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Abstract: Introduction: Hepatitis B virus (HBV) infection has been associated with chronic hepatitis
and cirrhosis. Patients with inflammatory bowel disease (IBD) may be at a higher risk of HBV
infection reactivation, especially those on biologic therapies. This study intends to compare the
effectiveness of the HBV vaccine in patients with ulcerative colitis (UC) on infliximab (IFX) compared
to those on 5-aminosalicylic acid (5-ASA). Methods: Patients with UC aged >18 years old were
prospectively enrolled in the study. The patients were divided into two groups: patients treated
with 5-ASA (control group) and patients treated with IFX (study group). HBV vaccination was
administered (20 mcg) following the standard regimen, and Hepatitis B serum antibody (HbsAb)
titers were assessed three months after the final dose. The response to HBV vaccines was categorized
as an ‘adequate’ immune response (>10 IU/L) and ‘effective’ immune response (>100 IU/L). Results:
In our final analysis of 118 patients with UC, 54.2% were male and 52.5% had extensive colitis. HBsAb
titer levels were significantly higher in the 5-ASA group (126.7 £ 37.5) compared to the IFX group
(55.5 £ 29.4). Stratifying HBsAb levels into two categories (>10-99 IU/L and >100 IU/L) revealed a
significantly greater proportion of subjects in the 5-ASA group with levels >100 IU/L compared to the
IEX group (76.7% vs. 12.1%, p < 0.001). Logistic regression analysis demonstrated that patients with
UC receiving 5-ASA were 23.94 times more likely to exhibit HBsAb levels > 100 compared to those
treated with IFX (OR = 23.94, 95% CI 8.89-64.49). Conclusion: The immune response to hepatitis B
vaccination in patients with ulcerative colitis treated with IFX is attenuated compared to those treated
with 5-ASA. Therefore, emphasizing the importance of HBV vaccination for patients with IBD before
starting anti-TNF therapy, especially IFX, and advocating for screening is imperative in high-risk
countries. Determining what levels of HBsAb provide protection and what happens to the levels over
time after a booster dose are important clinical questions to be answered by follow-up studies.
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1. Introduction

Inflammatory bowel disease (IBD) is a chronic relapsing inflammatory disorder of the
gastrointestinal tract. Ulcerative colitis (UC) and Crohn’s disease (CD) are the two major
types of IBD, which collectively affect approximately 6.8 million people globally [1]. Over
the last decade, there has been a significant transformation in the management of IBD,
with the use of targeted biological therapies replacing conventional immunosuppressant
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therapy. Furthermore, there is a growing trend toward using these drugs earlier and more
extensively for moderate to severe disease [2].

Patients with IBD are more susceptible to infectious diseases mainly due to the treat-
ment modalities that might be employed, like immunosuppressive agents and surgical
procedures [3]. Despite advancements in IBD treatment that have led to improved mucosal
healing rates, concerns remain regarding their increased risk of infectious diseases [4,5].

Hepatitis B virus (HBV) is one of the major worldwide health challenges. HBV causes
public health problems partially due to its high genetic diversity, drug resistance, and
immune-escape mutations in surface gene [6]. It is significantly more infectious than HIV,
with a transmission rate that is 50 to 100 times higher, chronically affecting 240 million
individuals worldwide [7]. Its prevalence has altered over the past 30 years because
of immigration, socioeconomic progress, and the introduction of a vaccine. Research
in Europe, Asia, and the Americas has identified a varied range of HBV prevalence in
IBD patients, ranging from 0.5% to 15% [8]. In 2016, the World Health Organization
(WHO) invited all countries to collaborate in a campaign aiming to eradicate viral hepatitis,
including HBV, by the year 2030 [9].

Hepatitis B can be prevented through vaccination [10]. The most widely used schedule
for hepatitis B vaccination is given at time points 0, 1, and 6 months. Although several
studies have demonstrated the efficiency of HBV vaccination in healthy individuals, there
have been reports of HBV infections occurring in vaccinated patients with IBD undergoing
immunosuppressive and biologic therapies as well as episodes of HBV reactivation among
those patients [2,11]. Additionally, the response rate to HBV vaccination in the general
population is about 90%. However, the response rate to the vaccine in patients with IBD
is significantly lower. Young age and vaccination during disease remission are associated
with a positive response to HBV vaccination [12].

Depending on the severity of the disease, IBD is frequently treated with steroids,
aminosalicylates, immunosuppressors (e.g., azathioprine/6-MP, cyclosporine, methotrex-
ate), and biologics such as tumor necrosis factor-a (TNF) inhibitors [13]. The response
rate to hepatitis B virus (HBV) vaccination in patients with IBD appears to be notably
low, particularly in individuals undergoing immunosuppressive treatment or anti-TNF
therapy [14-17]. A recent study on patients with IBD showed a low response to single doses
of HBV vaccination in comparison with double doses [18], while another study showed that
anti-TNF treatment in IBD patients has a negative impact on response to vaccination [19].

Infliximab (IFX), golimumab, and adalimumab are biologics that primarily target TNF
as part of their mechanism of action. Many cases of HBV reactivation have been attributed
to the administration of IFX, both alone and in combination with other IBD drugs [2,20,21].
Concerns about the reactivation of HBV infection due to immunosuppressive treatment
are increasing among healthcare providers managing patients with IBD [22]. Many studies
have indicated that a substantial portion of IBD patients do not achieve adequate protection
through vaccination [23,24].

Previous studies showed that the immunogenicity of COVID-19 vaccines was atten-
uated in patients treated with IFX [25,26]. Studies concerning the effectiveness of HBV
vaccination in patients with IBD taking different medications would aid in the identifi-
cation of patients at high risk for loss of immune response and could contribute to the
development of more explicit IBD management guidelines in the future [27]. Furthermore,
a study showed that liver dysfunction due to HBV reactivation can occur in HBV-infected
IBD patients treated with anti-TNF agents [28]. Additionally, there are limited data on
the effectiveness of HBV vaccination in patients with IBD receiving different types of IBD
medications. Thus, in this study, we aimed to assess the effectiveness of the HBV vaccine in
IBD patients who were undergoing treatment with IFX or 5-aminosalicylic acid (5-ASA).
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2. Materials and Methods
2.1. Study Design

A prospective observational study was conducted at Haya Alhabib Gastroenterology
Center in Kuwait from January 2021 to January 2024. The Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) guidelines were followed to conduct
and report this study [29] (Supplementary File S1). The 2016 International Classification of
Diseases (ICD-10) was used to diagnose inflammatory bowel disease (IBD). Patients were
classified as having ulcerative colitis (UC) if they displayed ICD-10 codes K51, K51.0, K51.2,
K51.3,K51.5, K51.8, or K51.9 [30].

HBV seronegative patients with UC receiving 5-ASA (control group) or IFX monother-
apy (study group) were eligible to be enrolled in the study. The inclusion criteria were as
follows: (1) patients who received all 3 scheduled doses of HBV vaccinations; (2) adult
patients (>18 years old) who had been treated with IFX therapy or 5-ASAs for at least
6 months before the first dose of HBV. Serum HbsAB levels were measured 3 months
after the last dose of HBV. The exclusion criteria were as follows: (1) pregnant women;
(2) patients with active UC (defined as having any of the following: partial Mayo score of
>2 with individual subscores > 1, or C-reactive protein > 10 mg/L or fecal calprotectin of
>250 ug/g); (3) patients with chronic kidney disease on dialysis; (4) patients with immune
deficiency diseases such as human immunodeficiency virus (HIV); (5) patients with incom-
plete vaccination doses; (6) patients who stopped their IFX or 5-ASA therapy during the
study period; (7) patients who were on previous biologic therapies, immunosuppressants,
or steroids for less than 3 months before enrolment or concomitants use of these therapies;
(8) patients who were found to be HBsAg or HBcAb positive; (9) patients with subthera-
peutic doses of therapy (less than 2 g of 5-ASA per day or IFX less than 5 mg/kg L.V every
8 weeks); (10) patients who had previously received a hepatitis B vaccine.

2.2. Data Collection and Outcome Measure

We electronically collected all the required data from the patients, which included
demographic and clinical data: age, sex, BMI, smoking status, extent of disease, IBD
treatment, date of the vaccination, and serological response to the vaccine.

The enrolled patients were vaccinated against HBV using a standard regimen using
3 doses of 20 mcg hepatitis B surface antigen [HBsAg] administered at 0, 1, and 6 months
(Figure 1). Patients were stratified into two separate age-, gender-, and BMI-matched
groups. The control group consisted of patients treated with 5-ASA, and the study group
consisted of patients treated with IFX.

Both study and
control group
enrolled here

Il

Serum hepatitis B
titer measured

4

0

*

1%t vaccine
dose

Months
1 6 9 12
21d yaccine 3rd yaccine
dose dose

Figure 1. Enrolment and vaccination timeline.
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Quantitative HBsAb levels were measured three months after the last dose of the
vaccine, and the vaccination response was assessed. The response rate to the vaccine
(immunization rate) was determined using two HBsAb serum titer cut-offs: a titer of
10 IU/L or more was considered an “adequate” immune response, while a titer of 100 IU/L
was considered an “effective” immune response.

The primary outcome of the study was to investigate and compare the serological
response to HBV vaccination using HbsAb level in patients with UC undergoing treatment
with either IFX or 5-ASAs.

2.3. Statistical Analysis

Data collection was carried out using Office 365 Microsoft Excel v16.0, and statistical
analysis was performed using SPSS 27.0.1.0 (SPSS, Chicago, IL, USA). Categorical variables
were presented as frequencies (n, %); continuous variables were presented as mean +
standard deviation. A logistic regression was performed using the variables that provided
a statistically significant association with the response to vaccination on the univariate
analysis. There are no studies that directly compare the effectiveness of the HBV vaccine
in UC patients treated with 5-ASA vs. IFX in the literature to calculate the sample size.
Consecutively, we enrolled 60 patients in each group matched for age, gender, and BMI
to ensure the appropriate representation of the population and to increase the statistical
power of the study. The results were expressed as odds ratio with a 95% confidence interval
(CI), and the statistical significance was set at p < 0.05.

2.4. Ethical Statement

The standing committee for the coordination of health and medical research at the
Ministry of Health of Kuwait reviewed and approved the protocol of this study (protocol
number 3679/2021). Our study complied with the Helsinki Declaration, and all participants
gave written, informed consent to participate in the study.

3. Results

In total, 273 patients with ulcerative colitis treated with 5-ASA or IFX were initially
screened. After applying our inclusion and exclusion criteria, it was found that two patients
were HBsAg positive, and four patients were HBcAb positive. A total of 118 patients were
included, with 60 individuals in the study group and 58 patients in the control group
(Figure 2). Of the study participants, 54.2% were male, and the mean age of the study
cohort was determined to be 34.4 + 12.2 years. The average body mass index (BMI)
for the entire study population was calculated at 25.5 & 5.1, with 83.3% (n = 100) being
non-smokers. Among the 118 patients included in the study, 52.5% were identified as
having E3 disease (extensive colitis). In terms of laboratory values, mean (SD) albumin
was 41 g/L £ (6.1) in the control group and 40 g/L =+ (5.9) in the study group. CRP was
6.1 mg/L £ (4.3) in the control group and 5.8 mg/L =+ (4.5) in the study group. Finally,
stool fecal calprotectin was 114 ug/g =+ (12.1) in the control group and 112 in the control
group £ (11.9). A comprehensive summary of the baseline characteristics of the patients is
presented in Table 1.

No significant differences were observed in the demographic and clinical character-
istics of patients in the two groups (age-, gender-, and BMI-matched groups), except
for the mean HbsAb titer levels. At 3 months post HBV vaccination, the mean HB-
sAb titer levels were significantly higher in the 5-ASA group when compared to the
IFX group (126.7 IU/L £ 37.5 vs. 55.5 IU/L =+ 29.4). On further classifying the HBsAb
titer level into two groups, adequate response (>10-99 IU/L) and effective response
(>100IU/L), the IFX group showed a significantly higher proportion of patients with
HBsADb levels > 10-99 IU/L compared to the 5-ASA group (87.9% vs. 23.3%, p < 0.001. On
the other hand, the 5-ASA group had a significantly higher proportion of patients with
HBsAD levels > 100 IU/L compared to the IFX group (76.7% vs. 12.1%, p = 0.000). The
findings are presented in Supplementary Table S1.
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Patients with UC screened
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Figure 2. Flow chart showing study patient enrollment. IFX—infliximab; 5-ASA—5-aminosalicylate.

Table 1. Demographic baseline and clinical characteristics comparison across treatment groups.

Control Group

Study Group

Clinical Variables (5-ASA) (FX) p-Value
Age (Mean + S.D) 34.4 £ (12.6) 344 + (11.9) 0.971
BMI (Mean =+ S.D) 25.6 £ (4.9) 25.5 £ (5.3) 0.917
Gender, N (%)
Male 33.0 (55.0%) 32.0 (55.2%) 0.985
Female 27.0 (45.0%) 26.0 (44.8%)
Smoking, N (%)
Smoker 7.0 (11.7%) 11.0 (19.0%) 0.270
Non-Smoker 53.0 (88.3%) 47.0 (81.0%)
UC Type, N (%)
El 7.0 (11.7%) 7.0 (12.1%)
E2 20.0 (33.3%) 21.0 (36.2%) 0935
E3 33.0 (55.0%) 30.0 (51.7%)
Inflammatory markers (Mean + S.D)
Albumin, g/L 41+ (6.1) 40 £ (5.9)
CRP, mg/L 6.1 + (4.3) 5.8 + (4.5) 0-462
Stool fecal calprotectin, ug/g 114 £ (12.1) 112 £ (11.9)
HBsAD levels (Mean + S.D) 126.7 & (37.5) 55.5 £ (29.4) <0.005
HBsAD level group, N (%)
>10-99 14.0 (23.3%) 51.0 (87.9%) <0.005
>100 46.0 (76.7%) 7.0 (12.1%)

When patients were categorized according to their response to the hepatitis B vaccine,
distinguishing between an adequate response (>10-99 IU/L) and an effective response
(>100IU/L), no substantial differences were observed in the baseline and clinical charac-
teristics of the study population (Supplementary File 52).
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A logistic regression was performed, and the univariate analysis showed that patients
with IBD treated with 5-ASA were 23.9 times more likely to have HBsADb levels of >100
when compared to those treated with IFX. Additionally, the box plot shows that in patients
with IBD receiving 5-ASA, HBsAD levels are higher than patients receiving IFX (Figure 3).

250 ¢

p <0.005
200 1

150 1

HpBsAD levels
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100 1
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Figure 3. Box plot showing difference in HBsAb levels between study and control group.

4. Discussion

The current prospective study examined the response of IBD patients undergoing treat-
ment with IFX or 5-ASA to standard HBV vaccination regimens to assess their effectiveness.
In healthy individuals, a standard dose of HBV vaccination typically results in a sufficient
antibody response in more than 90% of cases, but this rate notably declines in immunosup-
pressed patients [31,32]. Out of the 120 IBD patients, 118 individuals were included in the
analysis, meeting the specified inclusion and exclusion criteria. The study predominantly
consisted of male participants, and most of the patients were observed to have extensive
colitis. Mishra et al. [33] conducted a study among IBD patients showing similar demo-
graphic and clinical characteristics. Their study compared HBV vaccination response in
IBD patients and controls, revealing that males had a higher response rate compared to
females. In contrast, Altunéz M. E. et al. [15] conducted a study that examined vaccine
response in relation to gender. The analysis found that female patients had a notably higher
response to vaccination (85.18%) compared to male patients (66.6%), but the response rate
was similar between patients with CD and UC (p = 0.302). The outcomes of these studies
did not agree with our findings, as there were no significant differences observed between
the two groups with respect to their demographic and clinical characteristics.

In the present study, the mean HBsAD titer levels were significantly lower in the IFX
group when compared to the 5-ASA group. Similar results were observed in the study by
Gisbert et al. [16]. The study aimed to evaluate the impact of immunosuppressors and anti-
tumor necrosis factor (anti-TNF) agents on HBV vaccine. In total, 241 vaccinated patients
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with IBD were recruited, and the response rate (HBsAb) was lower in patients who were
receiving anti-TNF therapy. Similarly, a study by Altundz and colleagues displayed that
IBD patients receiving several IBD-related medications had a lower response rate to HBV
vaccination compared with patients without any immunosuppressive medication [15].

Belle et al. [34] evaluated the efficacy of the HBV vaccine between IBD patients and
healthy controls and investigated the impact of immunosuppressive therapy on vaccine
response in IBD patients between the three IBD treatment approaches (anti-TNF, thiopurine,
combination therapy, and no therapy); among the 164 participants, the median titers of
anti-HBs did not differ between the sub-groups, at 246.25 + 330.88, 275.93 £ 369.99,
273.54 + 357.58, and 306.91 £ 385.49, respectively. Vida Perez et al. [14] found that the
concomitant use of immunosuppressors or biologics did not affect the efficacy of HBV
vaccination. Dotan et al. [35] aimed to investigate evidence of any intrinsic systemic
immunodeficiency in IBD patients. The study recruited 31 patients with CD and 12 patients
with UC, and the authors found that, after 24 weeks of treatment with thiopurines at doses
commonly used for managing IBD, there was no notable suppression of systemic cellular
and humoral immune responses.

According to the WHO, an HBsAb concentration of >10 IU/L measured 1-3 months
after the administration of the last dose of the primary vaccination is considered a reliable
marker of protection against infection. The anti-HBs level declines progressively with time
after a primary hepatitis B immunization schedule, and it is possible to find anti-HBs levels
lower than 10 IU/L several years after vaccination [22,36]. Indeed, one study showed that
over 25% of HBV vaccine recipients had an anti-HBs titer <10 IU/mL after 18 years of
the primary vaccination. The Center for Disease Control (CDC) considers no responders
to be patients with anti-HBs less than 10 IU/L after two complete series of Hepatitis B
vaccine [37]. We classified patients based on adequate (>10-99 IU/L) and effective response
(>100 IU/L) to HBV vaccine. The baseline and the clinical characteristics of the study
population did not vary significantly. In an American population-based study, exposure to
anti-TNF medications was associated with reduced antibody response in patients with IBD.
Specifically, patients who had been exposed to IFX were less likely to have titer levels >10
(p <0.01) [27]. In contrast, our study revealed that the IFX group (87.9%) had a significantly
high percentage of individuals with HBsAb levels >10-99 IU/L (adequate response). When
considering HBsAb levels of >100 IU/L (effective response), it is worth noting that the
5-ASA group (76.7%) exhibited a significantly higher proportion of individuals with these
levels compared to the group receiving IFX (12.1%). The data on the effectiveness of HBV
booster vaccination on IBD patients are limited. A single study by Chang et al. showed
that out of the 44 patients IBD patients who received a booster vaccine, 13 failed to achieve
an optimal vaccine response [3]. More research on the efficacy of booster vaccinations in
IBD patients treated with IFX is warranted.

In the current study, it was observed that IBD patients using 5-ASA are 23.9 times
more likely to have HBsAb levels of >100 when compared to those treated with IFX.
A study by Andrade et al. [22] assessed the response rate to HBV vaccination in IBD
patients. In total, 217 patients with IBD treated with IFX were recruited, and the study
showed that both treatment with azathioprine (AZA) alone and combination therapy of
AZA and IFX were correlated with a poor response to HBV vaccination. However, after
accounting for potential confounding factors, the only predictors for a reduced response
to the vaccine were the administration of azathioprine and IFX. A systematic review and
meta-analysis [12] aimed to determine the response rate to HBV vaccination and to identify
the factors predictive of an immune response. The reported results showed that patients
without immunosuppressive therapy had a greater response to the vaccine compared with
patients on immunomodulatory (RR 1.33; 95% CI 1.08-1.63) or anti-TNF therapy (RR 1.57;
95%-CI1.19-2.08).

In the present study, even though the IFX group has a relatively lower level of HBsAb
than the 5-ASA group, the HBsADb level of IFX is still above 10 IU/L. This finding has
clinical significance, as patients on biologics are at a higher risk of infections and tend to
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have a faster decay in antibodies to vaccines over time. This has been shown in patients
with IBD treated with IFX after taking a COVID-19 vaccine [38]. Additionally, it would
be interesting for future studies to evaluate other relevant factors such as response to
treatment, severity of the disease, and other factors.

Hepatitis B immune status is of particular importance in patients with IBD, as there are
reports of reactivation of hepatitis B infection in patients starting anti-TNF therapy [16,34].
A study found that patients with IBD had significantly lower levels of HBsAb compared
with healthy controls [39]. Furthermore, immunosuppressive medications of all types may
lead to reactivation of HBV replication in patients with chronic HBV infection [39,40]. The
HBYV vaccine is effective, and the mainstay control of HBV is to prevent infection and
consequent acute and chronic liver disease; however, patient adherence can be low [40-42].
Guidelines by the American Association for the Study of Liver Disease (AASLD) and the
CDC recommend HBYV screening and vaccination for any person seeking protection from
hepatitis B, and also for those requiring immunosuppression (including IBD patients on
steroids > 20 mg/d for 2 weeks or more, high-dose purine analogs, and other immuno-
suppressive agents such as TNF inhibitors) [43,44]. According to these guidelines, HBV
vaccination should ideally occur before the initiation of therapy with immunosuppressants.
Additionally, based on a meta-analysis, patients with IBD demonstrate a significantly
inferior response to HBV, suggesting that IBD patients might benefit from an extended
hepatitis B vaccination program [17].

This study has several clinical implications. Our results showed that immune response
to hepatitis B vaccination in patients with UC treated with IFX is attenuated compared to
those treated with 5-ASA; therefore, healthcare providers should emphasize the importance
of adherence to HBV vaccination for patients with IBD before starting anti-TNF therapy.
Establishing a clinical protocol engaging patients and guiding providers are some of the
ways to improve adherence. Additionally, this study underlines the importance of screening
for HBV infection as recommended by current guidelines and performance measures [45].

Our study has several strengths. To the best of our knowledge, this is the first study
to compare IFX monotherapy with 5-ASA. It is a well-designed prospective study with
an age-, sex-, and BMI-matched control arm, and it reflects real-time practice patterns
at a gastroenterology tertiary center. Given our strict inclusion and exclusion criteria,
potential confounders and biases are limited. It addresses an important vaccination concern,
especially in countries with high prevalence. It is imperative to recognize the inherent
limitations of our study. Firstly, it is a single-center study with a relatively small sample size.
Furthermore, the current study has a short 9-month follow-up, which makes it difficult to
determine whether the study population needs an HBV booster dose. Additionally, HBsAb
titers were not checked before enrolment; therefore, we based our patient inclusion on
medical records and patient history, which can be subject to recall bias. Also, it would have
been interesting to have a third arm with healthy individuals to compare with patients with
IBD. Moreover, our investigation only included a limited set of demographic and clinical
variables, which might have made it difficult to identify all the factors associated with a
successful response to HBV vaccinations. Further research comparing the impact of IFX
and newer biologic drugs for IBD on the immunogenicity of HBV vaccines is warranted.

5. Conclusions

The immune response to hepatitis B vaccination in patients with UC treated with IFX is
attenuated compared to those treated with 5-ASA. Therefore, emphasizing the importance
of HBV vaccination for patients with IBD before starting anti-TNF therapy, especially IFX,
and advocating for screening is imperative in high-risk countries. Determining what levels
of HBsAb provide protection and how the levels are affected over time after a booster dose
are important clinical questions to be answered by follow-up studies.

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/vaccines12040364/s1, File S1: STROBE Statement—Checklist of items.
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File S2: Baseline and clinical characteristics comparison after classifying the study population based
on HBV vaccine response. Table S1: HBsAb levels in response to HBV vaccination.

Author Contributions: M.S.: study concept and design; acquisition of data; drafting of the manuscript;
submission of the manuscript; analysis and interpretation of data; study supervision. EA.: interpreta-
tion of data; acquisition of data; drafting of the manuscript. M.A., Z.S., T.A. and A.A.: acquisition
of data; drafting of the manuscript. T.B.: critical revision of the manuscript for important intellec-
tual content; study supervision. All authors have read and agreed to the published version of the
manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Ethical approval for this study was obtained from the
standing committee for coordination of health and medical research at the Ministry of Health of
Kuwait (Protocol No. 3679/2021) and as per the updated guidelines of the Declaration of Helsinki
(64th WMA General Assembly, Fortaleza, Brazil, October 2013) and of the US Federal Policy for the
Protection of Human Subjects.

Informed Consent Statement: Patients provided written informed consent.

Data Availability Statement: Data are available on request, from the corresponding author, due to
local legal and ethical restrictions.

Conflicts of Interest: M.S. and A.A. have received speaker/advisory board fees from Abbvie, Hikma,
Ferring, Janssen, Acino, Pfizer, Sandoz, and Takeda. T.B. acted as a speaker or advisor for Abbvie,
Alimentiv, Amgen, Biocon, Bristol-Myers-Squibb, CSL Vifor, Eli Lilly, Ferring, Fresenius Kabi, Gilead,
Iterative scopes, Janssen, Merck, Mirium, Pentax, Pfizer, Roche, Sanofi, Sandoz, and Takeda. The rest
of the authors have no financial disclosures or conflicts of interest.

References

1.

10.

11.

12.

13.

14.

Alatab, S.; Sepanlou, S.G.; Ikuta, K.; Vahedi, H.; Bisignano, C.; Safiri, S.; Sadeghi, A.; Nixon, M.R.; Abdoli, A.; Abolhassani, H.;
et al. The global, regional, and national burden of inflammatory bowel disease in 195 countries and territories, 1990-2017: A
systematic analysis for the Global Burden of Disease Study 2017. Lancet Gastroenterol. Hepatol. 2020, 5, 17-30. [CrossRef]
Gisbert, ].P.; 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. [CrossRef] [PubMed]

Chang, J.Y,; Jung, S.A.; Moon, C.M.; Kim, S.E.; Jung, H.K,; Shim, K.N. Response to hepatitis B vaccination in patients with
inflammatory bowel disease: A prospective observational study in Korea. Intest. Res. 2018, 16, 599—-608. [CrossRef]
Lopez-Serrano, P.; Pérez-Calle, J.L.; Sanchez-Tembleque, M.D. Hepatitis B and inflammatory bowel disease: Role of antiviral
prophylaxis. World ]. Gastroenterol. 2013, 19, 1342-1348. [CrossRef]

Rahier, ].F.; Magro, F; Abreu, C.; Armuzzi, A.; Ben-Horin, S.; Chowers, Y.; Cottone, M.; de Ridder, L.; Doherty, G.; Ehehalt, R.;
et al. Second European evidence-based consensus on the prevention, diagnosis and management of opportunistic infections in
inflammatory bowel disease. J. Crohns Colitis. 2014, 8, 443-468. [CrossRef] [PubMed]

Ding, H.; Liu, B.; Zhao, C.; Yang, J.; Yan, C.; Yan, L.; Zhuang, H.; Li, T. Amino acid similarities and divergences in the small
surface proteins of genotype C hepatitis B viruses between nucleos(t)ide analogue-naive and lamivudine-treated patients with
chronic hepatitis B. Antivir. Res. 2014, 102, 29-34. [CrossRef]

Factsheet-b-hepatitisday2016.pdf. Available online: https://www.who.int/docs/default-source/searo/india/health-topic-pdf/
factsheet-b-hepatitisday2016.pdf?sfvrsn=da61ef0_2 (accessed on 6 November 2023).

Axiaris, G.; Zampeli, E.; Michopoulos, S.; Bamias, G. Management of hepatitis B virus infection in patients with inflammatory
bowel disease under immunosuppressive treatment. World ]. Gastroenterol. 2021, 27, 3762-3779. [CrossRef]

Global Health Sector Strategy on Viral Hepatitis 2016-2021. Towards Ending Viral Hepatitis. Available online: https://www.
who.int/publications-detail-redirect/ WHO-HIV-2016.06 (accessed on 6 November 2023).

Pattyn, J.; Hendrickx, G.; Vorsters, A.; Van Damme, P. Hepatitis B Vaccines. . Infect. Dis. 2021, 224 (Suppl. S2), S343-S351.
[CrossRef] [PubMed]

Poorolajal, J.; Mahmoodi, M.; Majdzadeh, R.; Nasseri-Moghaddam, S.; Haghdoost, A.; Fotouhi, A. Long-term protection provided
by hepatitis B vaccine and need for booster dose: A meta-analysis. Vaccine 2010, 28, 623-631. [CrossRef]

Jiang, H.-Y,; Wang, S.-Y.; Deng, M.; Li, Y.-C.; Ling, Z.-X,; Shao, L.; Ruan, B. Immune response to hepatitis B vaccination among
people with inflammatory bowel diseases: A systematic review and meta-analysis. Vaccine 2017, 35, 2633-2641. [CrossRef]

Cai, Z.; Wang, S.; Li, J. Treatment of Inflammatory Bowel Disease: A Comprehensive Review. Front. Med. 2021, 8, 765474.
[CrossRef] [PubMed]

Vida Pérez, L.; Gémez Camacho, F; Garcia Sanchez, V.; Iglesias Flores, EM.A.; Castillo Molina, L.; Cerezo Ruiz, A.; Casais
Juanena, L.; De Dios Vega, ].F. Adequate rate of response to hepatitis B virus vaccination in patients with inflammatory bowel
disease. Med. Clin. 2009, 132, 331-335. [CrossRef] [PubMed]


https://doi.org/10.1016/S2468-1253(19)30333-4
https://doi.org/10.1111/j.1365-2036.2010.04570.x
https://www.ncbi.nlm.nih.gov/pubmed/21416659
https://doi.org/10.5217/ir.2018.00012
https://doi.org/10.3748/wjg.v19.i9.1342
https://doi.org/10.1016/j.crohns.2013.12.013
https://www.ncbi.nlm.nih.gov/pubmed/24613021
https://doi.org/10.1016/j.antiviral.2013.11.015
https://www.who.int/docs/default-source/searo/india/health-topic-pdf/factsheet-b-hepatitisday2016.pdf?sfvrsn=da61ef0_2
https://www.who.int/docs/default-source/searo/india/health-topic-pdf/factsheet-b-hepatitisday2016.pdf?sfvrsn=da61ef0_2
https://doi.org/10.3748/wjg.v27.i25.3762
https://www.who.int/publications-detail-redirect/WHO-HIV-2016.06
https://www.who.int/publications-detail-redirect/WHO-HIV-2016.06
https://doi.org/10.1093/infdis/jiaa668
https://www.ncbi.nlm.nih.gov/pubmed/34590138
https://doi.org/10.1016/j.vaccine.2009.10.068
https://doi.org/10.1016/j.vaccine.2017.03.080
https://doi.org/10.3389/fmed.2021.765474
https://www.ncbi.nlm.nih.gov/pubmed/34988090
https://doi.org/10.1016/j.medcli.2008.07.013
https://www.ncbi.nlm.nih.gov/pubmed/19268981

Vaccines 2024, 12, 364 10 of 11

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Altunoz, M.E.; Senates, E.; Yesil, A.; Calhan, T.; Oviing, A.O.K. Patients with inflammatory bowel disease have a lower response
rate to HBV vaccination compared to controls. Dig. Dis. Sci. 2012, 57, 1039-1044. [CrossRef] [PubMed]

Gisbert, ].P.; Villagrasa, J.R.; Rodriguez-Nogueiras, A.; Chaparro, M. 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. [CrossRef]
[PubMed]

Kochhar, G.S.; Mohan, B.P; Khan, S.R.; Chandan, S.; Kassab, L.L.; Ponnada, S.; Desai, A.; Caldera, F.; Dulai, P.S.; Farraye, F.A.
Hepatitis-B Vaccine Response in Inflammatory Bowel Disease Patients: A Systematic Review and Meta-analysis. Inflamm. Bowel
Dis. 2021, 27, 1610-1619. [CrossRef]

Loras, C.; Gisbert, J.; Saro, M.; Piqueras, M.; Sanchez-Montes, C.; Barrio, ].; Ordas, I.; Montserrat, A.; Ferreiro, R.; Zabana, Y.;
et al. Impact of surveillance of hepatitis b and hepatitis c in patients with inflammatory bowel disease under anti-TNF therapies:
Multicenter prospective observational study (REPENTINA 3). J. Crohns Colitis. 2014, 8, 1529-1538. [CrossRef]

Gisbert, J.P.; Menchén, L.; Garcia-Sanchez, V.; Marin, I.; Villagrasa, ].R.; Chaparro, M. Comparison of the effectiveness of two
protocols for vaccination (standard and double dosage) against hepatitis B virus in patients with inflammatory bowel disease.
Aliment. Pharmacol. Ther. 2012, 35, 1379-1385. [CrossRef]

Esteve, M.; Saro, C.; Gonzalez-Huix, F.; Suarez, F.; Forné, M.; Viver, .M. Chronic hepatitis B reactivation following infliximab
therapy in Crohn’s disease patients: Need for primary prophylaxis. Gut 2004, 53, 1363-1365. [CrossRef]

del Valle Garcia-Sanchez, M.; Gomez-Camacho, F.; Poyato-Gonzélez, A ; Iglesias-Flores, E.M.; de Dios-Vega, ].E,; Sancho-Zapatero,
R. Infliximab therapy in a patient with Crohn’s disease and chronic hepatitis B virus infection. Inflamnm. Bowel Dis. 2004, 10,
701-702. [CrossRef]

Andrade, P; Santos-Antunes, ].; Rodrigues, S.; Lopes, S.; Macedo, G. 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. [CrossRef]
Sempere, L.; Almenta, I.; Barrenengoa, J.; Gutiérrez, A.; Villanueva, C.O.; De-Madaria, E.; Garcia, V.; Sanchez-Paya, J. Factors
predicting response to hepatitis B vaccination in patients with inflammatory bowel disease. Vaccine 2013, 31, 3065-3071. [CrossRef]
[PubMed]

Haykir Solay, A.; Eser, F. High dose hepatitis B vaccine is not effective in patients using immunomodulatory drugs: A pilot study.
Hum. Vaccin. Immunother. 2019, 15, 1177-1182. [CrossRef] [PubMed]

Shehab, M.; Abu-Farha, M.; Alrashed, F.; Alfadhli, A.; Alotaibi, K.; Alsahli, A.; Alphonse Thanaraj, T.; Channanath, A.; Ali, H,;
Abubaker, J.; et al. Inmunogenicity of BNT162b2 vaccine in patients with inflammatory bowel disease on infliximab combination
therapy: A multicenter prospective study. J. Clin. Med. 2021, 10, 5362. [CrossRef]

Shehab, M.; Alrashed, F.; Alfadhli, A.; Alotaibi, K.; Alsahli, A.; Mohammad, H.; Cherian, P.; Al-Khairi, I.; Alphonse Thanaraj, T.;
Channanath, A.; et al. Serological response to BNT162b2 and ChAdOx1 nCoV-19 vaccines in patients with inflammatory bowel
disease on biologic therapies. Vaccines 2021, 9, 1471. [CrossRef] [PubMed]

Pratt, PK.; David, N.; Weber, H.C.; Little, EF.; Kourkoumpetis, T.; Patts, G.]J.; Weinberg, J.; Farraye, F.A. 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. [CrossRef] [PubMed]

Lee, J.M.; Wei, S.-C.; Lee, K.-M.; Ye, B.D.; Mao, R.; Kim, H.-S,; Park, S.J.; Park, S.H.; Oh, E.H.; Im, J.P,; et al. Clinical Course of
Hepatitis B Viral Infection in Patients Undergoing Anti-Tumor Necrosis Factor « Therapy for Inflammatory Bowel Disease. Gut
Liver 2022, 16, 396—403. [CrossRef]

Elm, E.V. The Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) statement: Guidelines for
reporting observational studies. Ann. Inter. Med. 2007, 147, 573-577. [CrossRef] [PubMed]

World Health Organization. International Statistical Classification of Diseases and Related Health Problems (11th ed.). 2019.
Available online: https://icd.who.int/ (accessed on 8 March 2024).

Saco, T.V,; Strauss, A.T.; Ledford, D.K. Hepatitis B vaccine nonresponders: Possible mechanisms and solutions. Ann. Allergy
Asthma Immunol. 2018, 121, 320-327. [CrossRef]

Mast, E.E.; Weinbaum, C.M.; Fiore, A.E.; Alter, M.].; Bell, B.P; Finelli, L.; Rodewald, L.; Douglas, ].M.; Janssen, R.S.; Ward,
J.W. A comprehensive immunization strategy to eliminate transmission of hepatitis B virus infection in the United States:
Recommendations of the Advisory Committee on Immunization Practices (ACIP) Part II: Immunization of adults. MMWR
Recomm. Rep. 2006, 55, 1-33, quiz CE1-4.

Mishra, A.; Puri, A.S.; Sachdeva, S.; Dalal, A. Efficacy of hepatitis B vaccination in patients with ulcerative colitis: A prospective
cohort study. Intest. Res. 2022, 20, 445-451. [CrossRef]

Belle, A.; Baumann, C.; Bigard, M.-A.; Zallot, C.; Gizard, E.; Guéant, ]J.-L.; Bronowicki, J.-P.; Peyrin-Biroulet, L. Impact of
immunosuppressive therapy on hepatitis B vaccination in inflammatory bowel diseases. Eur. J. Gastroenterol. Hepatol. 2015, 27,
877-881. [CrossRef]

Dotan, I.; Werner, L.; Vigodman, S.; Agarwal, S.; Pfeffer, J.; Horowitz, N.; Malter, L.; Abreu, M.; Ullman, T.; Guzner-Gur, H.; et al.
Normal response to vaccines in inflammatory bowel disease patients treated with thiopurines. Inflamm. Bowel Dis. 2012, 18,
261-268. [CrossRef]

Pileggi, C.; Papadopoli, R.; Bianco, A.; Pavia, M. Hepatitis B vaccine and the need for a booster dose after primary vaccination.
Vaccine 2017, 35, 6302-6307. [CrossRef]


https://doi.org/10.1007/s10620-011-1980-8
https://www.ncbi.nlm.nih.gov/pubmed/22147248
https://doi.org/10.1038/ajg.2012.79
https://www.ncbi.nlm.nih.gov/pubmed/23034605
https://doi.org/10.1093/ibd/izaa353
https://doi.org/10.1016/j.crohns.2014.06.009
https://doi.org/10.1111/j.1365-2036.2012.05110.x
https://doi.org/10.1136/gut.2004.040675
https://doi.org/10.1097/00054725-200409000-00035
https://doi.org/10.1111/jgh.13001
https://doi.org/10.1016/j.vaccine.2013.04.059
https://www.ncbi.nlm.nih.gov/pubmed/23664999
https://doi.org/10.1080/21645515.2019.1574151
https://www.ncbi.nlm.nih.gov/pubmed/30676860
https://doi.org/10.3390/jcm10225362
https://doi.org/10.3390/vaccines9121471
https://www.ncbi.nlm.nih.gov/pubmed/34960217
https://doi.org/10.1093/ibd/izx001
https://www.ncbi.nlm.nih.gov/pubmed/29361083
https://doi.org/10.5009/gnl210081
https://doi.org/10.7326/0003-4819-147-8-200710160-00010
https://www.ncbi.nlm.nih.gov/pubmed/17938396
https://icd.who.int/
https://doi.org/10.1016/j.anai.2018.03.017
https://doi.org/10.5217/ir.2021.00106
https://doi.org/10.1097/MEG.0000000000000370
https://doi.org/10.1002/ibd.21688
https://doi.org/10.1016/j.vaccine.2017.09.076

Vaccines 2024, 12, 364 11 of 11

37.

38.

39.

40.

41.

42.

43.

44.

45.

Advisory Committee on Immunization Practices; Centers for Disease Control and Prevention (CDC). Immunization of health-care
personnel: Recommendations of the Advisory Committee on Immunization Practices (ACIP). MMWR Recomm. Rep. 2011, 60,
1-45.

Kennedy, N.A.; Goodhand, ].R.; Bewshea, C.; Nice, R.; Chee, D,; Lin, S.; Chanchlani, N.; Butterworth, J.; Cooney, R.; Croft, N.M.;
et al. Anti-SARS-CoV-2 antibody responses are attenuated in patients with IBD treated with infliximab. Gut 2021, 70, 865-875.
[CrossRef] [PubMed]

Madonia, S.; Orlando, A.; Scimeca, D.; Olivo, M.; Rossi, F.; Cottone, M. Occult hepatitis B and infliximab-induced HBV reactivation.
Inflamm. Bowel Dis. 2007, 13, 508-509. [CrossRef] [PubMed]

Millonig, G.; Kern, M.; Ludwiczek, O.; Nachbaur, K.; Vogel, W. Subfulminant hepatitis B after infliximab in Crohn’s disease: Need
for HBV-screening? World ]. Gastroenterol. 2006, 12, 974-976. [CrossRef]

Shehab, M.; Almatar, R.; Almohammad, R.; Alfadhli, A. Adherence to Recommended Immunization Schedules in Patients with
Inflammatory Bowel Disease on Biologics and Small Molecule Therapies. Gastroenterol. Insights 2023, 14, 383-393. [CrossRef]
Ben Musa, R.; Gampa, A.; Basu, S.; Keshavarzian, A.; Swanson, G.; Brown, M.; Abraham, R.; Bruninga, K.; Losurdo, J.; DeMeo,
M.; et al. Hepatitis B vaccination in patients with inflammatory bowel disease. World ]J. Gastroenterol. 2014, 20, 15358-15366.
[CrossRef]

Melmed, G.Y;; Ippoliti, A.E; Papadakis, K.A; Tran, T.T.; Birt, ].L.; Lee, S.K.; Frenck, R.W,; Targan, S.R.; Vasiliauskas, E.A. Patients
with inflammatory bowel disease are at risk for vaccine-preventable illnesses. Am. ]. Gastroenterol. 2006, 101, 1834-1840. [CrossRef]
Terrault, N.A.; Lok, A.S.F.; McMahon, B.J.; Chang, K.-M.; Hwang, J.P.; Jonas, M.M.; Brown, R.S., Jr.; Bzowej, N.H.; Wong, ].B.
Update on prevention, diagnosis, and treatment of chronic hepatitis B: AASLD 2018 hepatitis B guidance. Hepatology 2018, 67,
1560-1599. [CrossRef] [PubMed]

Conners, E.E.; Panagiotakopoulos, L.; Hofmeister, M.G.; Spradling, PR.; Hagan, L.M.; Harris, A.M.; Rogers-Brown, ].S.; Wester,
C.; Nelson, N.P; Rapposelli, K.; et al. Screening and Testing for Hepatitis B Virus Infection: CDC Recommendations—United
States, 2023. MMWR Recomm Rep. 2023, 72, 1-25. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1136/gutjnl-2021-324388
https://www.ncbi.nlm.nih.gov/pubmed/33753421
https://doi.org/10.1002/ibd.20035
https://www.ncbi.nlm.nih.gov/pubmed/17206687
https://doi.org/10.3748/wjg.v12.i6.974
https://doi.org/10.3390/gastroent14030028
https://doi.org/10.3748/wjg.v20.i41.15358
https://doi.org/10.1111/j.1572-0241.2006.00646.x
https://doi.org/10.1002/hep.29800
https://www.ncbi.nlm.nih.gov/pubmed/29405329
https://doi.org/10.15585/mmwr.rr7201a1
https://www.ncbi.nlm.nih.gov/pubmed/36893044

	Introduction 
	Materials and Methods 
	Study Design 
	Data Collection and Outcome Measure 
	Statistical Analysis 
	Ethical Statement 

	Results 
	Discussion 
	Conclusions 
	References

