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ABSTRACT
Background: Children with end stage renal disease (ESRD), particularly those who require hemodialysis

(HD) are at high risk for hepatitis B virus (HBV) infection. Hemodialysis children have lower immune
response to hepatitis B vaccine. Higher doses of the vaccine is one of multiple approaches have been used to
improve immunogenicity in children on hemodialysis. The goals of this study were to compare rates of
hepatitis B immune response following augmented (40 mcg) versus standard doses (20 mcg) of the hepatitis
B vaccine in children receiving hemodialysis and to ascertain whether there are any variables influencing the
immunological response to vaccination. Methods: This randomized control trail (RCT) included 70
hemodialysis children, randomly classified to receive recombinant HB vaccine with two different protocols:
the augmented four dosing protocol and the standard three dosing protocol. Anti-HBs titers assessed one
month after last vaccine dose. Predictive variables that can affect the immune response were assessed using
multivariate analysis. Results: HD children who received augmented vaccine dosing had significantly higher
seroprotection rate (94.3% had HBsAb>100 mlU/mL) than children who received standard vaccine dosing
(77.1% had HBsAb > 100 mlU/mL) with significant difference (p= 0.028). Dose of HB vaccine (95.0% ClI,
0.645; 6.685) and serum phosphorus (95.0% CI, -35.320;-2.611) are independent factors affecting the post
vaccination titer. Conclusion: Augmented HB vaccine approach induced higher immune response in
children on hemodialysis.
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INTRODUCTION

Cardiovascular illnesses and infections are the
main causes of mortality and morbidity in
pediatric end stage renal disease (ESRD),
including those treated by dialysis or
transplantation. *

Several multicenter surveys indicate that there is
a low, yet noteworthy prevalence of HBV
infection in dialysis facilities in developed
countries. *On the other hand, developing-world
dialysis centers continue to have significant
prevalence and incidence rates of HBV. *

Due to blood components transfusions and
contaminated dialysis milieu hemodialysis
patients are at a higher risk of contracting HBV,
which has a negative impact on their survival and
quality of life. *

The hepatitis B vaccine is one of the key
synergistic therapies discovered in the control of
HBV, particularly in hemodialysis patients,
according to the world health organization. ® The
HBV vaccine advised for chronic kidney disease
(CKD) patients and medical personnel since
1982.°

It is widely established that after finishing the
vaccine schedule, CKD patients have reduced
antibody titers; also, anti-HBs titers decline
exponentially with time. There is strong evidence
in the medical literature that patients on
maintenance dialysis who receive the full course
of the recombinant HBV vaccination (four doses
at 0, 1, 2, and 6 months, 20 mcg each dose by
intramuscular method) have a seroprotection rate
of roughly 50% to 60%. '

Age is one of the several clinical, demographic,
and biochemical factors that have been suggested
as a possible explanation for the low antibody
response of HB vaccinations in progressive
CKD. Gender, overweight, positive serologic
status for HCV, history of blood transfusion,
interleukin genotypes, ownership of the major
histocompatibility complex haplotype HLA-BS,
SCOI, DR3, and inadequate nutritional state, also
considered of important factors affecting HB
vaccination immunity. 2

Large vaccine doses, extended courses,
intradermal vaccine routes, and the use of
adjuvants are only a few of the vaccination
techniques that have been used to increase

Eur. Chem. Bull. 2023,12(5), 3419-3428

Section A -Research paper

seroconversion rates to hepatitis B vaccine
among predialysis patients. However, none of
these is the most effective. ’

According to current CDC recommendations,
children receiving hemodialysis should receive a
regular dose of the hepatitis B booster vaccine (5
mcg for ages 0 to 10 and 10 mcg for ages 11 to
19). The recommendations do, however, added
that higher vaccine doses might induce more
immunogenicity. °

The objectives of this study were to establish the
rates of hepatitis B immune response following
augmented and standard doses of the hepatitis B
vaccine in dialysis children and to discover
whether there are any variables influencing the
immunological response to vaccination.

PATIENTS AND METHODS

a) Study Group

A randomized controlled study was carried out
among 70 children at the Pediatrics hemodialysis
center of Zagazig University Hospitals between
October 2022 and March 2023. All children who
are on regular hemodialysis, aged 3 to 18 years,
and had a documented history of having the
primary HBV vaccine as infants and whose HBs
Ab (anti-HBs) titer was less than 50 IU/mL in
our trial were enrolled in the study.

Children who have used immunosuppressive
medications in the past, as well as those with
immunosuppressive illnesses unrelated to ESRD,
a history of HBV infection, and those who have
had repeated HBV booster shots since receiving
the initial immunization, were all excluded.

b) Study Design

The study carried out through two phases

First phase: A complete history was taken from
all participants by either them or their caregivers.
It included age, sex, length of dialysis, and the
primary causes of CKD. Then Body mass index
(BMI) in Kg/m2 calculated using anthropometric
measurements of dry weight and height together
with a thorough clinical examination.

Second phase: Patients randomly assigned into
two groups using stratified block randomization.
Group | (experimental group) received the
commercial Hepatitis B vaccination Engerix-B
(GlaxoSmithKline) with an augmented protocol
(40 mcg), four double intramuscular doses, two
1.0 mL mono-doses at 0, 1, 2, and three months.
Group 11 (control group) given the standard dose
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(20 mcg) in three doses of 1.0mL vaccine vials at
0, 1, and 2 months. The deltoid muscle received
the injections of the vaccinations.

Anti-HBs titers were measured one month
following the last dose of vaccine.

c) Blood Sampling, Biochemical and
immunological assays

Blood samples were collected under complete
aseptic and were divided into plain for sera
collection and into EDTA containing tube for
total blood count (CBC). Colorimetric assays
(Spin react, Santa Coloma, Spain) were used to
measure biochemical assays such as liver
enzymes, serum albumin levels, blood urea
nitrogen and creatinine. Ferritin levels were also
estimated.

Parathyroid hormone (PTH) concentration was
measured by a quantitative enzyme-linked
immunosorbent assay (ELISA) kit (Abcam com.,
USA). Evaluation of HCV-Ab was done by
ELISA.

Serum HBsADb concentration were estimated by
a quantitative sandwich ELISA kit (AccuDiag™-
HBsAb USA) according to the manufacturer’s
instructions. Except for the blank samples, 50 pL
of all standard ones was pipetted into the wells.
Then, 50 upL of the streptavidin—horseradish
peroxidase (HRP) conjugate was added into each
well except the blank sample and mixed.
Incubation of the plate was done for 60 minutes
at 37 °C and washed 5 times with a diluted wash
buffer. 50 pl of chromogen a solution and 50 pl
of chromogen B solution were added to each well
containing blank and incubated for 15 minutes at
37°C in the dark. The enzymatic reaction
between the chromogen solution and the HRP
conjugate turned blue in standard wells (except 0
IU/mL) and anti-HBs positive sample wells in
the standard curve. Finally, 50 pl of stop solution
was added to each well and mixed. The blue
solution turned yellow when the reaction was
complete. The absorbance of the resulting
product assessed colorimetrically at 450 nm. The
absorbance was proportional to HBsAb
concentration. Non/low responders and high-
level responders were defined as anti-HBs < 100
IU/mL and > 100 1U/mL, respectively. *°

d) Data analysis

SPSS (Statistical Package for the Social
Sciences) version 26 was used for data analysis.
Means and standard deviations were used to
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characterize  quantitative  variables.  When
necessary, Monte Carlo tests and the chi square
test were used to compare categorical variables
and to describe them using their absolute
frequencies. The chi square for trend testing was
employed for ordinal binary data. To validate
assumptions for use in parametric tests,
Kolmogorov-Smirnov  (distribution-type) and
Levene (homogeneity of variances) tests were
utilized. Independent sample t tests (for normally
distributed data) and Mann Whitney tests (for
non-normally distributed data) were used to
compare quantitative data between two groups.
Wilcoxon signed rank test was utilized to
compare changes in the same variable between
two points in time within one group. The Kruskal
Wallis test was used to compare quantitative non-
normally distributed data between more than two
groups. The strength and connection of the
correlation between two continuous, non-
normally distributed variables were measured
using the Spearman rank  correlation
coefficient..The  measurement  of  related
independent factors for the dependent factor and
the prediction of the value of a variable based on
value of another variable were done using linear
regression analysis. P 0.05 was used as set the
statistical significance level. If p<0.001, a highly
significant difference was evident.

ETHICAL APPROVAL.:

The approval for the study was obtained from the
pediatrics departments of Zagazig University
after approval of the Ethical Committee of
Zagazig University (ZU-IRB #10017) and
informed written consent was obtained in every
case from their legal guardians. The study was
concordant with the code of ethics for human
studies “Declaration of Helsinki”.

RESULTS

This study included 70 patients; 35 patients
within group | received four doses of 40 mcg HB
vaccine while group Il received three doses of 20
mcg .

Baseline data of the studied groups were studied
and there is statistically non-significant
difference between both groups as regard age,
gender, hepatitis C, disease onset, underlying
etiology, or laboratory data. Larger percentage
within both groups were males (65.7% and
51.4% within group I and Il respectively). About
29% and 23% within group | and Il respectively
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had positive hepatitis

C.

similarly larger

percentage within each group had nephrotic
syndrome (31.4% within group | and 25.7%
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within group I1) followed by obstructive uropathy
(25.7% within group | and 17.1% within group

11). (table 1)

Table 1. Comparison between the studied groups regarding baseline data

Parameter Group | Group 11 Test p
Male sex n (%) 23 (65.7%) 18 (51.4%) 1.472 0.225
Positive HCV 10 (28.6%) 8 (22.9%) 0.299 0.584
Age () 13.83 + 3.55” 12.01 + 4.09” 1.98 0.052
Height (m) 1.27 +0.19° 1.21+0.27° 1.158 0.252
Weight (kg) 33(195-41)7 34 (185-41)° -0.294 0.769
BMI (kg/m?) 19 (16 — 21)° 19 (14 - 23)° -0.194 0.846
Duration of dialysis(y) 4(1.88—7.25)F 4(0.75-9)* -0.072 0.942
Hemoglobin (g/dl) 10.07 + 1.26” 9.62 +0.65° 1.874 0.065
TLC (10™/ul) 7.0+2.177 7.43+1.84° -0.902 0.37
Platelet count (10™°/ul) 249.4 +80.16” 249,51 + 85.66” -0.006 0.995
CRP (mg/dl) 3.6(0.7-8.1)7 424 (1.1-8.4)° -1.142 0.253
BUN (mg/dI) 50.2 (42 —57)° 495 (40.5 - 64.5)7 -0.135 0.893
Creatinine (mg/dl) 6.63 £1.66” 7.4+1.83" -1.842 0.07
Calcium (mg/dl) 7.92+1.34° 8.04+1.27° -0.385 0.701
Phosphorus (mg/dl) 6.26 + 1.54” 7.02+2.12” -1.723 0.089
PTH(pg/mL) 287 (78.2 — 763.9)* 448 (86 — 1030) * -1.334 0.182
Ferritin (ng/ml) 778 (720 — 860) ¥ 1101 (645.2 — 1655) * -1.71 0.087
Vitamin D (ng/ml) 22 (10 — 27)¥ 18.4 (11-23.7)° -1.472 0.141
Etiology:
Nephrotic syndrome 11 (31.4%) 9 (25.7%)
HUS 3 (8.6%) 2 (5.7%)
Atrophy 4 (11.4%) 8 (22.9%) MC 0.343
Idiopathic 0 (0%) 4 (11.4%)
Neurogenic bladder 3 (8.6%) 3 (8.6%)
Obstructive uropathy 9 (25.7%) 6 (17.1%)
Uretero-renal reflux 2 (5.7%) 0 (0%)

Ns all parameters *data is represented as median and interquartile range and compared using Mann Whitney test

“data is represented as mean

and standard deviation and compared using independent sample t test data is represented as frequency and percentage and compared using chi
square test *p<0.05 is statistically significant **p<0.001 is statistically highly significant MC Monte Catlo test

Antibody titer was comparable between both groups before vaccination while after vaccination, The
group received dose 40 mcg had significantly higher antibody titer (median 413.72 within group | versus
343.12 within group 11). Two patient within group | (5.7%) had titer less than 100 1U/mL versus eight
patients (22.8%) within group Il while 33 patients within group I (94.3%) had titer more than 100 1U/mL
versus 27 patients (77.1%) within group I1. (Table 2)

Table 2. Comparison between the studied groups before and after vaccination

Parameter Group | Group 11 Z p
Baseline AntiHBs
Median (IQR) 0(0-4.38) 0(0-4.98) -0.628 0.53
Post vaccination antiHBs
Median (IQR) 413.72(350.18- 426.07) 343.12 (220.79 — 399.04) -2.311 0.011*

P (Wx) <0.001** <0.001**
AntiHBs titer 1 month after last Group | Group 1 F p
vaccine

(n=35) % (n=35) %
<100 TU/mL 2 (5.7%) 8 (22.8%) 0.028*
>100 1U/mL 33 (94.3%) 27 (77.1%)
3422
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Wx Wilcoxon signed rank test Z Mann Whitney test  IQR interquartile range
F Fishers Exact Test *p<0.05 is statistically significant ~ **p<0.001 is statistically highly significant

There is statistically significant positive correlation between post-vaccination antibody titer and all of
body mass index, and dose of vaccination, and there is significant negative correlation between it and
serum phosphorus. The relationship between antibody titer and other investigated factors is not
statistically significant. (Table 3)

Table 3. Correlation between post-vaccination antiHBs titers and the studied parameters

R p
Age (year) 0.202 0.093
Height (m) 0.002 0.984
Weight (kg) 0.167 0.167
BMI (kg/m?) 0.385 0.001**
Hemoglobin (g/dl) -0.001 0.995
TLC (10°%ul) 0.132 0.275
Platelet count (10"%/ul) -0.034 0.782
CRP (mg/dl) -0.082 0.499
BUN (mg/dI) -0.055 0.649
Creatinine (mg/dl) 0.065 0.594
Calcium (mg/dl) 0.031 0.796
Phosphorus (mg/dl) -0.302 0.011*
PTH (pg/ml) 0.216 0.073
Ferritin (ng/ml) 0.119 0.328
Vitamin D (ng/ml) 0.22 0.67
Dose 0.328 0.006*
HCV -0.115 0.343
Dialysis duration (year) 0.12 0.326
Gender -0.152 0.21

r Spearman rank correlation coefficient *p<0.05 is statistically significant
highly significant

**p<0.001 is statistically

There is statistically non-significant association between post-vaccination hepatitis B antibody titer and
underlying etiology. (Table 4)

Table 4. Relation between post hepatitis vaccination antiHBs titers and underlying etiology

Median IQR Kw P

Nephrotic syndrome 390.42 334.27 - 419.9

HUS 329.61 174.89 — 487.94

Atrophy 340.21 71.86 — 417.92

Idiopathic 399.04 154.38 — 399.04

Neurogenic bladder 422.58 397.99 — 431.43

Obstructive uropathy 367.12 317.72 — 4545 6.597 0.472
Uretero-renal reflux 413.02 384.13 — 441.92

Unknown 395.08 301.88 — 395.08

IQR: Interquartile range. KW: Kruskal-Wallis test

On analyzing parameters that are correlated significantly with the post-vaccination antibody titer using
linear regression, BMI (unstandardized $=3.13, p=0.054), vaccination dose (unstandardized B=3.665,
p=0.018) and serum phosphorus (unstandardized p=-18.966, p=0.024) independently associated with it.
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(Table 5)
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Table 5. linear regression analysis of factors independently associated with post-vaccination antiHBs titer

Standardized
Unstandardized Coefficients Coefficients

95.0% Confidence Interval

B Std. Error B t p Lower Upper
(Constant)  301.435 97.439 3.094 0.003* 106.891 495.979
BMI 3.130 1.596 0.226 1.961 0.054 -0.057 6.316
Dose 3.665 1.513 0.277 2.423 0.018* 0.645 6.685
Phosphorus -18.966 8.191 -0.267 -2.315 0.024* -35.320 -2.611

*p<0.05 is statistically significant

DISCUSSION

Incomplete course of hepatitis B vaccine can
affect immune response. Acute hepatitis B
infection tends to be mildly symptomatic in
hemodialysis patients, but still there is risk of
progression to chronic hepatic disease and
nosocomial transmission throughout dialysis
units. **

The reason for the decline in the HBSAD titers is
not well comprehended. Early dialysis initiation,
advanced age, malnutrition, and a low initial
antibody response have all been linked to a
shorter duration of immunity. 2

The present study conducted a comparative
study of the effectiveness of the high-dose
versus standard-dose Hepatitis B virus vaccines
among children with chronic kidney disease
undergoing regular hemodialysis in the Pediatric
Kidney Unit, Zagazig University Hospital for
Children. Egypt.

There was no statistically significant difference
between the two groups for age, sex, hepatitis C,
duration of dialysis, underlying etiology, or
laboratory  data. Both  groups  were
predominantly male (65.7% and 51.4% within
group | and Il respectively). These results are
consistent with those reported by Misurac et al.
(41 Similarly, Roozbeh et al.*® demonestrated that
age, sex, and serum albumin concentration did
not vary between hepatitis B vaccine responders
and non-responders. In contrast to other studies
proved the significant negative correlation
between antibody titer and patient age. * *°
Around 29% and 23% within group | and Il
respectively tested positive for hepatitis C.
Similarly, a greater proportion of individuals in
each group had nephrotic syndrome (31.4%
within group | and 25.7% within group II)
followed by abstructive uropathy (25.7% within
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group | and 17.1% within group 1) (table 1)

In this research, the antibody concentration of an
augmented vaccine dosage (40 mcg/dose) was
contrasted with the standard three vaccine
dosage (20 mcg/dose) in a group of 70 chronic
haemodialysis children. Group 1 exhibited a
marked increase in antibody levels (mean 413.72
in group | vs 343.12 in group I1), with high level
response in 94.3% in group I.

These findings are congruent with those of Tong
et al.”” who conducted a randomized clinical
study in which predialysis and hemodialysis
cases were separated into two groups and dosed
at 20 g and 40g at 0, 1, 2 and 6 months, attaining
response in 91% versus 84%, respectively.
Siddiqui et al. *® also evaluated the efficacy of
four 40g doses of vaccine to three 20g doses of
vaccine in 130 CKD patients and found that
seroprotection was achieved in 68.7% and
57.7% of the cases, respectively.

Agarwal et al. ® found that dialysis patients
who did not seroconvert after three doses of
therapy frequently did so after the fourth. They
compared 2 regimens of HBV vaccine 40 g in
patients with all stages of CKD: 0, 1 and 2
months (3- dose group) versus 0, 1, 2 and 6
months (4-dose group). Seroconversion rates in
patients with mild, moderate and severe CKD
were 87.5%, 66.6%, and 35.7%, respectively, in
the 3-dose group, and 100%, 77%, and 36% in
the 4-dose group. They concluded that CKD
patients at the earliest stage of the disease should
be immunized with 40 ug of the vaccine and that
four doses are preferable to three treatments.
According to Edey et al. #, a 3-dose HBV
vaccination regimen can result in a 90-95%
seroprotection rate in  immunocompetent
persons; however, rates were lower in those with
renal insufficiency. They proposed that dialysis
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patients receive greater doses of the vaccine,
such as 40ug at 0, 1, and 6 months or 40ug at O,
1, 2, and 6 months to boost the immune
response. Because of the low response rate to the
HBV vaccination in HD patients, physicians are
now using a higher dose (40 ug) and at more
frequent intervals (0, 1, 2 and 6 months). In this
study, there is significant positive correlation
between post-vaccination antibody titers and
BMI.

Misurac et al and Mulley found antagonizing
results, as they didn’t detect increase in immune
response after increasing vaccine dose. ** %

BMI significantly affects the rate of hepatitis B
vaccine response in Belgium *, China *, and
Turkey #. The low hepatitis B vaccine response
rate in people with greater BMI may be related
to the vaccine being distributed in fat rather than
muscle, which limits absorption.

Young et al.? found that obese individuals (BMI
> 30kg/m?) were considerably more likely than
non-obese people (adjusted odds ratio 8.75;
p=0.043) to not respond to 2 doses of
recombinant hepatitis B vaccine, which was
similar to our results. They also discovered no
correlation between vaccination response and
age. Obesity does not reduce response to initial
HBV vaccination regimens, but has been
suggested to shorten the lifetime of protective
immunity. %

Studies by Purvi et al. ? and Kollathodi et al. #
discovered no link between BMI and non-
response to hepatitis B vaccine.

The correlation of a patient's post vaccination
antibody titer with age was not significant in this
study. However, a recent meta-analysis of 17
clinical trials found that older dialysis cases had
a lower response to hepatitis B vaccination,
possibly related to age-associated changes in
immunological state. ** This effect was not
found in our study because our dialysis patient
sample was younger than in other studies. *
Comparable to data from other sources, we did
not find any correlation between gender and
post-vaccination antibody titers. % 2% %

Roozbeh et al. * found no gender differences
between responders and  non-responders,
consistent with this study. Some studies have
reported an association between gender and
titers <10 mlU/mL. Males are less responsive,
but others indicate that females are. *

Eur. Chem. Bull. 2023,12(5), 3419-3428
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Albumin levels had no effect on hepatitis B
antibody titers after vaccination in this study.
These results agree with those reported by
Roozbeh et al. **. As previously observed, the
duration of HD before to immunization had no
effect on vaccine response. %

However, Fernandez et al. * demonstrated that
in hemodialysis patients, malnutrition negatively
impacted HBV vaccination. In comparison to
patients with serum albumin between 4.5 and
5g/dl (18.8%), those with serum albumin
between 3 and 3.5g/dl had a higher non-response
rate (87.5%). Kara et al*’also showed that
hemodialysis patients with serum albumin levels
>3.5¢/dl showed an excessive antibody response
to hepatitis B vaccine.

There was no significant relationship between
CRP level and post-vaccination antibody titer in
the current study. This observation can be
explained by the differential production of anti-
inflammatory cytokines such interleukin-10 (IL-
10), which results in improved B-cell activity in
dialysis patients. Patients with increased IL-10
levels had lower wuremia and chronic
inflammation caused by dialysis, and they
respond better to vaccinations.®

In this study, positive anti-HCV status had no
effect on HBV vaccination in hemodialysis
patients. This was previously reported by
Taiwanese studies. 3’

Contrary to an earlier finding that vitamin D
deficiency is linked to a poor response to active
HBV immunization in patients with CKD, this
study found no significant correlation between
vitamin D levels and post-vaccination antibody
titer. *° However, it has not been demonstrated
that taking la, 25-Dihydroxyvitamin-D3 helps
HD patients respond to the HBV vaccine. *

The cause of CKD was nephritic syndrome in 11
(31.4%) in group | and nine (25.7%) in group Il
of our patients. The underlying cause of CKD
had no significant impact on the post-
vaccination antibody titer. These results agree
with those documented by Al Saran et al.*°

STUDY LIMITATIONS

Our results were limited by many factors. We
assessed immunogenicity at one-month post
vaccination but still long-term protection is
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unknown. Also small sample size and single
center study could affect reliability of our
results. So further studies with longer follow up
period might be needed.

CONCLUSIONS

HD children who received augmented vaccine
dosing had significantly higher seroprotection
rate than children who received standard vaccine
dosing. Dose of HB wvaccine and serum
phosphorus are independent factors affecting the
post vaccination titer. We recommend
monitoring of antibody titers periodically and
maintenance of antiHBs titer in a seroprotection
level by higher doses of secondary vaccination.
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