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Do vitamin D levels affect antibody titers
produced in response to HPV vaccine?
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In addition to its well-known effects on bone metabolism, vitamin D is an immunomodulating hormone. Serum
vitamin D levels in males 18-25 years were measured at baseline, and HPV antibody titers were measured one month
following the third quadrivalent HPV vaccine dose. Vitamin D levels were >30 ng/ml (normal) in 60 males and <30 ng/
ml (low) in 113 males. Reverse cumulative distribution curves and scatter plots showed higher antibody titers with low
vitamin D for all vaccine strains (P < 0.05). In linear regression analyses, antibody titers for all HPV strains were
significantly higher among those with lower vitamin D levels and among younger participants (P < 0.05). These
relationships add to the body of knowledge of the complex role of vitamin D in immunoregulation.

Introduction

Vitamin D has multiple immunologic effects beyond its well-
known role in bone metabolism. For instance, vitamin D insuffi-
ciency has been linked to inflammatory diseases, such as multiple
sclerosis and inflammatory bowel disease." In multiple sclerosis
(MS), low vitamin D levels are associated with increases in MS
activity and in the number of gadolinium-enhancing lesions.

Research on vitamin D and immunological response to vacci-
nation shows mixed results. Studies of children and adolescents,
and of adults >50 y of age have found no association between
vitamin D deficiency and response to influenza vaccine.>® In
patients with chronic kidney disease, vitamin D deficiency is
associated with a poor response to hepatitis B immunization.’
Vitamin D supplementation resulted in higher antibody titers
after tetanus toxoid boosters.® A systematic review of vitamin D
for the treatment of infectious diseases was inconclusive but
stressed the need for further research on the topic.” This study,
conducted in the context of a trial of different HPV vaccine
schedules in college-aged males, sought to determine the associa-
tion between pre-vaccination serum vitamin D levels and post
HPV vaccination antibody titers.

Methods

Participants

Men 18-25y of age were recruited from October 2010
through May 2011 for a trial testing their immune response to
the quadrivalent HPV vaccine, comparing administration of the
third dose at 6 months (recommended standard schedule) versus
12 months. Methods used in this study have been published.®
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Potential participants were excluded if they had: more than 4 life-
time sexual partners, health problems that would interfere with
the immune response or their ability to complete the study, hos-
pitalization during the past year, hypersensitivity to yeast or
HPV vaccine components, inability to complete the scheduled
appointments, previously received HPV vaccine or if they were
taking any immunosuppressive medications. Young women were
not included in the clinical trial; therefore no vitamin D samples
were available for women in this study. Participants completed a
survey at baseline in which they were asked about vitamin D sup-
plementation and other demographic and health characteristics.
Height and weight were measured at the dose 3 visit. Vitamin D
levels were measured at baseline only, so that all samples would
be collected at a consistent time relative to vaccine administra-
tion. This study was approved by the University of Pittsburgh
Institutional Review Board (PRO10070407).

Sample processing, immunogenicity and vitamin D assays

Vaccine storage and delivery followed standard procedures.
Blood samples were drawn immediately prior to the first dose
and 2-6 weeks after the third dose into serum separator
tubes. Samples were spun at 3200 rpm for 10-15 minutes
and serum was transferred to labeled nunc cryovials which
were stored at —70°C. Frozen nunc tubes were shipped on
dry ice to the laboratory by an express carrier. Serology test-
ing for each of the 4 HPV types was performed at PPD Vac-
cines and Biologics Laboratory (Wayne, PA) using a
competitive Luminex immunoassay (cLIA) that measures
type-specific antibodies to neutralizing epitopes on the virus-
like particles (VLPs) as described in Dias et al.” Participants
who had anti-HPV serum cLIA levels >20 milliMerck units/
mL (mM/mL) for HPV types 6 and 16, >16 mM/mL for
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Statistical analyses
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the relationship between vitamin D
\ and HPV antibody titers were elimi-
nated by the demo-
graphic variables related to vitamin
D by Chi square tests and those

related to mean log transformed
\ HPV antibody titers using ANOVA.
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\ categorical and continuous variables)
-\ were included in linear regression
L analyses to determine their relation-
ships to HPV titers. Reverse cumula-
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tive distribution curves (RCDs) and
scatter plots were created for each

these values differ significantly (P < 0.05).

Figure 1. Reverse cumulative distribution curves for antibody concentrations after quadrivalent HPV
vaccine administration, by HPV type and by total serum vitamin D level (<30 versus >30 ng/mL). Leg-
end: The percentage of participants achieving a specified log-transformed concentration was plotted,
comparing >30 vs. <30 ng/mL of total serum vitamin D levels. Using the Mantel-Cox log rank test,

HPV vaccine strain combining 6
and 12 month dosing groups, show-
ing distributions of log transformed
titers by vitamin D levels. Log rank
(Mantel-Cox) tests for equality of

type 11, and >24 mM/mL for type 18 were considered to be
seropositive at baseline and were excluded from analyses only
for the type(s) for which they were seropositive.

Vitamin D assays were performed with a Waters ultra-per-
formance liquid chromatogram detector and tandem mass
spectrometer that revealed molecular weight for 25-hydroxy
vitamin D2 and D3. The first quadruple mass analyzer was
tuned for the parent ions. The second mass analyzer was
tuned for specific daughter ions; these are detected by the
photomultiplier system. The machine’s coefficient of variation
was 10 for both vitamin D2 and D3. The results of vitamin
D2 and D3 were combined for a total vitamin D level for
analysis; the range of D2 values was 4 to 12; the range of
D3 values was 4 to 60. Normal Vitamin D was set at
>30 ng/ml and low Vitamin D was set at <30 ng/ml based
on Endocrine Society guidelines for insufficiency.'® One par-
ticipant who did not have vitamin D values and one whose
vitamin D value was an outlier, were excluded.
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distributions for log, HPV antibody
titers between participants with base-
line normal and low vitamin D lev-
Statistical ~significance was set at

els were conducted.

P < 0.05.

Results

Baseline characteristics

Of 311 men who were screened, 91 did not meet inclusion
criteria, leaving 220 enrollees; 173 received all 3 doses and com-
pleted the post vaccination blood draw within the respective
study windows and were included in these analyses. Eighty-six
participants received dose 3 at 6 months and 87 received dose 3
at 12 months. Their mean age was 21.5 y; 18.5% were non-
white; 13.3% were homo-/bisexual; 6.9% were smokers; 8.1%
were not students. The body mass index averaged 25.2 with a
standard deviation of 5.6 (Table 1). There were no demographic
variables significantly related to both vitamin D and HPV anti-
body titers, indicating no confounding.
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Reported vitamin D
supplementation

Thirty-three percent (57/173) of the
participants reported taking a vitamin D
supplement of some form (i.e., multivi-
tamin or vitamin D supplement); the
percentage of those who took supple-
ments did not vary between the 6 month
(38%) and 12 month groups (28%, P =
0.13). There was no significant differ-

Log-transformed anti-HEY § (mb unitimL)

Lag-transfarmed anti-HPVG {mM unitfmL)

ence in the proportion of participants e S
with low serum vitamin D levels between
those taking a vitamin D supplement
(57%), and those not taking a vitamin D
supplement (69%, P = 0.14).

Vitamin D levels and HPV antibody
titers
In the 6 month group, the minimum

Log-transfarmed anti-HPY 11 (mM unitimL}

vitamin D level was 4 ng/ml, the mean
was 26.7 ng/ml, and the maximum was

Serum Vitamin D (ngimL}
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a0 o
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60 ng/ml. In the 12 month group the = " 5
minimum, mean and maximum vitamin
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D levels were 8 ng/ml, 27.8 ng/ml, and

57 ng/ml, respectively, P = 0.483. Over-

all, the vitamin D levels were normal in

Figure 2. Distribution of log transformed HPV antibody levels (mMerck unit/mL) associated with total
serum vitamin D levels (ng/mL).

60 males and low (<30 ng/ml) in 113
males. In the 6 month group, the per-
centage of participants with vitamin D

levels <30 ng/ml was 64% versus 67% in the 12 month group
(P=0.415).

Log transformed HPV antibody titers and serum vitamin
D levels

Reverse cumulative distribution curves and scatter plots were
created for each HPV vaccine strain combining 6 and 12 month
dosing groups, showing that the normal vitamin D level was asso-
ciated with a lower titer for each strain (Figs. 1 and 2, respec-
tively). The Mantel-Cox log rank test indicated that these values
of log transformed titers differed significantly across vitamin D
levels (P < 0.05).

In linear regression analyses that included demographic varia-
bles and vitamin D levels, mean log antibody titers to HPV
strains 6 and 16 were significantly and negatively related to age
and vitamin D whether as a continuous or categorical variable
(P < 0.05; Table 2). For HPV 11, age and vitamin D levels were
significantly, negatively related to mean log antibody titer. In
addition, dosing schedule and race were significantly related to
mean log titer, with the 12 month dosing group significantly
higher than the 6 month dosing group, and white participants
significantly higher than non-white participants. For HPV 18,
younger age and vitamin D as a continuous variable were signifi-
cantly, negatively related to mean log titer. Thus, for all 4 HPV
strains, vitamin D and age were negatively associated with log
transformed HPV antibody titers.
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Discussion

We found that low vitamin D levels at baseline were associ-
ated with significantly higher antibody titers in response to 3
doses of HPV vaccine when analyzed either using RCD curves or
adjusting for demographic variables using mean log titers.
Together, these data suggest that vitamin D has an immunomo-
dulating effect on HPV vaccine response. However, the impact
of vitamin D, while statistically significant, does not affect the
titers sufficiently to change any anticipated clinical outcomes;
indeed, all the titers were higher than those produced by natural
infection. Similar to our findings by age group, significant differ-
ences in elicited antibody responses to HPV vaccine have been
observed in racial, age and sexual orientation groups of men, yet
all have been deemed to be sufficient for protection against HPV
infection.'" In fact, HPV antibody titers were higher in the pres-
ent study than those previously reported.'’

This inverse relationship is not inconsistent with the exagger-
ated inflammatory responses seen in conditions such as multiple
sclerosis and inflammatory bowel disease that have been associ-
ated with low vitamin D levels." We speculate that as an immu-
noregulatory hormone, vitamin D tempers the response to HPV
vaccination to an appropriate yet robust level; whereas insuffi-
cient vitamin D leads to a higher immune response. A similar
relationship between season of vaccination and antibody response
to rubella vaccination has been reported. Children who received
rubella vaccine in the winter, with lower levels of vitamin
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Table 1. Demographics by vitamin D level (top) and by log transformed HPV antibody titers (bottom)

Serum vitamin D level

Demographics Overall, N =173 Low (<30 ng/mL),N =113 Normal (>30 ng/mL), N=60 P value*
Age, % 320
<21 years 52.6 504 58.3
>21 years 47.4 49.6 417
Group assignment, % 415
6 month 49.7 64.4 35.6
12 month 50.3 67.0 33.0
Sexual orientation, %
Homo/bisexual 133 52.2 47.8 102
Heterosexual 86.6 68.2 31.8
Race, %
Non-white 18.5 226 10.0 .029
White 815 774 90.0
Uses supplement containing vitamin D, % 329 380 28.0 .160
Log transformed HPV antibody titers
Demographics HPVé6 HPV11 HPV16 HPV18
Age, %
<21 years 7.0(1.0)" 7.5 (0.9)! 8.8(0.9)" 7.0 (1.0)°
>21 years 6.6 (1.0) 7.0(1.0) 8.3(1.2) 6.5(1.3)
Group assignment, %
6 month 6.7 (1.0) 7.0 (1.0)T 8.5 (1.1) 6.6 (1.3)
12 month 7.0 (1.1) 7.6 (0.8) 8.7 (1.1) 6.9 (1.0)
Sexual orientation, %
Homo/bisexual 6.6 (1.2) 7.1(1.2) 83(14) 6.5 (1.6)
Heterosexual 6.9 (1.0) 7.3 (0.9) 8.6 (1.0) 6.8 (1.1)
Race, %
Non-white 6.7 (1.3) 7.3(1.0) 84 (1.3) 7.0(1.5)
White 6.9 (1.0) 7.3(1.0) 8.6 (1.0) 6.7 (1.1)

*For difference between low and normal vitamin D levels.
*P<0.05 for difference between groups.

**p<0.01 for difference between groups.

1P<.001 for difference between groups.

D-stimulating ultraviolet radiation, had significantly higher
GMTs than those vaccinated in the summer.'* Such associations
provide the impetus for further study of the role of vitamin D in
the immunology of vaccine response. A recent review of the role
of vitamin D in the immune response to vaccination found
mixed results and concluded that the current state of knowledge
is insufficient about the true relationship between vitamin D and

immunogenicity; indeed, the authors suggested that either an

. . 1
1ncreased or decreased response mlght occur. 3

Strengths and limitations

To our knowledge, this is the only study to assess serum vita-
min D levels and HPV vaccine antibody titers. In contrast to ear-
lier reports,'* the competitive Luminex immunoassay has been

Table 2. Association of HPV geometric mean titer (GMT) by HPV type with age, race, sexual orientation and vitamin D level (> 30 vs. < 30 ng/mL; top) and

by overall vitamin D level (bottom) using linear regression; N = 173

HPV6 HPV11 HPV16 HPV18
Variable Beta (SE) P value Beta (SE)  Pvalue  Beta (SE) P value Beta (SE) P value
Dose 3 at 12 months, ref. = 6 months .27 (15) .084 55 (.14) <.001 23 (.16) .148 24 (.18) 180
Age at enrollment —.08 (.036) .030 —.12 (.03) <.001 —.09 (.04) .012 —.10 (.04) .019
Vitamin D level —.02(.01) .002 —.03 (.01) <.001 —.02(.01) .004 —.02(.01) 016
White race, ref. = non-white 30 (.21) 148 04 (.18) <.001 26 (.21) 219 —.24 (.24) 305
Heterosexual, ref. = homo/bisexual .33 (.23) 146 14 (.20) .819 .35(.23) 31 25 (.26) 332
Dose 3 at 12 months, ref. = 6 months 23 (.16) 133 52 (.14) <.001 .19 (.16) 216 21(.18) 243
Age at enrollment —.08 (.04) 033 —.12(.03) <.001 —.09 (.04) 014 —.10 (.04) .021
Vitamin D level <30 ng/mL, ref. = >30 ng/mL —43(.17) 011 —.53(.15) <.001 —39(.17) .022 —.37(.19) .052
White race, ref. = non-white 24 (.21) 242 —.01(.18) .969 .20 (.21) 341 —.30 (.24) 206
Heterosexual, ref. = homo/bisexual .26 (.23) 257 06 (.20) 776 29 (.24) 224 19 (.26) 467
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found to correlate well with 2 other common HPV antibody
assays.'> Several limitations should be noted. Much debate occurs
in the literature about the cut-points for adequate vitamin D
serum levels; we used the Endocrine Society insufficiency cut-
points.'’ Too few participants had vitamin D levels below
20 ng/mL to allow for meaningful analyses by subgroup, such as
race or sexual orientation. However the results were similar when
including vitamin D level as a continuous variable. Young
women, whose antibody responses to HPV vaccine in an identi-
cal clinical trial'® were higher than young men’s in this trial, were
not included in this study, because vitamin D levels were not
measured in that study. A similar study including females is war-
ranted. Vitamin D was only measured at baseline when the first
dose of HPV virus was administered which avoids the potential
variability that may have resulted from collecting vitamin D sam-
ples at 2 different times since dose 1, i.e., 6 and 12 months.
However this method did not allow for determining the effect of
vitamin D levels at the time that the subsequent doses were
administered. Finally, vitamin D levels were not used in random-
ization; therefore, causality cannot be established, although tem-
poral relationships were present.

Conclusion

The relationship of vitamin D to the immune system’s
response to vaccine antigens is complex'? and should be further
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