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Abstract

Background—Studies have shown the efficacy of hepatitis B (HBV) vaccination in patients with 

inflammatory bowel disease (IBD) is impaired, but few data exist regarding the effectiveness of 

revaccination strategies following primary vaccination failure. Our aim was to analyze the 

association between administration of additional vaccine doses and hepatitis B surface antibody 

(HBsAb) seroconversion.

Methods—This is a retrospective cohort study. Inclusion criteria are as follows: age ≥ 18, 

diagnosis of Crohn’s disease (CD) or ulcerative colitis (UC), inadequate HBsAb < 10 IU/L 

following initial HBV vaccination series, subsequent administration of 1–3 additional doses of 

HBV vaccine with follow-up serum HBsAb measurements. Patients were stratified into groups of 

≤ 2 or 3 doses received. Primary outcome was achieving HBsAb > 10 IU/L. Outcomes were 

stratified by age ≥ or < 40 years. We performed logistic and linear multivariable regression 

analyses for categorical and continuous data.

Results—The study cohort consists of (n = 149) 54.4% women; 77.9% white; 72.6% with CD, 

with mean age: 46.2. Patients of all ages and age ≥ 40 years, who received 3 additional doses of 

vaccine, were more likely to achieve seroprotective HBsAb levels than patients who received 1 or 

2 doses (OR 1.77, P = 0.01; OR 1.9, P = 0.03, respectively, after adjusting for age, sex, race, 

immunosuppressive medication exposure, time between vaccine/titer).

Conclusions—Following initial HBV vaccination failure, patients with IBD of all ages are more 

likely to develop seroprotective levels of HBsAb following 3 additional vaccine doses, rather than 
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1 or 2 alone. In patients who fail primary HBV vaccination, providers should consider a more 

aggressive revaccination strategy with an additional 3-dose series.
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Introduction

Over the past decade, therapy for inflammatory bowel disease (IBD) has been redefined 

through the use of immunosuppressant and biologic therapies, including anti-tumor necrosis 

factor (anti-TNF) drugs, anti-integrins, IL 12/23 inhibitors, and JAK inhibitors [1]. These 

drugs are used more frequently and earlier in the disease course to treat IBD, and as a result 

of this immunosuppression, patients are at increased risk for infections, including 

reactivation of hepatitis B (HBV) [2]. It is known that the efficacy of vaccination against 

HBV in patients with IBD receiving immunosuppressive therapy is impaired [2–4]. 

Specifically, patients on immunosuppressive therapy have a reduced primary response to 

vaccination and accelerated loss of hepatitis B surface antibody (HBsAb) over time [2, 5]. 

When the HBsAb titers fall to < 10 international units/liter (IU/L), patients are at increased 

risk of HBV reactivation, which can range in severity from mild to fulminant [4, 6]. 

Currently, there are very few studies examining the effectiveness of various HBV 

revaccination strategies for patients with IBD.

The available studies on HBV revaccination focus on the utility of a single vaccination 

approach studied within a single cohort, and the resultant data are inconsistent and often 

difficult to interpret [2, 7–9]. In a cohort of children with IBD who were primary non-

responders to HBV vaccination, a single-dose HBV “booster” vaccination had an efficacy of 

75% [8]; however, studies in adults demonstrate a much lower efficacy, even if a complete 3-

dose series is given [2, 7]. In contrast, Matsumoto et al. showed no improvement in 

immunogenicity among adult patients with IBD who received a second “booster” 

vaccination of trivalent influenza [9], suggesting adult patients with IBD may require more 

prolonged antigen exposure. In a cohort of pediatric patients with human immunodeficiency 

virus (HIV) infection, only 14% of initial HBV vaccine non-responders seroconverted after 

receiving an additional booster vaccination [10], whereas adults with HIV had improved 

seroconversion rates after a three-dose vaccine series [11]. Although it is well established 

that 25–50% of immunocompetent HBV vaccine non-responders will subsequently respond 

to an additional vaccine dose [12], the response rate of immunocompromised patients with 

IBD to the same “booster” remains unclear. Due to the lack of available data, professional 

societies, such as the American College of Gastroenterology (ACG), the Infectious Disease 

Society of America (IDSA), and the Advisory Committee on Immunization Practices 

(ACIP), offer very little guidance on revaccination strategies for immunocompromised 

patients with IBD, often relying upon expert opinion [12–14].

The aim of our study was to analyze the association between administration of additional 

HBV vaccine doses and HBsAb seroconversion in adult patients with IBD following initial 
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vaccination failure. It is our hypothesis that additional doses of vaccine may be associated 

with an improved response across all age groups.

Materials and Methods

Study Sample

We conducted a retrospective cohort study of patients with inflammatory bowel disease who 

had failed to develop protective antibody titers following primary vaccination against HBV. 

Patients with IBD followed in the Section of Gastroenterology at Boston Medical Center 

between January 2000 and December 2014 were included in our IRB-approved study.

Patient charts were identified and relevant information retrospectively extracted using our 

institution’s electronic database. Initial search criteria included ICD-9 (International 

Classification of Disease, Ninth Revision) codes 555.xx and 556.xx, as well as either: (1) 

hepatitis B surface antibody (HBsAb) > 0, or (2) documented vaccination against HBV 

(using Current Procedural Technology (CPT) diagnostic coding, published by the American 

Medical Association).

Inclusion and Exclusion Criteria

Given our immunosuppressed patient population, our study defined inadequate HBV 

seroprotection as HBsAb < 10 IU/L.

Inclusion criteria for our study included (1) diagnosis of Crohn’s disease or ulcerative colitis 

(per ICD-9 coding) and (2) inadequate HBV seroprotection following prior HBV 

vaccination, referred to as primary vaccination failure. Documentation in our EMR of a prior 

HBV vaccination and/or ≥ 1 HBsAb titers > 0 IU/L and < 10 IU/L) constituted evidence of 

prior HBV vaccination. Additional inclusion criteria were (3) subsequent administration of 

one or more additional HBV vaccine doses (2 doses needed to have been administered 

within 6 months, or 3 doses given within 12 months); and (4) electronic record of titer level 

measurement following additional HBV vaccine doses. Following primary vaccination 

failure, the number of additional revaccination attempts was left to the discretion of the 

treating clinician.

Exclusion criteria were: (1) positive hepatitis B surface antigen (HBsAg); (2) positive 

hepatitis B core antibody (HBcAb); (3) age below 18 years; (4) HIV; (5) chronic kidney 

disease requiring hemodialysis; (6) other autoimmune disease requiring 

immunosuppression; and (7) electronic record of HBsAb titer levels measured in between 

subsequent revaccination attempts. Although this study is retrospective, this last criterion 

was an attempt to limit selection bias by the treating clinician (i.e., selecting which patients 

would require further revaccination attempts).

Exposures

Our chart review focused on recording HBsAb titer levels drawn following both primary 

vaccination series and revaccination attempts. Patients were categorized according to the 

number of HBV revaccination doses received, following initial HBV vaccination failure (≤ 2 

vs 3 doses). Of note, in our study, double-dose revaccinations given on the same day were 
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categorized as 2 separate doses/revaccination attempts. Study arms included: (1) 1 or 2 doses 

(administered sequentially within 6 months) and (2) 3 doses (administered within 12 

months). Given the known association between immunosuppressive IBD medications and 

impaired response to HBV vaccination, several types of IBD medications prescribed to 

patients in the 6 months prior to titer level measurement were also recorded—including anti-

TNFs, immunomodulators (thiopurines and methotrexate), dual therapy, and corticosteroids 

[2–4].

In addition, interval time between vaccination and titer level measurement was collected to 

help adjust for serum titers that are expected to wane with time. Demographic data were 

collected, including patient age (at diagnosis and at time of titer measurement), sex, race, 

and body mass index (BMI).

Primary Outcome

Our primary outcome was the presence of seroprotective HBsAb titer following 

revaccination of IBD patients against HBV. Revaccination attempts were administered 

sequentially without titer levels drawn in between, and titer levels of interest were measured 

following completion of revaccination. Seroprotection was assessed as a categorical variable, 

using a single HBsAb serum titer cutoff: > 10 IU/L (standard definition of adequate 

seroprotection) [3]. As a secondary outcome, post-vaccination serum titer levels were 

recorded and assessed as a continuous variable. Of note, our primary and secondary 

outcomes explored single titer levels and not titer kinetics over time or in response to 

vaccination.

Statistical Analysis

To describe the characteristics of the analysis sample, we used means with standard 

deviations (SD) for continuous data and percentages for categorical data. Categorical data 

were compared using the Chi-square test. We performed multivariable logistic regression 

models to assess the association between number of HBV revaccination doses (≤ 2 vs 3 

doses) and HBV seroprotection. In the “base model,” we adjusted for demographic variables 

including age, sex, and race. In the “multivariable model,” we adjusted for age, sex, race, 

BMI, immunosuppressant drug exposure (specifically, anti-TNF, immunomodulator, dual 

therapy, and corticosteroids) and interval time between revaccination and titer level 

measurement. We also performed multivariable linear regression models to measure the 

association between number of HBV booster doses and HBsAb titer level (measured 

continuously) accounting for the same variables described above. Of note, we analyzed the 

same number of patients (n = 149) in each of our multivariable analyses. Given known 

strong associations in the literature between patient age and inadequate response to HBV 

vaccination, a secondary analysis was performed, stratifying data by patient age at a cutoff 

of 40 years [12, 15]. Analyses were performed using SAS version 9.2 (SAS Institute, Cary, 

NC) software. A 2-tailed P value of < 0.05 was considered significant.
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Results

Our database search yielded an initial study sample of 770 patients. Following extensive 

chart review and per inclusion/exclusion criteria, our final analysis included 149 patients.

Characteristics of the study cohort (n = 149) are shown in Table 1. The mean age was 46.2 

± 15.1 years. 63.1% (n = 94/149) of the sample was older than age 40 years. Women 

comprised 54.4% (n = 81/149) of our study sample, and 77.9% of patients were white. 

72.6% of patients had Crohn’s disease, and 27.4% had ulcerative colitis. Overall, 58.4% (n = 

87/149) of patients received 1 or 2 sequential HBV revaccination doses within a 6-month 

time period, and 41.6% (n = 62/149) of patients received 3 sequential revaccination doses 

during a 12-month time period.

During the 6 months prior to serum titer measurement, 78.5% of patients were exposed to 

some form of immunosuppressive IBD therapy. Specifically, 57.0% were exposed to 

immunomodulator therapy alone, 46.3% to anti-TNF therapy alone, 26.2% to dual therapy 

(anti-TNF + IMM), and 17.4% to corticosteroid therapy. Of note, when comparing our two 

study arms, a higher percentage of patients were exposed to each type of 

immunosuppressive IBD medication within our ≤ 2 dose arm compared with our 3-dose 

arm.

Table 2 summarizes our descriptive data, regarding HBsAb level, stratified by number of 

HBV revaccination attempts and patient age at time of titer level measurement. Overall, 

49.7% of all patients seroconverted to HBsAb > 10 IU/L with mean serum HBsAb titer of 

162.5 IU/L, after receiving any number of additional HBV vaccination doses. Among 

patients who received 1 vaccination dose, 41.3% developed HBsAb > 10 IU/L, and among 

those who received 2 vaccination doses, 40.0% seroconverted. Among patients who received 

1 or 2 vaccination doses, 40.2% subsequently seroconverted, with a mean serum titer of 93.3 

IU/L. This is compared with patients who received 3 vaccination doses, of which 62.9% 

seroconverted (P < 0.01), with a mean serum titer of 259.6 IU/L (P < 0.001).

Primary Analysis

In our multivariable logistic regression analysis, we observed a positive and statistically 

significant association between the number of revaccination doses received by a patient and 

subsequent HBsAb seroconversion (Table 3). In our “base model,” patients receiving 3 doses 

of HBV vaccination demonstrated nearly twofold increased odds of achieving immunity 

compared to those receiving only 1 or 2 doses (OR 1.95; 95% CI 1.27–2.99; P = 0.002). 

After accounting for additional covariates in our “multivariable model,” our results were 

slightly attenuated but remained statistically significant for patients of all ages (OR 1.77; 

95% CI 1.12–2.80; P = 0.01).

When considering HBsAb as a continuous variable in our multivariable linear regression 

analysis, we also observed a positive and statistically significant association between the 

number of revaccination doses and post-vaccination serum HBsAb titer level (Table 4). In 

our “base model” analysis, the mean post-vaccination serum titer level increased by 107.29 

IU/L in those who received 3 doses of vaccination, when compared to 1 or 2 doses (β 
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107.29; SE 25.51; P < 0.0001). Our “multivariable model” analysis of the same yielded 

similar statistically significant findings (β 116.29; SE 27.56; P < 0.0001).

Secondary Analysis

We performed a secondary analysis, stratifying by patient age (Tables 3, 4). We used an age 

cutoff of 40 years owing to the results of prior vaccination research which utilized the same 

[12, 15], and also in part due to the median age of our study cohort.

In the re-analysis of our descriptive data, we found a significantly greater proportion of 

patients of age ≥ 40 years seroconverted following 3 vaccination doses, compared with 1 or 

2 (53.7% vs. 32.1%, P < 0.04). The data also demonstrated significantly higher mean follow-

up serum titers for patients of age ≥ 40 years following 3 doses, compared with 1 or 2 (152.7 

IU/L vs. 42.8 IU/L, P < 0.01). Similarly, for patients of age < 40 years, a significantly 

greater proportion of patients seroconverted following 3 vaccination doses (81.0% vs. 

52.9%, P < 0.04), also demonstrating significantly higher mean follow-up serum titers 

(468.3 IU/L vs. 172 IU/L, P < 0.01).

Regarding our multivariable logistic regression analysis of our categorical data, our findings 

were similar after being stratified by patient age. We found a positive and statistically 

significant association between the number of revaccination doses received by a patient and 

subsequent HBsAb seroconversion. Under our “base model” multivariable analysis, we 

found similar results for both patients of age ≥ 40 years (OR 1.96; 95% CI 1.13–3.41; P = 

0.02) and patients of age < 40 years (OR 2.18; 95% CI 1.05–4.52; P = 0.04). Under our 

“multivariable model,” we found a positive and statistically significant association only for 

patients of age ≥ 40 years (OR 1.90; 95% CI 1.05–3.43; P = 0.03).

Regarding our multivariable linear regression analysis of the continuous data, our findings 

were also similar after being stratified by patient age. Under our “base model” analysis, both 

age groups showed significant increases in post-vaccination serum titers: patients of age ≥ 

40 years (β 81.77; SE 24.67, P = 0.001), and patients of age < 40 years (β 145.32; SE 54.04; 

P = 0.01). Our “multivariable model” analysis, again, showed statistically significant post-

vaccination increases in serum HBsAb titer levels: patients of age ≥ 40 years (β 89.23; SE 

26.52; P = 0.001) and patients of age < 40 years (β 181.1; SE 64.73; P = 0.007).

Discussion

In this retrospective study of immunocompromised patients with inflammatory bowel 

disease who had previously failed primary vaccination against HBV, we demonstrated an 

improved immune response in patients who received three additional revaccination doses, 

when compared with only one or two doses. More specifically, following multivariable 

regression analysis patients showed significantly higher rates of subsequent seroconversion 

to HBsAb > 10 IU/L. While 62.9% of patients responded to a 3-dose revaccination schedule, 

only 40.2% of our patients achieved seroprotective antibody levels after receiving only 1 or 

2 doses. In addition, patients showed higher mean post-vaccination titer levels following a 3-

dose revaccination schedule. Our findings are novel, in that we examined two HBV 

revaccination strategies within the same immunocompromised patient cohort, with one 
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proving superior across all measured outcomes. In our secondary analysis, we demonstrated 

similar findings among the same patient cohort but when stratified by patient age greater or 

less than 40 years. Patients aged ≥ 40 years responded significantly to the 3-dose 

revaccination strategy, though less well than those < 40 years of age, in terms of 

seroconversion rate and mean follow-up titer level.

Over the past decade, a number of studies have demonstrated the low rate of seroconversion 

following primary vaccination against HBV among patients with IBD [2–5]. However, there 

are very few studies examining the effectiveness of various revaccination strategies for 

patients with IBD. In 2015, Cossio-Gil et al. [7] showed that 52.8% of patients with IBD 

who initially failed HBV vaccination, went on to achieve protective antibody levels 

following an additional three scheduled doses, with patient age being the only independent 

predictor of non-response. Separately, Gisbert et al. [2] studied an alternative approach: an 

accelerated, double-dose revaccination protocol, which resulted in successful seroconversion 

(HBsAb > 10 IU/l) in 50% of initial non-responders. Overall, our data are consistent with 

the findings of the aforementioned studies, in which we showed 62.9% of patients, who 

initially failed HBV vaccination, to have subsequently developed protective titers following 

revaccination with a full 3-dose series.

Among immunocompetent patients who do not respond to an initial 3-dose HBV vaccination 

schedule, meta-analyses have reported that between 25 and 50% will respond to an 

additional booster vaccine dose, while between 44 and 100% will respond to a repeat 3-dose 

vaccine series [12]. While nowhere near 100%, the percentage of immunocompromised 

patients with IBD within our study who seroconverted following 3 sequential revaccination 

doses (62.9%) is well within the expected range of seroconversion for immunocompetent 

patients, as reported by the ACIP [12]. This revaccination success rate is remarkably high—

especially as we are comparing immunocompetent with immunocompromised patients, and 

given the multitude of data published regarding the poor immunogenicity of patients with 

IBD on immunosuppressive therapy [2, 4, 7, 14, 16, 17].

Described differently, our multivariable analysis demonstrated that for patients of all ages, 

rather than 1 or 2 doses, following a 3-dose revaccination sequence: (i) the likelihood of 

seroconversion rose by a factor of 1.8, and (ii) post-vaccination HBsAb titer levels rose by a 

mean of 116 IU/L. In 2000, similar results were described by Rey et al. [11] in HIV-positive 

patients on stable anti-retroviral therapy, where only 55% of patients seroconverted 

following an initial 3-dose HBV vaccination series, yet 78% of those non-responders 

proceeded to seroconvert following an additional three doses. Similar to our study findings, 

in a population of immunocompromised patients at increased risk for HBV infection, 

increasing the number of vaccination attempts or duration of antigenic exposure was 

associated with an improvement in HBsAb response rates.

Patient age has previously been identified as a strong independent risk factor for impaired 

response to HBV vaccination [7, 12, 18]. In our secondary analysis, patients were stratified 

according to age greater than or less than 40 years, a threshold shown previously to be 

associated with a declining rate of seroconversion [12]. As might be expected, our data show 

younger patients of age < 40 years to have achieved significantly improved seroconversion 
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rates and post-vaccination titer levels following a 3-dose strategy, as opposed to a 1- or 2-

dose strategy. Somewhat surprising, however, is that our data show older patients of age ≥ 40 

years to have performed nearly (though not quite) as well as the younger cohort, again, in 

terms of seroconversion rate and post-vaccination titer levels. Important findings are as 

follows: (1) These data are consistent with the well-accepted negative association between 

patient age and vaccine responsiveness [2, 3, 7, 12], and (2) despite this, in our study a 3-

dose revaccination strategy remained effective among, not only younger, but also older 

patients.

Per existing guidelines, all patients with IBD should be screened for active HBV infection 

and appropriately vaccinated against HBV with a 3-dose vaccination schedule, as early as 

possible and prior to initiation of immunomodulator or biologic therapies. Based upon our 

data, in clinical practice we would recommend that patients with IBD have serum HBsAb 

checked following initial vaccination, and if serum antibody titers are < 10 IU/L, repeat a 

full 3-dose vaccination schedule at that time.

Our study has several limitations. Most notably, it was not a randomized study and as a 

result there were differences in our patient study arms. While we accounted for known or 

suspected confounders, we were unable to account for unmeasured confounders, likely 

resulting in residual confounding. The associations we have described will aid in the design 

of future prospective and controlled studies. Another limitation is our inability to reliably 

distinguish between primary HBV vaccination non-responders and initial responders with 

waning antibody titers but ability to mount an anamnestic response once re-challenged with 

a booster vaccination. Also, an incomplete EMR database may have provided us with partial 

vaccination and medication histories, as we did not have access to vaccination/titer data 

performed outside of our own medical system. Additional booster vaccinations and/or IBD 

therapies administered elsewhere were unaccounted for and could have affected the results 

of our primary outcomes. Prior complete HBV vaccination series were often inferred based 

upon inadequate HBsAb levels and negative HBsAG and HBcAb status, and in these cases, 

it is unknown how patients responded to initial vaccination or the exact time interval 

between initial vaccination and revaccination. A number of revaccination doses received by 

patients were administered within a set period of time but were not administered according 

to a strict vaccination schedule. This was unable to be adjusted for and could have 

contributed to differences observed in our primary outcomes. Given the available data, our 

main outcome explored single titer levels at a given point in time and was not dynamic or 

related to seroconversion/titer kinetics over time.

Our study is retrospective and observational in design, limiting the conclusions that can be 

drawn from the data. Additional research is certainly warranted. For example, studies are 

needed to better understand the strength of the anamnestic response in immunocompromised 

individuals despite waning HBsAb titer levels, perhaps in relation to the strength of a 

patient’s immunologic response to initial HBV vaccination. Also, as the goal of our current 

study is to prevent new infection with HBV in immunocompromised patients, further 

population-based studies are needed in the future to reassess the incidence of such, following 

incorporation of more aggressive HBV serologic screening and revaccination into clinical 

practice.

Pratt et al. Page 8

Dig Dis Sci. Author manuscript; available in PMC 2020 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



In summary, our findings suggest that following primary HBV vaccination failure, adults of 

all ages with IBD are more likely to develop seroprotective levels of HBsAb following three 

additional vaccine doses, rather than 1 or 2 alone. Our data support the conclusion that a 3-

dose revaccination strategy rather than a 1- or 2-dose strategy leads to higher mean serum 

titer levels and, as a result, a greater likelihood of reaching a seroprotective level. In 

addition, our analysis suggests the efficacy of the 3-dose strategy is generalizable to patients 

older than 40 years, an age group that is often more difficult to properly vaccinate. Overall, 

in patients with IBD, immune response to vaccination against HBV involves a complex 

interplay between the strength of the host immune status, vaccination timing, effects of 

immunosuppressant therapy, patient age, and more [2, 3, 5, 15, 16]. As these patients are 

oftentimes challenging to effectively vaccinate against hepatitis B virus, a more aggressive 

approach to revaccination may be warranted.

Acknowledgment

This work was supported by the National Institute of Diabetes and Digestive and Kidney Diseases (K23 
DK113252). This work was also supported by Robin & Andrew Davis, Susan Nicol, and Aimee & Kleanthis 
Dendrinos, MD, for support of this work.

References

1. Chudy-Onwugaje KO, Christian KE, Farraye FA, Cross RK. A state-of-the-art review of new and 
emerging therapies for the treatment of IBD. Inflamm Bowel Dis. 2018;11:15.

2. Gisbert JP, Villagrasa JR, Rodríguez-Nogueiras A, et al. Efficacy of hepatitis B vaccination and 
revaccination and factors impacting on response in patients with inflammatory bowel disease. Am J 
Gastroenterol. 2012;107:1460–1466. [PubMed: 23034605] 

3. Gisbert JP, Chaparro M, Esteve M. Review article: prevention and management of hepatitis B and C 
infection in patients with inflammatory bowel disease. Aliment Pharmacol Ther. 2011;33:619–633. 
[PubMed: 21416659] 

4. Andrade P, Santos-Antunes J, Rodrigues S, et al. Treatment with infliximab or azathioprine 
negatively impact the efficacy of hepatitis B vaccine in inflammatory bowel disease patients. J 
Gastroenterol Hepatol. 2015;30:1591–1595. [PubMed: 25967740] 

5. Gisbert JP, Villagrasa JR, Rodríguez-Nogueiras A, et al. Kinetics of anti-hepatitis B surface antigen 
titers after hepatitis B vaccination in patients with inflammatory bowel disease. Inflamm Bowel Dis. 
2013;19:554–558. [PubMed: 23380936] 

6. Mindikoglu AL, Regev A, Schiff ER. Hepatitis B virus reactivation after cytotoxic chemotherapy: 
the disease and its prevention. Clin Gastroenterol Hepatol. 2006;4:1076–1081. [PubMed: 16861051] 

7. Cossio-Gil Y, Martinez-Gomez X, Campins-Marti M, et al. Immunogenicity of hepatitis B vaccine 
in patients with inflammatory bowel disease and the benefits of revaccination. J Gastroenterol 
Hepatol. 2015;30:92–98. [PubMed: 25160690] 

8. Moses J, Alkhouri N, Shannon A, et al. Hepatitis B immunity and response to booster vaccination in 
children with inflamma-tory bowel disease treated with infliximab. Am J Gastroenterol. 
2012;107:133–138. [PubMed: 21876562] 

9. Matsumoto H, Ohfuji S, Watanabe K, et al. Booster influenza vaccination does not improve immune 
response in adult inflammatory bowel disease patients treated with immunosuppressives: a 
randomized controlled trial. J Gastroenterol. 2015;50:876–886. [PubMed: 25672513] 

10. Choudhury SA, Peters VB. Responses to hepatitis B vaccine boosters in human immunodeficiency 
virus-infected children. Pediatr Infect Dis J. 1995;14:65–67. [PubMed: 7715995] 

11. Rey D, Krantz V, Partisani M, et al. Increasing the number of hepatitis B vaccine injections 
augments anti-HBs response rate in HIV-infected patients. Effects on HIV-1 viral load. Vaccine. 
2000;18:1161–1165. [PubMed: 10649616] 

Pratt et al. Page 9

Dig Dis Sci. Author manuscript; available in PMC 2020 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



12. Schillie S, Vellozzi C, Reingold A, et al. Prevention of hepatitis B virus infection in the United 
States: recommendations of the advisory committee on immunization practices. MMWR Recomm 
Rep. 2018;67:1–31.

13. Farraye FA, Melmed GY, Lichtenstein GR, et al. Preventative care in inflammatory bowel disease. 
Am J Gastroenterol. 2017;112:241–258. [PubMed: 28071656] 

14. Rubin LG, Levin MJ, Ljungman P, et al. 2013 IDSA clinical practice guideline for vaccination of 
the immunocompromised host. Clin Infect Dis. 2014;58:309–318. [PubMed: 24421306] 

15. Fisman DN, Agrawal D, Leder K. The effect of age on immunologic response to recombinant 
hepatitis B vaccine: a meta-analysis. Clin Infect Dis. 2002;35:1368–1375. [PubMed: 12439800] 

16. Pratt PK, Nunes D, Weber HC, et al. Antibody response to hepatitis B virus vaccine is impaired in 
patients with inflammatory bowel disease on infliximab therapy. Inflamm Bowel Dis. 
2018;24:380–386. [PubMed: 29361083] 

17. Sands BE, Cuffari C, Katz JA, et al. Guidelines for immunizations in patients with inflammatory 
bowel disease. Inflamm Bowel Dis. 2004;10:677–692. [PubMed: 15472534] 

18. Averhoff F, Mahoney F, Coleman P, et al. Immunogenicity of hepatitis B vaccines. Implications for 
persons at occupational risk of hepatitis B infection. Am J Prev Med. 1998;15:1–8.

Pratt et al. Page 10

Dig Dis Sci. Author manuscript; available in PMC 2020 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Pratt et al. Page 11

Ta
b

le
 1

B
as

el
in

e 
ch

ar
ac

te
ri

st
ic

s

O
ve

ra
ll 

(n
 =

 1
49

)
1 

or
 2

 H
B

V
 r

ev
ac

ci
na

ti
on

 d
os

es
 a

dm
in

is
te

re
d 

(n
 =

 8
7)

3 
H

B
V

 r
ev

ac
ci

na
ti

on
 d

os
es

 a
dm

in
is

te
re

d 
(n

 =
 6

2)

M
ea

n 
ag

e,
 a

t t
ite

r 
m

ea
su

re
m

en
t

46
.2

 (
15

.1
)

44
.9

 (
14

.9
)

48
.1

 (
15

.2
)

 
A

ge
 ≥

 4
0 

ye
ar

s 
(%

)
63

.1
60

.9
66

.1

W
om

en
 (

%
)

54
.4

54
.0

54
.8

R
ac

e/
et

hn
ic

ity

 
W

hi
te

 (
%

)
77

.9
75

.9
80

.6

M
ea

n 
B

M
I 

(k
g/

m
2 )

28
.0

 (
5.

9)
27

.5
 (

6.
3)

28
.7

 (
5.

1)

Ty
pe

 o
f 

co
lit

is

 
C

ro
hn

’s
 d

is
ea

se
 (

%
)

72
.6

71
.3

76
.3

M
ea

n/
m

ed
ia

n 
in

te
rv

al
 ti

m
e 

(d
ay

s)
+

67
8.

0/
27

7
26

0.
6/

20
3.

5
10

61
.2

/4
71

IB
D

 m
ed

ic
at

io
n 

ex
po

su
re

s±

 
A

ny
 th

er
ap

y 
(%

)§
78

.5
83

.9
71

.0

 
Im

m
un

om
od

ul
at

or
 (

%
)¶

57
.0

60
.9

51
.6

 
A

nt
i-

T
N

F
46

.3
51

.7
38

.7

 
D

ua
l t

he
ra

py
++

26
.2

28
.7

22
.6

 
C

or
tic

os
te

ro
id

s±±
17

.4
19

.5
14

.5

+ In
te

rv
al

 ti
m

e 
be

tw
ee

n 
la

st
 v

ac
ci

na
tio

n 
re

ce
iv

ed
 a

nd
 ti

te
r 

m
ea

su
re

m
en

t

± D
ru

g 
ex

po
su

re
s 

w
ith

in
 6

 m
on

th
s 

of
 ti

te
r 

le
ve

l m
ea

su
re

m
en

ts

§ In
cl

ud
in

g 
im

m
un

om
od

ul
at

or
, a

nt
i-

T
N

F,
 a

nd
 c

or
tic

os
te

ro
id

 th
er

ap
y

¶ In
cl

ud
in

g 
az

at
hi

op
ri

ne
, 6

-m
er

ca
pt

op
ur

in
e,

 a
nd

 m
et

ho
tr

ex
at

e 
th

er
ap

y

++
Im

m
un

om
od

ul
at

or
 th

er
ap

y 
an

d 
an

ti-
T

N
F 

th
er

ap
y

±±
In

cl
ud

in
g 

pr
ed

ni
so

ne
 (

po
),

 b
ud

es
on

id
e 

(p
o/

pr
),

 a
nd

 h
yd

ro
co

rt
is

on
e 

th
er

ap
y 

(p
o/

pr
)

H
B

V
 h

ep
at

iti
s 

B
 v

ir
us

, B
M

I b
od

y 
m

as
s 

in
de

x,
 IB

D
 in

fl
am

m
at

or
y 

bo
w

el
 d

is
ea

se
, a

nt
i-

T
N

F 
an

ti-
tu

m
or

 n
ec

ro
si

s 
fa

ct
or

Dig Dis Sci. Author manuscript; available in PMC 2020 July 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Pratt et al. Page 12

Ta
b

le
 2

D
es

cr
ip

tiv
e 

da
ta

O
ve

ra
ll 

(n
 =

 1
49

)
1 

or
 2

 H
B

V
 r

ev
ac

ci
na

ti
on

 d
os

es
 a

dm
in

is
te

re
d 

(n
 =

 8
7)

3 
H

B
V

 r
ev

ac
ci

na
ti

on
 d

os
es

 a
dm

in
is

te
re

d 
(n

 =
 6

2)
p 

va
lu

e

Se
ro

co
nv

er
si

on
 to

 H
B

sA
b 

>
 1

0 
IU

/L

 
A

ll 
ag

es
, %

49
.7

40
.2

62
.9

<
 0

.0
1

 
A

ge
 <

 4
0 

ye
ar

s,
 %

+
63

.6
52

.9
81

<
 0

.0
4

 
A

ge
 ≥

 4
0 

ye
ar

s,
 %

+
41

.5
32

.1
53

.7
<

 0
.0

4

M
ea

n 
fo

llo
w

-u
p 

H
B

sA
b 

tit
er

 
A

ll 
ag

es
, I

U
/L

 (
SD

)
16

2.
5 

(2
99

.8
)

93
.3

 (
20

0.
0)

25
9.

6 
(3

79
.0

)
<

 0
.0

01

 
A

ge
 <

 4
0 

ye
ar

s,
 I

U
/L

 (
SD

)+
28

5.
1 

(3
91

.5
)

17
2.

0 
(2

83
.5

)
46

8.
3 

(4
65

.8
)

<
 0

.0
1

 
A

ge
 ≥

 4
0 

ye
ar

s,
 I

U
/L

 (
SD

)+
91

.7
 (

19
7.

7)
42

.8
 (

87
.1

)
15

2.
7 

(2
69

.1
)

<
 0

.0
1

+ Pe
rf

or
m

ed
 a

s 
pa

rt
 o

f 
se

co
nd

ar
y 

an
al

ys
is

H
B

V
 h

ep
at

iti
s 

B
 v

ir
us

, H
B

sA
b 

he
pa

tit
is

 B
 s

ur
fa

ce
 a

nt
ib

od
y,

 IU
/L

 in
te

rn
at

io
na

l u
ni

ts
/li

te
r, 

SD
 s

ta
nd

ar
d 

de
vi

at
io

n

Dig Dis Sci. Author manuscript; available in PMC 2020 July 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Pratt et al. Page 13

Ta
b

le
 3

A
ss

oc
ia

tio
n 

be
tw

ee
n 

nu
m

be
r 

of
 a

dd
iti

on
al

 H
B

V
 v

ac
ci

ne
 d

os
es

 a
nd

 H
B

V
 im

m
un

ity

B
as

e 
m

od
el

±
M

ul
ti

va
ri

ab
le

 m
od

el
§

O
R

 (
95

%
 C

I)
P

 v
al

ue
O

R
 (

95
%

 C
I)

P
 v

al
ue

A
ll 

ag
es

1.
95

 (
1.

27
, 2

.9
9)

<
 0

.0
1

1.
77

 (
1.

12
, 2

.8
0)

0.
01

 
A

ge
 <

 4
0 

ye
ar

s+
2.

18
 (

1.
05

, 4
.5

2)
<

 0
.0

5
1.

90
 (

0.
83

, 4
.3

9)
0.

13

 
A

ge
 >

 4
0 

ye
ar

s+
1.

96
 (

1.
13

, 3
.4

1)
<

 0
.0

5
1.

90
 (

1.
05

, 3
.4

3)
<

 0
.0

5

+ Pe
rf

or
m

ed
 a

s 
pa

rt
 o

f 
se

co
nd

ar
y 

an
al

ys
is

± B
as

e 
m

od
el

 a
dj

us
te

d 
fo

r 
pa

tie
nt

 a
ge

, s
ex

, a
nd

 r
ac

e

§ M
ul

tiv
ar

ia
bl

e 
m

od
el

 a
dj

us
te

d 
fo

r 
pa

tie
nt

 a
ge

, s
ex

, r
ac

e,
 B

M
I,

 im
m

un
os

up
pr

es
si

ve
 d

ru
g 

ex
po

su
re

, a
nd

 in
te

rv
al

 ti
m

e 
be

tw
ee

n 
va

cc
in

at
io

n 
an

d 
tit

er
 le

ve
l m

ea
su

re
m

en
t

H
B

V
 h

ep
at

iti
s 

B
 v

ir
us

, O
R

 o
dd

s 
ra

tio
, C

I c
on

fi
de

nc
e 

in
te

rv
al

Dig Dis Sci. Author manuscript; available in PMC 2020 July 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Pratt et al. Page 14

Table 4

Association between number of additional HBV vaccine doses and follow-up HBsAb titer level

Base model
±

Multivariable model
§

β (SE) P value β (SE) P value

All ages 107.29 (25.51) < 0.001 116.29 (27.56) < 0.001

 Age < 40 years
+ 145.32 (54.04) 0.01 181.1 (64.73) < 0.01

 Age ≥ 40 years
+ 81.77 (24.67) 0.001 89.23 (26.52) 0.001

+
Performed as part of secondary analysis

±
Base model adjusted for patient age, sex, and race

§
Multivariable model adjusted for patient age, sex, race, BMI, immunosuppressive drug exposure, and interval time between vaccination and titer 

level measurement

HBV hepatitis B virus, β beta-coefficient, SE standard error
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