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Vaccination against SARS-CoV-2 is expected to play a key role in the management
of this pandemic. Inflammatory conditions such as inflammatory bowel disease (IBD)
often require chronic immunosuppression, which can influence vaccination decisions.
Aim: This review article aims to describe the most commonly available SARS-CoV-2
vaccination vectors globally, assess the potential benefits and concerns of vaccina-
tion in the setting of immunosuppression and provide medical practitioners with
guidance regarding SARS-CoV-2 vaccination in patients with IBD.

Methods: All published Phase 1/2 and/or Phase 3 and 4 studies of SARS-CoV-2
vaccinations were reviewed. IBD international society position papers, safety reg-
istry data and media releases from pharmaceutical companies as well as administra-

tive and medicines regulatory bodies were included. General vaccine evidence and
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recommendations in immunosuppressed patients were reviewed for context. Society
position papers regarding special populations, including immunosuppressed, preg-
nant and breast-feeding individuals were also evaluated. Literature was critically ana-
lysed and summarised.

Results: Vaccination against SARS-CoV-2 is supported in all adult, non-pregnant indi-
viduals with IBD without contraindication. There is the potential that vaccine efficacy
may be reduced in those who are immunosuppressed; however, medical therapies
should not be withheld in order to undertake vaccination. SARS-CoV-2 vaccines are
safe, but data specific to immunosuppressed patients remain limited.

Conclusions: SARS-CoV-2 vaccination is essential from both an individual pa-
tient and community perspective and should be encouraged in patients with IBD.

Recommendations must be continually updated as real-world and trial-based evi-

dence emerges.

1 | INTRODUCTION

The COVID-19 pandemic is one of the most devastating global
events in modern history and one for which the full toll on human-
ity remains to be seen. At first recognition of SARS-CoV-2 human
transmission, the emergent need for a preventative vaccine became
apparent. This was the catalyst for the expedient and rigorous man-
ufacturing of a successful vaccine, an astounding feat unparalleled
in history. SARS-CoV-2 vaccination provides our global community
with hope for stabilisation and eventual recovery, with healthcare
workers playing an essential role in safe vaccine delivery. The ra-
pidity of vaccine development, together with the urgent need for
their safe deployment, also presents significant challenges, given
the paucity of experience. This is particularly the case for groups
excluded from vaccine trial populations, such as immunosuppressed
individuals, in whom it is prudent to balance the need for protective
vaccination against safety concerns.

Inflammatory bowel disease (IBD), comprising Crohn's disease
(CD) and ulcerative colitis (UC), is characterised by dysregulated
inflammation in the gastrointestinal tract. The primary goal of IBD
management is controlling this inflammation, with a significant num-
ber of patients requiring immune-based therapies.1 These therapies
include immunomodulators, tumour necrosis factors (TNF) - an-
tagonists, non-TNF targeted biologics and targeted small molecule
therapies.?

Active IBD and the immunosuppressive therapies integral to its
management may weaken the immune system, thereby placing pa-
tients with IBD at increased risk of infections.® Although current data
suggest that IBD alone does not increase the risk of acquisition or se-
verity of symptomatic SARS-CoV-2 infection, thiopurines and base-
line corticosteroid use may increase the risk of developing severe
COVID-19.4% Furthermore, SARS-CoV-2 can directly infect gastroin-

testinal tract cells, via the membrane-bound angiotensin-converting

enzyme (ACE) 2 receptor, precipitating colonic inflammation’ with
gastrointestinal symptoms occurring in up to 17.6% of IBD patients
with COVID-19.8The role of SARS CoV-2 in precipitating and/or ag-
gravating an IBD flare is ill-defined, but it may precipitate or perpet-
uate disease activity.”

Effective vaccination is therefore vital, given the potential risk of
adverse COVID-19 outcomes in select IBD patients. Non-live vaccina-
tions can be administered in IBD irrespective of medical therapy.'%!?
Importantly with respect to the SARS-CoV-2 vaccinations, IBD pa-
tients on immunosuppression were excluded from clinical trials hence
evidence to direct clinical decisions is sparse, but emerging. Practicable
guidance to support individuals both delivering and receiving SARS-
CoV-2 vaccinations in this population is therefore paramount.

The aim of this review is to summarise the commonly available
SARS-CoV-2 vaccination vectors currently available globally, assess
the potential benefits and concerns of vaccination in the setting of
IBD and immunosuppression, and provide clinicians with advice re-
garding SARS-CoV-2 vaccination in patients with IBD.

2 | METHODS

The need for this review was recognised following the interna-
tional implementation of vaccination programmes. A review utilising
EMBASE, MEDLINE and PubMed was conducted. Existing literature
and international guidelines pertaining to general vaccinations in the
IBD population, including their efficacy and safety, were reviewed
for the frame of reference. Evidence regarding the use of the SARS-
CoV-2 vaccines, including their efficacy, safety and mechanisms of
action, was also reviewed to provide context. This included refer-
ence to published position statements from the British Society of
Gastroenterology'? and the International Organisation for the Study
of Inflammatory Bowel Disease (IOBD)'® regarding SARS-CoV-2
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vaccination in patients with IBD. The focus was on vaccinations
likely to become available in the short- to medium-term globally with
at least phase 2 data published at the time of writing.

Articles specific to the use of the COVID-19 vaccinations in pa-
tients with IBD, pregnant, breastfeeding and immunosuppressed
patients consist mainly of expert opinion, regulatory agency, safety
reporting registry data and society position statements, thus are
based on low levels of evidence. As such, recommendations must
be interpreted with caution and will be subject to reassessment and

revision.

3 | RESULTS
3.1 | IBD and COVID-19 risk

Due to the frequent need for immunosuppressive therapies, there
has been concern that IBD patients are at increased risk of contract-
ing SARS-CoV-2 and developing COVID-19 complications. Over the
last year, the international registry of patients with IBD and COVID-19
(the SECURE-IBD registry) has attempted to determine if this is in fact
the case. Reassuringly, existing data have demonstrated that IBD alone
does not appear to increase the risk of developing severe SARS-CoV-2
infection.* As with the wider population, host-related factors, includ-
ing increasing age and comorbidities, are the main factors associated
with an increased risk of severe COVID-19.4¢ (Table 1) While biologic
monotherapy has not been associated with the development of severe
COVID-19, thiopurines and baseline corticosteroid use are both risk
factors.*® The evidence regarding 5-aminosalicylates (5ASAs) and risk
of severe COVID-19 is mixed. Danish registry data failed to demon-
strate an association,* while SECURE-IBD data were suggestive of an
increased risk in comparison to those exposed to anti-TNF and other
medical therapies, but not in comparison to those receiving no medi-
cal therapy and there is no discernible dose-response.® Further large
cohort data are required, but the risk is postulated to be driven by

confounders.'*

3.2 | SARS-CoV-2 vaccines and immunity

An exhaustive discussion of the SARS-CoV-2 vaccine mechanism is
beyond the scope of this review. In brief, available vaccines target
various pathways of SARS-CoV-2 infection, aiming to induce an im-
mune response mimicking that induced by exposure to the virus
itself. COVID-19 enters the cell via its spike protein (glycoprotein
S), which contains a receptor-binding domain (RBD). This domain
interacts with ACE-2 receptors on the human cell surface, permit-
ting cellular entry.®> Humoral immune response to the viral surface
glycoproteins is key to achieving immunity. Preventing viral protein
and cellular receptor interaction with neutralising antibodies ena-
bles viral clearance.’® The T cell response to SARS-CoV-2 is also
critical. Anti-viral cytokines are released by SARS-CoV-2 specific
CD4+ T helper 1 (TH1) cells, including interferon (IFN)-gamma and

TNF-alpha. Cytotoxic CD8+ T cells additionally directly kill virally
infected cells. T helper cells provide stimulation for ongoing B cell-
mediated antibody response to viral surface antigens. Thus, an ef-
fective vaccination must induce both a humoral and T cell response
to provide durable immunisation.’® Successful SARS-CoV-2 vac-
cination formats have demonstrated both T and B cell response,
as measured via antibody response and IFN-gamma production
respectively.!’

3.3 | SARS-CoV-2 vaccine mechanisms of action

The vaccine platforms most commonly being implemented include
mRNA, viral vector-based, inactivated vaccines, and recombinant
protein formats.!® These include the 12 vaccines available interna-

tionally at the time of writing.'

3.3.1 | mRNA Vaccines (Pfizer-BioNTech
BNT162b2 and Moderna mRNA-1273)

mRNA vaccines (Pfizer-BioNTech and Moderna) employ nanoparti-
cles containing synthetised pseudo-nucleotides mimicking the RNA
that encodes for the COVID-19 spike “S” protein. Once injected, this
non-replicating mRNA is released enabling transient protein synthe-
sis of the “S” protein in the host cellular cytoplasm. Correspondingly,
“S” protein antibodies and reactive T-cells are elicited to protect the
host from SARS-CoV-2.1820

3.3.2 | Non-Replicating Viral Vector Vaccines (Oxford/
AstraZeneca AZD1222, Gamaleya Sputnik V, Janssen/
Johnson&Johnson Ad26.COV2.S, CanSino Ad5-nCoV)

The non-replicating viral vector vaccinations utilise adenovirus vec-
tored to the genetic code (double-stranded DNA) of the SARS-CoV-2
spike protein. The adenovirus in these vaccines is engineered so that
it can invade the host cell but cannot make copies of itself. Once in-
side the host cell, the DNA is released into the nucleus and the spike
protein is produced. This induces both B and T cell responses to this

protein inducing immune protection.21

3.3.3 | Recombinant Protein Vaccines (Novovax NV X-
CoV2373, FBRI EpiVacCorona)

The recombinant protein vaccination (Novovax) employs a recom-
binant nanoparticle vaccine constructed from the wild type full-
length SARS-CoV-2 S protein and a Matrik-M1 adjuvant to enhance
antibody and immune response.???® These nanoparticles mimic
the molecular structure of SARS-CoV-2 spike protein to induce
an immune response and protect the host cell from SARS-CoV-2

invasion.
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3.3.4 | Inactivated Vaccines (Bharat Biotech Covaxin,
Sinovac CoronaVac, Sinopharm (Beijing) BBIBP-CorV,
Sinopharm (Wuhan) Inactivated (Vero Cells))

The inactivated vaccines (Covaxin, CoronaVac, BBIBP-CorV) deliver
whole inactivated viruses. In these inactivated vaccines the genetic
material has been destroyed, thereby precluding replication, but the
structure of the virus is maintained. Most of the inactivated viruses
contain an aluminium hydroxide-based adjuvant to augment immune
response and, as in the above-mentioned vaccines, “S” protein an-
tibodies and reactive T cells are elicited to protect the host from
SARS-CoV-2.24

3.4 | Efficacy of SARS-CoV-2 vaccine in studied
populations

Table 1 summarises the most commonly employed vaccines cur-
rently available globally, their current trial phase of, route and
schedule, storage and efficacy and where available, the incidence of
severe COVID-19, hospitalisation and mortality.

The primary and secondary endpoints and definitions utilised in
the vaccination trials described in the table above differ, which is
important to note when interpreting the results.??%7

Broadly speaking, the quality of evidence appears to be of
the highest quality with respect to prevention of symptomatic,
PCR confirmed COVID-19, particularly for those vaccines subject
to phase 3 trials (see above table).*®*! Furthermore, the rapidity
with which the vaccines have been developed and implemented
has meant a period of time to optimise vaccination schedule, from
both a dosage and timing perspective, has not been possible. For
example, there was a discrepancy in dose efficacy reported in the
Oxford/AstraZeneca vaccine interim results from two of the four
randomised trials in the UK and Brazil, which included 11,636 par-
ticipants with four months follow-up at the time of publication.
Participants received either a single standard (SD) or low dose
(LD) vaccine at day O followed by standard dose or control at day
28. Vaccine efficacy (reported as no COVID-19 infection 14 days
after the second vaccination) was 70.4% (95% CI| 54.8 to 80.6).
Efficacy of the LD/SD schedule was higher (90.0% [95% CI 67.4
to 97.0]) vs the SD/SD schedule (62.1% [95% Cl 41.0 to 75.7]).2
Subsequent to this, further data have been published with respect
to dosing intervals. When the Oxford/AstraZeneca vaccine doses
are separated by 12 as opposed to four weeks, vaccine efficacy
is increased to 81.3% (95% Cl 60.3-91.2) vs 55% (33.0-69.9).%
Similarly, the Sinovac whole inactivated virus vaccine may in-
crease neutralising antibody titres when the interval at which it
is provided is extended from two to four weeks.*¢ Consequently,
providers and regulatory agencies worldwide must remain cogni-
sant of the fact that evidence regarding both the overall efficacy
of and optimal schedule for providing the available SARs-CoV-2

vaccinations is continually evolving.

3.5 | Vaccination efficacy and SARS-CoV-2 variants

Concern has been raised that variants of COVID-19 may escape
current vaccines. There is limited evidence that this may be the
case. A pre-print article reported that the AstraZeneca vaccine
(ChAdOx1-nCoV19) efficacy against mild-moderate COVID-19 from
the B.1.351 South African escape variant was only 10.4% compared
to an efficacy of 75% for non-B.1.351 variants.® Notably, the study
was not powered to look at the vaccine efficacy for the prevention
of severe COVID-19 due to B.1.351. The novovax phase 2b clinical
trial also reported reduced efficacy in South Africa where the major-
ity of COVID-19 was secondary to the B.1.351 strain, with a vaccine
efficacy for preventing mild-moderate COVID-19 of approximately
60% compared to 89% efficacy in their UK trial where the variant
was not present.*? Of note, one-third of patients enrolled in the trial
were seropositive at baseline, with the prior infection postulated to
not offer protection against subsequent infection with the South
African variant.

Despite these findings, the demonstrable efficacy in preventing
severe COVID-19 remains reassuring.>®*? Evidence is also accumu-
lating on the behaviour of the United Kingdom variant, B.1.1.7, a
strain that has up to 10 amino acid mutations in the spike (S) protein.
Researchers from BioNTech demonstrated equivalent neutralising
titres to both the Wuhan and lineage B.1.1.7 variants.*® Conversely,
a team at the University of Cambridge demonstrated that there was
reduced neutralising antibody response to B.1.1.7 in vaccine and
convalescent sera compared to the wild-type virus.** Reassuringly,
vaccine developers have indicated that rapid redesign and deploy-
ment of both mRNA and viral vector platforms would be possible

within a short timeframe to counter immune escape if required.

3.6 | SARS-CoV-2 vaccine - emerging real-
world data

As vaccination programmes are instituted internationally, further phase
3 data and subsequent real-world data are becoming available. Of note,
a single dose of the Oxford/AstraZeneca vaccine was found to provide
vaccine efficacy of 76% (95% Cl 59.3-85.9) against primary symptomatic
COVID-19 in the first 90 days post, while additionally demonstrating
efficacy against NAAT positive infection at 63.9% (46.0%-75.9%).%
This holds significance when considering the potential to reduce trans-
mission of SARS-CoV-2. Similarly, real-world cohort data have demon-
strated efficacy with a single dose of the Pfizer vaccination, resulting in
a four-fold decrease in the rate of asymptomatic positive PCR results
in health care workers.** As described in the above table, real work
data from Israel reports estimated effectiveness in preventing death
from COVID-19 of 72% (95% ClI 19-200) for days 14 to 20 following
the first dose, while effectiveness was 46% for documented COVID-19
infection, 57% for symptomatic COVID-19, 74% for hospitalisation and
62% for severe disease.?” Using mathematical modelling, a further real-

world Israeli study has identified effectiveness for prevention of severe
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cases and hospitalisation of 82%-83% utilising the Pfizer vaccine, which
increases to a 98% reduction following the second dose. A 72% reduc-
tion in symptomatic and asymptomatic cases in the first two weeks fol-
lowing the first dose was also identified.*

United States real-world data for the efficacy of SARS-CoV-2
vaccination with the Pfizer/BioNtech or Moderna vaccines have con-
firmed overall efficacy of 88.7% (95% Cl 68.4%-97.1%) in preventing
infection. An associated decrease in 14-day hospitalisation rate in those
who were vaccinated and subsequently diagnosed with COVID-19 was
also appreciable when compared to propensity-matched unvaccinated
COVID-19-infected individuals at 3.7% compared to 9.2% respectively,
with a relative risk of 0.4; P = 0.007.%” In the UK, a multicentre prospec-
tive cohort study reported on staff working in public-funded hospitals
undergoing regular asymptomatic testing. It found that the Pfizer/
BioNtech vaccine had an efficacy of 72% (95% Cl 58-86) 21 days fol-
lowing the first dose and 86% (95% Cl 76-97) seven days following the
second dose for preventing combined symptomatic and asymptomatic
infection in the previously antibody negative cohort.*®

An English study evaluated the real-world effectiveness of the
Pfizer/BioNtech vaccine and Oxford/AstraZeneca vaccine in adults
aged 70 and older.*’ The primary endpoint of the study following
exposure to either one of two doses of the Pfizer/BioNtech vaccine
or one dose of the Oxford/AstraZeneca Vaccine was symptomatic
PCR confirmed SARS-CoV-2 infection. Hospitalisation and COVID-
19-related death were additionally analysed. In individuals aged 80
or more, effectiveness was reported to be 70% (95% Cl 59%-78%)
from 28 to 34 days following the initial dose of the Pfizer/BioNtech
vaccine. Effectiveness increased to 89% (95% Cl 85%-93%) 14 days
subsequent to the second Pfizer/BioNtech dose. With the Oxford/
AstraZeneca Vaccine in adults aged 70 and over, an effectiveness of
73% (95% Cl 27%-90%) was identified from more than 35 days post
the initial dose. Furthermore, individuals vaccinated with one dose of
the Pfizer/BioNtech had a 43% (95% Cl 33%-52%) reduction in the
risk of emergency hospitalisation, and 51% (95% Cl 37%-62%) reduc-
tion in the risk of death. The authors concluded that a single dose of
either vaccine is approximately 80% effective in this age group at
preventing hospitalisation, while a single dose of the Pfizer/BioNtech
vaccine is 85% effective at preventing COVID-19-related death.*’

3.7 | SARS-CoV-2 vaccine efficacy in patients
with IBD

Data regarding the efficacy of available SARS-CoV-2 vaccinations
in immunosuppressed or immunocompromised patients, including
those with IBD, are limited but emerging. All clinical trials evaluating
vaccine efficacy excluded patients with immunosuppression within
three to six months. When extrapolating from data for other par-
enterally administered vaccines, patients receiving corticosteroids,
anti-TNF or immunomodulators including calcineurin inhibitors may
have an attenuated SARS-CoV-2 vaccine response.’®%! In regards to
response to COVID-19 vaccines, a recently published cohort study

on 436 transplant recipients evaluated for antibody production to

|
the SARs-CoV-2 S1 domain of the spike protein when vaccinated
with the Pfizer-BioNTech (52%) and Moderna (48%) vaccines.>?
86% of patients were receiving tacrolimus, 54% corticosteroid, 66%
mycophenolate, 9% azathioprine, 4% sirolimus and 2% everolimus.
Those patients exposed to anti-metabolites, including azathioprine,
were less likely to develop antibodies in response to vaccination,
at 37% vs 63% in those not receiving anti-metabolites: adjusted
incidence rate ratio [IRR], 0.22 [95% CI, 0.15-0.34], P < 0.001.
With regards to the entire exposed cohort, the antibody response
was higher in those receiving Moderna as opposed to the Pfizer-
BioNTech (69% vs 31%, respectively: adjusted IRR, 2.15 [95% Cl,
1.29-3.57], P = 0.003).

Specific to IBD, a multicentre prospective observational cohort
study, the CLARITY IBD study, evaluated serological response to
SARS-CoV-2 infection in 6935 patients receiving either vedolizumab,
anti-TNF therapy or immunomodulators.>® Rates of symptomatic and
proven SARS-CoV-2 infection were similar between groups, how-
ever, antibody seroprevalence was lower in infliximab-treated than
vedolizumab-treated patients (3.4% (161/4685) vs 6.0% (134/2250),
P < 0.0001). Infliximab and immunomodulator use were inde-
pendently associated with lower rates of seropositivity in compari-
son to vedolizumab, with OR 0.66 ((95% CI 0.51 to 0.87), P = 0.0027)
and OR 0.70 ((95% Cl 0.53 to 0.92), P = 0.012) respectively. In pa-
tients with confirmed SARS-CoV-2 infection, seroconversion was
also observed in fewer infliximab-treated than vedolizumab-treated
patients (48% (39/81) vs 83% (30/36), P = 0.00044) and the magni-
tude of anti-SARS-CoV-2 reactivity was lower (median 0.8 cut-off
index (0.2-5.6) vs 37.0 (15.2-76.1), P < 0.0001), implying a blunted
response.’® However, the clinical implications of this are unknown.
As an extension to this data, the same group evaluated the serocon-
version rates to the Pfizer/BioNtech and AstraZeneca vaccines in
865 infliximab-exposed patients, compared to a reference cohort of
428 vedolizumab-treated patients without prior evidence of infec-
tion.>* Antibody responses were assessed at weeks 3 to 10 follow-
ing vaccination. Older age, immunomodulator use, Crohn's disease
(vs UC or IBD unclassified), and current smoking were associated
with lower anti-SARS-CoV-2 antibody concentrations irrespective
of the vaccine received. As predicted by the original CLARITY IBD
data, anti-SARS-CoV-2 antibody levels and rates of seroconversion
were lower following primary (first dose) vaccination with both the
Pfizer/BioNtech and AstraZeneca vaccines in patients with IBD
treated with infliximab compared to vedolizumab. Importantly, how-
ever, after two vaccines only 18% of infliximab exposed and 8% of
vedolizumab-exposed patients failed to mount an adequate sero-
logical response.>* Thus, ensuring the complete vaccine schedule
is completed in a timely fashion is important in biologic-exposed
patients.

The ICARUS-IBD working group from Mount Sinai New
York have published interim results of their similarly designed
study, evaluating serological response to the Pfizer/BioNtech
and Moderna vaccines.”® Sera from 48 patients, were tested for
“SARS-CoV-2 anti-RBD total immunoglobulins and IgG (Siemens
COV2T and sCOVG assays), anti-Spike 1gG (in-house ELISA), and
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anti-nucleocapsid antibodies (Roche)” following one or two vac-
cinations. Thirty-three and 15 with IBD completed one and two
doses respectively. In the latter group of patients, all produced
antibody responses considered adequate to qualify for conva-
lescent plasma donation. This included five patients on anti-TNF
monotherapy, nine on vedolizumab monotherapy and two on no
therapy. Vedolizumab exposure was associated with lower COV2T
anti-RBD total Ig (0.02) and anti-S 1gG (P = 0.0043) levels than
observed in controls.”®

Thus overall, although vaccination response is attenuated
by exposure to immunomodulators, anti-TNFs, and potentially
also vedolizumab, an adequate response can be achieved in the
vast majority of patients with two vaccinations. Further data for
those managed with immunomodulator monotherapy is needed.
Given the potential risk of an attenuated response, in particular
following a single vaccine dose, those patients who are immuno-
suppressed and have undergone vaccination are advised to main-
tain behavioural precautions to minimise infection exposure, and
should also ensure they receive their second dose of vaccine in a
timely fashion.

3.8 | Effect of IBD and IBD medications on
vaccination efficacy

The various medications employed in the management of IBD impart
differing degrees of immunosuppression. Live vaccines are contrain-
dicated in the setting of high-level immunosuppression. Occasionally
certain select live (ie VZV) vaccination may be considered in those
with low-level immunosuppression after discussion with the treat-
ing physician.’® Importantly, this is not a reflection of expected vac-
cine efficacy. Rather, this directive is driven by safety. None of the
currently available SARS-CoV-2 vaccines is considered “live” in the
classical sense. Those SARS-CoV-2 vaccines composed of a live viral

vector lack replicative capacity.

3.8.1 | 5-Aminosalicyltes

Sulfasalazine and the 5-ASA medications are used as first-line induc-
tion and maintenance treatment for UC. 5-aminosalicylates have
very mild immunosuppressive activity and are often well tolerated
with minimal side effects. There are no reports of these medications
being associated with reduced vaccination response or increased
side-effects with similar immune response seen to influenza vac-
cination and pneumococcal vaccination compared to the general
population.””*® Their use should not affect the decision to vaccinate
patients against COVID-19.

Treatment with 5-ASA therapy should continue during the
vaccination period in IBD patients

Treatment with 5-ASA therapy should not affect vaccine efficacy or
side-effects

3.8.2 | Corticosteroids

Corticosteroids are non-selective, broad immunosuppressive agents
used to induce rapid remission in patients with IBD. Importantly,
due to their varied but significant side effects, they do not have a
role in maintenance thera\py.59 Corticosteroid dose at the time of,
or preceding, vaccination determines whether live vaccinations are
considered safe. High-level immunosuppression is defined as treat-
ment with greater than 20 mg of oral prednisolone or equivalent for
more than two weeks, and within three months of having ceased
analogous therapy. Doses of less than this or for a shorter duration
are deemed to impart low-level immunosuppression,(’O but may re-
duce vaccine efficacy.

The response to hepatitis B vaccination is reduced in the setting
of high dose (>10 mg/day) corticosteroid exposure in patients with
IBD.%! The same is observed with doses >20 mg/day with polysac-
charide pneumococcal vaccination.®? Importantly the response to
HPV, conjugate and polysaccharide pneumococcal, influenza, yel-
low fever and herpes zoster vaccines is preserved in the presence
of low dose corticosteroid.’® Importantly, the latter two vaccines
are live vaccines, and are not recommended in the setting of corti-

costeroid use.”®

e Vaccines are efficacious in patients receiving corticosteroids at
doses of <10 mg prednisolone equivalent/day.

e |f commencing a higher dose of corticosteroid, consider SARS-
CoV-2 vaccination two weeks prior to commencement where
treatment delay is safe.

e To maximise vaccine efficacy, when patients are on high dose
corticosteroids consider delaying SARS-CoV-2 vaccination
until patients are receiving <20 mg prednisolone equivalent/
day when on a weaning regimen. It is important to note that
evidence to guide this recommendation is lacking and must be
weighed against the community prevalence and risk of COVID-19
acquisition.

3.8.3 | Immunomodulators

Methotrexate and thiopurines, including azathioprine, mercap-
topurine and tioguanine, are commonly used agents in the man-
agement of IBD.®® Individuals receiving doses of methotrexate
exceeding 0.4 mg/kg/week, azathioprine exceeding 3.0mg/kg/day,
or mercaptopurine exceeding 1.5 mg/kg/day, should not receive
any live vaccinations as they are considered to be highly immuno-
suppressed.®®¢%¢* Vaccine responses in patients exposed to im-
munomodulators are variably affected... Although the serological
response to influenza,®® hepatitis B!%%® and pneumococcal vaccina-
tion®”%® is reduced in the presence of immmunomodulators com-
pared to healthy controls, overall vaccination responses in IBD are
deemed to be adequate.®’

In the CLARITY IBD study,54 the use of immunomodulators
was independently associated with lower rates of serocon-

version following the first dose of SARS-COV-2 vaccination
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(BNT162b2 and ChAdOx1 nCoV-19). This finding is similar to
that of transplant recipients receiving an anti-metabolite (my-
cophenolate and azathioprine) who have comparatively low
rates of antibody production in response to the first dose
of mRNA vaccine.>> However, only a small proportion of pa-
tients did not mount an antibody response after the second
SARS-COV-2 dose in the CLARITY IBD study. This supports
the recommendation for IBD patients on immunomodulators
to proceed with and complete SARS-COV-2 vaccination as per
schedule.”®

The antibody response to the first dose of SARS-COV-2 vaccination
may be lower in IBD patients receiving immunomodulators;
however, the overall antibody response is adequate after
completing the vaccination schedule.

Treatment with immunomodulators should not deter patients from
SARS-CoV-2 vaccination.

3.8.4 | Anti-Tumour Necrosis Factor (TNF)

Anti-TNF-alpha therapies are considered to be highly immuno-
suppressive. Therefore, live attenuated vaccines are contraindi-
cated within the subsequent three months of exposure and during
therapy.11¢°

Data regarding the efficacy of vaccines in patients receiving
anti-TNF are conflicting. An attenuated response to hepatitis A
and hepatitis B vaccines has been cited.'®%%7174 Combination
therapy results in an attenuated and less durable pneumococcal
vaccination response, but efficacy with anti-TNF monotherapy
is preserved.>¢78737578 However, this latter statement was
contradicted by a single study identifying a reduced response
to the 23-valent polysaccharide vaccine with both combina-
tion and monotherapy anti-TNF. The timing of polysaccharide
vaccination in relation to anti-TNF dosage and treatment du-
ration does not alter the pneumococcal vaccination response.3
Combination therapy with an immunomodulator and anti-TNF
also have lower rates of seroprotective response to influenza
vaccination compared to non-immunosuppressed patients.”? 8!
This does not vary with the timing of vaccine and anti-TNF
schedule,®® but may be overcome with high dose vaccination.
Booster dosing has not been shown to be effective in enhancing
vaccine efficacy.sz’83

As discussed previously, data from the CLARITY-IBD study sug-
gest those exposed to anti-TNF may have an attenuated serological
response to both SARS CoV-2 vaccination and infection.*>**How-
ever, protective antibody titre levels can be obtained, and are com-
mon following completion of a two-dose vaccine schedule.?®6%84
The same is observed with hepatitis A vaccination, with 86% of
anti-TNF treated IBD patients achieving adequate seroprotection

with two vaccine doses.”*
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e Vaccine efficacy may be decreased by anti-TNF therapy,
particularly in combination with an immunomodulator, although
data are conflicting.

e A seroprotective vaccine response is still achieved with the
majority of vaccines.

e Recent data suggest seroprotection may be reduced with
SARS-CoV-2 vaccines following a single dose however patients
responded appropriately after their second dose; therefore,
prompt administration of the second dose where relevant
should be instigated.Anti-TNF therapy commencement should
be delayed two weeks post SARS-CoV-2 vaccination to optimise
efficacy where safe to do so.

e Treatment with anti-TNF should not be interrupted to vaccinate
with non-live or non-replicative viral vector vaccines including
SARS-CoV-2 vaccines.

3.8.5 | Ustekinumab

Ustekinumab, an IL12/23p40 subunit antibody, is a well-established
therapeutic option in CD, with evidence and experience accumu-
lating in UC.8% Live vaccines are contraindicated in the setting of
ustekinumab exposure, including in the three months post medica-
tion cessation.11¢°

Data regarding vaccine efficacy in patients with IBD treated with
ustekinumab are limited. Ustekinumab does not impair pneumococ-
cal or tetanus vaccine response in patients with psoriasis®® nor in-
fluenza vaccination response in IBD patients.®” Further studies are
required before more definitive recommendations can be made, but

such studies provide a degree of reassurance.

Vaccines are efficacious in IBD patients receiving ustekinumab,
although data are limited.

Treatment with ustekinumab should not be interrupted to vaccinate
with non-live or non-replicative viral vector vaccines including
SARS-CoV-2 vaccines.

3.8.6 | Vedolizumab

Vedolizumab, a fully humanised monoclonal 1gG-1 antibody, in-
hibits a4p7 integrin on lymphocytes and thereby prevents their
translocation to the gastrointestinal tract.®® Consequently, ved-
olizumab has minimal impact on systemic inflammatory pathways.
Recommendations regarding the safety of live vaccines in those
managed with vedolizumab are conflicting and largely based on
low-level evidence. Vedolizumab is deemed to be a high-level im-
munosuppressive, and hence live vaccination is contraindicated
during therapy and in the three months subsequently.®® However,
this recommendation has been disputed more recently by a Swiss
working group, stating vedolizumab should not be withheld prior
to the provision of live vaccination.!* The risk vs benefit of vac-
cination should be considered when making this assessment on an

individual patient basis, as stated in the marketing information.®*
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Due to its gut-specific mechanism of action, the effects of
vedolizumab on parenteral vaccination response are unlikely to
be marked. A recent study in patients receiving vedolizumab
was inconclusive with respect to influenza vaccination effi-
cacy on the basis of high baseline influenza antibody titres.%’
Parenteral hepatitis B vaccination response in healthy controls
receiving a dose of vedolizumab, compared to those receiving
placebo are equivalent.®”?? In comparison to anti-TNF therapy,
the CLARITY-IBD study demonstrated more robust antibody
responses to SARS-CoV-2 vaccination, but the ICARUS-IBD
study identified a lower antibody response to mRNA vaccina-
tion in vedolizumab-exposed patients in comparison to healthy

controls.>#53

Parenteral vaccinations are efficacious in IBD patients receiving
vedolizumab, although data are limited.

SARS-CoV-2 vaccination may be attenuated by vedolizumab
exposure in comparison to healthy controls.

Treatment with vedolizumab should not be interrupted to vaccinate
with non-live or non-replicative viral vector vaccines including
SARS-CoV-2 vaccines

3.8.7 | Tofacitinab

Tofacitinib, an oral Janus kinase inhibitor, is effective for induc-
ing remission in moderate to severe UC’? and is considered to be
relatively heavily immunosuppressive. Live vaccinations should
consequently be avoided, however, recommendations with re-
spect to this are limited. An attenuated response to pneumococ-
cal polysaccharide vaccine is observed in RA patients treated with
tofacitinib, while the response to influenza vaccination is pre-
served.”® Vaccination against herpes zoster using a live vaccine is
efficacious in RA patients receiving tofacitinib in the subsequent
three weeks,”® but was complicated by disseminated zoster in one
patient without pre-existing VZV antibodies, and is thus discour-
aged. Additionally, the doses utilised in RA differ from those com-
monly employed in UC. 10 mg BD tofacitinib is employed as an
induction dose in UC, while 5 mg BD is used in RA. Hence, direct
inferences of vaccine efficacy from the RA population to UC pa-

tients may be invalid.

Vaccine efficacy may be decreased with the use of tofacitinib
although data are limited.

Delaying SARS-CoV-2 vaccination until patients have completed
tofacitinib induction and are receiving maintenance doses of 5 mg
BD is recommenced where this will not be expected to delay
vaccination excessively.

Tofacitinib commencement should be delayed two weeks post-
vaccination to optimise efficacy where safe to do so.

Tofacitinib therapy should not be interrupted to vaccinate with non-
live or non-replicative viral vector vaccines including SARS-CoV-2
vaccines

3.9 | Safety of SARS-CoV-2 vaccinations in patients
with IBD

Broadly speaking, inactivated vaccinations are considered safe and
advocated for in IBD, while the use of live vaccinations in immuno-
suppressed patients is contraindicated.>*7*?5 Specifically, mRNA
vaccines like the Pfizer-BioNTech and Moderna COVID-19 vaccines
do not carry a risk of causing the viral disease and the Canadian
Association of Gastroenterology (CAG) concluded: “it was biologi-
cally implausible for mRNA vaccines to cause catastrophic harm
in patients with IBD on or not on immunosuppressive therapy and
other serious harms highly unlikely”.”®

Currently, the only CDC mandated contraindications to SARS-
CoV-2 vaccination include previous severe allergic reactions or
anaphylaxis to the vaccine or its components. There are no med-
ical illnesses that preclude COVID vaccination on the basis of ex-
isting, albeit limited, data.”” This is important when considering
widely publicised complications associated with other coronavi-
rus vaccine development. The original Severe Acute Respiratory
Syndrome (SARS) coronavirus vaccine success was hindered by
immune complications.s’8 Fortunately, a more recent randomised,
controlled trial of a Middle Eastern Respiratory Syndrome
(MERS) coronavirus vaccine reported no severe adverse events.
Inflammatory complications with the presently approved SARS-
CoV-2 vaccines have been extremely uncommon and not clearly

causally associated.?>7%100

3.10 | Counselling regarding potential adverse
events of SARS-CoV-2 vaccination

When counselling prior to vaccination, patients must be informed
of the relatively common incidence of mild injection site tender-
ness and systemic flu-like reactions. Fatigue and headache were
reported in 59% and 54% respectively of young vaccine recipi-
ents following the second dose of the Pfizer-BioNTech vaccine,?
as opposed to 23% and 24% respectively in the placebo group.
This is comparable to the side effect profile of commonly utilised
vaccines.'? Similarly, injection site tenderness was reported in
over 60% of patients receiving the AstraZeneca vaccine. Myalgia,
chills, malaise, arthralgia and fever were also common.”? Given
the paucity of safety data regarding the administration of any
SARS-CoV-2 vaccine and other vaccines in conjunction, including
the influenza vaccine, it is prudent to ensure a 14-day interval is
maintained.'®!

More recently, concern regarding the risk of vaccine provoked
thromboticevents(specifically cerebral venousthrombosisandsplanch-
nic thrombosis with a concomitant thrombocytopenia, defined as the
“Vaccine-Induced Immune Thrombotic Thrombocytopenia (VITT)” or
“Vaccine-Induced Prothrombotic Immune Thrombocytopenia (VIPIT)”
syndrome) has arisen with the adenovirus-vectored vaccine, namely the
AstraZeneca vaccine. This syndrome mimics heparin-induced throm-

bocytopenia with detection of anti-platelet factor 4 (PF4) antibodies,
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occurring within four to 20 days of the first dose in the majority of
cases.’%? Although rare, the incidence of this highly morbid and fre-

)102103 3dverse event was

quently mortal (at the time of writing (18/86)
seven times the expected rate in a German population, with a plausible
connection to vaccination.’®* The majority of cases have occurred in
women under the age of 50 with no associated co-morbidities. The
European Medicines Agency (EMA) has formally recognised the asso-
ciation but presently suggests the benefits of vaccination outweigh the
risks. However, specific government directives in each country must
be considered and are highly variable in accordance with the risk of
SARS-CoV-2 acquisition.ms'106 Practitioners must remain cognisant of
such recommendations.*®®

Anaphylaxis has been reported rarely with the Pfizer-
BioNTech vaccine and has not yet been reported with the
AstraZeneca vaccine.?>?? Following the provision of almost
two million first doses of the Pfizer-BioNTech COVID-19 in
the United States, anaphylaxis was seen in 11.1 cases per mil-
lion doses.’®” The majority of cases occurred in individuals with
a prior history of anaphylaxis or allergic reactions and almost
all reactions occurred within 30 minutes of receiving the vac-
cine. The reaction is postulated to be caused by an allergy to
polyethylene glycol (PEG) 2000 that is in both the Moderna and
Pfizer-BioNTech vaccines.'°® Therefore previous anaphylaxis to
PEG 2000, to an injectable medication or to prior vaccine war-
rants specialist opinion regarding the safety of vaccination.1®
Additionally, a degree of cross-reactivity between the PEG 2000
and polysorbate 80 may occur. Thus, the use of an alternative
vaccination format following anaphylaxis to a specific SARS-
CoV-2 vaccination formulation may not be entirely without risk,
and medical consultation must be sought.lo8109

Specific to IBD,
Coronavirus Risk Associations and Longitudinal Evaluation-IBD
(CoralelBD) the study reported on 246 patients with IBD and

on immune-based therapies vaccinated with at least one dose

the prospective nationwide registry

of either the Pfizer-BioNtech or Moderna vaccines.!'® The over-
all frequency of adverse events was 39% following dose 1, and
62% following dose 2. This mimics that of the general population,
again with mild localised injection site reactions, fatigue and mal-
aise, fevers and chills commonly reported. Three and two patients
were hospitalised following dose one and two respectively, the
majority with fevers, chills and headaches. Adverse events oc-
curred more commonly in patients less than 50 years of age (47%
vs 29% after D1, P=0.011; 73% vs 45% after D2, P=0.003), those
with a prior history of COVID-19 (78% vs 37% after D1, P = 0.04)
and in those with UC as opposed to CD (78% vs 55% after D2,
P = 0.038). Patients receiving biologic therapies were less likely
to report adverse events (36% vs 47% after D1, P = 0.17; 54%
vs 82% after D2, P = 0.013), as were those receiving any immu-
nomodulating therapy versus unmedicated patients (37% vs 48%
after D1; P =0.22; 54% vs 86% after D2; P =0.012). The adjusted
analysis confirmed the reduced odds ratio of adverse events fol-

lowing second dose vaccine with biologic exposure (OR 0.32, 95%
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Cl 0.10-0.94; P = 0.049).1° Whether the reduction in rates of
adverse events reflects the reduced serologic response to vac-

54,55

cination observed in existing cohort studies is uncertain, but

theoretically plausible.

3.11 | SARS-CoV-2 vaccination in special
populations

3.11.1 | Pregnancy and Breastfeeding

Pregnancy poses an increased risk for severe COVID-19, thus im-
munisation must be considered particularly in those at high risk of
SARS-CoV-2 acquisition or with additional risk factors for severe
disease.??'1112 This includes pregnant, immunosuppressed pa-
tients with IBD, particularly those receiving corticosteroids, thio-
purines or combination anti-TNF therapy. There is a distinct lack of
evidence regarding the safety of existing SARS-CoV-2 vaccines in
pregnancy, with pregnant patients excluded from the seminal tri-
als.2>1%° Currently, it is recommended that SARS-CoV-2 vaccina-
tion be offered to pregnant and lactating women with IBD if they
would otherwise be offered the vaccine (ie if they did not have
IBD).®® Registry data will inform future practice, including from the
v-safe registry. This is established and maintained by the CDC as an
electronic reporting tool for outcomes subsequent to SARS-CoV-2
vaccination, has thus far included more than 30,000 self-reported
pregnant women. The majority of women were vaccinated in the
first trimester and with the Pfizer-BioNTech vaccine. Thus far, there
has been no signal for any pregnancy-specific safety concerns, with
the observed miscarriage rate comparable to that of the background
population.113 While this is reassuring, specific guidance from regu-
latory agencies is awaited.

Like in the setting of pregnancy, data specific to the safety of
SARS-CoV-2 vaccination in breastfeeding women is extremely lim-
ited.}* The British Royal College of Obstetricians and Gynaecologists
recommends that breastfeeding women be offered the SARS-CoV-2
vaccination if they otherwise would be, following informed discus-
sion with respect to the lack of specific safety data. 1*> Of interest,
a pre-print study of six women who received a COVID-19 mRNA
vaccine while lactating, found that following vaccination the breast
milk transmissible SARS-CoV-2 immunoglobulins which potentially

may be protective for infants.*

3.11.2 | Paediatric

Most of the existing SARS-CoV-2 vaccines are not approved in
children younger than 16 years old, due to exclusion from ini-
tial trials. Fortunately, paediatric IBD patients appear to be at low
risk of severe COVID-19 irrespective of medication exposures.*’
Vaccination trials are ongoing in the paediatric population. The use

of the Pfizer vaccine in a cohort of 2260 children aged 12-15 had
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been demonstrated to be 100% effective with no concerning or un-
expected safety signals, and there has been recent emergency use

authorisation for this vaccine in this age group.!*® A phase 1/2/3 trial

in 6 months to 11-year-olds has recently commenced.!*®

3.12 | Summary of recommendations

All patients with IBD should be vaccinated against pneumococcal
and influenza in accordance with pre-existing international society
guidelines, regardless of IBD medical therapy.

SARS-CoV-2 vaccination is recommended for all adult non-pregnant
individuals with IBD without contraindication, regardless of IBD
medical therapy.

Individuals on immunosuppressive therapies for IBD including
corticosteroids, immunomodulators and anti-TNFs may have
reduced vaccine efficacy, in particular, to single-dose vaccination
but this should not deter patients or practitioners from vaccinating
and should encourage completion of a two-dose vaccination course.

Individuals receiving immunosuppressive medical therapies for
IBD must continue to implement non-pharmaceutical practices to
minimise the risk of SARS-CoV-2 acquisition due to the theoretical
risk of reduced vaccine efficacy.

Data regarding the use of SARS-CoV-2 in pregnant individuals
remain limited. Therefore, the relative risks and benefits of
vaccination must be discussed with each patient individually.

SARS-CoV-2 vaccination cannot be recommended in individuals
with IBD younger than 12 years of age presently, due to lack
of efficacy and safety data and the relatively low risk of severe
COVID-19 in this population, although data are emerging rapidly.

Individuals with a past history of anaphylaxis to medicines should
consult with their medical practitioner prior to receiving a SARS-
CoV-2 vaccine. SARS-CoV-2 vaccinations are contraindicated in
individuals with a history of anaphylaxis to a SARS-CoV-2 vaccine
or their components according to manufacturer recommendations.
However, speciality immunologist review should be considered
if the risks of COVID-19 in the individual outweigh the risks of
medically supervised vaccination.

Women with IBD who are pregnant, or breastfeeding should be
offered SARS-CoV-2 if they would otherwise be a candidate for
it, with an individualised and collaborative risk-benefit analysis
undertaken for each patient.

4 | CONCLUSION

The COVID-19 pandemic continues to evolve rapidly, with a need
to prioritise the prevention of acquisition and progression to severe
disease. These recommendations, based on the available evidence
presently, will be modified as data specific to the immunosuppressed
IBD population accumulates. Clinicians must focus on providing pa-
tients with sound, well-reasoned advice to support their decision to
vaccinate. This is especially important in the setting of an immuno-
suppressive medical condition, where safety and efficacy concerns

may be particularly anxiety-provoking.
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