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Challenges to Implementing a Vaccine 
for Coccidioidomycosis
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A vaccine for coccidioidomycosis is likely to undergo trials in the near future. In this paper, we raise 4 questions that should be 
answered before its use and offer our solutions to these questions. These include defining the goals of vaccination, determining 
who should be vaccinated, how to measure vaccine immunity and protection, and how to address vaccine hesitancy and denial.
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Fungal infections are an emerging global problem [1]. This has 
led to proposals for newer approaches for their control and 
treatment. One is the development of vaccines. Until recently, 
no fungal vaccine has been available. However, the promising 
results of a recent canine study using a live attenuated vaccine 
(Δcps1) have been published [2]. In addition to this product, 
several other coccidioidal vaccines are in various stages of de
velopment, including those based on genomic technologies 
and those using purified peptide and protein subunits [3, 4]. 
Because of this, we are likely to see studies of a human cocci
dioidal vaccine in the near future. Before implementing any 
such vaccine studies, we believe there are several challenges 
that need to be addressed. In this paper, we discuss the cocci
dioidal life cycle and immune response and propose four ques
tions to be considered during the development of a vaccine and 
propose our answers to these questions. We believe these ques
tions are independent of the vaccine platform and discussion of 
specific immunization approaches in this paper will be limited.

COCCIDIOIDAL LIFE CYCLE AND IMMUNITY

Fungi are not frequent human pathogens. Among those that are 
associated with infection, except for Candida and possibly 
Pneumocystis species, all exist in the environment and do not re
quire a human host for survival. In the case of coccidioidomyco
sis, the precise environmental niche has not been established, but 
the fungus has been documented to persist in soils within as well 

as outside the expected endemic range [5]. Once established in 
particular sites, the fungus may remain there for many years 
[6, 7]. In addition, the fungus has been found in the air over large 
geographic areas for prolonged periods within the endemic re
gion [8, 9]. These data suggest that Coccidioides is extant in 
both the soil and air environment within its geographic niche.

Most coccidioidal infection occurs from inhalation of infec
tious airborne spores called arthroconidia. Currently, it is pre
sumed that annual risk of infection within the endemic region 
is between 0.5% and 1.6% [10, 11] and that from 20% to 43% of 
those living in the coccidioidal endemic regions are infected 
[12–14]. However, these studies are broad estimates that have 
not been recently updated. Moreover, the risk of acquiring coc
cidioidal infection within any particular endemic region is like
ly strongly influenced by local soil and climate conditions and 
depends on undefined stochastic events. Because of this, we 
cannot currently predict individual risk for acquiring coccidioi
dal infection among those living in the endemic regions and we 
are unlikely to be able to completely mitigate this risk.

For Coccidioides and other dimorphic fungi, the host– 
pathogen interaction is extremely complex. Our understanding 
of this interaction has been informed by recent insights from 
Taylor and Barker [15], who proposed a new model of endozo
an coccidioidal infection in which infection of small mamma
lian hosts is inherent to the life cycle of the fungus, leading to 
a persistent reservoir. This model also applies to human infec
tion where, in most individuals, coccidioidal infection is persis
tent but latent. Smith and colleagues [16] demonstrated in a 
prospective study many decades ago that 60% of those infected 
do not come to clinical attention and have stable long-lived 
immunity associated with development of a delayed dermal 
hypersensitivity reaction, a hallmark of cellular immunity. 
Among the 40% with symptoms, most have a self-limited respi
ratory infection and many never seek medical care. A small 
fraction either develop pulmonary sequelae from infection 
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[17] or manifest infection outside the thoracic cavity, called dis
semination [18]. Overall, only about 5% of those infected with 
Coccidioides require long-term management [19]. Clinically 
apparent second infections are extremely rare [20] and 
recrudescence of infection, once controlled, is infrequent. 
However, the fungus remains viable in the host for many years 
[21], possibly for life.

Certain groups of individuals are at risk for either severe pul
monary or disseminated infection. These include those with 
suppressed cellular immunity, such as untreated HIV-1 infec
tion with immunodeficiency [22], solid organ transplant recip
ients [23], and those on immunosuppressive drugs, such as 
certain biological response modifiers [24] and corticosteroids 
[25]. In addition, individuals with an African or Oceanic genet
ic ancestry [26, 27], particularly men [28], and pregnant women 
who acquire infection during and after the second trimester 
[29] are at increased risk for severe disease.

FOUR QUESTIONS FOR THE DEVELOPMENT OF 
A COCCIDIOIDAL VACCINE

What Are the Goals of Vaccination?

Based on the fungal life cycle and host immune response, it is 
unlikely that a successful vaccine will prevent coccidioidal in
fection. Instead, it is probable that it will result in enhanced 
control of subsequent infection through a vaccine-induced spe
cific cellular immune response. The primary goal of vaccination 
would thus be to prevent symptomatic primary pneumonia. If 
such a vaccine were effective, it would reduce initial visits to 
primary and urgent care clinics and emergency rooms as well 
as reduce unnecessary antibiotic prescriptions, repeat clinic vis
its, and lead to an overall reduction in the documented health 
care costs [30]. Based on earlier data, development of a cocci
dioidal vaccine has been proposed to be cost-effective [31].

However, that cost is likely to be substantial. A recent esti
mate of the for developing a new vaccine through a phase 2a 
trial for an epidemic infectious disease in the United States 
was $2.8 to 3.7 billion [32]. In addition, as Kirkland has pointed 
out, a reliable pharmaceutical partner will have to be found 
[33], a difficulty already noted for studies of new antifungal 
therapeutic agents for coccidioidomycosis [34]. Because of 
this, bringing a new coccidioidal vaccine through trials and 
to market will be financially daunting. On the other hand, 
Galgiani and colleagues have addressed these issues and believe 
they are surmountable through a public–private consortium at 
a cost of $200 to $300 million [35].

Another goal could be to reduce the risk of extrathoracic dis
semination. Observational studies suggest that this occurs in 
approximately 1% of those infected [16] but may be higher in 
those with symptomatic illness [36]. It is usually associated 
with a diminished expression of cellular immunity [37, 38]. 
Prevention of this manifestation would be very desirable be
cause these patients have significant morbidity, occasional 

mortality, and require prolonged clinical follow-up and therapy 
with antifungals. These patients have substantial lifetime costs 
of more than $1 million per patient [39], so an effective vaccine 
would lead to financial as well as health benefits. However, it is 
unknown at this time if a vaccine will induce appropriate pro
tective immunity in those at risk for dissemination because 
these patients appear to have a lack of response to natural infec
tion. Because of this, specific studies to assess vaccine efficacy in 
this group will be needed and will likely require a larger number 
of subjects [33] and longer term follow-up than for primary in
fection. We estimate, based on an annual incidence of coccidioi
dal infection of 1.5% with a 1% dissemination rate and assuming 
that all disseminations will occur within 2 years of infection, ap
proximately 5000 subjects would have to be followed for at least 7 
years to ascertain if a vaccine reduces this risk. Because of the dif
ficulty and costs of designing such a trial, we believe that preven
tion of extrathoracic dissemination need not be a primary goal of 
development of a coccidioidal vaccine and could be addressed af
ter such a vaccine has reached the market.

Who Should be Vaccinated?

An obvious target would be all persons who are at risk for coc
cidioidal infection. Although the highly endemic coccidioidal 
regions are well described and include the southern portion 
of the San Joaquin Valley and south-central Arizona [40], coc
cidioidomycosis may be acquired in many other areas that are 
not as well demarcated [41]. In addition, should those at higher 
risk because of exposure, such as outdoor workers [42], be a 
priority? Should those visiting the endemic area for vacation 
and recreation [43] be considered? What duration of exposure 
to the endemic area would necessitate vaccination? Although 
this issue could wait until there is an effective vaccine, it is rea
sonable to consider these questions now for both research and 
marketing purposes.

We propose that all individuals living within known highly 
endemic regions, particularly the San Joaquin Valley and cen
tral Arizona encompassing Maricopa, Pinal, and Pima 
Counties, be considered for vaccination. Persons considered 
at higher risk based on exposure, such as military personnel 
training in areas of known endemicity [44], outdoor workers, 
especially those employed in agriculture [45], utilities [46], 
and wildland firefighters [47], and prisoners and prison work
ers at facilities located within these known highly endemic 
areas [48] should be populations of particular focus.

It is not clear if those with prior coccidioidal infection would 
benefit from immunization, having already acquired infection 
and protective immunity. Should those with prior infection be 
screened and excluded? We believe that for initial studies to ascer
tain vaccine efficacy, individuals with prior infection should not be 
included [14, 33]. Otherwise, the efficacy of the vaccine might be 
significantly overestimated. However, to achieve this, tools to 
identify such individuals will need to be available.
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An important area of study is immunization of those who 
have known depressed cellular immunity or other risks for se
vere coccidioidomycosis based on possible genetic polymor
phisms [49]. Prior immunization should be considered in 
cases in which immunosuppression is planned and is iatrogen
ic, such as in solid organ transplant candidates and those being 
considered for biological response modifier therapy. It also would 
be reasonable for women considering pregnancy to be given the 
vaccine before conceiving. Whether immunization will be effec
tive after immunosuppression has occurred or for those with an 
underlying immune deficit is unclear and should be an area of 
study. Mice with various types of cellular immunodeficiency 
were able to control coccidioidal infection after vaccination 
with the Δcps1 live attenuated knockout [50]. Other vaccines 
have induced protection in mice highly susceptible to coccidioi
dal infection [33]. However, animal models of vaccine efficacy 
may not predict efficacy in humans [51], and human trials will 
be required. Initial trials to determine vaccine efficacy need not 
include these individuals and use of vaccine among these groups 
of patients should be considered once the vaccine is available. 
Postmarket data collection in these cases will be critical.

How Should Vaccine Effectiveness and Prior Infection be Measured?

A definitive way to measure vaccine effectiveness is to deter
mine the number of active coccidioidomycosis cases that occur 
in those vaccinated compared to those not immunized. 
However, that depends on the incidence of coccidioidomycosis 
during the study period, the number of subjects entered, as well 
as the endpoints and duration of follow-up. A prior study of a 
coccidioidal vaccine, made from formaldehyde-killed spher
ules, is instructive [14]. The vaccine used was in a lower con
centration than that found effective in mice [52] because of 
unfavorable injection-site reactions in human subjects [53]. 
The trial was conducted between 1980 and 1985 and included 
1436 subjects who received 3 intramuscular injections of vac
cine and 1431 who received placebo injections over a 6-week 
period. All subjects were coccidioidal skin-test negative on 
study entry. It was anticipated that 68 cases of coccidioidomy
cosis would occur in the placebo arm. However, after an aver
age follow-up of 2.3 years, 9 cases of coccidioidomycosis were 
noted in vaccine recipients compared with 12 cases in those re
ceiving placebo, not a statistically significant difference and 
well below the number of cases anticipated. None of the in
stances of coccidioidomycosis that occurred was disseminated. 
Overall, the trial was not considered successful [54] and further 
studies of formaldehyde-killed spherules as a vaccine were not 
pursued. Any future study of vaccine efficacy should use these 
same endpoints but ensure adequate subject recruitment to de
termine vaccine efficacy.

An indirect mechanism for determining vaccine efficacy by 
measuring the expression of coccidioidal-specific cellular immune 
response could be useful. Smith and colleagues showed the 

expression of delayed-type dermal hypersensitivity after a skin 
test predicted a good outcome and control of infection in most 
cases, with the exception of coccidioidal meningitis [37, 55]. 
Oldfield and colleagues have suggested that development of 
skin-test positivity is associated with a diminished risk of relapse 
after completion of antifungal therapy [56] and delayed-type hy
persensitivity occurred predictably in a healthy cohort with recent 
primary pulmonary coccidioidomycosis using a reformulated 
spherulin-based product [57]. However, 2 recent reports examin
ing coccidioidal skin-testing were not necessarily predictive of im
munity [58, 59], and the skin test has not always detected 
immunity in patients with known prior coccidioidomycosis 
[60]. Based on this, the role of coccidioidal skin testing as a prog
nostic tool is not established. We do not advocate using the skin 
test in future studies for determining coccidioidal immunity.

A more modern approach is to measure ex vivo T-cell acti
vation. Older methods used lymphocyte transformation [61, 
62], but measurement of cytokine release or expression by ei
ther whole blood or blood cellular components has more re
cently been explored [38, 63–67]. A correlation with clinical 
expression of control of disease has been noted [38, 65]. 
However, this issue has not been subjected to a rigorous pro
spective study. If surrogate endpoints for immunity are con
templated, we strongly advocate for studying these assays to 
ascertain their prognostic usefulness and such studies should 
be an early part of any coccidioidal vaccine strategy.

In addition, determining the duration of vaccine immunity 
will be critical. Were vaccine immunity to fade, those remain
ing within the endemic region could again become susceptible 
to infection and illness. If the model that protective immunity 
persists in coccidioidomycosis because of the persistence of live 
fungal elements, then a vaccine would have to induce that state. 
Of the current vaccine candidates, only a live attenuated vac
cine could potentially achieve this goal, but that has not been 
established in humans. The other possible candidates, based 
on nucleic acid technology or subunit vectors, would not lead 
to antigen persistence. This could mean that their duration 
might be short lived. However, recent advances in vaccine ad
juvants suggests that long-lived cellular immunity can occur 
with subunit vaccines [68, 69] and mRNA vaccines can act as 
self-adjuvants [70], potentially abrogating this problem. 
Because of this, we recommend long-term postvaccine studies 
to ascertain the persistence of protective immunity either by in
direct means, such as cytokine release assays, or by determining 
if new clinical infections occur after vaccination.

How do we Approach Vaccine Hesitancy?

Vaccine hesitancy, a delay or refusal to be vaccinated [71], dates 
back to the first smallpox and cowpox immunizations in the 
18th century [72]. It is a global issue that is heterogeneous, in
dividualized, and exacerbated since the development of the in
ternet and social media [71–73]. We should anticipate that 
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there will be some level of hesitancy with the availability of a 
coccidioidal vaccine. The vaccine will be novel and the first di
rected at a fungal infection. At this time, it appears that it will 
either use a gene knock-out strain of Coccidioides, a nucleic acid 
platform, or be composed of subunit peptides or proteins with 
an adjuvant [74, 75]. These approaches are very likely to engen
der concern among some members of the public.

How quickly vaccine hesitancy can occur is demonstrated by 
events associated with the development of a vaccine for Lyme 
disease [76]. In 1998, the US Food and Drug Administration li
censed LYMErix, a vaccine targeting the outer surface protein 
A of Borrelia burgdorferi. Approval was based on a phase III tri
al demonstrating 76% efficacy and only mild to moderate 
short-term local or systemic adverse events [77]. However, 
reports of arthritis appeared after soon after licensure. These 
were associated with a class action suit and concern expressed 
by a Lyme disease advocacy group. The Food and Drug 
Administration subsequently examined data from the 
Vaccine Adverse Events Reporting System and did not find 
an excess of arthritis episodes in those receiving the vaccine. 
However, the possibility of an outer surface protein A autoim
munity event associated with an HLA DR allele was raised. The 
vaccine was ultimately voluntarily withdrawn by the manufac
turer in 2002 because of poor market performance [76].

The COVID-19 epidemic has been associated with a marked 
increase in both vaccine hesitancy and denial [78] and is likely 
to increase the headwinds toward patient acceptance of a coc
cidioidal vaccine. With regard to COVID-19, vaccine hesitancy 
not only involved individual concerns about the efficacy and 
safety of the specific vaccines but also mistrust of government, 
science, and vaccines in general. This was exacerbated by social 
media platforms willing to spread vaccine-related misinforma
tion [73]. Such issues will need to be addressed prior to market
ing a coccidioidal vaccine.

Although it is possible that the public attitude toward a cocci
dioidal vaccine will be different than for other vaccines, this can
not be assumed. A novel coccidioidal vaccine will require a 
specific plan to educate the public about its benefits and potential 
risks. This will require a multipronged approach directed at edu
cation from trusted sources, examination of social and cultural 
values, and retooling of health-related media platforms to combat 
misinformation [79]. In addition, the populations initially targeted 
for vaccination should be those who are most at risk and would 
most benefit from vaccination. Long-term follow-up must be in
herent to the vaccine strategy to ensure that no late effects occur 
that are not anticipated and to openly report data from follow-ups.

We propose that funding agencies make vaccine uptake, hes
itancy, and denial a part of their strategy to develop a coccidioi
dal vaccine now. It would be prudent to involve public 
coccidioidomycosis advocacy groups in this process so they 
can express their concerns early so that they can be addressed 
prior to a product coming to market.

Patient Consent Statement. No human subjects were in
volved in the preparation of this manuscript.

Financial support. No funding was used in the preparation 
of this manuscript.

Potential conflicts of interest. The authors have no financial 
interests or connections, direct or indirect, or any other situa
tions that might raise the question of bias in the work reported 
or the conclusions, implications, or opinions stated.

References
1. McKenna M. Deadly kingdom. Sci Am 2021; 324:26–35.
2. Shubitz LF, Robb EJ, Powell DA, et al. Deltacps1 vaccine protects dogs against ex

perimentally induced coccidioidomycosis. Vaccine 2021; 39:6894–901.
3. Campuzano A, Pentakota KD, Liao YR, et al. A recombinant multivalent vaccine 

(rCpa1) induces protection for C57BL/6 and HLA transgenic mice against pulmo
nary infection with both species of Coccidioides. Vaccines (Basel) 2024; 12:67.

4. Wouters M, National Academies of Sciences, Engineering, and Medicine. Impact 
and control of valley fever: proceedings of a workshop in brief. Washington, DC: 
The National Academies Press, 2023.

5. Fisher FS, Bultman MW, Johnson SM, Pappagianis D, Zaborsky E. Coccidioides 
niches and habitat parameters in the southwestern United States: a matter of scale. 
Ann N Y Acad Sci 2007; 1111:47–72.

6. Johnson SM, Carlson EL, Fisher FS, Pappagianis D. Demonstration of 
Coccidioides immitis and Coccidioides posadasii DNA in soil samples collected 
from Dinosaur National Monument, Utah. Med Mycol 2014; 52:610–7.

7. Litvintseva AP, Marsden-Haug N, Hurst S, et al. Valley fever: finding new places 
for an old disease: coccidioides immitis found in Washington State soil associated 
with recent human infection. Clin Infect Dis 2015; 60:e1–3.

8. Chow NA, Griffin DW, Barker BM, Loparev VN, Litvintseva AP. Molecular detec
tion of airborne Coccidioides in Tucson, Arizona. Med Mycol 2016; 54:584–92.

9. Gade L, McCotter OZ, Bowers JR, et al. The detection of Coccidioides from am
bient air in Phoenix, Arizona: evidence of uneven distribution and seasonality. 
Med Mycol 2020; 58:552–9.

10. Drips W Jr, Smith CE. Epidemiology of coccidioidomycosis. A contemporary mil
itary experience. JAMA 1964; 190:1010–2.

11. Kerrick SS, Lundergan LL, Galgiani JN. Coccidioidomycosis at a university health 
service. Am Rev Respir Dis 1985; 131:100–2.

12. Dodge RR, Lebowitz MD, Barbee R, Burrows B. Estimates of C. immitis infection by 
skin test reactivity in an endemic community. Am J Public Health 1985; 75:863–5.

13. Larwood TR. Coccidioidin skin testing in Kern County, California: decrease in in
fection rate over 58 years. Clin Infect Dis 2000; 30:612–3.

14. Pappagianis D. Evaluation of the protective efficacy of the killed Coccidioides im
mitis spherule vaccine in humans. The Valley Fever Vaccine Study Group. Am 
Rev Respir Dis 1993; 148:656–60.

15. Taylor JW, Barker BM. The endozoan, small-mammal reservoir hypothesis and 
the life cycle of Coccidioides species. Med Mycol 2019; 57:S16–20.

16. Smith CE, Beard RR. Varieties of coccidioidal infection in relation to the epidemiology 
and control of the diseases. Am J Public Health Nations Health 1946; 36:1394–402.

17. Shemuel J, Bays DJ, Thompson GR, et al. Natural history of pulmonary coccidi
oidomycosis: further examination of the VA-Armed Forces Database. Med Mycol 
2022; 60:myac054.

18. Bays DJ, Thompson GR, Reef S, et al. Natural history of disseminated coccidioi
domycosis: examination of the VA-Armed Forces Database. Clin Infect Dis 2020; 
73:e3814–9.

19. Kirkland TN, Fierer J. Coccidioidomycosis: a reemerging infectious disease. 
Emerg Infect Dis 1996; 2:192–9.

20. Pappagianis D. Epidemiological aspects of respiratory mycotic infections. 
Bacteriol Rev 1967; 31:25–34.

21. Cox AJ, Smith CE. Arrested pulmonary coccidioidomycosis granuloma. Arch 
Path 1939; 27:717–34.

22. Ampel NM, Dols CL, Galgiani JN. Coccidioidomycosis during human immuno
deficiency virus infection: results of a prospective study in a coccidioidal endemic 
area. Am J Med 1993; 94:235–40.

23. Blair JE, Logan JL. Coccidioidomycosis in solid organ transplantation. Clin Infect 
Dis 2001; 33:1536–44.

24. Bergstrom L, Yocum DE, Ampel NM, et al. Increased risk of coccidioidomycosis 
in patients treated with tumor necrosis factor alpha antagonists. Arthritis Rheum 
2004; 50:1959–66.

25. Coba AJ, Sallee PK, Dixon DO, Alkhateb R, Anstead GM. Pandora’s box: dissem
inated coccidioidomycosis associated with self-medication with an unregulated 
potent corticosteroid acquired in Mexico. Trop Med Infect Dis 2021; 6:207.

4 • OFID • Barker et al



26. Pappagianis D, Lindsay S, Beall S, Williams P. Ethnic background and the clinical 
course of coccidioidomycosis. Am Rev Respir Dis 1979; 120:959–61.

27. Spendlove SJ, Jensen SL, Orellana D, et al. 66th Annual Coccidioidomycosis Study 
Group Meeting. Bakersfield, CA: Valley Fever Institute, 2022.

28. McHardy I, Reagan KL, Sebastian JF, et al. Sex differences in susceptibility to coc
cidioidomycosis. Open Forum Infect Dis 2022; 9:ofab543.

29. Bercovitch RS, Catanzaro A, Schwartz BS, Pappagianis D, Watts DH, Ampel NM. 
Coccidioidomycosis during pregnancy: a review and recommendations for man
agement. Clin Infect Dis 2011; 53:363–8.

30. Donovan FM, Wightman P, Zong Y, et al. Delays in coccidioidomycosis diagnosis 
and associated healthcare utilization, Tucson, Arizona, USA. Emerg Infect Dis 
2019; 25:1745–7.

31. Barnato AE, Sanders GD, Owens DK. Cost-effectiveness of a potential vaccine for 
Coccidioides immitis. Emerg Infect Dis 2001; 7:797–806.

32. Gouglas D, Thanh Le T, Henderson K, et al. Estimating the cost of vaccine devel
opment against epidemic infectious diseases: a cost minimisation study. Lancet 
Glob Health 2018; 6:e1386–96.

33. Kirkland TN. The quest for a vaccine against coccidioidomycosis: a neglected 
disease of the Americas. J Fungi (Basel) 2016; 2:34.

34. O’Shaughnessy E, Yasinskaya Y, et al. FDA public workshop summary- 
coccidioidomycosis (valley fever): considerations for development of antifungal 
drugs. Clin Infect Dis 2021; 73:903–6.

35. Galgiani JN, Shubitz LF, Orbach MJ, et al. Vaccines to prevent coccidioidomyco
sis: a gene-deletion mutant of Coccidioides posadasii as a viable candidate for hu
man trials. J Fungi (Basel) 2022; 8:838.

36. Ampel NM, Giblin A, Mourani JP, Galgiani JN. Factors and outcomes associated 
with the decision to treat primary pulmonary coccidioidomycosis. Clin Infect Dis 
2009; 48:172–8.

37. Smith CE, Whiting EG, Baker EE, Rosenberger HG, Beard R, Saito MT. The use of 
coccidioidin. Am Rev Tuberc 1948; 57:330–60.

38. Ampel NM, Nesbit LA, Nguyen CT, et al. Cytokine profiles from antigen- 
stimulated whole-blood samples among patients with pulmonary or nonmenin
geal disseminated coccidioidomycosis. Clin Vaccine Immunol 2015; 22:917–22.

39. Grizzle AJ, Wilson L, Nix DE, Galgiani JN. Clinical and economic burden of valley 
fever in Arizona: an incidence-based cost-of-illness analysis. Open Forum Infect 
Dis 2021; 8:ofaa623.

40. McCotter OZ, Benedict K, Engelthaler DM, et al. Update on the epidemiology of 
coccidioidomycosis in the United States. Med Mycol 2019; 57:S30–40.

41. Benedict K, Ireland M, Weinberg MP, et al. Enhanced surveillance for coccidioi
domycosis, 14 US States, 2016. Emerg Infect Dis 2018; 24:1444–52.

42. de Perio MA, Materna BL, Sondermeyer Cooksey GL, et al. Occupational coccid
ioidomycosis surveillance and recent outbreaks in California. Med Mycol 2019; 
57:S41–5.

43. Diaz JH. Travel-related risk factors for coccidioidomycosis. J Travel Med 2018; 
25:1–8.

44. Williams VF, Stahlman S, Oh GT. Coccidioidomycosis, active component, U.S. 
armed forces, 2007–2017. MSMR 2018; 25:2–5.

45. McCurdy SA, Portillo-Silva C, Sipan CL, Bang H, Emery KW. Risk for coccidioi
domycosis among Hispanic farm workers, California, USA, 2018. Emerg Infect 
Dis 2020; 26:1430–7.

46. Laws RL, Cooksey GS, Jain S, et al. Coccidioidomycosis outbreak among workers 
constructing a solar power farm—Monterey County, California, 2016–2017. 
MMWR Morb Mortal Wkly Rep 2018; 67:931–4.

47. Laws RL, Jain S, Cooksey GS, et al. Coccidioidomycosis outbreak among inmate 
wildland firefighters: California, 2017. Am J Ind Med 2021; 64:266–73.

48. Lee LA, Yuan J, Vugia D, Wheeler C, Chapnick R, Mohle-Boetani J. Increased 
coccidioidomycosis among inmates at a California prison: initial investigation 
in 2005 to 2006. J Correct Health Care 2017; 23:347–52.

49. Galgiani JN, Hsu AP, Powell DA, Vyas JM, Holland SM. Genetic and other deter
minants for the severity of coccidioidomycosis: a Clinician’s perspective. J Fungi 
(Basel) 2023; 9:554.

50. Powell DA, Hsu AP, Butkiewicz CD, et al. Vaccine protection of mice with prima
ry immunodeficiencies against disseminated coccidioidomycosis. Front Cell 
Infect Microbiol 2021; 11:790488.

51. Oliveira LVN, Wang R, Specht CA, Levitz SM. Vaccines for human fungal diseas
es: close but still a long way to go. NPJ Vaccines 2021; 6:33.

52. Levine HB, Kong YC, Smith C. Immunization of mice to Coccidioides immitis: 
dose, regimen and spherulation stage of killed spherule vaccines. J Immunol 
1965; 94:132–42.

53. Williams PL, Sable DL, Sorgen SP, et al. Immunologic responsiveness and safety 
associated with the Coccidioides immitis spherule vaccine in volunteers of white, 
black, and Filipino ancestry. Am J Epidemiol 1984; 119:591–602.

54. Pappagianis D. Seeking a vaccine against Coccidioides immitis and serologic stud
ies: expectations and realities. Fungal Genet Biol 2001; 32:1–9.

55. Stevens DA, Levine HB, Deresinski SC, Blaine LJ. Spherulin in clinical coccidioi
domycosis. Chest 1975; 65:697–702.

56. Oldfield EC 3rd, Bone WD, Martin CR, Gray GC, Olson P, Schillaci RF. 
Prediction of relapse after treatment of coccidioidomycosis. Clin Infect Dis 
1997; 25:1205–10.

57. Johnson R, Kernerman SM, Sawtelle BG, Rastogi SC, Nielsen HS, Ampel NM. 
A reformulated spherule-derived coccidioidin (Spherusol) to detect delayed-type 
hypersensitivity in coccidioidomycosis. Mycopathologia 2012; 174:353–8.

58. Ampel NM, Robey I, Nguyen CT. An analysis of skin test responses to spherulin- 
based coccidioidin (Spherusol((R))) among a group of subjects with various forms 
of active coccidioidomycosis. Mycopathologia 2019; 184:533–8.

59. Mafi N, Murphy CB, Girardo ME, Blair JE. Coccidioides (spherulin) skin testing 
in patients with pulmonary coccidioidomycosis in an endemic region. Med Mycol 
2020; 58:626–31.

60. Good CA, Wilson TW. The solitary circumscribed pulmonary nodule; study of 
seven hundred five cases encountered roentgenologically in a period of three 
and one-half years. J Am Med Assoc 1958; 166:210–5.

61. Barbee RA, Hicks MJ. Clinical usefulness of lymphocyte transformation in pa
tients with coccidioidomycosis. Chest 1988; 93:1003–7.

62. Ampel NM, Bejarano GC, Salas SD, Galgiani JN. In vitro assessment of cellular 
immunity in human coccidioidomycosis: relationship between dermal 
hypersensitivity, lymphocyte transformation, and lymphokine production by 
peripheral blood mononuclear cells from healthy adults. J Infect Dis 1992; 
165:710–5.

63. Ampel NM, Christian L. Flow cytometric assessment of human peripheral blood 
mononuclear cells in response to a coccidioidal antigen. Med Mycol 2000; 38: 
127–32.

64. Ampel NM, Kramer LA, Li L, et al. In vitro whole-blood analysis of cellular im
munity in patients with active coccidioidomycosis by using the antigen prepara
tion T27K. Clin Diagn Lab Immunol 2002; 9:1039–43.

65. Ampel NM, Nelson DK, Chavez S, et al. Preliminary evaluation of 
whole-blood gamma interferon release for clinical assessment of cellular immuni
ty in patients with active coccidioidomycosis. Clin Diagn Lab Immunol 2005; 12: 
700–4.

66. Nesbit L, Johnson SM, Pappagianis D, Ampel NM. Polyfunctional T lymphocytes 
are in the peripheral blood of donors naturally immune to coccidioidomycosis 
and are not induced by dendritic cells. Infect Immun 2010; 78:309–15.

67. Ampel NM, Robey I, Nguyen CT, et al. Ex Vivo cytokine release, determined by a 
multiplex cytokine assay, in response to coccidioidal antigen stimulation of whole 
blood among subjects with recently diagnosed primary pulmonary coccidioido
mycosis. mSphere 2018; 3:e00065-18.

68. Heineman TC, Cunningham A, Levin M. Understanding the immunology of 
Shingrix, a recombinant glycoprotein E adjuvanted herpes zoster vaccine. Curr 
Opin Immunol 2019; 59:42–8.

69. Paston SJ, Brentville VA, Symonds P, Durrant LG. Cancer vaccines, adjuvants, 
and delivery systems. Front Immunol 2021; 12:627932.

70. Zhou W, Jiang L, Liao S, et al. Vaccines’ new era-RNA vaccine. Viruses 2023; 15: 
1760.

71. McCready JL, Nichol B, Steen M, Unsworth J, Comparcini D, Tomietto M. 
Understanding the barriers and facilitators of vaccine hesitancy towards the 
COVID-19 vaccine in healthcare workers and healthcare students worldwide: 
an Umbrella review. PLoS One 2023; 18:e0280439.

72. Rosselli R, Martini M, Bragazzi NL. The old and the new: vaccine hesitancy in the era 
of the web 2.0. Challenges and opportunities. J Prev Med Hyg 2016; 57:E47–50.

73. Romate J, Rajkumar E, Gopi A, et al. What contributes to COVID-19 vaccine hes
itancy? A systematic review of the psychological factors associated with 
COVID-19 vaccine hesitancy. Vaccines (Basel) 2022; 10:1777.

74. Hayden CA, Hung CY, Zhang H, et al. Maize-produced Ag2 as a subunit vaccine 
for valley fever. J Infect Dis 2019; 220:615–23.

75. Campuzano A, Zhang H, Ostroff GR, et al. CARD9-Associated dectin-1 and 
dectin-2 are required for protective immunity of a multivalent vaccine against 
Coccidioides posadasii infection. J Immunol 2020; 204:3296–306.

76. Nigrovic LE, Thompson KM. The Lyme vaccine: a cautionary tale. Epidemiol 
Infect 2007; 135:1–8.

77. Steere AC, Sikand VK, Meurice F, et al. Vaccination against Lyme 
disease with recombinant Borrelia burgdorferi outer-surface lipoprotein A 
with adjuvant. Lyme Disease Vaccine Study Group. N Engl J Med 1998; 339: 
209–15.

78. Wiysonge CS, Ndwandwe D, Ryan J, et al. Vaccine hesitancy in the era of 
COVID-19: could lessons from the past help in divining the future? Hum 
Vaccin Immunother 2022; 18:1–3.

79. Ferrara M, Bertozzi G, Volonnino G, et al. Learning from the past to improve the 
future-vaccine hesitancy determinants in the Italian population: a systematic re
view. Vaccines (Basel) 2023; 11:630.

Challenges for a Coccidioidal Vaccine • OFID • 5


	Challenges to Implementing a Vaccine for Coccidioidomycosis
	COCCIDIOIDAL LIFE CYCLE AND IMMUNITY
	FOUR QUESTIONS FOR THE DEVELOPMENT OF A COCCIDIOIDAL VACCINE
	What Are the Goals of Vaccination?
	Who Should be Vaccinated?
	How Should Vaccine Effectiveness and Prior Infection be Measured?
	How do we Approach Vaccine Hesitancy?

	References




