
ACQUIRED IMMUNITY TO CANDIDIASIS IN MICE'

H. F. HASENCLEVER AND WILLIAM 0. MITCHELL
National Institute of Allergy and Infectious Diseases, U.S. Public Health Service, Bethesda, Maryland

Received for publication 18 March 1963

ABSTRACT

HASENCLEVER, H. F. (National Institute of
Allergy and Infectious Diseases, Bethesda, Md.)
AND WILLIAM 0. MITCHELL. Acquired immunity
to candidiasis in mice. J. Bacteriol. 88:401-406.
1963.-Some protection to chronic candidiasis in
mice was produced by sublethal intraperitoneal
infection with Candida albicans and by the injec-
tion in incomplete Freund's adjuvant of non-
viable Coccidioides immitis spherule fragments.
Other pathogenic or nonpathogenic fungi pro-
duced little or no protection. Salmonella enteriti-
dis lipopolysaccharide, known to prdtect mice
against the acute toxic manifestations of C. albi-
cans, had no effect upon chronic candidiasis. A
factor active in vitro against the growth of C.
albicans was shown to be in the serum of resistant
mice.

A number of studies have been published per-
taining to acquired immunity to infection with
Candida albicans. Hurd and Drake (1953) re-
ported that rabbits could not be actively or pas-
sively immunized against fatal infection with this
yeast, and Winner (1956) reported similar results.
Fomina and Stephanishcheva (1958) reported
both active and passive protection in mice
against subacute but lethal C. albicans infection,
and Mourad and Friedman (1961) also presented
evidence of active protection in mice.

Studying acquired resistance or tolerance to the
toxic manifestations of C. albicans, Hasenclever
and Mitchell (1962a, b) found that little or no an-
tigenic specificity was associated with protection.
The investigation reported here was undertaken
to determine whether resistance to subacute or
chronic candidiasis, where the challenge dose was
100 times less than that used for acute toxicity
studies, was also nonspecific in nature.

' Presented in part at the VIII International
Congress for Microbiology, Montreal, Canada,
1962.

MATERIALS AND METHODS

The animals used in these studies were female
general-purpose Swiss white mice obtained from
the Animal Production Section of the National
Institutes of Health. They weighed 15 to 19 g
when the experiments were initiated.
The strain of C. albicans used was B311, anti-

genic group A. It was isolated from a fatal case of
candidiasis, has been maintained on artificial
culture media for 4.5 years, but still possesses a
high level of mouse virulence.

C. albicans yeast cells for intravenous challenge
were obtained from 2% glucose, 1 % neopeptone
stationary broth cultures incubated at 30 C for
2 to 3 days. Plate counts were used to determine
the size of the challenge dose. Yeast cells for im-
munization were harvested from 2% glucose, 1 %
neopeptone agar slants incubated at 30 C for 1 to
2 days. Aspergillus niger, Fusarium oxysporum,
and Sphaerostilbes repens were cultured at 30 C in
glucose-neopeptone broth for 7 days. The myce-
lial growth was removed, treated in a Waring
Blendor for 2 to 3 min, washed with 0.85% NaCl
solution, and used to determine whether any pro-
tection in mice could be elicited by nonpathogenic
fungi.

Yeastlike cells of Blastomyces dermatitidis and
Histoplasma capsulatum were obtained from cul-
tures grown on blood-glucose-cysteine-agar slants
incubated at 37 C for 4 to 5 days. Coccidi-
oides immitis spherules, obtained from George
Lones, were cultured in Converse medium. Where
nonviable preparations were used, with the ex-
ception of C. immitis, viability was destroyed by
heating at 65 C for 4 to 6 hr. C. immitis spherules
were treated with 1% formalin solution for 24 hr
at 30 C. They were then washed, passed through
a French pressure cell at 25,000 psi, centrifuged,
and the fragments retained and used for injection.
Whole cells of the yeastlike fungi were utilized
for this purpose.
Where nonviable fungal cells or preparations

were used, 1 mg (dry weight) of the material sus-
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pended in 0.1 ml of incomplete Freund's adjuvant those in other groups used for immunity studies.
was given subcutaneously per mouse. he injec- Thn or treated mice were diluted
tions were given 14 and 7 days before challenge. in the Soy Broth, and 50 MAg of chlo-
Mice in X-ray and thorium dioxide experiments r ml of broth-serum mixture were
were injected at 20 and 13 days, and some groups a $ noculum of approximately 100 yeast
were X-rayed- 6 days before challenge.: Viable cells erl of serum medium was used. The tubes
yeast cell suspensions were made up in sine, and iin the serum broth were incubated at 37
from 107 t6 2 X 107 cells were given intraperito- C, and pour plates in triplicate were made from
neally 14 and 7 days before challenge. The same appropriate dilutions of samples from each tube
weight of powdered Pyrex or alumi isaline afte onto ion, at the times indicated in Fig, S.
was injected as for the nonviable funpl prepara-
tions, and the same time schedule was emloyed. RHsULTS
The Salmonella enteritidis lipopolysaccharide ¶Ijk4 hown in Table 1 indicate the amount

and incomplete Freund's adjuvant were pur- of painst chronic C. albineinf
chased from Difoo. The endotoxin was dissolved tio)$ by the intrapeAitoneal mnjction
in sterile distllled water, and 30 MAg were;injected of qF pf different yeasts. Mice preinfected
intraperitoneally at the times indicated mi Table w it ogous C. abicane stran appartly
5. .de highest level of resistance, those
The in vivo growth rates of C. albicansin mce wit(1 tellatoidea and Candida tropicc4is

injected with C. immitis spherule fragmgits and it t4 levels, and the mice that received
in control mice were determined. The animals Ce ai8, Torulopsis glbrata, and
were challenged intravenously with spproxi- S cerevssiae demonstrated little if
mately the same number of C. albianeclls as an on.
were the mice for other immunity experi- Table ows the effect on chronic cnidi
ments. Three mice- from each group were killed, of C. sspherule fragments suspended in
and the kidneys were quantitatively cultured at incomplete adjuvant or saline and of nonviable
the various time intervals indicated in Fig. 1 All C. aliaecells in incomplete adjuvant or saline.'
animals still alive after 28 days were Iilled, and Mice preinfected intraperitoneally with C. albi-
their kidneys were cultured. am,were-iiluded as positive controls. These te-

In addition, the kidneys of all mice,that died suitsiluste the ineffectiveness of nonviable C.
during the experiment were plated; 2%,gluose-, a1bica-nitlls it producing any acquired-resist-
Trypticase Soy Agar (BBL) was the medium used Vm.Dinection of C. immitis spherule -frag-
for the plating procedures. m1,eutin `ncomplete adjuvant protected mice, as
For the X-ray studies, a dual-tube West did in preinfection with C. abican.

house machine operating at 200 kv and 15 manp, Th in Table 3 indicate the protection
with 0.25-mm Cu and 0.55-mm Al filters,;was co*fhe injection in mice of several non-
used. The mice were placed 54 cm fromfthe -ray viabei ly unrelated pathogenic or non-
tubes and were exposed to 118.2 r for 3.6 min for -
a total body irradiation of 425 r. They, were chal- TANLI. Riftct of prior inection th vable
lenged 6 days later. ted ets on chronic
The effect of reticuloendothelial blkade in i mcprdced byit'ra-i6ajetin of &X1'viabe -control mice and mice treated with thorium di-

oxide (Thorotrast; Testagar & Co., 111. Detroit, - s te o i arbi-ani
Mich.) was studied. This colloidal prearation -4tYae4dN mW-je Perocent
contained 24 to 26% thorium dioxide by volume, 1---
and 0.2 ml was injected intravenously 1 to 2 hr Cktrp.e. -i .19/30 88,
before challenge.,.
The in vitro inhibitory activity of sera from C. C. parapei--@.25/30

albicane-infected or C. immitis-injectedmice was C. a .............. 10/29 34
determined by use of 10% serum in,0.5% Tryp- To .24/30:1

gatcr prnerletiiiae.. 24/3( 8.ticase Soy Broth. Sera were collected from mice Cols.28/29 97
that had been injected in a manner identical to
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pathogenic fungi. Nonviable C. albicans cells are

also included. In this experiment, as in the one in
Table 2, C. immitis gave comparatively good pro-

tection. Mice that received H. capsulatum devel-
oped some resistance to chronic candidiasis,
whereas the other fungi tested stimulated little or

no definite protection.
Table 4 indicates the effect upon chronic infec-

tion with C. albicans of injection in mice of inert
substances. Neither ground Pyrex nor alumina
caused any definite enhancement of resistance to
C. albicans; however, the level of protection pro-

duced by preinfection with the homologous
strain or by injection of C. immitis spherule frag-
ments was less than in other experiments. This
illustrates that there is some variability in the
level of protection developed in mice after injec-
tion of these agents.

In earlier studies, Hasenclever and Mitchell
(1962b, 1963) reported that S. enteritidis or Sal-
monella typhosa lipopolysaccharides protected
mice against the acute toxicity of C. albicans.
Consequently, experiments were done (Table 5)
to determine whether these endotoxins would
stimulate resistance in mice to chronic candidia-
sis. None of the schedules of injections that pro-

duced resistance in mice to C. albicans toxicity
produced resistance to chronic disease. In other
experiments not shown here, larger doses of endo-
toxin were likewise ineffective.
The results in Table 6 show the effect of X ray

and thorium dioxide in C. immitis-injected mice

TABLE 2. Effect of prior injection with Coccid-
ioides immitis spherule fragments and viable
or nonviable Candida albicans yeast cells on

chronic candidiasis in mice produced by
intravenous injection of 1.5 X 105

viable units of C. albicans

Per
Injected with

No. dead/ cent
total no. mortal-

ity

C. immitis spherule fragments
in 0.85% NaCl 21/30 70

C. immtitis spherule fragments
in incomplete adjuvant 7/30 23

Viable C. albicans 5/27 19

Nonviable C. albicans in 0.85%0
NaCl........................ 23/29 80

Nonviable C. albicans in in-
complete adjuvant 28/30 93

Incomplete adj uvant 25/29 86

TABLE 3. Effect of prior injection with nonviable
pathogenic or nonpathogenic fungi on chronic
candidiasis in mice produced by intravenous

injection of 1.5 X 105 viable units of
Candida albicans

Per
Fungus injected No.tabad/ centFungus ~~~total no. mortal-

ity

Aspergillus niger............... 17/29 59
Fusarium oxysporum ........... 23/32 72
Sphaerostilbes repens........... 18/30 60
Histoplasma capsulatum ........ 12/29 41
Cryptococcus neoforinrans ....... 23/29 79
Blastomyces dermatitidis ......16/30 53
Candida albicans............... 19/30 63
Coccidioides immLitis ........... 8/29 27
Incomplete adjuvant .......... 26/29 90
Controls (0.85% NaCi) ....... 30/30 100

TABLE 4. Effect of prior injection of inert substances
on chronic candidiasis in mice produced by
intravenous injection of 1.3 X 105 viable

units of Candida albicans

Injected with No. dead/ Per cent
total no. mortality

Powdered Pyrex ............ 22/29 75
Alumina.................. 26/29 90
Coccidioides imnmitis ........ 14/30 47
Candida albicans ........... 11/27 41
Controls (0.85% NaCl) ... 28/30 93

TABLE 5. Effect of prior injection of Salmionella
lipopolysaccharide on chronic candidiasis in

nmice produced by intravenous injection
of Candida albicans

Lipopolysaccharide Mortality rate with challenge
schedule prior to challenge dose of

1.5 X 105 1.5 X 104

No. of Administered Per Per
doses at No. cent No.

cndead/ mortal- dead! mnortal-total no. ity -total no. ity

days

3 7, 3, 1 27/30 90 12/29 41
1 7 27/28 96 * *
1 1 25/30 83 13/30 43
3t 7, 3, 1 25/29 86 14/30 47

* This group of mice was inadvertently de-
stroyed.

t This control group was given 0.1-ml doses of
water.
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TABLE 6. Effect of X ray or thorium dioxide on
resistance to chronic candidiasis produced by
intravenous injection of 6 X 104 viable units

of Candida albicans

Mice treated with No. dead/ Per centtotal no. mortality

Coccidioides immitis, tho-
rium dioxide.........,.19/30 63

C. immitis, X ray.. 29/29 100
C. immitis.. 9/30 30
Incomplete adj uvant,
thorium dioxide.. 28/30 93

Incomplete adjuvant, X
ray.. 30/30 100

Incomplete adjuvant. 23/30 77
Untreated controls. 26/30 87
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FIG. 1. In vivo Candida albicans population in
kidneys of sacrificed Coccidioides immitis-injected
and control mice. Each dot or circle represents the
number of viable yeast cell or aggregates cultured
from a single animal.

challenged with approximately 6 X 104 C. albi-
cans cells. This method of producing resistance
was chosen because a nonviable, but effective,
preparation was employed. X ray completely de-
stro'yed all acquired protection. Although the ef-
fect of thorium dioxide was transient, injection of
this substance reduced the level of acquired re-
sistance. These results indicate the probable im-
portance of cellular activity in this state of resist-
ance. We cannot eliminate the possibility that
these two methods, believed to inhibit function

of the reticuloendothelial system, have a broader
physiological effect that contributes to the loss of
acquired resistance in some other manner.

Results of the preceding experiments indicated
that injection of C. immitis spherule fragments in
incomplete adjuvant or the intraperitoneal injec-
tion of viable C. albicans cells produced the great-
est amount of acquired resistance to chronic can-
didiasis. This resistance was observed in the form
of a greater survival rate in treated mice. Another
way to measure enhanced protection is to follow
the growth rate of the challenge yeast in the tis-
sues of treated and control mice. Mice injected
with the C. immitis preparation and the appro-
priate controls were utilized for this purpose. The
in vivo multiplication of C. albicans in the kidneys
of treated and untreated sacrificed mice is shown
in Fig. 1. Since most of the multiplication of C.
albicans occurs in the kidney, this was the only
tissue plated. The values obtained from the
treated mice were generally below those from the
control group. Figure 2 shows the number of C.
albicans viable units in the kidneys of mice that
died of overwhelming disease after challenge.
Again, the number of viable units in the treated
mice as a whole was slightly below that for the
control group.

In vitro growth studies with C. albicans in sera
from mice injected with C. immitis or viable C.
albicans indicated the presence of a serum factor
that might have been partially responsible for the
state of acquired resistance. Sera for this experi-
ment were obtained from mice injected with the
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FIG. 2. In vivo Candida albicans population in
kidneys of Coccidioides immitis-injected and control
mice that died during the experiment. Each dot or
circle represents the number of viable yeast cells or
aggregates cultured from a single animal.

404 J. BACTERIOL,



ACQUIRED IMMUNITY TO CANDIDIASIS

6 Tube/ 7

Tube 2
5 Tube 3 * *'

z ~~~~/If
Q 4-/ ,,

C/)~~~~~,
z

-j3

o

07

m

z

0

-J

o

0 4 8 12 24 48

HOURS AFTER INOCULATION

FIG. 3. Effect of ser-umi7 fr omn Coccidioides in-
mlitis-injected nice on the growth of Candida albi-

cans in vitro. Tube 1, serum from7 C. im-mitis-injected
mice; tube 2, serum, fromn control mice; tube 3, no

serum. Each point on the graph represents the aver-

age of three pour plates per dilution of medium. Sera
from C. albicans-infected mice gave similar results.

C. immitis lpreparation. The same schedule of in-
jection was used as for earlier studies. Sera from
saline-injected mice were used as controls. The
effect of these sera upon the growth rate of C. al-
bicans is shown in Fig. 3. At 24 hr after inocula-
tion, sera from treate(d mice had sup)pressed
growth 100-fold when compared with sera from
control mice and medlium controls without serum.

At 48 hr, however, the serum activity was no

longer apparent. Sera from C. albicans-injected
mice exerted a similar in vitro effect.

DISCUSSION

The highest level of resistance in mice to
chronic candidiasis can be produced by l)reinfec-
tion with C. albicans or by the injection of non-

viable C. immitis spherule fragments in incom-

plete adjuvant. Preinfection with C. stellatoidea
or C. tropicalis andl the injection of nonviable II.

capsuilatum in incomplete adjuvant elicited lower
levels of protection. The other pathogenic and

nonpathogenic fungi and the inert irritants
tested lproduced little or no protection.
The studies with endotoxin indicated that, as

given, this substance did not stimulate the devel-
oI)ment of acquirecd resistance in mice against
chronic but lethal candidliasis. It is possible, how-
ever, that the protection l)roduced is too transient
to lbe effective. Our earlier studies (Hasenclever
and AMitchell, 1962b), with lipopolysaccharide-
induced protection against acute toxicity, indi-
cated that the tolerant effect was no longer de-
monstrable 10 to 14 (lays after injection. This
substance cannot be given to mice after challenge
with C. albicans, oNing to infection hvpersuscep-
tibility (Hasenclever and Alitchell, 1963). l3ox
an(l l3riggs (1961) reporte(d increased hypersus-
celtibility to endotoxin in mice infecte(d with II.
capsildatutm, and Suter (1962) extensively studied
hyperactivity to endotoxin in llycobacterium toi-
berculcsis-infected mice.
Our earlier results (Hasenclev-er and Mitchell,

1962b), which indicatedl that the duration of pro-
tection induced by endotoxin to C. albicans tox-
icity was less than 14 days, andl these results
slhowing that endotoxin produced no protection
against chronic candidiasis are different from
those reported by other investigators woIrking
with other infectious agents. Dubos and Schaed-
ler (1956) reported long-lasting protection con-
ferred to mice against chronic staphylococcal or
.1. tuberculosis infection. Louria (1960) showed
resistance in mice to crpl)tococcosis after endo-
toxin injection. T'here appears to be some differ-
ence between acquired resistance in mice to acute
lethal toxicity and to chronic lethal infection due
to C. albicans. Lipopolysaccharide confers pro-
tection from toxicity only, whereas the injection
of C. immitis spherule fragments or viable C. albi-
cans stimulates protection from both acute toxic
or chronic disease. Although the injection of mice
with C. immitis spherules produces p)rotection
from C. albicans toxicity, it (loes not l)roduce tol-
erance or p)rotection in mice against lethal
amounts of S. enteritidis en(lotoxin. -Mice infectedl
with C. albicans are mnore suscel)tible to endlotoxin
than are normal mice.
The studies of the in vivo growth rates of C.

albicans in C. irnmitis-injected and contiol mnice
(Fig. 1 and 2) indicate only slight differences and
(lo not lermit clear concise conclusions. HowevXer,
when the mortalit- results in the various experi-
ments are examinecl (i.e., Table 2: C. inmnitis-
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injected, 27 %, controls, 90%; Table 4: C. immitis-
injected, 47%, controls, 93%; Table 6: C.
immitis-injected, 30%, controls, 87Cc), this possi-
bly unimpressive difference appears to take on
more significance.
The presence of C. albicans growth-inhibiting

substances in the sera of C. immitis-injected mice
may also contribute to the state of acquired re-
sistance. Other studies with sera obtained from
mice injected with endotoxin indicated the pres-
ence of similar inhibitory factors (Hasenclever
and Mitchell, 1963). Whitby et al. (1961) re-
ported the formation, in the sera of mice, of spe-
cific-lytic antibodies to gram-negative bacteria
after the injection of endotoxin. There was some
heterologous response, but the specific response
was stronger. Although our work (Hasenclever
and Mitchell, 1963) showed that S. enteritidis en-
dotoxin stimulated mice to produce serum-inhibi-
tory substances for C. albicans, antigenic similar-
ity between these two microorganisms is not
known to exist. More investigation is necessary
to elucidate the nature of these inhibitory factors
found in the sera of mice after injection of endo-
toxin, C. immitis s1)herule fragments, or viable C.
albicans.
These studies indicate that acquired protection

in mice against chronic candidiasis can be pro-
duced. The degree of resistance observed is not of
a high level of magnitude and is somewhat vari-
able. Studies at the cellular level and on serum
factors may be helpful in explaining the nature of
this resistance.
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