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Introduction
Twenty-five hydroxy (25-OH) vitamin D deficiency is highly 

prevalent among HIV-infected adults [1-3] and has well-established 
consequences on bone mineralization and calcium homeostasis. 
Recently, 25-OH vitamin D deficiency has been linked to other clinical 
problems, including increased susceptibility to heart disease [4], diabetes 
mellitus [5], metabolic syndrome [6] and dysregulation of the immune 
system. In vitro [7-9] and in vivo [10,11] studies have demonstrated the 
ability of vitamin D to up-regulate immunological responses through 
activation of human macrophages [7], monocyte chemotaxis [8], 
oxidative burst [9], and other mechanisms [8,9]. These immunological 
effects may explain the possible links between vitamin D receptor 
polymorphisms and susceptibility to upper respiratory infections 
(URIs), as well as the results of multiple controlled and observational 
studies examining the effect of vitamin D supplementation on reducing 
the risk of URIs [12-14]. 

Patients with HIV respond immunologically relatively poorly to 
the H1N1 vaccine and other influenza vaccines when compared to the 
general population [15]. This study examined the prevalence of vitamin 
D deficiency in HIV-infected individuals and its relationship to prior 
H1N1 exposure and immunologic response to H1N1 vaccination.

Methods
This is a prospective, single-arm, non-randomized substudy 

of a single-dose H1N1 vaccine trial conducted at the University of 
Pennsylvania’s Center for AIDS Research in the fall/winter 2009-2010. 
The vaccine consisted of a 15 µg dose of the monovalent, unadjuvanted, 
inactivated, split H1N1 virus (Novartis, Basel, Switzerland). 120 HIV-
infected individuals seeking routine HIV care at the Infectious Diseases 
clinic were enrolled into the study. Inclusion and exclusion criteria are 

described elsewhere [15]. All patients signed an informed consent. The 
study was approved by the University of Pennsylvania institutional 
review board and registered in clinical trials.gov #NCT01111162.

At time zero, patients had baseline labs drawn which included 
a CD4 count, HIV viral load (VL), and influenza antibody titers 
measured using the hemagglutination inhibition assay (HAI). A 
single intramuscular dose of the H1N1 vaccine was given. Patients 
with baseline HAI titers greater than 1:40 were categorized as having 
a prior exposure to H1N1. Serological response, defined as a fourfold 
increase of influenza titers among patients with prior H1N1 exposure 
or a titer great than 1:40 among H1N1 naïve patients, was evaluated 3 
weeks after vaccination. Patients with such titers were categorized as 
vaccine responders, and all others were categorized as non-responders. 
We compared total 25-OH vitamin D levels among individuals with 
and without baseline natural exposure to the H1N1 virus and between 
vaccine responders and non-responders. 

25-OH vitamin D levels were evaluated at Quest Diagnostics
Nichols Institute in appropriately cryopreserved baseline serum 
specimens. Briefly, this method utilized a liquid chromatograpy, 
tandem mass spectrometry (LC/MS/MS) process to quantify total 25-
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OH vitamin D by separately quantifying the D2 and D3 forms of this 
analyte and summing them together to provide the total 25-OH vitamin 
D value. This testing process involved stepwise: protein precipitation 
from serum, followed by liquid chromatography separation of the 
target components, and finally detection and quantitation of the target 
analytes using a tandem mass spectrometry technique. The resultant 25-
OH Vitamin D2 and 25-OH Vitamin D3 subcomponents were summed 
to obtain the total 25-OH vitamin D levels. The analytical sensitivity 
of the method was 4 ng/mL for each subcomponent of 25-OH vitamin 
D. The analytical specificity demonstrated no cross-reaction with; 
1alpha,25-(OH)2D2; 1alpha,25-(OH)2D3, calcitriol; 25,26-(OH)2D3; and 
1alpha (OH)D2, doxercalciferol; and 1 alpha (OH)D3, alfacalcidiol. The 
average interassay coefficient of variation across the analytical range of 
the method was 7%.

Statistical analysis

 Differences by category of 25-OH vitamin D level (<20, 20-30, >30 
ng/ml) and demographic and clinical characteristics were evaluated 
with the Student’s t test for continuous variables and Fisher’s exact 
test for categorical variables. Differences in mean 25-OH vitamin D 
between patients with and without prior H1N1 natural exposure and 
between vaccine responders and non-responders were assessed using 
the student t-test. 

Results
Patient demographic and clinical characteristics

120 participants enrolled in the trial, all of whom completed the 
study at the 3-week follow-up. Baseline clinical and demographic 
characteristics are shown in table 1. Participants had a median age of 
46 years, the majority were male (70.8%), and 67.5% were African-
American. Overall, study participants had stable HIV disease with 70% 
exhibiting a current CD4 count > 350 cells/mm3 and 91.6% having 
an HIV VL < 400 copies/ml. All patients except one were receiving 
antiretroviral therapy. 

Distribution of 25(OH) vitamin D levels among study 
participants

The mean 25-OH vitamin D level among the 120 participants 
was 20 ng/ml. Most (86%) patients had vitamin D deficiency (25-OH 

vitamin D level < 30 ng/mL) and 54% had severe vitamin D deficiency 
(25-OH vitamin D < 20 ng/mL). Besides race (p<0.0001) and HIV VL 
(p=0.01), there was no significant difference in vitamin D levels across 
other clinical and demographic markers (Table 1). Vitamin D deficiency 
was more common among black participants than among other races, 
with 66.7% having severe vitamin D deficiency. 

Baseline exposure to H1N1 by vitamin D levels

Thirty out of 120 patients (25%) had evidence of prior H1N1 
natural exposure with HAI titers greater than 1:40 at baseline (Figure 
1A). There was no difference in mean vitamin D levels among patients 
with or without prior natural H1N1 infection (21 ng/ml vs 20 ng/ml, 
p=0.72). Baseline evidence of prior H1N1 infection was less common 
in patients with severe vitamin D deficiency (19%; 95% CI, 8.8-28.1) 
than in patients with a mild deficiency (38%; 95% CI, 19.7-55.2%) or 
normal vitamin D levels (26%; 95% CI, 9.3-45.5%); however, the group 

All (n=120) 25 (OH) Vitamin D Levels p-value
Patient characteristics <20 20-30 >30
Age (median) 120 (46.1) 44.1 48.9 47.6 0.13
Sex, n (% exposed) 0.47

Male 85 (70.8) 43 (50.6) 25 (29.4) 17 (20.0)
Female 35 (29.2) 22 (62.9) 7 (20.0) 6 (17.1)

Race, n(% exposed) <0.001
White 30 (25.0) 8 (26.7) 10 (33.3) 12 (40.0)
Black 81 (67.5) 54 (66.7) 19 (23.4) 8 (9.9)

Hispanic 7 (5.8) 3 (42.8) 2 (28.6) 2 (28.6)
Asian 2 (1.7) 0 (0) 1 (50.0) 1 (50.0)

CD4 count, n(% exposed) 0.39
≤ 350 cells/mm3 36 (30.0) 23 (63.9) 7 (19.4) 6 (16.6)
> 350 cells/mm3 84 (70.0) 42 (50.0) 25 (29.8) 17 (20.2)

Viral load, n(% exposed) 0.01
< 400 copies/ml 110 (91.6) 55 (50.0) 32 (29.1) 23 (20.9)
≥ 400 copies/ml 10 (8.4) 10 (100) 0 (0) 0 (0)

Table 1: Demographic and clinical characteristics of 120 patients with HIV infec-
tion, by vitamin D level.
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Figure 1: H1N1 immunological response by vitamin D levels.
A) Baseline H1N1 rate of natural infection according to vitamin D level. B) 
Percentage of seroprotection at the end of the study according to baseline 
vitamin D level. C) Rates of seroconversion among H1N1 naïve individuals 
according to baseline vitamin D level.
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sizes were relatively small and the differences did not reach statistical 
significance. 

Serological response to the H1N1 vaccine categorized by 
vitamin D levels

At week 3, 69.2% (95% CI, 60.8-77.5) of all HIV-infected participants 
mounted an immunological response to the H1N1 vaccine (Figure 
1B). Among the 90 participants without previous exposure to H1N1, 
only 61.1% (95% CI, 50.8-71.4) developed protective titers by week 3 
of the study (Figure 1C). Mean vitamin D levels were similar among 
vaccine responders (20 ng/ml) and non-responders (20 ng/ml, p=0.83). 
There were small, non–statistically or clinically significant differences 
in serologic response among patients with different degrees of vitamin 
D deficiency. Among all study participants, the rates of seroprotection 
were similar for patients with severe vitamin D deficiency (67.7%), mild 
deficiency (71.9%), and no deficiency (69.6%) (Figure 1B). Among 
patients without previous H1N1 exposure and with severe vitamin 
D deficiency, 60.4% responded to the vaccine versus 65% and 59% in 
the mild or no vitamin D deficiency groups (Figure 1C). Non-vaccine 
responders had lower current CD4 counts than vaccine responders 
(42.3% versus 24.1% had CD4 count <350 cells/ml, p=0.05) and a higher 
HIV VL (13.5% versus 6%, p=0.28 had a VL > 400 copies/ml). Patients 
with severe vitamin D deficiency were more likely to be HIV viremic 
compared to patients with mild/ no vitamin D deficiency (p=0.01); 
100% of patients with severe vitamin D deficiency had active viremia.

Discussion
In this prospective study of patients with HIV receiving the H1N1 

vaccine, we found that there was no difference in the mean vitamin D 
levels between patients with or without prior natural H1N1 infection 
or between vaccine responders and non-responders. The prevalence 
of vitamin D deficiency among our study participants was very high: 
86% of our sample had 25 (OH) vitamins D < 30 ng/ml and over half 
had levels < 20 ng/ml. The reported prevalence of vitamin D deficiency 
ranges widely, from 45% to 87% in studies conducted in developed 
nations [1,16-21]. In two recent large cohort studies performed in the 
US, the prevalence of vitamin D deficiency was 60% [21] among HIV 
infected women and 70% [1] among men and women, which is slightly 
lower than what we found. These studies were performed retrospectively 
over a one-year period and did not correct for the seasonal variation 
of vitamin D levels. It is possible that the prevalence of vitamin D 
deficiency in our study was higher because blood samples were drawn 
in a relatively short period of time during the fall/winter of 2009 when 
vitamin D levels are known to be lower because of decreased sun 
exposure. In accordance with previous studies, we found that African 
Americans were significantly more likely to be vitamin D deficient. 

We have shown previously that patients with HIV have a lower 
seroconversion rate than the general population after H1N1 vaccine 
administration [15]. Our study suggests that vitamin D levels do not 
explain the low frequency of vaccine responses in this population. 
The reasons that HIV infected individuals with well-controlled HIV 
infection respond poorly to influenza and other vaccinations are 
unknown. Different strategies have been used to address this problem 
including using higher doses and the use of adjuvant vaccines like 
ASO3 and MF59 [22-28]. Currently, however, the use of these adjuvant 
vaccines is not approved in the many countries, including the United 
States. In our study, we observed an unexpected result: when stratifying 
HIV disease by vitamin D levels, we found that patients with severe 
vitamin D deficiency were significantly more likely to be HIV viremic 

compared to patients with mild or no vitamin D deficiency (p=0.01). 
Obviously in this cross-sectional aspect of the study we cannot 
assess the causality of this association. It is possible that patients with 
uncontrolled HIV have a chronic state of inflammation that leads to 
lower vitamin D levels, or that low vitamin D levels are associated with 
worse virological control of HIV. Although many observational studies 
have shown an association between lower vitamin D levels and clinical 
progression of HIV disease, the design does not allow them to address 
the directionality of that association [29-31]. 

In summary, in this single-arm H1N1 vaccine study, we found 
no association between mean vitamin D levels and prior exposure to 
H1N1 and vaccine response. 

Acknowledgments

This study was supported by NIH grants U01-AI069467-03 and P30-AI045008.

References

1.	 Dao CN, Patel P, Overton ET, Rhame F, Pals SL, et al. (2011) Low vitamin D 
among HIV-infected adults: prevalence of and risk factors for low vitamin D 
Levels in a cohort of HIV-infected adults and comparison to prevalence among 
adults in the US general population. Clin Infect Dis 52: 396-405.

2.	 Stein EM, Yin MT, McMahon DJ, Shu A, Zhang CA, et al. (2011) Vitamin D 
deficiency in HIV-infected postmenopausal Hispanic and African-American 
women. Osteoporos Int 22: 477-487.

3.	 Mueller NJ, Fux CA, Ledergerber B, Elzi L, Schmid P, et al. (2010) High 
prevalence of severe vitamin D deficiency in combined antiretroviral therapy-
naive and successfully treated Swiss HIV patients. AIDS 24: 1127-1134.

4.	 Wang L, Manson J, Song Y, Sesso H (2010) Systematic review: vitamin D and 
calcium supplementation in prevention cardiovascular events. Ann Intern Med 
152: 315-323.

5.	 Maxwell CS, Wood RJ (2011) Update on vitamin D and type 2 diabetes. Nutr 
Rev 69: 291-295.

6.	 Muldowney S, Lucey AJ, Paschos G, Martinez JA, Bandarra N, et al. (2011) 
Relationships between Vitamin D Status and Cardio-Metabolic Risk Factors in 
Young European Adults. Ann Nutr Metab 58: 85-93.

7.	 Liu PT, Stenger S, Li H, Wenzel L, Tan BH, et al. (2006) Toll-like receptor 
triggering of a vitamin D-mediated human antimicrobial response. Science 311: 
1770–1773.

8.	 Wang TT, Nestel FP, Bourdeau V, Nagai Y, Wang Q, et al. (2004) Cutting edge: 
1,25-dihydroxyvitamin D3 is a direct inducer of antimicrobial peptide gene 
expression. J Immunol 173: 2909-2912.

9.	 Sly LM, Lopez M, Nauseef WM, Reiner NE (2001) 1alpha,25-Dihydroxyvitamin 
D3-induced monocyte antimycobacterial activity is regulated by 
phosphatidylinositol 3-kinase and mediated by the NADPH-dependent 
phagocyte oxidase. J Biol Chem 276: 35482-35493.

10.	Aloia JF, Li-Ng M (2007) Re: epidemic influenza and vitamin D. Epidemiol Infect 
135: 1095-1096.

11.	Martineau AR, Wilkinson RJ, Wilkinson KA, Newton SM, Kampmann B, et al. 
(2007) A single dose of vitamin D enhances immunity to mycobacteria. Am J 
Respir Crit Care Med 176: 208-213.

12.	Janssen R, Bont L, Siezen CL, Hodemakers HM, Ermers MJ, et al. (2007) 
Genetic susceptibility to respiratory syncytial virus bronchiolitis is predominantly 
associated with innate immune genes. J Infect Dis 196: 826-834.

13.	Roth DE, Jones AD, Prosser C, Robison JL, Vohra S (2008) Vitamin D receptor 
polymorphisms and the risk of acute lower respiratory tract infection in early 
childhood. J Infect Dis 197: 676-680.

14.	Beard JA, Bearden A, Striker R (2011) Vitamin D and the anti-viral state. J Clin 
Virol 50: 194-200.

15.	Tebas P, Frank I, Lewis M, Quinn J, Zifchak L, et al. (2010) Poor immunogenicity 
of the H1N1 2009 vaccine in well controlled HIV-infected individuals. AIDS 24: 
2187-2192.

16.	Van Den Bout-Van Den Beukel CJ, Fievez L, Michels M, Sweep FC, Hermus 
AR, et al. (2008) Vitamin D deficiency among HIV type 1-infected individuals in 

http://www.ncbi.nlm.nih.gov/pubmed/21217186
http://www.ncbi.nlm.nih.gov/pubmed/21217186
http://www.ncbi.nlm.nih.gov/pubmed/21217186
http://www.ncbi.nlm.nih.gov/pubmed/21217186
http://www.ncbi.nlm.nih.gov/pubmed/20585939
http://www.ncbi.nlm.nih.gov/pubmed/20585939
http://www.ncbi.nlm.nih.gov/pubmed/20585939
http://www.ncbi.nlm.nih.gov/pubmed/20168200
http://www.ncbi.nlm.nih.gov/pubmed/20168200
http://www.ncbi.nlm.nih.gov/pubmed/20168200
http://www.ncbi.nlm.nih.gov/pubmed/20194238
http://www.ncbi.nlm.nih.gov/pubmed/20194238
http://www.ncbi.nlm.nih.gov/pubmed/20194238
http://www.ncbi.nlm.nih.gov/pubmed/21521231
http://www.ncbi.nlm.nih.gov/pubmed/21521231
http://www.ncbi.nlm.nih.gov/pubmed/21474925
http://www.ncbi.nlm.nih.gov/pubmed/21474925
http://www.ncbi.nlm.nih.gov/pubmed/21474925
http://www.ncbi.nlm.nih.gov/pubmed/16497887
http://www.ncbi.nlm.nih.gov/pubmed/16497887
http://www.ncbi.nlm.nih.gov/pubmed/16497887
http://www.ncbi.nlm.nih.gov/pubmed/15322146
http://www.ncbi.nlm.nih.gov/pubmed/15322146
http://www.ncbi.nlm.nih.gov/pubmed/15322146
http://www.ncbi.nlm.nih.gov/pubmed/11461902
http://www.ncbi.nlm.nih.gov/pubmed/11461902
http://www.ncbi.nlm.nih.gov/pubmed/11461902
http://www.ncbi.nlm.nih.gov/pubmed/11461902
http://www.ncbi.nlm.nih.gov/pubmed/17352842
http://www.ncbi.nlm.nih.gov/pubmed/17352842
http://www.ncbi.nlm.nih.gov/pubmed/17463418
http://www.ncbi.nlm.nih.gov/pubmed/17463418
http://www.ncbi.nlm.nih.gov/pubmed/17463418
http://www.ncbi.nlm.nih.gov/pubmed/17703412
http://www.ncbi.nlm.nih.gov/pubmed/17703412
http://www.ncbi.nlm.nih.gov/pubmed/17703412
http://www.ncbi.nlm.nih.gov/pubmed/18266602
http://www.ncbi.nlm.nih.gov/pubmed/18266602
http://www.ncbi.nlm.nih.gov/pubmed/18266602
http://www.ncbi.nlm.nih.gov/pubmed/21242105
http://www.ncbi.nlm.nih.gov/pubmed/21242105
http://www.ncbi.nlm.nih.gov/pubmed/20616698
http://www.ncbi.nlm.nih.gov/pubmed/20616698
http://www.ncbi.nlm.nih.gov/pubmed/20616698
http://www.ncbi.nlm.nih.gov/pubmed/18928396
http://www.ncbi.nlm.nih.gov/pubmed/18928396


Citation:	 Momplaisir F, Frank I, Meyer III WA, Kim D, Kappes R (2012) Vitamin D Levels, Natural H1N1 Infection and Response to H1N1 Vaccine among 
HIV-Infected Individuals. J AIDS Clinic Res 3:152. doi:10.4172/2155-6113.1000152

Page 4 of 4

Volume 3 • Issue 5 • 1000152
J AIDS Clinic Res
ISSN:2155-6113 JAR an open access journal 

the Netherlands: effects of antiretroviral therapy. AIDS Res Hum Retroviruses 
24: 1375-1382.

17.	Rodriguez M, Daniels B, Gunawardene S, Robbins GK (2009) High frequency 
of vitamin D deficiency in ambulatory HIV-positive patients. AIDS Res Hum 
Retroviruses 25: 9-14.

18.	Bang UC, Shakar SA, Hitz MF, Jespersen MS, Andersen O, et al. (2010) 
Deficiency of 25-hydroxyvitamin D in male HIV-positive patients: A descriptive 
cross-sectional study. Scand J Infect Dis 42: 306-310.

19.	Mueller NJ, Fux CA, Ledergerber B, Elzi L, Schmid P, et al. (2010) High 
prevalence of severe vitamin D deficiency in combined antiretroviral therapy-
naive and successfully treated Swiss HIV patients. AIDS 24: 1127-1134.

20.	Stephensen CB, Marquis GS, Kruzich LA, Douglas SD, Aldrovandi GM, et al. 
(2006) Vitamin D status in adolescents and young adults with HIV infection. Am 
J Clin Nutr 83: 1135-1141.

21.	Adeyemi1 OM, Agniel D, French AL, Tien P, Weber K, et al. (2011) Vitamin D 
deficiency in HIV-infected and un-infected women in the US. J Acquir Immune 
Defic Syndr 57: 197-204.

22.	Manuel O, Pascual M, Hoschler K, Giulieri S, Alves D, et al. (2011) Humoral 
response to the influenza A H1N1/09 monovalent AS03-adjuvanted vaccine in 
immunocompromised patients. Clin Infect Dis 52: 248-256. 

23.	Tremblay CL, Rouleau D, Fortin C, Toma E, Sylla M, et al. (2011) Immunogenicity 
and tolerability of an inactivated and adjuvanted pandemic H1N1 influenza 
vaccine, in HIV-1-infected patients. Vaccine 29: 1359-1363.

24.	Overton ET (2012) Sometimes, more is better. J Infect Dis 205: 697-699.

25.	Cooper C, Thorne A, Klein M, Conway B, Boivin G, et al. (2011) Immunogenicity 
is not improved by increased antigen dose or booster dosing of seasonal 
influenza vaccine in a randomized trial of HIV infected adults. PLoS One 6: 
e17758.

26.	El Sahly HM, Davis C, Kotloff K, Meier J, Winokur PL, et al. (2012) Higher 
Antigen Content Improves the Immune Response to 2009 H1N1 Influenza 
Vaccine in HIV-Infected Adults: A Randomized Clinical Trial. J Infect Dis 205: 
703-712.

27.	Bickel M, von Hentig N, Wieters I, Khaykin P, Nisius G, et al. (2011) Immune 
Response after Two Doses of the Novel Split Virion, Adjuvanted Pandemic 
H1N1 Influenza A Vaccine in HIV-1–Infected Patients. Clin Infect Dis 52: 122-
127.

28.	Soonawala D, Rimmelzwaan GF, Gelinck LB, Visser LG, Kroon FP (2011) 
Response to 2009 Pandemic Influenza A (H1N1) Vaccine in HIV-Infected 
Patients and the Influence of Prior Seasonal Influenza Vaccination. PLoS One 
6: e16496.

29.	Teichmann J, Stephan E, Lange U, Discher T, Friese G, et al. (2003) Osteopenia 
in HIV-infected women prior to highly active antiretroviral therapy. J Infect 46: 
221-227.

30.	Coodley GO, Codley MK, Nelson HD, Loveless MO (1993) Micronutrient 
concentrations in the HIV wasting syndrome. AIDS 7: 1595-600.

31.	Haug C, Mueller F, Aukrust, Froland SS (1994) Subnormal serum concentration 
of 1,25-vitamin D in human immunodeficiency virus infection: correlation with 
degree of immune deficiency and survival. J Infect Dis 169: 889-893.

http://www.ncbi.nlm.nih.gov/pubmed/18928396
http://www.ncbi.nlm.nih.gov/pubmed/18928396
http://www.ncbi.nlm.nih.gov/pubmed/19108690
http://www.ncbi.nlm.nih.gov/pubmed/19108690
http://www.ncbi.nlm.nih.gov/pubmed/19108690
http://www.ncbi.nlm.nih.gov/pubmed/20085419
http://www.ncbi.nlm.nih.gov/pubmed/20085419
http://www.ncbi.nlm.nih.gov/pubmed/20085419
http://www.ncbi.nlm.nih.gov/pubmed/20168200
http://www.ncbi.nlm.nih.gov/pubmed/20168200
http://www.ncbi.nlm.nih.gov/pubmed/20168200
http://www.ncbi.nlm.nih.gov/pubmed/16685057
http://www.ncbi.nlm.nih.gov/pubmed/16685057
http://www.ncbi.nlm.nih.gov/pubmed/16685057
http://www.ncbi.nlm.nih.gov/pubmed/21471818
http://www.ncbi.nlm.nih.gov/pubmed/21471818
http://www.ncbi.nlm.nih.gov/pubmed/21471818
http://www.ncbi.nlm.nih.gov/pubmed/21288852
http://www.ncbi.nlm.nih.gov/pubmed/21288852
http://www.ncbi.nlm.nih.gov/pubmed/21288852
http://www.ncbi.nlm.nih.gov/pubmed/21185423
http://www.ncbi.nlm.nih.gov/pubmed/21185423
http://www.ncbi.nlm.nih.gov/pubmed/21185423
http://www.ncbi.nlm.nih.gov/pubmed/22275400
http://www.ncbi.nlm.nih.gov/pubmed/21512577
http://www.ncbi.nlm.nih.gov/pubmed/21512577
http://www.ncbi.nlm.nih.gov/pubmed/21512577
http://www.ncbi.nlm.nih.gov/pubmed/21512577
http://www.ncbi.nlm.nih.gov/pubmed/22275399
http://www.ncbi.nlm.nih.gov/pubmed/22275399
http://www.ncbi.nlm.nih.gov/pubmed/22275399
http://www.ncbi.nlm.nih.gov/pubmed/22275399
http://www.ncbi.nlm.nih.gov/pubmed/21148530
http://www.ncbi.nlm.nih.gov/pubmed/21148530
http://www.ncbi.nlm.nih.gov/pubmed/21148530
http://www.ncbi.nlm.nih.gov/pubmed/21148530
http://www.ncbi.nlm.nih.gov/pubmed/21304982
http://www.ncbi.nlm.nih.gov/pubmed/21304982
http://www.ncbi.nlm.nih.gov/pubmed/21304982
http://www.ncbi.nlm.nih.gov/pubmed/21304982
http://www.ncbi.nlm.nih.gov/pubmed/12799147
http://www.ncbi.nlm.nih.gov/pubmed/12799147
http://www.ncbi.nlm.nih.gov/pubmed/12799147
http://www.ncbi.nlm.nih.gov/pubmed/7904452
http://www.ncbi.nlm.nih.gov/pubmed/7904452
http://www.ncbi.nlm.nih.gov/pubmed/7907645
http://www.ncbi.nlm.nih.gov/pubmed/7907645
http://www.ncbi.nlm.nih.gov/pubmed/7907645

	Title
	Corresponding author
	Keywords
	Introduction
	Methods
	Statistical analysis 

	Results
	Patient demographic and clinical characteristics 
	Distribution of 25(OH) vitamin D levels among study participants 
	Baseline exposure to H1N1 by vitamin D levels 
	Serological response to the H1N1 vaccine categorized by vitamin D levels 

	Discussion
	Acknowledgments
	Table 1
	Figure 1
	References



