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Introduction: Hepatitis B virus (HBV) infection is a global health problem. Anti-hepatitis B surface antigen (HBsAg) levels increase
along with vitamin D levels in adults. However, few studies have examined this relationship in adolescents. Few studies have
examined the relationship between vitamin D and HBsAg antibody levels, especially in Indonesia.

Methods: This cross-sectional study examined vitamin D and anti-HBsAg levels before and after hepatitis B immunisation. All
subjects blood was taken to check for vitamin D level. This study was part of the Safety and Preliminary of Immunogenicity Following
Recombinant Hepatitis B (Bio Farma) Vaccine in Adults and Children Phase I trial.

Results: This study found that 25-hydroxyvitamin D [25(OH)D] status was primarily deficient based on endocrine criteria. The
children’s hepatitis B antibody response was mostly <10 mIU/mL before and >10 mIU/mL after vaccination. There was a relationship
between sex and 25(OH)D status, with median 25(OH)D levels higher in females (18.2 ng/mL) than in males (9.8 ng/mL). However,
the relationship between vitamin 25(OH)D status and anti-HBsAg levels pre- and post-vaccination was not significant.

Discussion: However, some research found that vitamin D supplementation after immunisation did not impact vaccine response,
several studies have reported that vitamin D can decrease HBV replication through various mechanisms, including reducing viral
transcription and interfering with viral protein synthesis.

Conclusion: There was no relationship between 25(OH)D status and anti-HBsAg levels. Further research is needed to elucidate the
underlying mechanisms and establish optimal treatment strategies.
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Introduction

Hepatitis B is a disease caused by the hepatitis B virus (HBV). Baruch Blumberg first identified the HBV in 1965."% It causes
necrosis and inflammation in liver cells. HBV infection is a global health problem. The World Health Organization estimates
that as many as 2 billion individuals are infected with HBV, and more than 360 million individuals, or about 6% of the global
population, suffer from chronic HBV infection.>* These data highlight the need for a special strategy to reduce the incidence
of HBV infection, especially in developing countries.'

Immunisation programs have been successful in some countries, and screening of blood products is considered one of
the efforts to reduce the incidence of HBV infection, which remains high in some HBV-endemic countries, with the
incidence of children infected with HBV also relatively high.® This issue relates to the natural course of HBV, which can
develop into chronic and even cause long-term complications such as cirrhosis, hepatitis, or hepatocellular carcinoma.®’

Indonesia is classified as a medium-to-high-endemicity country. The Basic Health Research (Riskesdas) results in 2007
showed that from 10391 serums examined, the prevalence of HBV seropositivity was 9.4%, meaning that 1 in 10 Indonesian
participants had been infected with HBV.®” When converted to the total population of Indonesia, the HBV-infected population

reaches 23 million individuals. Based on the Riskesdas results in 2013, the number of Indonesians with HBV seropositivity
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was 7.1, a decrease compared to 2007.%” This data changes Indonesia from a country with high HBV endemicity to one with
moderate endemicity.’

The risk of being infected with HBV during adolescence is increased by the presence of individuals who are
nonresponsive to the HBV vaccine. The incidence of nonresponders ranges from 2-15% in healthy individuals.
Nonresponder individuals are susceptible to HBV infection and are at elevated risk of becoming chronically infected.®
Kusnandi et al concluded that immunising adolescents against HBV immunisation with up to three doses can provide
immunity in healthy children with hypo/nonresponders.®’

The quality of the immune response elicited by immunisation depends on several factors: the number of antigen
doses, how they were administered, the added adjuvants, nutritional factors, and nutritional status. One of the nutritional
factors that play a role is vitamin D.'” Vitamin D is a fat-soluble vitamin that acts like a steroid hormone.”'" The
potential effect of vitamin D on vaccine response is likely mediated by its action on the adenomatous polyposis coli
(APC) protein, with the most potent action so far observed with dendritic cells. While the biologically active form of
vitamin D, 1.25-dihydroxyvitamin D [1,25(0OH),], is seen to directly blunt B cell function, it also stimulates the
effectiveness of vaccines through its effect on the innate immune system.'!

Jafarzadeh et al reported that after 20 years of primary HBV vaccination, serum levels of anti-hepatitis B surface antigen
(HBsAg) antibodies tend to increase with vitamin D levels.'? In addition, anti-HBs antibody levels also differed significantly
between subjects with different vitamin D levels.'? Low vitamin D levels lead to insufficient vitamin D signalling for immune
system regulation. Therefore, vitamin D deficiency reduces the quality, quantity, area, and location of the immune response
against viral, bacterial, and vaccine antigen infections.'*"?

The association between anti-HBs and Vitamin D remains a topic of ongoing discussion, with search results
presenting conflicting information. One study suggests that vitamin D status might play a role in the persistence of anti-
HBs antibodies and the durability of protection following primary vaccination with a recombinant HB vaccine.'*'*
Conversely, another study reveals a significant and inverse correlation between vitamin D levels and HBV-DNA.'#!3
However, a separate study contends that vitamin D status has no bearing on the anti-HBs titer in children who received
hepatitis B virus vaccination during infancy.'® Some studies even report a lack of connection between vitamin D levels
and HBV viral infection.'” In summary, the current evidence is inconclusive, necessitating further research to elucidate
the relationship between anti-HBs and Vitamin D.

This study was performed in the context of HBV immunisation being a current part of a government program to
prevent HBV transmission. While anti-HBsAg levels increase with vitamin D levels in adults, few studies have examined
this relationship in adolescents. Several studies have reported the role of vitamin D in the body’s defence mechanisms.
Few studies have examined this relationship between vitamin D and HBV, especially in Indonesia. The aim of this study
is to determine the relationship between vitamin D and anti-HBsAg levels in adolescents vaccinated against HBV.

Materials and Methods
Study Design and Population

This cross-sectional study compared vitamin D and anti-HBs levels before and after hepatitis B immunisation and
examined the relationship between them. Its subjects were 50 adolescents aged 10—17 years vaccinated against HBV who
met all inclusion criteria and none of the exclusion criteria. All subjects blood was taken for vitamin D assessment as part
of the Safety and Preliminary of Immunogenicity Following Recombinant Hepatitis B (Bio Farma) Vaccine in Adults and
Children Phase I trial.

School selection was conducted using purposive techniques, and subject selection by stratification random sampling
using random lists. On the appointed day, an explanation of research activities was given to parents/guardians. For those
who have agreed to participate in the study, a schedule for examination and immunisation was determined after they
signed a willingness to participate in the research document (informed consent).

The main exclusion criteria included being simultaneously enrolled or scheduled to be enrolled in another experiment;
having a direct relative relationship with the research team; having a moderate onset of mild, moderate, or severe illness,
especially infectious disease or fever (axillary temperature 37.5°C) within 48 hours before registration; a known history
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of allergy to any vaccine component (based on anamnesis); a known history of immunodeficiency disorders (HIV
infection, leukemia, lymphoma, or malignancy); a history of uncontrolled coagulopathy or blood disorders that are
contraindicated for the phlebotomy process; receiving treatment in the previous four weeks that can alter the immune
response (intravenous immunoglobulins, blood-derived products, corticosteroid therapy and other immunosuppressants);
having any chronic disorder or disease that the research team believed may interfere with the study’s objective
assessment of the study; having already been immunised with any vaccine within the previous four weeks and expect
to receive another vaccine within four weeks of immunisation; HBsAg positivity; a known history of HBV infection;
previous HBV immunisation, proven by written documentation; and planning to move out of the study area before the
end of the study period.

A parent/guardian had to provide written consent for children aged 10—11 years. Subjects aged 12—17 years had to
provide written consent before a parent/guardian provided informed consent. The informed consent had to be signed by
an impartial witness (independent of the researcher and not specified on the list of research contributors) if a legally valid
subject representative could not read and sign the form. By signing the consent form, the witness can attest that the
information in the consent form and other written information was accurately explained to the parent or their legally
acceptable representative and appeared to have been understood. After being informed about the study and providing
signed informed consent, all subjects underwent a thorough medical history evaluation, physical exam, chest radiology,
and some serology tests.

The investigators checked the inclusion and exclusion criteria. For each recruited subject, the inclusion number was
allocated in chronological order. The subject was randomised per treatment group. The doctor strictly followed the list of
randomisations provided by Bio Farma. Treatment was allocated according to a randomisation list so that each
randomisation number corresponded to only one strictly randomly assigned treatment group. This clinical trial was
registered at ClinicalTrials.gov (ID: NCT04188223) and the Indonesian Clinical Research Registry (ID: INA-DPS3T9B).

Procedures

A blood sample was collected in a vacutainer tube. The individual in charge of the blood draw had to verify the subject’s
identity and check that the initials on the laboratory request were those of the subject before taking the blood sample.
Then, the subject’s initials were written on all labels of the corresponding bands. The label was affixed to the vacutainer
immediately before blood sampling. It was vital to obtain a sterile blood sample. Three mL of blood samples were
collected at visits VO, V1 and V2. The VO blood sample was divided into three aliquots. The first aliquot was used for the
HBsAg test, the second was used to evaluate pre-immunisation antibody titers (anti-HBsAg test), and the third was used
for vitamin D testing. The V1 and V2 blood samples were used for post-immunisation antibody titer evaluation (anti-
HBsAg test), and the remaining samples were stored until sent to Prodia Laboratories.

Anti-HBsAg Test

Anti-HBsAg levels were quantified using the ARCHITECT Chemiluminescent Microparticle Immunoassay (CMIA) with
the Ausab reagent on an ARCHITECT i1000SR immunoassay analyser. The ARCHITECT Ausab assay is a CMIA for
quantitatively determining anti-HBsAg in serum and plasma (dipotassium EDTA, lithium heparin, and sodium heparin)
in adults and children and serum from neonates. It is used to quantitatively measure the antibody response after HBV
immunisation, to determine immune status against HBV, and for laboratory diagnosis of HBV disease associated with
HBYV infection in conjunction with other laboratory results and clinical information.

ARCHITECT Ausab calibrators are used to calibrate the ARCHITECT i systems when they are used to quantitatively
determine anti-HBsAg using ARCHITECT Ausab reagents. Calibrators have not been used with other anti-HBsAg
assays. The ARCHITECT Ausab control was used to monitor the work of the ARCHITECT system when it is used to
quantitatively determine anti-HBsAg with ARCHITECT Ausab reagents.

Vitamin D Test
The ARCHITECT 25-OH Total Vitamin D was used to quantitatively determine vitamin D levels in serum and plasma using
CMIA technology with a standard working protocol called Chemiflex. First, diluents and paramagnetic anti-vitamin D bind to
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anti-vitamin D microparticles to form antigen-antibody complexes. After incubation, conjugates containing acridinium
vitamin D are added to the mixing reaction and bind to the empty parts of vitamin D. After incubation and leaching, pre-
trigger and trigger solutions are added to the mixing reaction. The results of chemiluminescent reactions are measured in
relative light units (RLU). The relationship between the amount of 25-hydroxyvitamin D [25(OH)D] in the sample and the
RLU was detected using the ARCHITECT optical system. The results are calculated based on previous calibrations. We used

endocrine criteria to measure vitamin D levels.

Outcomes

The primary outcome was determining whether there was a relationship between vitamin D and anti-HBsAg levels. The
secondary outcomes were determining the vitamin D status of adolescents who received a recombinant HBV vaccine and
the anti-HBsAg levels of adolescents before and after receiving a recombinant HBV vaccine.

Sample Size and Statistical Analysis

The sample size was determined based on the purpose of the study, namely to determine the relationship between vitamin
D status and anti-HbsAg levels in adolescents who received the recombinant hepatitis B vaccine, by selecting the
significance level a = 5%, power test 1-f = 80%. From the results of the study, Jafarzadeh et al obtained the average
levels of anti-HB sAg in the group of adolescents with vitamin D levels of <10ng/mL was 16.16 (SD 3.10) ng/mL and in
the group of adolescents with vitamin D levels > 10 ng/mL 58.91 (SD 79.43) ng/mL. By using the sample size formula to
test the difference between two averages, namely:

_28%(Za + 2p)*
(1 — m2)

Information:

n = sample size per group

S = combined standard deviation

Z o and Z B = deviate values Z obtained from the standard normal distribution table, for o = 5% (Z, = 1.65), and for
power tests 80% (Z B = 0.84).

From the sample size formula above, n = 22 per group is obtained.

Establishing the prevalence of low vitamin D levels (<10 ng/mL) in adolescents at 45% requires a sample size of 9
adolescents. Furthermore, from the study of Jafarzadeh et al the relationship between vitamin D levels and anti-HBsAg
levels the calculation results are reduced leg r = 0.971 if a sample size formula is used for correlation analysis, namely:

2
g Zatzp)

2
{o,5m 2}

For o, and the same P as above, and r = 0.971 obtained n = 7; and n = 49 corresponds to r = 0.4. So, based on the
calculations of the two above, a minimum of 49 teenagers are needed.

The research data were analysed descriptively and analytically. Descriptive analysis included presenting categorical
data as numbers and percentages and numerical data as means, standard deviations (SDs), medians, and ranges.
Numerical data were tested for normality using the Shapiro—Wilk test and considered normally distributed data if their
P-value was >0.05. The correlation between vitamin D status and the anti-HBsAg level was assessed using Pearson’s
correlation coefficient if normally distributed and Spearman’s rank correlation coefficient if not normally distributed.
Data were compared between categorical variables using the Chi-square test. Data were compared between numerical
variables using the unpaired #-test if normally distributed or the Mann—Whitney test if nonnormally distributed. Data
were compared between more than two groups using the F-test (analysis of variance) if normally distributed or the
Kruskal-Wallis test if nonnormally distributed. Data were processed and analysed using the SPSS for Windows software
(version 18). All results with a P < 0.05 were considered statistically significant.
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Role of the Funding Source

This trial was funded by PT Bio Farma Indonesia (grant no.: 129K-CT-HepB). PT Bio Farma Indonesia designed the protocol,
supervised the study’s conduct, and analysed the study’s results. In collaboration with the other authors, PT Bio Farma Indonesia
had a role in data collection, data analysis, data interpretation, report writing, and the decision to submit the manuscript.

Results

This study examined the relationship between vitamin D status and anti-HBsAg levels in 50 adolescents who received
a recombinant HBV vaccine. Basic data were recorded for all subjects, including sex, age, and anthropometric height and
weight measurements. The subjects’ characteristic (Table 1) shows that there were more females than males and more
subjects aged 1017 years, with an average age of 12.9 years. The value of body mass index indicates that 50% of
subjects are classified as normal. Descriptive statistics of the studied variables (Table 2) show subjects’ 25(OH)D and
anti-HBsAg levels after complete vaccination. The normality test results for vitamin D and anti-HbSAg levels before and
after vaccination had P < 0.05, meaning they are nonnormally distributed. Therefore, the correlation between vitamin
D and anti-HBsAg levels was assessed using Spearman’s non-parametric rank correlation coefficient. The interpretation
of test results based on endocrine criteria indicated that most subjects had a deficient 25(OH)D status (80%; Table 3). The
HBYV antibody response was <10 mIU/mL for most subjects before vaccination (74%) and >10 mIU/mL for all subjects
after vaccination (100%). The 25(OH)D statuses and levels were significantly associated with sex but not age, with
females having significantly higher median 25(OH)D levels (18.2 ng/mL) than males (9.8 ng/mL; Table 4). However, 25

(OH)D status and anti-HBsAg level were not significantly correlated pre- or post-immunisation (Table 5).

Table | Research Subjects’ Characteristics (n = 50)

Characteristic Statistical Measure
I. Sex:

Male 23

Female 27
2. Age (years):

10-12 19

13-17 31

Average (SD) 12.9 (2.2)

Range 10-17
3. Weight (kg):

Average (SD) 44.2 (12.8)
4. Height (cm):

Average (SD) 150.5 (12.0)
5. Body mass index (kg/m?):

<185 21

18.5-25.0 25

>25.0 4

Average (SD) 19.11 (3.44)

Table 2 Subjects’ 25(OH)D and Anti-HBsAg Levels After Complete Vaccination

Variable Statistical Measure Normality Test (p-value*)
Average (SD) Median Range
I. 25(OH)D (ng/mL) 14.57 (5.99) 13.65 6.5-27.9 0.008
2. Anti-HBsAg levels before (mlU/mL) 15.68 (42.33) 5.50 0.00-247.74 <0.001
3. Anti-HBsAg levels after (mlU/mL) 9064.6 (11583.6) 3921.0 124.47-50940.25 <0.001
Note: *Shapiro-Wilk test.
International Journal of General Medicine 2023:16 https: 5187
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Table 3 Subjects’ 25(OH)D Status and Pre- and Post-HBV
Immunisation Antibody Responses

Variable Number | %
25(OH)D status (ng/mL):
Endocrine
Deficiency (< 20) 40 80
Insufficiency (21.00-29.99) 10 20
Pre-immunisation HBV antibody response (mlU/mL):
<10 37 74
210 13 26
Post-immunisation HBV antibody response (mIU/mL):
<10 0 0
210 50 100

Table 4 Relationship with 25(OH)D Status

25(OH)D Status Sex P Age (Years) P
Male Female 10-13 14-17
Endocrine
Deficiency 17 23 0.001* 22 18 0.279
Insufficiency 10 0 8 2
Median 9.8 18.2 <0.001* 152 11.8 0.090
Range 6.5-19.6 6.7-27.9 6.5-27.9 6.5-23.3

Note: *The p-values were calculated using the Chi-square test except when comparing median vitamin D levels, which
used the Mann—Whitney test.

Table 5 Relationship Between 25(OH)D Status and Anti-HBsAg Levels

25(OH)D Status | Pre-lmmunisation Anti-HBsAg Levels | Post-Immunisation Anti-HBsAg Levels
Median (Range) p* Median (Range) p*
Endocrine
Deficiency 5.39 (0.00-247.74) 0.574 3852.0 (124.5-50940.2) 0.784
Insufficiency 8.06 (0.24-21.56) 4538.8 (152.7-46203.0)

Note: *Kruskal-Wallis/Mann—Whitney test.

Discussion

The liver is the primary organ affected by HBV infection. The HBV is spread by coming into contact with infected blood
or bodily fluids such as vaginal secretion and semen. HBV can cause both acute and chronic liver disease, including
cirrhosis and liver cancer.'®'? Over 250 million individuals are believed to have chronic HBV infections worldwide.>* %
HBYV infection can cause liver damage and diminished liver function.”® Li et al and Wang et al reported that vitamin
D regulates liver function, including the modulation of liver enzymes, hepatic inflammation, and fibrosis. Vitamin D may
have protective benefits on liver function in the context of HBV infection.*>**

In our study, we found that most children had an insufficient 25(OH)D status (80%) and an HBV antibody response of
<10 mIU/mL (74%) before vaccination. However, after vaccination with a recombinant HBV vaccine, all children had an
HBYV antibody response of >10 mIU/mL. Vitamin D has been demonstrated to control both innate and adaptive immune
responses.”>*® Vitamin D may alter the immunological response to HBV infection, affecting the equilibrium between

viral eradication and immune-mediated liver damage.'”*® Previous studies have shown that vitamin D increases the

5188 e International Journal of General Medicine 2023:16
Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Girsang et al

production of antiviral cytokines and stimulates the differentiation of regulatory T cells, which may help regulate the
spread of HBV infection.'”

The association between 25(OH)D status and anti-HBs levels was not significant. We found that children
vaccinated against HBV as infants had greater anti-HBsAg titers regardless of their vitamin D level. The information
currently available in the literature regarding the effect of vitamin D on HBV vaccine response comes from
Poland.'® Other studies reported different results. Some studies have shown that a higher vitamin D concentration
is associated with a better response to booster HBV immunisation and that vitamin D concentration is an
independent significant negative predictor of seroconversion.'>?” However, others have shown no such
correlation.”® % Nevertheless, some noticed that a weaker response to the HBV vaccine was associated with
a low vitamin D concentration.'**!

The correlation between vitamin D levels and post-vaccine HBsAg antibody levels remain a subject of contention, with
search results yielding conflicting information.”” Some studies propose that inadequate vitamin D levels during the initial
vaccination are linked to a diminished response to the hepatitis B vaccine.'® Conversely, others have not identified a significant
relationship between vitamin D levels and higher anti-HBs titers in infants who received the hepatitis B vaccine.'®*’ In the
case of HIV-infected adults, one study discovered no positive connection between vitamin D levels and immune responses to
hepatitis B vaccination.®® Nevertheless, there is a solitary study that revealed a positive correlation between vitamin
D concentration and IgG avidity percentages in a negative control group. ' Another study discovered a significant and inverse
correlation between vitamin D levels and HBV-DNA.'> However, a separate study did not find vitamin D levels to be
a significant factor in determining higher anti-HBs titers in infants receiving the hepatitis B vaccine.'

However, they found that vitamin D supplementation after immunisation did not impact vaccine response.”’ Several
studies have suggested a connection between vitamin D and HBV infection.’® Vitamin D has been shown to have
antiviral effects and may be involved in the immune reaction to HBV infection.*®> Additionally, a lack of vitamin D has
been associated with a higher incidence of HBV infection and worse prognoses for people with chronic hepatitis.>*>
Several studies have reported that vitamin D can decrease HBV replication through various mechanisms, including
reducing viral transcription and interfering with viral protein synthesis.**>*>*

Numerous hypotheses about how Vitamin D can affect HBV infection can be made in light of its immunomodulatory
qualities and HBV pathogenesis.24’32’33 As a fat-soluble vitamin, vitamin D is essential for maintaining bone health and
controlling calcium metabolism.>> However, recent studies have indicated that vitamin D may also have immunomodu-
latory effects.>*** Numerous studies have shown that different immune cells contain vitamin D receptors (VDRs),
suggesting that this nutrient may have a role in controlling the immune system.?>~°

Vitamin D has been shown to reduce viral replication in numerous viral diseases, including hepatitis C.*7 It is
conceivable that vitamin D could inhibit HBV replication.”**” Recent studies have shown that vitamin D greatly affects
cytokine production and the control of healthy innate and adaptive immune functions in both animals and
humans.?**?23337 The immune system’s response against the antigen will be enhanced by 1.25(0OH),D to produce
a potent and long-lasting antibody response to vaccination.?’%33

Ex vivo experiments on human cells have revealed that vitamin D deficiency and supplementation affect how well an
individual’s immune system responds to vaccination.”® The body’s natural and adaptive defence mechanisms depend on
vitamin D.*33¢¥ Steroids control gene expression, turning on and off the body’s required protein synthesis, whereas vitamins
serve as antioxidants or cofactors in enzymatic activities. By interacting with the nuclear VDR, the active form of vitamin D,
1.25(OH),D, controls >200 genes directly or indirectly.>>*** All immune system tissues and cells contain vitamin D in their
nuclei. Additionally, vitamin D influences cells in a paracrine or autocrine manner and is affected by the autonomic nervous
system. Therefore, vitamin D affects diverse disease processes.”'**® Due to the limitations of our laboratory setup, we could

not determine memory T-cell levels in this study.

Conclusions

There was no relationship between 25(OH)D status and anti-HBsAg levels. Further research is needed to elucidate the
underlying mechanisms and establish optimal treatment strategies. In summary, the existing evidence is inconclusive, and
further research is necessary to establish the connection between anti-HBs values and Vitamin D levels.
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