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Passive Immunization Against Cryptococcus neo formans.* (24123) 

HANS H. GADEBUSCH (Introduced by W. J. Nungester) 
Veterans ,4dministration Hospital, Ann Arbor, Mich. 

A number of investigators( 1) have been 
successful in producing relatively potent anti- 
serums in rabbits against C. neoformans by 
various immunization regimens, but none 
have employed these sera for in vivo studies. 
The present investigation was undertaken in 
an effort to extend our knowledge in this 
field. 

Materials and methods. (1) Antiserum 
Production. Antisera were prepared against 
C. neoformans, isolates 3723, DU, LE, 1523 
and RE by growing the organisms on aspara- 
gine medium (2) with 2 "/o agar added. After 
48 hours' incubation at 25"C, the cells were 
harvested, washed twice with saline (0.8570 
sodium chloride solution) suspended in 1% 
formalin and stored at 37°C for 12 hours. 
Finally, the cells were washed in saline, 
standardized by hemocytometer counts, and 
frozen at -27°C in 14 separate vids for each 
organism. Vaccination was performed by in- 
jecting 300 million cells on the first and =- 
ond day intravenously (IV) into rabbits. Sub- 
sequent vaccinations were accomplished by 
injecting 250 million cells daily from the third 
through the fourteenth day. Eaoh day one 
vial of each organism was thwed and used 
for that day's injection. The animals were 
bled 2 weeks following the last immunizing 
dose and the sera absorbed as follows: 

anti-RE absorbed with CN 1523 and 
3723 cells 
anti-LE absorbed with CN 1523 
anti-1523 absorbed with CN RE 
anti-3723 absorbed with CN DU and 
LE cells 
anti-DU serum was not absorbed, since 
it had been determined that this serum 
was type specific( 3). 

Polyvalent antisera were prepared by mixing 
equal quantities of monovalent, absorbed sera. 

* Statements and conclusions published by the 
author are the result of his own study and do not 
necessarily reflect the opinion or policy of Veterans 
Admin. 

Agglutinin titers for each immunological com- 
ponent were reduced by approximately one- 
third. Finally, the mixed antisera were 
sterilized by filtration. (2) Determination of 
agglutinin titer. Cryptococcus cells were 
grown on asparagine medium for 48 hours and 
suspended in 0.5% formalin after 3 saline 
washes. "he suspensions were standardized 
to McFarland No. 3 standard and mixed with 
serial dilutions of antiserum. Incubation was 
carried out in a water-bath for 2 hours a t  37" 
C followed by storage at 5°C for 3 days. 
Titers thus obtained were as follows: anti-RE. 
1:320; anti-1523 1:320; anti-DU 1:320; 
anti-3723 1:160; and anti-LE 1:160. (3) 
Virulence determination. Virulence of the 
strains, CN DU and 3723, was titrated by 
intraperitoneal ( IP)  injections as previously 
reported (2) except that organisms were sus- 
pended in 5% hog gastric mucin. (4) Anti- 
serum administration. Antisera were injected 
IP into white, male, Swiss (Rockland) mice 
in 0.5 ml doses daily for a total of 14 days 
following IP challenge with lo6 cells of C .  
neoformans DU or 1W8 of strain 3723. The 
antiserum injection on the first day followed 
the challenge dose by some 2 hours. The ani- 
mals were observed until all had expired. ( 5 )  
Antiserum on phagocytosis in vitro and in 
vivo. In  vitro studies were initiated by iso- 
lation of mouse polymorphonuclear leuco- 
cytes (PMN) (4). Suspensions of organisms 
in silicone-coated vials were prepared to con- 
tain 10,000 cells of C. neoformans 3723 or 
DU and the following: (a) 0.4 ml PMN sus- 
pension and 0.4 ml normal rabbit serum 
(NRS). (b)  0.4 ml PMN suspension and 0.4 
ml C. neoformans 3723 antiserum. Two 0.2 
ml aliquots were transferred to separate vials, 
rotated at  55 rpm (37°C) for 40 minutes and 
plunged into ice water. Blood films were pre- 
pared from eaoh vial, dried and stained by 
Wright's method. Recordings of degree of 
phagocytosis achieved were made by exam- 
ination of smears to determine percent of 
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TABLE I. Effect of Passive Immunization 011 Mice Challenged with Selected Dose* of C. neo- 
for it1 (111 .z 3 723. 

No. of mice surviving a t  various intervals 
S 0 . 0 f  ,- Days \ 

Antibodyt mice 5 10 I 20 30 40 50 70 90 110 130 150 

RE-1523-LE 10 10 7 
DC-1523-LE 10 10 7 
DU-3723-LE 10 10 10  
DU-3723 10 10 10 
DU 10 10 8 
3 i 23  10 10 10 
Sormnl  rab- 10 9 7  

bit, serum t 

~ ~ 

(i 4 2 0  
f i  3 2 0  
9 9 8 7 6 4 2 0  
9 9 9 ' 7 7 5 2 0  
fi 2 1 0  

5 3 1 0  
I0  10 9 8 8 6 3 2 0 

* The selccted dose was alq)rosiiiistc.ly one Ill),,, us determined in  a prior experiment. 
t Animals received daily inj. of antiseruni or nor111nl sernin in  control group for 14 days fol- - -  

lowing challenge. 

PMK containing ingested organisms. In view 
of the fact that C. neoformans RE could be 
separated into small and large capsule vari- 
ants by plating(3); the above procedure was 
repeated employing both variants separately 
and mixed in 501'50 proportion. In vivo ex- 
periments were limited to studies in which 
pure preparations of small and large capsule 
variants of C. iwoformans RE in gastric mu- 
cin were injected IP into separate groups of 
mice. Two hours later NRS or anti-RE se- 
rum was injected IP. After 24 hours, 2 mice 
from each group were injected I P  with 0.5 ml 
saline. sacrificed 30 minutes later, and stained 
slides prepared from the peritoneal washing. 
The remainder of the animals received a dose 
of S R S  or anti-RE serum. In this manner 
animals were sacrificed and additional inocu- 
lations were given for a period of 6 days. 
A number of mice were observed for 4 days 
after stopping passive immunization. Slide 

examinations of peritoneal washings and es- 
timates of phagocytosis using the Wright pro- 
cedure were made on all animals. 

Tables I and I1 quite clearly 
demonstrate that mice were protected against 
a lethal challenge dose of C. neoformans dur- 
ing the period of passive immunization by the 
action of antiserum. This protection is ap- 
parently type-specific. As soon as the anti- 
serum is withdrawn, however, the animals de- 
velop the disease, although there appears to 
be a considerable delay in onset of the dis- 
ease process. 

To elucidate the mechanism of antiserum 
protection, ability of mouse PMN to phago- 
cytize Cryptococcus cells was determined. 
In vitro experiments (Table 111) show that 
a definite distinction must be made between 
small and large capsule variants of a given 
Cryptococcus culture. It is quite evident that 
the small capsule variants (SCV) , whether 

Results. 

TABLE 11. Effect of Passive Immunization 011 Mire Challenged with Selected Dose* of C. neo- 
formnits DU. 

KO. of mico surviving at various intervals 
S o . o f  r Days- \ 

Antibody t mice 5 10 I 20 3n 40 5n 70 90 110 130 150 170 190 

DU-1523-LE 
DU-3723-LE 
RE-3723-LE 
RE-152 3 -LE 
DU-3723 
RE-3723 
DU 
3723 
Normal rab- 

bit serum t 

10 
10 
10 
10 
10 
10 
10 
10  
10 

10 10  
1 0  10 
10 10 
10 10 
10 10 
10 10 
10 10 

9 7  
9 7  

10 9 8 5 6 5 4 2 2 0  
1 1 0  10 I) 8 7 6 5 3 2 0 

10 9 8 i 6 5 4 2 2 0  
9 q 7 6 5 4 2 2 1 0  

10 10 9 8 i 7 6 4 2 0 
10 10 9 8 8 7 6 5 3 0 
10 10 9 9 8 8 6 5 3 1 0  
5 4 3 2 0  
5 4 2 1 0  

* The selected dose was approximately one LD, as determined in  a prior experiment. 
t Animals received daily inj. of antiserum or normal serum in  control group for 14 days fol- 

lowing challenge. 
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tested in a mixed culture, containing both 
large and small capsule varieties, or in pure 
culture (C. neoformans RE),  are capable of 
being phagocytized in significant numbers. 
On the other hand, LCV are almost com- 
ple t ely resistant to phagocy tosis . 

When phagocytosis of pure cultures of LCV 
and SCV of the RE strain were studied in vivo 
(Table IV) , intraperitoneal phagocytosis of 
SCV decreased sharply in the presence of nor- 
mal rabbit serum while phagocytosds of the 
LCV occurred rarely under any conditions. 
In the presence of homologous antiserum, 
however, there was no appreciable change in 
the phagocytic response to SCV during the 
immunization period, but a decrease in re- 
sponse was noted thereafter. 

SCV and LCV strains of C. neoformans RE 
have been found to be stable variants on suc- 
cessive transfers in vivo. When SCV cultures 
were injected into animals, the size of their 
capsules increased. On subsequent transfer 
to solid or liquid media, SCV organisms were 
found exclusively. This observation has also 
been made(1) with other strains of crypto- 
cocci. 

Discussion. Passive immunization has been 
demonstrated against a number of strains of 
C. neoformans by the use of mono and poly- 
valent, mixed antisera. The protection 
achieved in mice by homologous monovalent 
serum was always greater than that observed 
with divalent and trivalent sera. This dif- 
ference is attributed to the lesser amount of 

TABLE 111. Ability of Mouse PMN's to Phago- 

Phagocytmis of 
Small Large 

Capsule type ratio capsule capsule 

Organism Originalst Final$ f-. % $ -, 

cytize G .  neoformans Cells In Pitro." - 

(small to large) type type 

CN3723 ZO/SO 5/157 86.2 1 
C X  DU 5/80 3/163 90.0 1 
CXRE 50/50 7/190 94.0 1 

100/0 12/0 92.8 
0/100 0/382 1.3 

* Results are avg of 2 exp. 
t Indicates ratio in original culture. 

Indicates ratio of No. of uningested to in- 

$ % calculated on basis of pure culture of var- 
gested cells observed. 

iant. 

TABLE IV. Ability of Mouse PMN's to Phago- 
cytize C. neoformans RE, Small and Large Capsule 

Variants 1% 17iw0, on Successive Days." 

C. neof ormans RE 
Normal rabbit serumt antiserum* 

Phagocytosis of Phagocytosis of 
Small cap- Large oap- Small cap- Large cap- 
sule type sule type sule type sule type 
f % > 

56 
49 
38 
21.5 
9.5 
4.5 
2.5 
2.5 
2.0 
2.0 

3.0 
3.5 
4.5 
6.5 
5.5 
6.5 
6.0 
6.0 
6.5 
7.0 

60.5 
59.5 
60.0 
62.5 
65.0 
66.5 
66.0 
58.5 
39.0 
26.5 

3.5 
4.0 
6.0 
7.0 
6.5 
6.5 
5.5 
6.0 
6.0 
5.0 

* Results are avg of 2 exp. 
t Serums were given daily for 2 days. 

homologous monovalent serum contained in 
the polyvalent types. 

Evans(3) has classified the strains em- 
ployed here by capsule type as follows: Type 
A-strains DU and RE; type B-strain 
1523; type C-strain LE and untypable- 
strain 3723. On the basis of these immuniza- 
tion studies and the data of Evans i t  appears 
that the specificity of the protective response 
resides in the capsule. 

It has been shown conclusively that isolated 
mouse PMN are capable of phagocytizing 
small, but rarely large capsule Cryptococcus 
variants (LCV) . In  vivo studies have con- 
firmed this observation and, in addition, have 
demonstrated what appears to be a low grade 
opsonophagic response in one instance. 

In  spite of the apparent inability of mouse 
PMN to phagocytize a majority of LCV or- 
ganisms, protection has been shown to cover 
the period of passive immunization. This ob- 
servation suggests the possible presence of 
ablastins or other nonabsorbable humoral fac- 
tors acquired as a result of immunization. 

With these studies in mind it.may be pos- 
sible a t  the clinical level to employ type-spe- 
cific antiserum to "contain" the disease, so 
that present-day antibiotics such as cyclo- 
heximide ( Actidionet ) , even though toxic, 
can be employed in low doses or for short 
periods of administration. 

t Upjohn Co., Kalamazoo, Mich. 
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Sztmmary. 1 )  Mice were capable of being 
protected against a number of isolates of C. 
neoformans by passive immunization with for antiserum has been proposed. 

The probable mechanism for the protection 
achieved has been discussed and a possible use 

antiserum. This protection was limited to 
the immunization period and was type-spe- 
cific. 2 )  In  vivo and in vitro phagocytosis of  
Cryjtococcus cells has been demonstrated. 
\\-hen large and small capsule variants were 
studied separately, the former were practi- 
cally resistant and the latter relatively sus- 

1. Neill, J. M., Abrahams, I., Kapros, C. E., J .  

2 .  Gadebusch, H. H., J .  Infect. Dis., 1958, in press. 
3. Evans, E. E., J .  Immunol., 1950, v64, 423. 
4. Burrows, T. W., Bacon, G. A., Brit. J .  Ex@. 

Bact., 1950, v59, 263. 

Path., 1956, v37, 286. 

ceptible to ingestion by mouse P I I S .  3 )  Received April 16, 193'8. P.S.E.B.M., 1958, v98. 

Delayed Hypersensitivity in vitro. 111. Effect of Cortisone on Cytotoxicity 
of Mumps Viral Antigen." (24124) 

LOWELL A. GLASGOW, YICENTE SANCHIS-BAYARRI~ AND HERBERT R. MORGAN 
Department of Bacteriology, Universitji of Rochester School of Medicine and Dentistry, 

Rochester, X .  Y .  

Development of delayed hyper sensi tivi ty is 
a characteristic response of the human host in 
a number of infectious diseases, including 
mumps and tuberculosis( 1-7).  Recent studies 
have demonstrated development of delayed 
hypersensitivity in experimental mumps virus 
infections in guinea pigs and its manifestation 
in nitro by a cytotoxic effect of mumps virus 
antigen on cells of tissue cultures prepared 
from spleens of infected animals similar to 
that seen in tuberculosis( 8 ) .  Successful 
treatment of complications of mumps virus 
infections( 9-1 5 )  , particularly mumps orchitis. 
with corticosteroids, combined with evidence 
that corticosteroids will alter delayed hyper- 
sensitivity response to tuberculin in vivo ( 16- 
20) and suppress cytotoxic effect of tubercu- 
lin in v i t ro(21) ,  suggest a possible relation- 
ship between hypersensitivity to mumps viral 
antigen and therapeutic action of corticoster- 
oids in mumps virus infections. I t  was our 
purpose to study the effect of cortisone on in 
nitro cytotoxicity of mumps virus antigen for 
hypersensitive cells. A tissue culture system 
which permits observation and evaluation of 

* This investigation was supported by research 

t Present address: Dept. of Microbiology, School of 
grant from Sat .  Cancer Inst., S.I.H., P.H.S. 

Medicine of Valencia (Spain). 

the effect of cortisone on a cellular level inde- 
pendent of vascular components and nonspe- 
cific tissue responses was used. 

Materials and methods. The egg-adapted 
strain of mumps virus used was obtained from 
Dr. John F. Enders. Preparation of stock 
virus and antigen has been described(8). 
Guinea pigs, weighing a t  least 250 g, were in- 
fected with mumps virus by 2 routes. Fol- 
lowing ether anesthesia, the eye was immo- 
bilized and 0.03 ml of virus-containing fluid 
was injected into the anterior chamber with 
tuberculin syringe; 0.1 ml of virus fluid was 
also dropped into nasal passages of the ani- 
mal. Three to 4 weeks after infection the 
guinea pigs were skin tested with mumps virus 
antigen prepared as previously described (8). 
The tissue culture method was the same as 
outlined by Gangarosa et a2. (4). The experi- 
mental animal was sacrificed, the spleen re- 
moved under sterile conditions, and the tissue 
minced in a small test tube with Hanks' bal- 
anced salt solution (BSS) ( 2 2 ) .  Fragments 
about 1 mm3 were placed on a rooster plasma 
coagulum in T-9 flasks (Konte Glass Co., 
Vineland. N. J.). Two ml of medium were 
added to each flask. The flasks were sealed 
with a silicone stopper and incubated at 37°C. 
The medium consisted of 6.00/0 BSS, 30% 


