
INFORMATION TO USERS

This dissertation was produced from a microfilm copy of the original docum ent. 
While th e  most advanced technological means to  photograph and reproduce this 
docum ent have been used, the  quality is heavily dependent upon the quality  of 
the  original submitted.

The following explanation of techniques is provided to help you understand 
markings or patterns which may appear on this reproduction.

1. The sign or " target"  for pages apparently lacking from the docum ent 
photographed is "Missing Page(s)". If it was possible to obtain  the 
missing page(s) or section, they are spliced into the film along with 
adjacent pages. This may have necessitated cutting thru an image and 
duplicating adjacent pages to  insure you complete continuity.

2. When an image on the film is obliterated with a large round black 
mark, it is an indication th a t the photographer suspected th a t  the  
copy may have moved during exposure and thus cause a blurred 
image. You will find a good image of the  page in the adjacent frame.

3. When a map, drawing or chart, etc., was part of the material being 
p h o to g rap h ed  the  photographer followed a definite m ethod in 
"sectioning" the material. It is customary to  begin photoing at the  
upper left hand corner of a large sheet and to  continue photoing from  
left to  right in equal sections with a small overlap. If necessary, 
sectioning is continued again — beginning below the  first row  and 
continuing on until complete.

4. The m ajority of users indicate that the  textual content is of greatest 
value, however, a somewhat higher quality reproduction could be 
made from "photographs" if essential to  the understanding o f the  
dissertation. Silver prints o f "photographs" may be ordered at 
additional charge by writing th e  Order Department, giving the  catalog 
number, title, au thor and specific pages you wish reproduced.

University Microfilms
300 North Zeeb Road 
Ann Arbor, Michigan 48106

A Xerox Education C om pany



72 - 19 ,023

i  ROBERTS, G lenn D a le , 1 9 4 3 -
! A STUDY OF IMMUNOCYTOADHERENCE DURING
I EXPERIMENTAL HISTOPLASMOSIS.

The U n iv e r s i ty  o f  Oklahoma, P h . D . ,  1972 
M icr o b io lo g y

University Microfilms, A XEROX Com pany, Ann Arbor, Michigan

THIS DISSERTATION HAS BEEN MICROFILMED EXACTLY AS RECEIVED



THE UNIVERSITY OF OKLAHOMA 

GRADUATE COLLEGE

A STUDY OF IMMUNOCYTOADHERENCE DURING 

EXPERIM ENTAL HISTOPLASMOSIS

A DISSERTATION 

SUBMITTED TO THE GRADUATE FACULTY 

in p a rtia l fu lfillm en t of the  requ irem en ts fo r the

d eg ree  of 

DOCTOR OF PHILOSOPHY

BY

GLENN DALE ROBERTS 

N orm an, Oklahoma 

1971



A STUDY OF IMMUNOCYTOADHERENCE DURING 

EXPERIMENTAL HISTOPLASMOSIS

a p : tVED BY

DISSERTATION COMMITTEE



PLEASE NOTE:

Some p ag es  may have 

i n d i s t i n c t  p r i n t .

Fi lmed a s  r e c e iv e d .

U n i v e r s i t y  M i c r o f i l m s ,  A Xerox E d u c a t i o n  Company



TABLE OF CONTENTS

Page

LIST OF TABLES.............................................................................  iv

LIST OF ILLUSTRATIONS.........................................................  v

C hapter

I. INTRODUCTION............................................................... 1

II. MATERIALS AND METHODS........................................  10

m . RESULTS.................................................................................  26

IV. DISCUSSION........................................................................ 48

V. SUMMARY AND CONCLUSIONS ................................ 55

BIBLIOGRAPHY...................................................................................  56

111



LIST OF TABLES

Table Page

1 C orre la tion  of ICA and Clinical P ic tu re  of
IV Infected A nim als--G roup 1*..................................... 38

2 C orre la tion  of ICA and Clinical P ic tu re  of
IV Infected A nim als--G roup 2 ..................................... 39

3 C orre la tion  of ICA and Clinical P ic tu re  of
IT Infected A nim als - - Group 1 ..................................... 40

4 C o rre la tio n  of ICA and Clinical P ic tu re  of
IT Infected A nim als--G roup 2 ..................................... 41

IV



LIST OF ILLUSTRATIONS

F ig u re  Page

1 Geographic d istribu tion  of h istop lasm in  skin
te s t  se n s it iv ity .................................   3

2 A sim ple schem a fo r the ICA t e s t .....................................  16

3 Typical ro se tte  involving sm all lym phocyte...................  18

4 Typical ro se tte  involving m edium  sized  lym phocyte ’ 20

5 C orre la tion  of skin hypersen sitiv ity  w ith
lym phocyte tra n s fo rm a tio n .................................................  29

6 R esults of agglutination t e s t ................................................  31

7 P ercen tage  of se ra  ex h r iting p r e c ip i t in s ...................... 34

8 R esults of com plem ent fixation te s t ...................................  36

9 R esults of ICA t e s t ..................................................................  43

10 Sum m ary of a ll  se ro log ica l r e s u l ts ...................................  50



ACKNOWLEDGMENTS

The au tho r w ishes to ex p re ss  h is ap p rec ia tio n  to  h is  m a jo r 

p ro fe s so r . D r. Howard W. L arsh , R esearch  P ro fe s s o r  and C hairm an 

of the  D epartm ent of Botany and M icrobiology, fo r  h is patience and 

guidance throughout the  length of m y graduate  education. A ppreciation  

is  a lso  extended to D r s. George C. Cozad, Donald C. Cox, John H. 

L an c as te r, and  Eddie C. Smith fo r  th e ir  helpful suggestions given 

during  the co u rse  of the  re s e a rc h  and com pletion  of th is m an u scrip t.

Much graditude is ex p ressed  to th e  Sobering C orporation  fo r 

th e ir  in te re s t  in  th is  p ro jec t; fo r th e ir  generous financial support and 

D r. George L . Evans, D irec to r of R esea rch  of Sobering D iagnostics 

who is  p r im a r ily  resp o n sib le  for in itia ting  th is  in te re s t.

Special thanks a re  extended to  the  m any people w hose tech n i­

cal a ss is ta n c e  m ade th is  study poss ib le . One could  find no b e tte r  group 

w ith which to w ork .

V I



A STUDY OF IMMUNOCYTOADHERENCE DURING 

EXPERIMENTAL HISTOPLASMOSIS

CHAPTER I 

INTRODUCTION

H istoplasm osis is a m ycotic d isease  which invades the lym ­

phatic system , lungs, sp leen , liv e r , kidneys, a d re n a ls , and the 

re ticu loendo the lia l system . Its p ro tean  n a tu re  m akes i t  one of the 

m ost d ifficult infectious d iseases  to diagnose.

The etiology of the d isease  is a ttr ib u ted  to a dim orphic fungus, 

H istoplasm a capsulatum  which grows as a p a ra s i te  w ithin the cells of 

the reticu loendothelia l sy stem  of m an and o th e r an im als . The p a ra s itic  

fo rm  is  d e sc rib ed  as a sm all, ovoid, budding y east 2 -4  m icrons in 

d iam ete r. The fungus grows in so il and n a tu ra l su b s tra te s  a s  a m ycelia l 

phase ch a rac te rize d  by sm all, sm ooth m ic ro a le u rio sp o re s  and thick, 

sm ooth to spiny m acro a leu rio sp o res.

H istoplasm osis has been recognized in  m any p a rts  of the  w orld 

and is common in  the cen tra l United States in the M issouri, Ohio, and 

M iss issip p i R iv e r Valleys. F ig u re  1 shows the a re a s  which have the 

h ighest p reva lence  of positive re a c to rs  to the  h istop lasm in  skin te s t. 

Although the incidence of infections is h ighest in the  endem ic a re a s , 

the re la tiv e  ease  of trav e l m akes th is d isease  of concern  to p rac tic in g



F ig u re  1. Geographic d istribu tion  of h istop lasm in  skin te s t sensitiv ity .
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physicians in a ll  p a r ts  of the w orld.

L oosli (22) has estim ated  th a t as m any  a s  30 m illion  people in 

the United S tates have experienced h is to p lasm o sis . Furcolow  (17) has 

ex trapo lated  th a t approxim ately  500, 000 new infections occur each y ear 

in th is country. This estim ate  w as based  on sk in - te s t su rveys. T hese 

figures have c re a te d  an  aw areness of the d ise a se  and th e re  is now 

extensive l i te ra tu re  dealing with re s e a rc h  onJH. capsulatum .

Except fo r  th e ir  etiology, fungus infections d iffer lit t le  from  

b a c te ria l in fections. The close re la tio n sh ip  betw een b a c te ria  and 

fungi is apparen t fro m  the tran s itio n a l fo rm s connecting the two groups 

and fro m  the s im ila r ity  of the pathologic changes and clin ical m an ifes­

tations induced by them . The incidence of h is to p lasm o sis  is possib ly  

as frequent as th a t of m any b ac te ria l in fections, but the  num ber of 

c o rre c tly  d iagnosed cases  is m arked ly  low er. This m ay  be a ttribu ted  

to the v a rie ty  of c lin ica l sym ptom s exhibited by the d isease  and the 

lack  of specific c lin ica l diagnostic p ro ce d u re s .

A num ber of clin ical c lass ifica tions of h istop lasm osis have 

been described , bu t m o st fall into one of th re e  m ajo r groups: acute 

pulm onary h is to p la sm o sis , chronic cav ita ry  h is to p lasm o sis , and 

d issem inated  h is to p lasm o sis  (35).

The m o st common form  of the d ise a se  seen  in  the clinic is  

acu te  pulm onary  h istop lasm osis . T his is  u su a lly  a  re s u lt  of d irec t 

inhalation of som e fo rm  of the o rgan ism  and subsequent lung involve­

m ent. A la rg e  num ber of cases a r e  asym ptom atic  and the infected 

individual m ay not re a liz e  he has had  the d ise a se . A s ti ll  la rg e r  

num ber of case s  p re s e n t only m ild  sym ptom atic fe a tu re s . These in­

clude an  in fluenza-like  illness w ith fever, c h ills , cough, slight chest



pain, and m a la ise . Symptoms usually  l a s t  only a few days, but m ay  

p e rs is t  fo r a  few w eeks. The rad io log ica l p ic tu re  rev ea ls  a sm all 

nodular le s io n  o r  lesions resem bling  the type seen  in  tubercu losis .

H ilar lym phadenopathy which m ay  re sem b le  sa rco id  is  frequently  ob­

served . T he diagnosis of this type of d ise a se  is  v e ry  difficult due to 

the sh o rt d u ra tio n  of c lin ical sym ptom s.

C hronic cav ita ry  h is top lasm osis is  com m only found in  adults 

of m iddle age  o r  o lder. The sym ptom s re sem b le  tubercu lo sis  and 

som e other m yco tic  d iseases in  m any re s p e c ts . They include; w eight 

lo ss , fever, p roductive cough, and e x trem e  fatigue. Radiological 

exam ination u sua lly  rev ea ls  la rg e  les ions in  one o r both lungs w ith 

frequent cav itie s . Chronic cav ita ry  h is to p lasm o sis  is  ind istinguishable 

from  pu lm onary  tubercu losis by rad io log ica l and c lin ica l exam inations.

A con firm ato ry  diagnosis is  usually  based  on the iso la tion  of the  

o rgan ism  fro m  the sputum  or a b iopsy of the  lung.

D issem inated  h is top lasm osis is  now recognized  as a  ra th e r  

common fo rm  in  patien ts suffering  from  deb ilita ting  d iseases  such as 

Hodgkin's d ise a s e , sa rco id , leukem ia, o r  even tubercu losis (18). T his 

resu lts  f ro m  the sp read  of the o rgan ism  fro m  the lungs via the blood 

to o ther a re a s  of the body. Some fo rm s of d issem ina ted  d isease  a re  

c la ss ified  a s  acu te , and calcified  les ions m ay  be found in  the sp leens 

of o therw ise  healthy  individuals. How ever, m o st case s  of the d is se m ­

inated type a r e  chronic, and diagnosis is  u su a lly  m ade a t  autopsy. This 

fo rm  of h is to p la sm o sis  m ay  p re sen t le s io n s  of the o ra l cavity and 

larnyx  (5) (27), cutaneous and p ro s ta tic  le s io n s  (28), card iac  les io n s  (37), 

peritonea l and  sm a ll bowel lesions (26), and  m any o ther type c lin ica l



sym ptom s.

Obviously, the d isease  p resen ts  no d istinctive  c lin ica l p ic tu re , 

and an a c c u ra te  diagnosis is  ex trem ely  difficult. C onfirm atory  d iag­

nosis of h is to p lasm o sis  is based  a lm ost en tire ly  upon the  reco v ery  and 

iden tification  of IL capsulatum  from  infected  individuals. In m any 

cases cu ltu ra l proof is im possib le and sero logy  provides the p resu m p ­

tive  d iagnostic  evidence. Such evidence is  cu rren tly  obtained by the  

com plem ent fixation, imm unodiffusion, la tex  agglutination, skin  te s ts , 

and  in d ire c t im m unofluorescent te s ts . A c u rre n t se ro log ica l rev iew  is  

p resen ted  by  Kaufman (19) who d escrib es  th ese  p ro ced u res . A ll of 

th ese  te s ts  can provide the physician w ith inform ation of d iagnostic  and 

prognostic  value. However, th ere  a re  som e disadvantages that m ust be 

considered: (a) the  com plem ent-fixation te s t  is  com plex and costly , 

and  m ust be p e rfo rm ed  by persons experienced  in sero logy; (b) the  

sk in  te s t  h a s  lim ited  value as a diagnostic tool because i t  cannot 

d istingu ish  ac tiv e  from  p ast infection; (c) t i te r s  obtained by m o st te s ts  

a re  v e ry  low and se v e ra l consecutive se ru m  sam ples a r e  req u ired  to 

e stab lish  an in c re a se  o r d ecrease  in the production of antibodies over 

a given tim e  period ; (d) the requ irem en t fo r analysis of consecutive 

se ru m  sam ples fu r th e r  in c re ase s  the tim e req u ired  to  m ake a  p resu m p ­

tive  diagnosis w hich cannot be afforded by a  pa tien t aw aiting trea tm en t;

(e) antibody t i te r s  detected  by conventional te s ts  a re  u sua lly  p re se n t 

fo r vary ing  p e rio d s of tim e even a fte r  convalescence h as  occu rred ;

(f) the in te rp re ta tio n  of te s t  re su lts  is  often difficult because  the 

com m only used  antigens m ay rea c t w ith s e ra  taken fro m  individuals 

having o th er sy s tem ic  m ycotic infections; (g) patients having d issem inated



h is to p la sm o sis  m ay  frequen tly  be im m unologically  unresponsive and 

w ill exhibit no se ro lo g ic  evidence of ac tive  d isease .

T hese  d isadvantages a re  m in im ized  by  the in form ation  gained 

fro m  the im m unosero logy  of the sy stem ic  m ycoses; how ever, they  w ere  

m entioned to em phasize  the need fo r new and im proved m ethods.

F o r  se v e ra l y e a rs  im m unologists have been investigating 

m ethods of de tecting  antibody production by single ce lls . Nota (25) 

and B iozzi (7) d e sc rib ed  the  phenomenon of im m unocytoadherence (ICA). 

They used th is  to study the k inetics of antibody production by ce lls  of 

im m unized an im als . The te s t  has been used  a s  the b asis  fo r  a sim ple 

and quantitative m ethod of detecting and counting those cells am ong 

la rg e  populations of lym phoid cells which contain a ce rta in  am ount of 

im m unoglobulin on th e ir  su rfaces . If a  cell suspension  is m ixed w ith 

a p a rticu la te  antigen, the antigen  ad h eres  f irm ly  and specifica lly  to  the 

lym phoid c e lls  involved in the imm une resp o n se . The num ber of 

c lu s te rs  o r  ro se tte s  can be observed  and counted in a hem acy tom eter.

T h eo re tica lly , antibodies belonging to  a ll types of im m uno­

globulins should be de tec ted  by ICA, since  ro se tte  form ation  is  dependent 

upon the binding of the an tigen  by the specific  s ite  of the antibody 

m olecule (6). Z aa lberg  (38) has now shown th a t both 7S and 19S 

im m unoglobulins can be detected  by th is  m ethod. Many o ther in v es ti­

ga to rs  have u sed  ICA to  study the cytodynam ics of the immune response  

in  an im als im m unized  w ith sheep ery th ro cy tes  (34) (14) (13) (8) (7).

In 1969 I evaluated  ICA as a  m ethod fo r  detecting the im m une 

resp o n se  in  an im als  having sp o ro trich o s is  (30). R esu lts indicated  th a t 

th is  m ethod m igh t be used  a s  an index of ac tive  infection since the
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re la tiv e  num ber of ro se tte s  c o rre la ted  v e ry  w ell with the c lin ical 

p ic tu re  exhibited by the an im als.

A p re lim in a ry  investigation  of an im als w ith histoplasm osis 

showed the sam e re su lts  which led  to a  study w ith the following objec­

tiv es; (a) evaluation of im m unocytoadherence as a se ro lo g ica l tool and 

a  com parison  of its  sensitiv ity  to  o ther se ro log ica l te s ts ;  and (b) de ter­

m ination of the natu re  of the im m unologic m echan ism  involved in 

imm uno cytoadher ence.

Since th is in itia l work, m any m edically  im portan t applications 

of the  te s t  have been described . P errudet-B odoux  (4) investigated 

c ircu lating  hum an lymphocytes and sheep ce lls coated w ith thyroglobulin 

to d e tec t lym phocytic antibodies in  pa tien ts having im m une thyro id itis . 

His re su lts  a lso  indicated that lym phocytic antibodies c o rre la te d  better 

w ith the c lin ical p ic tu re  than did hum oral an tibodies. Bach (1) has 

done an in v itro  evaluation of im m unosuppressive drugs w ith  the ICA 

te s t  and has shown that i t  is  a sa tis fa c to ry  m ethod fo r evaluating the 

im m unosuppressive potency of the  drug in  hum ans. Bach (3) a lso  

investigated  ICA as an index of the im m unosuppressive ac tiv ity  of 

antilym phocyte serum  a s  applied to tis su e  tran sp lan ta tion . Bach (2) 

recen tly  used ICA to de tec t rheum ato id  a r th r i t is  in  hum an patients.

He h as shown th a t the te s t  is  valuable in  detecting active  c a se s  and i s  

m o re  accu ra te  than o ther availab le  m ethods.

The m echan ism  of im m unocytoadherence is not y e t w ell under­

stood. S evera l p o ssib ilities  ex ist: (a) the lym phoid ce lls m ay  passively  

fix antibody to th e ir  su rfaces; (b) the  ce lls  m ay  be lib e ra tin g  a circu­

la ting  antibody which h as ju s t been  synthesized; (c) the  ro se tte -fo rm in g
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cell m ay be the v ec to r of delayed hypersensitiv ity ; and (d) the ce lls  

m ay be p rim ed  an tigen -sensitive  ce lls o r m em ory  ce lls .

S evera l w orkers have speculated  on the  m echan ism  of ro se tte  

form ation. Coombs (11) s ta te s  th a t th e re  a re  IgM and IgG re c e p to rs  on 

the su rfaces of the cells . Moav (23) has p re lim in a ry  data tha t suggest 

tha t the lym phoid cells a re  ac tive ly  se c re tin g  im m unoglobulins. In 

addition. B ra in  (9) has suggested  th a t ro se tte  fo rm ation  is due to a  

substance, not p r im a r ily  an  antibody, e laborated  by a la rg e  population 

of lym phocytes. R oberts (29) has been  unable to dem onstra te  th a t 

ro se tte -fo rm in g  ce lls  a re  involved in  m ediating the delayed h y p ersen ­

sitive  resp o n se  but has shown that the  cells have hum oral antibody 

specific ities on th e ir  su rfaces .

O ther applications of the ICA te s t  ju stify  i ts  u se  as a se ro lo g ­

ical tool in the study of h is to p lasm o sis , and the con troversy  concerning 

the m echanism  of the te s t  m akes th is  an in triguing problem .

C onsidering the sim p lic ity  and sensitiv ity  of the  te s t, i t  is  

hoped tha t i t  w ill lead  to a  new m ethod which m ight be used to d e tec t 

active h is to p lasm o sis . The ICA te s t  m ay supplem ent conventional 

sero log ical te s ts  and allow  a m ore  rap id  and accu ra te  diagnosis of 

h istop lasm osis and o ther d ise ases .



CHAPTER n

MATERIALS AND METHODS

P re p a ra tio n  of Inoculum.

A cu ltu re  of H istoplasm a capsulatum . the  S critch fie ld  iso la te , 

was obtained  fro m  the U n iversity  of Oklahoma stock  culture co llec tion . 

Yeast c u ltu res  w ere  incubated in  B ra in  H eart Infusion Broth fo r  3 days 

a t 37 C w ith constant ro ta tion  in  a  Psychrotiaerm  environm ental sh a k e r  

(New B runsw ick  Scientific). The ce lls  w ere  w ashed th ree  tim es in  

s te r ile  physio logical saline solution (PSS) and resuspended  to a con-
Q

cen tra tion  of 2. 6 x  10 c e lls /m l.

C ell v iab ility  counts w ere  m ade by p la ting  the inoculum  on 

Sabouraud’s d ex tro se  a g a r and counting the  colonies a f te r  10 days in ­

cubation a t  25 C. V iability was reco rd ed  as 75%.

Anim al Infection .

One hundred four no rm al fem ale  New Z ealand rab b its , 12-14

weeks in  age, w ere  obtained fo r  th is  study. T w enty-six  an im als w e re
o

given in travenous (IV) in jections of 2 .6  x  10 c e lls /k g  of body w eight
O

and 26 an im als  w ere  given in tra tra c h e a l (IT) in jec tions of 1 x 10 c e lls  

contained in  0. 2 m l PSS.

The rem aining 52 rabb its  w e re  used a s  n o rm al con tro ls. H alf 

w ere  given IT injections of PSS and ha lf w ere  given IV injections o f PSS. 

A nother con tro l group was m ade up of rabb its  w hich w ere  p rev io u sly

10
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infected w ith e ither B lastom yces d e rm a titid is . L is te r ia  m onocytogenes. 

o r sey era l o th e r s tra in s  of JH. capsulatum .

Skin T esting .

One half of the  an im als from  each group w ere  skin tes ted  p r io r  

to infection and fiye w eeks la te r . 0. 1 m l of a  1:100 dilution of h is to p las­

m in, lo t H-42 (CDC, A tlanta, G eorgia) was in jected  in trad erm ally  on 

the d o rsa l su rface  of each anim al. T ests  w ere  rea d  a fte r  48 hours and 

reco rded  a s  positiye if  the induration  was 5 m m  or m ore  in  d iam eter. 

Serological S tudies.

A nim als w e re  placed in two groups and each was b led  biweekly 

fo r eight w eeks a fte r  the infecting dose had been given. Blood was 

w ithdrawn by card iac  puncture with Becton D ickinson vacu tainers.

T h irty  m l w ere  p laced  in  heparin ized  tubes and 5 m l in  a p la in  tube.

The se ra  w ere  co llected  a fte r  coagulation of the blood o ccu rred  and 

sto red  a t  -60  C for la te r  se ro log ica l s tud ies.

L atex A gglutination T e s t .

The h istop lasm in  la tex  agglutination te s t  antigen was obtained 

from  Colab L ab o ra to rie s . Two-fold dilutions of se ru m  w ere  m ade in 

PSS so that each  tube contained 0. 5 m l. F ive  ten ths m l of a 1:10 

dilution of la tex  antigen w as added to  each tube, m ixed, and incubated 

fo r 2 h r  a t  37 C, followed by  re fr ig e ra tio n  overnight. Tubes w ere 

centrifuged a t  2500 rp m  fo r 3 m in and observed  m acroscop ically  fo r 

the p resen ce  of agg rega tes.

A gar Gel Im m unodiffusion.

The p resen ce  of p rec ip ita ting  antibodies in  se ra  w as determ ined  

by double diffusion in  ag a r gel. P u rified  a g a r, 0. 85 g, was added to
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99 m l of borate  sa line  p re p a re d  by  adding 5 m l of b o ra te  buffer, pH 8. 4- 

8 .5  (boric acid  6 .18  g; sodium  te tra b o ra te , Na^B^O^ • lOH^O, 9.53 g; 

NaCl, 4. 38 g; d is tilled  w a te r to 1. 0 l i te r )  to 94 m l of sa line. One m l 

of 1% of m erth io la te  w as added and the solution w as heated  to boiling. 

Two and one ha lf m l w ere  added to an o rd in ary  m icroscope  slide  and 

allow ed to harden . Holes spaced  about 4 m m  a p a r t w e re  cut w ith a 

cap illa ry  pipette.

H istoplasm in (H-42) concen tra ted  ten  fold w as used  as the 

an tigen  and the se ra  w ere  undiluted. The diffusion w as allowed to p ro ­

ceed in  a hum idity cham ber fo r 14 days a t  25 C befo re  the final evalua­

tion w as m ade.

Com plem ent F ixa tion .

Com plem ent fixation t i te r s  w ere  determ ined by the m ethod of 

Lackm an (21). Block an tigen  titra tio n s  w ere  p e rfo rm ed  on the yeast 

phase antigen, lo t no. 5 (31) obtained from  the C enter fo r  D isease 

C ontrol in Kansas City, K ansas to de te rm ine  the op tim al am ount used  

in  the te s t.

P re p a ra tio n  of Im m unocytoadherence (ICA) T est A ntigen.

Yeast cu ltu res of IL capsulatum  w ere  grown in B rain  H eart 

Infusion Broth as p rev iously  d escrib ed  and k illed  by  trea tm e n t w ith a 

1:10, 000 dilution of M erth io late  (Lily) a t 4 C fo r 48 h r .  The cells w ere  

w ashed th ree  tim es in  d is tilled  w a te r  and finally  suspended in  phosphate- 

buffered  saline (PBS) pH 7 .0  so th a t each m l contained 2 .6  x 10 y east 

ce lls .

Lymphocyte Iso la tion .

One volum e of a 3% gela tin  in  saline  m ix tu re  w as added to two
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p a rts  heparin ized  blood to fac ilita te  e ry th rocy te  sedim entation, and the 

suspension was incubated in a v e rtic a l position  fo r 45 m in a t 37 C (12). 

The leu k o cy te -rich  supernatant was collected  and p laced  in a glass 

column 120 m m  long, containing nylon wool f ib e rs  (Dow Type 200) for

1 h r  a t 25 C. The wool was washed w ith 25 m l m in im al e ssen tia l 

m edium  (MEM) pH 7 .2 . MEM, 100 m l E ag le 's  b ase , was supplem ented 

w ith 200 m m  glutam ine, 1. 0 m l; 5OX m inim al e sse n tia l amino acids,

2. 0 m l; lOOX nonessen tia l am ino ac id s, 1. 0 m l; lOOX vitam ins ; 1. 0 m l 

and 100 mM sodium  pyruvate, 1. 0 m l a ll  obtained from  Ram  L abora­

to r ie s . The e luate  from  the column was cen trifuged  for 10 m in  a t 100 g 

and the cell button was washed th re e  tim es in  MEM. Before the  la s t  

w ashing the contam inating e ry th rocy tes w ere  e lim inated  by hypotonic 

shock produced a s  follows: the sedim ent of the  second w ashing was 

quickly m ixed w ith 6 m l of d istilled  w a te r fo r  25 seconds and finally

2 m l of 3. 5% sa line  w ere  added (16). P e rfec t iso ton ic ity  was regained 

a fte r  the th ird  w ashing. The lym phocyte suspension  w as ad justed  to

2. 6 X 10^ lym phocytes/m l.

Leukocyte and differential counts w e re  m ade on whole blood to 

determ ine  the p u rity  of the lym phocyte suspension . T rypan blue was 

used to de te rm ine  the viability  of the cell suspension .

ICA T e s t.

A m odification of B iozzi's  m ethod w as used  (7); the following 

ingred ien ts w ere  added to a clean Kahn tube: 0. 5 m l of the lymphocyte 

suspension  (1.3 x  10^ to tal cells) and 0. 5 m l of the ICA antigen 

(1. 3 X 10^ yeast ce lls ). The m ix tu re  was cen trifuged  fo r 10 m in  a t 

200 g and then resuspended  by gentle ag itation  fo r 3 m in. The
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m icroscop ic  read ing  w as p e rfo rm ed  in a hem acytom eter and ro se tte  

counts w ere  e x p re ssed  a s  the num ber p e r cm . Lymphocytes having 

four o r m o re  y east ce lls  c lu s te re d  around them  w ere designated  as 

ro se tte s  (F igure  2). Only sing le  lymphocyte ro se tte s  w ere  counted, 

clumps of cells having y east a ttached  w ere  d isregarded . R osettes 

(F igures 3 and 4) w ere  observed  w ith the phase m icroscope  to dep ict 

cell types involved.

Passive  F ixation  on L ym phocytes.

One m l of known p ositive  serum  was incubated fo r  90 m in  a t 

25 C w ith 2. 6 X 10^ lym phocytes fro m  norm al control an im als. The 

lym phocytes w ere  w ashed tw ice w ith MEM and m ixed w ith the ICA 

antigen a s  p rev iously  d esc rib ed . Sam ples w ere  assayed  fo r  the 

p resence  of ro se tte s .

R osette Inhibition T est.

H eavy-chain goat a n tis e ra  specific fo r rabb it IgG, IgA, and 

IgM im m unoglobulins w ere  custom  p rep a red  by Cappell L ab o ra to rie s . 

P e rip h e ra l lym phocytes fro m  infec ted  anim als w ere  w ashed tw ice in 

PBS a t 4 C and ad justed  to a concentration  of 2. 6 x 10^ c e l ls /m l. To 

a volume (0. 05 m l) of cell suspension  was added an equal volum e of 

e ither a n t i - o t , an ti-  X , o r a n ti- |i  serum , diluted 1:10. Control tubes 

w ere  tre a te d  w ith a  s im ila r  d ilu tion  of norm al goat se ru m . The cells 

w ere then  incubated fo r 1 h r  a t  4 C. A ll se ra  w ere  heat inac tiva ted  for 

30 m in a t  56 C. W ithout fu r th e r  washing, 0. 5 m l of the IGA antigen 

w as added to 0. 5 m l of the  ce ll suspension, and the ICA te s t  w as p e r ­

form ed. The num ber of ro se tte s  w as counted and the percen tages of 

inhibition w ere  determ ined .
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F ig u re  2. A sim ple Schem a fo r  the ICA te s t.
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F ig u re  3. T ypical ro se tte  involving a sm all lym phocyte. A. Lym phocyte 

B. H istop lasm a y east ce lls
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F ig u re  4, Typical ro se tte  involving a m edium  sized  lym phocyte. 

A. Lymphocyte B. H istoplasm a y east c e lls .
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D etection of Im m unoglobulins Produced by P e rip h e ra l Lym phocytes 

as D em onstrated  by A utoradiography.

Lym phocyte suspensions w ere  p rep a red  a s  p rev iously  d e s­

cribed . The cu ltu re  m edium  was p re p a re d  w ith 100 m l H ank's B al­

anced Salt Solution to  which 2 m l of an amino ac id  stock  solution (50X) 

(24), 0. 5% (W/V) ovalbum in, glucose to  a final concen tra tion  of 0. 5% 

(W/V), 1% (V/V) MEM v itam in  m ix tu re  (Kam L ab o ra to rie s )  and 75 pg /m l 

of Gentam icin (Sobering Corporation) was added and the pH was adjusted  

to 7. 4. The rad io ac tiv e  am ino acids w ere  then added; 1 m ic ro cu rie  

(fxc)/ml L L ysine (uniform ally labeled  265 p.c p e r  m illim o le  (mM) 

New England N uclear) and 1 p c /m l L Iso leucine (uniform ally  labeled 

273 fjLc/mM, New England N uclear).

F o r  each lym phocyte culture 1 m l of m edium  and  2 p.c of the 

labeled  am ino acids w e re  used . The cu ltu res w e re  gassed  with COg 

and incubated in 30 m l t is su e  cu ltu re  f lask s a t 37 C w ith continuous 

ro ta tion  fo r 48 h r .

A fter incubation the  culture fluid was cen trifuged  a t  18, 000 g 

fo r 10 m in  a t  4 C. To rem ove the excess of rad io ac tiv e  am ino acids 

the  cell f re e  supernatan t solution was dialyzed ag a in st 0. 015 M phos­

phate buffer pH 7. 6 fo r 72 h r  a t 4 C. The culture fluid w as concentrated 

by  lyophilization and d isso lved  in 0.1 m l d o u b le-d is tilled  w ater. 

Im m unoe lec tropho resis .

M icroscope slides w ere  coated with a th in  la y e r  of colloidal 

adhesive (0.1 g pu rified  a g a r , 0. 05 m l g lycerin , and 100 m l d istilled  

w ater) and w ere  allow ed to d ry  fo r 15 m in . The s lid es  w e re  then coated 

w ith 2. 5 m l of e lec tro p h o re tic  m edium  containing 1. 5 g pu rified  a g ar.
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75 m l d is tilled  w a te r, 25 m l  High Resolution Buffer (Gelm an, and 0. 1 

m l 1:100 solution of M erthiolate. Two c irc u la r  w ells and one rec tang ­

u la r trough w ere cut with a n  a g a r  w ell cu tte r (National In strum en t 

L aboratory , N. I. L. ) and th e  c irc u la r  plugs w ere rem oved by vacuum. 

B ecause the culture fluid o ften  contains too litt le  p ro te in  to provide a 

w ell-defined  p rec ip itin  p a tte rn , a  c a r r ie r  se rum  (norm al calf) was 

added. The antigen w ell w as f i r s t  filled  w ith norm al rab b it se ru m  and 

a fte r  it was absorbed  into th e  a g a r the concentrated cu ltu re  fluid was 

added th ree  tim es.

The slides w ere p laced  in  a  N. I. L. Agafor E lec tro p h o res is  

apparatus filled  w ith Gelman High Resolution Buffer and the power 

supply was tu rn ed  to 40 volts and allowed to continue fo r  45 m in a t 

room  tem p era tu re . The cen te r-tro u g h  ag ar plug w as rem oved by 

vacuum  and the trough was filled  w ith h istop lasm in  H-42 as m entioned 

under im m unodiffusion. The slides  w ere  placed in  a hum idity  cham ber 

and incubated a t room  tem p era tu re  fo r 48 h r  or until p rec ip itin  bands 

occu rred .

The unprecipitated  rad ioactive  pro te ins on the  slides  w ere 

rem oved by w ashing PBS, fo r  72 h r  with th re e  changes. The slides 

w ere  d ried  a t  room  tem pera tu re  fo r one day with a p iece  of f i lte r  paper 

p laced  over them .

Auto rad io  graphy.

A fter drying, the s lid e s  w ere  sprayed  with O m nispray  (Isolab), 

w arm ed to 37 C and dipped into Kodak NTB3 N uclear T rac k  E m ulsion 

(E astm an Kodak) which was heated  to  40 C in  a w ater bath . When the 

s lides w ere  w ithdraw n frona the em ulsion they w ere  d ra in ed  on a tissu e
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paper held  ag a in st the lower edge of the group of the slides. The slides 

w ere  allow ed to d ry  fo r 30 m in w hile standing on the m oistened tissu e  

paper. The coated slides w ere  placed in  p la s tic  slide  boxes which 

contained 15 o r 25 g of indicating D rie rite . The box w as sealed with 

black tape and s to red  a t -70 C on edge so th a t the slides w ere exposed 

in the ho rizon ta l position  with the em ulsion side up. Exposure tim es 

w ere  de te rm ined  by checking te s t  slides a t  various in te rvals . They 

w ere  p ro c e sse d  with Dektol developer (Kodak) and ac id  fixed with 

d istilled  w a te r r in se s  according to in structions provided by the m anu­

fac tu re r  (20). The slides w ere  exam ined fo r  the p resence  of p rec ip itin  

bands which indicated  that rad ioactive  globulin specific  for a H istoplasm a 

antigen was produced by the lym phocytes in  culture.

Radial Im m unodiffusion.

To d e te rm in e  the re la tiv e  amounts of the immunoglobulin 

c la sses  in the  concentrated  culture fluid, rad ia l imm unodiffusion was 

employed. The N. I. L. Sara v is Radial D iffusion Quanitation K it was 

used in conjunction with goat a n ti-ra b b it-sp e c if ic  heavy chain se ra  

p rep a red  by Cappell L abo ra to ries .

Seven-ten ths m l of a 1:2 dilution of the an tise ru m  was p laced  

in the  co rn e r of a cellulose ace ta te  strip  (M illipore) and allowed to 

diffuse throughout its length. The sa tu ra ted  a n tise ru m  m em brane was 

p laced  in the inner su rface of the top tem plate  of the k it and a sheet of 

P a ra film  w as p laced  behind it. The base of the k it w as positioned and 

bolted  with a  to rque  w rench. E xcess an tise ru m  was rem oved from  the 

w ells in the top tem plate  by suction.

Ten m ic ro lite rs  of the concentrated  culture fluid was p laced
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in each w ell w ith th e  Z ip tro l app lica to r supplied in  the N. I. L. kit. The 

tem pla te  assem b ly  was p laced  in a  hum idity cham ber fo r 4 days a t room  

tem p era tu re . The m em brane  w as rem oved from  the a ssem b ly  and 

w ashed fo r 30 m in through  se v e ra l changes of PSS. The w ashed m em ­

brane was p laced  in  Ponceau-S  dye for 15 m in and then r in se d  in 

se v e ra l changes of 5% a c e tic  ac id . The sta ined  m em brane  was placed 

betw een b lo tte rs  and d ried  and the  d iam eters of the  resu ltin g  immuno- 

p rec ip itin  c irc le s  w e re  m ea su re d  by tran sm itted  ligh t and com pared 

with a  standard  sim ultaneously  te s te d  in the  sam e run. The standards 

w ere  rab b it globulins w ith  known am ounts of antibody n itrogen ; these 

w ere  d ilu ted  and a s ta n d a rd  curve  estab lished . The re su lts  of the 

experim en t w ere  graphed  on sem i-lo g  paper and am ounts of p ro te in  

w ere  de te rm ined  accord ing ly .

Lymphocyte T ran sfo rm atio n .

Lym phocyte suspensions w ere  obtained fro m  the p erip h e ra l 

blood of rabb its as d e sc rib e d  p rev iously  using 3% gela tin  sa lin e  and 

nylon wool colum ns. The lym phocyte suspensions w ere  w ashed in 

MEM containing 1% se ru m  and re -su sp en d ed  to give a concentration of 

3 x 1 0 ^  c e l l s /1. 6 n ü . Of th is  suspension 1. 6 m l was p laced  in  5 ml 

s te r ile  sc rew  cap tubes to  which 0. 025 m l of lOX concen tra ted  h isto ­

p lasm in  H-42 w as added. The screw  caps w ere  lo o se ly  rep laced  and
3

the cu ltu res w ere  incubated  a t  37 C. A fter 24 h r l |ic  of H-methyl 

thym idine (16.1 c u rie s /m M , New England N uclear) w as added. A fter 

48 h r in  cu ltu re, the lym phocytes w ere  p ro ce ssed  fo r determ ination  of
3
H thym idine uptake (32). F ro m  the 1.6 m l suspension  a button of cells 

w as obtained by cen trifugation  and the pe lle t was w ashed  once w ith PSS,
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tw ice w ith 5% tric h lo ro a ce tic  acid, and once w ith m ethanol, using 1 m l 

volum es fo r  each w ash. Following the m ethanol w ash  and décantation 

of the m ethanol th re e  drops of 1 N NaOH w ere  added. The pellet was 

d isso lved  b y  heating a t  56 C fo r 20 m in. One m l of m ethanol was added 

and the m ix tu re  was t ra n s fe r re d  to a p las tic  counting v ial. Ten m l of 

Aqua sol (New England N uclear) w ere  added and rad ioac tive  counts w ere 

reco rd ed  by  a Beckm an sc in tilla tion  counter.
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RESULTS

A nim al Infection .

A nim als which received  an intravenous in jection  of H. 

capsula turn began to exhibit sym ptom s of h is to p lasm o sis  on the eleventh

day. They f i r s t  ap peared  to  have acute rh in itis  w ith a n a sa l d ischarge 

and la te r  during  the second week developed conjunctiv itis and dyspnea. 

S evera l an im als  becam e sev ere ly  i ll  and exp ired  during the second o r 

th ird  w eeks. M ost of the c lin ical sym ptom s d isap p ea red  during the 

th ird  and fo u rth  w eeks. In one instance an  an im al showed a definite 

lo ss in w eight a fte r  the  fifth week and dyspnea becam e quite prom inent. 

Blood w as w ithdraw n during  the ninth week and the  an im al la te r  expired. 

A utopsy rev e a le d  chronic pulm onary h is top lasm osis w ith cavitation.

L eft th o ra c ic  em pyem a and num erous lung les io n s  w ere  observed; 

how ever, a l l  o ther o rgans appeared  norm al. C u ltu res of the exudate 

produced colonies ofJH. capsulatum . and m icro sco p ic  exam ination r e ­

vealed num erous in tra c e llu la r  yeast.

A nim als which received  an in tra tra c h e a l in jection  exhibited 

m ild  c lin ica l sym ptom s during  the p ro g re ss  of the  infection. Slight 

dyspnea and  coughing w ere  observed during the  second week; however, 

no an im als ap p ea red  acu te ly  i l l  a t any tim e.

26
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Serological S tud ies.

The an im als w ere placed into two groups: one which was skin 

tes ted  five weeks p o s t injection, and the o ther which rece iv ed  no skin 

te s t. This was done to determ ine if a te s t  following the p rein fection  

one would have an effect on other sero log ical re su lts .

A ll in itia l sk in  te s ts  w ere negative; 5 weeks la te r  70% of those 

anim als receiv ing  an  in tra tra ch e a l injection w ere  reac tiv e . M ost of 

those an im als had a re a s  of induration 15 m m  or g re a te r  in d iam ete r. 

F ourteen  p e rcen t of the anim als which received  an in travenous in jection 

w ere  reac tiv e . T hese a re a s  of induration w ere som ewhat sm a lle r ; 

m ost w ere  betw een 5 and 7 m m  in d iam eter. All an im als w e re  tes ted  

during the  tenth  w eek to  determ ine the num ber with positive  skin 

reactions. R esu lts a re  shown in F igure  5. Subsequent skin te s tin g  had 

no effect on any o th e r sero logical re su lts .

A gglutination t i te r s  a re  p resen ted  in F igu re  6. The tren d  fo r 

both groups shows a r is e  in  tite r  during the  f i r s t  week, follow ed by  a 

m axim um  peak by the  second week, and a  gradual decline throughout 

the rem aining  w eeks. The tite rs  fo r those an im als which w e re  given 

in tra tra ch e a l in jections w ere  m arkedly low er than those of the an im als 

which received  in travenous injections. C ontrol groups p re sen te d  no 

positive reac tions to  the  agglutination te s t .

A gar Gel Im m unodiffusion.

A gar gel im m unodiffusion was used  to  detect the  p re se n c e  of 

p rec ip itin s in  the s e ra  of anim als exam ined throughout the p ro g re ss io n  

of the infection. The group which received  in tra tra ch e a l in jections of 

H. capsulatum  had a  m uch sm a lle r num ber of anim als exhibiting
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F ig u re  5. C o rre la tio n  of skin hypersensitiv ity  w ith lym phocyte t r a n s ­

form ation .
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F igu re  6. R esu lts of A gglutination te s ts  showing av erag e  t i te r s .
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p rec ip itin s than did the group which rece ived  intravenous in jections.

The p e rcen t of s e ra  exhibiting p rec ip itins is  p resen ted  in F igu re  7. 

Control an im als showed no evidence of p rec ip itin  a t  any tim e during the  

study.

Com plem ent F ixa tion .

The an im als which received in travenous in jections of H. 

capsulatum  showed a rap id  r is e  in t ite r  w ith a m axim um  peak by the 

fourth week. T ite rs  fe ll slightly by the seventh w eek but rem ained  quite 

elevated.

In tra tra c h e a lly  injected anim als exhibited a  m axim um  t i te r  by

the th ird  week and quickly  declined to a low level by the seventh week.

Com plem ent fixation t i t e r s  in this group w ere  m arked ly  low er, reached

a m axim um  e a r l ie r ,  and declined m ore rap id ly  than  the in travenously

in jected  an im als . C ontro ls rem ained nonreacti-rs throughout the study.

A verage t i te r s  a re  p re sen te d  in F igure  8.

Lymphocyte Iso la tion .

The iso la tion  procedure  fo r re la tiv e ly  p u re  suspensions of

p e rip h e ra l lym phocytes was adequate fo r th is  study. The average
6 7num ber of cells obtained ranged from  1 x 1 0  to 1 x 1 0  cells p e r  25 

m l blood. T rypan blue exclusion te s ts  revealed  a v iab ility  of 90-95%. 

M icroscopic exam ination of the lym phocytes showed sm all, m edium , and 

la rg e  lym phocytes; few neutrophils w ere  seen .

Im m unocytoadherence T est.

A ra th e r  s tr ik in g  relationship  betw een the num ber of ro se tte s  

and the c lin ica l p ic tu re  was observed. It appears  th a t as the sym ptom s 

of the infection becam e m ore  severe , the num ber of ro se tte s  increased .
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F igure  7. P ercen tage  of s e ra  exhibiting p rec ip itin s.
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F igure  8. R esults of com plem ent fixation te s ts  showing average  t i te rs .
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In sev e ra l in stances anim als becam e c ritic a lly  ill and ro se tte  levels
3

reached 8-15 p e r  cubic cen tim eter (cm  ). Shortly  after these  leve ls  

w ere reach ed  in the in travenously  inoculated an im als, death  occu rred . 

Anim als in  the IV group exhibited various deg rees of sym ptom s and 

the num ber of ro se tte s  v a ried  w ith the se v e rity  of the infection.

Tables 1 -4  i l lu s tra te  the co rre la tio n  betw een the clinical p ic tu re  and 

the num ber of ro se tte s .

The an im als which received  IT in jections exhibited m ild  

sym ptom s and low num bers of ro se tte s , which a lso  showed a v e ry  good 

c o rre la tio n  w ith the c lin ica l p ic tu re .

Those an im als which rece iv ed  fl. capsulatum  y e a s t by the  IV 

route showed a d istinc t trend . D uring the f i r s t  week no ro se tte s  w ere
3

presen t; b y  the second week an average  of 7. 6 p e r cm w as reached , 

followed b y  a g radual decline which was a lm o st beyond detection  by the 

seventh week.

A nim als receiv ing  IT in jections exhibited sim ila r re su lts  

except th a t th e re  w as a m uch low er num ber of rose ttes w ith  a m axim um
3

average  of 3. 1 p e r  cm  which o ccu rred  during the fourth w eek. F igu re  9 

illu s tra te s  the average  num ber of ro se tte s  during the course  of the  

infection fo r  both IV and IT groups.

R abbit num ber 13, which received  an TV injection, becam e 

sev ere ly  i l l  during  the  eighth week and exhibited a definite w eight lo ss  

and dyspnea. The an im al was b led  and then la te r  died. Twelve ro se tte s
3

p e r  cm w ere  noted. Autopsy revea led  approxim ately  250 m l exudate, 

which contained m any y east cells . The lungs showed num erous les ions 

and cavitation. Again, the num ber of ro se tte s  co rre la ted  d ire c tly  with



TABLE 1

C orre la tion  of ICA and C lin ical P ic tu re  of IV Infected A nim als

Group 1

Anim al Wesek 1 Week 3 Week 5 Week 7

No. ICA CP ICA CP ICA CP ICA CP

56 0 as 12* ss 3 m s 1 as

5 0 as 10 ss - d - -

2 0 as 9 ss 1 m s 0 as

1 0 as 8 ss - d - -

57 0 as 7 m s 2 as 1 as

6 0 as 5 m s 10 ss - d

58 0 as 5 m s 1 as 0 as

54 0 as 4 m s 6 m s 0 as

4 0 as 4 m s 0 as 0 as

49 0 as 3 m s 1 as - db

3 0 as 2 m s 4 m s 0 as

7 0 as 2 m s 0 as 0 as

53 0 as 1 m s 5 ss - db

0 avg 5. 5 avg 3 .0 avg 0.25 avg

Controls 0. 02 avg 0 avg 0 avg 0. 02 avg

as = asym ptom atic  

m s = m ild  sym ptom s 

ss = se v e re  sym ptom s

d = death

db = death from  bleeding

* = num ber of ro se tte s  p e r 
cubic m illim e te r
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TABLE 2

C orrela tion  of ICA and C lin ical P ic tu re  of IV Infected Anim als

Group 2

Animal Week 2 Week 4 Week 6

No. ICA CP ICA CP ICA CP

8 15* ss -n d - -

60 15 SS - d - -

64 10 ss 3 m s 0 as

63 8 ss 5 m s 1 as

11 6 ss 5 m s 1 as

9 5 m s 4 m s 2 as

12 5 m s 3 m s 1 as

13 4 m s 3 m s 2 m s

61 0 m s 4 m s 1 as

62 - d - - - -

55 - d - - - -

7 .6 avg 3.9 avg 1.3 avg

Control:3 0.01 
___________

avg 0 avg 0 avg

as = asym ptom atic 

m s = m ild  sym ptom s 

d = death 

ss = severe  sym ptom s

* = num ber of ro se tte s  p e r cubic 
m illim e te r

39



TABLE 3

C o rre la tio n  of ICA and C linical P ic tu re  of IT Infected Anim als

Group 1

A-nimal W eek 1 W eek 3 W eek 5 Week 7

No. ICA CP ICA CP ICA C P ICA C P

85 0 as 8» m s 2 as 1 as

29 0 as 4 as 1 as 0 as

83 0 as 3 m s - db - -

31 0 as 3 as 0 as 1 as

27 0 as 0 as 6 a s 1 as

84 0 as 0 as 5 m s 1 a s

32 0 as 0 as 4 as 1 as

79 0 as 2 m s 2 as 0 a s

30 0 as 2 as 1 as 0 as

80 0 as 2 as 2 a s 0 as

82 0 as 1 as 2 a s 0 a s

28 0 as 1 as 2 a s 0 as

33 0 as - db - - - -

81 0 as 0 as 0 a s 0 a s

0 avg 2 avg 2 .2 avg 0.33 avg

C ontrols 0 avg 0.01 avg 0 avg 0.03 avg

as  = asym ptom atic  

m s = m ild  sym ptom s 

db = death  fro m  bleeding 

* = num ber of ro se tte s  p e r  cubic m illim e te r
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TABLE 4

C orrela tion  of ICA and C lin ical P ic tu re  of IT Infected A nim als

Group 2

Animal Week 2 Week 4 Week 6

No.
ICA CP ICA CP ICA CP

35 8* m s 6 as 1 as

39 6 as 1 as 1 as

37 5 m s 4 as 0 as

38 5 as 2 as 0 as

36 2 as 6 m s 0 as

87 2 as 4 m s 0 as

86 1 as 4 as 2 as

34 1 as 2 as 0 as

88 0 as 4 as 2 as

89 0 as 2 m s 0 as

90 0 as 2 as 0 as

91 0 as 1 as 0 as

2. 5 avg 3.1 avg 0. 5 avg

Controls 0.01 avg 0 avg 0 .05 avg

a s  = asym ptom atic 

m s = m ild  sym ptom s 

* = num ber of ro se tte s  p e r  cubic m illim e te r

41
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F ig u re  9. R esu lts of ICA te s t  showing average  num bers p resen t.

C ontrol values fo r weeks 1-7 a re : .0 1 , .01 , 0, 0, 0, 

.025, . 025 respec tive ly .
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th e  clinical p ic tu re , in th is instance  chronic h istop lasm osis .

Control an im als showed an extrem ely low background level of 

ro se tte s  w ith only an occasional one presen t. A nim als having b lasto -
3

m ycosis had an average  of 5 p e r  cm during the height of infection; 

those  in jected  with o ther s tra in s  of capsu latum  exhibited a  level 

com parable to the te s t  group during the second week. Anim als having 

l is te r io s is  had no ro se tte s .

Both sm all and m edium  sized lym phocytes w ere  involved in 

ICA, with an occasional la rg e  cell being seen. In m any instances y e as t 

a ttachm ent seem ed to be p o la r, w ith binding o ccu rrin g  a t one end. It 

appeared  that those an im als which were acu tely  ill had a la rg e r  num ber 

of yeast ce lls  a ttached  to the en tire  surface of sm a ll lym phocytes. The 

an im al which exhibited chronic cavitary  h is top lasm osis  showed only 

la rg e  lym phocytes involved in  im m unocytoadherence.

P a ss iv e  F ixation  on Lym phocytes.

In the experim en t conducted to ru le  out the hypothesis of a 

p ass iv e  sticking of antibodies on lymphocytes, the re su lts  showed that 

even a fte r  incubation w ith h igh t i te r  an ti-h istop lasm a se ra , the lym pho­

cy tes from  norm al donors did not react in the im m unocytoadherence 

a ssa y .

R osette  Inhibition.

The reac tio n  of p e rip h e ra l lymphocytes in ro se tte  form ation 

ap p ea rs  to involve specific  re c e p to rs  s itua ted  on the cell m em brane.

To investigate  the n a tu re  of th ese  recep to rs and th e ir  re la tionsh ip  to 

im m unoglobulins, a ttem p ts w e re  made to  b lock th e ir  reac tiv ity  for 

an tigen  by p re tre a tm e n t of the  ce lls  ■with specific  a n tise ra .
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The num ber of ro se tte s  produced w as not sufficient to give 

definitive evidence fo r  the type re c e p to r  s ite s . The general trend  

showed tha t only s ligh t inhibition of ro se tte  fo rm ation  was produced 

when cells w ere  tre a te d  with an ti- s e ra . This was observed  every 

week throughout th e  infection. P re tre a tm e n t w ith anti-p. and a n ti­

showed a g re a te r  pe rcen tage  inhibition during the f i r s t  two weeks with 

anti-jji, and then la te r  m ost inhibition w as produced w ith trea tm en t by 

an ti- y se ra .

A utoradiographic S tud ies.

The concen tra ted  supernatan t fluid taken fro m  lymphocyte 
14cu ltu res containing C -labeled  am ino ac ids was allow ed to re a c t in 

ag a r gel with h is to p lasm in  and also  specific  an ti-g lobulins by using 

radio-im m unodiffusion and rad io -im m unoelec tropho resis  techniques.

No reac tio n  was observed  when h istop lasm in  was used as the 

antigen; how ever, only an ti- ^ se rum  re a c te d  to fo rm  p rec ip itin  bands 

with sam ples fro m  IV and IT in jected  an im als , as dem onstra ted  by both 

p ro ced u res . Only se v e ra l sam ples fro m  weeks one to th ree  w ere  

reac tiv e . When th e  slides containing p rec ip itin s  w ere  exposed to 

n u c lea r track ing  gel and developed they  showed that the  bands w ere  

rad ioactive  and w e re  positioned the sam e a s  non-developed control 

s lides.

One additional p rocedu re  w as u sed  to show that the concentrated  

culture fluid contained im m unoglobulin specific  fo r H istoplasm a 

capsu latum . In d irec t im m unofluorescence was used  and dem onstra ted  

that yeast cells  t r e a te d  with the fluid contained globulin on th e ir  su rfaces. 

Rhodam ine-conjugated a n ti-ra b b it IgG was u sed  as the ind icator system
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fo r th is detection.

R adial Im m unodiffusion.

C oncentrated  cu ltu re  fluid sam ples w e re  diluted and fro zen  

a f te r  the au to rad iography  a ssay s  w ere  com pleted. They w ere  thawed 

fo r th is study and it was noted that m any of the sam ples contained 

coagulated m a te ria l which could not be red isso lved .

R adial im m unodiffusion w as pe rfo rm ed  with sam ples including 

those having insoluble m a te r ia l. Only a few gave re su lts  by th is p ro ­

cedure; how ever, they showed the p resen ce  of IgM, IgA, and IgG 

im m unoglobulins in  sam ples from  both TV and IT groups during the 

second w eek of infection. Zone s izes  w ere  m easu red , and it  was noted 

th a t sam ples fro m  the IV in jected  groups contained approx im ate ly  tw ice 

the am ount of im m unoglobulin as did the IT groups.

A ppropria te  standards for the rad ia l im m unodiffusion quanti­

ta tion  w e re  not availab le  and the p rocedu re  w as used  se m i-q u a n ti­

ta tiv e ly  to com pare zone s izes  and not concentrations of the im m uno­

globulins.

Since som e of the  sam ples contained insoluble m a te r ia l, no 

reac tio n  o c cu rred  due to a lack  of diffusion into the cellu lose  ace ta te  

m em brane  used in  the a ssa y .

Lym phocyte T ransfo rm ation .

The skin rea c tiv itie s  and the degree of tran sfo rm a tio n  in te rm s
3

of counts p e r  m inute (cpm) of H thym idine in co rp o ra ted  into the ce lls  

a re  shown in F ig u re  5. Those lym phocytes taken  from  the IT infected  

group exhibited a la rg e  deg ree  of thym idine uptake, and the IV group 

showed only a sm all in c re ase  in  cpm  when com pared  to the con tro ls .
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It is  a lso  of in te re s t  to note that tran sfo rm a tio n  w as observed only in 

those sam ples taken from  w eeks five to seven.



CHAPTER rv  

DISCUSSION

It appears th a t im m unocytoadherence is a good m ethod for 

detecting the immune response  in  an im als having experim ental h is to ­

p lasm osis . One exceptional o bserva tion  is the close co rre la tio n  b e ­

tween the clin ical p ic tu re  and the  re la tiv e  num ber of ro se tte s  p resen t.

The fac t that these  a re  found only when the d isease  is  active suggests 

that ICA m ight be u sed  as an index of active infection. This w a rran ts  

evaluation in human cases of h is to p la sm o sis , and if  the  re s u lts  coincide 

with th is study, im m unocytoadherence m ay be a good im m unologic tool 

fo r the diagnosis of h is to p la sm o sis . The problem  of specific ity  s till 

ex ists since antigens fro m  the y e a s t  phase of ^  derm atitid is  give 

reactions s im ila r  to those of H. capsu latum ; nevertheless, th e  te s t  

m ight ind icate  tha t a p e rso n  has an  active infection produced b y  one or 

both of these  o rgan ism s.

F igu re  10 shows a  sum m ary  of a ll the sero log ical te s ts  and the 

re la tive  num ber of ro se tte s  p re s e n t  during the sam e tim e p e rio d s . It 

is obvious tha t ro se tte s  reach  a m axim um  a t approxim ately the  sam e tim e 

that the antibody t i te r s  peak. T his is the case with both the IV and IT 

groups. Antibody leve ls  a re  m uch  h igher in the IV groups, and  the 

num ber of ro se tte s  co rresponds accordingly .

Intravenous in jections of H istoplasm a capsulatum  s tim u la te

48
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Figure  10. Sum m ary of sero logic re su lts

A. C orre la tion  of skin te s t  and  lymphocyte transfo rm ation

B. Agglutination tes t

C. Com plem ent fixation te s t

D. P ercen tage  of se ra  exhibiting precip itins

E. ICA te s t
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antibodies to be p roduced  by various organs, including the spleen, bone 

m arrow , and lym ph nodes; thus, a la rg e  num ber ol antibody-producing 

cells a re  activated . In con trast, possib ly  the  only s ite s  fo r  antibody 

production in pu lm onary  infections a re  the lungs and m ediastinal lym ph 

nodes; th is m ight account fo r the sm a lle r  num ber of antibody-producing 

cells stim ula ted  and fo r  the low er level of an tibody production  seen in  

the group given IT in jections.

The re s u lts  suggest th a t ro se tte s  a r e  found in pulm onary and 

dessim inated  h is to p la sm o sis . Although the in fec tions estab lished  w ere  

of an acu te  n a tu re  the tren d  exhibited by the ICA te s t  suggests that 

ro se tte s  a re  p re se n t in  acute and chronic c a se s . In one case  of chronic 

infection, re su lts  show that im m unocytoadherence m ay be used as a 

m ethod fo r  detecting the  im m une response  in  se v e ra l types of h is to p las­

m o sis . Its  sen sitiv ity  is  indicated  by  the fac t th a t ro se tte s  a re  found 

only when active in fection  is p resen t, in c o n tra s t  to  conventional m ethods 

which rev ea l an tibodies even a fte r  convalescence has o ccu rred .

The m echan ism  fo r im m unocytoadherence has been  investigated, 

and re su lts  lead to  se v e ra l conclusions. E x perim en ts  suggest that the 

recep to rs  on p e rip h e ra l lym phocytes p o sse ss  a polypeptide s tru c tu re  in 

common with antibody m olecu les. F ro m  the p re lim in a ry  studies on 

ro se tte  inhibition i t  m ay  be suggested that these  re c e p to rs  fa ll into th ree  

exclusive c la sses : th o se  with IgA, IgM, and IgG re c e p to rs . However, 

the possib ility  th a t som e cells p o ssess  m ore  than  one type of recep to r 

was not investigated .

P ass iv e  t r a n s fe r  of h ig h -tite r  a n ti - s e ra  to  the organ ism  p ro ­

ducing h is to p lasm o sis  n ev er conferred  im m unocytoadherence p ro p e rtie s



5 2

on n o rm al lym phocytes. It is p robab le  that the ro se tte -fo rm in g  cell 

cannot be  sen sitized  passive ly  by antibodies.

The p ossib ility  th a t the  lymphocytes involved in  im m unocyto­

adherence  a re  m ed iato rs of delayed hypersensitiv ity  w as investigated .

It w as o b served  th a t the group of an im als which had the g re a te s t  degree 

of de layed  hypersensitiv ity , as  exhibited by skin reac tions and lym phocyte 

tran sfo rm a tio n , had  the low est num ber of ro se tte s . If lym phocytes 

from  th ese  an im als w ere involved as m ed iato rs of delayed h y p e rsen s i­

tiv ity , the  an tith esis  of the re s u lts  obtained would be expected. This 

suggests that ICA does not involve cells which a re  c a r r ie r s  of ce llu la r 

im m unity .

The hypothesis th a t the  lym phocytes involved in  im m unocyto­

ad herence  a re  antibody-producing cells was investigated . The re su lts
14show th a t ce lls  m aintained in  cu ltu re  produced C -labeled  antibody 

specific  fo r H istoplasm a y e as t c e lls . The globulins w ere  identified  

as IgA, IgG and IgM, which c o rre la te s  well w ilh the c la sse s  detected  

by the  se ro lo g ic  te s ts  em ployed e a r l ie r  in th is study. T hese im m uno­

globulins w ere  produced a t a  m axim um  and a t  the sam e tim e  th a t se ru m  

antibodies reached  th e ir  h ig h est lev e ls . The num ber of ro se tte s  ob­

se rv ed  in  the IV group was m uch h igher than the IT group; se ru m  a n ti­

body lev e ls  appeared  to be d ire c tly  re la ted . T hese re su lts  suggest 

that the  m o s t probable  m echanism  for im m unocytoadherence is tha t 

antibody responsib le  fo r binding H istoplasm a y east ce lls  to the su rface  

of lym phocytes is being  continuously re le a sed  during incubation. In 

e a r l ie r  s tud ies it w as shown th a t the num ber of ro se tte s  fo rm ed  with 

cells w hich have been  incubated a t 4 C is m arkedly  low er than  those
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m aintained  a t 25 C o r 37 C. This suggests th a t antibody production is 

d ecreased  o r stopped a t  low er te m p e ra tu re s , fu rth e r suggesting that 

antibody is  produced  by lym phocytes during  incubation.

It is w ell known that 19S im m unoglobulins a re  m ainly produced 

a t the beginning of h istop lasm osis , while 7S antibodies dominate in the 

la te r  phases (10). The 19S im m unoglobulins have a sh o rte r c ircu lation  

life  than  7S globulins (15). T herefo re , a s m a lle r  num ber of antibody- 

producing ce lls  w ill be requ ired  to su sta in  a  high level of the long-lived 

antibody p rev a ilin g  in the  advanced phase of the  d isease . This m ight 

possib ly  explain why the  num ber of ro se tte s  d e c rea se s  a fte r the th ird  

and fourth  w eeks. However, a fte r  the  fourth  week only a few anim als 

exhibited ro s e tte s , and th is may be due to  the  fact that the anim als have 

reco v ered  fro m  the active  infection, and an tigen  stim ulation is no 

longer p re se n t. This dem onstra tes that th e  sensitiv ity  of the ICA te s t  

is  sufficien t to  m ake it useful as an im m unologic tool fo r the detection 

of ac tive  h is to p la sm o sis .

It is  im p o rtan t to note that the  r e s u l ts  of the skin testing  and 

lym phocyte tran sfo rm a tio n  studies suggest th a t two types of imm unity 

a re  produced in  h is to p lasm o sis . Of those an im als which received  IT 

in jections, 70% exhibited skin h y p e rsen s itiv ity  and a high degree of 

lym phocyte tran sfo rm a tio n . C lin ical sym ptom s in  these  anim als w ere  

negligible and hum oral antibody t i te r s  w ere  low. Of those anim als which 

rece iv ed  IV in jec tions, 14% exhibited skin h y p ersen sitiv ity  and a  low 

level lym phocyte transfo rm ation ; c lin ica l sym ptom s w ere m ost severe  

and se v e ra l an im als died from  the infection. T hese anim als had very  

high hum ora l antibody t i te r s .  It m igh t be specu la ted  that cell-m ed ia ted
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im m unity plays an  im portan t role in  p ro tec tive  im m unity to h is to ­

p lasm osis and th a t hum oral antibodies play l it t le  or no ro le  in p ro tec tion . 

This is  in ag reem en t with the findings of Spencer (33) in a study designed 

to determ ine the ro le  of ce ll-m ed ia ted  im m unity  to p ro tec tion  fro m  

b lastom ycosis; it  a lso  a g re e s  with o ther speculation concerning tlie 

ro le  of delayed h y p ersen s itiv ity  in m ycotic, v ira l, and b a c te ria l in ­

fections (36).



CHAPTER V 

SUMMARY AND CONCLUSIONS

Im m unocytoadherence has proven to be a sensitive  m ethod fo r  

detecting  an  im m unologic response  in rabb its  w ith experim ental h is to ­

p la sm o s is . R esu lts  show that i t  m ay be used as  an  index of active  

infection since  the  num ber of ro se tte s  c o rre la te s  d irec tly  w ith the 

c lin ica l sym ptom s. Im m unocytoadherence w a rran ts  investigation in  

hum an case s  of h is top lasm osis b ecause  experim ental studies indicate 

th a t it  com pares to c u rre n t im m unologic m ethods.

The m echan ism  of im m unocytoadherence m ay be explained 

in that the  lym phocytes obtained fro m  p e rip h e ra l blood a re  ac tive  in  

the syn thesis of im m unoglobulins specific  for H istoplasm a capsu la tum .

ICA de tec ts  th o se  ce lls  whose in c re a se  p a ra lle ls  tha t of hum oral 

antibody le v e ls . The num ber of ce lls  involved in  ICA drop to a neg ­

lig ib le  lev e l a s  the  d isease  p ro c e ss  is  a r re s te d ;  how ever, hum oral 

antibody t i te r s  rem a in  elevated. This suggests th a t im m unocytoadherence 

is a  sen sitiv e  m ethod fo r  detecting ac tive  antibody synthesis in  h is to ­

p la sm o sis .

5 5
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