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We have previously shown that vaccination with a vaccine based on the recombinant N-terminal domain of
Als1p (rAls1p-N) protected BALB/c mice against disseminated infection caused by a single strain of Candida
albicans (A. S. Ibrahim, B. J. Spellberg, V. Avenissian, Y. Fu, S. G. Filler, and J. E. Edwards, Jr., Infect. Immun.
73:999–1005, 2005, and B. J. Spellberg, A. S. Ibrahim, V. Avenissian, S. G. Filler, C. Myers, Y. Fu, and J. E.
Edwards, Jr., Infect. Immun. 73:6191–6193, 2005). Here we show that the rAls1p-N vaccine also improves
survival of outbred mice from disseminated candidiasis and that it is active against multiple virulent strains
of C. albicans and non-C. albicans spp.

Candida spp. are the third most common nosocomial blood-
stream isolates (15), exceeded in frequency only by coagulase-
negative staphylococci and Staphylococcus aureus. Dissemi-
nated candidiasis has an attributable mortality of 40 to 50%,
even with modern antifungal therapy (3, 7, 8, 14). Clearly, new
strategies to prevent Candida infections are needed.

Disseminated candidiasis typically occurs after multiple
weeks of hospitalization (15), affording the opportunity to in-
tervene prior to disease onset. Furthermore, the major clinical
risk factors for developing disseminated candidiasis have been
well described (12), facilitating identification of at-risk patients
prior to disease onset. Therefore, vaccination of targeted pa-
tient populations is an ideal strategy to prevent or ameliorate
this life-threatening infection.

We have developed a vaccine based on an adhesin from C.
albicans. Immunization with the recombinant N-terminal do-
main of Als1p (rAls1p-N) resulted in a marked improvement
in survival of both immunocompetent and immunocompro-
mised mice infected via the tail vein with an otherwise lethal
inoculum of C. albicans (6, 13). We have recently reported that
the mice in our murine model of hematogenously disseminated
candidiasis die of septic shock (11). As candidal sepsis in hu-
mans is associated with mortality rates in excess of 55% despite
antifungal therapy (9, 12), the rAls1p-N-induced survival rate
of �50% in this model, without adjunctive antifungal therapy,
is highly encouraging.

All of the in vivo rAls1p-N vaccine experiments to date have
been performed in BALB/c mice, have utilized Freund’s adju-
vant, and have utilized a single, virulent strain of C. albicans.
The current studies were performed to define the breadth of
protection induced by rAls1p-N by specifically evaluating its
efficacy in outbred mice, in combination with a second adju-
vant, against other strains of C. albicans, and against non-C.
albicans species of Candida.

rAls1p-N improved the survival of outbred mice from dissem-
inated candidiasis. Outbred CD1 mice were obtained from the
National Cancer Institute (Bethesda, MD). All procedures in-
volving mice were approved by the institutional animal use and
care committee, following the National Institutes of Health guide-
lines for animal housing and care. The mice were vaccinated with
rAls1p-N plus Freund’s adjuvant as previously described (6, 13).
Briefly, rAls1p-N (amino acids 17 to 432 of Als1p) was produced
in Saccharomyces cerevisiae and purified by gel filtration and Ni-
nitrilotriacetic acid matrix affinity purification. A high degree of
purity (�90%) was confirmed by sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis as well as circular dichroism
and Fourier transform infrared microscopy, as described previ-
ously (10). Mice were immunized by subcutaneous injection of
rAls1p-N (20 �g) mixed with complete Freund’s adjuvant (CFA;
Sigma-Aldrich, St. Louis, MO) at day 0, followed by a booster
dose in incomplete Freund’s adjuvant (IFA; Sigma-Aldrich) at
day 21. Control mice were immunized with CFA followed by IFA
alone. Fourteen days following the boost, immunized mice were
infected via the tail vein with C. albicans SC5314, as we have
described previously (6, 13). Similar to our previous findings in
BALB/c mice, the rAls1p-N vaccine markedly improved the sur-
vival of infected CD1 mice (Fig. 1A).

Because Freund’s adjuvant is considered to be too toxic for
use in humans, we performed a dose response of rAls1p-N vac-
cine in alum (2% alhydrogel; Brenntag Biosector, Frederikssund,
Denmark), the only vaccine adjuvant currently approved by the
U.S. Food and Drug Administration (FDA) for use in humans.
Vaccination with alum was performed on a schedule identical
to that used for Freund’s adjuvant, with immunization on day
0, boost on day 21, and infection 2 weeks later. We found that
higher doses of rAls1p-N combined with alum resulted in sig-
nificant improvements in survival of mice with disseminated
candidiasis (Fig. 1B). There also appeared to be a dose-re-
sponse relationship, with trends to improved survival at higher
doses of rAls1p-N when combined with alum. Studies evaluat-
ing the efficacy of even higher doses of rAls1p-N plus alum are
ongoing.
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The rAls1p-N vaccine improved the survival of BALB/c mice
infected with several strains of C. albicans. For the develop-
ment of an effective vaccine, it is critical for the immunogen to
prime the immune system to recognize multiple strains of the
target pathogen. By DNA sequence analysis, we found that the
predicted amino acid sequence of the N-terminal region of
Als1p was 99.9% conserved among a diverse group of clinical
C. albicans isolates from bloodstream (5 strains), urine (5
strains), and oropharyngeal (10 strains) infections (data not
shown). Therefore, we hypothesized that the rAls1p-N vaccine
would be effective against a broad array of C. albicans strains.
To determine the breadth of protection of the rAls1p-N vac-
cine against other strains of C. albicans, mice were vaccinated

with rAls1p-N plus Freund’s adjuvant as described above and
infected with one of several clinical isolates of C. albicans (5).
The rAls1p-N vaccine significantly improved the survival of
mice infected with each of these strains (Fig. 2).

The rAls1p-N vaccine reduced tissue fungal burden in mice
infected with several non-C. albicans species of Candida. It has
been previously reported that the ALS gene family is present in
other Candida species, including C. dubliniensis and C. tropi-
calis (4). Similarly, an adhesin analogous to Als family mem-
bers has been described in C. glabrata (1, 2). To determine the
efficacy of the rAls1p-N vaccine against non-C. albicans spe-
cies, BALB/c mice were vaccinated with rAls1p-N (20 �g) plus
Freund’s adjuvant as described above and infected via the tail

FIG. 1. rAls1p-N vaccine improves survival of outbred, CD1 mice from hematogenously disseminated candidiasis. (A) CD1 mice (n � 8 per
group) were vaccinated subcutaneously with rAls1p-N (20 �g) plus CFA or with CFA alone and infected via the tail vein with C. albicans SC5314
14 days after the boost. (B) CD1 mice (n � 8 per group) were vaccinated subcutaneously with rAls1p-N at various doses with alum or with alum
alone and infected via the tail vein with C. albicans SC5314 14 days after the boost. The inoculum for panels A and B was 5 � 105 blastospores.
�, P � 0.05 versus adjuvant control by log rank test.

FIG. 2. rAls1p-N vaccine improves the survival of BALB/c mice infected with one of several bloodstream isolates of C. albicans. Shown is
survival of BALB/c mice immunized with rAls1p-N (20 �g) plus CFA versus immunized with CFA alone and infected via the tail vein with C.
albicans 15563 (7 � 105 blastospores), 16240 (4 � 105 blastospores), or 36082 (4 � 105 blastospores) (n � 8 mice per group). �, P � 0.05 versus
adjuvant control by log rank test.
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vein with C. glabrata 31028 (a clinical bloodstream isolate from
the microbiology laboratory at Harbor-University of California
at Los Angeles [UCLA] Medical Center), C. krusei (91-1159;
generously provided by Michael Rinaldi, San Antonio, Tex.),
C. parapsilosis 22019 (clinical bloodstream isolate from Harbor-
UCLA Medical Center), or C. tropicalis 4243 (clinical blood-
stream isolate from Harbor-UCLA Medical Center). The rAls1p-
N vaccine reduced the kidney fungal burden of mice infected with
each of these species (Fig. 3).

In summary, the rAls1p-N vaccine is a promising candidate
for prevention of increasingly common and highly lethal dis-
seminated candidiasis. The vaccine is efficacious in both inbred
and outbred mice, when mixed with alum as an adjuvant,
against multiple strains of C. albicans, and against several
non-C. albicans species of Candida. These results support the
continued development of the rAls1p-N vaccine against can-
didal infections.
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FIG. 3. rAls1p-N vaccine reduces tissue fungal burden in BALB/c
mice infected with several non-C. albicans strains of Candida. BALB/c
mice (n � 5 per group) were vaccinated with CFA or CFA plus
rAls1p-N (20 �g) and infected via the tail vein with C. glabrata, C.
krusei, C. parapsilosis, or C. tropicalis. Infectious inocula are shown in
parentheses below the species names. Kidney fungal burden was de-
termined on day 5 postinfection. The y axis reflects the lower limit of
detection of the assay. �, P � 0.05 versus adjuvant control by nonpara-
metric Steel test for multiple comparisons.
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