
the 2 sera, 'This finding could have practical Ihiwns, C .  M., Metcalf, T. G., . 4 ~ .  J .  Path., 19.58. 
\ 43* 1031. 
4 L o w > ,  0. H., Kosebrough, S. J., Farr ,  A. L., 

1. Schiller, A. A K;in&l!l, K .  J.,  1. B i d .  Chenz., 1951, ~ 1 9 . 3 ,  2 6 5 .  
Gri t  Phys io l ,  1952, \..16, 389. Maurer, P H., Thorpe, R. M.. J .  Znznzunol, 

7 Kabat. E.  . A ,  M a ~ e r .  M.  M.. Eiprrinzeii tal  Irii 1C)60, \-84. .$1g. 
i i i t i ~ z ~ ~ h e i ~ ~ i ~ t r y ,  Charles C.  Thomas, Springfield, 19;s 

i Kiges. J 1, ~ Sei~vald, R J Rurckhalter. J H . RcceiL-ed July 10, 1950. P.S.E.B.M., 1940. ~ 1 0 5 .  

application in co-precipitation technics. 

Schayer, K. \Y., Hess, E. L., 1. 

Experimental Histoplasniosis in  1,arge Domestic Animals.* (26014) 

Previous studies from these laburatories 
have been concerned with pathogenesis of his- 
toplasmosis in mice ( 1-4 ) . dogs ( 5.6 ) . and 
mcnkeys ( 7  ) . The present report describes es- 
perimental disease in horses. cattle, sheep. and  
swine. Although naturally occurring clinical 
histoplasmosis is rare in these species ( 8 ) . 
skin-test and other evidence( 9 ) suggest that. 
as in man, asymptomatic infection may he 
more common. To our knowledge, experi- 
mental infection of these species with H .  cap- 
siilatuiiz has not been reported. 

J la tcr ia ls  and iucthods.  Eight health!, 
ycung adult animals. 2 of each species and 
one of each sex. were used. .After completion 
of base line studies, each ~vas  inoculated intra- 
tracheally ( 10) with 5 .O ml of saline suspen- 
sion of yeast phase H .  rupsulatunzt containing 
2.0 rnl of packed cells from 3-day cultures 
grown on brain heart infusion (Difco) blood 
agar. Pontocaine (Iyinthrop). 2.0 ml, was 
administered intratracheally 5 minutes prior 
to inoculation of yeast cells to1 depress reflex 
coughing. Animals were observed daily for 
clinical signs of illness. and blood samples for 
cultures, complete blood counts. and serologic 
studies were taken 7 .  10. 1 7  and 24 days after 
inoculation. Serologic response was studied 
by collodion agglutination ( 11 ) and cumple- 
ment fixation( 12 j tests a t  these intervals, 
then weekly foir about 3 months. Skin tests 

* Supported by Nat. Tnst. Health grant. 
1 Strain G 13-an isc~lntr from ip' nt:trit*ou> hiqto 

plasmosis in a dog. 

were performed 31 and 73 days after inocu- 
lation. using histoplasmin prepared and stand- 
ardized in infected dogs by previously de- 
scribed methods ( 13-14). Seven of 8 animals 
were sacrificed about 3 months post-inocula- 
tion, and complete autopsies performed. Tis- 
sues taken a t  autopsy and all blood samples 
were treated and cultured by the method of 
('onant ( 15) .  

Results. Table 1 summarizes findings in 8 
large domestic animals inoculated intratra- 
cheally with H .  capsulatum. All except the 
female sheep exhibited clinical evidence of in- 
fection and all produced antibodies and de- 
veloped positive skin tests as compared to 
pre-inoculation antibody-negative sera and 
negative skin tests. Fever was first observer' 
in 7 of 8 animals 3-5 days after inoculation. 
and persisted for about 1 week except in the 
male sheep and swine, in which 3 weeks olf fe- 
ver was observed. Symptoms varied from 
slight cough in the 2 swine to definite respira- 
tolry symptoms in the male sheep character- 
ized by frequent cough, dyspnea, dry rales, 
tachypnea and hyperpnea; rales and hyper- 
pnea persisted in this animal up  to time of 
sacrifice a t  88 days. -4 positive blood culture 
was obtained from the male sheep 7 days after 
inoculation, and H .  capsulatum was seen in 
lung lesions a t  autopsy. In  oither animals, 
symptoms subsided within a few days after 
the end of the febrile period. A positive blood 
culture was also obtained from the female 
.;wine 7 days after inoculation. No significant 
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hematologic changes were seen in any of the 
animals during observation period. 

The female horse was rechallenged, intra- 
tracheally, 75 days after first inoculation. No 
clinical signs of infection were seen after re- 
challenge and no increase in antibody titer oc- 
curred. The animal was challenged again, 
intravenously, with the same dose used intra- 
tracheally, on 98th day. After 3 days it be- 
came depressed, markedly febrile. hyperpneic, 
anorectic, and began to lose weight. Death 
occurred 12 days after intravenous challenge. 
Histopathologic studies revealed presence of 
diffuse granulomatous pneumonia superim- 
posed upon foci with calcified centers and ex- 
tensive peripheral fibrosis of more than 1 2  
days standing. Bodies identified as H .  cap- 
sulatzim were seen in giant cells in both types 
of lesion. The tubercle-like foci appeared to 
be the result of earlier intratracheal inocula- 
tion, whereas the diffuse, active pneumolnia 
was apparently produced by the intravenous 
challenge. 

Gross and histopathologic findings com- 
patible with histoplasmosis were obtained also 
in both sheep and in the female swine. The 
male sheep also had multiple focal granulo- 
matous orchitis, with lesions similar to those 
produced in the lungs and seen in other spe- 
cies with histoplasmosis. Microscopic path- 
ology was less specific in both cattle, the male 
horse, and the male swine. H .  capsulatuni 
was not cultured from any of the animals at 

autopsy and in only 2 cases (Table I) were 
organisms seen in tissue sections. 

Discussion. The above results indicate that 
horses, cattle, sheep and swine are susceptible 
tc;. H .  capsulatum given in,tratracheally. How- 
ever, clinical recovery of the animals, paucity 
of viable organisms in post-morterni tissues 
and localization of lesions by fibrosis point to 
natural ability to cope with the infective 
asent. In contrast, dogs similarly inoculated 
in these laboratories ( 5 )  developed acute dis- 
semin(ated, fatal histoplasmosis and the or- 
ganism was readily isolated from the blood 
and from tissues taken a t  autopsy Intra- 
venous challenge in a horse resulted in death 
12 days later. This route of inoculation also 
produced rapidly fatal infection in monkeys 

These experiments provide proof that large 
domestic animals insensitive to histoplasmin 
can convert to skin-test positivity ,after ex- 
posure to H .  capsdatum, a finding wlhich sup- 
ports results observed in the survey of farm 
animals with histoplasmin. Menges (9)  skin- 
tested horses, cattle, sheep and swine in Mis- 
souri and found 73:%, 12%, 34% and 2741, 
respectively, to  be reactors. 

Summary. Intra tracheal inoculation of 
yeast phase H .  capszclatum produced nm-fatal 
infection in horses, cattle, sheep and swine as 
determined by clinical response, development 
of positive skin tests, production of anti- 
bodies, or histopathologic changes. Tntrave- 

( 7 ) .  



nous inoculation caused fatal infection i n  :I 

horse. 

The authors are indcbted to  J o a n n  Sparks for tech-  
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Mucopolysaccharides of Aorta at Various Ages.* (260,lS) 

Changes in the patterns of mucopol>.sac- 
charides (MI’S) of cartilage. nucleus pul- 
posus. skin and aorta. concomitant with age- 
ing. have been described in past years. I n  
general, these studies indicated a decrease of 
total &IPS per unit weight with chronological 
age coincident with an increase in collagen 
content. The  most pmfound changes were 
encountered in human costal cartilage( 1 ) . In 
this tissue, a steady decrease in total MPS 
was observed. Keratosulfate increased in the 
first two decades and remained constant 
thereafter. Chondroitin sulfate steadily de- 
creased with time and chondroitin-4 sulfate 

ChS-A) was replaced by chondroitin-h sul- 
fate ( ChS-C) . Siniilar changes h a w  been 
described in degenerating versus normal nu- 
cleus pulposus(2). The pattern of age 
changes in the &IPS of skin has also been de- 
scribed. 

While these studies were based on isolation 
and chemical and enzymatic characterization 

* Supported in par t  by grant from the U.  S. Public 
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Nc-cv York. 

of the isolated fractions, the reported studies 
of ageing of aorta have been based on analysis 
of the whole organ for hexosamine, uronic 
acid, sulfate, and identification of monosac- 
charides by paper chromatography after acid 
hydrolysis, as for example in the work of Dyr- 
hye and Kirk(3 ,4 ,5) ,  Those authors found un- 
til age 60 no change in ratio of galactosamine 
to glucosamine, and after 60 a slight increase. 
Similarly, the sulfate content of the tissues 
was found not to change till age 60. More re- 
cently Kirk has reported a crude MPS frac- 
tion oif aorta to have the anticoagulant activ- 
ity of 1% standard heparin(3) while Yu and 
Blumenthal found approximately 4% (6 ) .  
Jorpes( 7 )  and others have obtained heparin 
in small quantities from aorta. 

The  &IPS of bovine and human aortae have 
been isdated and characterized. In  bovine 
abdominal aorta of 1- to 2-year-old cattle, to- 
tal isolated MPS was approximately 1% of 
defatted dry weight. Of this total, ChS-A 
represented 4 5 % ~ hyaluronic acid 23 % and 
ChS-B and heparitin sulfate approximately 
16% each(8).  

The  present study was undertaken to com- 


