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Abstract

Background

In recent years, researchers have illuminated many non-skeletal actions of vitamin D includ-
ing host defense against various pathogens and vaccine immunology. The purpose of our
study was to explore the potential association between serum vitamin D levels and measles
antibody titers.

Methods

The biochemical profiles and de-identified information were accessed from the 2001 to 2004
National Health and Nutrition Examination Survey (NHANES). Participants were divided
into quartiles according to their measles antibody titers.

Results

A total of 5,681 participants were analyzed in our study. Participants in the highest quartile
of measles antibody titer had significantly lower serological levels of 25-hydroxyvitamin D
[25(OH)D] than those in the lower quartiles (53.90 vs. 58.70 nmol/L, a decrease of 8.18%)
(p < 0.001). After full adjustment of confounders, the adjusted 3 coefficient of 25(OH)D was
-0.006 (p<0.001). A decreasing tendency of 25(OH)D among quartiles of measles antibody
titers was obvious (p for trend <0.001). The negative association in seropositive subjects
remained statistically significant only in non-Hispanic black population before adjustment for
age, gender, and other covariates (p<0.05).

Conclusion

Our study highlights the negative association between serum 25(0OH)D levels and measles
antibody titers.

PLOS ONE | https://doi.org/10.1371/journal.pone.0207798 November 30, 2018

1/10



o ®
@ ’ PLOS ‘ ONE Inverse relationship between vitamin D and measles antibody titer

Introduction

Vitamin D, traditionally known to be involved in calcium phosphate homeostasis and mineral
metabolism, has been proven to be a pleiotropic molecule.[1] Emerging evidence has linked
the serum concentration of vitamin D to various constitutional conditions, including autoim-
mune diseases, cardiovascular diseases, and cancer.[2] Patients with lower vitamin D levels
were found to have increased disease activity in multiple sclerosis and inflammatory bowel dis-
ease.[3] 1,25(OH),D, an active form of vitamin D, was shown to augment the fusion of lyso-
somes and phagosomes in Mycobacterium tuberculosis infected macrophages.[4]
Additionally, vitamin D has been reported to play a role in systemic and mucosal immune
responses in animal studies.[5, 6]

Measles, or Rubeola, is a highly contagious disease and can cause fever, conjunctivitis, mor-
billiform rash, pneumonia, diarrhea, encephalitis, and death. A dramatic decline in the inci-
dence of measles to less than one case per million has been achieved since 1997 following the
increase of vaccination of school-age children.[7-9] In March 2000, the transmission of the
measles virus was declared eliminated in the United States.[10] However, cases of measles con-
tinued to occur, mainly associated with emigration, because the disease is still endemic in
many developing countries.

Researchers have been interested in the mechanism of how vitamin D affects human immu-
nity against various infectious diseases and the immune response to vaccines. Vitamin D defi-
ciency was found to be associated with poor response to hepatitis Bimmunization in patients
with chronic kidney disease.[11] Furthermore, another study demonstrated that genetic vari-
ants in vitamin D receptors determine the inter-individual immune response to the measles
vaccine.[12] However, vitamin D levels were not assessed in that study. To the best of our
knowledge, the impact of vitamin D levels on the immune response to either a natural measles
infection or to the measles vaccine has not been studied. Here, we focused on the potential
connection between vitamin D and measles antibody titers.

Materials and methods
Ethics statement

The NHANES databank where we obtained our de-identified information was approved by
the Institutional Review Board of the National Center for Health Statistics (NCHS IRB). All
informed consent was obtained before data collection and health examinations. The entire
experimental protocol was approved by the NCHS IRB.

Data source and study population

We initially identified 15,206 participants with available standardized serum 25(OH)D data
from NHANES 2001-2004.[13, 14] Participants who finished biochemical examination, serum
25(OH)D, measles antibody titer, and questionnaire of past histories were included in our
study. Based on the inclusion criteria of our study, the final analytical sample was 5,681 partici-
pants showed in Table 1. Secondary data analysis was performed on serum vitamin D, measles
antibody titer, and other covariates obtained from the NHANES 2001-2004. The NHANES
are a series of nationwide consecutive cross-sectional surveys of the representative non-institu-
tionalized US population since 1999. NHANES, conducted by NCHS of the Centers for Dis-
ease Control and Prevention (CDC), have a stratified multistage probability design. Minority
groups of certain ethnicities, such as non-Hispanic black Americans and Mexican Americans,
certain ages, and certain income levels were oversampled to make stable estimates for these
groups. The NHANES also comprised in-home interviews and health examinations in a
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Table 1. Characteristics of study participants.

Variables

Continuous variables *
Age (years)
Vitamin D (nmol/L)
ALT (U/L)
Total cholesterol (mg/dL)
Glucose (mg/dL)
Total calcium (mg/dL)
Creatinine (mg/dL)
Categorical variables ®
Male
Ethnicity
Mexican American
Non-Hispanic white
Non-Hispanic Black
Other Hispanic
Arthritis
Congestive heart failure
Coronary heart disease
Angina/Angina pectoris
Heart attack
Stroke

Smoke
Moderate to vigorous recreational activity

* Values were expressed as median (interquartil

> Values in the categorical variables were expressed as number (%)

Quartiles of measles antibody titer

Q1(<4.22) Q2(4.22t0<8.38) Q3(8.38to<14.145) Q4(>14.145) total p value
N = 1421 N = 1423 N = 1417 N = 1420 N = 5681
29.00 (12.00)* 31.00 (14.00)* 36.00 (14.00)* 41.00 (12.00) 34.00 (16.00) <0.001
58.70 (28.60)* 58.70 (31.00)* 56.30 (31.10)* 53.90 (30.90) 56.30 (31.00) <0.001
20.00 (14.00) 21.00 (14.00) 20.00 (14.00) 22.00 (14.00) 21.00 (14.00) 0.158
190.00 (53.00) 194.00 (57.00) 194.00 (53.00) 193.00 (49.00) 193.00 (53.00) 0.564
86.00 (12.00) 86.00 (12.00) 86.00 (12.00) 88.00 (12.00) 87.00 (12.00) 0.006
9.40 (0.50) 9.40 (0.50) 9.40 (0.50) 9.40 (0.50) 9.40 (0.50) 0.363
0.80 (0.20) 0.80 (0.40) 0.80 (0.30) 0.80 (0.30) 0.80 (0.30) 0.169
289 (46.2) 229 (44.5) 242 (47.6) 296 (45.7) 1056 (46.0) 0.784
<0.001
200 (31.9) 151 (29.3) 126 (24.8) 128 (19.8) 605 (26.3)
310 (49.5) 235 (45.6) 238 (46.9) 283 (43.7) 1066 (46.4)
74 (11.8) 91 (17.7) 95 (18.7) 178 (27.5) 438 (19.1)
18 (2.9) 20 (3.9) 27 (5.3) 42 (6.5) 107 (4.7)
38 (6.1) 39 (7.6) 41 (8.1) 85 (13.1) 203 (8.8) <0.001
2(0.3) 1(0.2) 1(0.2) 8(1.2) 12 (0.5) 0.075
3(0.5) 2(0.4) 1(0.2) 5(0.8) 11 (0.5) 0.573
3(0.5) 2(0.4) 4(0.8) 10 (1.5) 19 (0.8) 0.397
2(0.3) 1(0.2) 2(0.4) 8(1.2) 13 (0.6) 0.128
2(0.3) 3(0.6) 2(0.4) 8(1.2) 15 (0.7) 0.271
278 (44.4) 206(40.0) 230 (45.3) 306 (47.2) 1020 (44.4) 0.131
363 (58.0) 275 (53.4) 297 (58.5) 350 (54.0) 1285 (55.9) 0.195

e range)

* indicates measles quartiles (Q1, Q2, Q3) with different letters were significantly different from Q4 measles quartile (p < 0.05, ANOVA).

https://doi.org/10.1371/journal.pone.0207798.t001

mobile examination center. Descriptions of detained operation instructions and documenta-
tion of informed consent for the NHANES 2001-2004 were available on the internet for public
download.

Measurement of measles antibody

Serum samples from participants who were 6 to 49 years old during 2001-2004 were analyzed
with commercially available indirect enzyme-linked immunosorbent IgG assays (IgG ELISA
II; Wampole Laboratories) for immunoglobulin G (IgG) antibodies against measles virus. The
serostatus of measles IgG antibodies were categorized by index value or optical density ratio
(ODR) in the following manner: ODR of < 0.90 as seronegative; ODR of 0.91 to 1.09 as inde-
terminate; and ODR of > 1.10 as seropositive.[15]

Determination of vitamin D level

Measurement of serum concentrations of 25(OH)D, including 25(OH)D3 and 25(OH)D,, was
performed in the NHANES participants.[13] For NHANES 1988-1994 and 2001-2006, the
serological level of 25(OH)D was measured with a DiaSorin RIA kit (Stillwater MN). In July
2009 the National Institute of Standards and Technology (NIST) used the isotope dilution
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tandem mass spectrometry (LC-MS/MS) method to set a qualified value of 25(OH)D as the
assay standard. The CDC, out of concern over bias and imprecision, developed regression
equations to convert the 25(OH)D data from NHANES 2001-2006 in accordance with the
aforementioned LC-MS/MS method. The 25(OH)D data from NHANES 2001-2006 were
adjusted due to the assay drift and revisions in the reagent and calibration lot.

Covariates measurement

Several variables concerning personal lifestyle were collected through self-reporting by the par-
ticipants; the variables included recreational activity, status of tobacco consumption, and phy-
sician-diagnosed past medical status, which included arthritis, congestive heart failure,
coronary artery disease, angina/angina pectoris, heart attack, and stroke. Moderate to vigorous
movement that resulted in an elevation of breathing frequency or heart rates, such as running,
swimming or bicycling for more than ten minutes continuously, was defined as recreational
activity in our study.

Total serum cholesterol was calculated enzymatically using a Hitachi 704 automatic Ana-
lyzer serviced by Roche Diagnostics, Indianapolis, IN. The fasting serum glucose level was
determined using a glucose oxidase method with the Roche Gobas Mira biochemistry analyzer.
The handling and processing of other biomarkers, such as alanine aminotransferase (ALT),
total calcium and creatinine, in the NHANES have been described in other literature.[16] The
above practices were executed according to the certified paradigms of CDC.

Statistical methods

SPSS (Statistical Package for the Social Scientists) was used for data analysis (Version 18.0 for
Windows, SPSS Inc., Chicago, IL, USA). Based on the result of Kolmogorov-Smirnov test
(p<0.001), serum 25(OH)D and other covariates of our study population were not normal dis-
tributed. Therefore, log transformation was performed to normalize the distributions of the
serum 25(OH)D. Continuous variables were presented as the medians and interquartile range
(IQR), and the Kruskal-Wallis test was used for comparing categorical variables. We categorized
the measles antibody titers into quartiles to investigate quartile-based analysis using the highest
quartile as the reference group. Multivariate linear regression was used to explore the relation-
ship between vitamin D and the measles antibody titers. Three extended-model approaches
with covariate adjustment were utilized. Model 1 was unadjusted, and Model 2 was adjusted for
age, sex, and race/ethnicity. Model 3 was comprised of Model 2 + ALT, total cholesterol, glu-
cose, total calcium, and creatinine. Model 3 plus past histories of arthritis, congestive heart fail-
ure, coronary heart disease, angina/angina pectoris, heart attack, stroke, smoking status, and
moderate to vigorous recreational activity were adjusted in Model 4. All statistical significance
was defined as a two-sided P value of <0.05. The R-squared values were listed in Tables 2 and 3
to test whether the multiple regression model is appropriate for our data.

Results
Characteristics of the study population

The study group consisted of 5,681 participants; 45.5% were male and the median age of sub-
jects was 34.00 + 16.00 years old. The demographic characteristics of all subjects classified by
quartiles of serum measles antibody titer are presented in Table 1. Older age, lower serum vita-
min D levels, higher blood glucose, and higher rates of arthritis were prominent in the highest
quartile of the measles antibody titer compared with all the lower quartiles of measles antibody
titer.
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Association between measles antibody titer and vitamin D

The measles antibody titer showed significant correlation with the serum concentration of vita-
min D. Participants in the highest quartile of measles antibody titer had significantly lower sero-
logical levels of 25-hydroxyvitamin D [25(OH)D] than those in the lower quartiles (53.90 vs.
58.70 nmol/L, a decrease of 8.18%) (p < 0.001). The results of linear regression analyses are
listed in Table 2. The §§ coefficient of 25(OH)D was -0.006 (95% confidence interval, -0.009 ~
-0.004, p<0.001) after adjustment for age, gender, and race/ethnicity. The statistical significance
in our study remained when additional covariates were added (3 coefficient = -0.006, p<0.001).
Table 3 shows the outcome of multiple linear regression analyses of measles antibody titer quar-
tiles, which demonstrates the negative associations between the serum concentrations of vita-
min D and the measles antibody titers. Participants in the higher quartiles of measles antibody
titer had significantly lower serum concentrations of vitamin D (p for trend<0.001). Table 4
shows the ethnicity-specific association between the levels of vitamin D and the measles anti-
body titer in seropositive subjects. (5,480 participants in our study population were seropositive
for measles IgG.) The negative association of serum vitamin D levels and measles antibody titers
only remained statistically significant (p< 0.05) in Model 1 (without adjustment of age, gender,
ethnicity, or other covariates) of non-Hispanic black populations.

Discussion

In this study based on the general US population, a significant negative association was dem-
onstrated between serological level of 25(OH)D and measles antibody titer in the higher quar-
tiles in all models. We suggested that people with higher measles antibody titers tend to have
lower serum concentrations of 25(OH)D. As far as we knew, we were the first to address the
negative relationship between plasma vitamin D levels and measles antibody titers.

A similar inverse relationship has also been reported between antibody titers against the
rubella virus and the season of vaccination.[17] Linder et al. found that children vaccinated in
the summer that had higher levels of vitamin D stimulating ultraviolet radiation contained sig-
nificantly lower geometric mean titers than those who received the vaccination in the winter.
A recent study by Zimmerman et al. also demonstrated that lower vitamin D levels were asso-
ciated with significantly higher antibody titers after three doses of human papillomavirus vac-
cine.[18] The aforementioned studies and the findings of our present study prompted us to
speculate that vitamin D may play a regulatory role in immune response or, more specifically,
attenuating the immune reaction induced by viruses, such as measles, rubella, and human

Table 2. Association between the level of vitamin D and the level of measles antibody titer.

Models * 8 (95% CI) P value R®

Model 1 -0.008 (-0.010, -0.005) <0.001 0.001
Model 2 -0.006 (-0.009, -0.004) <0.001 0.021
Model 3 -0.006 (-0.009, -0.004) <0.001 0.065
Model 4 -0.006 (-0.009, -0.004) <0.001 0.070

CI, confidence interval.

* Adjusted covariates: Model 1 = without adjustment. Model 2 = Model 1+ (age, gender, race/ethnicity). Model

3 = Model 2+ (ALT, total cholesterol, glucose, total calcium, creatinine). Model 4 = Model 3+ (history of arthritis,
congestive heart failure, coronary heart disease, angina/angina pectoris, heart attack, stroke, smoking, moderate to
vigorous recreational activity)

P B coefficients were interpreted as change of Vitamin D for each unit increase in measles antibody titer.

¢ Nagelkerke R squared

https://doi.org/10.1371/journal.pone.0207798.t1002
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Table 3. Association between vitamin D and measles antibody titer quartiles.

Models * measles antibody titer quartiles 8" (95% CI) p value p for trend R*
Model 1 Q3v.s. QL -0.035 (-0.084~0.013) 0.151 <0.001 0.015
Q2v.s. Q1
Q3v.s. Q1 -0.045 (-0.093~0.003) 0.069
Q4vs. Ql -0.131 (-0.176~-0.085) <0.001
Model 2 Q2v.s. Q1 -0.030 (-0.078~0.018) 0.226 <0.001 0.029
Q3v.s. Ql -0.034 (-0.083~0.015) 0.176
Q4vs. Ql -0.110 (-0.159~-0.061) <0.001
Model 3 Q2v.s. QL -0.026 (-0.073~0.021) 0.277 <0.001 0.073
Q3v.s. Ql -0.034 (-0.083~0.014) 0.161
Q4v.s. QL -0.109 (-0.157~-0.060) <0.001
Model 4 Q2v.s. QL -0.026 (-0.073~0.021) 0.277 <0.001 0.078
Q3v.s. QL -0.035 (-0.083~0.013) 0.153
Q4v.s. QL -0.111 (-0.159~-0.063) <0.001

CI, confidence interval.

* Adjusted covariates: Model 1 = age, gender, race/ethnicity. Model 2 = Model 1+ (age, gender, race/ethnicity). Model 3 = Model 2+ (ALT, total cholesterol, glucose,
total calcium, creatinine). Model 4 = Model 3+ (history of arthritis, congestive heart failure, coronary heart disease, angina/angina pectoris, heart attack, stroke,
smoking, moderate to vigorous recreational activity)

® B coefficients can be interpreted as differences in Vitamin D comparing subjects in the upper three quartiles to those in the lowest quartiles.

© Nagelkerke R squared
https://doi.org/10.1371/journal.pone.0207798.t003

papillomavirus. Controversial results of vitamin D on vaccine immunogenicity, however, have
also been reported. In one randomized controlled study, serum hemagglutinin inhibition titers
were not enhanced in vaccine recipients with simultaneous intramuscular 1,25(OH)D supple-
ment adjacent to the vaccine injection site compared to the placebo group.[19] Another pla-
cebo-controlled trial by Moe et al also found no effect of paricalcitol on hepatitis B booster
vaccine in hemodialysis patients.[20] Lastly, a recent study by Nicola et al showed that vitamin
D level may have no influence on the immune response of trivalent influenza vaccine. In their
study, no difference of seroconversion or seroprotection rates was noted between children
with persistent low serum vitamin D and those normalized after supplementation.[21]

Table 4. Ethnicity difference in association between level of vitamin D and measles antibody titer in seropositive® subjects.

Mexican American Other Hispanic Non-Hispanic White Non-Hispanic Black

Models® B (95% CI) Pvalue| R® B (95% CI) Pvalue| R? B° (95% CI) Pvalue| R® B (95% CI) Pvalue| R®

Model 1 -0.003(-0.008, 0.132 | 0.004 <0.001(-0.011, 0.962 | <0.001 | -0.001(-0.004, 0.002) | 0.358 | 0.001 -0.005(-0.010, 0.038 | 0.010
0.001) 0.010) <0.001)

Model 2 -0.001(-0.006, 0.661 | 0.038 <0.001 (-0.011, 0.821 0.004 <0.001 (-0.003, 0.979 | 0.007 -0.005(-0.010, 0.066 | 0.038
0.004) 0.012) 0.003) <0.001)

Model 3 -0.001(-0.006, 0.480 |0.104 | -0.003(-0.013, 0.008) | 0.598 | 0.221 | 0.001(-0.003,0.004) | 0.713 | 0.048 | -0.004(-0.009, 0.001) | 0.095 | 0.093
0.003)

Model 4 -0.002(-0.007, 0.393 | 0.143 | -0.001(-0.012, 0.010) | 0.859 | 0.259 | 0.001(-0.002,0.004) | 0.681 | 0.066 | -0.005(-0.010, 0.001) | 0.083 | 0.114
0.003)

* Adjusted covariates: Model 1 = without adjustment. Model 2 = Model 1+ age, gender. Model 3 = Model 2 + ALT, total cholesterol, triglycerides, fasting glucose,
calcium, creatinine. Model 4 = Model 3+ history of arthritis, congestive heart failure, coronary heart disease, angina/angina pectoris, heart attack, stroke, smoking,
moderate to vigorous recreational activity

® Seropositive was defined as optical density ratio (ODR) > 1.10

“B coefficient can be interpreted as differences in the change of vitamin D for each unit increase in measles antibody titer.

https://doi.org/10.1371/journal.pone.0207798.t004
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To date, the mechanism of how vitamin D levels affect the outcome of measles vaccine
response remains unclear. A study by Ovsyannikova et al. enrolled 745 healthy school children
who had documentation of having two doses of measles, mumps, and rubella (MMR) vaccines
and found that specific allelic variants in the vitamin D receptor (VDR) and retinoid X recep-
tor alpha (RXRA) encoding gene were associated with higher measles-virus induced cytokine
response.[12] However, the vitamin D levels were not assessed in the study. In our study, we
demonstrate the significant inverse relationship between serological levels of 25(OH)D and
measles antibody titers.

The activation of an immune response, either by natural infection or vaccination, impli-
cates a delicate interplay of innate and adaptive immune systems;[22] vitamin D can affect
both these arms of the immune system. 25(OH)D has been shown to activate the intracrine
activity in antigen-stimulated dendritic cells which can then inhibit their maturation and con-
sequently impede downstream T-cell and B-cell proliferation.[23-25] Additionally, 1,25 (OH)
D was found to have a potent and direct effect on the B-cells response which hampers B-cell
proliferation, generation of class-switched memory B cells, differentiation of plasma cells, and
production of immunoglobulins. 25(OH)D exhibits similar properties but at relatively higher
concentrations compared with 1,25(OH)D.[26] Such evidence suggests that insufficient vita-
min D levels may lead to a more zealous immune response. This is not only consistent with
previous studies but also supportive of the inverse relationship between vitamin D levels and
measles antibody titers that was observed in our study.

Although several viral infection have been associated with human type 1 diabetes mellitus
[27], no solid evidence has indicated that currently used vaccine may induce diabetes in
human. In one observational study by Ramondetti, there was no statistical significance
between measles infection and type 1 diabetes.[28] The difference of blood glucose level
between quartiles in our study, although statistically significant, warrants future study to clarify
their correlation. The association between measles and rheumatoid arthritis has been con-
firmed by previous epidemiological studies.[29, 30] A recent network analysis by Liu et al fur-
ther explained the association between measles and rheumatoid arthritis by their shared
genetic background.[31]

Vitamin D deficiency has been regarded as being pandemic throughout the world.[32]
Growing evidences have demonstrated the impact of vitamin D on various constitutional con-
ditions, including autoimmune diseases, cardiovascular diseases, and cancer.[2] Owing to the
absence of data regarding the association between measles antibody titer and seral vitamin
level, we categorized measles antibody titer into quartiles and revealed a dose-dependent man-
ner of vitamin D level. The fact that the difference of vitamin D levels in the highest and the
lowest quartile was small and were both categorized as insufficient was not surprising since
participants in NHANES were representative of U.S. general population. Concerning a small
difference (53.90 vs. 58.70 nmol/L, a decrease of 8.18%) of vitamin D level in our study has
been shown to correlate with significant difference of measles antibody titer, an extrapolation
that a greater inverse relationship to measles antibody titer between vitamin D-sufficient (>75
nmol/L) and -deficient (<50 nmol/L) groups would be expected.[33]

There are several limitations in our study that should be considered. First, although the R
value (R* = 0.070) in our study is relatively low, the following reasons are taken into consider-
ation. Sunlight exposure and dietary supplement from several kinds of foods, such as cod liver
oil and oily fish, are the main sources of vitamin D for human. [34] The serum concentration
of vitamin D, however, is also influenced by multiple factors including age, ethnicity, obesity,
medication, various diseases, sunlight exposure, and dietary supplement.[35] The result of our
present study may be interpreted that measles antibody is one of these factors that influences
the serum concentration of vitamin D which cannot be overlooked. Second, the causal
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relationship between 25(OH)D levels and the measles antibody titers could not be established
since our study was a cross-sectional study. The data was only collected at one time without
long-term follow up and the intervention effect could not be elucidated by control group
which warrant future randomized placebo-controlled trials. Third, the vaccination status and
history of the participants in our study were unknown. The measles antibody titer in vacci-
nated participants could be much lower than those with natural infection.[36] Lastly, the seral
concentration of 25(OH)D could have seasonal and diurnal changes.[37, 38] However, the
data from NHANES spanned from 2001 to 2004, and we could not trace the time point when
the participants took their blood test.

In summary, this study addresses the negative association between serum 25(OH)D levels
and the measles antibody titers. Since no definite causal relationship exists, more attention
should be paid to the adequate daily vitamin D supplementation for known health benefits
irrespective of measles antibody levels. Additional prospective research focusing on the causal
relationship between vitamin D and measles immunity would be of great interest and value.
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