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Abstract

Background: This study aimed at determining the factors affecting
immunogenicity of recombinant Hepatitis B vaccination in patients with
chronic kidney disease. Materials and Methods: This was a single centre
prospective cohort study without control, conducted in patients with chronic
kidney disease in a tertiary care centre in South India from October 2017 to
September 2018. Relevant data was collected using a predesigned
questionnaire. 25 hydroxy vitamin D levels and serum levels of intact
parathormone were measured. Nutritional assessment was done using
anthropometry and laboratory values. They were vaccinated with second
generation Hepatitis B vaccine double dose intramuscularly in 0,1, 2, 6
monthly schedules. AntiHBs titres were checked,2 months after completion of
their schedule and a titre >10 milli international units(mlU/ml) was considered
as a marker of seroconversion. Result: The total seroconversion rate of the
study group was 84.8%, whereas it was 83.7% in patients on dialysis. Females
had a significantly better seroconversion rate than males (88.6 %vs 70.8%, p
value 0.037). The seroconversion rate was low in those with hypoalbuminemia
when compared to those without. (74% vs 90.4 %, p value= 0.02). The
seroconversion rate was low in those with diabetes mellitus when compared to
those without diabetes. (77.7 vs 94%, p value=0.002). There was no
significant difference in seroconversion rate in those patients with vitamin D
deficiency, hyperparathyroidism or history of erythropoietin use, when
compared to those without. Conclusion: Male sex, diabetes mellitus and
hypoalbuminemia were found to be significantly associated with low antiHBs
titre following hepatitis b vaccination in patients with chronic kidney disease.

INTRODUCTION

hemodialysis (HD) settings, the recommended
measures include the periodic screening of blood for

Infection with hepatitis B Virus (HBV) poses a
major public health issue all over the world, with the
burden of chronic carrier state approaching around
150 million. The prevalence of HBV is greater
among dialyzed patients compared to the general
population, due to the need for repeated transfusions
with blood products, along with the jeopardy posed
by contaminated hemodialysis tools and devices.!
Also, if infected, patients on maintenance dialysis
are at considerable risk of becoming chronic carriers
due to poor cellular and humoral immune
responses.’” To prevent transmission of HBV in

HBV surface antigen (HBsAg), minimising the use
of blood and blood products, the implementation of
universal precautions in dialysis rooms,Fl and
vaccination of patients and health care professionals
working in dialysis unit against HBV. Immunisation
with HBV vaccine is recommended in all patients
after diagnosis of CKD, irrespective of the stage of
the disease.[ and is the most important intervention
in preventing infection with HBV.

It Is recommended that patients with chronic kidney
disease should receive four doses of hepatitis B
vaccine as early in the course of disease as possible
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with recombinant hepatitis B vaccine.[®) Use special
formulations of vaccine (40 mcg/ml) or two 1 ml 20
mcg doses given at one site. Dose schedule should
be 0, 1, 2, and 6 months given intramuscular in
deltoid regions. Assess antibody titer to hepatitis B
surface antigen (anti-HBs) 1-2 months after the
primary course is completed and annually
thereafter.Bl

A titer of antibodies to surface antigen of hepatitis B
virus (anti-HBs) > 10mIU/L is commonly
considered as a marker of seroconversion to anti-
HBs positivity after vaccination in both non-
dialyzed and dialyzed patients.!®! When compared to
a response rate of over 90% in the general
population,”! it is often less than 90% in patients
with CKD,58 and only 50 to 85% of patients on
dialysis achieve antibody levels conferring
protection following hepatitis B vaccination even
with an enhanced schedule.®1

Numerous inherited and/or acquired factors are
implicated in diminished immunization following
hepatitis B vaccination. A very well-established
negative factor of immunization failure is increasing
age.l'? Seroconversion rate to anti-HBs positivity
after vaccination was 84% in HD patients below 40
years and only 33% in those > 60 years.[*? The
impaired response to hepatitis B vaccine in dialysis
patients has been also attributed to male gender,*3
poor nutritional status, mainly low serum albumin
concentration,[4 serological positivity for hepatitis
C virus (HCV),' or human immunodeficiency
virus (HIV),12%1 and diabetes mellitus.*”! Vitamin D
deficiency is also found to be associated with a poor
antibody formation upon hepatitis B vaccination in
stage 3-5D CKD patients.['81 However, there is a
paucity of data on the factors affecting
seroconversion following hepatitis b vaccination in
CKD patients in Indian population.

MATERIALS AND METHODS

This study aimed to assess the seroconversion rate
after double dose recombinant hepatitis B
vaccination in 0,1,2,6 monthly schedules in patients
with chronic kidney disease and to determine the
factors affecting immunogenicity of recombinant
Hepatitis B vaccination in these patients. A single
centre prospective cohort study without control, this
was conducted in patients having chronic kidney
disease with eGFR (as defined by CKD-EPI
Creatinine 2009 equation) less 60ml/minute of age
between 18 and 70 years in a tertiary care centre in
South India between October 2017 and September
2018. Patients who were HBsAg positive and those
who were already vaccinated with at least one dose
of hepatitis b vaccination were excluded. The
relevant data including name, age, sex, history of
use of erythropoietin, history of diabetes mellitus,
infection with HIV or Hepatitis C were collected
using a  predesigned  questionnaire.  25-
hydroxyvitamin D (25(OH)D) levels were measured

by chemiluminescence immunoassays. Vitamin D
deficiency was defined as a serum 25 hydroxy
Vitamin D [25(OH)D] concentration below
<12 ng/ml. Patients having 25(OH)D levels between
12 ng/ml and 20ng/ml we said to have inadequate
stores and those with levels above 20ng/ml were
said to have adequate stores.[*% Intact parathormone
levels were measured using chemiluminescent
microparticle immunoassay. Hyperparathyroidism
was diagnosed based on plasma intact PTH target
levels mentioned as per KDOQI guidelines.?
Nutritional statuses of the patients were assayed by
parameters of weight, body mass index, serum
albumin and total cholesterol. A body mass index of
less than 18.5 kg/m2, hypoalbuminemia as defined
by a serum albumin level of less than 3.5 g/dL and a
serum total cholesterol level of less than 150 mg/dL
were considered as markers of malnutrition. They
were vaccinated with second generation Hepatitis B
vaccine double dose intramuscularly in 0,1, 2, 6
monthly schedules. In the 8th month anti HBs titre
of these patients was measured by VIDAS
immunoassay analyser. An anti HBs titre >10 IU/ml
was considered as a marker of seroconversion,® and
was treated as a categorical variable. Those who
developed an anti-HBs titre between 10 and 100
IU/L are referred to as low responders while those
with a titre>100mlU/ml are referred to as good
responders.[1 The variables were analysed using
Statistical Package for the Social Sciences, version
15.0 (SPSS Inc., Chicago, IL) software. Chi square
test was used to compare baseline characteristics
(discrete variables) between seroconverters and
nonconverters and odds ratio was calculated. P
value less than 0.05 was taken as significant.

RESULTS

Baseline demographic characteristics: The mean age
of the study group was 51.27 + 12.857 with a male
to female ratio of 11:3. 28 patients were in the age
group 18-45 years, 61 patients in the age group 46-
60 years, and 23 in the age group 61-70 years.

The baseline demographic characteristics are given
in [Table 1]. Out of 112 participants, non-responders
to Hepatitis B vaccine (anti HBS titre <10 miU/ml)
was 17 in number (15.1%), 32 patients (28.5%)
were low responders (had a titre between 10 and
100mIU/ml) while 63 of them(56.25%) were good
responders with a titre >100 mIU/ml. see [Figure 1]
The total seroconversion rate of the study group was
84.8% (95 out of 112 participants), whereas it was
83.7% in patients on dialysis (31 out of 37
participants). 40% of the patients were diabetic and
they had a seroconversion rate of 71.1%. 75% of the
study group had inadequate vitamin D stores ie 25
(OH)Vitamin D levels below 20ng/ml, while only
22 % had Vitamin D deficiency which was defined
as a serum 25 hydroxy Vitamin D concentration
below <12 ng/ml. However, those with Vitamin D
deficiency had a seroconversion rate of 80%. Only 6
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patients had a body mass index of less than 18.5
kg/m2 and all of them had an anti HBS titre >10
mlU/ml.46 patients had a serum cholesterol level
below 150 mg/dL and they had a seroconversion
rate of 78.2%. 39 patients had hypoalbuminemia and
they had a seroconversion rate of 74.3%. 83 patients
had hyperparathyroidism, as per KDOQI guidelines
and they had a seroconversion rate of 82.8 %. 77
patients were on erythropoietin injections, and they
had an 83.1%serconversion rate. Only one patient
had co-existent HCV infection, but she was on
haemodialysis and had good anti HBs titre. None
had HIV infection. None were currently on
immunosuppressants.

Factors affecting seroconversion after hepatitis B
vaccination.

The relationship between the variables and response
to Hepatitis b vaccination was analysed. Odds ratio
and p value were found out for both non responders
and responders, the results of which are summarised
in [Tables 2-4].

Age, gender, and seroconversion rate: There was
no significant decrease in seroconversion rate
following vaccination in the older age group 46-70
years, when compared to those in the age group
below 45 years. However, it was found that males
had a significantly better seroconversion rate, in our
study group when compared to females. (88.6 %vs
70.8%, p value 0.037). See [Table 2]

Dialysis and seroconversion rate: Although
seroconversion rate was slightly lower in dialytic
population no significant difference was observed
between dialytic and predialytic patients. (83.7% vs
85.3%, p value 0.82). See [Table 2]

Malnutrition and seroconversion rate: There was
no significant difference in the seroconversion rates
between patients with a body mass index of less
than 18.5 kg/m2 and those having a BMI greater
than 18.5 kg/m2, however the seroconversion rate
was found to be significantly low in those patients
with hypoalbuminemia when compared to those
without. (74% vs 90.4 %, p value= 0.02). Also, it

was found the seroconversion rate was higher
(89.3%) in patients with a total cholesterol level of
150 mg/dL and above, when compared to patients
having a level below 150mg/dL (78.2%), but this
difference was not found to be statistically
significant. (p value 0.11) see [Table 3].

Diabetes mellitus and seroconversion rate: The
seroconversion rate was low in those with diabetes
mellitus when compared to those without diabetes
and the difference was found to be statistically
significant (71.1% vs 94%, p value=0.002). See
[Table 4].

Hyperparathyroidism and seroconversion rate:
The seroconversion rate in patients with
hyperparathyroidism was lower (80%), when
compared to those without hyperparathyroidism
(89.6%) but the difference was not found to be
statistically significant (p value = 0.26). See
[Table 4].

History of erythropoietin use and seroconversion
rate: Patients on erythropoietin had a seroconversion
rate of 83.1%, which was lower than in patients
those not on erythropoietin  88.5%, but the
difference was not found to be statistically
significant (p value 0.2). See [Table 4].

Vitamin D deficiency and seroconversion rate: The
seroconversion rate in patients with severe vitamin
D deficiency was lower (80%), when compared to
those without vitamin D deficiency (86.2%) but the
difference was not found to be statistically
significant (p value = 0.44). Also no significant
difference in seroconversion rate was found between
those having inadequate vitamin D stores ,that is
vitamin D levels 20 ng/mmol and below and those
having higher values. See [Table 5]

Hence it was concluded that while males had a
significantly better seroconversion rate when
compared to females in our study group. Presence of
diabetes mellitus and hypoalbuminemia were found
to be significantly associated with a low antiHBs
titre.

Table 1: Baseline demographic characteristics.

Mean age(years) 51.27 +12.857
Sex n(%)
Male 88(78.57)
Female 24(21.42)
BMI

Less than 18.5 6(5.2%)
18.5 and above 106(94.6)
KDIGO CKD stage n(%)

3 25(22.3)
4 15(13.3)
5 35(31.2)
5D 37(33)
Presence of diabetes mellitus

Yes 45(40.1)
No 67(59.8)
Vitamin D levels

<12 ng/ml 25(22.3)
12 ng/ml and above 87(77.6)
Serum albumin levels

<4 g/dL 64(57.1)
4 g/dL and above 48(42.8)
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Fasting Cholesterol level

150 mg/dL 46(41)
150 mg/dL and above 66(59)
Hyperparathyroidism

Yes 83(74.1)
No 29(25.8)

Table 2: Association of age, gender and dialysis with seroconversion rate

Response and age

Age Total No Anti HBs

<10 >=10
18-45 28 3 25
46-70 84 14 70
Odds ratio 1.6667
95 % CI: 0.4417 to0 6.2889
z statistic 0.754
Significance level P =0.4509
Response and Gender
Gender Total No Anti HBs

<10 >=10
Male 88 10 78
Female 24 7 17
Odds ratio 3.2118
95 % CI: 1.0700 to 9.6407
z statistic 2.081
Significance level P =0.0375
Response & Stage 5D CKD
Stage 5D CKD Total No Anti HBs

<10 >=10
Yes 37 6 31
No 75 11 64
Odds ratio 0.888
95 % Cl: 0.3006 to 2.6235
z statistic 0.215
Significance level P =0.8299
Table 3: Malnutrition and seroconversion rate
Response and low BMI
Low BMI Total No Anti HBs

<10 >=10
Yes 6 0 6
No 106 17 89
Odds ratio 2.5419
95 % CI: 0.1369 to 47.2129
Z statistic 0.626
Significance level P =0.5314
Response & Hypoalbuminemia
Hypoalbuminemia Total No Anti HBs

<10 >=10
Yes 39 10 29
No 73 7 66
Odds ratio 0.3076
95 % Cl: 0.1066 to 0.8878
Z statistic 2.18
Significance level P =0.0293
Response & Low Serum Cholesterol
Low Serum Cholesterol Total No Anti HBs

<10 >=10
Yes 46 10 36
No 66 7 59
Odds ratio 0.4271
95 % CI: 0.1493 t0 1.2219
z statistic 1.586
Significance level P =0.1127

BMI: Body mass index
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Table 4: Association of Diabetes mellitus, hyperparathyroidism and erythropoietin use with seroconversion rate

Response & Diabetes

Diabetes Mellitus Total No Anti HBs

<10 >=10
Yes 45 13 32
No 67 4 63
Odds ratio 0.1563
95 % ClI: 0.0471 t0 0.5182
z statistic 3.035
Significance level P =0.0024
Response & Hyperparathyroidism
Hyperparathyroidism Total No Anti HBs

<10 >=10
Yes 94 14 80
No 18 3 15
Odds ratio 1.1429
95 % ClI: 0.2923 t0 4.4683
z statistic 0.192
Significance level P =0.8478
Response and Erythropoetin use
Hyperparathyroidism Total No Anti HBs

<10 >=10
Yes 77 13 64
No 35 4 31
Odds ratio 0.6352
95 % Cl: 0.1913 t0 2.1089
z statistic 0.741
Significance level P =0.4586
Table 5: Vitamin D levels and seroconversion rate
Response & Severe Vitamin D Deficiency
Severe Vitamin D Deficiency Total No Anti HBs
Vitamin D level less than 12 <10 >=10
Yes 25 5 20
No 87 12 75
Odds ratio 1.5625
95 % Cl: 0.4928 to0 4.9545
z statistic 0.758
Significance level P =0.4485
Response &Vitamin D Deficiency
Vitamin D Deficiency Vitamin D Total No Anti HBs
level 20 and below <10 >=10
Yes 84 11 73
No 28 6 22
Odds ratio 1.8099
95 % Cl: 0.6006 to 5.4540
z statistic 1.054
Significance level P =0.2918

DISCUSSION was 89.7% with a much lower rate of 44.3% in the

The total seroconversion rate of the study group was
84.8%, with a seroconversion rate of 85.35% in the
predialytic population, whereas it was 83.7% in
patients on haemodialysis. When compared to
various international studies the seroconversion rate
in our study group was similar in predialytic
population but somewhat higher in the dialytic
population. Da Rosa et al,[® showed that the efficacy
of HBV vaccination decreases as CKD progresses,
with reported seroconversion rates of over 95% in
healthy adults and infants, up to 90% in patients at
CKD stage 3 or 4, and between 40% and 50% in
patients with ESRD. In the study by Cordova et
al.PY the seroconversion rate in the dialytic
population was 77%. In a study by Ghadiani et al,??
the seroconversion rate in the predialytic population

dialytic population. However a recent study by
Fabrizi et al,*®] showed that the seroprotection rate
was 95% and 82% in pre-dialysis and dialysis
patients, respectively, one month after completing
vaccine schedule with, however they used an
adjuvanted recombinant (HBV-AS04) vaccine .Also
a study by Hashemi et al,[*Y showed that the level of
HBYV antibody after HBV vaccination did not reveal
a statistically significant difference across different
stages of CKD. A recent study from the northern
part of India showed a seroconversion rate of 63.3
% in the dialytic population.?! The higher
immunogenicity in our population in the dialytic
group may be due to factors such as genetic
predisposition, nutritional factors and adequacy of
dialysis, which needs further research.

In our study there was no significant difference in
seroconversion rate across different age groups,
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however surprisingly males had a significantly
better seroconversion rate when compared to
females. This contrasts with the studies by Ghadiani
et al? and Ali asan et al,[®! which showed a
reduced seroconversion rate in the elderly age group
while gender had no impact on seroconversion rates.
Previous studies on healthy adults have showed
reduced immunogenicity to hepatitis b vaccination
in males, explained by the inhibiting effect of
testosterone in the production of 1gG and IgM from
B-lymphocytes.[?6]

Hypoalbuminemia was found to be significantly
associated with a low immunogenicity following
hepatitis vaccination. This finding is in consensus
with previous studies which showed an impaired
vaccine response among chronic kidney disease
patients having poor nutrition status as mostly
detected by serum albumin levels.[?"]

In addition to erythropoiesis, erythropoietin can bind
the tissue-protective receptor on innate and adaptive
immune cells and plays an important role immune
regulation.”®! In our study although a reduced
immune response was noted among patients on
erythropoietin when compared to those not on, no
statistically significant response was found, as in a
previous meta-analysis.[?

The cells of the immune system express the vitamin
D receptor, also monocytes/macrophages and
dendritic cells possess la-hydroxylase, the enzyme
that activates 25(OH)D to calcitriol.*®1 Hence
vitamin D deficiency is said to be associated with
reduced immune response. Previous studies,[824
have  demonstrated  conflicting  results in
seroconversion rates in those with vitamin D
deficiency however no significant difference in
immune response was observed in our patient
population in those with vitamin D deficiency and
inadequate vitamin D stores when compared to
those without.

Our study found out that diabetic patients had a
significantly low seroconversion rate after hepatitis
B vaccination when compared to the non-diabetic
patients similar to the findings obtained in a
previous meta-analysis.['") The presence of DR3 and
DR7 human leukocyte antigen (HLA) alleles in
diabetic patients, and increased tolerance to
stimulation and reduced cytokine secretions of
peripheral blood mononuclear cells (PBMCs) are
proposed as mechanisms that underlie this impaired
immunological response.[*”]

Secondary hyperparathyroidism in ESRD patients
has been studied as a possible factor in the
development of an acquired immune dysfunction in
CKD. However, in our study although
seroconversion rates were lower in patients with
hyperparathyroidism when compared to those
without, but the difference was not found to be
statistically significant.

Limitations of the study

This was a single centre study with a small sample
size. The baselines values prior to hepatitis B
vaccination were taken on a single occasion.

CONCLUSION

To conclude male sex, diabetes mellitus and
hypoalbuminemia were found to be significantly
associated with low antiHBs titre following hepatitis
b wvaccination in patients with chronic kidney
disease. Vitamin D deficiency, Hyperparathyroidism
and history of erythropoietin use were found to be
not associated with low seroconversion after
hepatitis B vaccination in patients with CKD.
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