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Bakersfield, CA,  (3) Professor of Mathematics Taft College 

 

Introduction 
 
Infection by coccidioides spp., a fungus, found only 
in the western hemisphere has been a growing 
concern in endemic areas of Southwest America1,2. 
Ethnicity, pregnancy, and cell-mediated immuno-
deficiency have shown to be risk factors for this 
disease3,4. Immune deficiency plays an important role 
by increasing the severity of this infection3.  
 
Studies have shown vitamin D deficiency is 
associated with more severe granulomatous diseases 
such as tuberculosis5-7. In a recent study, Vitamin D 
deficiency was associated with severity of liver 
disease in Human Immunodeficiency Virus (HIV) 
and Hepatitis C co-infected patients8. Vitamin D 
deficiency has also been linked to worsening oral 
candidiasis in HIV patients attributed to the down-
regulation of calprotectin which influences neutrophil 
function9. 
 
Vitamin D is an important factor in the immune 
response and affects vitamin D receptors (VDRs) on 
macrophages, dendritic cells, and activated T and B 
lymphocytes. The VDRs promote the immune 
reaction as well as up regulation of the innate 
immune response such as stimulating defensin and 
cathelicidin-an antimicrobial peptide10,11.    
 
Vitamin D deficiency has been shown to also inhibit 
the adaptive immune reaction by inhibiting 
maturation of the dendritic cells antigen presentation 
and decreasing T-Cell proliferation10,12. When 
coccidioides spp. spores  are inhaled, the natural 
immune response occurs in two phases. The first 
response involves neutrophils, monocytes, 
eosinophils, and natural killer cells.  The second 
phase is composed of macrophages and dendritic 
cells13.   
 
Vitamin D binding protein, known as gc-globulin, is 
a protein related to the albumin family.  This protein 
transports vitamin D to its target tissue and is found  

 
 
in plasma, ascitic fluid, cerebrospinal fluid, and on 
the surface of many proteins. Vitamin D binding 
protein binds 85-90% of the total 25-Hydroxyvitamin 
D in circulation.  The non-vitamin D-binding protein 
fraction consists of albumin bound vitamin D, which 
is the bioavailable form for 10-15% of the total.  Less 
than 1% of vitamin D is in the free form.  From prior 
research, vitamin D-binding protein seems to inhibit 
actions of vitamin D, because the bound fraction may 
be unavailable to act on target cells. Genetic variation 
affects the affinity of the binding protein to vitamin 
D.  The clinical assays measure total vitamin D and 
do not distinguish fractions bound to carrier 
proteins14.  
 
Even though vitamin D deficiency has shown to 
decrease immune response to tuberculosis and HIV, 
to our knowledge, no data have been published on 
vitamin D deficiency and its association with 
coccidioidomycosis.     
 
We compare vitamin D levels in patients with and 
without coccidioidomycosis in a teaching county 
hospital population in the San Joaquin Valley.   
 
Methods 
 
Study design: 
This is a retrospective, matched case-control study.  
The patients were older than 18 years and were 
selected from the Medicine Department clinic of 
Kern Medical Center from 1990 to 2010.  A case was 
defined as positive for coccidioidomycosis either by 
serology (97%) or by pathology or cultures (31%) 
(N=118).  Controls were patients without any clinical 
or laboratory findings suggestive of 
coccidioidomycosis (N=472).  All cases and controls 
had vitamin D levels measured.   Cases and controls 
were matched (ratio of 1 to 4) by age, race, and sex 
and evaluated for co-morbidities.  All vitamin D 
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levels were measured using the Abbott AxSYM 
Immunoassay System. 
 
Both cases and controls were gender matched with 
63% male and 37% females.  Both had 16.9% 
African Americans, 14.4% Caucasians, and 68.6% 
Hispanics. Among cases 35% of patients had 
pulmonary coccidioidomycosis and 65% with 
disseminated form with mean age of the cases at 42.8 
years old (18-88).   
 
Definition: 
The definitions of vitamin D deficiency were similar 
to previous studies15,16. Vitamin D deficiency was 
vitamin D OH total <20 ng/ml and Vitamin D 
insufficiency was a value  ≥ 20 and <30 ng/ml15,16. 
Diabetes Mellitus (DM) was defined as hemoglobin 
A1C greater than 6.5, previous history of diabetes, or 
two fasting glucose greater than 126 mg/dl17. Chronic 
kidney Disease (CKD) was defined as presence of 
kidney damage or decreased kidney function for three 
or more months, irrespective of cause according to 
the Kidney Disease Outcomes Quality Initiative 
(KDOQI) and Kidney Disease Improving Global 
Outcomes (KDIGO) guidelines18.  
 
Data analysis and statistical methods: 
JMP (SAS) version 9 was used for data analysis. Two 
sample independent t-tests were used to test for 
significant differences.  Odds ratios were used to 
compare prevalence between case and control groups. 
Descriptive statistics were also generated for groups 
of interest. All p-values < 0.05 were considered 
statistically significant. 
 
Results 
 
The average vitamin D level in cases was 25.9 ng/ml 
and in controls was 22.5 ng/ml, which was 
significantly lower than cases p<0.01 (Figure 1).   
 
A numerical analysis of the values showed the 
vitamin D average for controls was statistically lower 
than the cases p<0.002. Although averages showed a 
statistical difference, the prevalence of vitamin D 
insufficiency (20< vitamin D <30) was not 
statistically higher among cases, OR = 1.52 {CI95 
(0.92, 2.5)} p=0.0504.   
 
The prevalence of vitamin D deficiency (<20) was 
statistically higher in controls OR = 1.88 
{CI95(1.1054, 3.1922)} p=0.0099 (Figure 2).  
 
When combining vitamin D deficiency and 
insufficiency (vitamin D < 30) there was no statistical 

difference between the cases and the controls with 
OR=0.89 {CI95 (0.57,1.39)} p=0.30 (Figure 3). 
In terms of comorbidities, 46% of the cases had DM 
and 7% had CKD.  In the control patients, 68% had 
DM , 23% had CKD, 30% had no co-morbidities, and 
6% had other disease (Table 1).    
 
Further analysis found a high prevalence of vitamin 
D insufficiency and deficiency combined (vitamin D 
<30) in subjects with DM with an OR=1.766 {CI95 
(1.203, 2.593)} p=0.0037, as well as those subjects 
with CKD with an OR =1.83 {CI95 (1.106, 3.027)} 
p=0.0187 (Figures 4 and 5). 
 
We also found the prevalence of DM and CKD were 
statistically higher in controls compared to cases 
respectively with an OR = 1.799 {CI95 (1.171, 
2.763)} p=0.004 (Figure 6), and an 
OR=3.789{CI95(1.895, 7.723)} p=0.0001 (Figure 7). 
 
After exclusion of DM and CKD from cases and 
controls, we found no statistical difference between 
cases and controls for prevalence of vitamin D 
deficiency and insufficiency combined, OR = 0.95 
{CI95(0.60,1.51)} p=0.4241 (Figure 8,9).  
 
For insufficiency (20<vitamin D<30) OR 1.54 
{CI95(0.9238, 2.5770)} p=0.0487 the study found a 
higher prevalence among the cases. For deficiency 
(vitamin D <20) the study showed OR = 0.5771 
{CI95 (0.3319,1.0038)} p=0.0258 indicating a higher 
prevalence among the controls.  
 
Discussion 
 
This study showed no correlation between vitamin D 
levels in patients with or without coccidioidomycosis.  
A recent abstract by University of California Davis 
investigators, presented at the Annual Infectious 
Diseases Society of America in 2011 showed similar 
results19. These findings are in contrast to the role of 
vitamin D in tuberculosis, severe liver disease, in 
coinfected HIV/HCV, and oral candidiasis in HIV 
patients.   
 
Our patient population was mostly Hispanic which 
may not represent the general population. 
 
Furthermore, this study does not explore the effects 
of free vitamin D verses the bound form.  
Glucocorticoid or stress hormones are known to 
decrease vitamin D receptors gene expression in most 
tissues, which in turn can down regulate metabolic 
pathways as well as the immune response.  Genetic 
variation of affinity among races for binding protein 
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to vitamin D has not been studied and could affect 
result of this study with mostly Hispanic population.        
 

In conclusion, this study does not support routine 
measurement of vitamin D levels in patients with 
coccidioidomycosis.  

              Table 1: Demographics 

 
 

 
Figure 1: Case or Control verses Vitamin D 
levels at Baseline 
 
 

 
Figure 2: Case or Controls 
 
 
 

 
Figure 3: Case or Controls 
 
 

 
Figure 4: Comorbidities: DM (Diabetes 
Mellitus) 
 

 
Figure 5: Comorbidities: CKD (Chronic 
Kidney Disease) 
 
 

 
Figure 6: Comorbidities: DM (Diabetes 
Mellitus) in Case and Controls   
 
 

 
Figure 7: Comorbidities: CKD (Chronic 
Kidney Disease) in Case and Controls 
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Figure 8: DM (Diabetes Mellitus) and CKD 
(Chronic Kidney Disease) Excluded 
 
 

 
Figure 9 
 
 

 

REFERENCES 

1. Centers for Disease Control and Prevention (CDC). 
Increase in reported coccidioidomycosis--United States, 
1998-2011. MMWR Morb Mortal Wkly Rep. 2013 Mar 
29;62(12):217-21. PubMed PMID: 23535687. 

2. Pappagianis D; Coccidioidomycosis Serology Laboratory. 
Coccidioidomycosis in California state correctional 
institutions. Ann N Y Acad Sci. 2007 Sep;1111:103-11. 
Epub 2007 Mar 1. Review. PubMed PMID: 17332089. 

3. Woods CW, McRill C, Plikaytis BD, Rosenstein NE, 
Mosley D, Boyd D, England B, Perkins BA, Ampel NM, 
Hajjeh RA. Coccidioidomycosis in human 
immunodeficiency virus-infected persons in Arizona, 1994-
1997: incidence, risk factors, and prevention. J Infect Dis. 
2000 Apr;181(4):1428-34. Epub 2000 Apr 7. PubMed 
PMID: 10753734. 

4. Galgiani JN, Ampel NM, Blair JE, Catanzaro A, 
Johnson RH, Stevens DA, Williams PL; Infectious 
Diseases Society of America. Coccidioidomycosis. Clin 
Infect Dis. 2005 Nov 1;41(9):1217-23. Epub 2005 Sep 20. 
Review. PubMed PMID: 16206093. 

5. Rook GA. The role of vitamin D in tuberculosis. Am Rev 
Respir Dis. 1988 Oct;138(4):768-70. PubMed PMID: 
2849343. 

6. Nnoaham KE, Clarke A. Low serum vitamin D levels and 
tuberculosis: a systematic review and meta-analysis. Int J 
Epidemiol. 2008 Feb;37(1):113-9. doi: 10.1093/ije/dym247. 
Review. PubMed PMID: 18245055. 

7. Talat N, Perry S, Parsonnet J, Dawood G, Hussai R. 
Vitamin D deficiency and tuberculosis progression. Emerg 
Infect Dis. 2010 May. 
http://wwwnc.cdc.gov/eid/article/16/5/09-1693 

8. Guzmán-Fulgencio M, García-Álvarez M, Berenguer J, 
Jiménez-Sousa MÁ, Cosín J, Pineda-Tenor D, Carrero 
A, Aldámiz T, Alvarez E, López JC, Resino S. Vitamin D 
deficiency is associated with severity of liver disease in 
HIV/HCV coinfected patients. J Infect. 2014 
Feb;68(2):176-84. doi: 10.1016/j.jinf.2013.10.011. Epub 
2013 Nov 1. PubMed PMID: 24184809. 

9. Sroussi HY, Burke-Miller J, French AL, Adeyemi OM, 
Weber KM, Lu Y, Cohen M. Association among vitamin 
D, oral candidiasis, and calprotectinemia in HIV. J Dent 
Res. 2012 Jul;91(7):666-70. doi: 
10.1177/0022034512446342. Epub 2012 Apr 25. PubMed 
PMID: 22538413; PubMed Central PMCID: PMC3383847. 

10.  Bikle D.  Vitamin D and immune function,  US Nephrology, 
2009;4(2):27-32. 

11. Chen S, Sims GP, Chen XX, Gu YY, Chen S, Lipsky PE. 
Modulatory effects of 1,25-dihydroxyvitamin D3 on human 
B cell differentiation. J Immunol. 2007 Aug 1;179(3):1634-
47. PubMed PMID: 17641030. 

12. Sigmundsdottir H, Pan J, Debes GF, Alt C, Habtezion 
A, Soler D, Butcher EC. DCs metabolize sunlight-induced 
vitamin D3 to 'program' T cell attraction to the epidermal 
chemokine CCL27. Nat Immunol. 2007 Mar;8(3):285-93. 
Epub 2007 Jan 28 PubMed PMID: 17259988. 

13. DiCaudo DJ. Coccidioidomycosis: a review and update. J 
Am Acad Dermatol. 2006 Dec;55(6):929-42; quiz 943-5. 
Review. PubMed PMID: 17110216. 

14. Powe CE, Evans MK, Wenger J, Zonderman AB, Berg 
AH, Nalls M, Tamez H, Zhang D, Bhan I, Karumanchi 
SA, Powe NR, Thadhani R. Vitamin D-binding protein 
and vitamin D status of black Americans and white 
Americans. N Engl J Med. 2013 Nov 21;369(21):1991-
2000. doi: 10.1056/NEJMoa1306357. PubMed PMID: 
24256378; PubMed Central PMCID: PMC4030388. 

15. Dawson-Hughes B, Harris SS, Krall EA, Dallal GE. 
Effect of calcium and vitamin D supplementation on bone 
density in men and women 65 years of age or older. N Engl 
J Med. 1997 Sep 4;337(10):670-6. PubMed PMID: 
9278463. 

16. Sanders KM, Stuart AL, Williamson EJ, Simpson JA, 
Kotowicz MA, Young D, Nicholson GC. Annual high-
dose oral vitamin D and falls and fractures in older women: 
a randomized controlled trial. JAMA. 2010 May 
12;303(18):1815-22. doi: 10.1001/jama.2010.594. Erratum 
in: JAMA. 2010 Jun 16;303(23):2357. PubMed 
PMID:20460620. 

17. American Diabetes Association. Diagnosis and 
classification of diabetes mellitus. Diabetes Care. 2010 
Jan;33 Suppl 1:S62-9. doi: 10.2337/dc10-S062. Erratum in: 
Diabetes Care. 2010 Apr;33(4):e57. PubMed PMID: 
20042775; PubMed Central PMCID: PMC2797383. 

 
 
Submitted on May 12, 2014  




