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Successful response of intradermal hepatitis B vaccine
in nonresponders of intramuscular hepatitis B vaccine in
general and hemodialysis population
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Abstract

Background: Hepatitis B infection is one of the most common infections worldwide, with its vaccination being
an effective preventive measure. Nonresponse to hepatitis B vaccination increases population susceptibility
to virus dissemination along with detrimental complications. Despite twice intramuscular vaccination
series, 14.3% in the general population and 50% in hemodialysis patients fail to mount a response against
hepatitis B. We aimed to evaluate the effectiveness of intradermal (ID) vaccination in the nonresponders
amongst the general and hemodialysis population.

Methods: A total of 5 doses of 10 ug of hepatitis B vaccine was given intradermally, 2 weeks apart, to both
the study groups: patients who were on hemodialysis and the general population group who previously
had failed to achieve satisfactory antibody titers with the IM administration of the vaccine. A hepatitis B
surface antibody (HBsAD) titer of =10 IU/mL and =100 IU/mL were considered “responder” and “good
responder,” respectively.

Results: Out of a total of 95 participants, 49 (51.6%) were hemodialysis-dependent. Most of the participants
were females 49 (51.6%). The mean age of all the participants was 39.02 = 13.5 years (range: 18-70 years).
Overall, 75.8% of the participants responded to the ID vaccination with a mean HBsAb titer of 263.5 + 350.1
[IU/L. Almost similar vaccination response was observed in both the hemodialysis and general populationi.e.,
75.5% and 76.1%, respectively (P = 1.00). In the hemodialysis group, the absence of hypertension (P = 0.04)
and age =36 years (P = 0.016) were associated with an ID vaccination response.

Conclusion: For those not responding to the conventional IM route of the hepatitis B vaccine, the ID route
is an effective way of immunization in this group and this approach would lead to a decrease in infection
rates in the vulnerable population such as those on hemodialysis.
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INTRODUCTION

Hepatitis B infection, one of the most common infectious
diseases, involves more than one-third of the world’s
population. The World Health Organization (WHO)
has estimated that more than 350 million individuals ate
chronically infected with the hepatitis B virus (HBV) and
700,000 die annually."” The steady decline in the rates
of new infection has been achieved due to an effective
vaccine.P!

Studies have shown that greater than 90% of the
seroprotective response is achieved to three intramuscular
(IM) doses of hepatitis B vaccination in the general
population.*”! A poor or a failed response has been
documented not only in patients having chronic diseases
but also amongst the healthcare workers despite the
administration of an additional fourth dose.P‘ This
unresponsiveness to hepatitis B vaccination makes the
population vulnerable to virus dissemination and, in
turn, could lead to detrimental complications. Thus,
this led the researchers to propose new strategies of

<

immunization to achieve “universal protection.”l’! In
individuals unresponsive to the first series of vaccines, three
additional doses are recommended to complete a second
series with a similar vaccine. Nonresponders to the second
course should be evaluated for underlying chronic HBV
infection. A novel approach to improve the effectiveness

of vaccination is the intradermal (ID) route.

In dialysis-dependent patients, the reported response is
around 32% to 80% with the 1* series of IM vaccination.!
Moreover, studies in the above-mentioned population
documented that 50—60% respond with the repeated
course.’! Thus, a large number of such patients fail
to achieve protection against HBV. Furthermore, a
meta-analysis documented that 14.3% of the general
population do not achieve adequate hepatitis B surface
antibody (HBsAb) titer with repeated seties.”! Usually,
vaccines are administered via the IM route, but the human
muscle is a poor immunogenic organ in comparison to the
skin, due to the presence of dendritic and Langerhans cells.
They express high levels of class 11 major histocompatibility
complex (MHC) and CD1 molecules. Due to the direct
release of antigen to the skin immune system, via the 1D
route, T-cells are directly stimulated.!

The mechanism of nonresponse has been poorly defined.
It is suggested that the defect in antigen presentation
ot CD4 T-cells’ activation might be responsible for
unresponsiveness to HBV vaccination.® Various
studies have described nonresponders as “at-risk or

vulnerable” population which includes patients with human
immunodeficiency virus (HIV) infection, hepatitis C
virus, celiac disease, diabetes mellitus (DM), inflammatory
bowel disease, end-stage renal disease (ESRD), and/
or hemodialysis (HD)-dependent population.>®
Furthermore, genetic predisposition, advanced age, and
immunomodulatory medications have also been implicated
in the blunted immune response.

In our study, we have evaluated both general and HD
population nonresponders to two series of HBV
vaccination administrated through the IM route. We aimed
to evaluate and compare the effectiveness of HBV vaccine
administrated via the 1D route in these nonresponders.

METHODS

Study design

Study patients were prospectively recruited through
consecutive sampling. Individuals who received two
series of IM HBV vaccination and who had an HBsAb
titers <10 IU/L, 6 weeks after last IM dose were labeled
as nonresponder and were enrolled in the study. The study
participants included both groups; general population and
patients on maintenance hemodialysis. All study participants
were negative for both anti-HCV and HBsAg by Micro
Particle Enzyme Immunoassay (MEIA) ARCHITECT
SYSTEM. Informed written consent was obtained from
all the included patients and ethical approval was obtained
from the institutional ethics committee.

A total of 5 doses of 10 Uug of hepatitis B vaccine was given
intradermally, 2 weeks apart, to the study population. The
syringe used for ID injection was 1 mL tuberculin syringe
with the permanently attached 27-gauge needle of half an
inch with regular bevel. All patients were immunized with the
recombinant hepatitis B vaccine (Engrex-B) with the purified
surface antigen of the virus obtained by culturing genetically
engineered Hansenula polymorpha yeast cells. The vaccine
injection site was first spread taut, and the needle tip was
inserted at a 10°-15° angle. The vaccine was injected slowly
and “wheal” formation was documented. HBsAb titers
were measured 6 weeks after completion of the vaccination.
HBsADb titers were estimated by MEIA ARCHITECT
SYSTEM and antibody titers =10 IU/mL were considered as
“responders.” The patients who achieved titers 2100 IU/mL
were labeled as “good responders.” Patients with titers
of <10 IU/mL were considered as nonresponders.

All participants’ demographic and clinical data including age,
gender, body mass index (BMI), comorbidity, duration of
dialysis and HBsAb titer were recorded. The side effects at the
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injection site were noted at the time of vaccination and 3 days
afterward. Side effects known from ID vaccination, included
pigmentation, skin nodules, and itching were recorded.

Statistical analysis

The analysis was performed using SPSS Statistics
software (SPSS: An IBM Company, version 20.0, IBM
Corporation, Armonk, NY, USA). The continuous variables
were computed as mean T standard deviation (SD) while
categorical variables as frequency and percentage. For
stratification, age was categorized based on the median
value of 36 years. To document statistical significance
between responders and nonresponders, unpaired student’s
#-test or Chi-square was used, as appropriate. Multivariate
logistic regression analysis was carried out on variables
found statistically significant on univariate analysis.
A P value =0.05 was considered significant.

RESULTS

A total of 95 participants having a mean age of
39.02 £ 13.5 years (range: 18—70 years), were enrolled in this
study. A comparison of the main demographic and clinical
characteristics of the two groups of participants is shown in
Table 1. All individuals received 5 doses of 1D HBV vaccine
and achieved a mean HBsAD titer of 263.5 £ 350.1 TU/L.
The mean duration from IM vaccination to 1% dose of 1D
vaccination in the study population was 46 £ 6.3 days (range:
4663 days). Overall, 75.8% of participants responded to
vaccination among which 44.2% achieved good response
i.e., more than 100 TU/L.

The data were also stratified to compare responses
between dialysis-dependent and the general population.
A similar vaccination response was noted between
hemodialysis and general population i.e., 75.5% and
76%, respectively (P = 1.00). To determine the predictive
factor for response to vaccination, the data was stratified

in individual group i.e., the general population and HD
population

Of the 46 individuals in the general population,
35 (76%) achieved response after complete 5 ID
doses of HBV vaccination. Among these, 18 (39.1%)
achieved >100 IU/L HBsAD titer. The mean HBsAb
titer achieved was 201.62 + 287.10 IU/L. In total, only
four individuals had DM. No statistically significant
predictor of response was observed in the general
population [Table 2].

Out of a total of 95 participants, 49 participants (51.6%)
were on maintenance HD. In comparison to the general
population, dialysis-dependent patients were of a younger
age group and low BMI [Table 1]. Majority of patients were
hypertensive (7 = 28 [57.1%0) while 11 (22.4%) had DM.

Of 49 patients, 37 (75.5%) achieved a response to 1D
vaccination with a mean HBsAD titer of 321.7 £ 394.6
IU/L [Table 3]. Although the good response was
observed more in HD patients (48.9%) than in the
general population (39.1%), it was not statistically
significant. (P = 0.41)

After stratification of data to observe the response of 1D
vaccination in dialysis-dependent population, absence of
hypertension (HTN) (P = 0.02), and age =306 years was
associated with statistically significant response (P = 0.01)
Similarly, on multivariate regression analysis both
HTN (P = 0.016) and age (P = 0.02) were also found to
be significantly associated [Table 3].

DISCUSSION

Hepatitis B vaccination is an effective measure to
prevent HBV-related morbidity and mortality.’! Despite
the accessibility and high efficacy of the HBV vaccine,
around 5% of the immunocompetent population does

Table 1: Demographic and clinical characteristics of the study population (n=95)

Dialysis-dependent (n=49) General population (n=46) P

Age, years, mean+SD 36.39+13.797 41.83+£12.824 0.05
Age above 36 years, n (%) 22 (44.8) 29 (63) 0.83
Gender (female), n (%) 24 (48.9) 25 (54.3) 0.68
Height, cm, mean+SD 163.35+7.564 160.98+7.089 0.12
BMI, mean+SD 20.7211+4.92928 25.0959+5.04 <0.001

HTN, n (%) 28 (57.1) 4 (8.6) <0.001

DM, n (%) 11(22.4) 4 (8.6) 0.05
Response to intradermal HBV vaccination

Responders, n (%) 37 (75.5) 35 (76) 1.0

Titer, IU/L, mean+SD 321.70£394.627 201.62+287.100 0.09

Good Response, n (%) 24 (48.9) 18 (39.1) 0.41

Weak Response, n (%) 13 (26.5) 17 (36.9) 0.377

BMI: Body mass index; DM: Diabetes mellitus; HTN: Hypertension; HBsAb: Hepatitis B surface antibody; Good response: HBsAbTiter >100 IU/L;

Weak Response: HBsAbTiter 10-100 IU/L. P=0.05 is considered significant
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Table 2: Analysis of HBV intradermal vaccination response in
the general population (n=46)

Titer >100 Titer <100 P
IU/L (n=24) IU/L (n=22)
Age, years, mean+SD 40.5+9.4 42.6+14.6 0.56
Age above 36 years, n (%) 10 (41.6) 19 (86.3) 1.00
Gender
Male, n (%) 12 (50) 9 (40.9) 0.23
Female, n (%) 12 (50) 13 (59)
Height, cm, mean+SD 162.6+7.8 164.0+7.3 0.51
BMI, mean+SD 21.2+5.2 20.14.6 0.44
HTN, n (%) 1(4.1) 3 (13.6) 1.00
DM, n (%) 1(4.1) 3(13.6) 1.00

BMI: Body mass index; DM: Diabetes mellitus; HTN: Hypertension;
HBsAb: Hepatitis B surface antibody. P<0.05 is considered significant

not mount a protective immune response.”! We observed,
a similar efficacy of the ID route amongst nonresponders
to the IM route i.e., more than 75% in dialysis-dependent
and the general population. Moreover, we also found
that hypertension and those with age less than 36 years
were associated with nonresponse to the vaccine in HD
population.

The standard vaccination schedule for the hepatitis B
vaccine comprises three IM doses of 20 pg each in the
general population, while for the immunocompromised
or the high-risk group a higher dose (40 Ug each) in a
four-dose schedule is recommended. Serum HBsAD titer
is measured at 4 to 6 weeks after the vaccination schedule
to determine the immune response. Participants having
HBsAD titer of more than 10 IU/L are considered as
responders. The subgroup of the vaccinated populations
who do not respond to standard regimen along with
additional booster dose or repeated vaccination course is
considered as a true “ nonresponder.”’!

Hypertension, ecither primary or secondary to classical
autoimmune diseases, has a strong association with
immune activation. It is postulated that mechanical and
oxidative damage to vessels and organs by activation of
the renin-angiotensin-aldosterone system and sympathetic
nervous system leads to the formation of danger-associated

molecular patterns (IDAMPs) and neoantigens which, in
turn, activate the innate and adaptive immune system.!'*'!
This possible modification of the immune system can
be attributed to our finding of poor response to HBV
vaccination in our study population. DM is associated with
poor immune to HBV vaccination.’ R van de Berg e a/!"*
has documented less than 20% response in HIV patients
with diabetes. Reduced seroprotection rate (41.8% vs. 16%
in healthy controls) for HBV infection was also observed in
diabetic children following IM administration by Leonordi
et alPV A meta-analysis of 193 nonresponder diabetic
patients has documented a 67.5% response with repeated
vaccine course.”! We documented a higher response of
86.6% in our 15 adult diabetic participants with the majority
achieving an HBsAb titer between 10-100 IU/L (46.7%).
The difference can be attributed to the mode of vaccination
i.e, IMin the former and also the small sample size. Studies
in chronic kidney disease patients and HD-dependent have
documented DM as a predictor of poor response.*"!
Majority of our dialysis-dependent patients were diabetic
but the association was not statistically significant with
vaccine response. It can be attributed to the fact that our
study population was nonresponder to repeated vaccination
series while studies have documented poor response after
primary vaccination.

Studies have documented conflicting associations of age
on HBV vaccination response.'® Similar to Chin"¥ and
Waite e7 al.,' we have also observed a statistically significant
association of age with HBV response but only in our HD
study population (P = 0.02). Although IM vaccination is the
recommended and simple mode of vaccine delivery, this
method can be less efficacious due to the low infiltration
of antigen-presenting cells in striated muscle. On the other
hand, the dermis is infiltrated by Langerhans cells thus
activation with antigen might lead to robust cell-mediated
and humoral immune response. Furthermore, itis proposed
that the ID administration may lead to longer trapping of
antigen in comparison to the IM route.*! Gonzalez ez al.,I"®
and Brink ez a/,"” comparing lower dose of 1D vaccination

Table 3: Analysis of HBV intradermal vaccination response in dialysis-dependent population (n=49)

Titer >100 IU/L (n=24)

Titer <100 IU/L (n=25)

Univariate analysis P Multivariate analysis

Age, years, mean+SD 36.04+13.6 36.7+14.2 0.86
Age above 36 years, n (%) 20 (83.3%) 22 (88%) 0.04 0.029
Gender
Male, n (%) 12 (50%) 13 (52%) 1.00
Female, n (%) 12 (50%) 12 (48%)
Height, cm, mean+SD 162.6+7.8 164.09+7.3 0.51
BMI, mean+SD 21.2+5.2 20.1£4.6 0.44
HTN, n (%) 10 (41.6%) 18 (72%) 0.04 0.016
DM, n (%) 5(20.8%) 6 (24%) 1.00
Dialysis <5, years, n (%) 14 (58.3%) 10 (40%) 0.12

BMI: Body mass index; DM: Diabetes mellitus; HTN: Hypertension; HBsAb: Hepatitis B surface antibody. P<0.05 is considered significant
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to regular dose IM route documented 78.1% and 81%
seroconversion in the general population, respectively.
Henderson ez al.,”” documented higher efficacy of the ID
HBYV vaccine as compared to the IM route. While Playford
et al.,*! documented 90% tresponse with ID vaccination
in healthcare workers nonresponders to the primary IM
route. We achieved a 76.1% response in general population
nonresponder to primary vaccination series. The difference
in response rate can be attributed to the differences in
the vaccine dose and population sample size. Dialysis is a
major risk factor for HBV infection. Achieving protective
antibodies is of utmost importance to prevent nosocomial
HBV transmission along with the patient’s morbidity
and mortality.! Uremia induced impaired phagocytosis,
antigen presentation, T-cell activation, and antibody
production contributes to the lower immune response from
conventional HBV vaccination in chronic kidney disease
patients.** The degree of immune response correlates with
the degree of renal failure.** Barraclough ez a/,"¥ reported
better seroconversion rates in dialysis patients vaccinated
with ID route as compared to IM i.e., 79% vs 40%,
respectively. The study also documented a higher HBsAb
titer of 239 IU/L with ID administration in compatison
to the IM route. Similatly, Al Saran e al,'" reported an
80% response rate in 15 hemodialysis Saudi patients who
were nonresponder to two courses of IM vaccination. We
also documented 75.5% seroconversion in our 49 HD
patients with HBsAb titer of 321.70 = 394 IU/L. Despite
the documented evidence of effective protection with 1D
route, it is not widely practiced due to technical difficulties,
fear of inadvertent subcutaneous administration, and a
lack of knowledge regarding this mode of vaccination.
We had our staff trained for 1 day and documented
well-tolerated and effective ID vaccine administration in
both HD-dependent and the general population.! The
known, self-limited, side effects of the ID vaccine of mild
erythema and nodule formation at the injection site were
rarely seen in our study.!**

We have documented for the first time effective and equal
efficacy of HBV vaccination via ID route in general and
HD-dependent population, nonresponders to primary two
series of IM vaccination. Although the majority of the
HD-dependent population had better ID response with
HBsAD titer >100 IU/L, it was not statistically significant.
We have also observed an association of hypertension and
age with poor vaccination response in HD population.

Our study has some limitations. The long-term effect
of HBV vaccination has not been studied; however,
Barraclough ¢ a/. "' and Fabtizi ez al.,*" have documented
a longer duration of HBV protection after 1D route

of administration. Although, absence of hypertension
was a better predictor of immune response we did not
document the antihypertensive taken by the participants
and its probable effect on the immune response. We did
not explore the role of human leukocyte antigen (HLA)
on the negative response of the HBV vaccine. This needs
to be explored further in the future.

Based on these results, we recommend that further
large-scale studies are warranted on this topic to
further corroborate these findings and to revisit the
current guidelines regarding hepatitis B vaccination in
nontesponders to conventionally administered IM vaccine.

CONCLUSION

In hepatitis B vaccination nonresponders, the ID
route is an alternative, effective, and safe way of
immunization to decrease infection rates especially
in the vulnerable population such as hemodialysis
patients.
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