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Abstract
Hepatitis B virus (HBV) infection is a global health problem. It is estimated there are more than 2 billion individuals exposed to the virus and 250 million are chronically infected. Hepatitis B is the cause of more than 600000 annual deaths due to cirrhosis and hepatocellular carcinoma. An effective vaccine exists and preventative initiatives center around universal vaccination especially in those at highest risk. Effective vaccination algorithms have led to a significant decline in the development of new infections and its devastating consequences. The vaccine is administered intramuscularly in three doses, with 95% showing long lasting serologic immunity. An additional fourth dose or a repeated higher dose three course regimen is given to those that fail to show immunity. Despite these additional regimens, some remain vulnerable to hepatitis B and are deemed non-responders. Individuals with chronic disease states such as kidney disease, liver disease, diabetes mellitus, as well as those with a genetic predisposition, and those on immunomodulation therapy, have the highest likelihood of non-response. Various strategies have been developed to elicit an immune response in these individuals. These include increased vaccination dose, intradermal administration, alternative adjuvants, alternative routes of administration, co-administration with other vaccines, and other novel therapies. These alternative strategies can show improved response and lasting immunity. In summary, HBV vaccination is a major advance of modern medicine and all individuals at risk should be sought and vaccinated with subsequent adequate titers demonstrated.
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Core tip: Hepatitis B is a major global pandemic. Hepatitis B vaccine has been very effective in eradicating the disease from the world. Despite its efficacy, the standard vaccine fails to produce an immune response in 5% of immunocompetent individuals as well as individuals with chronic diseases and immunosuppressed states. Different modalities have been used to produce an immune response in these non-responders. These include double dosing, more frequent dosing, intradermal vaccine, adjuvant vaccines and recombinant vaccine with variable efficacies. Despite these novel techniques there are still no official guidelines available to vaccinate non-responders.
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INTRODUCTION
Hepatitis B is a major contributor to the burden of infectious disease worldwide. Over 2 billion people have been exposed to the virus, which has resulted in nearly 350 million chronic carriers with 4 million new cases diagnosed yearly worldwide[1]. According to the CDC in United States alone, there were almost 18760 new infections in 2012, contributing to 2.2 million chronic carriers of hepatitis B[2,3]. Hepatitis B is the cause for nearly half of all cirrhosis diagnosis, 80% of hepatocellular carcinomas and 1 million deaths yearly worldwide. This places hepatitis B virus (HBV) infection second only to tobacco as a major carcinogen[1,4,5] .
HBV is up to a 100 times more transmissible than human immunodeficiency virus (HIV). This is largely secondary to the fact that it is abundantly found in body fluids, can survive up to seven days on fomites, and most infected carriers are asymptomatic and unaware of their disease[1,3]. As such, development of an effective vaccine and successful vaccination is a major achievement of modern medicine and has the potential to eradicate this infection from humankind.

HBV is an enveloped double stranded DNA virus belonging to the Hepadna family of viruses[6]. Humans are the only known natural host of this virus and the liver is the only organ where it is known to replicate[7]. In developing countries the vast majority of infections are transmitted vertically, of whom nearly 90% develop chronic hepatitis[3,8]. The principle mode of transmission in adults is via intravenous (IV) drug use and sexual contact and the vast majority of these cases will clear the virus spontaneously with few if any overt symptoms and only < 5% develop chronic hepatitis[8,9].

In the United States, IV drug use is the major mode of transmission. While the prevalence of chronic Hepatitis B virus infection (HBSAg +ve) is only about 0.5% in general population, it increases to approximately 50% among IV drug users who have been using for at least 1 year and over 90% if injecting drugs for more than 10 years[1,10,11].

Hep B Vaccine has been a major breakthrough in the global effort to eradicate the virus. The vaccine is made from the yeast saccharomyces cervisiae and is composed of physiochemically purified non-glycosylated molecule of HepBsAg which is adherent to aluminum Hydroxide and preserved with thiamersol[12]. It is highly immunogenic, and dramatically reduces morbidity and mortality related to hepatitis B. For example, the introduction of screening in expectant mothers and subsequent vaccination programs has led to an 80% decline in the incidence of HBV infection between 1987-2004, from 10.7 to 2.1 per 100000[13]. Similarly, in Taiwan, where the prevalence of HBV was inordinately high; introduction of universal HBV in newborns has decreased the rate of hepatocellular cancer by 75%, with the incidence rate declining from 0.70 in 1981-1986 to 0.36 in 1990-1994/100000 children (ages 6-9) and a 68% decline in infant mortality from fulminant hepatitis[14]. The WHO now recommends universal vaccination of all neonates and adolescents as well as adults who have not been previously vaccinated[1].

Pathophysiology
HBV vaccine consists of the highly immunogenic surface antigen (HepBsAg) protein. When administered, it interacts with antigen presenting cells present in the blood (HepB sAg specific B cells) where it is lysed and processed. This epitope coupled with an MHC-II molecule on the cell surface is then presented to TH-2 cells. The TH-2 cells, when activated, stimulate the differentiation of B-cells to plasma cells. These cells then release hepatitis B surface antibodies (HepB sAb) in large quantities as well as induce development of memory B and T cells. These memory cells then play an important role in long-term protection[15]. Immunogenicity is generally known to last approximately 10-31 years after a primary vaccination, with the duration and degree of immune response depending on the age, BMI, sex, and smoking status at the time of initial inoculation series[16,17].
It is not entirely clear why the persistence of immunity, as defined by titers of HepBsAb greater than 10 mIU/ml, may last for several decades after a single round of vaccination. One possible explanation of constant antibody response over prolonged periods might be the persistence of antigen on the follicular dendritic cells which may keep up-regulating the B and T cells. Another possibility may be the initial antigen dose. The higher the dose administered initially, the greater the B-cell response. This increases the proportion of memory B-cells, resulting in longer lasting immunity[18].

Vaccine administration
The vaccine is typically administered as a 10 mg IM dose in three doses at 0, 1, and 6 mo. Successful vaccination is documented by an antibody response of more than 10 mIU/ml and is achieved in about 95% of the immune-competent population. A fourth dose can be administered in immunocompromised or individuals at greater risk of exposure to the virus[8]. In high-risk patients the antibody response should be rechecked 1-3 mo after completion of the series and if the antibody titer is less than 10 mIU/ml then the series (40 mg) should be repeated again and the antibody titers should also be rechecked. This usually results in a response in fifty to sixty percent of the non-responder subgroup of patients[8,19]. Those who do not respond to the standard regimen as well as the additional booster or repeated course regimen are labeled as true non-responders[18]. While avoidance of high-risk behavior and prevention of exposure to blood and body fluids remains universally advocated for non-responders, these patients should be monitored for any acute changes in their liver enzymes and aggressively treated if infection is confirmed.

Non-Responders

Despite the high efficacy of the HBV vaccine, nearly 5% of immunocompetent individuals fail to respond to the primary HBV series. The reason for this non-response is not clear, however certain populations are at high risk including those with genetic predisposition, chronic disease, and immunomodulatory medications. Some interesting observations have been made in these populations. There may be a genetic predisposition for non-response. The Human Leukocyte Antigen (HLA) along with Major Histocompatibility Complex (MHC)-II plays an important role in presentation of the viral peptides to CD-4 T-helper cells and subjects who fail to respond may have a defect in the antigen presentation or the stimulation of T-helper cells. Studies have shown that patients who are homozygous for HLA DRB1*0301, HLA-B8, SC01, DR-3, HLAB44, FC-31, DR-7 have an increased predisposition to non-responsiveness[20,21]. Patients with advanced age, chronic diseases, immune defects or on  immunomodulatory medications have a blunted immune response.

In one study of patients more than 60 years old, only 32 of 70 (45.7%) patients developed anti-HBs antibodies[22]. In another study of 106 patients more than 59 years old, only 60% of the subjects had an antibody titer greater than 10 mIU/ml at 7 mo post vaccination[23].

In patients with HIV, the seroconversion rate varies from 18%-72% depending on the immune status of the patient. In patients not receiving HAART therapy, the rate of immune response can vary from 30%-50% while in those receiving HAART the response increases to 60%-70 % and is directly proportional to the CD-4 count and inversely proportional to the viral load[19,24,25].

Patients with chronic liver diseases also have a blunted response. In a study done by Mattos et al[26], patients with hepatitis C infection who were vaccinated showed only a 55% seroconversion rate. Out of these patients, only 37% had a robust response. (Seroconversion was defined as an antibody level greater than 10 mIU/ml while robust response defined as antibody titers > 100 mIU/ml). Interestingly, patients with genotype 1 had a worse response then other genotypes. Additionally, immune response to vaccination was inversely related to advanced liver disease as measured by the MELD score[27,28].

In a study done by Agarwal et al[29], evaluating response rates to HBV vaccine in mild (creatinine 1.5 mg/dL to 3.0 mg/dL), moderate (creatinine 3.0 mg/dL to 6.0 mg/dL) and severe (creatinine > 6.0 mg/dL) chronic kidney disease, the seroconversion rates after 3 doses of 40 (g HBV vaccine were 87.5%, 66.6% and 35.7%; respectively. Rates improved significantly after a 4th dose was administered to 100%, 77% and 36.4%, respectively. Multiple studies have demonstrated patients with low GFR, higher creatinine (late stage kidney disease), diabetes, and old age are less likely to seroconvert[28].

Strategies to vaccinate patients who do not respond to standard therapy
Increased dose
Considerable data exists on increased dose vaccination as well as accelerated frequency to elicit an immune response in high-risk individuals. Bonazzi et al[30] showed 68% response rate with double dosing (40 (g IM) at 0, 1 and 6 months in pre-transplant patients. 41 % of their patients had a robust response with an anti-HBs level > 1000 IU/ml. In another study, Wiedmann et al[31] showed a seroconversion rate of 80% in patients with chronic hepatitis C who had not responded to a primary vaccine just after giving a single (40 (g) high dose booster. Ramzan and colleagues also showed that higher dose and shorter interval (40 (g/mo for 3 mo) produced seroconversion in 72% of the patients with chronic liver disease (CLD) as compared to 92% response in controls. Response was lower in cirrhotics as compared to non-cirrhotics (54% vs 80 %) but after an additional booster dose of 80 mg, response increased to 74% and 88%, respectively[32].

Intradermal administration of the vaccine
Multiple studies have exploited the fact that a large number of antigen presenting dendritic cells reside in the skin, specifically the dermis. These cells then activate the immunogenic cells in the corresponding lymph node where they drain. This presentation of antigen into the dermis enhances the potential for activation of the immune cascade and development of protective antibodies[33–35].

Rahman et al[36] compared the efficacy of intradermal vaccine and showed that it resulted in a significantly higher immune response as compared to IM form. Both T and B cell response were higher with intradermal form as compared to IM form, suggesting that the intradermal presentation of the antigen to Langerhans cells in the dermis might result in trapping of the antigen in the skin resulting in a more robust and more sustained humoral and cell mediated response. 
Forty-two chronic liver disease patients who had not responded to standard 40 mg three doses and booster doses were treated by Dhillon et al[37] using 40 mg intradermally (20 (g in each arm) for a maximum of three doses and seroconversion was seen in 29 (69%) of the 42 pts in their study with 15 (51%) of the patients developing a robust response. 
In patients on hemodialysis who were primarily non responsive to standard dosing of hepatitis B vaccine, Barracolough and colleagues showed seroconversion rate of 79% in intradermal versus 40 % in IM when a weekly 5 (g dose was injected intradermally for 8 wk as compared to 40 (g IM dose at 1 and 8 weeks. The response in the intradermal group was more robust than IM group with titers being 239 vs 78 IU/L respectively[38].

No significant complications have been reported with intradermal vaccination in the studies mentioned above. Discoloration, itching, and nodule formation at the site of injection were the most commonly noted side effects and typically resolved spontaneously. The intradermal vaccine requires a certain skill set for proper inoculation in the dermis and its enhanced effectiveness. This coupled with general lack of knowledge regarding its efficacy has led to its limited adoption in non-responders[39].

Improved Immunogenicity
Much research has focused on improving the immunogenicity by adding pre-S1, pre-S2 particle or nucleocapsids containing core antigen (HBcAg) to the S-protein to enhance efficacy of the vaccine. There are several reports citing an increase response in non-responders by using this technique[40–43]. In a study done by Zuckerman et al[43] on 100 non-responsive health care workers to standard vaccine who failed to seroconvert after 3 doses plus booster vaccine; a single dose of the triple S recombinant produced seroconversion in 69 patients. Similarly, seroconversion rates of 65% and 71% were reported after a 3rd and 4th dose of recombinant pre-S1 and pre-S2 containing hepatitis B vaccine; in 17 non-responders with underlying chronic renal failure[44].

Use of Adjuvants
Currently, the HBV vaccine uses aluminum as an adjuvant to enhance immune response. Other more immunogenic compounds have been identified. 3-deacylatedmonophosphoryl lipid A (3D-MPL) combined with aluminum has shown to produce more immunogenicity then aluminum alone in unresponsive subjects, with immune response seen in up to 98 % of the patients one month after receiving three doses[45]. Another polysaccharide adjuvant, Delta inulin: Advax™, has shown to enhance immunogenicity (strong CD-4 And CD-8 T cell response) with a robust response in preclinical trials on mice and pigs when compared with the traditional aluminum based vaccine[46].

Other novel therapies
Phase 3 clinical trials are underway for HEPLISAV-B™, a Toll Like Receptor (TLR) agent in which hepatitis B sAg is combined with immunostimulatory TLR 9 agonist to enhance response on a 2 dose regimen over 1 month compared to the current 6 month 3 dose regimen. It has shown earlier and higher seroconversion rates than the standard vaccine in those at risk for blunted or non-response. In 218 subjects that were divided in two groups (179 HEPLISAV B and 39 Energix B) the sero-protection rates at 12 and 52 weeks post immunization for HEPLISAV B was 79 % and 82% respectively as compared

to 61% and 11% in the standard vaccine group[47].

Alternative mechanism
Akbar and colleagues compared antibody production between HepBsAg and HepB-cAg pulsed dendritic cells from spleen and liver of HBV infected transgenic mice. They showed while the surface antigen stimulated cells resulted in production of only surface antibodies, core antigen stimulated cells produced both core and surface antibodies with higher titers (p < 0.05). Thus, the use of core antigen is yet another fertile area of research in the development of the next generation of vaccines against Hepatitis B virus[48].
Routes of administration
While intramuscular and intradermal administration have been commonly used and extensively studied, other routes are also being actively sought.
Nasal Vaccine
A nasal based vaccine, Nasvac, which is a combination of Hep B virus surface and core antigen has shown good efficacy in healthy as well as chronic Hep B carriers possibly by stimulating naive human B cells[49]. In Phase 1 trials of NASVAC, a mixture of 50 mcg of HBsAg and HBcAg were administered via nasal spray to healthy adults (age 18-45) in five doses at 0, 7, 15, 30 and 60 days. It showed anti-HBc seroconversion in 100 % of patients as early as day 30 with anti-HBs titers > 10 IU/L in 75 % of the patients at day 90 with no major side effects[50]. 

Oral vaccine
A once daily Oral preparation, V-5ImmunitorTM, has shown efficacy both in development of protective antibody as well as normalization of liver function tests in chronically infected individuals. When administered to ten patients with chronic hepatitis B, it resulted in normalization of liver enzymes in 100% of the patients (112.4 to 44.4 U/L for AST and 118.8 to 46.1 U/L for ALT) while half of the patients became HBsAg negative at the end of one month[51]. The preventative and therapeutic potential for such a compound would be a major breakthrough in the study of this infection.

Combination vaccines
Another technique employs both HepBcAg and HepBsAg to elicit humoral/cell mediated response which could be employed in controlling infection via CD-8 T cells as well as antibody production by stimulating memory B-cells. Vaccine development trials are underway which would stimulate both humoral and cellular immunity and help in controlling infection via CD-8 T cells as well as stimulating memory cells in producing antibodies. A novel vaccine consisting of HepBsAg and HepBcAg on a saponin-based ISCOMATRIXTM adjuvant has proven to be effective. In mice with chronic HBV infection it produces HBsAg specific and HBcAg specific CD-8 T-cells as well as stimulates plasma cells to produce high titers of antibodies against both antigens[52]. These early trials are encouraging but more clinical trials are needed in humans to document efficacy in the future. In another study, Cardell et al[53] gave three doses of IM combined hep A, hep B vaccine (TWIN-RIX) to 44 patients, who had been previously non-responsive to 4 doses of intradermal vaccine. Approximately 95% (42 patients) showed an immune titer > 10 mIU/ml, with 35 of these patients developing an antibody titer of > 100 mIU/ml. This suggests hepatitis A antigen may act as an adjuvant and enhance immune response globally. 
In another study, hepatitis B vaccine was combined with HPV 16/18 and given to previously seronegative women. One month after the third dose, there was no difference in immune response in two groups, (96.4 % vs 96.9%). This confirms that co-administration of vaccine does not affect immunogenicity of either vaccine[54].

Conclusion
HBV is a global medical problem. While much morbidity and mortality is attributed to the disease, vaccination against this virus is both efficacious and readily available. Control of this infection via vaccination has markedly decreased the rates of new infection as well as hepatocellular cancer and chronic liver disease worldwide. Typically the vaccine shows a 95% response rate with durable and long-lasting immunity. Multiple novel methods have been developed to address those who do not respond to the regular vaccine schedule. Every effort should be made in high-risk populations (IVDU, healthcare workers, patients with chronic diseases such as diabetes mellitus and CKD) to vaccinate against this virus and the antibodies should be checked to ensure immunity. Both long-lasting immunity and therapeutic potential has been demonstrated with the various vaccines mentioned.
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