonary grinu
lom cocerciandal tumor of the lung sold fibrocaseous granulom and coc
aidioidoma this lesion 1s raredy 1mportant per se but 1s mischies ous becuse
of the diffcrential divgnosis 1t demands  The solid tumor of the lung s
essentially a scar at the site of previous pneumomitis It v nes i size
from the smllest deteetable nodule—a fow millimeturs - diamcter—up
to 4 or 5 centimeters across (Iig 80)  Such nodules muy be single
or multiple

T

Figure 30 Large asymptomatic cocaidiodoma of the apex of the left lower lobe
(From Fiese Cheu and Sorensen Annals of Internal Medicine 43 235 270 August
1953 )

Tte nodilar resich 2l pulmonary 1 sion has m the past be
that of tmberculo 15 is called a tuberey loma Hl:\\e\eerp “cofc::n::l:::;d :s ;Zi:i::nu:m:
dern d from Cocordioiles  Cocaidoma  suggests cocerdosiy the protazonl disense of
chickens  Parall [ forms would he Cocerdia” “coceidial  and “cocerdioma  (1f there were

such a tumor m affected chickens) and i the disease under discu
ciodes  cocend oidal and  coccidiondoma se hsen sion 1 t11s book  Coc
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Teure 31 Senil changes m multiphe eesidiea) cocesdiondal Tesons «f the tons There
are three lirge pulmoman Jesons (a) oot lung, postonor (b)) kit lung wnd (e)
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Long, before hus dcfimtue deseription of primary cocaidioidomy cosis
Dichson reported 1 cise of bemgn pulmonary grinuloma** The lesion
puzzling to physicins of the time wrs one of the first clues that there
nught be 1 non malignnt form of the disease  Wnting m 1915 Dickson
described the bemygn cocerdiondnl lesion which had inerdentally been found
n the lung of 2 mn who dicd of gastrie cwremoma  Ophuls microscopic
exammthion was recorded thus

A scction of the lung shows lirge old ciscous arers surrounded by dense
fibrous tissue At the edge of the ciseous matenl there are a number of
double contourcd cipsules of the Qudimn cocerdiodes The mujonty of
tham we empty  but some contun 1 little granulir protoplism  Diagnosts
Heled cocardiond l grnulomn of the lung

In 1939 shortly after the discovery of primiry coceidiordomycosis
Cox md Smuth reported four cases 1 wlhich pulmonary granulomas were
acerdentally found n routine antopsies

Pathogenesis Now and then seral roentgenograms taken dunng and
after coccidiondal pneumonit will micely demonstrate the evolution of coc
adiodomis  Duning the acute stage there uc fuzzy patches of pneu

1
g = g |
1»’

nght lun, antenior A (2) 15 a thin walled cwity (b) and (c) are sohd B fve

months later (b) 15 now a thin walled cavity (a) and (¢} are solid C three months

later 1l three cavities are now half filled with fud Courtesy of Drs h W Butler
and E Aronstem
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momstis which Iiter become smaller denser and more ewenmsenbed pur
Slﬁtlllg ”lllS m some cises for m my oyears OCC\SIO"""\ HIC\ '.TE‘CUIHL
cilafied

Cocadiordomns and eraties we somctimes but 1anous stiges af the
sane lesion (g 81)  Alynaucr Rolle, and Preree ¥ huise pomted out
tht the ressdunl pulmonan lesion 15 not necesswly v stible one for it
m scrrilly be v cnaty sohd tumor and ewaty agun as st fills and emptics
Winn® has termed such lesions  abscessing cocerdiodomas Cotton?
difforentittes between true cocerdiodomns and pseudococaidiondomas
that the htter are eavities which become filled with mspissated matcrnl
follow g obstruction of 1 communieating bronchus

Pathology  Often anisms from 2 conglomeration of tubcrcles and fi
brosis cocerdiordomss may be Jobulited md somewhit srresular in out
Ime A finn eapsule of hylimzed fibrous tissue delimats the mass— Ad
yrccat pulmonary parenchyvma contans satellite tubercles md mrcroscopre
nodules  The center of the Jesion 15 soft vellow or griv necrotic, and
cweous  Microscopieally  the maternl 15 loose morphous and ocet
siomdly oven sam punlent . Virving numbers of Cocerdiodes orgmsms
are prosent somctimes 0 scanthy that speend stuns e requored for thar
demonstration Often the orgyuusms are abvpial—ather desenerating
spherules or abortiy e myveelnl frigments suggestig that the necrotie debnis
15 in unfriendly mediam for parpetuation of the fungus n ather the pun
sitic or siprophytic phase  Sphorules mm b empty ghosts or wenbled
distorted epsules distimganshiable only by thar degeneritg endospores
Usinllv however cven m oanerent lestons enough vinble orginnms re
mun to gne 1 positne culture When erstwhile solid grmnlomas beeome
morc or les exen ated the fibrows capsule patnlly Ined by v senhir
grmulton tissue becomes the wall of v ety

Symptoms  Solrd trinulomis usually cmse no symptoms whitcver
If thes hecome (v ated they my bleed or become second sy mfected
Almost 11w uvs they are found uncxpectedls on routine rocntgcnogriphic
stuchies of the chest

Laboratary Nndings  Beewne solid resdund Tessons are not assoct wed
with cough there e no typical findings m the sputum Unless there s
commmnic ttion with 1 bronchus nd partnl evesation funga arc wot
domonstrible  The cocadiondim shin test 18 oftan postne but scrolojie
titers sre lmost ncver high nd are often not diignostie In thiee quarters
of the ¢ es the titer of comploment fiation 1 1 2 or less Onls el nat
hove 15 Tl enthroate sedmantation rite s not acedented
othcr hens rtolo i studies e 1o normd
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Rocnlgcna"mphlc Teatures The only significant finding m cases with

15 the d wtion of arcumsenbed densitics aither 150

Tnted or multiple on the roentgenorim  Therc 1s nothing distinctive about
their appearance—and therem lies their only importance

Sigmifi of the Coccidiord: Were 1bsolute diignosis of sold
pulmonar\ tumors possible the cocardimdom would be of academic 1n
terest only  Unfortunatels 1t looks exacth hike other tumors of the lung
benign and malgnant Esen m non cndemie arcas the  con Jesion
15 10 2nnoy ing problem  The praportion of carcmomas among “comn lesions™
vanes directly with the distwice anay from an endemic v In some
of the senes collected mn chintes n castern states mali_nnt tumors com
prise up to half of such lesions ™7 ' % In Portlind Oregon a western city
outside of the endennc aren Higgmson and Hinshaw reported that only
15 per cent of solid tumors were malznant nd 18 pur cent were coc
adioidat*  Winn and Evans have found that among residents of the
San Joaquin Valley less than 1 per cent of “com lesions are mihignant® *
When studied with appropriate stams most “tuberculomas™ prove to be
of fungal rather than tuberculous ongin * ' <

Nevertheless even in endemic arcas surgically curable carcmomas
of the lung occur so that undiagnosed pulmonary tumors must for the
present be considered malignant until proved otherwise  This attitude
will be modified in the v oung patient with serologic evidence of iotdal
mfection but the diagnostic dilemma 1s still acute It 1 unfortunate that
many benign lesions must be removed m order to swe the man with the
operable pulmonary carcmoma but as thoricie surgers has hecome in
creasingly safe its hazard has become less than that of overlooking a ma
lignant lesion

BRON\CHIECTASIS

Primary cocerdiordomy cosis 1s often an endobronchial disease  Bron
choscopic studies by Cotton and Birsner ' hwe emphasized the frequent
presence of bronchral lesions (mucosal hyperemin submucosal edema and
ulceration or granulation tissue formation) sometimes without demon
strable pulmonary imnfiltrations

If acute bronchitis of varying degree 1s an 1mportant lesion produced
by Coccidiordes immatis one \wuld expect bronchiectasis to be an occa
stonal sequel  Exact data are hard to develop but many elmicians in en
demic areas feel that l)ronchlcctasxs 1S more common therc than else
where ®* 7' Inany case L 1s often poralls related to pn
mary pulmonary coccrdiordomycosis and spherules hwe been found in the
walls of bionchiectatic cavities  VWinn* seported the cise of a young
woman who i her teens developed a persistent cough occasionally pro
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ductive of blood stre thed sputum  Roentgenogriphie studics over the nowt
decade showed slowls progressin ¢ bronchicet wic changes and Coceidioides
s finalh found n the sputum

Bursner ¢ has published roentgenograplie demonstritions of hron
chiectasts accompmying cocardiordal ewatation and fibrosis  Rocntyeno
graphie studies 1 one of my cases showed numcrous densitics m the nght
muddle nd lower Jobes  Mycell forms of Coceidiodes were found m
the sputum *  In the surgiedly resceted lobes thore were bronchicettie
cnitics contanng large numbers of my el ddaments of the fungus

Cocerdiodal bronchiectisis mav cwse chrome productne cough
hemoptysis and recurrent fever md respiratory mfccttons The comple
ment fivation titer mv be lugher than that m typieal beugn cocadiod o
cuitation of the lung  Rescetionl surgrens 1s mdicated of s mptoms e
progressive or sevae

COCCIDIOIDAL PULMONARY 1 IBROSIS

The most common but least discussed sequel of cocadiondl pnea
mon 15 pulmonry fibrosts Usaally this 1s 1 more or less msinific nt
hnear strexhing m the lung the st stage of hailmg but now wd then

.. W =
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A B
Frare 324 Scvere wnte cxceidiond il prcumony accurmng m 2 Negro ke B
Ouver three v hiter extensne sesidid pulmonan fibross There ware o dis
scmumates! cocudiond ] lesions of the bones wd sk of the hnd

tt s atensne  After savere prumary nfoctions md i the prosence of
extr1 putmonn dissammztion thae mn be long positenc of e
pulmonn densities (g 32 the so clled chronic cocadiodal priets
mortis
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Tibrotte ares consist of conncetive tissue masses contaming lympho
evtes occwonal multinucleated gant eclls and microscopic tubercles
Somctimes the remains of spherules are scen  Occasionaily there are
ealeium deposits dense enough to show up on roentgenograms  Targe
areas of fibrosis my ¢ iseate and become exeavated A lobe badly damaged
by Cocadiordes may at the same time show fibrosis broneluectasis and
cavitabion

RKesidual fbrosis 1s usuaily of no smportance although 1t may cause
diagnostic confusion with morc serious disewscs such as tuberculosis or
even bronchogeme carcmoma  Even if cxtensine st 15 the accompanving
process — cavitation  bronchiectwis or extra pulmonary  dissemmation —
wlich 15 important

CHRONIC COCCIDIOIDAL I'MPILMA

Cocardiordal empyemt may occasionally follow the pleural effusion
of prmary pulmonary coccrdiordomycosis or 1t may result from rupture of
a chronic cocerdimdal pulmonary lesion into the pleural space esther spon
tancously or duning a surgical procedure  Although the process may be
bemgn m the sense that it does not represent extra thoraete hicmatogenous
disserination with fmilure of 1mmune mechamsms 1t may be a scyere
debnlitating 1llncss  Sometimes multiple druning sinuses burrow to the
surfrce  Stcondary surgical procedures such as thoracoplasty or decorti
cation e often followed by healing * In other cases further surgeny
seems only to spread the mfection  Occasionally the gencral effect on
health may be as ternfying as that of widesprend dissemimation

PNEUMOTHORAX AND HIDROPNEUMOTHORAY

Rupture of a penpherally located cocaidiondal cavity mny lead to
P horax hy drop thorax or |t hopleural fistulr  The ace
dent may cause retppearance of precipiting ® ¢

CHRONIC COCCIDIOIDAL PERICARDITIS

The pencardium may rarcly be permanently affected as m the case
of chronic granulomatous pericarditis reported by Larson and Scherb ™
Although mechanie1] constriction of the heart was fatal in that mstance
the lesion was bemgn in the sense that it was localized non progressive
and essentinlly burned out an anatome relic of the primary ifection
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Disseminated Coccidioirdomycosis
(Generalized, Progressive, or Secondary
Coccidiordomycosis; Cocerdiordal
Granuloma)

Tranution from the Prmany to the Secondiny Stage
Inippirent Disscmmation vs Late D1 samintion™
Acute Mihiny Dissenmnted Coctadioldotny ensis
Cocadiond 1 Memngns

Acute

Subacute

Chiromc
Chronic Disscemnated Cocadisidomy coy

Esohted Tenpheril Cocercioidal Crannlma

Dissiunanm cocidiodomcasts 15 the relatnedy rire comphicition of
prmans cocerdhodorm coss m which Cocerdiodes escapes from the funs
nd medistinal hmph nodes to imade othes tissucs and organs Dis
scmmtion of the orguism vy the Innphaties and blood stream wsanilhy
occurs durmg or soon after the pnmany phise  Late dissemmation from
an old focus m the lungs docs not aften oceur heewse of the protectine
immunolozic ] mechumsms by then ¢stiblished  Vible orgimsms ¢scipe
from the lung, wd colomize other orgns becuse of 1 heatus n the 1
mumts response of the hosts hody  Secding, of the fungus throughout the
body mis be on so shicht @ scilc or so well combaticd that at 1 mappreat
waeept for porastenthy daated serologic titers or it may be so vast thit
midiiry ibsccases pparr m lmost every cubie anch of body tissue and
desth specdih follows  The deorec of disemmation 15 commaonly sume
where hetweon these two extrames with obyous my aston of onc or sovent

16
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extripulmonary sites  The outcome depends on the numbcer and location
of the lesions and whether the host can tardily rally his immunologic de
fenses

The spectrum of secondany cocaidioidomycosis mav be convementh
dinvided mto several parts although there 1s overlapping one on the other
(1) Acute {(a) mbhan disserumtion (b) memmmtis (2) Chrome (a)
generalized dissermnation  (b) maungitis (¢) 1solated penpheral grana
loma and (d) mapparent dissemimation  The mortility vanes with the
type  The over all mortality of progressive cocadiodomycosis 15 2hout
50 per cent The mortality of acute miliny dissemination and of meningitis
1s essentially 100 per cent  The prognosis of 1solated peripheral granulomn
15 best of all if the lesion remams loealized on an extrumty  hic 1s spared
The course of chronic dissenmnation varies It may be slowlv downlnll to
death there m1y be long persistence of lesions without much effect on
general health or there mav be radual healing and eventual recovers
after several vears

TRANSITION FROM THE PRIMARY TO THE
SECONDARY STAGF

Although the exact mnstant when a litherto localized pulmonary 1
fection becomes irretnievably d ated 1s not d the catas
trophe can often be nghtly suspected  Sometimes of course when the
pnmany mfection has been asymptomatic or overlooked the first sign of
disease 1s the extra pulmonary Iesion  Cocaidindal meningstss 10 Cauea
sians for mstance often appears msidioush

When dissemmation of the fungus 1s massne there 15 no mtery ening
period between the pnman and secondary phases  VMost common m
Negroes and Fihipmos this sequence 1s charactenzed by a severe pnmany
Mlness progressimg relentlessly to death wiile new verracous shin lesions
and subcutaneous abscesses appear almost dauly

Less massive dissemination 1s often reflected by 1 charactenstic clim
cal picture  The patient first has cocaidiordal pneumonta somew hat more
severe than the average It may have noteworthy features such as a hrge
pleural effusion or remarkable eosinophihia  After several weeks the tem
perature falls and recovery seems Ithough the sed 1on
rate remamns elevated  Then a few days later fever recurs appetite fuls
the complement fixation titer starts to nse and m a month or so the ab
scesses or verrucous shin lesions of dissemmated coceidiordom cosis appear
The second bout of fever may regress after another si or eight weeks
leaving the patient with the chronic form of secondwry coccidiordoms costs

Agam the secondary phase mav appear even morc msidiousls  Par
tral recovery follows the mtial p Fever disapp the pul
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monary lesions regress and the patient 1s ble to be np nd around but
Issitnde anorenit nd fatigabshits may persist Then without much wm
the wav of gencral symptoms uleers or 1bscesses wpperr on the shim nd
the downhill course 15 under w 1y

INAPPARENT DISSLMINATION VS “LATF DISSLMIN ATION”

Dissemmation my be mappirent of but a fow orgamsms esepe from
the lungs wd medinstimd lhmph nedes to form tiny foct of mfcction m
other parts of the hody - It may be mmfest onls by n unusul persistence
of complement fixation or 1 elevited sedmentition rite Lven thes
signs my be inconclusne 1f the lestons e smll enough  The et
pulmonan infection ms be well combatted nd (ventndhv dimunated
with subsequent regression of the comploment ficition titer or st mw flre
up scveril vears after presumed recovery  Lven 4 timy focus m the wrong
plce—-ns mn the meminges~may ply hvoe

Dissenminition somctimes scems to occur severil vors after the pr
iy fection  Most of the cvidence mdieates howover that e dhs
scmmation 15 more pparent than redd Tt s wsually postulited only m
retrospect either from autopsy studies or from reconstruction of the ¢ e
Iustory after 2 tuds dignosis When ewses are followed from the be
ginmng of the prmary nfection s was donc m thousinds of arms cises
It disscmination 1s not observed  If the fungus s Lome to oscrpe from
the lungs md medinstinal nodes beewse of fulure of immmologie de
fenses 1t will do so n the first weehs or months  Dissconition rindh
occurs 1 the sceond yeir  Late dissanmation as bat the emergence
of an obvious lesion i the course of 1 praviowsls ypparent dissenn o
As Smth pomts out  * oncc the diseise has heecome dusermmted the nsk
of contimued dissemimition 15 great even of ramssions mtervene Tecnse
of the contmumg yulnerainlty of the mmmunelo ol duficting

Somctimes traumy his heen sad to precede the ppormed of 1 di
scomnated Ieston The uprdidility of 1 Justory of mtccedent traumma i
other dise 13¢5 15 notorions Trum occurs so often m ovend s ife that
am sort of lesion may ¢l to mind 1 nunor mpurs that may seem to he
It ma thercforc be that the evdence of preceding
truma m coccrdiondal mfections 1 purcly Greumstintidl On the other
Band it muy be true that n the course of disscmmated discaise w mpn
sometimes crses loctliztion of the fungus  An madious sitwation b
been noted - expernmental imfections with other fung ammils given
cortun expenmental mycoses my duyvdop local Jessons ooy where the shin

cusally rclated

his been shved
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ACUTL MILIARY DISSI'MINATLED COCCIDIOIDOMYCOSIS

There are two types of cocerdhioidal diseise which may cause death
shortly after the pnmary fection (1) acute menmgitis discussed 1n the
nat seetion nd (2) acute milnry disseminated cocaidiodomycosis In
my experience crly mihary dissemination has occurred 1n about a fifth
of the cises of generilized disewse  In a semes of sic cases of miliary
dissemmation I stw recentls death occurred m from 23 to 110 days after
the fist symptoms  This syndrome 1s most common 1n Negroes and Fih
pmos  The third case of cocerdiondn] granuloma reported in North Amenca
(Ophuls first) was i example of acute milinry dissemmation death oc
curnng m 1bout 90 days ¥

In this vanety of infection sceding of the ergimsm throughout the
body must begin almost s soon s the lung 15 imaded  Signs of distant
metstases begin to appear in little longer than 1s required to grow the
fungus m the test tube  Primary and secondary phases cannot be dis
tmgmshed  Not many days after the first respiritory symptoms the body
vittuilly explodes with metastitic lesions  Death may occur even before
the charetenstic serologic titers of dissemination hive had 4 chanee to
desvelop

An llustrative case histon follows

A 35 year old Filipino farm Iborer was perfectly well until eight duws
before admission to the hospital when he hid sudden cough fever and
stibbing left chest pun  He lost 12 pounds of wesght in a week At the
time of entry he was a thin prostrited voung man with 1 temperature of
103 F and a pulse rite of 140 There were signs of pulmonary consohda
tion over the upper lalf of the Jeft chest Roentgenograms showed com
plete consolidation of the left upper lobe {Fig 27A) The leukocyte count
wis 17500 per cu mm  with 87 per cent neutrophiles  The erythrocyte
sedmentition rite was 30 mm per hr - The cocadiordm skin test (1 100)
wis positne  Cocerdioudes w s cultured from the sputum and the blood
The pibn titer for Qiordal infy was 4 plus 2t 140 and the
complement fivation titer 2plus 1t 1§

Six days fter admssion verrucous skin lesions harboring Coccidioides
appeared on the checks rms and legs A weck later a roentgenogrim
showed mlrary lesions in the nght lung (Fig 27B)  He died 25 days after
the onset of the respiratory infection  Post mortem examunation showed
mnumerible coccrdindal lesions 1n the lungs skin  subeutaneous tissue
lymph nodes spleen and hiver

When the course 1s somcwhat longer than that described above the
complement fixation titer becomes maumally elet ted or shows such ir
regulanities as the pre zoming ph may show
destructive lestons of the bones  Sometimes the shin of the face and other
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pts of the body 15 2 mass of confluent granulomis  Challs lugh remttent
fever and profuse mght sweats are chiractensic  Blood cultures and
bone mrrow cultures are often positn e for Coccidrordes Sputum mn be
profuse purulent and bloody Oceisionlhy the presenting svmptoms re
constipition bloatmg and bdominal pun simulating bowdl obstruction
Sometimes lymphadenopathy suggests metastatie ciremoma or lmphomi
Rarely the unine contams protan wnd casts like those secn m glomerulo-
nephritis At autopsy the lungs are filled with Irrge abscesses and ex
tensive reas of neerosis wmterspersed with tiny nuliany tubercles  Under
the microscope there are masses of granulition tissuc with epithelod
cells and multinucleated gunt cells s well as the b refrngent endospora
Inting spherules of Cocerdiodes immitis The bones espeernihy the nbs
m be destroyved by abscesses filled with thickh ereamy pus  The pleurl
spices my contun pale vellow fld and the pleurtd surfices ma b
studded with tubereles  Lesions varving m size from nncroscopie tubercles
to large abscesses may be seattered profusely through the Tvmph nodes
Iner spleen kidnevs wdrenals testes muscles jomts md shin

Peculirly enough mulinry disseminition often spares the centrdd ner
vous system  Comversel when fulmmating menmgtis follows hard upon
prmiry cocercdiord il preumonin gross lesions are often Jimuted to the
lungs and meninges spanng other viscerr  The two types of rprdly [l
coccrdiordomy cosss are thercfore typreally dhstinet

COCCIDIOIDAL MLNINCITIS

Menmgitis m1y be acute subrcute or chrome  Although ths type
of cocerdiordnl diseasc s alw s fatal the bfe spun v inies from 1 few wee Xs
to more than ten yeurs

As mentioned presioush meningitis may apporr dunmg, prmans toc
adiordl pneumoma and speedily il Exeept for the different pthologie
findgs 1t 1s hardh distmguishable from g miltars: disscmimtion g
occurs most commonly 1n Filipines md Nemroes  Charetenstinlls the
ptient has 2 severe attaek of cocadiordal pnenmontt from which he does
not recover  Fever Dssitude morcxt and waght foss continue with no
rcnussion followmg the paman stige Unless it o speaficdly sought mild
stiffness of the ncch may be mverlooked and the pitient may wste
and die with the ncurologie lesion undiignosed  3f the spiaf fiwd v 3
ammed 1t 1s found to be scllow ind turbid with edls Sometimes at clots
immedntel because of the lugh protain content

Usnbke clwome menmetes which tipeally carses onh 2 Jow com
plement fixition titer cute cocaidond ]l monngatss 18 wccomp wed s a
agh titer often muamil - Shin seasitinaty to cocadiondin often stron n
chronic menn_tis mny ful 10 rcute monmgites This scrolon pllhnl
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may mean that the total mass of mfected tissue 15 small i the chrome
form because pulmonary 1ol ement 15 now mimmal whereas the total
mass of infected tissuc both pulmonary and nervous 1s large mn the acute
form

At 1atopsy not onls the bram but also the lungs mediastinal lymph
nodes and often the pleura arc mvolied i the granulomatous process
Other viscera re often spared

In Ceasim patients memnggtis more often runs a subacute or chrome
course It begms msiously 1 month or two after the pnmary pulmonary
fection which my be recalled only m retrospect as a vague respiratory
illness  Headache 1s usually the first svmptom 1t often 15 a gradually
mcrersing dull ache but sometimes 1t 1s sudden and severe  Signs of
meningel mtation—1 stiff neek and positive Rermig's sign—are observed
The pitient becomes forgetful confused and drowsy he may have con
vulsions or complun of double vision  His gat 1s unsteads  The pupils
m1y be unequal and the disks chohed  Groups of muscles may be wesk
There 15 sometumes a low grade fever but often the whole course 1s
afehrile  Anorevia and vomuiting may occur so that weight loss may be
severc  The fice becomes thin expressionless and tragic  The hands
tremble and refleves are over wtive  The patient remembers how to
feed lumself and to care for his simple needs but little more  He requires
an hour or two to cat a small breakfast mumbling to himself between
bites  Though sometimes surly and whining he often remams pathetically
pleasant hke a futhful pet Gradually lus simple pret dulls
he loses sphincter contral decubitus ulcers appear and he shps mto 2
deepening coma to die of hypostatic pneumonta  The disease runs sts
course i about four to twenty four months

There 15 a third form of the disease so indolent and so slowly pro
gressive that long periods of apparently good health may ntervene be
tween the onset and the final decline with mternal hydrocephalus  Rare
patients have lined for over ten vears Dunng symptomatic remissions
only the spmnal flid may reveal that not all 1s well

Liordal 1

In sub or chrome 2 1 hboratory
findings are often Jimted to the spmal fluid  The leukocyte count 1s
usunlly normal although there may be a low grade eosmophiha  The
erythrocvte sedimentation rate may be norm1l or shghtly elevated The
coccidiondim shin test 1s tvpically positne  The roentgenograms of the chest
may be normal or may show the scars of the primary pneumonia  Roent
g of the skull 1ly show bony defects or destruction of
the sella or clinoid processes more often they are normal  Ventniculo
grams thou h not ordinanly indicated may show symmetrical dilata
tion of the ventricular system  Precipitin titers for cocaidioidal mfection
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are often positise earh 1 the disease mdicating the receney of the m
mary mfection  The complement fivition titer 15 often so low that 1t 1s
equinoctl It may nisc moderately tol 16 or 1 32 s the discise progresses
Spnl flwd may also fi complement usually m lower titer than the scrum

The chiactenstic chwnges hhe those of tuberculous menmgits e
found n the spinal flmd  Tts pressure 1s usually elevated sometimes to
over 600 mm of water It 1s turbid and often vellow Its cells are in
creased often to 500 and sometimes to several thousand per cu mn - Pols
morphonucleir leuhoeyvtes predommnte ey and hnphocytes Iter Oc
casionally there are sigmficmnt numbers of eosmophiles  Protem s m
crewed often to severdl hundred mg per hundred ml The collodl
gold cunve 1s grossly abnormal the greatest cdevation hang i the first
zone of the curve  Sugiwr is chretenstically deereased  Coccrdiowdes
15 not alwvs ey toasohite from the spimil Aurd but culture s postne
often enough to mike the procedure worthwhile  If 4 test tube of sprnt
fluid 15 allowcd to stind at room tempertture for 1 month or so 1 cottony
growth of Coccrdiordes often appears

In chrome cocaidiodal menmeitis pathologie chinges are for the
most part Tmted to the central nervous svstem The priminy pulmomin
Jeston m 1y not be detectable although grnulomatous lestons may be found
m the mcdiastimal hvmph nodes The rest of the viscera we ordimnh
spared although occisionidh menmgeal imohoment 1 but 2 part of
generlized chromie disscmmation

Cocerdiondal memngitis has been the most regulily fatal form of
chronte dissemmated cocadioidomyeosts  Ixpernmental ther ipeubic teents
which apper to hue wrested other sorts of cocadiond] distise have not
tered the course of menmgitis Beeause st may be 2 sfow  somitting
disc 1e ey luation of drugs 15 difficult

CHRONIC PROCRI 8SIVTT DISSI MINATI D
COCCIDIOIDOMYCOSIS

Slowly progressive generihzed cocerdiond il nfection 1 the commontst
type of dissamnited disewse  Hs speetrum is wade wd 1t shades unpt?
ceptibly mto other forms of disscmmation  Clissical cocadiond il Lrmu
lomt 15 of this vancty  Posadas onsml cwse and Bisfords fint s
were the prototypes eich patient Ined for savanil vars with redentloshy
exp mding lesions of the shin bones md viscern ! :

o sgle pattarn 1y representatise of the life histors of thys type 0
dinerwse  The pnmins phise of cocadiordil infections 5 not abwavs l;
cifled pirticalirh by Ccasins . Negroes wd Filipinos are more Takeds
to reme mber the more severe priman mfections to whieh they e prom
T the mgnd dlness s prsed unnoticed the first ssmptom n wulh
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a shin eruption a swollen lymph node or a subcutancous abscess  The
prognosis depends upon the number and sites of extra pulmonany metas
tasts  Shin and subcutincous tissue are usually mvohed m one wav or
another  Other common locations are lvmph nodes bones jomnts spleen
Iner hidney and pleura Lesions of these vanous organs and systems are
discussed seprrately i Chapter Eaght

Chrome dissemimated cocerdioidomycosis may follow one of several
courses (1) steads progression  (2) long persistence without progres

sion (3) and cxacerbations and (4) app cure

(1) Steady Progression There may be progressnely greater iolve
ment of shin bones and internal viscera until death  Sometimes sec
ondary bacternil infection of coccrdiordal lesions 1s the lethal process  Oc
casionally the destruction of a vital organ such as the adrenal cortex s
mcompatible with Iife

(2) Long Persistence weithout Obrious Progression  Often a dvimie
balance 1s achieved betwecn mvader mnd victim so that although metastatic
Iesions persist they do not spread significantly  Parasite and host Ine
torether for sears m 1 sort of symbiosis  Sinuses continue to dram and
the titer of complement fixing intibodies remains clevated but the general
hetlth of the patient othcrwise remamns good  The truce 15 nevertheless
precarious for 1t may be upset by anvtling which lowers the resistance of
ather combattant

{3) Renussions and Lxacerbations  Somchimes lesions spontaneously
regress or disappear giang, false hope of cure  Persistence of a high titer
of complement fixing antibodies and elevation of the sedimentation rate
belie the apparently favorable course  Fatal recurrences have followed
years of presnmed recovery

(4) Apparent Cure Now and then recovery appears to be real for

pp of pl fixing antibodies parallels healing of the le
stans  Ina few cases many vears of good health hasve follow ed spontane
ous regression of the obyvious mamfestations of the nfection  In the present
stite of our knowledge however so favorable a judgment in the individual
case must be tentatine

ISOLATFD PERIPHERAL GRANULOMA

Although this form 1s fundamentally no different from the tvpe of
chronic disscmmated cocaidioidomycosis desenbed above ts relatiely
good prog makes a sep d useful  The name designates
that type of chronc dissemmated cocaidiordomycosis i which there 1s
only one obvious extra pulmontry lesion and that in a location which
does not endanger hfc It has been known to persist for over thurty
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vears  Smuth reported single extri pulmonary lesions m 75 (18 per cent)
of 409 cases of dissemination € ¢
Leswons typical of this form are chrome geanulomas of the hnd wd
wrist or of the anlle and foot  VMost often the penphentl discase begins
msidiously without 1 recogmzed primary pulmonary lesion The pabint
tells of a bod which will not heal  There are often severil mmar sur
geal procedures to maise and drn the abscess hefore b weteriologie studics
reveal the dingnostic spherules  The Iesion s chartetcrstically centered
m the bone~coccidiondnl osteomyelitis  Smuses undermme and perforite
the shin v wously about the hmb  An ulecr heils onhy to hase wmother
appewr sooner or Iater somewherc else  One of my patients suffered re-
curning smuses uleers and abscesses of the nght wist nd hand for 20
veurs Every ver or two new lesions would appeir persist for several
months and then heal  There were no signs of the mfcction clsewhere
and he 1ppeared otherwise m robust health
Dissermnation of the disease from the peripheral Iesion 1o thought
by Snmth not to occur ** but masmuch 1s the lesion 1s atsedf evidence of
an ongmally dcfcctise smmunity response there is 1w s the danger that
dissemimttion from the lung has already imvolved other atcs
If the lesion 1s extensne the complement fivition titer may be high
despite apparent generl good headth  This form of the discise mw b
1 greater hazard to economie nd social stinding than 1t 1 to hifc . Because
of the location exacerbitions are usunlly meapacitating
The 1solted perpheral grinulomn 1s the most amemble to cure of
all forms of chronie disscmmation  Amputation of the mvolved oxtramty
1s often suecessful lthough grinulomas occisionally recur m the stump
if the procedure 1s not radical cnongh  Some of the newer e mothert
peutic 1gents also offer pronuse m this type of cocadiodil discse An
lustritin ¢ crse hustors follows
For 11 scus a 48 ycarold Prlipmo man had an ugh cocurdrachl
grmulom of the lcft hand and wost ' Several manor surgictl procedures
were done over 1 pentod of 9 vaars before the dignows was estaiblished
Caurpal ind merrcupl bones were distorted nd fused nto hapddoss
conglomerite  The fingers md hmd werc usddess  Shn and subcut ineons
tissues were 1 foul suppurng mass swimmang with spherules of Coc
cdiondes  Surnacl intcnvention scamed xdvisible but becruse the patee nt
refused amputation ctin? vamlhitc was trncd Wathin sic duvs the shin
hegan to heal  Smuses closed one by one although orgamsins win not
immedntely erdicited from thar depths A fow months Iiter the hand
ind wrist were coscred by soft supple sk Sinuses haud divppe el
Use ful mation was returmng to the fingers The complument Byation it
find fallen from 1 936 to 1 64 He was thereafter wall for scversd v
belore 1 minor exacerbatinn occurred



Chapter Thirteen

Coccidioidal Disease in Lower Animals

The sossimiumy of cocerdiondr] discase mn ammals was suggested in the
euliest papers concerming the fitst human viein  Wernicke concluded
Iis ustorie study of 1892 by promusing to report the results of ammal
oculation experiments then in progress® Posadas hept his mentor s promse
by publishing descriptions of the disease produced by the parasite n
monkeys and other animals !

When Rixford and Gilchnst deseribed the first North Amencan case
they also recounted 2 senes of ammal expenments the sigmficance of
which was even greter than thev rethzed® Unable yet to grow the
fungus on culture media they moculated the sk of dogs and rabbats with
debris from the lesions of ther patient  Two rabbits died of pyvogenic
mfections but in their bodies no parasites could be found  In three other
rabbuts and two dogs only self hmited cutancous coceidiodal lesions could
be produced  All these animnls recovered completely and could not there
after be successfully moculated with the orgamsm  Obviously they all
had primany cocerdiordal mfections which healed without dissemmation
but the significance of the expeniment could not have been appreciated
until the discoverics of Gifford and Dickson forty years lter

When Ophuls** ™ proved Coccidiotdes to be a fungus not a protozoan
he did so 1 put by senal passage thraugh animals He found that
mtrapertonel moculation of gumea prgs produced progressive granulo
mtous lesions of the abdommal viscera and testes but that subeutaneous
moculation produced only local lesions When a pure culture of the
fungus was mjected to an ear vemn of a rabbit the ammal developed
lestons in the lungs spleen and hidneys—d ratmg g dis
semmnation  Cold blooded ammals—1 e frogs—remamed healthy even after
moculation into the peritoneal cavaty

The first mstance of naturally occurnng cocaidiodomycosss m amy
mals was reported i 1918 by Giltner” who deserbed Cocerdiodes 1n
the bronchnl and mediastinnl lymph nodes of cattle shughtered 1n an

16)
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abittoir m S Diego  In epeniments pursuant to hus discoven, he suc
cessfully mnoculted gumea prgs, rbbits dogs cattle shecp nd swme
noting tht thar susceptibility to cocerdiondal mfcetions deeresed in about
the order nimed  Hyvpodermic moculition of cilves produced only 1 bnef
localized infection of the skin and subcutneous tissues whercs severt
nd rapudhy fatal pulmonan disease followed mtras enous mjection  Sheep
he found were more resistant for subcutincous mocultion produced 1
most no deteetible Iesions and itravenous myection cwsed 1 chrome
generlized mfection which ws fatal only after eight months  The prg
w18 most resistant of 11l Even mtrnenous mjection ciused 1t most only
munmal asymptomatic nodules i the lungs Iver wnd at the moculztion
site
Beck™ first deseribed naturally acquired coeerdiodal lestons m sheep
Her survey for the Calformn State Depastment of Public Helth' 1
saon thereafter revealed that the bronchial and medistinal lmph nodes
of many eattle from Southern Californty contuncd Cocadiondes md m
the net fow veurs there were reparts of simidyr findings i other south
western states
It was curly noticed that cocerdiondal discrse i eattle 15 not sympto-
matic Lesions were at first seen onlv m medistinal or bronehinl lmph
nodes  In 1937 1bout the time thit pnmary human cocadiodoms coss
w1s bemg desenbed Dias Stiles nd MeCregor also reported grann
lomitous lesions m hovine lungs  They assumed that the diese bogwm
m the thoriere Ivmph nodes d sproad to the Tungs  In retrospect thar
obscrvations are perfeetly elear Thes thought that the pulmonin Jestons
represented dissanmation but gt s now obvious thit they r(pru(nl(d
the ongmal lesions mtcditmg even those m the haph nodes Subse
quent stuchics have demonstrited that as m mm Cocerdiordes enters the
tung through mhilation
In 1 studv of 511 aumls found to hne cocerdiodl Tesions of the
lung wnd hmph nodcs m Phoenn Prchal noted that il of tham nd
been fattened for 2 or 3 months i dusts fecdlots which often cont uned
6 to 12 inches of manure dust wd debris* He did not find the dios
m unmls brought n directh from the range  Most of the affected m
mus were Herdford stecrs Pro mortan oamimations never vt o
dunee of svmptoms ind lesions were nover extensng enough to warrmt
condemmtion of the cirenss  The onh econonne amportince of th w
fcction s been the neeessity of diffcrentiting, ats esions from those of
tube reulosis
Aceorhn, 1o Middy 59 por cont of the horses and mam birsos
the Phocnre e hnve postne cocaidiodin shin tots® - Lasiom hinse
becn nated only rarchh 1 sheep but the mfection may He more common
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among them than 1s rccogmized at present  Onlyv onc instince of mfec
tion m swine his been noted ®

In 1940 Timness first deseribed spontancously acquired cocerdiordo
mycosis m 2 dog 1 Great Dane with widesprawd dissemination * Numer
ous other reports of canme cocerdioidomycosis have been made one of
the most comprehiensne bong 1 discussion of 52 cases by Reed of Tue
son®? His review suggests 4 vantion in breed susceptibility to dissemma
tion mnalagous to the vanation among human rices  Twenty six (50 per
cent) of lus cuses concerned Bovers the other 26 were spread among 11
other breeds

Most of the reports of camne coccidioidomy cosis have until recentls
delt only with dissemimated lesions  According to Maddy who has studied
several hundred eases the dog 1s the only important ammal wlich dis
plnvs dissenunnted lesions stmilar to those of man®  The canme disease
15 similar to the humn except that osseous lesions tend to be prohferatnve
rather than hytic

Several recent papers hive demonstrited a bemgn non progressnve
form of cocardioidl mfcetion in dogs  Levan and Burger deseribed a pn
mary pulmonary cocerdiondnl diseise analagous to the Valley Fever of
humn bemgs * An 18 month old femnle Scotty had weikness anorevn
fever and cough Roentgenogrims showed 4 pulmonary infiltrate Coc
adwodes was 1solated from the sputum and the complement fivation test
for cocerdiondl disease was positne  Although she recovered completely
a kennel mate with 4 suntlir pimary pulmonary disense died not long
afterwards of fulmmating disseminited cocadiordomycosis  In a series
of autopsies on 34 stray dogs in Tucson enly one of whom appetred to be
il Straub nd Schwarz found coceidiordal lesions m the lungs and hilar
Iymph nodes of eight ®

Ajello and his co workers recounted an epizootic among 5 Collie dogs
m Tucson® ® The spectrum of symptoms was as broad as that seen
man  One dog, had an acutely fatal infection two died after long wasting
illnesses one survived  lengthy illness and one recovered rapidly from
a boef febrle episode It was found that the ammals smffed rodent
burrows from which Cocerdiowdes was later 1solated  The habit of myves
tigating rodent holes shown by Egeberg, and Fly to be likely sites of con
tamination®  may m part explain canine susceptibihty to cocerdiordal m
fections

In 1942 Emmons reported coceidiondal lesions in the lungs and lymph
nodes of rodents natn e to southwestern deserts * He found that autopsy
studies of deer mice (Peromyscus) pocket mice (Perognathus) Langaroo
rats (Dipodomys) and ground squurrels (Citellus) provided data for meely
delimting enderic are1s  He once proposed that the rodents form the
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reservorr of mfcetion® but now feels that thoy Ithe man and domestic
mumAls are but acaident | hosts

Artifienth induced cocerdiordoms cosis of primatcs was first descrbed
by Posadas who noted that mong wmmals the monkey 15 particulah
susceptible to the mfcction  dving m twenty to thirty duvs after moculy
tion > Spontweoush occurring primate mfections 1 the S Diego Zoo
were reported by Mchenney Trium wnd Bonestell ™ In 1936 micro-
scopie cxaminttion of the Inngs of 2 tropical American monkey showed
spherules of Cocaidiondes  Several vears Iater 1 rapudly fata] infection
occurred m 1 mountun gorilla 1 15 year old animal who suffcred anoren
weight loss fever dyvspncr and nasal hemorrhige  Lestons were present
mnthelnver spleen lungs and Ivmph nodes

In 1953 Jasper reported cocadiondal diserse ¢ chinehilhy + The
mfection has so been noted i 1 llama m Cikforma ™ Cocerdiondes
w s reportedly found in 2 Townsend mole 1n Scattle Washington but the
tdenbification was 2lmost cortunly m error #* - Felme spectes have so fr
not shown susceptibility to cocardiosd 1l mfection  The house eat 1 con
spienously absent from lists of coceidioidomy coss 1 Tower s

Infection m ammals 1s usunlls considered to he due to mhilston of
contummted dust  Cronkite and Lick by the usc of 1 deviee with which
myechl spores could be trinsmutted to the gumen pigs nostnl without
cont immatmg the rest of the body  closth minuchad natural conditions
and produced tvprerl pnmary pulmoniny cocadiodomycoss  On the
other hand Rosenthal”  reported m 1930 that of gumer pigs with expen
mentit pulmoniny mfcctions were housed with normal gumer pres the
lattcr sometimes devcoped spontancous mfections  Howover \though
Tie deseribed positne cocaidiondin shin tests pathologie changes m the
Iungs md spherules i direct mounts of the Jestons the pubhished photo
graphs of the spherules contun no endospores and i no c1se wis the
fungus recavered by culture  Simth has never observed sucls chnges l
thoueh he s repoatedhy housed healthy ammib with mfected

Tavan and Burger * hnve postulated that dogs e sommctunes ml
fccted by contict with one anothce but Ajellos ¢preootic stuches cstee
above  suggest the dtematne ayplmation of 1 common source of dust
borne sporcs

T ubwshy ind Plunkett studied the susceptibilits of non munnnhn‘z
wmals to evpenmental cocerdiond ] mfection ** - In crnfish w]dhd]: ’m:!
cortun wples arthrospare contaming nodules could he produced t:‘x
typrcal nfections wath des dopment of spherules did not follow o
abdominl ingections of mycelnl suspensions In the rock Lizard h;mn:’w
\ud(\prmd lesions rosanbhing, those n mammals 1ppom~d to be |

duced
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In summary  onls mammals with rarc exceptions have herctofore
shown susecptibility to cocerdiordal infection  In general the pattern
of mfection 1s simlar to that in man 1e  the naturilly occurnng disease
may be a self imted pulmonary infection but 1n certam species it mas
become widely disseminated to the abdominil viscera bones subcutaneous
tissues and central nenvous system  Primates and dogs appear susceptible
to both pnimary nd dissenunated infections with vanations of suscepts
bility among races or breeds  Rodents cattle horses burros and to a less
extent shecp and swine are susceptible to benign primary pulmonary
mfections  Certun species such 1s the cat are not hnown to be sus
cephble

Spontancous snfections oceur in cattle burros horses llamas swine
sheep dogs ground squirrels ribbits rats and mice of the desert monkeys
gonilas clunchillas and probably also in other ammals not yct reported
Guinea pigs white mice and other anmmals are also susceptible to expen
mental mfections The spontaneous disease ke that in man 15 usually
due to the inhalation of dust bome spores
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PROPHYLANIS ACAINST COCCIDIOIDAL INFI CTION

T mesr trertment of cocadiondil discase would e ats provention
Prophslaas could concen tbh be acomplished n two wus (1) prt
sentimg contict between the fungus nd the susceptible md (2) awtifictlls
mduemg immunits m the potentnd host The first prospect would myolie
the impossible task of climnating cather the susceptible or the fungus from
endemie arcis Tt 1s obvious that susceptibles wall not romam o for
the cndemie arcis e dmost synonsmous with the s of most ripid
populition growth m the Umted States Even mambers of the most ]u;hl\l
suseeptible races will not mord the dinger zones m view of the damnd
for aencultury] Diborers 1t s even more unhhch that the fun ns will Ix
chmmited from the v st reaches of ats descrt habitat Thes wn ¢ I
ipproumited on a4 smll Tocal seale by dust control mewsures s Sunth
nd his collciues demonstrated so cddaarly m the ur fiddds of the Sw
Jorwqun \ ey duning World War IT¢ m approach whach o highh l"”l’;;
for protecting the short torm residant i endamte e but wlich woul
onbhy postpone the mfcction of the pormanent mb bt mt

The most promisin, w s of praventing infection would scem 1o I
production of artficnl mmmunity i suseeptibles fe vicanthion

1

the
Prc
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Ly studies are alrcdy under way . Vogel Fetter Conant and Lowe
using vyacene of heat hlled spherule suspension: demonstrated mereised
resistance of guinc1 prss to resparatory ehllenge by Cocaidiordes * 7 Fried
man wd Smith usimg hlled myecnl spores showed mereased resistance
of micc to mtrpentoncil challence ** Nmety five to 100 per cent of
the vaceinated mice sursived for 60 days compared to only 20 per cent of
the controls  Perhips the most promising field of rescarch concerning coc
adindil disease will be that of induced immumty I the peoples of the
southwestern United States—particulurdy those of the susceptible races md
those newhy armved for agniculturil Ihbor—could be cffectively vacanated
agamst Coccidiowdes the problem of cocaidiodomy cosis would he essen
tally solved

TRLATMLNT OF PRIMARY COCCIDIOIDOMYCOSIS

Only the mmnonty of ciscs of primary cocaidioidomy costs require con
siderition of treatment  Most cises are 1symptomatic and lewe only
positine shin test and permanent immumity 1s sequelic  Patients with mild
symptoms mstmetinely modify thar activities even without benefit of
medical ere just as they would for my other respirators nfection  In
asmuch as they will 1lmost certamly specdily recover no matter what 1s
done or not donc it 1s probably just as well that their disease remains
unditgnoscd 1m view of the widespreid apprehension among the Tuty
concermng  Valley Fever  Unfortunately such undue apprehension 1s
too often also fclt by the physicrin so tht he prescribes restrictions that
would be considered ndiculous m ny other mild respiratory disease 1
know of a cluld who w1s kept in bed newls a vear after a mild attack of
cocaidiordal erythemn nodosum  Since he had only one chanee m several
hundred of suffering, dissemmation and since there 1s no evidence that
excessively prolonged rest would woid the hazard m the ill fated case any
way the child was unnccessinly robbed of a vear of his Iife The almost
mvariable bemgmity not the rare hazard should be stressed to most
patients

The purposes of trcitment of symptomtic pnmary cocardioidomycosis
are (1) avordince of dissemmation  (2) restoration of the patient to nor
mal actinity and health as soon as possible and (8) reassurince of the
patient that Ius chances of future trouble are remote and that complete
tecovery and permanent immunity are to be expected Inasmuch as we
are uncertan 1bout a1l of the factors that predispose to dissemmation
the first purpose stated bove 15 as yet theoretic—an 1deal rather than 1
fat accomph

The preliminary step m plinming treatment 1s an evaluation of the
hazard of dissemination  If the patient 1s a member of one of the dark
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shinned rices so prone to dissemination then strict prectutions are de
manded  If he 1s Ciucasiin restricions my be minnmal

There 1s 15 vet no specific therapy for primany cocerdiordoms cosis
so that the physienin has only two measures m ns armamentarum (1)
symptomatic treatment and (2) restriction of actnaty — Aspian and codeme
we used 15 necessary to relicse pleunitic pun hewdiche myalgn bk
ache nd authralgn  The dict 1s hmuted only by the appetite Bed rest
1s presenbed until the rcute sy mptoms subside In severe infections ths
will mean absolute bed rest Winte prtients mw be allowed out of bed
when fever md signs of pneumontt have subsided  Actnaty should stll
be Timuted for two or three weeks after the cute strge until the sedimen
tation rate 1s back to normal the roentgenologic lesions are cler or static
and the serologie titers are low or fillng  The pruient should not retum
to heny actiaty for 1+ month after the sedimentition rate has returned to
norm2l and other signs are negatne  Premature phyvsical exertion oftun
causes exacerbation of symptoms and clevation of the scdimentation rite

Occisionally the rocntgenogrim does not clear completcly  Fibrosis
may be stubborn or permanent and nodulwr lesions may remun The
ptient myy be considercd to hne reeosered satisfictonh when the
roentgenographie lesion has stabilized and other sins of active mfection
hue regressed

The complement fixation titer somctimes persists at 2 low Joed for
months m othcrwise healthy people  If the titer 1s filling wd of the seds
mentaition rite s normil recorveny s considered adequate

To b perfectly frink it 1 hard to develop evidenee thit the contml
courst of the disetse 15 much altered even by the restnction of actistties
prescrbed above lthough by wilogy to other diseses st would seem
to be the course of discretion Winn stronghy feels that strict rest 15 m
ordur until the process 1s “foctlized  for it 1s tn this penod that the dic s
cist the onls time when the physican has even 4 theorctic control of tht
evental outcome * On the other hand  many physicins hne tihen 1
much morc relixed athtude without evidence of verse rowctions 17
Pcter Mos of Duwis Monathin A Force Base m Anzont reclls that
during, the horcn “police wtion ™ when demand for flight pe reonne] ;:\n\‘(
pressing, he rcturned officers ind men to duty while they stilt hd u‘;;: .
pulmon iy miiltritions reasonmng that thar h{:lLS will heal » l((lk "
an urphine over Rorcr s 2 bed n Anzona ™ The outcome 1
m those ¢ ses scemed to vindicate Ins judgmant

The Use of Antibiotics and Sterords Should antibioties Ix grven dur

s
m., wnte cocadiodomycosis® When the drignosis 1s appare r;l this I].h),-
ton mi mot e for Cocesdiandes 1s umnhibited by chmeslhs Il’lnll\l dc
fovds of pemallin streptomyein chlorimpheamicol tetraevelme wd



Treatment of Cocctdiordomycosts 177

matives or iy other commonly used Antibiotie 3% 2 0 39 414 57 299 T
use 15 Likely to be considered for two reasons (1) when a respiratony
mfection 15 not recogmzed 15 cocaidiordal and (2) when secondary bac
terial infection 1s suspected or its possibility 1s feared The first reason
requires no comment but the second deserses honest appraisal

Onlv occasionalls will massive secondary mfection of 1 pulmonary
lesion require mtibiotics  In large scres there are but a few cases of
bacteral imnvasion of 1cute cocerdiodal cavities and the production of
progenic abscesses I amtibiotics in coccrdiordomycosis were entirels
harmless the question would be 1eademic only - But 1t 15 a practieal prob
lem both cconomicilly md medically  Several weeks admumstration of
antibioties 1t the neeessary current prices presents a finaneral problem to
many patients

There are two objcctions from the medical standpomt  In the first
place there 15 the general hazard of a reaction to antibiotic drugs—shin
eruptions fover blood changes diarrhen and even anaphylactic deaths
Secondly there 1s a theoretic haziwrd—sheht to be sure—that some 1nti
bioties m1y even make a cocardiondal mfection worse  Reeney and hus as
soctates hasve shown that certam concentrations of pemcilin stimulate Coc
adindes immutis 0 vitro®™ Preaise clineal data are lacking but dis
semination 1s occastonally seen m white patients who have been treated
for long periods with antibiotic drugs  The ranty of this catastrophe
Caucasians males 1 controlled senes all but mmpossible

On the other hand certam cf feel that h 15 more
common 1n areas of coccidiondal endemicity than elsewhere It has there
fore been proposed that the transient bronchitis of pnimary cocaidiodomy
cosss should be trcated with nebulized antibiotics to reduce secondary
mvasion of traumatized bronchial mucosa “*

Cortisone and ACTII are generally d to be cont 1 d
m primary coceidioidomycosis because of their possible mterference with
the immunity mechamisms of the body Newcomer and others have shown
that cortisone has a slightly adverse cffect on the survnal of animals with
experimental coceidiondal nfections™  The rapid desvelopment of per
manent immunity 1s the outcome most heartily to be desiwed  Any theraps
that may impenil the body s resistence 1s suspect no matter how much 1t
may alleviate symptoms temporarily

Nevertheless 1t must be admitted that the contrundication to steroud
therapy n pumary coceidiodomycosis 1s mamly theoretical Levan and
Eimnstein have reported a number of cases n which cortisone was used un
wittingly for diordal erythema nod and 1 which no apparent
harm was done ***
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Treatment of Lrythema Nodosum and Multiforme Inasmuch s the
specific ervthemns are themselves the signs par ¢ xeellence of 1 wsually good
prognosis  treatment 1s sunply relief of symptoms wd congritulition of
the patient on his happy prospects  Unless the lesions are unusmily
punful or tender nothing 1s required but aspirm or perhaps codane
The antihistimmies hue been used by some and loeal appheitions of
soothing wnd astringent Jotions or packs by others  Cortisone riprdh
controls erythcme nodosum but as mentioned ove 1ts safcty m coce
adiordal disetse 1s s yet uncertun  In a few cases unusundly severc
ervthema nodosum has been treated with steroids without untoward rc
sults  Otherwise treatment 1s as desenbed above for the resprtory tllness

Treatment of Primary Coccrdioidomycosis i the Members of Sus
ceptible Races Bechwse the resistance of Negroes wnd Tilipmos to pro
gressnve cocerdiordoms cosis 1s so notorsoush poor m therr cise much of
what hizs been sud bove must be modified O crstressmy the smport inee
of the discase 1s the danger to Caucasis but the Negro ind I ilipmo my
tike it too lighth  As soon 1s the dingnoss 1s suspected dark shinned
prtients should be plieed at bed rest winch shonld continue for 1+ month
or so after the acute stage cven in the absence of ssmptoms It as trie
that rest hias not been proved to fond off disscmmittion but in the ibsenee
of cvidence one way or the other cition would scem to be the onhy de
fensible course  Often enough the mfection progresses despite absolute
hed rest

Whenaver speafic drug theripy becomes w ulible the Negro or Tih
pmo patient with 4 severe prmars fcction will be the fisst cmdidate
for ats use  Therc 1s alrcady 1 little ovadence that disscmmation ¢ be
whorted 1 ats mapient stage by the culy use of cocadiordoerda] drugs 3
One mv predict that when there is finilly @ sife effectne wd ¢ il 2
mnstercd drug for treatment of dissumnited cocadioidomicoss it w il
so be gnven routineds to Negre wnd Tlipmo pitients dunng the primary
phiase At the present time there is no agent which il these entern i
though i the mdnidunl ease the wse of one of the expenment il druss mas
oven now I)(‘ A\ n‘rml(d

TRI ATMI NT OF CHRONIC BI MCN Ri SIDUAT
PUI MONARY LI SIONS
As disamsed i Chnpter Tleven sobd pulmonany Jesons or cocandy
ordoms do not re quire troatme nt per sc but b wse there s no w of
absolutedy rulm., ont t+ nlignnt lesion without iapsy (which m thy
situnition roquires thoricotomy ) surgic Wl resection s almost s ;mh
cated cven thongh the pitunts baalth s not therehs improved llx’
adiodoms mn 1o require surgial intervention of they arc cspanding
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Cotton whose experience with resectional surgen for cocaidiordomy
cosis has becn lirge once stated that lus indications for surgreal mter
rention were giant eniaty  secondany infection, rupture {with spont incons
preumothorax empyem1, or bronchopleural fistulh) non epusile long
and continued or sevcre hemoptysis ¥ \ore recently he has fuored
removal of all chrome envities sumptomatie or not beetuse of Ius ex
pertence that even with good medical eare complications are only post
poned and that surgers will eventnalls be necessary *° Forsee whost
published senes 1s second 1n size only to Cottons has 1lso stated his
opimon that cavities are best trented by surgeal removal even in the
absence of distressing symptoms ™ It 1s perhaps significwnt that sowe of
the advocates of the morc radienl approach Ive outside of the endemie
arca nd re therefore more Iikely to see only the cases in which sy mptoms
are severc

Vanaus surgieal procedures have been successfully used to eradicate
custics Ocersionally, even 2 loeal “shelling ont of 1 enity suffices®?
More often wcdge resection  scgmental resection or lobcetomy e
done™ *° Decortication 1s performed when the pleura 1s mohed s
m an empremn or bronchopleural fistulr although sometimes repeated
thorwcenteses suffice for emprem1  In the dus before antibioties were
aalable thorwae procedures were often followed by serions comphet
tions but in recent vears such hazards have been reduced to 1 mpmimum
Cotton Ins seposted that even m the presence of actne cocerdiondnl
empiemt decortication may e followed by prompt re expinsion of the
Tung and hicaling by first mtention *'°

Cuties sometimes reeur after otherwase suecessful surgery usualhy
n the over expanded prrenchyma of the sume lung T know of 1 ewse
which enatation recurred after each of two surgieal procedures sepirited
In more than 1 vear Arapm and Lovelock ¢t Hyde ™ Forsce md Por
Lans *" and Cotton Pwlscn nd Buesner **® have also reported this com
pheaton  On the whole 1t s of mircquent occurrence

TREATMENT OI' DISSLMINATED COCCIDIOIDOMYCOSIS

Tre wment of dissemmated cocerdiodomycosis 1s 1 subject to b -
proached with humiity We donot vet have the nswer Although rescarch
continucs apec 1n severl iteresting directions

It 1s 1 soberng expertence to study and report with erntious opum‘mu
vnew therapeutic went for cocardiodal discase s Thae done onhs then
to read 1 ancient artiele with almost the same words and rosufts con
cermng, 1 drug now lon., discrecited  One has but ta sce the old 1111)\\1!;!&
of ocersiona) “cures” with antimony nd potassinm tartrate sodim sodide
collord il copper or = dozen others “cures” 13 dramatie as ans we ¢ n
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late now to realize the vaganes of cocadiordal infection  The course of
the untreated discase 1s so unpredictable and erratic that cvaluation of
any drug 1s exceedmgly difficult  Only a large series perhaps larger than
that which one man will see even 1n endemic reas will be necessary to
gne the final answer  In the mewntime we must continue to try the most
promising agents must look at our results honestly and  little meredu
lously and must not take oursclves too scriously

An honest appraisal of 60 years of vanous forms of treatment compels
these obseryations

(1) The course of 1cute fulmmating disseminated coceidioidomy cosis
has never been altered by any form of therapy past or present

(2) Menmgitis has also probably not been affected by treatment at
least not often enough to draw any conclusions

(3} Dramatic improvement of chrome dissemmated lestons has co
mesded with treatment by severa) methods md with many drugs It has
also occurred with no treatment whatsocy er

(4) Drugs which have apparently been curative 1n some cases have
failed m other similar cases

(5) Apparent erdication of disseminated lesions may be followed ten
or fifteen yers later by severe or fatal recurrence

These disqueting observations must temper any discussion of treat
ment of dissemmated coccidioidomycosis  Incredulous realism  though
perhaps not complete therapeutic miulism 15 1n order

Chemotherapy of D ted Coceidiordomycosis

A problem anises when the results of m vitro studies with chemothera
peutic 1gents are 1pplied to chnieal work for it 15 often uncertam whether
the pharmacologic chnractenstics of Coccidioides e the same n the
swprophytic and parasitic phases  Perhaps the fungus in ats two phases
acts like two different orgnmsms It may be that the concentration of a
drug which 1s lethal to the mycelial form i the test tube 1s quite different
from that which kills the spherule form m lving tissues  Methods which
perpetuate spherule propagation n vitro may therefore be required n
order to test the effectis encss of drugs

The list of agents which have been discarded neser generally accepted
or not yet adequately tried 1s a long one (Table VII)  Some of the ex
{)cnmental drugs which are currenthy under consideration are deseribed
below

Prodigiosin  Prodigiosin a purple tripyrrole methane dernved from
cultures of Scrratie marcessans (Bacillus prod ) mhibits Ci droid
immatis m vitro and 1s effective against expenimental cocaidiordal infection
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mammals 3% Wer, Egeberg Lack and Leibs reported its use in 14 c1ses
of hsseminated coceidiordomycosis 1n several of which 1t was thought to
be hfe saving ™' Egeberg later concluded that the imtial fuorible m
pression had been based in part en 2 nusconception of the natural Tustory
of the disease 1n Negroes ™ Although prodigiosin mav be of value when
applied focally, opmion has not supported its use m generthzed dissemma
tions
TABLF \11

Soue oF THE AGENTS Prorosep rom TREATMENT OF COCCIDIOINOMACOsIs Wit
Iave Been Discanvep onr InapeQuaTiry Testen

Methylviolet Bismuth potassium tartrate™
Tncture of ioding Todobisrmitol™
Potassium bromide Sodium thiosulfate™
Ol of turpenfine Fidin ®
Carbohe and Sulfonumides® ™
L otassim permang inate Comvalescent senm™
Collodal copper ~ T emedlin™ ¥
Cold salts™ Streptom) ein
Collordal lead Steeptothry cin
Sabeill™

Totassium fodide = Eumbagin

reosote’ Baaillomycin
Guaacal*™ Chloraquin
Antimony nd potassium tartrate ' Histumine™ "
Roentgen theripy™ = Chloromycctin
Gentian violctr = I rotownemonin
Bismuth™® Fradicin 2
Typhoid yacane™ Thiolutin*
Coccidiodin™ ™ == Rimocidin™?
Copper sulfat ™ Candierdin™
Lead acetite™ 1 ar1 amino honzole acid™

Mercury cyanide™ Hy drogy chloraquin ©

Novasurol™

Cycloheximude  Chclohenmide  (Actidione®) 2 substnee dernved
from cultures of Streptomyces griscus inhibits 2 number of fung: m vitro
1t hias been reported upon favorably m scvertd enses of proressive coc-
adiodomycosis  Some of the reports concered chrome coccrdindal men
mngitis 1 which the course may be long and vamible ¢ven wathout trest
ment ™! Colien and Cifford reported the casc of 1 boy with widespreud
abscesses nd osseous lestons who was troated with evelohcamide for 2
verr™  When he died of 1 sympathicoblistom severd von Titer no
Coccidiordes orgamsms were recorered by culture .

Perhaps the most devastating commentars on the saluc of cvelo
heumidc as the fact that it 1s used m the selectne medim of Georg
Ajello nd Gordon hecause 1t allows Cocerdiordes to crow while mhiat
g other fung'™®

Stilbene Dencatices Stilbamdine 2 hydrovstilh umdine and smmno
stilbamidine have been tried am the tr¢ tment of dissermnted coccidioda
mycosis following their successful use 1 cases of histoplhsmosss l)hs(;‘r
myveosts d sporotrchows Several papers report apparently good rosults
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occaston or1l adimmstation his comarded with clinteal 1mproyement i
dissemnated cocaidioidomycosis but 1t has not Tappened often enough
to hnow whether the relationship w 1s causal or merely due to chance "
Admimstered mtrumusenlirhy, the drug has proved to be too tovic cwsimg
chills fever maluse and locil pun and tenderness  Seseral mtrasenous
preparitions at first showing promise, hnve been disappomting heewse
of thrombophlebitis wnd febnle reactions even wath small doscs

Amphotericin B Amphotcrien A wd B we antifung ] agents dernved
from an umdentified specics of Streptomyces obtuned from soil on the
banks of the Ormoco River s Venezncla™  Amphoteriem B s simil
1 1ts antihiotic spectrum to mystatm but it 1s 1bsorbed shghth more readihy
from the mtestinc It has been shown to possess an mhibitory 1f not
curatie effect agunst Cocerdiondes m experiments an the mouse  Clingeal
experience his been mconstant At times 1t has 1ppeared cffcetnve both
when given by mouth and by vem  An immediite and strkimg=but tem
porry—remussion w s wrought m one of my cises ®™  In some other cises
there has been no obscrvable effcet® It appears that the fungus my
acqmire resistanee to the antibiohie

Sex Hormoncs  Both -ndrogens and estrogens hanve been wed «x
penmentally m cocadiodonycosis — Stilbestrol © nd testosterond ™' com
pounds mlnbit the fungus an vstro Cohen reported that dicthy Istibestrol
seemed to be helpful 1 one of Ins cases *** hut Pipr® reported two treat
ment faldures with it Lamb**’ descnbed one cse of dissemmted coc
adioidomycosis i which improvcment wccomp mued admmistration of tes
tosterone (100 mg per day) and trple sulfonamudes (1 Gm three times
duly)  In mothcr stance improvement of cocardiondil synovitis com
aded with wdmimstrition of 1 combution of estrogen  indrogen md
trypsim "

Isomcotinie Acd Hydrazide  Isomcotime scd hvdrizide has been
shown to hue no effcet m evpermental cocerdiond sl disc ise 7™ Tts wse
s been reported w scvera) prmn ind onc dissammated infection
As would be expected even of untreated those piticnts with primn oo
adindommcosts did well  Whether the improvement i the ¢rse of dis
scrnntion was related to the therapy anhh further study will show

Other Agents  Among the medicitions which Cohen hs tried are
sodinm ciprilate  which he considers to b uscful s 1 topreal apph
cation * the sodmm silt of cinmnamic rwd ** orl of ssafras* wlich e
uses m both pruman nd sceondan cocerdiordaniycoss bomu\: of s
e1s¢ of wdministration ** and 3 mitro-2 furfury 1-3-chlorpropronate

AMaddy his tried “Captn ™ 2 fungrerde wsed n agneulture the
treatm nt of dissennated coccidiordomycosts m dojs  In sevent unes



Treatment of Coccrdiordomycasis 185

there was stiking improvement  Prehmmary tnals i human coceidioido
mycosis s vet unpublished are promising

Surgical Treatment of D ted Cocerdioidomycosis

Although surgical mteryention his most often been used for benign
residual pulmonary lesions it is occasionally successful m dissermnated coc
adiodomycosts partscularly m isolated perpheral granulomas  Inasmuch
as there 1s no assurance that the visible penipherl lesion 1s the only site
of dissemmtion such surgery 1s not always helpful but in certain cascs
1t 1s worth dering,  Lesions confined to Iimbs have often been erad:
cated by exasion or wnputition but other alternaties should be con
sidered before undertaking ridical surgery  If the Jesion 1s hmited to one
put there 1» 2 chance thit one of the more promising medical agents
may stliage the mb  If the disese 1s not imited to one limb amputation
will probably not alter the fin1l outcome 1ty case  Nevertheless am
putation may oceasionalls still be indicated for n extensne  deforming
granulom thit has rendered an citrenuty unsightly and worse than use
less

Other surgical procedures are sometimes worthwhile  Cautery of
penipheral lesions has becn advocated '™ most recently by Winn®  Some
times excrsion of a fungating grinuloma of the trunk or extremities while
not cuming, the disese will eluninate its most objectionble evidence and
rcturn the prtient ta rewsonbly normal socal status  Curettment of osse
ous abscesses may be followed by new bone formation  Diseased jomts
are ocenstonally much improved by svnovectomy * % Removal of female
adnexa has abolished coccidiondal pelvie flimmatory disease m several
cases"‘s although other dissemmated lestons may later be fatal 8 st
N for renal dioidomycosis has apparently restored good
hcalth ¢4 Removal of the diseased testes or epididymis 15 also often suc
cessful 0 ¢ 871 Exeision of sinuses down to and mcluding ther ongin
m abdomunal viscera arrested the disease mn one of my patients

Unfortunately the outcome 1s not always so favorable even when the
process 1s locil for the scar or stump may sooner or later be imolved m
a lesion as extensive as that for which the operation was dore® In gen
eral surgery 15 likely to remove not the disease but only 1its evidence but
at times 1t may be well worth while

General Measures 1 T of Di d Coceidiond

In the absence of more conclusively effective specific therapy general
hygienic and supportive care 1s still an important part of treatment Rest
1s advised m proportion to the seventy of the disease although 1t 1s hard
to determme just how harmful physical activity actually 1s  In fulmmating
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dissemination and cocaidiondal menungibs there 1s no choice the patient
1s bedndden till death  The question most often anises m cases of 1solited
penpheral granuloma duning a stage of rehitive quiesence It 1s probibly
not hrmful to allow a hittle actnaty or even hight work if the prtient fechs
capable of 1t Certunly 1t 1s good for his morale  Patients often tolerate
heavy worh even when the physierin wamns agunst it but extcerbations
sometimes follow overlv strenunous exertion Perhaps they would hne
occurred anvway

CONCLUSION

Most of the subjects discussed m previous chapters have the authonty
of complete and accurate scientific data  In general our knowledge about
cocerdroidomy cosis 15 sure  Our understanding of its medieal theraps 1s on
the other hand faltening nd uncertun  This situttion 1s not umjue
We are often faced with the paradox of mtimate ncquamtance with 2 dis
case ind emb wrrassing confusion 1bout its cure  Etiologic knowledge wd
pathologic understanding usually precede therwpeutic shill - Much was
known about dibetes before msulin wis mvulable the hemolytic strep
tococeus nd the havoe it works were clewly discerned before pemallin
was discovered  Therapy 1s often the Inst frontier

It will be thus with fungus Coccrdiordcs The meager thenpentie
results already aclueved at least demonstrate that cocardiodomy cosis s
not necessanly meurable  Because cocerdiondal disease has heretofore
heen munly of regronal mterest research concermung its theerps has not
w s had ngh prionty - Were ot as ubiqmitous as Jobir pncumonrs or
poliomsclitis the wswer would already be at hand - Wath the cxpanding
population of the southwestern states and the mere smg mterest in fungus
iscwses throughout the nation research concerming cocadindal diecse
will be mtenstficd and a definitn ¢ means of therapy will sooner or hiter be
found
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and cocerdiordomy cosis published from 1892 to July 1854 vuth 1 subject
mdex by Charles R Nicewonger, M A distributed mmmeograph form
by the School of Public Health Unnersity of Calfornin My bibliographs
mcludes all of Nicewongers titles eveept for 1+ dozen which were for
‘various reasons excluded s well as some two hundred others A few
titles 1 the Index Medicus and Current List were also excluded it bemng
apparent that their histing under Cocerdiordomy cosis™ w as incorrect

1t 15 mevitable that there will be errors both of omussion and nclusion
m such a hst as thus but 1t 15 submtted 1s 1 usable w orhing basis for further
nyestigation

1892

1 Posadas A Ensayo anatomopitologice sobre un1 neoplasiy constderadt como mucous
fungordea An crre med argent 156 1692
2 Posadis A Un nueso c1s0 de micoss fungorden con psorospenmits  An efrc méd
argent 15 585 597 1892
8 Wemicke R Ucler emen Protozoenbefund bei Myco s fungoides (P)  Zentralll
Bokt 12 839 861 1892
1894
4 losadss A Contnbucidn al estudio de los tumores peorpspermio 1s infectante gen
eralizada  Tesis de la Facultad de Medicina de Buenos Afres 1694 (In Tosadar A
Obras Completas Buenos Aires Unnversudrd de Buenos Aires 1929 )
5 Riford E  Cuse for dingnoss presented before the Sin Francisco Medico-Chimegieal
Sactety \March 5 169t Occidental ! Times 8 326 1804
68 Ridord £ A case of protozeic dermatitis  Qceidental M Times & 701707 1874
7 Thome W § A ciuse of protozosc skin v ewse  Oceidental M Times 8703 701
1891
1896
8 Ruford E and Gilchaist T € Two ¢ases of protoroin (enccidionil} infection of tie
shin 10d other organs  Johns Hopkins Hloyy Rep 1209 283 1896

1807

9 Possis A Faswo de una neophshy del hombre producidy por un prt scmc ¥

transmi sble a los ammales  An cre méd argent 20103 1897 (A} trted in
\onatsch Prake Dermatol 27 593 591 1833)

10 Toswlis A Frsayo sof re un nuest neoph Ty del hombre  p orospermic © nl ctante

generliadi Comumercion a 1y Acadenn @ L Tacultad o Mediany & B oy

Arrs 1 reumcn 1597 (In Josadws A Olray Completsy DBuenos Are tni

versidid de Buencs Alres 1928 )
1595
Teabay v del Prim € get

Comuicei na ke Aal )
(fn Posadad A Olrss € mipdt2e

11 Esadt A Tsor; permis humim s expenment]
Cumtific ) Latnoamericary 4703 1693

12 fralas A Psomepermiosss infectante g neralizada
I Facultad & Mecictnt de Buenos Awres 139%
Bu nos Arr-s Ung erst hid de Buenos Awres 1928 )

1900

11 A steomen D W A disca o crused by a fungns 1l e protorole lepmatitd o fel

a 1Cil brist Bnt ] Dermar 12313 3,0 1900
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