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Candida albicans (Robin) Berkhout, 1923, a yeast-like organism, is the 
causative agent of human moniliasis, a disease syndrome embracing a number 
of manifestations which have often been considered unrelated. The fungus 
may produce legions in the mouth, vagina, skin, nails, bronchi, or lungs and 
more rarely, septicemia, endocarditis and meningitis. In 'the domestic rabbit, 
the experimental animal chosen for this work, the primary organ attacked 
is the kidney. Lesions are also produced in the liver, spleen, heart, lungs 
and intestines. 

Grossly, the kidney and to a lesser extent the-brain, heart and liver of 
rabbits infected with C. albicans show numerous, small, white abscesses 
scattered over the surface. Perhaps the work of MACKINNON (11) gives the 
best description of the disease in experimental animals. Intravenous inocula- 
tions in large doses produces death in from five days to a week. Autopsy 
shows small abscesses in all the visceral organs, but  especially in the cortex 
of the kidney. In smaller doses many animals survive 8--10 days and sometimes 
longer. After 10--15 days,  autopsies show exclusively renal lesions affecting 
the collecting tubules. In general these lesions are triangular in shape and 
marked out by  abscesses 1--2 mm in diameter. These lesions leave traces of 
fibrosis. CECIL (3) describes the pathology of human monilial lesions as focal 
areas of necrosis in which are found budding cells with or without mycelium. 
He says that  giant cells may or may  not be present. The cellular reaction 
is one of polymorphonuclear leukocytes, monocytes and lymphocytes. 

JACOBSON and co-workers (9) in their text give a rather thorough descrip- 
tion of the lesions in animals. 

While much has been published on moniliasis, there is a dearth of material 
concerning actual immunity and the disease. CONNOR (5) working with or- 
ganisms isolated from a case of osteornyelitis, noted that  in a vaccinated animal 
there were no frank abscesses; rather he found small, acute tubercle-like 
lesions with Candida as the ,,common invader". Small giant cells were numerous 
in the lymph nodes and kidney lesions. Whether this difference in the type 
of reaction was caused by  the vaccine or not, the author was not certain; but 

1) This inves t iga t ion  was suppor ted  ill pa r t  by  a gran t  from the  Division of Research 
Gran ts  and Fel lowships of t he  Nat ional  Ins t i tu tes  of Heal th ,  Uni ted  Sta tes  Publ ic  Hea l th  Service, 
to  the  junior  author .  

3) A pa r t  of th is  invest igat ion was used in par t ia l  fulf i l lment of the  requi rements  for the  
degree of Master  of Science, June,  195o. 
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he expressed the thought that  a slight relative immunity might be shown in 
this way. 

CATELLANI (2) very briefly suggests that  Monilia (Candida) vaccines are 
useful in only a few cases but  does not say that  there is any particular type 
of moniliasis which responds to the vaccine. According to JaCOBSON (9), 
autogenous vaccines made from organisms have been employed With success 
by  GRossI and BALOG in the treatment of a series of cases of bronchopul- 
monary moniliasis. In 1924 MARTIN (12) reported a case of pulmonary moniliasis 
which w a s t r e a t e d  successfully with immune serum. In this case there was a 
negative skin test, a negative agglutination, but  a positive FOSHAY test. 

HOFF (8) in his studies on Cryptocossus hominis (C. neo/ormans) reported 
immunizing mice by the injection of heat killed organisms. While both sets 
of mice died in approximately th 9 same period of time, histological examination 
of lesions in the earlier stages showed immunity epxressed as a hastening of 
cellular proliferation with subsequent scar tissue reaction and the disappearance 
of the organisms. ZIMMERMAN (15) in reporting a case of meningitis due to 
Candida albicans suggested that  some immunity may have been developed 
which played a part in the course of the disease. 

The purpose of this work was to study the effect of antiserum on the 
course of the disease in experimentally infected rabbits. Since there is the 
possibility of sensitizing an animal through the use of vaccines, a method 
of passive immunization was tried. Special attention was given to histological 
differences between infected normal animals and infected immunized animals. 

Passively and actively immunized animals as well as normal controls 
were given minimum lethal doses of a suspension of C. albicans and com- 
parisons were made between tissue sections of the various groups. Comparisons 
were also made between groups of animals subjected to different experimental 
procedures, and consideration was also given to survival time by  regrouping 
the animals and comparing those that  survived for the same lengths of time 
regardless of the experimental procedure so as to indicate whether any differen- 
ces observed were due to the experimental techniques or whether they might 
be due to a greater survival time of some of the rabbits. 

Experimental  Methods 
Three different s t ra ins  of Ca~¢dida a~bicas were isolated and identified by  following the 

procedures given by  CO,ANT ~T AL (4). After tes t ing for virulence b y  in t ravenous  injection into 
the marginal  ear vein of a rabbi t ,  a s t ra in  isolated from a female pa t i en t  wi th  chronic oral t h rush  
was chosen for fur ther  work. Al though this  s t ra in  was highly pathogenic  for rabbi t s  and gave 
typical kidney lesions, i t  showed little or no pathogenic i ty  for mice, which is in agreement  with 
other  repor ts  on animal  pa thogenic i ty  of C. al, bicans. 

Vaccines prepared from a young  cul ture 24 hours  otd and an  older one of four days were sus- 
pended in sterile physiological saline solution (0.85 % NaC1). These suspensions were then  heated 
to 60 ° C. for th i r ty  minutes ,  cooled and I ml. of 10 % formalin was added to each 100 ml. of 
suspensions as a preservat ive.  The suspensions were then. tested for s t e r i l i t y b y  s t reaking modified 
Sabouraud  agar  plates. At  first  a suspension of a densi ty equM to a ~[cFARLAND n u m b e r  three 
was used bu t  this  was  later increased to abou t  a McFARLA~'D number  six. The dosage varied 
f rom 0.5 ml. to 2.5 ml. and was  injected into the marginal  ear veins of tile rabbits .  MCKINNEY 
(13) s ta tes  t h a t  i t  is more  difficult to  immunize  rabbi t s  against  the  yeast-like organisms than  
agains t  bacteria,  and the  au thors  of this  paper  concur wi th  this,  hence the increase in densi ty 
of the suspension and  volume injected. DRAKB (6) found his t  to be even more s tr iking in work 
wi th  CrypXococcus neo/ormans since wi th  this  organism, large doses of dense suspensions are 
necessary to assure an t ibody  response in rabbits .  The use of small  numbers  of organisms for 
immuniza t ion  has  probably  been responsible for the  erroneous reports  t h a t  this  la t ter  organism 
is no t  antigenic. 

When  the t i ter  was to be tested, the  animal  was either bled from the ear  or anesthetized 
and bled from the  heart .  When  the t i ter  had reached 1 : 2560, the  rabbi t s  were bled under  sterile 
condit ions and the se rum stored in the  refr igerator unt i l  needed. No preservat ive was added. 
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I n  t e s t i n g  for agg lu t in ins  a m e t h o d  sugges ted  b y  NORRIS (14) was  used  a t  f i rs t  b u t  th i s  
was la ter-replaced b y  a m e t h o d  descr ibed b y  DRAKE (6) in wh ich  the  t e s t  is read  macroscopica l ly  
on Kl ine  a g g l u t i n a t i o n s  sl ides w i th in  15 m i n u t e s  af ter  m i x i n g  an t i gen  and  an t i s e rum.  If spon-  
t a n e o u s  a g g l u t i n a t i o n  occurred wi th  t h e  control ,  t h e  t e s t  was  repeatec'[. 

A t  d e a t h  t h e  a n i m a l s  were au tops i ed  a nd  t h e  va r ious  o rgans  e x a m i n e d  for lesions, l~{odified 
S a b o u r a u d  agar  p la tes  were s t r eaked  f rom the  o rgans  h a v i n g  lesions,  a n d  pa r t s  of the  organs  
were f ixed  in 10 % formal in  for sec t ion ing  later .  Af ter  washing ,  t h e  t i s sues  were d e h y d r a t e d  
e i ther  w i t h  a d ioxane  or ace tone  m e t h o d  a nd  t h e m  embedded .  Sect ions were cu t  f rom 7 to  10 
microns  in th ickness .  

Several  m e t h o d s  of s t a i n i n g  were tr ied.  One of each of t he  sect ions  was  a lways  s t a ined  wi th  
a s t a n d a r d  h e m a t o x y l i n - e o s i n  me thod .  I n  add i t ion  a m e t h o d  was s o u g h t  which  would d i f ferent ia l ly  
s t a in  t h e  f u n g u s  in t h e  t issue.  F~ENTES' (7) technic ,  wh ich  he  cons idered  super ior  to t he  G r a m  
m e t h o d ,  was  t r ied b u t  w i t h o u t  success  because  effor ts  to dissolve S u d a n  IV (scarlet  red)  in pu re  
lact ic acid were unsuccessful .  Three  d i f ferent  modi f i ca t ions  of t he  G r a m  s t a in  were t r ied  and  used  
to some  e x t e n t  to s u p p l e m e n t  t h e  h e m a t o x y l i n - e o s i n  s ta in ing .  These  were t h e  a m e n d e d  Gram-  
VCeigert, MALLORY'S va r i a t i on  (t0) a n d  MAcCALL~M'S modi f ica t ion  of GOODPASTURE'S m e t h o d  (4). 

Experimental  Results 
The MLD for these experiments was a one ml. suspension of sufficient 

concentration as to bring death on the seventh day. This was established by  
preliminary tests using normal rabbits. 

The first group of experiments was divided into five parts using a total 
of 25 rabbits. A series of 10 rabbits was used, each one being given one MLD. 
In the second series of five animals each was given one ml. of antiserum 
(titer 1 : 2560) and immediately followed by  the injection of one MLD. In 
the third series of five rabbits, each was given three mls. of antiserum and 
one MLD immediately afterwards. In a fourth series, which was started some 
time later, three rabbits were given one MLD and two of these three were 
given regular intravenous injections of antiserum. In the fifth series the two 
rabbits which had been used for the production of the antiserum were given 
one MLD each. Later other experiments were carried out to t ry  to answer 
some of the questions which arose from. the findings of the first group of 
experiments. These will be briefly outlined in a later section. 

In group one, eight o f  the ten rabbits which received one MLD died 
within a week. Seven of these showed the pathology a s  described by  JACOB- 
SON (9). The eight animal (rabbit 12) had a very smM1, well circumscribed 
mass in the lung composed of several dozen macrophages enclosing a single 
blastospore. Small abscesses were seen in the kidney with mycelium scanty 
to abundant  in amount. The macrophages were the predominating cell type. 
Some of the abscesses containedpacked masses of organisms, chiefly mycelium. 
These lesions were fairly well circumscribed, but  not walled off from the sur- 
rounding tissue of which .there was invasion at times. In three other rabbits 
of this group the organisms were packed and more abundant  in the periphery 
of the lesion. Rabbi t  12 showed masses of organisms ~ t h  pink material in 
between, holding together the mass from which organisms were still growing 
and extending outwards. Such masses gave a definite impression of an ac- 
tinomycetoid ("sulfur") granule type of growth, although the radiating 
arrangement was not as yet well developed. Many lesions were present in the 
brain with macrophages predominating in some and polymorphonuclear 
leucocytes in others; mycelium was much more abundant  than blastospores. 
Numerous diffuse lesions showed invasion into the surrounding tissue. Phago- 
cytosis was very rarely seen. The predominating form of the organism in the 
heart lesions was blastospores in rather large numbers= Although many of the 
organisms were phacocytized, this process was not controlling the invader. 

All of the eight rabbits showed numcerous liver abscesses but  the organisms 
were sparse in number and present mostly as blastospores. The spleens showed 
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a few scattered organisms which had recently invaded or metastasized without 
notice.able cell response. 

In group two, three of the five rabbits, which were given one MLD and 
one ml. of antiserum, died in from five to six days. The kidney abscesses showed 
an unusual amount of necrotic phagocytes and contained blastospores which 
were often very large with thick walls. In some areas a walled-off central 
portion of the abscess contained polymorphonuclear leucocytes as well as 
macrophages and there was in the central portion of some an exceedingly 
well developed and typical actinomycetoid granule which stained very strongly 
with eosin. Less well developed granules were seen in some of the other "absces- 
ses. It should be noted that  the actinomycetoid structure had developed before 
epithelioid cell development. Many lesions had, some place within the central 
portion, a mass of tightly entwined, twisted mycelium appearing to be the 
early stage in the formation of "sulfur granules". There was some connective 
tissue proliferation but  it was still minimal. In t he  brain there were multiple 
small and large abscesses with mycelium predominating as short strandsl often 
rather extensively branched and there was some invasion into the surrounding 
tissue. The predominate form of the organism in the heart "was thick-walled 
blastospores; however, a few lesions showed a very early mycelial stage or else 
an abortive a t tempt  to form mycelium. The blastospores, some of which 
appeared to have thick, striated walls or else were very finely lobulated, seemed 
unusually large and some seemed to be phagocytized. 

In group three, four of the five rabbits which were given one MLD and 
three mls. of antiserum died in from five to six days. The kidney of rabbit 
18 contained thick walled blastospores in the lesions. The lesions of rabbit  
20 suggested a very early stage of granulomatous tissue, often with necrotic 
centers, and the macrophages, particularly at the periphery, suggested epi- 
thelioid cells. The heart lesions of rabbit 20 showed blastospores, scanty in 
number, with unusually thick walls; some appeared to be phagocytized. The 
other two rabbits showed the same general findings as described by  JACOBSON. 

The rabbits in group four (rabbits 26 and 27) were given one MLD and 
daily injections of antiserum until they died, which was within a week. .Rabbit  
27 died on the fiftieth day. Many of the larger abscesses in the kidney cortex 
of this animal showed little evidence of degeneration and often contained 
bright eosinophilic amorphous masses in which were embedded blastospores 
and short strands of mycelium. One abscess contained a packed mass of 
mycelium and blastospores but  these were not sufficiently radiate for a sulfur 
granule. Rabbi t  26, which died in seven days, had multiple abscesses throughout 
the kidney cortex consisting of  a rather dense collection of macrophages with 
some connective tissue proliferation; the lesions appeared to be developing 
a tubercle-like structure, although no giant or epithelioid cells were seen. 
Central masses of some of the lesions were composed of strands of mycelium. 
Although there was more evidence of repair than usual in the heart muscle, 
a general impression was that  the lesions, which contained a moderate number 
of elongated blastospores and short strands of mycelium, were larger in size 
and fewer in number than ordinarily observed. Thick walled blastospores were 
seen in some of the lieer lesions of rabbit 26. 

In group five, two rabbits, rabbits 1 and 2, were given injections of antigen 
beginning December 2, 1949, and continued until August 26, 1950, at which 
time rabbit A had an agglutin titer of t : 2560 and rabbit  2, a titer of 1 : 1280. 
On September 2, 1950, "they were given one MLD. They died in less than 48 
hours. Morphologically the organisms, frequently seen invading the kidney 
tissue, consisted chiefly of unusually short and multibranched strands of 
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mycelium. In some of the heart Iesions short strands of mycelium were in- 
vading the surrounding tissue. Blastospores, when seen, seemed unusually 
large and somewhat thick-walled. In some of the lesions of the rabbit which 
lived a few hours longer, rabbit 1, a number of the organisms appeared to be 
growing in very tight masses. This rabbit also had some young lesions with 
elongated blastospores and a portion of the granular and vacuolated mycelium 
was in many cases pseudomycelium. In tile liver lesions were seen thick- 
walled blastospores and short strands of mycelium which were somewhat 
distorted and twisted and often varying in diameter. "New lesions appeared 
to be arising out in the cord cells rather than in regions of fibrosis (these 
fibrotic areas were probably the result of the large number of injections of 
antigen.) 

Group six. Since these two rabbits, 23 and 25, which received one MLD 
and one ml. of antiserum on July  27, 1950, had not died, they were killed. 
In the tissues there were areas of fibrosis which contained scattered macro- 
phages and appeared to be healed and entirely inactive lesions. In other 
areas fibroblasts and macrophages were the predominating cell type, fibrosis 
was distinct. There were no organisms seen. 

In group seven, rabbit 10 was killed.on September 3, 1950, since it had 
not died after receiving one MLD on Juny  27, 1950. Any lesions which were 
present appeared completely inactive. 

In group eight, rabbit 13 which was given one MLD on Ju ly  27, 1950, 
and another on September 2, 1950, died on September 6, 1950. In the kidney 
were only a moderate number of dense abscesses present in the cortex with 
macrophages and degenerating polymorphonuclear leucocytes and rather 
eosinophilic granules. A moderate number of organisms were present in the 
abscesses either as blastospores, some of which appeared elongated, or as short 
strands of mycelium often appearing somewhat degenerated with a great 
variation in size and thickness of strands and vacuolization. The organisms 
were present in-the brain lesions in only moderate numbers as blastosporeg 
and short strands of very granular mycelium. Fairly numerous abscesses were 
seen in the heart muscle and contained macrophages and abundant polymor- 
phonuclear leucocytes, which sometimes appeared to be degenerating. The 
organisms were present as short strands of mycelium and thick-walled blastospo- 
res, some quite large and some phagocytized. Tile liver lesions appeared rather 
young and active. The only type of organisms seen were btastospores, some of 
which appeared either very large or very small; these were frequently distorted 
and often appeared to be somewhat degenerating as evidenced by the marked 
variation in size. 

Rabbit  19 (Group-nine) was kiled on August 6, since it had not died 
after receiving one MLD plus three mls. of antiserum on July  27. There were 
only minimum lnactive lesions with fibroblasts, connective tissue fibers, 
usually some macrophages. The lesions appeared to be almost healed. 

In group ten, for comparison rabbits 31 and 32 were each given one MLD. 
Rabbi t  32 was killed after 24 hours and rabbit 31 was killed after 48 yours. 
The kidney of rabbit 32 contained small cortical abscesses which possessed 
occasional blastospores and moderate amounts of both pseudomycelium and 
true mycelium. There was some invasion of the surrounding tissue. The 
cortical abscesses in rabbit 31 contained macrophages and degenerating 
polymorphonuclear leucocytes with an unusual abundance of organisms 
present as mycelium and blastospores which in one case formed a rather 
tightly packed mass. Similar small lesions were seen in the medulla and in 
some cases organisms could be seen invading the surrounding tissue. 
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Rabbit  30 and rabbit  29, group eleven, were each given one MLD and 
five mls. of antiserum. Rabbit  30 was killed after 24 hours and rabbit 29 after 
48 hours. Rabbi t  30 had diffuse small long abscesses with necrotic centers, 
degenerating polymorphonuclear leucocytes and a very few macrophages. 
Even in this early stage the macrophages tended to pack very tightly together. 
While some of the organisms appeared to be degenerating, others had except- 
ionally heavy walls as if surrounded by  a capsule. An organism appearing 
in a lung lesion definitely showed a radiating edge with prickles around the 
blastospores. Rabbit  29 had many abscesses, small, medium and large, in the 
kidney cortex with macrophages as the predominating cell type. It  was very 
striking that almost every lesion contained a solid mass of organisms often 
embedded in an eosinophilic matrix. Of these, both blastospores and mycelium 
intermixed, none showed radiations. Btastospores and pseudomycelium pre- 
dominated in occasional small abscesses of the medulla, but  in others .the 
greatest bulk was in packed organisms. Tile liver of rabbit 29 showed a large 
number of small abscesses with the organisms chiefly present as thick walled 
blastospores and very short strands of mycelium, which did not appear to 
be particularly abundant although found in all of the lesions. The heart con- 
tained numerous small, medium and large sized abscesses with the organisms 
present as branched mycelium and blastospores. 

D i s c u s s i o n  of Resul t s  

Using the survival time of the various animals as a basis for grouping, 
we may compare the findings as follows: 

One day: If we take rabbit 32 as an example of the usual pathological 
changes caused by one MLD, then the variations in the rabbit receiving the 
antiserum are probably brought about by  the antiserum. The short branched 
mycelium in the kidney of rabbit 30 would not be expected as normal finding 
and neither would the dense, early packing of macrophages in the spleen and 
lung. The degeneration and eosinophilic nature of the organisms in the lung 
and liver, the short, branched mycelium and thick walled blastospores in the 
lung, one of which definitely showed a radiate edge, were all confined to the 
serum treated animals and were not found in the control. 

Two days: While the kidney of the non-immunized rabbit  had one rather 
tightly packed mass of organisms, it is of interest to note that  almost every 
lesion in the immunized rabbit con.rained a solid pack of organisms often 
embedded in an eosinophilic matrix. While orgnaisms were present in both, 
there was a difference in their morphology, rabbit 31 having blastospores and 
short mycelium, and rabbit 29 (with antiserum) having branching mycelium 
in some cases, and thick-walled blastospores in others. There appeared a 
tendency towards smaller lesions in the nonimmunized rabbit. 

Five days: Here a non-immunized rabbit showed some of the character- 
istics one would expect in an antiserum treated rabbit. A few blastospores 
with thick walls in the lung and the packed organisms giving a "sulfur granule" 
type of lesion in the kidney were seen. It  may be that the animal had some 
naturally occurring antibodies, DRAKE (6), or that  a titer of sufficient potency 
had been built up to cause these changes. From the findings in the passively 
immunized rabbits it may be surmised that the antiserum brought about the 
changes in the morphology of the organism-thick-walled, unusually large 
blastospores, some of which had striated edges or were very finely lobulated. 
I t  was in this group that the actionomycetoid granules were found. It  is 
speculative whether the larger lesions were from the effect of the antiserum 
or not. 
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Six day-s: Again the immunized animals showed the large thick-walled 
blastospores and the tendency for the organisms to form packed masses as 
in the beginning of a "sulfur granule". Another difference to be noted is the 
necrosis occurring in the centers of many of the lesions, a change not noted 
in the non-immunized rabbits. At this stage, the.lesions in the kidney of the 
rabbits which received three mts.  of antiserum closely resembled the lesions 
described by  JACOBSON (9) in that they were of the granulomatous type. 

Seven days: In seven days there were solidly packed massed organisms 
in the kidney of a non-immunized rabbit. One could ask the question, ,,Was 
this the result of a normal progress or were there antibodies present in small 
amounts which may" have had an effect"? The typical clubshaped project- 
ions, radially arranged and the tubercle-like structures were found only in 
treated rabbits, 

In the animal which lived a month or longer some of the lesions showed 
the same picture as was found in the immunized rabbits of a week or less 
survival. Rabbi t  13 which lived 41 days and had been given two MLD's 
showed a positive ti ter just before death as did four other rabbits which had 
been given one MLD and lived for a period of time. The two actively im- 
munized animals were seemingly not protected or else their early death might 
have been due to a tuberculin type of shock (1). 

S u m m a r y  and Conclusions  

1. The literature on the pathology and immunology of Candida albicans is 
briefly reviewed. 

2. Experimental methods and techniques used in this s tudy are presented.  
3. Experimental observations described here show that:  

e. Many of the lesions found differed from those described by CECIL and 
JACOBSON. 

b. The immunization did not seem to preserve the life of the animal nor 
did it extend the survival time over that of the controles, the general 
impression being that  i:~ was not only ineffective but  possibly deleterious. 

c. The antiserum seemed to have some effect on the morphology of the 
organisms shown by  the multibranched mycelium, the thick-walled, 
distorted blastospores, the heavy packing of the organisms in some cases 
and the presence of typical "sulfur  granules", the actinomycetoid form 
of the organisms, in a number of animals. 

d. The antiserum seemed to ha4~e little or not effect on the tissue reactions. 

S o m m a i r e  et Conclusions  

1. La litt6rature concernant la pathologie et l'immunologie de Candida albicans 
est bri6vement pass6e en revue. 

2. Les m6thodes d'experimentation et les techniques employ6es dans cette 
6tude sont presentfes. 

3. Les observations faites pendant les experiences montrent que: 
a. Beancoup des 16sions trouv6es differaient de celtes d6crites par CECIL 

et JACOBSON. 
b. L'immunisation n'a pas sembl6 pr6server la vie de l'animal ni prolonger 

la p6riode de survie au dela de celle des animaux de contr61e. L'impres- 
sion g6n6rale est que l 'immunisation rut, non seulement inefficace, mais 
peut-~tre nuisible. 

c. L'antis6rum semble avoir eu, sur la morphologie des organismes, quelque 
effet d6montr@ par Ie myc61ium multibranche, les blastospores tordus 



INFECTIONS IN IMMUNIZED ANIMALS 297 

aux parois @aisses, dans certains cas un conglom6rat tr~s dense des 
organismes et la pr6sence de typiques "sulfur granules", la forme actoi- 
nomycetoide des organismes chez un certain hombre d'animaux. 

d. L'antis6rum semble avoir eu peu ou pas d'effet sur la r6action tissulaire. 
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