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Abstract

Background: Patients with Inflammatory Bowel Disease (IBD) are at increased risk of serious infections, including
vaccine preventable diseases. Current evidence suggests uptake of additional recommended special risk vaccinations
is low. Identification of IBD patients prior to commencing immunosuppressive therapy allows for optimisation of vac-
cination, including timely administration of live-attenuated and additional recommended vaccines, such as influenza
and pneumococcal vaccines.

Methods: Paediatric patients (0-18 years) seen at the tertiary Royal Children’s Hospital, Melbourne, Australia, with

a recent diagnosis of IBD were referred by the Gastroenterology Unit to our Specialist Immunisation Clinic (SIC) for
assessment and provision of routine and special risk vaccines. Data was collected via a standardised REDCap question-
naire completed in or post attendance at the SIC and included serology results where available.

Results: Sixty-nine paediatric patients were recruited to the study between 2014 and 2017. Median age at IBD
diagnosis was 11.25 years (IQR 4.64 years), with median time between diagnosis and SIC review of 0.88 years (IQR 2.84
years). At initial review 84.1% (58/69) of patients were up to date with vaccines on the Australian National Immunisa-
tion Program (NIP) schedule. Of those who were tested, serological evidence of immunity was demonstrated in 38.3%
(23/60) of patients for Hepatitis B, 66.7% (36/54) for measles, 51.9% (28/54) for rubella and 41.9% (26/62) for Varicella
Zoster Virus. Prior to SIC review 47.8% (33/69) had additional vaccinations and 92.8% (64/69) had vaccinations admin-
istered in the 12 months following SIC assessment. The Pneumococcal conjugate vaccine (76.8%, 53/69) was the most
commonly administered vaccine after SIC review, followed by influenza vaccine (69.6%, 48/69). Within 12 months of
SIC review 43.5% (30/69) of patients had completed the schedule and were up-to-date as recommended by the SIC.

Conclusions: Children with IBD and other special risk groups can benefit from early referral to a SIC team to ensure
optimal administration of routine and additionally recommended vaccines, especially live and additional special risk
vaccines. The value of optimising immunisations could also be applied to other special risk groups, including adult
IBD cohorts, particularly those commencing newer biologic immunosuppressive medications.

Background

The incidence of paediatric Inflammatory Bowel Dis-
ease (IBD) has risen internationally and has been well
described in the Australian context [1, 2]. Retrospective
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1970 to 2000) [1, 2] Patients with IBD are at increased
risk of serious infections, including vaccine preventable
diseases (VPD) [3]. This increased infection risk stems
from a number of factors including the immunomodula-
tory effects of the disease process, immunosuppressive
therapy, suboptimal nutrition and nosocomial infections
associated with surgery, parenteral nutrition and hospi-
tal attendances [4]. Immunosuppressive agents such as
biologics are increasingly being used early in the disease
course and have been associated with severe infections
[5]. This risk appears increased when combining two or
more agents [6]. There have been case reports of seri-
ous VPD in immunosuppressed IBD patients, including
severe varicella [7, 8], influenza [9] and pneumococcal
disease [10]. High rates of cervical dysplasia have been
described in adult female patients with IBD, highlighting
the importance of timely Human Papillomavirus (HPV)
vaccination [11, 12].

Current recommendations outline that children and
adolescents with IBD should receive additional doses of
pneumococcal conjugate vaccine (PCV) and a yearly sea-
sonal influenza vaccine [13]. A 2007 retrospective audit
of 101 patients identified using a state-based IBD register
in Victoria, Australia, showed that 90% were up to date
with vaccinations according to the routine schedule [14].
However, uptake of additional recommended vaccines
in this group was low, with only 10% having ever had an
influenza vaccination, and 5% an additional pneumo-
coccal vaccination [14]. A recent European case-control
study showed that influenza immunisation rates were
lower in children with IBD than in the general paediatric
population, with fear of vaccine side effects identified as
the most significant reason for this difference [15].

Administration of live-attenuated vaccines, such as
varicella and measles-mumps-rubella (MMR), is usu-
ally considered contraindicated in immunosuppressed
patients. Identification of IBD patients prior to immu-
nosuppression allows for optimisation of vaccination,
including timely administration of live vaccines at the
same time as additional recommended vaccines. This
process also assists to minimise the problem of dimin-
ished immune response due to immunomodulatory
therapies. This is particularly important for patients on
a combination of tumour necrosis factor (TNF) inhibi-
tors and immunomodulators, which have been shown to
result in impaired immune responses to both PCV and
pneumococcal polysaccharide vaccines (PPV) [16, 17].

In this study we aimed to determine the immunisation
status of paediatric patients newly diagnosed with IBD at
the time of review at the SIC, according to the Austral-
ian National Immunisation Program (NIP) schedule. Sec-
ondary objectives included timeliness of administration
of NIP and special risk vaccines, serum immune response
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as determined by serological testing for Hepatitis B Virus
(HBV) and live-attenuated vaccines [Varicella Zoster
Virus (VZV) and (MMR)], use of immunosuppressive
agents, uptake of additional recommended vaccines, and
any adverse events following immunisation (AEFI). We
hypothesized that immunisation uptake would be sub-
optimal and that this information would allow for iden-
tification of commonly missed vaccines and provide an
opportunity for optimisation of immunisation prior to
commencement of immunosuppressive therapy.

Methods

The study was conducted at the Royal Children’s Hospi-
tal (RCH), Melbourne, Australia—a large tertiary paedi-
atric centre, with a specialist gastroenterology service.
Data was collected both retrospectively and prospec-
tively between January 2014 and July 2017. Participants
recruited were paediatric patients (0—18 years) recently
diagnosed with IBD, who were referred from the Gas-
troenterology Clinic to the SIC, which was the standard
practice in the hospital. Retrospective cases were iden-
tified by reviewing the RCH IBD patient register and
cross-checking this with the SIC database. At SIC review
a standardised questionnaire to collect data pertaining
to demographic details, disease type and co-morbidi-
ties, IBD treatment, immunisation status, and risk fac-
tors for tuberculosis was utilised. Immunisation status
was determined by history and reviewing the Australian
Children’s Immunisation Register (ACIR), Australian
Immunisation Register (AIR, which replaced the ACIR
on 30 September 2016), RCH Immunisation Program
Service (ImPS) database and the RCH electronic medical
record (since 30 April 2016). Serological testing was then
requested, including for MMR, VZV and HBV. Corre-
lates of protection were determined as hepatitis B surface
antibody > 10 IU/ml for HBV and rubella IgG antibody
> 10 IU/ml for rubella. Measles, mumps and VZV serol-
ogy were reported as either positive (immune), equivocal,
or negative (non-immune). Additional vaccinations were
offered according to serological results, the Australian
NIP schedule and Australian Immunisation Handbook
(AIH) guideline on special risk groups [13]. Review of
adverse events following immunisation (AEFI) was con-
ducted 1 year after initial SIC review by interrogating the
Surveillance of Adverse Events Following Vaccination in
the Community (SAEFVIC) database—the spontaneous
(passive) surveillance system for all notified AEFI in the
RCH jurisdiction of Victoria.

Data were entered into a REDCap (Research Electronic
Data Capture) database hosted at the Murdoch Children’s
Research Institute (MCRI) and results were analysed
using SPSS (IBM SPSS Statistics for Windows, Version
25). Proportions of up-to-date status and additional
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Table 1 Patient characteristics

n (%)

Gender, female 27 (39.1%)
Diagnosis

Ulcerative colitis 24 (34.8%)

Crohn's disease 40 (58%)

Indeterminate 5(7.2%)
Age at diagnosis, years, median (IQR) 11.25 (4.64)
Age at immunisation service review, years, median (IQR) 13.12 (4.61)
Time between diagnosis and SIC review, years, median (IQR) ~ 0.88 (2.84)
Country of birth Australia 62 (89.9%)
Rural status®

Major city 47 (68.1%)

Inner regional 19 (27.5%)

Outer regional 2 (2.9%)

Remote 0 (0%)

Very remote 1(1.4%)

? Determined utilising the five point ASGS system [18]

vaccines administered were compared using a Pearson
chi-square test with a P value<0.05 considered statisti-
cally significant. Ethics approval was obtained from the
Royal Children’s Hospital Human Research Ethics Com-
mittee HREC#35060A.

Results

Sixty-nine patients diagnosed with IBD were reviewed
in the SIC between January 2014 and July 2017. Demo-
graphic details are summarised in Table 1. The majority
of patients were male (60.9%), 58% had Crohn’s Disease
and 34.8% Ulcerative Colitis. The median age at diagnosis
of IBD was 11.25 years (IQR 4.64) and the median age at
first SIC review was 13.12 years (IQR 4.61 years). 68.1%
patients resided in a major city according to the Austral-
ian Statistical Geography Standard (ASGS) system [18].

Baseline immunisation status

At initial SIC review, 84.1% patients were up to date with
vaccinations according to the NIP schedule for age (see
Table 2). Meningococcal C vaccine had been received by
68.1% and 59.1% (26/44) of eligible patients received an
HPV vaccine, in keeping with the age range of the cohort,
and noting that introduction into the routine Victorian
schedule only occurred in 2003 for Meningococcal C
vaccine, 2007 for HPV vaccine for females, and 2013 for
HPYV vaccine for males [19].

SIC review and vaccine administration timeliness

The median time between diagnosis and SIC review was
10.5 months (IQR 2.8 years). During this period, 47.8%
patients had at least one vaccination, with the most
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commonly received vaccines being influenza vaccine
(51.5%; 17/33), diphtheria-tetanus-acellular pertussis
(dTap; 39.4%, 13/33), HPV vaccine (36.4%; 12/33), and
VZV vaccine (33.3%; 11/33). Only 18.1% (6/33) patients
received an additional pneumococcal vaccine (either con-
jugate or polysaccharide), prior to SIC review.

Serological status of vaccine preventable diseases
92.8% patients had at least one serological test recorded
at initial SIC review (see Table 2). Serological test-
ing identified 38.3% (23/60) to be HBV immune, 66.7%
(36/54) measles immune, 72.2% (39/54) mumps immune,
51.9% (28/54) rubella immune and 41.9% (26/62) vari-
cella immune. Serologically confirmed rubella immunity
was more common in females (16/28, 57.1%). Of the ten
children with a reported history of previous varicella
infection, only one was found to be non-immune on
serological testing.

39/69 (56.5%) patients were screened for tuberculosis
following SIC review, including 15/17 (88.2%) who had
travelled to a tuberculosis high-incident country and
14/16 (87.5%) who were on a biologic agent (see Table 2).
38/39 (97%) of these patients had an interferon-gamma
release assay (QuantiFERON-TB Gold assay), of which
there were 5/38 (13.2%) indeterminate results and no
positive results.

Anti-inflammatory and immunosuppressive
medications

At the time of SIC review, 42% of patients had used an
aminosalicylate. Overall, 78.3% had used one or more
of a: corticosteroid (29/69; 42%), immunomodulator,
including one of either azathioprine, 6-mercaptopurine
or methotrexate (41/69; 59.4%), or, an anti-TNF agent
(16/69; 23.2%) (see Table 3).

Uptake of additional recommended vaccines

Following SIC review, 98.6% patients were offered 356
vaccines (median 5, IQR 2). The most commonly recom-
mended vaccines were PCV (60/69, 87%), PPV (57/69,
82.6%) and an influenza vaccine (51/69, 73.9%). Sixty-
four (92.8%) patients were administered 307 vaccines
(median 5, IQR 3) in the 12 months following SIC review.
The most commonly received vaccinations during this
period were PCV (53/69, 76.8%), PPV (38/69, 55.1%), an
influenza vaccine (48/69, 69.6%) and a Hepatitis A Virus
(HAV) vaccine (36/69, 52.2%). 85.5% (63/69) of patients
received at least one pneumococcal vaccine following
SIC review. Only 43.5% of patients had completed the
SIC recommended vaccination schedule at 12 months
following SIC review. No statistically significant relation-
ship was identified between immunisation status and
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Table 2 Baseline immunisation status in children and adolescents with IBD (N=69)
n (%)
Immunisations up to date with routine Australian NIP schedule 58 (84.1%)
Past history of varicella infection 10 (14.5%)
Previous vaccination history
Previous HPV vaccine given (eligible > 12) 26/44 (59.1%)
Previous Meningococcal C vaccine given? 47 (68.1%)
Previous Influenza vaccine given 23 (33.3%)
Serologically confirmed immune status (number tested)
At least 1 serological test 64/69 (92.8%)
All 5 serological tests 52/69 (75.4%)
HBV immune (60) 23/60 (38.3%)
Measles immune (54) 36/54 (66.7%)
Equivocal 2/54 (3.7%)
Mumps immune (54) 39/54 (72.2%)
Equivocal 3/54 (5.6%)
Rubella immune (54) 28/54 (51.9%)
Equivocal 7/54 (13.0%)
VZVimmune (62) 26/62 (41.9%)
Equivocal 6/62 (9.7%)
Tuberculosis status
BCG vaccine 6 (8.7%)
Travel to TB high-incident country 17 (24.6%)
TB screening at or before SIC 39 (56.5%)
QuantiFERON (n=38) Negative: 33/38 (86.8%)
Indeterminate: 5/38 (13.2%)
Positive: 0
Tuberculin skin test (n=1) Negative: 1
QuantiFERON requested but not done N=2
Patients with travel to high incident country (n=17) 15 (88.2%) p=0.155
Patients on biologic agent (n=16) 14 (87.5%) p=0.009

HPV Human Papillomavirus, HBV Hepatitis B Virus, VZV Varicella Zoster Virus

2The meningococcal C vaccination was introduced as routine to the schedule in Victoria in January 2003. A catch-up program was offered to 1-19 year olds until 2006

[19]

vaccination recommendation or uptake following SIC
review (see Table 4).

There were forty-three patients who had either nega-
tive, equivocal or unknown VZV serology. Of these,
55.8% (24/43) received VZV vaccination following IBD
diagnosis. Utilising serology results, 44.2% (19/43) were
recommended VZV vaccination at SIC review and 89.5%
(17/19) actually received the vaccine following this clinic
review. There were forty-five patients who had non-
immune, equivocal or unknown serological results for
one or more of either measles, mumps or rubella. Of
these, 40% (18/45) received an MMR vaccine following
IBD diagnosis, with 35.5% (16/45) receiving the vaccine
after SIC review. Of the forty-six (66.7%) patients who
were non-immune to HBV, 60.1% (28/46) received HBV
vaccine following IBD diagnosis, with 63% (29/46) rec-
ommended HBV vaccination at SIC review and 54.2%
(26/46) receiving the vaccine after SIC review. Patients

who had demonstrated absence of or equivocal immunity
on serological testing were more likely to receive vacci-
nation than those who had unknown serology for MMR
(p=0.012) and HBV (p=0.018), but not VZV (p=0.953)
(see Table 5).

Additional vaccines were recommended to the house-
hold contacts of 69.6% of patients, including influenza
(44/69, 63.8%), dTap (27/69, 39.1%) and varicella (10/69,
14.5%).

Post-SIC review

Two significant AEFI were reported to SAEFVIC dur-
ing the prescribed study follow-up period. A 16-year-old
female developed a severe injection site reaction (ISR)
within 2 h of 13 valent PCV (Prevenar13®) administra-
tion. Supportive therapy was recommended and hos-
pital admission was not required. A 5-year-old female
developed a severe ISR and fever within eight hours of
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Table 3 IBD anti-inflammatory andimmunosuppressive
treatment
n (%)
None recorded 7(10.1%)
Aminosalicylates 29 (42%)
Mesalazine 24 (34.8%)
Salazoprine 5(7.2%)
Steroids 44 (63.8%)
Methylprednisolone 16 (23.2%)
Prednisolone 42 (60.9%)
Budesonide 2 (2.9%)
Immunosuppressor 41 (59.4%)
Azathioprine 27 (39.1%)
6-Mercaptopurine 2 (2.9%)
Methotrexate 12 (17.4%)
On-going immunosupressor at time of SIC review 37/41 (90%)
Biologic agent (infliximab) 16 (23.2%)
On-going biologic agent at time of SIC review 14/16 (87.5%)
Highest level of immunosuppression ever
None/NSAID 14 (20.3%)
Steroidimmunosuppressor 38 (55.1%)
Biologic agent 16 (23.2%)

NSAID non-steroidal anti-inflammatory drug

Table 4 Additional vaccinations received by IBD cohort (N=69)
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23 valent PPV (Pneumovax®) and influenza vaccination
(Fluarix®). She was assessed by her General Practitioner
and provided supportive treatment, with no hospitalisa-
tion required.

Discussion
This is the first Australian study that assessed referral and
assessment of newly diagnosed paediatric IBD patients
within a specialised immunisation clinic. Immunisation
rates according to the standard Australian NIP sched-
ule at the time of SIC review in this cohort were slightly
lower (at 84.1%) than the Victorian baseline rates, which
were 92.5-94.6% at 5 years of age over the years of the
study [20]. Timeliness of SIC review in relation to diag-
nosis of IBD was variable, with the median time between
diagnosis and review being just above 10 months. Addi-
tionally, there was variability in the uptake of vaccina-
tions during the time between diagnosis and SIC review,
with only 33 patients (47.8%) receiving an additional vac-
cination during this time. Concerningly, at the time of
SIC review, only 8.7% of patients had had an additional
pneumococcal vaccine, which is recommended by the
ATIH special risk group guideline [13].

These issues are consistent with previously published
literature on immunisation status assessment in the ini-
tial period following IBD diagnosis [21, 22]. One review

Received after IBD diagnosis and

Received within 12 months of SIC Received any time

before SIC review review since IBD diagnosis
n (%) n (%) n (%)
Any vaccination 33 (47.8%) 4 (92.8%) 67 (97.1%)
Any pneumococcal vaccination 6 (8.7%) 9 (85.5%) 63 (91.3%)
PCV 6 (8.7%) 3(76.8%) 9 (85.5%)
PPV 1(1.4%) 8 (55.1%) (56 5%)
Influenza 17 (24.6%) 8 (69.6%) 5(79.7%)®
Vzv 11 (15.9%) 8(26.1%) 29 (42%)
MMR 6 (8.7%) 6 (23.3%) 22 (31.9%)
HPV 12 (17.4%) 9(27.5%) 5 (36.2%)°
dTap 13 (18.8%) 7 (24.6%) 30 (435%)
HBV 3 (4.3%) 7 (39.1%) 29 (42%)°
HAV 6 (8.7%) 6 (52.2%) 37 (53.6%)°
Meningococcal ACWY 1(1.4%) 5(21.7%) 16 (23.2%)
Meningococcal B 0 19 (27.5%) 19 (27.5%)
Other 7°(10.1%) 3% (4.3%) 10 (14.5%)
Total vaccinations 84 (0;0-2) 307 (5,3-6) 391 (5;4-7)
(median; IQR)
Completed SIC recommended schedule within 12 months 30 (43.5%)

PCV pneumococcal conjugate vaccine, PPV pneumococcal polysaccharide vaccine, VZV Varicella Zoster Virus, MMR measles, mumps, rubella, HPY Human
Papillomavirus, dTap diphtheria, tetanus, acellular pertussis, HBV Hepatitis B Virus, HAV Hepatitis A Virus, Infanrix-IPV diphtheria, tetanus, acellular pertussis, inactivated
poliovirus vaccine, Infanrix-Hexa diphtheria, tetanus, acellular pertussis, Hepatitis B Virus, poliovirus and Haemophilus influenzae type B vaccine

2 Some patients will have received multiple of these vaccines in the period between IBD diagnosis and analysis at 12 months following SIC review

b Other: typhoid (1), Infanrix-IPV (6)
€ Other: typhoid (1), Infanrix-IPV (1), Infanrix-Hexa (1)
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Table 5 Impact of serology results on vaccination uptake in IBD cohort
Vaccine administered Serology result p value
n/d? (%)
Non-immune or equivocal Unknown Total
VzZV 20/36 (55.5%) 4/7 (57.1%) 24/43 (55.8%) p=0.953
MMR 16/30 (53.3%) 2/15 (13.3%) 18/45 (40%) p=0.012
Measles 12/18 (33.3%) 2/15 (13.3%) 14/33 (42.4%) p=0.004
Mumps 12/15 (80%) 2/15 (13.3%) 14/30 (46.7%) p=0.001
Rubella 15/26 (57.7%) 2/13 (13.3%) 17/39 (43.6%) p=0.008
HBV 26/37 (70.3%) 2/9 (22.2%) 28/46 (60.1%) p=0.018

# Number of patients with relevant serology result who were vaccinated/number of patients with relevant serology result

of American Gastroenterologists demonstrated that only
63% assessed immunisation status at the time of IBD
diagnosis, with assessment limited primarily to influenza
(78%), hepatitis B (84%), and varicella (82%), and fewer
than 55.5% reviewing the status of other immunisations
[21].

The utilisation of serological assessment of immuni-
sation status was common in this study, with 92.8% of
patients having at least one serological test and 75.4%
having all of HBV, MMR and VZV serological titres
recorded. These investigations demonstrated relatively
low rates of serologically confirmed immunity for HBV,
MMR and VZV despite evidence of previous primary
immunisation. As our data did not specify the timing of
serological assessment, it is unclear if this is a result of
inadequate serum immune response immediately follow-
ing vaccination, or if it represents waning of antibodies
and immune protection over time. It may also relate to
the limitations of laboratory antibody testing for live-
attenuated vaccines, but despite these limitations, it did
appear that serological results were important in guiding
vaccination recommendations and correlated with subse-
quent vaccine uptake. Patients demonstrating absence of
immunity on serological tests for HBV, measles, mumps
and rubella were statistically more likely to receive the
relevant vaccine than those who had unknown serologi-
cal results in our cohort.

Vaccine efficacy remains an area of uncertainty in the
IBD cohort [23]. Reduced serum immune response to
vaccination is likely due to a combination of immunologi-
cal alterations generated by the disease itself and to the
immunomodulatory treatments that most IBD patients
invariably require [24, 25]. Some vaccines fare better than
others, for example the serum immune response to HPV
vaccine seems similar to that observed in healthy popula-
tions [24]. Whilst studies assessing the response to VZV
and MMR are scarce, reduced immunogenic response to
other important vaccines, including, HBV, influenza and
pneumococcal vaccines has been reported [16, 17, 23,

24]. In a recent meta-analysis of studies that reviewed
HBV vaccination in patients with IBD, only 61% demon-
strated an immunogenic response to HBV vaccination
[23]. A positive response to HBV vaccination was more
likely in those with a younger age and those who were
vaccinated during remission, with no difference seen
when different immunotherapies were compared [23]. De
Bruyn et al. [26] demonstrated that serologic protection
to influenza vaccine is achieved in approximately 45—-80%
of IBD patients on maintenance anti-TNF therapy, and
that this was not affected by alterations to vaccination
scheduling around this therapy. PCV and PPV immuno-
genic responses have been shown to be impaired when
on immunosuppressive therapy. PCV provides greater
immune response than PPV and TNF inhibitors produce
a greater inhibitory response than other immunosup-
pressive therapy [17]. This has provided weight to the
approach to institute immunisation as soon as possible
after diagnosis to ensure adequate response whilst not
immunosuppressed [16, 17].

Data regarding response to other important vaccina-
tions is less clear [24]. Antibody responses to tetanus and
pertussis vaccination may be affected by immunosup-
pressive drug regimes, particularly the combination of
immunomodulatory and anti-TNF agents [27], although
studies are conflicting [24]. Owing to this uncertainty,
recommendations have suggested vaccination with dTap
before starting immunomodulators, particularly when
they are used in combination with TNF inhibitor agents
[27]. A dTap booster is routinely administered in second-
ary school (12-13 years) as part of the NIP, so optimising
administration of this vaccine was important in our pae-
diatric cohort.

There is a paucity of evidence to support specific strat-
egies that improve vaccine efficacy in IBD patients. One
adult trial comparing a standard HBV vaccination dose
with a double dose regimen showed improved sero-
conversion in the double dose group [28]. Conversely,
a randomised trial that compared one dose of seasonal
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influenza vaccine with a booster dose schedule in adult
IBD patients being treated with immunomodulators and/
or TNF inhibitor therapy found no improvement in influ-
enza strain specific titres with a booster dose [29]. No
studies have specifically addressed the question of opti-
mal timing of vaccination administration in relation to
IBD diagnosis.

The rate of travel to tuberculosis high-incident coun-
tries appeared high in our cohort at 24.6%. This is
particularly important, as the reported frequency of
tuberculosis activation in association with anti-TNF
therapy is much higher than the reported frequency of
other opportunistic infections associated with the drug
[30]. Almost 60% of our cohort was screened for tuber-
culosis, with patients being treated with a TNF inhibitor
more likely to undergo tuberculosis screening than other
patients. Despite this, in both the travel to tuberculosis
high-incident countries group (2/17, 11.8%) and the TNF
inhibitor group (2/16, 12.5%) there were patients who did
not receive tuberculosis screening.

A notable feature of this study was the high rate of
additional vaccination uptake following SIC review. A
Victorian audit previously conducted in 2007 showed
low uptake of additional recommended vaccines in this
group, with only 10% having ever had an influenza vac-
cination, and 5% an additional pneumococcal vaccina-
tion [14]. Comparatively, in this study 92.8% of patients
received at least one vaccination following SIC review.
Whilst influenza and pneumococcal vaccination prior to
SIC was low at 24.6% and 8.7%, in the 12 months follow-
ing SIC review these rates increased to 69.6% and 85.5%
respectively. 43.5% of patients completed the additional
recommended schedule within 12 months of SIC review.
Interestingly, the vaccines that were most likely to be rec-
ommended but not received within the 12-month study
follow-up period were PPV, HPV vaccine and dTap.
Omission of PPV likely related to the AIH recommenda-
tion to delay this until at least 2 months after the PCV
and subsequent loss of these patients within the follow-
up system [13]. It is less clear as to why dTap and HPV
vaccines were not administered and further investiga-
tion of this result is required. Nonetheless, these results
emphasise the value of a SIC in assessing this special risk
cohort.

Numerous barriers to immunisation in IBD patients
have been reported, including cost. Several non-disease
related reasons include access to up to date vaccina-
tion history and records, difficulties coordinating vac-
cination with primary care providers, poor access to
vaccinations in the clinical setting, lack of awareness
of routine vaccinations, needle phobia, and parental
refusal [21, 31, 32]. A French study identified omission
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of proposal as the most common reason for delayed
vaccination [31]. In a study assessing influenza vac-
cine uptake in IBD patients, fear of side effects and lack
of belief in vaccine efficacy were the primary reasons
affecting vaccine uptake [15]. Disease related reasons
appear to primarily affect the administration of live
vaccines, such as VZV, and include disease flare at the
proposed time of vaccination and current use of immu-
nosuppressive therapy [32]. Interestingly, a Canadian
study found only 33% of incomplete immunisations in
their IBD cohort to be due to disease related reasons
[32].

One important outcome of this study was a change
in our meningococcal vaccine recommendations. An
increase in meningococcal serogroup W cases in Aus-
tralia [33], highlighted a requirement to improve pro-
tection in adolescents with IBD, with 21.7% (15/69)
having a meningococcal ACWY vaccine and 27.5%
(19/69) a meningococcal B vaccine. The SIC there-
fore provided funding for these vaccines for patients
on immunosuppressive therapy from April 2017 [34].
Additionally, in July 2017, the local Victorian Govern-
ment funded a meningococcal ACWY vaccine for all
15-19 year olds [34]. These initiatives will continue to
positively affect access to optimal immunisations in this
special risk group into the future.

Limitations

This study has several limitations. Firstly, the study did
not fully assess anti-inflammatory and immunosup-
pressive therapies in detail, including dosing and dura-
tion, and timing of particular therapies in relation to
timing of vaccinations. Secondly, we did not formally
assess serological response to those vaccines admin-
istered during the study period. This information may
have better guided our recommendations for further
additional vaccines. Additionally, contraindications to
certain vaccinations were not always documented. It is
possible that some patients received their vaccinations
outside of the 12-month follow-up window.

The presence of retrospective cases reduces the valid-
ity and accuracy of some of the data collected. Whilst
recruitment of this data involved the utilisation of the
RCH IBD database, the immunisation status of those
diagnosed with IBD who have not been reviewed by the
SIC was not assessed. This information would provide a
useful comparison to further measure the impact of the
SIC for this cohort.
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Conclusions

This study demonstrates that formal review by a SIC can
help improve the uptake of additional recommended
vaccines in a cohort of paediatric IBD patients. Devel-
opment and enhancement of such services, including
engagement with primary care providers, is necessary
to better streamline immunisation assessment and pro-
vision. Additional research to improve our understand-
ing of the mechanisms of serum immune responses to
vaccination in this group would allow better optimisa-
tion of vaccine recommendations in the IBD cohort,
with the aim of reducing the risk of vaccine preventable
diseases.

Abbreviations

ACIR: Australian Children’s Immunisation Register; AEFI: Adverse events fol-
lowing immunisation; AIH: Australian Immunisation Handbook; AIR: Australian
Immunisation Register; ASGS: Australian Statistical Geography Standard; BCG:
Bacille Calmette—Guerin; dTap: Diphtheria, tetanus, acellular pertussis; HAV:
Hepatitis A Virus; HBV: Hepatitis B Virus; HPV: Human Papilloma Virus; EMR:
Electronic medical record; IBD: Inflammatory Bowel Disease; ImPS: Immuni-
sation Program Service; IQR: Interquartile range; MCRI: Murdoch Children’s
Research Institute; MMR: Measles Mumps Rubella; NIP: National Immunisation
Program; NSAID: Non-steroidal anti-inflammatory drug; PCV: Pneumococ-

cal conjugate vaccine; PPV: Pneumococcal polysaccharide vaccine; RedCAP:
Research Electronic Data Capture; RCH: Royal Children’s Hospital; SAEFVIC:
Surveillance of Adverse Events Following Vaccination in the Community; SIC:
Specialist Immunisation Clinic; TB: Tuberculosis; TNF: Tumour necrosis factor;
VZ\V: Varicella Zoster Virus.

Acknowledgements
Thanks to patients who attended the clinic, had serology and recommended
vaccinations.

Author contributions

N.C. conceived and directed the study. MD, KP and NC all saw patients in the
SIC clinic. GA referred patients to the SIC clinic. TF undertook the analysis and
wrote the manuscript with support from NC. All authors discussed the results
and contributed to the final manuscript. All authors read and approved the
final manuscript.

Funding
Nil.

Availability of data and materials

The datasets generated and analysed during this study are not publicly avail-
able due to the identifiable nature of the dataset, but are available from the
corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

Ethics approval was obtained from the Royal Children’s Hospital Human
Research Ethics Committee, who provided a consent waiver as this was a ret-
rospective study. All methods were performed in accordance the Declarations
of Helsinki. RCH Human Research Ethics Committee HREC#35060A.

Consent for publication
Not applicable.

Cmpeting interests
The authors declare that they have no competing interests.

Page 8 of 9

Author details

'Perth Children’s Hospital, Nedlands, WA, Australia. “Murdoch Children’s
Research Institute (MCRI), Parkville, Melbourne, Australia. *lmmunisation ser-
vices & General Medicine, RCH, Melbourne, Australia. “Department Paediatrics,
University of Melbourne, Parkville, Australia. Gastroenterology Department,
RCH, Melbourne, Australia.

Received: 27 November 2020 Accepted: 8 December 2021
Published online: 04 January 2022

References

1. Schildkraut V, Alex G, Cameron DJS, et al. Sixty-year study of incidence
of childhood ulcerative colitis finds eleven-fold increase beginning in
1990s. Inflamm Bowel Dis. 2013;19(1):1-6. https://doi.org/10.1002/ibd.
22997.

2. Phavichitr N, Cameron DJS, Catto-Smith AG. Increasing incidence
of Crohn'’s disease in Victorian children. J Gastroenterol Hepatol.
2003;18(3):329-32. https://doi.org/10.1046/j.1440-1746.2003.02975 X.

3. Melmed GY, Ippoliti AF, Papadakis KA. Patients with inflammatory bowel
disease are at risk for vaccine-preventable illnesses. Am J Gastroenterol.
2006;101(8):1834-40. https://doi.org/10.1111/j.1572-0241.2006.00646.X.

4. Crawford NW, Bines JE, Royle J, Buttery JP. Optimizing immunization in
pediatric special risk groups. Expert Rev Vaccines. 2011;10(2):175-86.
https://doi.org/10.1586/erv.10.157.

5. Toussi SS, Pan N, Walters HM, Walsh TJ. Infections in children and adoles-
cents with juvenile idiopathic arthritis and inflammatory bowel disease
treated with tumor necrosis factor-a inhibitors: systematic review of the
literature. Clin Infect Dis. 2013;57(9):1318-130. https://doi.org/10.1093/
cid/cit489.

6. Toruner M, Loftus EV, Harmsen WS, et al. Risk factors for opportunistic
infections in patients with inflammatory bowel disease. Gastroenterol-
0gy. 2008;134(4):929-36. https://doi.org/10.1053/j.gastro.2008.01.012.

7. Vonkeman H, ten Napel C, Rasker H, van de Laar M. Disseminated
primary varicella infection during infliximab treatment. J Rheumatol.
2004;31(12):2517-8.

8. Mouzas IA, Greenstein AJ, Giannadaki E, Balasubramanian S, Manousos
ON, Sachar DB. Management of varicella infection during the course of
inflammatory bowel disease. Am J Gastroenterol. 1997,92(9):1534-7.

9. Rahier JF, Yazdanpanah'Y, Viget N, Travis S, Colombel JF. Review article:
influenza A (H1N1) virus in patients with inflammatory bowel disease.
Aliment Pharmacol Ther. 2010;31(1):5-10. https://doi.org/10.1111/j.1365-
2036.2009.04161 x.

10. Ritz MA, Jost R. Severe pneumococcal pneumonia following treatment
with infliximab for Crohn's disease. Inflamm Bowel Dis. 2001;7(4):327.
https://doi.org/10.1097/00054725-200111000-00009.

11. Bhatia J, Bratcher J, Korelitz B, et al. Abnormalities of uterine cervix
in women with inflammatory bowel disease. World J Gastroenterol.
2006;12(38):6167-71.

12. Kane 'S, Khatibi B, Reddy D. Higher incidence of abnormal Pap smears
in women with inflammatory bowel disease. Am J Gastroenterol.
2008;103(3):631-6. https://doi.org/10.1111/j.1572-0241.2007.01582 x.

13. Australian Government. Australian immunisation handbook. Depart-
ment of Health website. https://immunisationhandbook.health.gov.au/.
Updated June 8, 2018. Accessed 28 Feb 2019.

14. Crawford NW, Catto-Smith AG, Oliver MR, Cameron DJ, Buttery JP. An
Australian audit of vaccination status in children and adolescents with
inflammatory bowel disease. BMC Gastroenterol. 2011;11:87. https://doi.
org/10.1186/1471-230X-11-87.

15. Banaszkiewicz A, Klincewicz B, Lazowska-Przeorek |, et al. Influenza vac-
cination coverage in children with inflammatory bowel disease. Influenza
Other Respir Viruses. 2014;8(4):431-5. https://doi.org/10.1111/irv.12236.

16. Melmed GY, Agarwal N, Frenck RW, et al. Immunosuppression impairs
response to pneumococcal polysaccharide vaccination in patients with
inflammatory bowel disease. Am J Gastroenterol. 2010;105(1):148-54.
https://doi.org/10.1038/ajg.2009.523.

17. Kantsg B, Halkjeer SI, Thomsen O@, Belard E, Gottschalck IB, Jargensen
CS, et al. Immunosuppressive drugs impairs antibody response of the
polysaccharide and conjugated pneumococcal vaccines in patients with


https://doi.org/10.1002/ibd.22997
https://doi.org/10.1002/ibd.22997
https://doi.org/10.1046/j.1440-1746.2003.02975.x
https://doi.org/10.1111/j.1572-0241.2006.00646.x
https://doi.org/10.1586/erv.10.157
https://doi.org/10.1093/cid/cit489
https://doi.org/10.1093/cid/cit489
https://doi.org/10.1053/j.gastro.2008.01.012
https://doi.org/10.1111/j.1365-2036.2009.04161.x
https://doi.org/10.1111/j.1365-2036.2009.04161.x
https://doi.org/10.1097/00054725-200111000-00009
https://doi.org/10.1111/j.1572-0241.2007.01582.x
https://immunisationhandbook.health.gov.au/
https://doi.org/10.1186/1471-230X-11-87
https://doi.org/10.1186/1471-230X-11-87
https://doi.org/10.1111/irv.12236
https://doi.org/10.1038/ajg.2009.523

Ford et al. BMC Infectious Diseases (2022) 22:6

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33

34.

Crohn’s disease. Vaccine. 2015;33(41):5464-9. https://doi.org/10.1016/j.
vaccine.2015.08.011.

Australian Government. Australian Statistical geography standard (ASGS):
volume 5—Remoteness structure, July 2016. Australian Bureau of Sta-
tistics website. http://www.abs.gov.au/AUSSTATS/abs@.nsf/DetailsPage/
1270.0.55.005July%202016?0penDocument. Updated March 16, 2018.
Accessed 17 Mar 2018.

Victoria State Government. Vaccine history timeline. Department of
Health and Human Services website. https://www?2.health.vic.gov.au/
public-health/immunisation/immunisation-schedule-vaccine-eligibility-
criteria/vaccine-history-timeline. Updated 2018. Accessed 17 Mar 2018.
Australian Government. Immunisation coverage rates for all children.
Department of Health website. https://beta.health.gov.au/topics/immun
isation/childhood-immunisation-coverage/immunisation-coverage-
rates-for-all-children. Updated February, 5 2018. Accessed 16 Mar 2018.
Lester R, Lu Y, Tung J. Survey of immunization practices in patients with
inflammatory bowel disease among pediatric gastroenterologists. J Pedi-
atr Gastroenterol Nutr. 2015;61(1):47-51. https://doi.org/10.1097/MPG.
0000000000000730.

Gurvits GE, Lan G, Tan A, Weissman A. Vaccination practices in patients
with inflammatory bowel disease among general internal medicine
physicians in the USA. Postgrad Med J. 2017;93(1100):333-7. https://doi.
0rg/10.1136/postgradmedj-2016-134266.

Jiang HY, Wang SY, Deng M, Li YC, Ling ZX, Shao L, et al. Immune response
to hepatitis B vaccination among people with inflammatory bowel dis-
eases: a systematic review and meta-analysis. Vaccine. 2017;35(20):2633—
41. https://doi.org/10.1016/j.vaccine.2017.03.080.

Marin AC, Gisbert JB, Chaparro M. Immunogenicity and mechanisms
impairing the response to vaccines in inflammatory bowel disease. World
J Gastroenterol. 2015;21(40):11273-81. https://doi.org/10.3748/wjg.v21.
i40.11273.

Nguyen DL, Nguyen ET, Bechtold ML. Effect of immunosuppressive
therapies for the treatment of inflammatory bowel disease on response
to routine vaccinations: a meta-analysis. Dig Dis Sci. 2015;60(8):2446-53.
https://doi.org/10.1007/510620-015-3631-y.

deBruyn J, Fonseca K, Ghosh S, Panaccione R, Gasia MF, Ueno A, et al.
Immunogenicity of influenza vaccine for patients with inflammatory
bowel disease on maintenance infliximab therapy: a randomized trial.
Inflamm Bowel Dis. 2016;22(3):638-47. https://doi.org/10.1097/MIB.00000
00000000615.

Dezfoli S, Horton HA, Thepyasuwan N, Berel D, Targan SR, Vasiliauskas EA,
et al. Combined immunosuppression impairs immunogenicity to tetanus
and pertussis vaccination among patients with inflammatory bowel
disease. Inflamm Bowel Dis. 2015;21(8):1754-60. https://doi.org/10.1097/
MIB.0000000000000448.

Gisbert JP, Menchen L, Garcia-Sanchez V, Marin |, Villagrasa JR, 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(12):1379-
85. https://doi.org/10.1111/j.1365-2036.2012.05110..

Matsumoto H, Ohfuji S, Watanabe K, Yamagami H, Fukushima W, Maeda K,
et al. Booster influenza vaccination does not improve immune response
in adult inflammatory bowel disease patients treated with immunosup-
pressives: a randomized controlled trial. J Gastroenterol. 2015;50(8):876—
86. https://doi.org/10.1007/500535-015-1042-7.

Long R, Gardam M. Tumour necrosis factor-a inhibitors and the
reactivation of latent tuberculosis infection. Can Med Assoc J.
2003;168(9):1153-6.

Longuet R, Willot S, Ginies JL, Pélatan C, Breton E, Segura JF, et al. Immu-
nization status in children with inflammatory bowel disease. Eur J Pediatr.
2014;173(5):603-8. https://doi.org/10.1007/500431-013-2207-0.

Soon IS, deBruyn JCC, Wrobel I. Immunization history of children with
inflammatory bowel disease. Can J Gastroenterol. 2013;27(4):213-6.
Australian Government. Invasive meningococcal disease national surveil-
lance report. Department of Health website. https://www.health.gov.au/
internet/main/publishing.nsf/Content/5FEABC4B495BDECTCA25807D0
01327FA/SFile/19-July-2017-IMD-Surveillance-report.pdf. Updated July
19, 2017. Accessed 22 Mar 2018.

Melbourne Vaccination Education Centre. Meningococcal vaccines in
special risk (immunosuppressed) adolescents. Melbourne Vaccination
Education Centre website. http://www.mvec.vicedu.au/immunisati

Page 9 of 9

on-references/meningococcal-vaccines-in-special-risk-immunosupp
ressed-adolescents/. Updated April 2017. Accessed 22 Mar 2018.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://doi.org/10.1016/j.vaccine.2015.08.011
https://doi.org/10.1016/j.vaccine.2015.08.011
http://www.abs.gov.au/AUSSTATS/abs@.nsf/DetailsPage/1270.0.55.005July%202016?OpenDocument
http://www.abs.gov.au/AUSSTATS/abs@.nsf/DetailsPage/1270.0.55.005July%202016?OpenDocument
https://www2.health.vic.gov.au/public-health/immunisation/immunisation-schedule-vaccine-eligibility-criteria/vaccine-history-timeline
https://www2.health.vic.gov.au/public-health/immunisation/immunisation-schedule-vaccine-eligibility-criteria/vaccine-history-timeline
https://www2.health.vic.gov.au/public-health/immunisation/immunisation-schedule-vaccine-eligibility-criteria/vaccine-history-timeline
https://beta.health.gov.au/topics/immunisation/childhood-immunisation-coverage/immunisation-coverage-rates-for-all-children
https://beta.health.gov.au/topics/immunisation/childhood-immunisation-coverage/immunisation-coverage-rates-for-all-children
https://beta.health.gov.au/topics/immunisation/childhood-immunisation-coverage/immunisation-coverage-rates-for-all-children
https://doi.org/10.1097/MPG.0000000000000730
https://doi.org/10.1097/MPG.0000000000000730
https://doi.org/10.1136/postgradmedj-2016-134266
https://doi.org/10.1136/postgradmedj-2016-134266
https://doi.org/10.1016/j.vaccine.2017.03.080
https://doi.org/10.3748/wjg.v21.i40.11273
https://doi.org/10.3748/wjg.v21.i40.11273
https://doi.org/10.1007/s10620-015-3631-y
https://doi.org/10.1097/MIB.0000000000000615
https://doi.org/10.1097/MIB.0000000000000615
https://doi.org/10.1097/MIB.0000000000000448
https://doi.org/10.1097/MIB.0000000000000448
https://doi.org/10.1111/j.1365-2036.2012.05110.x
https://doi.org/10.1007/s00535-015-1042-7
https://doi.org/10.1007/s00431-013-2207-0
https://www.health.gov.au/internet/main/publishing.nsf/Content/5FEABC4B495BDEC1CA25807D001327FA/$File/19-July-2017-IMD-Surveillance-report.pdf
https://www.health.gov.au/internet/main/publishing.nsf/Content/5FEABC4B495BDEC1CA25807D001327FA/$File/19-July-2017-IMD-Surveillance-report.pdf
https://www.health.gov.au/internet/main/publishing.nsf/Content/5FEABC4B495BDEC1CA25807D001327FA/$File/19-July-2017-IMD-Surveillance-report.pdf
http://www.mvec.vic.edu.au/immunisation-references/meningococcal-vaccines-in-special-risk-immunosuppressed-adolescents/
http://www.mvec.vic.edu.au/immunisation-references/meningococcal-vaccines-in-special-risk-immunosuppressed-adolescents/
http://www.mvec.vic.edu.au/immunisation-references/meningococcal-vaccines-in-special-risk-immunosuppressed-adolescents/

	Immunisation status of children and adolescents with a new diagnosis of inflammatory bowel disease
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods

	Results
	Baseline immunisation status
	SIC review and vaccine administration timeliness
	Serological status of vaccine preventable diseases
	Anti-inflammatory and immunosuppressive medications
	Uptake of additional recommended vaccines
	Post-SIC review
	Discussion
	Limitations
	Conclusions
	Acknowledgements
	References


