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ABSTRACT Manuscript Doi: 10.1093/ecco-jcc/jjab046

Since the beginning of the pandemic, patients with inflammatory bowel diseases (IBD) have been considered
at high-risk for infection and complications of COVID-19. However, IBD patients and patients taking
immunosuppressive therapy were excluded from clinical phase Ill vaccine trials, complicating the assessment
of effectiveness of these new vaccines. From past experience we know that adapted vaccination strategies
may be appropriate in some IBD patients to optimize immunogenicity. We review current evidence on SARS-
CoV-2 vaccination relevant to IBD patients, including immune responses from humoral to cellular, emerging
data on new variants and off-label vaccination schemes. We also identify clinical and scientific knowledge gaps
that can be translated into both large-scale population-based studies and targeted vaccine studies to describe
the precise immune responses induced by SARS-CoV-2 vaccines in IBD patients. We strongly endorse the
recommendation of vaccinating IBD patients to ensure maximal protection from COVID-19 both for the

individual and the community.
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1. Introduction

The inflammatory bowel diseases (IBD), principally Crohn’s disease (CD) and ulcerative colitis (UC), are chronic
inflammatory conditions of the gastrointestinal tract of global importance, with prevalence rates of
approximately 0.5- 1% in Western populations.:L The clinical management of IBD during the severe acute
respiratory syndrome coronavirus-2 (SARS-CoV-2) pandemic has been an area of great concern to patients and
physicians worldwide. While IBD patients have altered underlying immune responses which may leave them
more vulnerable to infections 2, immunosuppressive treatment is widely accepted as a key determinant of

. . — . . . 3,4
risk for serious, opportunistic and vaccine preventable infections ™.

Of immediate concern given the recent roll-out of several vaccines to combat COVID-19 (Corona Virus Disease
2019), is the consideration that the immunological response to vaccination may be blunted in IBD patients
receiving immunosuppressant treatment, increasing the need for alternative strategies.3 IBD patients were not
included in safety and efficacy phase Ill-trials for COVID-19 vaccines, and neither were patients managed with
immunosuppressive therapies. In this review we aim to complement existing recommendations considering
vaccination for SARS-CoV-2 in IBD patients by integrating knowledge of efficacy and safety of vaccines other
than SARS-CoV-2 in IBD patients with the rapidly emerging data from vaccination and viral evolution in SARS-

CoV-2.°

2. SARS-CoV-2

2.1 SARS-CoV-2 in IBD

By the time of writing in the beginning of 2021, over 111 million confirmed SARS-CoV-2 cases, including over
2.4 million deaths, have been reported to the World Health Organization (WHO). Although COVID-19 leads to
few or mild symptoms in the majority of affected patients, it may cause severe and lethal disease in others, more
specifically progressive pneumonia, acute respiratory distress syndrome and organ failure driven by

hyperinflammation and a cytokine storm syndrome. SARS-CoV-2 uses the receptor ACE2 to enter the host cell
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tissue. With the demonstration that this receptor is induced in patients with active colonic IBD, and also
influenced by increasing age, active smoking status and active disease®, real concern arose that active disease
could lead to increased susceptibility. The question as to whether immunosuppressant therapy increases this risk
by the nature of the therapy or paradoxically decreases it by addressing intestinal or systemic inflammation, is
unclear.®® As a result, early in the first wave of the pandemic, guidelines from the International Organization for
the study of Inflammatory Bowel Disease (IOBD) were released suggesting that after an assessment of potential
risks and benefits, maintenance therapies should not be withheld.® Furthermore, patients on immunomodulation
were asked to adapt stringent hygienic measures, ‘shielding’ from the community if possible or put in place

extended social distancing to avoid infection.”®

The initial data that emerged regarding the risk of severe COVID-19 in IBD patients in 2020 were relatively
reassuring. The first observational data reporting on this risk, came from Italian centers and reported no
increased negative outcomes in IBD patients, even when on anti-TNF therapy.'® The Surveillance Epidemiology
of Coronavirus Under Research Exclusion for Inflammatory Bowel Disease (SECURE-IBD) observational
database of reported COVID-19 in IBD patients, a large worldwide initiative concurred with this evidence,
showed that systemic corticosteroids, but not anti-TNF was associated with severe COVID-19."* However, more
recently, the extended follow-up report from the SECURE-IBD of 1439 patients in 47 countries raised concern
that thiopurine monotherapy and combination therapy of thiopurines and infliximab was associated with

increased risk for severe COVID-19, compared to infliximab monotherapy.

Whilst the SECURE registry addressed the incidence of severe complications, the study has not allowed
assessment of susceptibility to mild or subclinical infection. In this context, observational seroprevalence data
from Germany, ltaly, the UK, and US (private communication) in IBD patients on either vedolizumab or
infliximab did not show an elevated seroprevalence of SARS-CoV-2, suggesting continuation of infusion
medications and attending infusion centers are safe practices. ****** Indeed these data leave open the possibility
of a protective effect of cytokine blockers.*? It is important to note that these are observational studies and carry

the risk of confounding bias. For example, more restrictive social behaviors might explain these results.

Several large prospective studies are currently under way to assess seroprevalence longitudinally in IBD

patients treated with infusion therapies (vedolizumab and infliximab), namely the global International study of
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Biologic and Immunomodulatory Therapy on SARS-CoV-2 Infection and Immunity in Patients with
Inflammatory Bowel Disease (CLARITY-IBD) initiatives (ISRCTN45176516). These studies will yield important
information on IBD patients’ immunological response to natural infection with SARS-CoV-2 and the effects of
immunomodulating therapeutics, which are important baseline data as we look to assess responses to SARS-
CoV-2 vaccines in these patients. When available, the data can be contrasted to our current knowledge of the
pathophysiology and immune response associated with natural recovery in the immunocompetent host, as is

discussed in section 4.1.

2.2 SARS-CoV-2 vaccines

The pandemic has catalyzed a rapid joint response from research and industry to produce a novel vaccine. This
has paved the way for the development of new vaccination strategies such as mRNA platforms and use of
adenoviral vectors, of which there are now registered vaccines, while others are still in various stages of
development (figure 1)."”*® Most current vaccines target the spike protein of SARS-CoV-2, which is the protein

that binds to the ACE2 receptor, since analysis of convalescent patients suggested that this is an

immunodominant antigen, eliciting both antibody and T cell responses.19

The ChAdOx1 nCoV-19 vaccine developed by AstraZeneca in Oxford, is a replication-defective chimpanzee
adenovirus-vectored vaccine that expresses the full-length SARS-CoV-2 spike glycoprotein gene. The advantage
of the adenovirus vector is that viral antigens can be transferred safely to host cells without the risk of
replication (of living viral vaccines) and without the need for adjuvants, but with preserved induction of strong
T cell responseszo. A simian adenovirus was used to bypass potential pre-existing immunity to the vector. This
vaccine was indeed shown to induce both humoral and T cell responses in rhesus macaques and humans.™®*".
In their phase I/Il trials, Barrett and colleagues showed that the vaccine elicited a multifunctional antibody
response, with the formation of Fc-mediated antibody responses (such as antibody-dependent
neutrophil/monocyte phagocytosis, complement activation and natural killer cell activation), along with

neutralizing antibodies to the spike protein (figure 2).22 In the interim analysis of their phase Ill trial (4 RCTs in
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effectiveness of up to 90.0% in subjects receiving a lower first dose, followed by a standard dose).”® Local and
systemic adverse events were common, but mild overall and were better tolerated in older adults.” These
interim results were confirmed by a pooled analysis of the full primary results, reporting evidence for a 3-

month interval with vaccine efficacy of 76.0% at day 22-90 after the first dose.”

Another vaccine now available that deploys a similar approach is the Sputnik V vaccine, also known as Gam-
COVID-Vac. This Russian vaccine contrasts to the AstraZeneca one, in that it is a heterologous recombinant
adenovirus-based vaccine (rAd). Although it also carries the gene for the full-length spike glycoprotein, the
vector for the first shot is a rAd type 26, followed by an rAd type 5 to minimize anti-vector immunity.25
Delivered with a 21-day interval, an interim phase Il trial analysis showed an efficacy of 91.6% (COVID-19

confirmed cases) with good toIerabiIity.25

In addition, there are currently two types of mRNA vaccines available: the 1273 and BNT162b2 vaccine by
Moderna and Pfizer BioNtech, respectively. Both are lipid nanoparticle—encapsulated mRNA-based vaccines
encoding the spike glycoprotein of SARS-CoV-2, a platform that has proven capable of forming neutralizing

2628 |n their phase Il trials, induction of both neutralizing

antibodies in a T cell-dependent manner.
antibodies and T cell responses was reported, although more detailed functional studies like in the ChAdOx1
nCoV-19 are currently not available. Efficacy data for both vaccines proved to be above expectations early in
the phase Il trials. For the BNT162b2 vaccine, 21,720 participants received the vaccine versus 21,728 who
received placebo injections, and the reported protection of against COVID-19 was 95%.” For the mRNA-1273
vaccine, there were 15,210 participants in each of the vaccine and placebo arms, and a 94.1% efficacy at
preventing COVID-19 illness was reported.30 The most common side-effects were short-term, mild-to-

moderate injection site pain and mild systemic reactions, consistent with other approved vaccines.”°

Other vaccination strategies have emerged - in the recently published phase | trial of BBV152, a whole-virion
inactivated vaccine that is linked to a toll-like receptor (TLR) 7/8 agonist to help stimulate cell-mediated
responses, was shown to be safe and induce serological response. Such a vaccine delivers many more epitopes
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in the spike glycoprotein.31

2.3 Vaccinating IBD patients: is today better than tomorrow?

A statement from the IOBD was recently released; using the Delphi method, the group’s consensus clearly
states that vaccination is safe and the ideal timing for vaccination is as early as possible.32 Concurring with this,
both D’ Amico et al and the British Society of Gastroenterology Inflammatory Bowel Disease section and IBD
Clinical Research Group position statement proclaim that the advantages to vaccination outweigh the possible
disadvantages from vaccinating our patients and that unbiased and consistent advice should be provided to
patients to discourage vaccine hesitancy.s’33 Moreover, all cited sources.emphasize that vaccine effectiveness
rather than safety is the key concern in IBD patients, and patients should be encouraged to receive vaccination

whenever possible to reach the highest possible vaccination rate.**

However, patients with an ‘immunosuppressed or immunodeficient state’ were excluded from COVID-19
vaccine clinical trials to-date. Thus, there are no evidence-based data on efficacy and safety for IBD patients.
This lack of evidence is complicated further by the fact that the immune response in natural infection in
otherwise healthy subjects is still incompletely characterized, especially regarding durability of a (protective)
immune response after natural infection and after vaccination. The many uncertainties (Box1) can be
addressed through large-scale, prospective clinical trials, and painstaking post-marketing surveillance,
complemented by ‘deep’ immunological studies to fully understand the effect of both natural infection and

vaccination on this special population.

3. Vaccination in IBD: lessons from the past

Although numerous groups and experts support the importance of adequate vaccination of IBD patients34'35,

the percentage of physicians that monitor and routinely recommend vaccination to IBD patients is low

)2,4

(approximately 50%)~", resulting in a lower vaccination uptake in IBD patients compared to the general

population.“'36 Importantly, vaccination in IBD is considered to be safe and is not associated with disease onset
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and mainly date back to a time when treatment options were limited (table 1). However, the therapeutic
armamentarium that is available today comprises a variety of immunomodulatory drugs, which may be

important determinants of altered immunogenicity to vaccination efforts (table 2-3).

Regarding influenza vaccination, several studies have suggested attenuated responses in IBD patients. A study
of 132 IBD patients reported adequate immunogenicity with lower response to the inactivated quadrivalent
influenza vaccine when treated with infliximab.”’ Furthermore, a prospective study in 255 IBD
patients confirmed high seroprotection rates, but with lower persistence in patients with anti-TNF treatment.*®
This was confirmed again in a study with 66 IBD patients that showed inhibited response to some strains when
under infliximab, immunomodulators or the combination of both.> Yet another study on the adjuvanted 2009
A/H1IN1 pandemic vaccine showed that patients on infliximab had a worse serological response than healthy
controls, and worse still when treated with a combination of infliximab and other immunosuppressive

‘cherapy.40

On the other hand, in a large rheumatological study, adequate serological protection was found after a single
influenza vaccination, without significant effect of TNF-blockers.”* A similar study that included IBD patients
also showed that the proportion of patients attaining a protective response was not significantly altered
(although a modest decrease in antibody response to A/H3N2 and B was noted), suggesting vaccination in

these patients is productive.42

Looking at non-influenza vaccines, the hepatitis B vaccine has been extensively studied and has been found to
be less immunogenic in IBD patients than in non-IBD controls, which is even more pronounced when treated
with immunosuppressant medication.” Mechanistically, recent research in patient with ankylosing spondylitis
has revealed that TNF blockade severely inhibits T cell dependent humoral responses, resulting in suppressed

responses to hepatitis B vaccination. On the other hand, T cell independent response to the 23-valent
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patients showed that clinical response to infliximab was associated with an improvement of splenic function
measured by a decreased proportion of pitted red cells and expansion of the IgM-memory B cell pool. This
memory B cell population is important for protection against encapsulated bacteria, illustrating the complexity
of vaccination responses.44 Regarding new vaccination platforms, one study regarding adenoviral vector
vaccines in vitro has shown that mucosal-associated invariant T (MAIT) cells contribute to maximal
immunogenicity in a TNF- dependent manner in both mice and humans.* This raises the concern that there
may be reduced protection conferred via adenoviral-based vaccines, when receiving anti-TNF based,
maintenance therapy. Moreover, the functionality of MAIT cells in mounting and effective immune response in
IBD patients without TNF blockers, needs to be determined. While only recently discovered in 1993, MAIT cells
represent about 10% of our T cell population and are profusely found in peripheral blood, liver, gut and lungs.
They perform innate-like immunity functions upon recognition of bacterial metabolites through an MHC-class
I-related MR-l molecule or through T cell receptor-independent activation via inflammatory and antiviral
cytokines to combat viral infection and have both (tissue specific) effector and memory functions, which are
attractive for vaccine development for pathogens that propagate through mucosal entry.46 In IBD patients,
MAIT cells in the peripheral blood are found to be reduced, but exert a more activated state, while data on
MAIT cells in inflamed gut tissue are conflicting.47 What this means for vaccination response in IBD patients, is

currently unknown.

These studies raise .the concern that patients receiving immunosuppressive therapies like anti-TNF
(combination therapy) may be at risk for reduced vaccination responses. The question is: can attenuated
vaccine responses be overcome in IBD patients? Strategies to address this for other vaccines have involved
alternate dosing and schedules. The aforementioned study of 132 patients, showed no effect for an added
booster of the quadrivalent inactivated influenza virus.”’” These results are similar to an earlier randomized
study on the trivalent influenza vaccine, also reporting that a second booster did not improve the immune

response in 78 IBD patients treated with immunosuppressant therapy.48
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(40 on infliximab and 19 on vedolizumab) and 20 healthy controls, generated significantly higher H3N2
antibody levels when receiving the high dose vaccine compared with the standard dose.* In contrast, HIN1
postimmunization antibody levels were not significantly different. Interestingly, IBD patients receiving the high
dose influenza vaccine and those on vedolizumab who received standard dose had equivalent antibody
concentrations to healthy controls. Taken together, these data suggest that higher dose influenza vaccines
could be beneficial in patients on anti-TNFs but not needed in patients receiving vedolizumab.* Regarding
hepatitis B vaccination, a significantly higher seroconversion rate was found in 148 Crohn’s disease patients
(with or without immunosuppressive therapy) after adapting a double dosage and faster protocol (Engerix B

double dose at 0, 1 and 2 months vs. the standard protocol (Engerix-B single dose at 0, 1 and 6 months).>

Of note, considering the timing of infusion relative to administration of a vaccine, a randomized controlled trial
in influenza in 137 IBD patients on infliximab maintenance therapy showed no difference in serological

protection whether the vaccine was administered midway or at the time of infusion.”*

There is limited evidence on vaccination efficacy for the newer therapies such as vedolizumab, ustekinumab
and tofacitinib. Nonetheless, the current evidence available for these therapies is generally encouraging.sz’53
Interestingly, IBD patients receiving ustekinumab appear to mount robust humoral and T cell responses to
influenza vaccination.® On the other hand, there may be reduced responses to oral vaccination strategies in
patients on vedolizumab, possibly due to reduced homing of T cells, assessed after administering an oral
cholera vaccine.” As we look to other diseases for which these medications are prescribed, in rheumatoid
arthritis patients, tofacitinib is associated with a reduced humoral response to the PPSV23 vaccine

56,57

(pneumococcal polysaccharide vaccine). Notably, ustekinumab is also used in psoriasis, but with a different

dosing regimen than when treating colitis, thus complicating comparison.58
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4. SARS-CoV-2 vaccination efforts in IBD: host-virus considerations and studies needed

4.1 A call to arms - immune responses to SARS-CoV-2 vaccination

As SARS-CoV-2 vaccine distribution broadens, patients and clinicians will be first and foremost eager to know
clinical efficacy of vaccination in IBD patients. In addition to this, it is crucial to note that immune protection
induced by vaccinations is mediated through a complex interplay amongst innate, humoral, and cell-mediated
responses. Variations in both the quality and quantity of an immune response can be substantial, as illustrated
by a more than 100-fold difference in antibody titers after vaccination for hepatitis B.”® A recent review
highlights vaccine-related factors, including type, product, adjuvant, dose, and administration factors (i.e.
schedule, site, route, time of vaccination), and individual factors, such as immunogenetics, microbiota, anti-
and probiotics, malnutrition and vitamin deficiencies, that could contribute to an individual’s humoral
responses.sg’60 Therefore, clinicians and scientists must take into account measurements of immune responses
and individual determinants of SARS-CoV-2 immune responses. First, “correlates of protection” must be
defined, for example “a specific immune response to a vaccine that is closely related to protection against
infection, disease, or other defined end point".61 This is important as some vaccines might only protect against

clinical disease, but not asymptomatic infection with viral shedding. In such a case, the pathogen could still be

.. . . . . . . . . 61
transmissible with major complications in controlling the virus on community level.

Second, antibodies are often used as a surrogate of response, but there are several important details to keep
in mind. Since neutralizing antibodies to SARS-CoV-2 have been shown to protect against disease in animal
models and both convalescent plasma and industrialized antibodies have been used with varying clinical
success, it is generally assumed that neutralizing antibodies are necessary for immunity to SARS-CoV-2 and

have been the primary endpoint in vaccination efficacy trials.®*

The main SARS-CoV-2 neutralizing antibodies
studied recognize Spike (S) protein, which mediates receptor binding, adhesion and cellular entry. The S
protein is the main target of vaccine-induced immune responses to date (with the exception of whole
attenuated or inactivated virus vaccines) and can be measured by a variety of commercially available assays.

Of note, other commercial assays measure antibodies to nucleocapsid (N) protein, which can be robust during

11
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vaccines, but they are expected to appear when attenuated/inactive virus vaccines would be used or after

natural infection with SARS-CoV-2.

To complicate this analysis of response further, “adequate” levels of binding antibodies do not necessarily

%1 In fact, antibody response in

mean they are also functional in terms of neutralization capacity for viruses.
vitro does not necessarily correlate with health outcomes. It is important to note that seroconversion does not
translate into disease protection, and the correlate can also be true - a lack of seroconversion is not necessarily

associated with susceptibility.*”*

In addition, antibody levels may wane with time, but seronegative
individuals can still be protected through other immune mechanisms, as shown, after hepatitis B vaccination.>

Thus, while measuring antibodies is straightforward, interpretation of results can be rather complex.

Furthermore, there is good evidence to support the role of cellular immunity in combatting SARS-CoV-2.%%%

Myriad studies have emerged showing distinct cytokine signatures and T cell specific responses independent of
antibody responses and a profound T cells response in SARS-CoV-2 is believed crucial in mounting an effective
antibody response, cytotoxic capacities and inducing a long term immunological memory to protect against
reinfection, even with cross-reactive properties.68 These will be important to explore in IBD patients, for which
little is known regarding T cell responses to SARS-CoV-2. Evidence from cytomegalovirus (CMV) suggests
passive antibodies have the ability to protect, but once latent infection has been established, T cell function is
necessary to control reactivation and clinical disease.’’ In the case of influenza, antibody titers after
vaccination are shown to be unreliable for predicting risk of influenza in the elderly, again necessitating a T cell
response.20 Assays that measure B and T cell activation, lymphoproliferation, and cytokine responses to SARS-
CoV-2 in IBD patients are needed, as well as standards for the general population and more ‘classic’ virology

for comparison.

As an added factor, the genetic profile may be important in the vaccinee, and several HLA haplotypes in the
general population have been associated with a higher risk of vaccination failure; however, whether these
genetic factors cause deficient antigen presentation or diminished recognition by immune cells and whether
this will be important in SARS-CoV-2 remains unknown.’ Large ongoing genomics research efforts will be

informative, as they have been in identifying determinants of severe COVID-19.

12
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importance in IBD patients. COVID-19 appears to be associated with gut dysbiosis that can reflect disease
severity and persist after viral clearance.” Intriguingly, memory B cells appear to undergo continued clonal
turnover and somatic hypermutation six months after resolution of primary SARS-CoV-2 infection.”® While yet
to be proven as the causative persistent antigen presence driving long term enhancement of B cell responses,
SARS-CoV-2 RNA was found in intestinal tissue biopsies from asymptomatic convalescent patients in whom

nasopharyngeal swab PCRs were negative.70

Taken together, in order to improve vaccine immunogenicity and efficacy, studies quantifying immune

. .o . . . . 0 . . 59
responses and individual determinants for response to vaccination in IBD patients will be essential to pursue.

4.2 SARS-CoV-2: a moving target

Recently, the topic of viral mutation was brought to the attention of both the lay press and the scientific
community due to the emergence of several SARS-CoV-2 variants, broadly known as the ‘UK’, ‘South-African’
and ‘Brazilian’ variant.”*” Interestingly, these kind of mutants were long expected, and there are currently
more than 35,000 genome sequences publicly available with an ever-growing number.”* As reported by the
Center for Disease Control (CDC), the ‘UK’ variant goes under the various names of B.1.1.7 lineage (a.k.a.
201/501Y.V1 Variant of Concern (VOC) 202012/01) and has a mutation in the receptor binding domain of the
spike protein at position 501 (N501Y), where amino acid asparagine (N) has been replaced with tyrosine (Y).
Importantly, this variant also has several other mutations, including: 69/70 deletion, P681, ORF8 stop codon
(Q27stop) and has been associated epidemiologically with increased transmissibility.75 A ‘South African’ variant
is known as the B.1.351 lineage (20H/501Y.V2) and has multiple mutations in S protein, including K417T,
E484K, N501Y.” Lastly, the ‘Brazilian’ variant P.1 lineage (20J/501Y.V3) contains 17 unique amino acid changes
and 3 deletions. This variant contains three mutations in the spike protein receptor binding domain: K417T,

E484K, and N501Y.”
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evasion of neutralizing capacity of antibodies (in vitro).76’77

Notably, one of the first studies addressing this
question on the ‘South African’ variant showed that the mutant virus exhibited substantial to complete escape
from neutralization by convalescent pIasma.78 Subsequent studies assessing the serum neutralizing capacity
after vaccination with the mRNA-1273 and BNT162b2 vaccine by Wu et al. and Liu et al respectively, reported
weaker neutralization responses to the B.1.1351-spike virus, which is of concern and warrants further

79,80

study.

Of recent special interest, is the E484K mutation, that has now not only been found in the ‘South African’ and
‘Brazilian’ variant, but has also emerged in UK samples.81 Concern has arisen since Collier and colleagues
released a preprint that assessed the immune response after BNT162b2 vaccination using a viral
pseudotypes.82 After a single vaccination, the neutralizing serum capacity was reduced by a 3.85-fold when
comparing the wild-type to the B.1.1.7 containing pseudoviruses. This reduction was even more severe when

an E484K mutation was introduced to the B.1.17 background.

This could foreshadow important reinfection capacity and possible ineffectiveness of the currently available
vaccines (as evidenced by lower effectiveness of the Novavax and Johnson & Johnson vaccines in South-Africa

)83'84, though it is possible that non-neutralizing antibody functions or cellular immunity

vs. UK and US sites
respond differently to these mutated variants and that the herd immunity after natural infection or
vaccination is not affected in a dramatic way. Additionaly, increasing data show that the B.1.1.7 lineage might

be associated with an increased risk of hospitalization and death as communicated by the New and Emerging

Respiratory Virus Threats Advisory Group (NERVTAG).*

Viral surveillance is and will remain of utmost importance to diagnose potentially important mutations
associated with increased infectivity or a more severe course of disease. Large-scale post-marketing
(epidemiological) studies, integrated with these point-mutations and crystal structures will be key to

understanding the true clinical meaning of this viral evolution.®
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As vaccines are rolled out all over the world and the demand is high, policy makers are faced with decisions
regarding prioritizing of certain groups and vaccine delivery. A strategy was adopted by the UK which involves
delaying the second dose of the Pfizer/BioNtech vaccine until 12 weeks after the first dose, instead of the
recommended interval of 21 days. The rationale of the Joint Committee on Vaccination and Immunization
(JCVI) was that 50-60% efficacy with one dose is preferable over 95% efficacy for half the number of individuals
in trying to get maximal coverage of the population as quickly as possible and thus safe more lives.”
Unfortunately, this hypothesis was not based on evidence, and the WHO, Federal Drug Administration (FDA),
European Medicines Agency (EMA) and CDC in the US all recommended against delaying this second dose.
Nonetheless, Denmark also adapted the same strategy in delaying second doses up to 6 weeks. Interestingly, a
preprint from a study in Scotland has been released showing an encouraging reduction of COVID-19 related
hospitalization of 85% (for the BNT162b2 vaccine, 95% Cl 76-91%) and 94% (for the ChAdOX1 vaccine, 95% Cl

73-99%) in a prospective cohort study of 5.4 million people 28-34 days after a single dose.®

Moreover, in Israel, one of the leading countries regarding vaccine coverage, reported that in 200 000 patients
(of age 60 or older), their chances of testing positive for the virus were reduced by 33%, 2 weeks after their
first dose of the Pfizer/BioNtech vaccine.” Similarly, early reductions in SARS-CoV-2 infection and COVID-19

rates were seen in Israeli health-care workers after receiving the first dose of the BNT-162b2.%°

Some concerns remainon the longevity of response continue — notably the report in the New England Journal
of Medicine that neutralizing antibodies fell dramatically in 34 healthy participants by the time of the second
dose of the Moderna vaccine.” This is worrisome since, similar to the Pfizer/BioNtech vaccine, the Moderna
vaccine is an mRNA vaccine; in fact, the Moderna vaccine uses a higher dose (100 micrograms) than the Pfizer

. . 92
vaccine (30 micrograms).

Although overall the real-life evidence is increasingly encouraging, longer-term follow-up will be crucial in
determining how these data translate to clinical outcomes. To date, alterations in immunity after 34 days after

a first dose has not been reported formally and these findings might still alter these preliminary results.”
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in especially frail vulnerable individuals, by definition at increased risk from Covid-19. Although investigations
are still ongoing, fatal outcomes were reported in 33 patients over 75 years of age who received the
Pfizer/BioNtech vaccine in care homes.” In light of these current trends, it will be of utmost important to
follow vaccine responses carefully in IBD patients particularly as their responses to SARS-CoV-2 vaccination

whether to standard or delayed dosing are unknown.”

5. Concluding remarks and future directions

The mechanisms involved in the altered response to vaccines in IBD patients remain largely unknown. Since
both the relative contributions of different immune cell deficiencies in“IBD and the induced deficiencies by
immunomodulatory drugs remain elusive, adequately predicting the immunogenicity of any given vaccine
remains challenging. More basic and clinical research is necessary to understand both the immunological
landscape of IBD patients and their drugs to adequately protect this patient group from vaccination

preventable diseases.

In light of the current SARS-CoV-2 pandemic, we wholeheartedly agree vaccination against SARS-CoV-2 is a
valuable asset against the worldwide fight against COVID-19. Although there are still many unanswered
questions (such as longevity of protection, special populations including IBD and the immunocompromised,
impact of new variants on protection after vaccination and natural infection and so on), vaccination provides
vital protection for both the individual and the community and should be encouraged in all patients. At the
same time, continued clinical vigilance and intensive research studies both on the clinical level and in the

laboratory are needed to shed light on this evolving virus and what it means for our patients.

16



Acknowledgements Manuscript Doi: 10.1093/ecco-jcc/jjab046

We would like to acknowledge the support from the Leona M. and Harry B. Helmsley Charitable Trust and

Siemens to make the ICARUS study possible.

Author’s contributions

All authors listed have made a substantial, direct and intellectual contribution to the paper and approved it for

publication.

Funding

In preparation of this manuscript, no external funding was received.

Data availability statement

No new data were generated or analyzed in support of this research.

Declaration of interests

J.W. and S.Y.W have no conflicts of interest to declare. J.S. has received lecture fees from Falk Foundation,
Takeda. Research support from The Helmsley Trust, ECCO Pioneer Award, EC Horizon 2020 program. J.F.C
reported receiving research grants from AbbVie, Janssen Pharmaceuticals and Takeda; receiving payment for
lectures from AbbVie, Amgen, Allergan, Bristol-Myers Squibb Company, Ferring Pharmaceuticals, Shire, Takeda
and Tillots; has received consulting fees from AbbVie, Amgen, Arena Pharmaceuticals, Boehringer Ingelheim,
Bristol-Myers Squibb Company, Celgene Corporation, Celltrion, Eli Lilly, Enterome, Ferring Pharmaceuticals,
Genentech, Gilead, Iterative Scopes, Ipsen, Immunic, Imtbio, Inotrem, Janssen Pharmaceuticals,

Landos, LimmaTech Biologics AG, Medimmune, Merck, Novartis, O Mass, Otsuka, Pfizer, Shire, Takeda, Tigenix,

Viela bio; and holding stock options in Intestinal Biotech Development.

17



REFERENCES Manuscript Doi: 10.1093/ecco-jcc/jjab046

1. De Souza HSP., Fiocchi C. Immunopathogenesis of IBD: Current state of the art. Nat Rev Gastroenterol

Hepatol 2016;13(1):13-27. Doi: 10.1038/nrgastro.2015.186.

2. Marin AC., Gisbert JP., Chaparro M. Immunogenicity and mechanisms impairing the response to
vaccines in inflammatory bowel disease. World J Gastroenterol 2015;21(40):11273-81. Doi:

10.3748/wjg.v21.i40.11273.

3. Caldera F., Ley D., Hayney MS., Farraye FA. Optimizing Immunization Strategies in Patients with IBD.

Inflamm Bowel Dis 2020;27(1):123-33. Doi: 10.1093/ibd/izaa055.

4, Melmed GY., Ippoliti AF., Papadakis KA., Tran TT., Birt JL., Lee SK., et al. Patients with inflammatory
bowel disease are at risk for vaccine-preventable ilinesses. Am J Gastroenterol 2006;101(8):1834-40.

Doi: 10.1111/j.1572-0241.2006.00646.X.

5. Alexander JL., Moran GW., Gaya DR., Raine T., Hart A., Kennedy NA., et al. SARS-CoV-2 vaccination for
patients with inflammatory bowel disease : a British Society of Gastroenterology Inflammatory Bowel
Disease section and IBD Clinical Research Group position statement. Lancet Gastroenterol Hepatol

2021;1253(21):1-7. Doi: 10.1016/S2468-1253(21)00024-8.

6. Nowak JK., Lindstrgm JC., Kalla R., Ricanek P., Halfvarson J., Satsangi J. Age, Inflammation, and Disease
Location Are Critical Determinants of Intestinal Expression of SARS-CoV-2 Receptor ACE2 and TMPRSS2
in Inflammatory Bowel Disease. Gastroenterology 2020;159(3):1151-1154.e2. Doi:

10.1053/j.gastro.2020.05.030.

7. Danese S., Cecconi M., Spinelli A. Management of IBD during the COVID-19 outbreak: resetting clinical

priorities. Nat Rev Gastroenterol Hepatol 2020;17(5):253-5. Doi: 10.1038/s41575-020-0294-8.

8. Rubin DT., Abreu MT., Rai V., Siegel CA. Management of Patients With Crohn’s Disease and Ulcerative
Colitis During the Coronavirus Disease-2019 Pandemic: Results of an International Meeting.

Gastroenterology 2020;159(6):6—13.

18



10.

11.

12.

13.

14.

15.

16.

17.

18.

Neurath MF. coVID-19RMWSRTIRL RS 13 Boh A9 HBCED: 155/1]88048335-42. Doi: 10.

2020-321269.

Bezzio C., Saibeni S., Variola A., Allocca M., Massari A., Gerardi V., et al. Outcomes of COVID-19 in 79

patients with IBD in Italy: An IG-IBD study. Gut 2020;69(7):1213-7. Doi: 10.1136/gutjnl-2020-321411.

Brenner EJ., Ungaro RC., Colombel JF., Kappelman MD. IBD in the COVID-19 era: the value of
international collaboration. Lancet Gastroenterol Hepatol 2020;5(10):887-8. Doi: 10.1016/52468-

1253(20)30269-7.

Simon D., Tascilar K., Kronke G., Kleyer A., Zaiss MM., Heppt F., et al. Patients with immune-mediated
inflammatory diseases receiving cytokine inhibitors have low prevalence of SARS-CoV-2

seroconversion. Nat Commun 2020;11(1):1-7. Doi: 10.1038/s41467-020-17703-6.

Berte’ R., Mazza S., Stefanucci MR., Noviello D., Costa S., Ciafardini C., et al. Seroprevalence of SARS-
CoV2 in IBD Patients Treated with Biologic Therapy. J Crohn’s Colitis 2020;(November):1-5. Doi:

10.1093/ecco-jcc/jjaa237.

Gubatan J., Levitte S., Balabanis T., Patel A., Sharma A., Habtezion A. SARS-CoV-2 Testing, Prevalence,
and Predictors of COVID-19 in Patients with Inflammatory Bowel Disease in Northern California.

Kemamp Koneksi Mat (Tinjauan Terhadap Pendekatan Pembelajaran Savi) 2020;159(3):1141-4.

McGregor CGC., Adams A., Sadler R., Arancibia-Carcamo C V., Palmer R., Ambrose T., et al.
Maintenance therapy with infliximab or vedolizumab in inflammatory bowel disease is not associated
with'increased SARS-CoV-2 seroprevalence: UK experience in the 2020 pandemic. Gut 2021:Published

Online First: 12 February 2021. Doi: 10.1101/2020.12.12.20247841.

Trust TLM and HBHC. Helmsley Trust. Available at: https://helmsleytrust.org/grant/chancellor-masters-

scholars-university-oxford-3. Accessed January 26, 2021.

Polack FP., Thomas SJ., Kitchin N., Absalon J., Gurtman A., Lockhart S., et al. Safety and Efficacy of the

BNT162b2 mRNA Covid-19 Vaccine. N Engl J Med 2020:1-13. Doi: 10.1056/NEJMo0a2034577.

Ramasamy M., Angela; M., Ewer K., Flaxman A., Folegatti P., Angus B., et al. Safety and immunogenicity

19



19.

20.

21.

22.

23.

24,

25.

of ChAdOx1 nCoV-19 vM@iﬂH%@Wi@&&l@é&%@%@gﬁ%ﬂ&@&%@oung and old ad 0

): a single-blind , randomised , controlled , phase 2 / 3 trial. Lancet 2020;November 1(online):1-15.

Doi: 10.1016/50140-6736(20)32466-1.

Peng Y., Mentzer AJ., Liu G., Yao X., Yin Z., Dong D., et al. Broad and strong memory CD4+ and CD8+ T
cells induced by SARS-CoV-2 in UK convalescent individuals following COVID-19. Nat Immunol

2020;21(11):1336-45. Doi: 10.1038/s41590-020-0782-6.
Bali P., Rafi A. Immunological mechanisms of vaccination. Nat Immunol 2011;12(6):509-17.

van Doremalen N., Lambe T., Spencer A., Belij-Rammerstorfer S., Purushotham JN., Port JR., et al.
ChAdOx1 nCoV-19 vaccine prevents SARS-CoV-2 pneumonia in rhesus macaques. Nature

2020;586(7830):578—-82. Doi: 10.1038/s41586-020-2608-y.

Barrett JR., Belij-Rammerstorfer S., Dold C., Ewer KJ., Folegatti PM., Gilbride C., et al. Phase 1/2 trial of
SARS-CoV-2 vaccine ChAdOx1 nCoV-19 with a booster dose induces multifunctional antibody

responses. Nat Med 2020. Doi: 10.1038/s41591-020-01179-4.

Voysey M., Clemens SAC., Madhi SA., Weckx LY., Folegatti PM., Aley PK., et al. Safety and efficacy of
the ChAdOx1 nCoV-19 vaccine (AZD1222) against SARS-CoV-2: an interim analysis of four randomised
controlled trials in Brazil, South Africa, and the UK. Lancet 2021;397(10269):99-111. Doi:

10.1016/50140-6736(20)32661-1.

Voysey M., Ann S., Clemens C., Madhi SA., Weckx LY., Folegatti PM., et al. Single-dose administration
and the influence of the timing of the booster dose on immunogenicity and efficacy of ChAdOx1 nCoV-
19 ( AZD1222 ) vaccine : a pooled analysis of four randomised trials. Lancet 2021;Published:1-11. Doi:

10.1016/50140-6736(21)00432-3.

Logunov DY., Dolzhikova | V., Shcheblyakov D V., Tukhvatulin Al., Zubkova O V., Dzharullaeva AS., et al.
Safety and efficacy of an rAd26 and rAd5 vector-based heterologous prime-boost COVID-19 vaccine: an
interim analysis of a randomised controlled phase 3 trial in Russia. Lancet 2021;6736(21):1-11. Doi:

10.1016/s0140-6736(21)00234-8.

20



26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Lederer K., Castafio D., Atria DG., Oguin TH., Wang S., Manzoni TB., et al. SARS-CoV-2 mRNA vaccines

foster potent antigen-specific germinal center responses associated with neutralizing antibody

generation. Immunity 2020:1281-95. Doi: 10.1016/j.immuni.2020.11.009.

Anderson EJ., Rouphael NG., Widge AT., Jackson LA., Roberts PC., Makhene M., et al. Safety and
Immunogenicity of SARS-CoV-2 mRNA-1273 Vaccine in Older Adults. N Engl J Med 2020:2427-38. Doi:

10.1056/nejmoa2028436.

Polack FP., Thomas SJ., Kitchin N., Absalon J., Gurtman A., Lockhart S., et al. Safety and Efficacy of the

BNT162b2 mRNA Covid-19 Vaccine. N Engl J Med 2020:2603-15. Doi: 10.1056/NEJM0a2034577.

Baden LR., El Sahly HM., Essink B., Kotloff K., Frey S., Novak R., et al. Efficacy and Safety of the mRNA-

1273 SARS-CoV-2 Vaccine. N Engl J Med 2021,384(5):403-16. Doi: 10.1056/nejmoa2035389.

Ella R., Vadrevu KM., Jogdand H., Prasad S., Reddy S., Sarangi V., et al. A Phase 1: Safety and
Immunogenicity Trial of an Inactivated SARS-CoV-2 Vaccine-BBV152. Lancet 2021;online(January

21):1-10. Doi: 10.1016/5S1473-3099(20)30942-7.

Siegel CA., Melmed GY., Mcgovern DPB., Rai V., Krammer F., Rubin DT., et al. CoV-2 vaccination for
patients with inflammatory bowel diseases : recommendations from an international consensus

meeting 2021;0(0).

D’Amico F., Rabaud C., Peyrin-Biroulet L., Danese S. SARS- CoV-2 vaccination in IBD: more pros than

cons. Nat Rev Gastroenterol Hepatol 2021:1-3. Doi: 10.1038/s41575-021-00420-w.

Farraye FA., Melmed GY., Lichtenstein GR., Kane S V. ACG Clinical Guideline: Preventive Care in

Inflammatory Bowel Disease. Am J Gastroenterol 2017;112(2):241-58. Doi: 10.1038/ajg.2016.537.

Rahier JF., Magro F., Abreu C., Armuzzi A., Ben-Horin S., Chowers Y., et al. Second European evidence-
based consensus on the prevention, diagnosis and management of opportunistic infections in

inflammatory bowel disease. J Crohn’s Colitis 2014;8(6):443—68. Doi: 10.1016/j.crohns.2013.12.013.

21



36.

37.

38.

39.

40.

41.

42.

43.

Malhi G., Rumman A,, MMEM.Q@&&&QW%%@%&giﬁﬁﬂﬁh@ﬂﬁsminhart A., et al®

in inflammatory bowel disease patients: Attitudes, Knowledge, and Uptake. J Crohn’s Colitis

2015;9(6):439-44. Doi: 10.1093/ecco-jcc/jjv064.

Shirai S., Hara M., Sakata Y., Tsuruoka N., Yamamoto K., Shimoda R., et al. Inmunogenicity of
Quadrivalent Influenza Vaccine for Patients with Inflammatory Bowel Disease Undergoing

Immunosuppressive Therapy. Inflamm Bowel Dis 2018;24(5):1082—91. Doi: 10.1093/ibd/izx101.

Launay O., Abitbol V., Krivine A., Slama LB e., Bourreille A., Dupas JL oui., et al. Immunogenicity and
Safety of Influenza Vaccine in Inflammatory Bowel Disease Patients Treated or not with
Immunomodulators and/or Biologics: A Two-year Prospective Study. J Crohns Colitis 2015;9(12):1096—

107. Doi: 10.1093/ecco-jcc/jjv152.

Hagihara Y., Ohfu;ji S., Watanabe K., Yamagami H., Fukushima W., Maeda K., et al. Infliximab and/or
immunomodulators inhibit immune responses to trivalent influenza vaccination in adults with

inflammatory bowel disease. J Crohn’s Colitis 2014;8(3):223-33. Doi: 10.1016/j.crohns.2013.08.008.

Andrisani G., Frasca D., Romero M., Armuzzi A., Felice C., Marzo M., et al. Imnmune response to
influenza A/H1IN1 vaccine in inflammatory bowel disease patients treated with anti TNF-a agents:
Effects of combined therapy with immunosuppressants. J Crohn’s Colitis 2013;7(4):301-7. Doi:

10.1016/j.crohns.2012.05.011.

Adler S., Krivine A., Weix J., Rozenberg F., Launay O., Huesler J., et al. Protective effect of A/HIN1
vaccination in immune-mediated disease-a prospectively controlled vaccination study. Rheumatology

2012;51(4):695-700. Doi: 10.1093/rheumatology/ker389.

Gelinck LBS., Van Der Bijl AE., Beyer WEP., Visser LG., Huizinga TWJ., Van Hogezand RA,, et al. The
effect of anti-tumour necrosis factor a treatment on the antibody response to influenza vaccination.

Ann Rheum Dis 2008;67(5):713—6. Doi: 10.1136/ard.2007.077552.

Salinas GF., De Rycke L., Barendregt B., Paramarta JE., Hreggvidstdottir H., Cantaert T., et al. Anti-TNF
treatment blocks the induction of T cell-dependent humoral responses. Ann Rheum Dis

2013;72(6):1037-43. Doi: 10.1136/annrheumdis-2011-201270.

22



44,

45.

46.

47.

48.

49.

50.

51.

52.

Di Sabatino A., RosadommyémmaB.QEi%Q%/@MﬂWH%%@IR” et al. Splenic 3

IgM-memory B cells in Crohn’s disease patients treated with infliximab. Inflamm Bowel Dis

2008;14(5):591-6. Doi: 10.1002/ibd.20374.

Provine NM., Amini A., Garner LC., Spencer AJ., Dold C., Hutchings C., et al. MAIT cell activation
augments adenovirus vector vaccine immunogenicity. Science (80- ) 2021;371(6528):521-6. Doi:

10.1126/science.aax8819.

Downey AM., Kaptonek P., Seeberger PH. MAIT cells as attractive vaccine targets. FEBS Lett

2019;593(13):1627-40. Doi: 10.1002/1873-3468.13488.

Rouxel O., Lehuen A. Mucosal-associated invariant T cells in autoimmune and immune-mediated

diseases. Immunol Cell Biol 2018;96(6):618—29. Doi: 10.1111/imcb.12011.

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 immunosuppressives: a randomized controlled trial. J Gastroenterol 2015;50(8):876—86. Doi:

10.1007/s00535-015-1042-7.

Caldera F., Hillman L., Saha S., Wald A., Grimes |., Zhang Y., et al. Inmunogenicity of High Dose
Influenza Vaccine for Patients with Inflammatory Bowel Disease on Anti-TNF Monotherapy: A

Randomized Clinical Trial. Inflamm Bowel Dis 2020;26(4):593—602. Doi: 10.1093/ibd/izz164.

Gisbert JP., Menchén L., Garcia-Sanchez V., Marin I., 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. Doi:

10.1111/j.1365-2036.2012.05110.x.

Debruyn J., Fonseca K., Ghosh S., Panaccione R., Gasia MF., Ueno A, et al. Imnmunogenicity of Influenza
Vaccine for Patients with Inflammatory Bowel Disease on Maintenance Infliximab Therapy: A

Randomized Trial. Inflamm Bowel Dis 2015;22(3):638-47. Doi: 10.1097/M1B.0000000000000615.

Caldera F., Ley D., Hayney MS., Farraye FA. Optimizing Immunization Strategies in Patients with IBD.

23



53.

54.

55.

56.

57.

58.

59.

60.

Inflamm Bowel Dis 2oﬂMiﬂH?ﬁHﬁs@%il%l%/ﬁ%%&@dﬂabom

Winthrop KL., Wouters AG., Choy EH., Soma K., Hodge JA., Nduaka Cl., et al. The Safety and
Immunogenicity of Live Zoster Vaccination in Patients With Rheumatoid Arthritis Before Starting
Tofacitinib: A Randomized Phase Il Trial. Arthritis Rheumatol 2017;69(10):1969-77. Doi:

10.1002/art.40187.

Doornekamp L., Goetgebuer RL., Schmitz KS., Goeijenbier M., van der Woude CJ., Fouchier R., et al.
High immunogenicity to influenza vaccination in crohn’s disease patients treated with ustekinumab.

Vaccines 2020;8(3):1-16. Doi: 10.3390/vaccines8030455.

Wyant T., Leach T., Sankoh S., Wang Y., Paolino J., Pasetti MF., et al. Vedolizumab affects antibody
responses to immunisation selectively in the gastrointestinal tract: Randomised controlled trial results.

Gut 2015;64(1):77-83. Doi: 10.1136/gutjnl-2014-307127.

Winthrop KL., Silverfield J., Racewicz A., Neal J., Lee EB., Hrycaj P., et al. The effect of tofacitinib on
pneumococcal and influenza vaccine responses in rheumatoid arthritis. Ann Rheum Dis

2016;75(4):687-95. Doi: 10.1136/annrheumdis-2014-207191.

Winthrop KL., Korman N., Abramovits W., Rottinghaus ST., Tan H., Gardner A., et al. T-cell-mediated
immune response to pneumococcal conjugate vaccine (PCV-13) and tetanus toxoid vaccine in patients
with moderate-to-severe psoriasis during tofacitinib treatment. J Am Acad Dermatol 2018;78(6):1149-

1155.e1. Doi: 10.1016/J.JAAD.2017.09.076.

Brodmerkel C, Wadman E, Langley RG, Papp KA, Bourcier M, Poulin Y, Ho V, Guenther L, Kunynetz R,
Nigen'S, Vender R, Wasel N, Hsu MC SP. Immune response to pneumococcus and tetanus toxoid in
patients with moderate-to-severe psoriasis following long-term ustekinumab use. J Drugs Dermatology

2013;12(10):1122-9.

Zimmermann P., Curtis N. Factors That Influence the Immune Response to Vaccination. Am Soc

Microbiol 2019;32(2):1-50.

Poland GA., Ovsyannikova IG., Jacobson RM. Immunogenetics of seasonal influenza vaccine response.

24



61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

Vaccine 2008;26(suppManBseript D@ 4400 3b0ecsr i/jjab046

Plotkin SA. Correlates of vaccine-induced immunity. Clin Infect Dis 2008;47(3):401-9. Doi:

10.1086/589862.

Keech C., Albert G., Cho I., Robertson A., Reed P., Neal S., et al. Phase 1-2 Trial of a SARS-CoV-2

Recombinant Spike Protein Nanoparticle Vaccine. N Engl J Med 2020. Doi: 10.1056/nejmo0a2026920.

McMahan K., Yu J., Mercado NB., Loos C., Tostanoski LH., Chandrashekar A., et al. Correlates of

protection against SARS-CoV-2 in rhesus macaques. Nature 2020. Doi: 10.1038/s41586-020-03041-6.

Marovich M., Mascola JR., Cohen MS. Monoclonal Antibodies for Prevention and Treatment of COVID-

19. JAMA - J Am Med Assoc 2020;324(2):131-2. Doi: 10.1128/jvi.02002-17.

Aaby P., Martins CL., Garly ML., Rodrigues A., Benn CS., Whittle H. The optimal age of measles
immunisation in low-income countries: A secondary analysis of the assumptions underlying the current

policy. BMJ Open 2012;2(4):1-15. Doi: 10.1136/bmjopen-2011-000761.

Ahmed R., Gray D. Immunological memory and protective immunity: Understanding their relation.

Science (80- ) 1996;272(5258):54—60. Doi: 10.1126/science.272.5258.54.

Sallusto F., Lanzavecchia A., Araki K., Ahmed R. From Vaccines to Memory and Back. Immunity

2010;33(4):451-63. Doi: 10.1016/j.immuni.2010.10.008.From.

Sewell HF., Agius RM., Stewart M., Kendrick D. Cellular immune responses to covid-19. BMJ

2020;370:1-2. Doi: 10.1136/bmj.m3018.

Yeoh YK., Zuo T., Lui GCY., Zhang F., Liu Q., Li AYL., et al. Gut microbiota composition reflects disease
severity and dysfunctional immune responses in patients with COVID-19. Gut 2021:1-9. Doi:

10.1136/gutjnl-2020-323020.

Gaebler C., Wang Z., Lorenzi JCC., Muecksch F., Finkin S., Tokuyama M., et al. Evolution of antibody

immunity to SARS-CoV-2. 2021.

Wise J. Covid-19: New coronavirus variant is identified in UK. BMJ 2020;371:m4857. Doi:

25



72.

73.

74.

75.

76.

77.

78.

79.

10.1136/bmj.mags7. Manuscript Doi: 10.1093/ecco-jcc/jjab046

Tegally H., Wilkinson E., Giovanetti M., Iranzadeh A., Fonseca V., Giandhari J., et al. Emergence and
rapid spread of a new severe acute respiratory syndrome-related coronavirus 2 (SARS-CoV-2) lineage
with multiple spike mutations in South Africa. Arghavan Alisoltani-Dehkordi

2020;10:2020.12.21.20248640.

Paola Cristina Resendel*, Jodo Felipe Bezerra2, Romero Henrique Teixeira de Vasconcelos2, Ighor
Arantes3, Luciana Appolinariol, Ana Carolina Mendongal, Anna Carolina Paixaol, Ana Carolina Duarte
Rodriguesl, Thauane Silval, Alice Sampaio Rochal, Alex Pauvo MMS. Spike E484K mutation in the first
SARS-CoV-2 reinfection case confirmed in Brazil. January 10. Available at:
https://virological.org/t/spike-e484k-mutation-in-the-first-sars-cov-2-reinfection-case-confirmed-in-

brazil-2020/584. Accessed January 26, 2021.

Rambaut A., Holmes EC., O’Toole A., Hill V., McCroneJT., Ruis C., et al. A dynamic nomenclature
proposal for SARS-CoV-2 lineages to assist genomic epidemiology. Nat Microbiol 2020;5(11):1403-7.

Doi: 10.1038/s41564-020-0770-5.

Center for disease control U. Emerging SARS-CoV-2 variants. Available at:
https://www.cdc.gov/coronavirus/2019-ncov/more/science-and-research/scientific-brief-emerging-

variants.html. Accessed January 21, 2021.

Xie X., Zou J., Fontes-Garfias CR., Xia H., Swanson KA. Neutralization of N501Y mutant SARS-CoV-2 by

BNT162b2 vaccine-elicited sera. BioRxiv 2021;(January 7):1-6.

Weisblum Y., Schmidt F., Zhang F., DaSilva J., Poston D., Lorenzi JCC,, et al. Escape from neutralizing

antibodies 1 by SARS-CoV-2 spike protein variants. Elife 2020;9:1. Doi: 10.7554/elife.61312.

Wibmer CK., Ayres F., Hermanus T., Madzivhandila M. SARS-CoV-2 501Y . V2 escapes neutralization by

South African COVID-19 donor plasma 2021.

Wu K., Werner AP., Koch, Matthew BS., Choi A., Narayanan E., Stewart-Jones GBE. Serum Neutralizing

Activity Elicited by mRNA-1273 Vaccine — Preliminary Report. N Engl J Med 2021:1-2. Doi:

26



80.

81.

82.

83.

84.

85.

86.

87.

88.

10.1056/NEJMc21021 Mlanuscript Doi: 10.1093/ecco-jcc/jjab046

Liu Y., Liu J., Xia H., Zhang X. Neutralizing Activity of BNT162b2-Elicited Serum - Preliminary Report. N

Engl J Med 2021;February(17). Doi: 10.1056/NEJMc2102017 Correspondence.

Wise J. Covid-19: The E484K mutation and the risks it poses. Bmj 2021;(February):1-2. Doi:

10.1136/bmj.n359.

Collier DA., Marco A De., Ferreira IATM., Meng B., Walls AC., S SAK., et al. SARS-CoV-2 B.1.1.7 escape

from mRNA vaccine-elicited neutralizing antibodies. MedRxiv 2021;February 2:1-22.

Mahase E. Covid-19: Novavax vaccine efficacy is 86% against UK variant and 60% against South African

variant. BMJ 2021;372(February):2021. Doi: 10.1136/bmj.n296.

NIH. Janssen Investigational COVID-19 Vaccine: Interim Analysis of Phase 3 Clinical Data Released.
Available at: https://www.nih.gov/news-events/news-releases/janssen-investigational-covid-19-

vaccine-interim-analysis-phase-3-clinical-data-released.

New and Emerging Respiratory Virus Threats Advisory Group. NERVTAG: Update note on B.1.1.7
severity. 11 February 2021. Available at:
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/9

61042/S1095_NERVTAG_update_note_on_B.1.1.7_severity 20210211.pdf.

Goodman LB., Whittaker GR. Comment Public health surveillance of infectious diseases : beyond point

mutations. The Lancet Microbe 2021;5247(21):1-2. Doi: 10.1016/52666-5247(21)00003-3.

Robertson JFR., Sewell FH., Stewart M., Kendrick D. Covid-19 vaccines: to delay or not to delay second
doses. BMJ Opinion. Available at: https://blogs.bmj.com/bmj/2021/01/05/covid-19-vaccines-to-delay-

or-not-to-delay-second-doses/. Accessed January 26, 2021.

Vasileiou E., Simpson CR., Robertson C., Shi T., Kerr S. Effectiveness of first dose of COVID-19 vaccines
against hospital admissions in Scotland : national prospective cohort study of 5.4 million people.

MedRxiv 2021;Published.

27



89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

Mallapaty S. Are COVIM@%%HN%M@QMG%@'&@@M@M@ first clues. Nat

2021,589(504-505). Doi: https://doi.org/10.1038/d41586-021-00140-w.

Amit S., Regev-yochay G., Afek A., Kreiss Y., Leshem E. Early rate reductions of and COVID-19 in

BNT162b2 vaccine recipients. Lancet 2021;6736(21):18-9. Doi: 10.1016/50140-6736(21)00448-7.

Widge AT., Rouphael NG., Jackson LA., Anderson EJ. Durability of Responses after SARS-CoV-2 mRNA-

1273. New Engl J Med 2021;Jan 7(384):80-2. Doi: 10.1056/NEJMc2032195.

Sewell FH., Robertson JFR., Stewart M., Kendrick D. Revisiting the UK’s strategy for delaying the second
dose of the Pfizer covid-19 vaccine. BMJ Opinion. Available at:
https://blogs.bmj.com/bmj/2021/01/20/revisiting-the-uks-strategy-for-delaying-the-second-dose-of-

the-pfizer-covid-19-vaccine/. Accessed January 26, 2021.

Torjesen I. Covid-19 : First doses of vaccines in Scotland led to a substantial fall in hospital admissions.

BMJ 2021;372(n523):2021. Doi: 10.1136/bmj.n523,

Torjesen I. Covid-19: Doctors in Norway told to assess severely frail patients for vaccination. BMJ

2021;372(January):n167. Doi: 10.1136/bmj.n167.

Di Sabatino A., Carsetti R., Rosado MM., Ciccocioppo R., Cazzola P., Morera R., et al. Immunoglobulin
M memory B cell decrease in inflammatory bowel disease. Eur Rev Med Pharmacol Sci 2004;8(5):199—

203.

Fallahi G., Aghamohammadi A., Khodadad A., Hashemi M., Mohammadinejad P., Asgarian-Omran H.,
et al. Evaluation of antibody response to polysaccharide vaccine and switched memory B Cells in
pediatric patients with inflammatory bowel disease. Gut Liver 2014;8(1):24-8. Doi:

10.5009/gnl.2014.8.1.24.

Stevens R., Oliver M., Brogan M., Heiserodt J., Targan S. Defective generation of tetanus-specific
antibody-producing B cells after in vivo immunization of Crohn’s disease and ulcerative colitis patients.

Gastroenterology 1985;88(6):1860—6. Doi: 10.1016/0016-5085(85)90011-3.

Altunéz ME., Senates E., Yesil A., Calhan T., Oviing AOK. Patients with inflammatory bowel disease have

28



99.

100.

101.

102.

103.

104.

105.

106.

a lower response rate Mﬁ@UWﬁQQ&e&%&Q@&%ﬂ%@JEB%@a 2012;57(4):10

10.1007/s10620-011-1980-8.

Belle A., Baumann C., Bigard MA,, Zallot C., Gizard E., Guéant JL., et al. Impact of immunosuppressive
therapy on hepatitis B vaccination in inflammatory bowel diseases. Eur J Gastroenterol Hepatol

2015;27(8):877-81. Doi: 10.1097/MEG.0000000000000370.

Tonnesmann E., Burkle P., Schafer B. The immune competence of patients with Crohn’s disease. Klin

Wocenschr 1976;75:1097-107.

Debruyn JCC., Hilsden R., Fonseca K., Russell ML., Kaplan GG., Vanderkooi O., et al. Inmunogenicity
and safety of influenza vaccination in children with inflammatory bowel disease. Inflamm Bowel Dis

2012;18(1):25-33. Doi: 10.1002/ibd.21706.

Lu Y., Jacobson DL., Ashworth LA., Grand RJ., Meyer AL., McNeal MM., et al. Inmune response to
influenza vaccine in children with inflammatory bowel disease. Am J Gastroenterol 2009;104(2):444—

53. Doi: 10.1038/ajg.2008.120.

Mamula P., Markowitz JE., Piccoli DA., Klimov A., Cohen L., Baldassano RN. Immune Response to
Influenza Vaccine in Pediatric Patients With Inflammatory Bowel Disease. Clin Gastroenterol Hepatol

2007;5(7):851-6. Doi: 10.1016/j.cgh.2007.02.035.

Gisbert JP., Villagrasa JR., Rodriguez-Nogueiras A., Chaparro M. Efficacy of hepatitis b vaccination and
revaccination and factors impacting on response in patients with inflammatory bowel disease. Am J

Gastroenterol 2012;107(10):1460—6. Doi: 10.1038/ajg.2012.79.

Chaparro M., Gordillo J., Doménech E., Esteve M., Barreiro-de Acosta M., Villoria A., et al. P372
Prospective, randomized clinical trial comparing the efficacy of two vaccines against hepatitis B virus
(HBV) in inflammatory bowel disease (IBD) patients. J Crohn’s Colitis 2014;8:5220-1. Doi:

10.1016/51873-9946(14)60492-x.

Loras C., Saro C., Gonzalez-Huix F., Minguez M., Merino O., Gisbert JP., et al. Prevalence and factors

related to hepatitis B and C in inflammatory bowel disease patients in Spain: A nationwide, multicenter

29



107.

108.

109.

110.

111.

112.

113.

study. Am J GastroentM@@@@@,rliM(ggii—%g: b@%@%@s}%ﬂ@&@%

Cunha | de S., da Silva TC., Malluta EF., Scolaro BL., Velho PS., Stall J. Seroconversion analysis after
habitual hepatitis B vaccination scheme in patients with inflammatory bowel diseases. Argq

Gastroenterol 2020;57(1):69-73. Doi: 10.1590/50004-2803.202000000-12.

Andrade P., Santos-Antunes J., Rodrigues S., Lopes S., Macedo G. Treatment with infliximab or
azathioprine negatively impact the efficacy of hepatitis B vaccine in inflammatory bowel disease

patients. J Gastroenterol Hepatol 2015;30(11):1591-5. Doi: 10.1111/jgh.13001.

Harrington JE., Hamilton RE., Ganley-Leal L., Farraye FA., Wasan SK. The Immunogenicity of the
Influenza, Pneumococcal, and Hepatitis B Vaccines in Patients With Inflammatory Bowel Disease

Treated With Vedolizumab. Crohn’s Colitis 360 2020;2(4):1-10. Doi: 10.1093/crocol/otaa082.

Melmed GY., Agarwal N., Frenck RW., Ippoliti AF., Ibanez P., Papadakis KA., et al. Inmunosuppression
impairs response to pneumococcal polysaccharide vaccination in patients with inflammatory bowel

disease. Am J Gastroenterol 2010;105(1):148-54. Doi: 10.1038/ajg.2009.523.

Fiorino G., Peyrin-Biroulet L., Naccarato P., Szabo H., Sociale OR., Vetrano S., et al. Effects of
immunosuppression on immune response to pneumococcal vaccine in inflammatory bowel disease: A

prospective study. Inflamm Bowel Dis 2012;18(6):1042—7. Doi: 10.1002/ibd.21800.

Park SH., Yang SK., Park SK., Kim JW., Yang DH., Jung KW., et al. Efficacy of hepatitis a vaccination and
factors impacting on seroconversion in patients with inflammatory bowel disease. Inflamm Bowel Dis

2014;20(1):69-74. Doi: 10.1097/01.MIB.0000437736.91712.a1.

Dotan I, Werner L., Vigodman S., Agarwal S., Pfeffer J., Horowitz N., et al. Normal response to vaccines
in inflammatory bowel disease patients treated with thiopurines. Inflamm Bowel Dis 2012;18(2):261-8.

Doi: 10.1002/ibd.21688.

30



FIGURES Manuscript Doi: 10.1093/ecco-jcc/jjab046 31

@ Viral vector vaccine
@ Attenuated virus vaccine
Viral entry and release of
\b * genetic material /
@ Protein (subunit) j/\/\\\ ® Inactivated live virus
vaccine
FaVaVaN
AAA

vaccine

Vv

Uptake by antigen
presenting cells

Uptake by antigen
presenting cells

(+) RNA vaccine

Translation and protein synthesis

L )
ANA (5) DNA vaccine
T Transcription
SRR -/
DNA

Figure 1: Mode of action of different vaccine platforms with regard to the viral replication cycle. Viral vector
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Box 1: COVID-19 vaccines in IBD: unanswered questions (and research strategies to answer them)

1. Vaccination for SARS-CoV-2
1. Will mutant viruses render the current vaccines ineffective?
2. Do we need heterologous vaccination strategies to face mutant virus?
3. Do we need newly developed vaccines (eg. not targeting the spike protein)?
4. Are the humoral and cellular immune responses durable after vaccination?
5. Are neutralizing antibodies the most accurate correlate of protection and is there a threshold titer to be met?
6. Can a genetic blueprint predict vaccine effectiveness?
7. Is vaccinating patients with previous natural infection rational?

Post-marketing surveillance with swift dissemination of results, together with clinical research (such as GWAS in the UK, sequencing of new

strains and comparison with epidemiological data) will be necessary.

2. Vaccination for SARS-CoV-2 in IBD
1. Is vaccination safe in IBD?
2. Is vaccination effective in IBD?
3. Which treatments (if any) are associated with a decreased immunogenicity to SARS-CoV-2 vaccination?
4. Are altered vaccination scheduled necessary in IBD (such as increased dosing, relation to infusion therapy, extra
dosing?)
5. Are humoral and cellular immune responses in IBD of equal quality and duration as in the general population?
6. Is one vaccination platform preferable to another in IBD patients?

The OCTAVES trial is currently rolled out in the UK to answer these questions in several chronic diseases including IBD, cirrhosis, liver
transplant patients, rheumatological patients and patients on hemodialysis. In the USA, a study in California is currently recruiting to better

understand the immune response in 1000 adult patients, not excluding chronic disease (clinicaltrials.gov NCT04664309).
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Table 1. Evidence on mechaniM@QU%&mEm#hm@mm\%\&ﬂquiﬁbp@n IBD (not therap

Vaccine

Proposed mechanism of reduced response

Reference

Pneumococcus (PPSV23)

Impaired formation of memory B cells

Di Sabatino et al.”*

Fallahi et al.*®

Tetanus toxin

Impaired generation of IgG secreting plasma cells

97
Stevens et al.

HBV Not described Altunéz et al.”®
Belle et al.”
Mumps Partial impairment in T cell response Ténnesmann et al.™®

PPSV23: Pneumococcal polysaccharide vaccine
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Table 2. Evidence of therapiesmaaggmm%é&lﬂ%@&ﬁ@?&%i@b%@u

Vaccine Therapy regimens associated with reduced response Reference
Influenza Anti-TNF, thiopurines, combination therapy anti-TNF and DeBruyn et al.'®
thiopurines. ‘Immunosuppression’ defined as systemic Lu etal.’”
corticosteroid or biologic therapy or thiopurines or Doornekamp et al.** ®
combination therapy Mamula et al.'®
Andrisani et al. *°
Hagihara et al. **
Gelinck et al.?
Shirai et al. ¥
Launay et al. *®
HBV Anti-TNF, thiopurines, combination therapy anti-TNF and Gisbert et al."

thiopurines, ‘Immunosuppression’ defined as systemic
corticosteroid or biologic therapy or thiopurines or

combination therapy

Chaparro et al. '®

106
Loras et al.

Altunéz et al.*®

Cunha et al."”

Andrade et al. '®

Harrington et al. '®

Pneumococcus (PPSV 23)

Anti-TNF, combination therapy anti-TNF and thiopurines.

Melmed et al."™

Fiorino et al. ™

HAV

Anti-TNF therapy

Park etal. ™™

Oral cholera vaccine

Vedolizumab

Wyant et al. >

PPSV23: Pneumococcal polysaccharide vaccine, HAV: hepatitis A vaccine
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Table 3. Evidence of therapiesMﬁﬂliﬁ?ﬂp&Q@l.\é 1&3&%%/6\0%100/]1 ab046

Therapy

Vaccine

Reference

Thiopurines

Pneumococcus (PPSV23), Haemophilus

influenzae type B, Tetanus

Dotan et al. ™

Vedolizumab

Influenza, Pneumococcus (PCV13, PPSV23),

Hepatitis B

Harrington et al.'®

Wyant et al. >

Ustekinumab

Influenza

Doornekamp et al>

PPSV23: Pneumococcal polysaccharide vaccine, PCV: Pneumococcal conjugate vaccine
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