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In this issue of the Journal, Spellberg et al. [1] report that immunization with a recombinant
protein (rAls3p-N) mixed with aluminum hydroxide gel (Alhydrogel) can protect mice from
a lethal candidal infection. This is an extension of their original finding of protection resulting
from this and related Als recombinant proteins when used with Freund's adjuvant. From a
purely immunologic perspective, their finding that protection can also be achieved using
Alhydrogel in place of Freund's adjuvant might be viewed as a modest advance. However,
because Alhydrogel has been widely used as an adjuvant in US Food and Drug Administration
(FDA)-approved vaccines, these studies represent a milestone in the movement of the vaccine
toward clinical testing. Thus, on the occasion of this report, it may be useful to review the
potential value of vaccines for systemic mycoses in general, using vaccines for
coccidioidomycosis as a specific example, and to review the challenges these vaccine
candidates will face before becoming realities in the marketplace.

There is substantial reason to believe in the possibility of using vaccines to prevent systemic
fungal infections [2-9]. In the case of coccidioidomycosis, untreated infection, regardless of
whether it produces clinical illness, results in life-long immunity from future infection [10].
This is likely true for histoplasmosis and blastomycosis as well. Attempts to mimic the
protection afforded by coccidioidal infection with a vaccine have been ongoing for over half
acentury. Indeed, a formalin-killed whole-cell (spherule) vaccine, shown to be highly effective
in mice [11;12], was submitted to a clinical trial and was found not to be effective [13]. The
failure of the whole-cell vaccine may have been the result of an exaggerated dose-related
irritation that it engendered at the injection site, which, in human subjects, limited the vaccine
dose and the immunogens that it contained in to quantities thousands of times less than those
used for mice, relative to body mass. Were that the case, then the development of a subcellular
vaccine composed of specific immunoprotective spherule proteins might be more effective.
This approach has been taken for the past decade by a collaboration between 5 laboratories,
coordinated through the University of California at San Francisco, and largely underwritten
with approximately $15 million of funding from the state of California and the California
Health Care Foundation [14]. As a result of this effort, several recombinant antigens have
shown promise [15-19]. One chimeric antigen, composed of sequences from 2 independently
protective antigens, has shown sufficient immunogenicity in mice to protect >95% of
immunized animals from an infection that would otherwise be lethal [20]. Corroborating
evidence for the efficacy of vaccination with this chimeric antigen has also been demonstrated
in studies involving nonhuman primates [21]. Although it is possible that further exploration
would improve the results obtained thus far, the current vaccine candidate is arguably
sufficiently promising to recommend its extension into clinical trials.
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Other fungal vaccines also have compelling rationales supporting their continued development.
As Spellberg et al. have detailed [22], candidemia has a high attributable mortality.
Furthermore, because the onset of candidemia usually occurs only after weeks of
hospitalization [23], a vaccination strategy for at-risk patients at the time of admission is
plausible.

One of the challenges of translating vaccine discovery into clinical trials is expanded vaccine
production. Vaccines developed for early testing in experimental infections are prepared in
relatively small quantities. The process of scaling up vaccine production typically requires
extensive changes in approach, specialized equipment, and persons with experience in
pharmaceutical protein expression. For example, in preclinical studies, expression of the
chimeric coccidioidal antigen [20] involved a Saccharomyces cerevisiae host that was found
to be unable to produce yields of the recombinant protein that would be typical of commercial
fermentation, and, thus, another mode of expression needed to be adopted. Even if scaling up
goes smoothly, process development and production would normally cost millions of dollars.

Increased quality control for manufacturing is another challenge that arises when preparing a
vaccine for clinical trials. The focus of preclinical studies is typically on the design and results
of experimental studies, rather than on the manufacturing process. In contrast, vaccines suitable
for administration to humans must be prepared with a much greater degree of quality control
and precision, sufficient to meet the FDA's Good Manufacturing Practice standards. This
necessitates a program of process development in which systematic testing of a range of
fermentation, purification, and other manufacturing conditions is required to find a method
that results in a vaccine antigen that displays uniform characteristics from one production run
to another. In the case of the current coccidioidal candidate vaccine antigen, the chimeric
protein has a predilection to aggregate, presumably because its sequence includes 12 cysteines
that may cross-link under nondenaturing conditions. Although this property is not inherently
a deficiency in terms of efficacy, it poses a challenge for quality control to determine how to
design a manufacturing process that either prevents aggregation or is able to produce
aggregation in such a way that it is defined and controlled.

A third hurdle in formulating a vaccine for clinical trials is the incorporation of an acceptable
adjuvant so that vaccination results in an effective immune response. Freund's adjuvant, which
was used in the discovery phase of the Candida rAIs3p-N vaccine, is too toxic for use in a
human vaccine; this led Spellberg et al. [1] to use Alhydrogel. In studies of the coccidioidal
vaccine, the experimental vaccine used monophosphoryl lipid (MPL) (originally provided by
the Ribi Company and later by Corixa). MPL has already been used in clinical trials of other
vaccines and could be used to move our candidate vaccine into clinical trials. However, since
the time we began our studies, Corixa has been acquired by another company; since then, MPL
has become unavailable for further development of the coccidioidal vaccine. At present, we
are investigating an alternative strategy that uses flagellin as a Toll-like receptor (TLR)-5
agonist, as in the strategy being developed by Vaxinnate [24]. We have not demonstrated that
this approach will be satisfactory for our purposes. As with the Candida vaccine, deciding on
a suitable adjuvant for the coccidioidal vaccine formulation will be critical to moving into
clinical trials.

Vaccine development is a commercial undertaking. As described above, there are significant
costs in the range of many millions of dollars that are involved in moving a candidate vaccine
from the point of discovery to a formulation suitable for use in a clinical trial. The activities
required for this to occur are collectively referred to as the “translational phase” of
development. Because the product of translational work is the creation of a formulation suitable
for and effective in clinical use, the work is of an applied nature, and the cost for such work is
generally expected to be absorbed by the pharmaceutical manufacturer that presumably will
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market and profit from its investment. Unfortunately, there is a global decline in interest in
anti-infective strategies in the private sector [25]. Increasingly, private sources of capital that
have traditionally supported early phase development are insisting that clinical data be
available before an initial investment is made. This trend raises the question of how such
clinical data can be generated without the initial investment.

In a 1999 Institute of Medicine report, it was estimated that the costs and benefits of research
and development into a vaccine to prevent coccidioidomycosis that would be used to vaccinate
infants in endemic regions and immigrants of any age would not be cost-effective, compared
with savings accrued by other presently licensed vaccines [26]. A subsequent analysis that did
not include the costs of development in the model estimated that an effective coccidioidal
vaccine, once licensed, could be cost-effective within a fairly broad set of assumptions [27].
However, even if the latter conclusion were to be borne out, the market for a coccidioidal
vaccine would be small, compared to that for most vaccines currently licensed for use. For
example, the reported Arizona case rate of patients hospitalized for coccidioidomycosis in 2001
was 11.8 cases per 100,000 population, 26% of whom had infections with extrapulmonary
spread [28]. Moreover, the number of reported coccidioidal infections in Arizona has grown
from 2,307in2001t0 6,072 in 2006. Although the rate of complications for coccidioidomycosis
is similar to the case rate for paralytic polio in the United States (approximately 10 cases per
100,000 population) prior to the introduction of the polio vaccine, the market for the polio
vaccine is worldwide, with recipients numbering in the billions, whereas the market for a
coccidioidal vaccine would at most be many millions. Obviously, this difference in scale has
an enormous impact on the potential return on investment when considering marketing these
2 vaccines.

In summary, both a biologic rationale and the potential to improve the public health of targeted
populations provide a strong case for pursuing vaccines to prevent coccidioidomycosis and
other fungal diseases [2,3,5-7]. On the other hand, even after identifying a vaccine candidate
worthy of moving from discovery to clinical trials, very substantial challenges lie ahead, and
solving them requires increasingly greater financial support, even before safety and efficacy
trials in human subjects can be conducted. If we are to realize the benefit from vaccines for
fungal diseases, mechanisms of funding other than the conventional business model are likely
to be needed.

Acknowledgments

Financial support: Valley Fever Vaccine Project; US Department of Veterans Affairs; National Institutes of Health,
National Institute of Allergy and Infectious Diseases (1P01Al1061310-01).

References

1. Spellberg B, Ibrahim AS, Lin L, et al. Antibody titer threshold predicts anti-candidal vaccine efficacy
even though the mechanism of protection is induction of cell-mediated immunity. J Infect Dis
2007;197:967-71. [PubMed: 18419471]in this issue

2. Cutler JE, Deepe GS Jr, Klein BS. Advances in combating fungal diseases: vaccines on the threshold.
Nat Rev Microbiol 2007;5:13-28. [PubMed: 17160002]

3. Dan JM, Levitz SM. Prospects for development of vaccines against fungal diseases. Drug Resist Updat
2006;9:105-10. [PubMed: 16820318]

4. Datta K, Pirofski LA. Towards a vaccine for Cryptococcus neoformans: principles and caveats. FEMS
Yeast Res 2006;6:525-36. [PubMed: 16696648]

5. Casadevall A, Pirofski LA. Feasibility and prospects for a vaccine to prevent cryptococcosis. Med
Mycol 2005;43:667-80. [PubMed: 16422296]

6. Deepe GS Jr, Wuthrich M, Klein BS. Progress in vaccination for histoplasmosis and blastomycosis:
coping with cellular immunity. Med Mycol 2005;43:381-9. [PubMed: 16178365]

J Infect Dis. Author manuscript; available in PMC 2009 October 19.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Galgiani

Page 4

7. Feldmesser M. Prospects of vaccines for invasive aspergillosis. Med Mycol 2005;43:571-87.
[PubMed: 16396243]

8. Cole GT, Xue JM, Okeke CN, et al. A vaccine against coccidioidomycosis is justified and attainable.
Med Mycol 2004;42:189-216. [PubMed: 15283234]

9. Deepe GS Jr. Preventative and therapeutic vaccines for fungal infections: from concept to
implementation. Expert Rev Vaccines 2004;3:701-9. [PubMed: 15606355]

10. Salkin D, Said A. Reinfection with coccidioidomycosis. Clin Infect Dis 1993;17:1066. [PubMed:
8110935]

11. Levine HB, Cobb JM, Smith CE. Immunity to coccidioidomycosis induced in mice by purified
spherule, arthrospore, and mycelial vaccines. Trans N Y Acad Sci 1960;22:436-47. [PubMed:
14416255]

12. Pappagianis D, Levine HB. The present status of vaccination against coccidioidomycosis in man. Am
J Epidemiol 1975;102:30-41. [PubMed: 1155435]

13. Pappagianis D, Valley Fever Vaccine Study Group. Evaluation of the protective efficacy of the killed
Coccidioides immitis spherule vaccine in humans. Am Rev Respir Dis 1993;148:656—60. [PubMed:
8368636]

14. Hector R, Rutherford GW. The public health need and present status of a vaccine for the prevention
of coccidioidomycosis. Ann N Y Acad Sci 2007;1111:259-68. [PubMed: 17344529]

15. Orshorn K1, Shubitz LF, Peng T, et al. Protein expression profiling of Coccidioides posadasii by two-
dimensional differential in-gel electrophoresis and evaluation of a newly recognized peroxisomal
matrix protein as a recombinant vaccine candidate. Infect Immun 2006;74:1865-72. [PubMed:
16495561]

16. Tarcha EJ, Basrur V, Hung CY, Gardner MJ, Cole GT. Multivalent recombinant protein vaccine
against coccidioidomycosis. Infect Immun 2006;74:5802-13. [PubMed: 16988258]

17. Tarcha EJ, Basrur V, Hung CY, Gardner MJ, Cole GT. A recombinant aspartyl protease of
Coccidioides posadasii induces protection against pulmonary coccidioidomycosis in mice. Infect
Immun 2006;74:516-27. [PubMed: 16369008]

18. Delgado N, Xue J, Yu JJ, Hung CY, Cole GT. A recombinant beta-1,3-glucanosyltransferase homolog
of Coccidioides posadasii protects mice against coccidioidomycosis. Infect Immun 2003;71:3010-
9. [PubMed: 12761077]

19. Ivey FD, Magee DM, Woitaske MD, Johnston SA, Cox RA. Identification of a protective antigen of
Coccidioides immitis by expression library immunization. Vaccine 2003;21:4359-67. [PubMed:
14505918]

20. Shubitz LF, Yu JJ, Hung CY, et al. Improved protection of mice against lethal respiratory infection
with Coccidioides posadasii using two recombinant antigens expressed as a single protein. Vaccine
2006;24:5904-11. [PubMed: 16759762]

21. Johnson SM, Lerche NW, Pappagianis D, Yee JL, Galgiani JN, Hector RF. Safety, antigenicity, and
efficacy of a recombinant coccidioi-domycosis vaccine in cynomolgus macaques (Macaca
fascicularis). Ann N Y Acad Sci 2007;1111:290-300. [PubMed: 17347333]

22. Spellberg BJ, Filler SG, Edwards JE Jr. Current treatment strategies for disseminated candidiasis.
Clin Infect Dis 2006;42:244-51. [PubMed: 16355336]

23. Wisplinghoff H, Bischoff T, Tallent SM, Seifert H, Wenzel RP, Edmond MB. Nosocomial
bloodstream infections in US hospitals: analysis of 24,179 cases from a prospective nationwide
surveillance study. Clin Infect Dis 2004;39:309-17. [PubMed: 15306996]

24. McDonald WF, Huleatt JW, Foellmer HG, et al. A West Nile virus recombinant protein vaccine that
coactivates innate and adaptive immunity. J Infect Dis 2007;195:1607-17. [PubMed: 17471430]

25. Talbot GH, Bradley J, Edwards JE Jr, Gilbert D, Scheld M, Bartlett JG. Bad bugs need drugs: an
update on the development pipeline from the Antimicrobial Availability Task Force of the Infectious
Diseases Society of America. Clin Infect Dis 2006;42:657-68. [PubMed: 16447111]

26. Stratton, KR.; Durch, JS.; Lawrence, RS. Vaccines for the 21st century: a tool for decision making.
Washington: Division of Health Promotion and Disease Prevention, Institute of Medicine; 1999.

27. Barnato AE, Sanders GD, Owens DK. Cost-effectiveness of a potential vaccine for Coccidioides
immitis. Emerging Infectious Diseases 2001;7:797-806. [PubMed: 11747691]

J Infect Dis. Author manuscript; available in PMC 2009 October 19.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Galgiani

Page 5

28.Park BJ, Sigel K, Vaz V, et al. An epidemic of coccidioidomycosis in Arizona associated with climatic
changes, 1998-2001. J Infect Dis 2005;191:1981-7. [PubMed: 15871133]

J Infect Dis. Author manuscript; available in PMC 2009 October 19.



