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INTRODUCTION
Tumor necrosis factor alpha inhibitors 

(TNFai) are effective for the induction 
and maintenance treatment of children 
with inflammatory bowel disease (IBD). 
However, TNFai may increase the risk 
of vaccine-preventable infections (VPIs), 
including those caused by the Hepatitis B 

virus (HBV).1,2 HBV nonimmune children 
receiving TNFai may be at risk for either 

primary infection or reactivation, the latter 
occurring more frequently in patients receiving immu-

nosuppression.3 Immunocompromised patients who are 
hepatitis B surface antigen-positive are at the highest 
risk of severe and rapidly progressive HBV disease and 
chronic infection.4 As such, TNFai agents carry a warn-
ing regarding HBV reactivation during use.5–7 A hepati-
tis B surface antibody (HBsAb) ≥ 10 mIU/mL indicates 
immunity against HBV infection, defines vaccine-induced 
seroprotection, and is considered a surrogate of clinical 
protection. Due to the morbidity and mortality associ-
ated with HBV, it is imperative to appropriately screen 
and vaccinate HBV surface antibody seronegative chil-
dren and adolescents with IBD.2,8

Despite evidence of HBV vaccine efficacy, seroprotec-
tion may wane over time.9,10 Revaccination rates among 
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Introduction: Patients with inflammatory bowel disease (IBD) receiving tumor necrosis factor alpha inhibitors (TNFai) may be at 
higher risk for hepatitis B virus (HBV) infection. We conducted a quality improvement (QI) initiative to improve HBV vaccination rates 
in seronegative children with IBD. Methods: This QI initiative implemented an HBV vaccination strategy from September 2018 to 
March 2020 in patients with newly diagnosed IBD with hepatitis B surface antibody (HBsAb) <10 mIU/mL. The project aimed to (1) 
increase HBV vaccination rates in seronegative patients and (2) document immunogenicity after completing a three-dose vaccine 
series. Outcome measures included the percentage of seronegative patients who received HBV vaccines (dose 1 and three-dose 
series). Interventions included applying a standardized vaccination protocol, and creating a vaccine workflow in two clinical areas, 
previsit planning and stakeholder engagement. Results: One hundred seventy-four children and adolescents with IBD were eval-
uated during the study period, and 132 (76%) were HBsAb negative. After plan-do-study-act (PDSA) 1, the proportion of eligible 
patients who received HBV vaccine dose 1 increased from a baseline of 7% to 100% and was sustained for over 12 months. During 
PDSA 2, the proportion of patients completing the three-dose vaccine series improved from a baseline of 0% to 82% (n = 100); 
among 93 children in this subgroup who had repeat serology performed, 86 (92%) demonstrated serologic evidence of HBV protec-
tion. Conclusions: A multidisciplinary approach applying QI methodology allowed for improved and sustained HBV vaccination rates 
in at-risk seronegative children and adolescents with IBD. A three-dose HBV vaccine series proved immunogenic in 92% of eligible 
patients. (Pediatr Qual Saf 2022;7:e570; doi: 10.1097/pq9.0000000000000570; Published online June 23, 2022.)
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children with IBD remain suboptimal because of unaware-
ness of HBV seronegative status or vaccine recommen-
dations.11,12 In addition, many children and adolescents 
may have their medical care fragmented between primary 
and subspecialty care providers, leading to potentially 
missed opportunities for vaccination.13,14 Some primary 
care providers (PCPs) may not be comfortable vaccinat-
ing immunocompromised individuals or have all vaccine 
formulations readily available in their offices.15 Published 
studies regarding HBV vaccination rates among patients 
with IBD have focused on increasing serologic testing and 
providing one additional HBV vaccine dose to seroneg-
ative patients with variable seroconversion rates.16–20 To 
reduce potential patient harm, this quality improvement 
(QI) project aimed to establish a process to improve HBV 
screening and delivery of a three-dose HBV vaccine series 
among HBsAb seronegative children and adolescents 
with newly diagnosed IBD and assess vaccine immunoge-
nicity of this approach.

METHODS
Practice Description
This study was conducted at Nationwide Children’s 
Hospital (NCH), a 570-bed pediatric quaternary care 
academic hospital in Columbus, Ohio. The Center for 
Pediatric and Adolescent Inflammatory Bowel Disease 
at NCH is a subspecialty, multidisciplinary ambulatory 
clinic focusing on the comprehensive care of 700 children 
with IBD.

In the second quarter of 2018, a review of our 
institutional best practice guidelines measured adher-
ence to screening practices for infectious diseases (ID) 
before starting TNFai therapies. It demonstrated that 
only 32% (111/351) of patients with IBD had sero-
logic evidence of HBV immunity. Before starting this 
QI project, our process had been to refer HBV surface 
antibody-negative patients to their primary provider 
for HBV vaccination and request confirmation of vac-
cine receipt; when received, these data are reflected 
in the p-chart baseline rates. These data revealed an 
opportunity for improvement by vaccinating at-risk, 
HBsAb negative patients. Therefore, in July 2018, a QI 
team was formed consisting of gastroenterology (GI) 
and ID physicians, a certified pediatric nurse practi-
tioner, GI IBD center nurses, infusion center nurses, 
and IBD nurse coordinators, a QI data specialist, and a 
GI clinical pharmacist.

Inclusion Criteria and Definition of Study 
Measures
The QI team evaluated all children and adolescents with 
newly diagnosed IBD receiving care at the NCH IBD cen-
ter for inclusion from September 2018 to March 2020. 
The stop date of March 2020 was chosen because it was 
the start of COVID-19 pandemic measures at our hos-
pital, which disrupted process performance, including 

in-person evaluations in clinics, and did not allow for 
vaccine delivery. The process measure was the percent-
age of patients with a new IBD diagnosis who underwent 
HBV serologic testing (hepatitis B surface antigen, core 
antibody, and quantitative surface antibody). Patients 
with a quantitative HBsAb less than 10 mIU/mL (by che-
miluminescent microparticle immunoassay, NCH) were 
deemed seronegative and included in the study as eligible 
to receive the HBV vaccine (denominator).

The first outcome measure evaluated the proportion of 
seronegative patients who received the first dose of HBV 
vaccine within three months of initial serology results 
(numerator) divided by the total number of seronegative 
patients included. The second outcome measure evalu-
ated the proportion of patients who completed the three-
dose HBV vaccine series among all seronegative patients 
included in the study. In addition, a quantitative HBsAb 
was obtained >8 weeks after the third vaccine dose to 
assess immunogenicity to HBV vaccination.

Initial baseline data regarding vaccine delivery were 
collected by obtaining a report of all newly diagnosed 
patients with IBD with a confirmed HBsAb < 10 IU/mL 
between August 2017 and August 2018 from the elec-
tronic health record (EHR). In addition, before each 
HBV vaccine dose, we assessed immunization records in 
the EHR, a state-wide vaccine registry, and from primary 
medical providers. Unfortunately, we could not always 
reliably ascertain the number of previous HBV doses 
an individual had received; thus, we intended to vacci-
nate seronegative individuals with three doses of HBV 
vaccine.

Interventions to Improve Vaccination Rates
We created a key driver diagram (KDD) to focus the scope 
for each outcome measure in stages (Fig. 1). We followed 
the model for improvement, including repeated plan-do-
study-act (PDSA) cycles to implement sequential interven-
tions.21 For example, PDSA 1 focused on initial processes 
to reliably identify eligible patients and deliver the first 
HBV vaccine dose (outcome measure 1). PDSA 2 focused 
on interventions to provide the subsequent two vaccine 
doses and evaluate postvaccination antibody response 
(outcome measure 2).

Reliably Identifying Eligible Patients
A priori, the QI team focused on identifying newly diag-
nosed patients with IBD to optimize vaccine delivery and 
immunogenicity at diagnosis and before any immuno-
modulatory therapy.2,22 At our IBD center, newly diag-
nosed patients undergo baseline laboratory evaluations 
ordered from within an EHR order set, including HBV 
serology. Upon identifying a patient as HBV seronegative, 
the QI team notified GI providers of patient eligibility 
and the need for HBV vaccination, initially via email to 
familiarize providers with the QI initiative, then by notifi-
cation within the EHR. Following this notification, a mul-
tidisciplinary team within the clinic provided one-on-one 
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teaching to newly diagnosed patients and their families. 
We used these visits to obtain updated vaccine records 
from the child’s PCP and administer the first dose of the 
HBV vaccine series.

Vaccine Delivery
The KDD involved the creation of a standardized 
vaccine protocol and algorithm that included vaccine 
availability and delivery. The QI team reviewed oppor-
tunities for optimizing HBV vaccine delivery during the 
regularly held QI meetings, and changes were consid-
ered to patient identification and vaccine delivery. This 
intervention resulted in formulating a vaccine delivery 
workflow in two distinct clinical areas: the GI clinic and 
the infusion center. Following evidence-based guide-
lines, the vaccine algorithm detailed age-appropriate 
HBV vaccine dosages and minimum intervals (Fig. 2).8 
The vaccine algorithm was used to educate providers, 
nurses, and pharmacy staff and aid in ordering HBV 
vaccines. To increase accessibility to appropriate vac-
cines, pediatric and adult HBV vaccine formulations 
were stocked in the GI clinic and the infusion center 
at the start of this project. Revised workflows ensured 
both GI and infusion nurses could administer the vac-
cines. Staff received an SBAR (situation, background, 
assessment, recommendation) communication, and all 
nurses received vaccine education and completed a 
competency assessment related to HBV vaccine dosing, 
scheduling, and delivery. Individual competency was 
validated before vaccine administration. Throughout 
PDSA cycles, a missed or near-miss vaccine opportunity 

was reviewed and small adjustments made, including 
additional communication with stakeholders on oppor-
tunities for improvement and upcoming occasions to 
provide vaccines.

Team Engagement and Education
Multiple stakeholders were engaged to successfully 
coordinate the interventions needed to define the work-
flow and effectively complete the vaccine series. GI 
provider buy-in was necessary to educate patients and 
families and incorporate vaccination into their routine 
clinic visits. Nursing staff were educated on the purpose 
and timing of vaccine administration. In addition, we 
reviewed the EHR and followed up with providers and 
nurses to address missed vaccine opportunities, identify 
root causes, and inform subsequent efforts for timely 
vaccination. The ID physician and clinical pharmacist 
tracked all eligible patients, notified providers and nurs-
ing of results, provided vaccine recommendations, and 
performed weekly data reviews. Inpatient pharmacists 
also received HBV vaccine education and verified vac-
cines for administration.

Initially, some patients/families chose to return to their 
PCP to complete the vaccine series. This observation iden-
tified an opportunity to improve the interface between 
our subspecialty clinic and the PCP’s office for vaccine 
delivery. As a result, the PCP received a standardized letter 
from the IBD center explaining the serology results and 
patient-specific vaccine and testing recommendations.

Monthly meetings with the QI team and interested 
stakeholders allowed for real-time updates and data 

Fig. 1. Key driver diagram of factors impacting hepatitis B vaccination among nonimmune children with newly diagnosed IBD.
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review, multidisciplinary assessment, and troubleshooting 
until the workflow and QI process stabilized.

Optimizing EHR and Tracking
The ID physician and clinical pharmacist organized 
the weekly previsit planning. All newly diagnosed chil-
dren were added to a secure database to track vaccine 
completion and immunosuppressive medication admin-
istration, dates of serologies, administered and next 
HBV vaccines, and upcoming clinic or infusion center 
appointments. EHR smart-order sets were created to 
facilitate vaccine and serology ordering. To minimize 
missed vaccination opportunities, the clinical pharma-
cist preordered all vaccine-related orders for the GI 
providers to sign within the EHR before the scheduled 
visit in both infusion and outpatient clinic encounters 
(Figure 1, Supplemental Digital Content 1, http://links.
lww.com/PQ9/A379). Providers were notified of the 
preordered HBV vaccines via EHR communications. In 
addition, the clinical pharmacist created a vaccine ther-
apy plan within the EHR, allowing for HBV vaccine 
administration and postvaccination HBV serologies to 
be performed with a patient’s scheduled infusion. At 
the week’s conclusion, the team would confirm vac-
cine administration, serology results (if obtained), and 
update the database.

Analysis
We used statistical process control charts (p-charts) to 
graphically represent the percentage of eligible patients 
successfully vaccinated (received the first dose and com-
pleted three-dose vaccine series) from baseline, starting 
the vaccine interventions in September 2018 and continu-
ing through March 2020. To assess for evidence of change 
over time, we followed special cause variation rules, as 
defined by the American Society for Quality.23

Ethical Considerations
Evidence-based clinical practice vaccine recommenda-
tions for immunocompromised patients served as the 
basis for this study’s interventions.8 Since the study was a 
QI initiative, NCH’s Institutional Review Board did not 
require review and approval.

RESULTS
During the study period, we identified 174 patients newly 
diagnosed with IBD: 172 (99%) had HBV serologies 
performed (process measure), of which 132 (77%) were 
HBV seronegative and eligible for vaccination (Fig.  3). 
Eligible patients were predominantly males, median age 
of 14 years (IQR 4–20 years), with underlying Crohn dis-
ease; the type of immunosuppression varied by vaccine 

Fig. 2. Algorithm for hepatitis B vaccination among nonimmune children with newly diagnosed IBD. *Minimum interval between 
doses 1 and 2 = 4 weeks, minimum interval between doses 2 and 3 = 8 weeks from dose 2 and 16 weeks from dose 1. **Risk for Hep 
A: clotting liver disease, clotting factor disorder, men who have sex with men, users of elicit drugs, close contact with international 
adoptee, travel to countries with intermediate/high endemnicity.

http://links.lww.com/PQ9/A379
http://links.lww.com/PQ9/A379
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timepoint per patient (Table  1). Eighty (66%) children 
received the pediatric formulation, and 42 (34%) ado-
lescents received the adult formulation to complete the 
three-dose HBV vaccine series.

After 2 months of active interventions in PDSA 1, the 
percentage of HBV seronegative children receiving the 
first dose of age-appropriate HBV vaccine increased from 
a historical baseline of 7% to 100% of patients, meeting 
the KDD aim; this improvement was sustained for over 
one year (Fig.  4). In total, 122 (92%) eligible patients 
received at least one dose of HBV vaccine during the 
study period, with 67 (55%) patients receiving it during 
their new diagnosis teaching day in the IBD clinic. As a 
balancing measure for potential process burden from the 
new vaccine workflow, we measured the amount of time 
a patient with newly diagnosed IBD spent in the clinic 
for the project’s first 3 months. These data were reviewed 
with nursing monthly, noting no significant differences 
in time spent in the clinic for patients who required and 
received HBV vaccination compared with patients who 
did not receive vaccines (data not shown).

Interventions during PDSA 2 measured compliance 
with subsequent HBV vaccine doses completed within 
4–6 months among the 122 patients who received dose 1. 
At baseline before the QI initiative, no patients completed 
the HBV vaccine series at our center. After implementing 
PDSA 2, completing the three-dose vaccine series admin-
istered at any location increased to 82% though it did 
not meet our original goal of >90%. In total, 114 (93%) 

children completed dose-2, and 100 (82%) patients com-
pleted the full three-dose HBV vaccine series (Fig.  5). 
Among the 100 patients who received three HBV vaccine 
doses, 93 (93%) had repeat HBsAb performed and 86 
(92%) seroconverted, confirming immunogenicity to a 
three-dose HBV vaccination. The median HBsAb concen-
tration was 993 mIU/mL (range 38.42–1001), collected a 
median of 77 days (range 8–357) after the third HBV vac-
cine dose. Seven children (8%) did not seroconvert after 
completing the three-dose vaccine series; in six of these 
patients, we had documentation confirming prior receipt 
of the primary HBV vaccine series. Their median age was 
15 years (range 13–19), and all were receiving immuno-
suppressive therapy throughout the entire vaccine series, 
including TNFai monotherapy (N = 4), combination 
TNFai plus immunomodulator (N = 2), and monother-
apy with 6-mercaptopurine until adalimumab was added 
before vaccine dose 3. Two of these patients did not com-
plete the three-dose series within 6 months.

HBV vaccines were administered predominantly in GI 
(56% of patients), then infusion (24%) clinics (Table 1). 
All patients tolerated the vaccine series with no adverse 
events reported. Of the 22 patients who did not receive 
the three doses, eight were followed at off-site GI clin-
ics without HBV vaccine stock available, one patient was 
lost to follow-up, five patients had serology drawn before 
completing all three vaccine doses and were found to 
be HBV seropositive, and eight were seen via telehealth 
during the start of the COVID-19 pandemic and were 

Fig. 3. Process flow diagram of HBV nonimmune children with newly diagnosed IBD who underwent HBV vaccination.
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unable to complete the series within 6 months of the first 
vaccine dose.

DISCUSSION
The number of children and adolescents diagnosed with 
IBD is increasing, as is the number of patients prescribed 
TNFai treatments.24 TNF-alpha is involved in controlling 
HBV; thus, inhibiting TNF-alpha could allow for HBV 
reactivation in susceptible individuals.1,2 TNFai can reac-
tivate HBV in patients with IBD, leading societies to rec-
ommend HBV vaccination in patients lacking serologic 
evidence of HBV immunity.7,25–27 Although the current 
HBV infection rate in the US children is low, children and 
adolescents not previously vaccinated or HepBsAb sero-
negative individuals at risk for HBV infection (by sexual 
or percutaneous exposure) should be vaccinated to pro-
tect them from this VPI.9,28

In our cohort of 174 patients, only 24% of patients 
demonstrated serologic evidence of HBV immunity at 
the time of IBD diagnosis. This rate is similar to other 
published studies demonstrating low rates of HBV sero-
protection (28%–36%) among children with IBD.17,18,20,29 
A recent systematic review reported the pooled response 
rate to HBV vaccination among 1,688 children and 
adults with IBD to be approximately 61% (95% CI, 
53–69); younger age during IBD remission and receipt of 
no immunosuppressive therapies were predictive of vac-
cine immunogenicity.30 Most pediatric studies evaluate 
the benefit of one booster HBV vaccine dose, resulting 
in seroconversion in 50%–79% of previously seronega-
tive children with IBD.16,18,20,29,31 However, current guide-
lines recommend that seronegative individuals receive a 

three-dose HBV vaccine series.22 A pediatric study evalu-
ating revaccination with a three-dose HBV series reported 
that 98% of 59 study participants seroconverted.29 This 
seroconversion rate aligns with our cohort data, where 
92% (86/93 tested) had serologic evidence of protection 
after receiving the three-dose vaccine series. These data 
suggest that receiving a three-dose HBV vaccine series 
may be more immunogenic than a single HBV booster 
dose, even among patients receiving TNFai, a previously 
described risk factor for poor seroresponse.32,33

Compliance with vaccination is tracked as a quality 
metric, and applying QI processes can improve vaccina-
tion rates against other VPI (eg, influenza) in children with 
underlying IBD.34,35 We chose to leverage QI methodology 
to ensure delivery of a three-dose HBV vaccine series in a 
pediatric cohort of seronegative patients with IBD. Since 
many patients with IBD receive therapy infusions every 
4–8 weeks, aligning the vaccine therapy plan with infu-
sion clinic appointments proved to be advantageous to 
project success. Although this was a workflow change for 
the infusion clinic and required additional staff education, 
it allowed timely HBV vaccination in 24% of patients.

The collaboration between ID, pharmacy, and GI pro-
vided a comprehensive team approach that allowed rapid 
identification of challenges and problem-solving. The 
clinical pharmacist played a crucial role in the project’s 
success, from previsit planning, maintaining up-to-date 
vaccine records, and preordering vaccines and serology at 
appropriate intervals. This involvement limited the bur-
den on providers to track and order the proper vaccine.

We were unable to confirm the exact number of HBV 
vaccine doses a patient had previously received at the 
time of initial IBD diagnosis; it is possible that previously 

Table 1. Demographic and Clinical Characteristics of Children and Adolescents with Newly Diagnosed IBD and HBV 
Nonimmune, who Received any HBV Vaccination

Patient Characteristics N = 122

Male, n (%) 71 (58)
Age in years, median (range) 14 (4–20)
IBD phenotype, n (%)
Crohn disease
Ulcerative colitis
Indeterminate colitis

90 (74)
27 (22)
5 (4)

Locations of vaccine administration
Gastroenterology clinic
Infusion clinic
Primary care provider
Inpatient Hospital
Other

N = 336
189 (56)
80 (24)
45 (13)
14 (4)
8 (2)

Immunosuppression being received at each vaccine 
dosing interval (N = patients) Dose 1 (N = 122) Dose 2 (N = 114) Dose 3 (N = 100)

None No immunosuppression 20 2 1
TNFai Monotherapy 44 51 44

Combination with prednisone 6 2 1
Combination with other* 17 28 30

No TNFai Prednisone-containing regimen 10 5 1
Nonprednisone regimen† 25 26 23

TNFai, tumor necrosis factor alpha inhibitor.
*Combination with methotrexate (N = 46), 6-mercaptopurine (N = 29).
†Methotrexate (N = 12), 6-mercaptopurine (N = 6), mesalamine (N = 41), vedolizumab (N = 11), and budesonide (N = 4).
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vaccinated and unvaccinated patients were included. 
HBV vaccination could proceed for this study despite this 
limitation since serologic testing confirmed a HBsAb < 10 
mIU/mL. We also did not assess for seroconversion after 
each vaccine dose, which could have provided additional 

data for or against the need for three vaccine doses. The 
amount of time and manual work required to perform 
previsit planning may limit the generalizability of this 
process at other centers. This QI study underscored the 
importance of a dedicated, multidisciplinary team to 

Fig. 4. Shewhart P-chart of proportion of HBV nonimmune children and adolescents with newly diagnosed IBD receiving the first 
dose of HBV vaccine.

Fig. 5. Shewhart P-chart of proportion of HBV nonimmune children and adolescents with newly diagnosed IBD completing the three-
dose HBV series. A, Start of COVID-19 pandemic.
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ensure that one aspect of medical care—providing an 
age-appropriate HBV vaccine—was performed optimally 
in a complex patient population. The clinical pharma-
cist spent approximately 1–1.5 hours weekly reviewing 
vaccines administered and preordering vaccine doses and 
serologies for the upcoming week. In addition, confirming 
vaccine delivery when issued outside of the organization 
and not documented within the EHR or state-wide vac-
cine registry was problematic. Although we encouraged 
vaccination, we rarely received requested vaccination 
records from families and PCPs, which may have under-
estimated the percentage of patients who received and 
completed the HBV vaccines series.

Logistical barriers related to the timing of outpatient 
follow-up and off-site clinic locations also prevented 
timely and complete vaccination in all patients. For exam-
ple, patients in clinical remission not receiving TNFai 
would follow every 4–6 months, rendering it challenging 
to administer vaccines within the recommended 6-month 
time frame from the initial vaccine dose. In addition, a 
subset of patients with IBD received care at one of the five 
off-site clinics not equipped with HBV vaccines.

Given the success of this initiative at the main hospi-
tal clinic and infusion center, immediate future directions 
include obtaining HBV vaccine stock and establish-
ing a vaccine workflow at the off-site clinic locations. 
Additionally, we plan to expand vaccination efforts to 
established patients with IBD who are HBV seronegative. 
However, this project’s sustainability and widespread 
implementation in other patient populations will depend 
upon improvements within and leveraging the EHR, 
including processes to facilitate automated integration of 
vaccine registry data in real-time. Moreover, building clin-
ical decision-making tools into the EHR to address health 
and vaccine maintenance for immunocompromised chil-
dren is essential to identify eligible patients, automate 
tracking, monitor missed vaccination opportunities, and 
prevent errors successfully and sustainably.

CONCLUSIONS
The risk of HBV infection among patients with IBD is 
highest among those who are HBsAb seronegative and 
receiving immunosuppressive therapies. In our cohort, 
76% of patients were HBV seronegative at IBD diagnosis 
and, thus, at potential risk for a VPI. Utilizing QI meth-
odology, we successfully implemented and sustained an 
HBV vaccine algorithm and workflow in patients receiv-
ing medical care at our ambulatory and infusion clin-
ics. Implementing sequential PDSA cycle interventions 
met the study aim. In addition, they demonstrated that 
delivering a three-dose HBV vaccine series was possible, 
sustainable, and resulted in successful HBV seroconver-
sion among 92% of at-risk children and adolescents with 
IBD. A multidisciplinary approach and well-established 
protocol with previsit planning were essential to project 
success.
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