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Summary
Background: Poor immune responses are frequently observed in patients with in-
flammatory bowel disease (IBD) receiving established vaccines; risk factors include 
immunosuppressants and active disease.
Aims: To summarise available information regarding immune responses achieved in 
patients with IBD receiving established vaccines. Using this information, to identify 
risk factors in the IBD population related to poor vaccine- induced immunity that may 
be applicable to vaccines against COVID- 19.
Methods: We undertook a literature review on immunity to currently recommended 
vaccines for patients with IBD and to COVID- 19 vaccines and summarised the rel-
evant literature.
Results: Patients with IBD have reduced immune responses following vaccination 
compared to the general population. Factors including the use of immunomodulators 
and anti- TNF agents reduce response rates. Patients with IBD should be vaccinated 
against COVID- 19 at the earliest opportunity as recommended by International 
Advisory Committees, and vaccination should not be deferred because a patient is 
receiving immune- modifying therapies. Antibody titres to COVID- 19 vaccines ap-
pear to be reduced in patients receiving anti- TNF therapy, especially in combination 
with immunomodulators after one vaccination. Therefore, we should optimise any 
established risk factors that could impact response to vaccination in patients with 
IBD before vaccination.
Conclusions: Ideally, patients with IBD should be vaccinated at the earliest oppor-
tunity against COVID- 19. Patients should be in remission and, if possible, have their 
corticosteroid dose minimised before vaccination. Further research is required to de-
termine the impact of different biologics on vaccine response to COVID- 19 and the 
potential for booster vaccines or heterologous prime- boost vaccinations in the IBD 
population.
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1  | INTRODUC TION

A novel coronavirus referred to as SARS- CoV- 2 (severe acute re-
spiratory syndrome coronavirus 21) was identified in late 2019 as 
the causative agent of a respiratory syndrome named coronavirus 
disease (COVID- 19) and has subsequently resulted in a worldwide 
pandemic. As of summer 2021, COVID- 19 has been confirmed 
in 184 324 026 people worldwide and has resulted in 3 992 680 
deaths.1 It is clear that risk factors such as older age, obesity and 
underlying conditions such as heart disease, diabetes and immune 
suppression can increase mortality. The Centres for Disease Control 
and Preventions (CDC) definition of immunocompromised individ-
uals includes patients on prolonged courses of corticosteroids or 
other immunosuppressive medications, a group which includes a 
high proportion of patients with IBD.2

The aim of the SECURE- IBD database established during this 
current pandemic is to determine the risk of patients with IBD 
developing severe outcomes from COVID- 19. To date, 6328 cases 
of COVID- 19 have been reported in patients with IBD with 103 
deaths.3 From cases reported to SECURE- IBD 15% of patients 
with IBD have been hospitalised and 3% have required ICU ad-
mission.3 A recent meta- analysis found that reassuringly the 
risk of contracting severe COVID- 19 in patients with IBD is not 
higher than the general population and the use of biologics may 
be associated with better outcomes for patients who contract 
COVID- 19.4 Managing the risks of COVID- 19 in patients with IBD 
has been the subject of much effort. Given the development of 
numerous vaccines against COVID- 19, attention has turned to the 
role of vaccination as a key tool to manage the risks associated 
with COVID- 19.

Effective vaccines generate an immune response that mimics 
that induced by natural infection. Vaccinated individuals can pro-
duce large quantities of high- affinity antibodies or effector T cells 
quickly, thus protecting them from severe disease if subsequently 
exposed to the pathogen. Vaccine- induced protective immune re-
sponses are especially important in vulnerable cohorts especially 
those considered immunocompromised which include a sub- cohort 
of patients with IBD. There is evidence that patients with IBD remain 
at significant risk of vaccine- preventable infections, suggesting vac-
cines confer suboptimal protection in this cohort.5,6

Several vaccines against COVID- 19 have recently been approved 
for use and are being deployed in widespread immunisation pro-
grammes. In this review article, we aim to address several key ques-
tions which will help inform our approach to COVID- 19 vaccination 
in patients with IBD. Firstly, we will discuss whether patients with 
IBD show altered vaccine responses and which disease characteris-
tics contribute to modulating vaccine- induced immunity. Secondly, 
we will review what can be learnt from the existing data on the im-
pact of IBD therapies on response to vaccination by focusing on a 
number of established anti- viral vaccines. Finally, we will examine 
how this informs our approach to the delivery of the current and 
upcoming COVID- 19 vaccines to maximise their impact in the IBD 
community.

2  | METHODOLOGY

2.1 | Study selection

A comprehensive literature search was conducted for relevant lit-
erature (published articles and abstracts) by performing a systematic 
search of two databases: PubMed and Cochrane Library CENTRAL. 
No restrictions were applied to language or publication date. 
Keywords used were “inflammatory bowel disease” or “crohn's dis-
ease” or “ulcerative colitis” and/or “vaccine response” or “Influenza” 
or “Hepatitis B” or “Varicella” or “COVID- 19 vaccination” or “vaccine 
uptake.” Current European and American guidelines on current vac-
cinations in patients with IBD and guidelines on vaccination against 
COVID- 19 infection were also reviewed. Eligible articles were re-
viewed and the quality was assessed by two independent reviewers.

2.2 | Inclusion/exclusion criteria

Studies pertaining to or referencing the following topics were eligible for 
inclusion: (a) vaccine uptake in patients with IBD; (b) differences in the 
innate and adaptive immunity in patients with IBD; (c) vaccine response 
rates in patients with IBD; (d) COVID- 19 vaccines; (e) response rates to 
COVID- 19 vaccines in the IBD community. Case series or case reports 
were excluded due to high risk of publication bias. Studies that reported 
insufficient data on the outcomes of interest were also excluded.

3  | DO PATIENTS WITH IBD HAVE 
SUBOPTIMAL RESPONSES TO 
VACCINATION?

IBD is characterised by chronic inflammation arising from an abnor-
mal host immune response to dietary and microbial antigens. The 
pathogenesis of both Crohn's disease (CD) and ulcerative colitis 
(UC) is complex and is thought to be secondary to the interplay be-
tween genetic susceptibility, environmental factors and an altered 
gut microbiota leading to aberrant innate and adaptive immune re-
sponses.7,8 Multiple immune pathways are dysregulated in both CD 
and UC.7,8 There have been several reports suggesting IBD may arise 
from a fundamentally inadequate rather than excessive gut immune 
response with one study showing a defective neutrophil recruitment 
and bacterial clearance in patients with CD.9

There is a body of evidence highlighting immune- system dys-
function in patients with IBD. Toll- like receptors (TLRs) and Nod- like 
receptors (NLRs) are pathogen recognition receptors (PRRs) that alert 
the innate immune system to the presence of microbes by detecting 
conserved molecular patterns (eg bacterial lipopolysaccharide or 
viral nucleic acids). Ligation of TLRs/NLRs triggers innate immune 
responses and pro- inflammatory cytokine production that drives the 
subsequent adaptive immune response. PRRs play a critical role in 
maintaining gut homeostasis, controlling immune responses along 
with shaping the microbiota. Patients with IBD exhibit differential 
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expression of TLRs in comparison to healthy controls.10 Mutations 
in NLRs have been identified in CD, with NOD2 mutations the most 
common mutation.11 Vaccine formulations contain adjuvants that 
activate innate immunity via PRRs resulting in local inflammation at 
the injection site. Antigen- presenting cells (APCs) traffic to the site 
of injection in response to these inflammatory signals and are en-
abled to process and present antigens and prime both the humoral 
and cellular arms of the adaptive immune response (Figure 1). Thus, 
the inherent defects in microbial sensing that underpin IBD patho-
genesis may also impact a patient's response to vaccination.

Dendritic cells (DC) are an important population of APCs express-
ing high levels of PRRs. They respond to microbial signals, traffic to 
local lymph nodes where they process and present antigens to naïve 
T- cells. Once in the lymph node, they upregulate co- stimulatory 
molecules such as CD40/CD80/CD86 and secrete cytokines such 
as IL- 12 that are required for T- cell polarisation. The plasmacytoid 
DC subset plays an important role in anti- viral immunity as they are 
a potent source of type I Interferon (IFN).12 Thus, DCs are key me-
diators of response to vaccination. Patients with IBD have signifi-
cantly lower levels of circulating DC during disease flares compared 
to healthy controls.11 Even patients with the inactive disease have 
shown reduced frequencies of circulating DC.13 A significantly higher 
frequency of plasmacytoid DC in the inflamed colonic mucosa and 
mesenteric lymph nodes of IBD patients compared to healthy con-
trols has also been reported.14 It appears that in IBD especially when 
the disease is active, DC migrate from the bloodstream to the gut.

Macrophages are another population of APCs critical in the initi-
ation of vaccine- induced immunity and protection against viral infec-
tion. Macrophages have the ability to destroy virally infected cells and 
produce IFN. However, these effects are evident only if the virus is 
destroyed or contained by macrophages. If a virus replicates in mac-
rophages, the infected macrophages may aid viral transmission. The 
permissiveness of macrophages for viral replication depends on fac-
tors including the age and host genetics.15 In CD, macrophages are 
compromised and produce subnormal amounts of pro- inflammatory 
cytokines.16 Whether these defects in DC, macrophages and PRRs in 
patients with IBD could impact systemic immunogenicity and aspects 
such as a patient's response to vaccination is still unknown. One recent 
review of 14 590 patients with IBD reported an elevated risk of oppor-
tunistic infections (OI) but no increased risk was evident for patients 
on biologic therapy.17 This observation supports the hypothesis that an 
immune- system dysfunction in these patients may contribute to poorer 
vaccine response. Despite the indirect evidence outlined above, it re-
mains the case that there is little direct evidence that patients with IBD, 
even if experiencing active disease, should be considered significantly 
immunosuppressed and therefore less likely to respond to vaccination. 
The statement from the ECCO guidelines on OI in IBD still, therefore, 
remains broadly true when it states “Patients with IBD should not be 
routinely considered to have altered immunocompetence.”5 This topic 
should, however, remain a focus for investigation and efforts made to 
evaluate whether patients with IBD, not receiving systemic immuno-
suppressive therapies show any difference in the degree in initial re-
sponse and durability of response to COVID- 19 vaccination.

4  | ARE WE COMPLYING WITH CURRENT 
VACCINATION RECOMMENDATIONS FOR 
PATIENTS WITH IBD?

Expert recommendations promoting the efficacy and safety of vac-
cinations are widespread in the IBD literature.5,18- 20 Both ECCO and 
BSG guidelines advocate screening for OI and vaccinating where 
possible, prior to commencing immunomodulatory therapy.5,18 Given 
80% of patients will require corticosteroids, 40% thiopurines and 
20% anti- TNF therapy over their disease course,5,16 the following 
vaccinations should be considered for patients with IBD: Varicella- 
zoster, Human Papilloma Virus (HPV), Influenza (yearly), Hepatitis B 
(HBV) and Pneumococcal vaccines.5

Despite current guidelines, multiple studies have shown subop-
timal vaccination levels amongst patients with IBD. Reasons include 
lack of patient education and the importance of vaccination being 
overlooked by gastroenterologists or general practitioners.21- 25 One 
observational study found implementation of a screening and vacci-
nation proforma significantly improved gastroenterologists’ compli-
ance with vaccination guidelines.26

From the patient's perspective, lack of awareness (49%) and fear 
of side effects (18%) are the most common reasons for not having the 
influenza vaccine.6 Uptake of the COVID- 19 vaccine worldwide has 
been promising. Several studies have looked at attitudes to COVID- 19 
vaccine uptake and reasons for vaccine hesitancy but none to date 
specifically in the IBD community. One study of 1000 people online 
in Ireland and the UK revealed 75% of participants intend to get a 
COVID- 19 vaccine, 11% said they would not be vaccinated and 14% 
were unsure regarding vaccination. Women and younger people were 
significantly less likely to report an intention to avail of a COVID- 19 
vaccine. The survey revealed that peer influences are strongly asso-
ciated with young women's intentions on vaccination.27 A separate 
polish study questioned 1427 people on COVID- 19 vaccine uptake. 
Interesting predictors for acceptance of the vaccination included 
being talked through the importance of vaccination and potential 
side- effects by a medical professional and suffering from chronic ill-
nesses. Those who opted not to be vaccinated were most frequently 
concerned about the vaccine efficacy or side- effects.28 Both these 
studies highlight the importance and need for members of the IBD 
multidisciplinary team to inform and counsel our patients to ensure 
optimal uptake of COVID- 19 vaccines. Involvement of patient organ-
isations is also necessary with clear and concise patient information 
available which clinicians can refer their patients to.29

5  | DO IBD THER APIES REDUCE VACCINE 
RESPONSES IN PATIENTS WITH IBD?

Immunosuppressive treatment is a significant driver of the increased 
susceptibility to infection observed in patients with IBD.5 One re-
cent study reported a threefold increase of serious systemic viral 
infections in patients with IBD compared to the general population. 
The main risk factors for contracting infection were clinically active 
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IBD and exposure to thiopurines.30 Data on rates of immunogenicity 
to vaccines against COVID- 19 are limited in patients with IBD but we 
can extrapolate data from other vaccination programmes focusing 
mainly on vaccinations against viruses including influenza, HBV and 
Varicella- zoster.

5.1 | Influenza vaccine

Approximately 300 000- 650 000 people die worldwide from in-
fluenza each year.31 The risk of contracting influenza and requiring 
hospitalisation is significantly greater in the IBD population,32 there-
fore, yearly influenza vaccination is recommended.5,18,19 The influ-
enza vaccine comes in two forms, an inactivated vaccine and a live 
vaccine. The live vaccine is not recommended for use in immuno-
compromised patients.5,18,19 Guidelines do not advise whether im-
munocompromised patients should receive standard dosage (SD) or 
high dosage (HD) of the trivalent inactivated influenza vaccine. One 
systematic review highlighted the fact that patients who received a 
HD vaccination had increased rates of seroconversion compared to 
those who received the SD in both immunocompromised individuals 
and adults aged 50- 64 years.33

The emergence of the novel influenza A (H1N1) virus in 2009 
stimulated research activity in the field of influenza vaccination. In 
the general population, serological protection rates of greater than 
85% were reported with the H1N1 influenza vaccine.34,35 However, 
rates of serological protection to influenza in patients with IBD tend 
to differ depending on treatment strategies. One study found influ-
enza vaccine yielded high seroprotection rates in patients with IBD, 
however, patients receiving anti- TNF treatment had lower rates of 
persistent seroprotection at 6 months post- vaccination.36 Cullen 
et al found serological protection rates against the H1N1 influenza 
vaccine in the IBD community was much less than that of the general 
population at only 50%.37 Levels of seroprotection were significantly 
lower in patients receiving immunosuppression (glucocorticoids, im-
munomodulators or biologic treatments) compared with patients not 
on these drugs (44% versus 64%).37 A prospective randomised con-
trol trial (RCT) examined serologic response to the inactivated triva-
lent influenza vaccine in patients receiving infliximab (IFX) and found 
despite patients mounting an initial immune response to vaccina-
tion, response rates ranged between 25% and 40%.38 Interestingly, 

vaccine administration at the time of infusion, or between infusions, 
did not impact response.38 Furthermore, a 2018 Japanese study 
assessed the immunogenicity of the quadrivalent influenza vaccine 
for patients with IBD on immunosuppression and found patients re-
ceiving IFX had lower seroprotection rates than those on 5- ASA or 
azathioprine.39

The addition of a booster vaccine does not appear to improve re-
sponse rates in patients with IBD.39,40 However, the HD quadrivalent 
influenza vaccine seems to improve immunogenicity in patients on 
immunosuppressive therapy.41,42 One RCT found patients with IBD 
on anti- TNF monotherapy receiving the HD influenza vaccine had 
significantly higher post- immunisation antibody levels compared 
with SD vaccine,41 with similar results seen in patients with rheuma-
toid arthritis on immunosuppressants.42

Overall, the inactivated influenza vaccine is safe to administer to 
patients with IBD, including patients on immunosuppressants with 
no association with increased IBD activity.43,44

Patients on immunosuppressants have reduced seroconversion 
rates compared to the general population. The ideal time to vacci-
nate patients is prior to starting immunosuppressive therapy where 
possible, to improve response rates. It is unclear whether patients 
on immunosuppressants would have higher response rates and be 
better protected with the HD vaccination protocol and this could be 
an area for further research if similar response rates are seen with 
the COVID- 19 vaccines.

5.2 | Hepatitis B vaccination

The prevalence of HBV infection varies throughout the world, with 
<1% of the population of Northern Europe being infected.45 ECCO 
and BSG guidelines recommend all patients should be screened for 
HBV at diagnosis of IBD to help expedite necessary vaccinations and 
reduce delays initiating therapy.5,18

In the healthy, general population 10% of HBV vaccine recipi-
ents fail to mount an adequate antibody response.46 Andrade et al47 
found patients receiving IFX, azathioprine or combination therapy 
had lower anti- HBsAg levels indicating an inadequate vaccine re-
sponse. A 2017 meta- analysis found response rate to the HBV vac-
cine in patients with IBD, regardless of therapy was 61%48 compared 
to 90% in the general population.46 Younger patients and those 

F I G U R E  1   Impact of having IBD and IBD medications on the immune response to COVID- 19 vaccines. A, Innate immune priming: 
IBD is associated with SNPs in genes regulating the innate immune response (eg innate immune sensors such as TLRs), therefore tissue 
resident antigen presenting cells (eg DCs) in patients with IBD may respond differently to the vaccines. Inflammatory cytokines produced 
in response to the vaccines may be blunted by anti- inflammatory medications (eg corticosteroids or biologic agents such as anti- TNF). B, 
Antigen presentation: Mature DC migrate to the local LN where they present antigen to naïve CD4/CD8+ T and B lymphocytes, providing 
co- stimulation and driving polarisation by secreting cytokines. IBD medications can limit antigen presentation. C, T cell proliferation and 
polarisation: Patients with CD tend to have immune responses polarised towards inflammatory Th1/Th17 cells, while patients with UC 
have a bias towards Th2 cells. D, CD4+ T cell: B cell interaction: Antigen specific CD4+ T cells interact with B cells providing co- stimulation 
via CD40:CD40L interaction to drive B cell proliferation, affinity maturation and class switch recombination. T cell- derived cytokines (eg 
IL- 4) are key to determining the antibody isotype and function. E, Immune Memory: Antigen- specific T and B cell clones expanded due to 
vaccination should give rise to long- lived memory cells. Patients with IBD frequently display an exhausted T cell phenotype (due to constant 
immune activation) and this may impact the phenotype and function of immune memory cells. Image created by BioRender.com.
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vaccinated during remission had higher response rates. Use of im-
munosuppressive agents was associated with reduced rates of im-
munogenicity (Table 1).48 Loras et al49 found seroconversion rates 
against Hepatitis B were only 44% in adults with IBD on anti- TNF 
therapy (Table 1). A second metanalysis evaluated the efficacy of the 
HBV vaccine in patients with IBD and found patients with IBD were 
significantly less likely to respond to the HBV vaccination compared 
with healthy controls. Overall, the pooled proportion of adequate 
response to the Hepatitis B vaccine in patients with IBD was 61% 
and the odds ratio of HBV response in patients with IBD was 0.13 
(95% confidence interval 0.05- 0.33, P = 0.001).50 Patients with IBD 
on immunosuppressants had significantly lower serological response 
rates to the HBV vaccine compared to the general population.50

The standard HBV vaccination of three doses is given at 0, 1 and 
6 months with an accelerated schedule for “rapid protection” with 
dosing at 0, 1, 2 and 12 months.51 A randomised prospective study 
found patients with IBD had a significantly higher response rate to 
the accelerated dosing schedule compared to standard dosing (75% 
vs 41%) (Table 2).52 A recent RCT from Chaparro et al found a 4- dose 
schedule was more effective than a 3- dose regimen with signifi-
cantly higher response rates for Hepatitis B vaccination in patients 
with IBD. As seen in other studies older age and treatment with im-
munomodulators or anti- TNFs impaired response to vaccination.53

ECCO guidelines recommend all IBD patients receive an acceler-
ated vaccination schedule using a double- dose protocol, whilst the 
ACG guidelines recommend the standard vaccination schedule.5,19 
Once further data are available on response rates in patients with 
IBD to the COVID- 19 vaccines the use of accelerated or double- dose 
vaccine schedules for sub- cohorts of patient with IBD that have im-
paired response to the vaccine may be an option.

5.3 | Varicella zoster vaccine

Varicella- zoster virus (VZV) causes chickenpox and herpes zos-
ter (shingles). In most European countries there is close to universal 
VZV seroconversion by late childhood.54 Primary VZV infection is 
more severe in adults than children.55 Patients with IBD on immu-
nosuppression appear to be at increased risk of complications with 
primary varicella infection.56,57 A retrospective review of 20 patients 
with IBD on immunosuppression found a 20% mortality from primary 
VZV infection, with three of these patients on corticosteroids at the 
time of infection.58 A separate retrospective study found a strong 
association with the requirement of hospitalisation for primary VZV 
and IBD in a paediatric cohort.59 Given the high risk of complications 

with primary varicella infection in patients with IBD, the ACG and 
ECCO recommend screening for prior exposure to varicella in all pa-
tients with IBD and vaccination if naïve.5,19 The varicella vaccine is a 
live vaccine, therefore, cannot be given to patients receiving immu-
nosuppressants. Both ECCO and the ACG recommends vaccination 
at least 3- 4weeks prior to commencing immunosuppressants.5,19 
In a systematic review of 40 observational studies in patients with 
immune- mediated disorders (IBD n = 20 556) investigators found 
although seroconversion following the varicella vaccine was high, it 
was reduced by immunosuppressive therapies.60

6  | NOVEL VACCINES AGAINST COVID - 19

Vaccines against SARS- CoV- 2 that elicit protective immune re-
sponses are crucial for the prevention and mitigation of the mor-
bidity and mortality associated with severe COVID- 19. Various 
strategies have been employed to rapidly develop vaccines including 
standard inactivated virus vaccines, live attenuated vaccines, and 
newer technologies such as nucleic acid vaccines and viral- vectored 
vaccines. To date, multiple vaccines against COVID- 19 have entered 
pre- clinical and clinical trials.61 The four lead vaccines to date avail-
able are two viral- vector and two mRNA- based vaccines. Here we 
will provide a short summary of each vaccine focusing on results 
from current trials and briefly discuss the current data on response 
rates in patients with IBD to the COVID- 19 vaccines and the gaps in 
knowledge regarding patients with IBD and vaccination.

6.1 | Viral vector- based vaccines

Viral- vectored vaccines rely on the delivery of one or more anti-
gens encoded in the context of an unrelated modified virus. Prior 
to the COVID- 19 pandemic only one viral- vectored vaccine called 
Dengvaxia (Sanofi- Pasteur), a recombinant Dengue vaccine has 
been licensed for human use.62

Given the large amount of different viral vectors available and 
the vast knowledge gathered about their manipulation and func-
tion as immunogens, viral vector- based vaccines represent a highly 
versatile platform for vaccine development. The viral vectors them-
selves are detected as foreign as they trigger PRRs and initiate 
innate immune responses, thus mimicking natural viral infection 
inducing potent immune responses. Strong antigen- specific cellu-
lar and humoral immune responses against the target antigen can 
be induced by these vaccines (Figure 1). One study looking at the 

TA B L E  1   Impact of medications on seroprotection rates for Hepatitis B vaccination

Medications
No immunosuppression (5- asa or no 
medication)

Immunosuppression (Immunomodulator or biologic 
therapy)

Anti- TNF 
therapy only

Seroprotection rates 77%a  52%a  44%b 

aGisbert J et al Aliment Pharmacol Ther. 2012.
bLoras C et al J Crohns Colitis. 2014.
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Canarypox- virus vaccine vector ALVAC found this viral- vector acts 
as an adjuvant through a mechanism requiring natural killer cells 
derived IFN- γ, DC activation and chemokine secretion.63 We have 
recently demonstrated that NK cells isolated from the blood of IBD 
patients produce markedly reduced levels of IFNγ and this subopti-
mal NK cell response may impact on the ability of patients with IBD 
to respond to this class of vaccine.64

Two viral vector- based vaccines against COVID- 19 have been 
approved to date.

AstraZeneca has developed a chimpanzee adenovirus- vectored 
vaccine that encodes the spike glycoprotein of SARS- CoV- 2 
(ChAdOx1 nCoV- 19 vaccine).65 Phase 1/2 trial showed the induc-
tion of humoral responses after the first dose of the vaccine and an 
additional increase in humoral immune outcomes after the second 
dose.66 Subsequently a large, randomised placebo control phase 3 
trial of the ChAdOx1 nCoV- 19 vaccine involving 23,848 adults re-
ported this vaccine is highly effective in preventing COVID- 19. No 
hospitalisations or severe cases of COVID- 19 were reported in par-
ticipants receiving the vaccine. There was a total of 131 COVID- 19 
cases reported, 30 (0.5%) in the vaccinated group and 101 (1.7%) 
in the control group.67 In this study overall vaccine efficacy was 
70% which was statistically significant compared to placebo. No 
serious safety events related to the vaccine were reported.67 The 
vaccine generated similarly robust immune responses against the 
SARS- CoV- 2 virus across all age groups.67 The UK Medicines and 
Healthcare products Regulatory Agency (MHRA) and EMA have 
provided authorisation for emergency supply of the ChAdOx1 
nCoV- 19 vaccine.68,69

Since the approval of the AstraZeneca vaccine, both EU and UK 
regulators have investigated reports of unusual blood clots after 
receiving the ChAdOx1 nCoV- 19 vaccine. The EMA’s investigating 
committee reviewed 62 cases of cerebral venous sinus thrombosis 
and 24 cases of splanchnic vein thrombosis reported in the EU’s drug 
safety database as of March 2021, 18 of which were fatal. At that 
point, around 25 million people in the EU and UK had received the 
AstraZeneca vaccine. The agency said that most cases occurred in 
women aged under 60 within two weeks of vaccination.70,71 Overall, 
it was found 1 in 250 000 people with the AstraZeneca vaccine will 
develop blood clots with low platelets. However, the risk of devel-
oping a clot from COVID- 19 infection is much higher with a prev-
alence of 7.8% in one study for pulmonary embolism and 1.6% for 
a stroke.72 The MHRA have advised offering an alternative vaccine 
where possible to those under 30 years of age given risk- benefit 
calculation.71 Both the EMA and the UK’s MHRA have advised that 

unusual blood clots with low blood platelets should be listed as a 
very rare side effect of the AstraZeneca vaccine but overall, the vac-
cine is very safe and effective.70,71

The Janssen Pharmaceutical Companies of Johnson & Johnson 
have developed a viral vector- based vaccine, the Ad26.COV2- S vac-
cine, after preclinical studies demonstrated a single dose provides 
protection against SARS- CoV- 2 infection in rhesus macaques.73 
Results from phase 1/2 trials found a single dose of this adenovirus 
serotype 26- vectored vaccine induced strong neutralising antibody 
responses.74 Given these promising results a randomised, double- 
blind, placebo- controlled, phase 3 trial called the ENSEMBLE trial 
of the replication- defective Ad26.COV2- S vaccine was initiated. 
43 783 participants were recruited with 468 symptomatic cases of 
COVID- 19 identified during the study. Results reported Janssen's 
Ad26.COV2- S vaccine was 66% effective in preventing moderate- to- 
severe COVID- 19, 28 days after vaccination.75 The level of protec-
tion against moderate- to- severe COVID- 19 infection was 72% in the 
United States, 66% in Latin America and 57% in South Africa.75 The 
ENSEMBLE trial was the first to include efficacy against the newly 
emerging strains of coronavirus. The Ad26.COV2- S vaccine was 85% 
effective in preventing severe disease across all regions studied. 
41% of participants had comorbidities associated with an increased 
risk for progression to severe COVID- 19.75 Efficacy against severe 
disease appeared to increase over time with no reported COVID- 19 
cases in vaccinated participants reported after day 49.75 Overall, this 
vaccine was well tolerated. EUA of this vaccine has been approved 
by the EMA.76 As seen with the AstraZeneca vaccine blood clots 
have been reported post- vaccination with this vaccine. The EMA’s 
safety committee advised a warning about unusual blood clots with 
low blood platelets should be added to the product information for 
the Janssen COVID- 19 vaccine. Of seven cases, blood clots occurred 
mostly at unusual sites such cerebral venous sinus thrombosis or 
splanchnic vein thrombosis as seen with the AstraZeneca vaccine.77

A third viral vector- based vaccine called the Sputnik V vaccine is 
currently in phase 3 clinical trials. This vaccine is a human adenoviral 
vector- based vaccine using a heterologous recombinant adenovi-
rus approach using adenovirus 26 (Ad26) and adenovirus 5 (Ad5) as 
vectors. The use of two varying serotypes is intended to overcome 
any pre- existing adenovirus immunity in the population. The second 
interim analysis (n = 21 977) for this trial of the Sputnik V vaccine 
reported an efficacy of 95% 21 days after the second dose.78 So far, 
78 confirmed cases of COVID- 19 have been identified with 62 cases 
in the placebo group and 12 in the vaccine group. Although EMA 
approval is still pending, the Sputnik V vaccine received approval 

Vaccine schedule (mo)
General 
population

IBD 
cohort

Standard dosing 0, 1, 6 (1.0 ml, 20 µg recombinant HBsAg) >90%a  41%b 

Accelerated double 
dosing

0, 1, 2, 12 (2 × 1.0 ml, 20 µg recombinant 
HBsAg)

>90%a  75%b 

aKubba A et al Commun Dis Public Health. 2013.
bGisbert J et al Aliment Pharmacol Ther. 2012.

TA B L E  2   Impact of accelerated dosing 
versus standard dosing on seroprotection 
rates for Hepatitis B

https://www.ema.europa.eu/en/glossary/product-information
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from the Russian Ministry of Health in August 2020 and under emer-
gency rules has been approved for use to vaccinate the population 
of Russia.

6.2 | mRNA- based vaccines

An alternative novel technology deployed for rapid COVID- 19 vac-
cine development involves nucleic acid vaccines. Nucleic acid- based 
vaccine technologies employ either antigen encoding plasmid DNA 
or RNA, as messenger RNA or viral replicons. mRNA vaccines can 
induce both humoral and cellular immune responses, encode any 
antigen of choice and allow a high degree of adaptability. A major 
advantage of mRNA vaccines is they offer a flexible one- for- all large- 
scale, rapid and cost- effective manufacturing process. A variety of 
preclinical studies have demonstrated the ability of non- replicating 
mRNA vaccines to induce immune responses and confer protection 
against pathogens with pandemic potential, such as Zika virus, Ebola 
virus and influenza.79- 81

The first mRNA vaccine to receive approval by both the EMA and 
FDA for EUA was the mRNA- based COVID- 19 vaccine launched by 
Pfizer and BioNTech, BNT162b2. Early results from phase 1/2 trials 
found that these lipid nanoparticle- formulated, nucleoside- modified 
mRNA vaccines, elicited receptor- binding domain- specific neutralis-
ing IgG and antibodies.82 Of two vaccine candidates, the BNT162b2 
vaccine produced a higher T- cell response and progressed to phase 
3 clinical trials.82 A total of 43 448 participants were recruited for 
this trial. 21 720 received BNT162b2 vaccine and 21 728 received 
placebo. Results demonstrated the BNT162b2 vaccine was 95% 
effective against COVID- 19 28 days after vaccination. In subgroup 
analysis, the observed efficacy of the vaccine in adults over 65 years 
was over 94%.83 In this trial, 172 confirmed cases of COVID- 19 were 
observed in the placebo group vs 9 in the vaccine group.83 No seri-
ous safety concerns were reported. The most commonly reported 
systemic events were fatigue and headache. The incidence of se-
rious adverse events was low and was similar in the vaccine and 
placebo groups.83 Although there were no reports of anaphylaxis 
in the clinical trial since approval severe allergy- like reactions have 
been reported in at least 21 people who received the BNT162b2 
vaccine.84 It is thought this anaphylaxis may be due to polyethylene 
glycol that has been included in vaccine formulation as a stabiliser.84 
The FDA has advised individuals with severe allergic reactions to 
vaccines or ingredients in the vaccine should avoid this vaccine.85 
The UK MHRA advised individuals with a history of anaphylaxis to 
medicine or food not to receive the vaccine.86

A second mRNA vaccine, the Moderna vaccine, completed a 
phase three trial called the COVE trial after promising results from 
phase 1/2 clinical trials.87 Positive results from the phase 3 trial 
showed a vaccine efficacy against COVID- 19 of 94% and vaccine 
efficacy against severe COVID- 19 was 100%.88 In this study, 7000 
participants were over the age of 65 and over 5000 participants 
under the age of 65 had high- risk chronic diseases. In total 42% 
of participants were defined as a medically high- risk group.88 One 

hundred and ninety- six cases of COVID- 19 occurred, of which 30 
cases were severe. All 30 cases occurred in the placebo group and 
none in the vaccinated group.88 No serious safety concerns have 
been identified to date. The most common adverse reactions re-
ported include injection site pain, fatigue, myalgia, arthralgia, head-
ache, and erythema at the injection site.88 EUA of this vaccine by the 
EMA has been granted.

In addition to these leading vaccines, numerous other poten-
tial COVID- 19 vaccines are in phase 3 clinical trial at present.89 A 
summary of potential vaccines is summarised in Table 3 and we will 
hopefully see results for several other vaccines on the horizon using 
numerous different mechanisms of action in the next 12 months.

These up- and- coming vaccines have brought about hope and 
relief worldwide that there is a possible end in sight to the current 
pandemic however numerous questions remain unanswered. One 
key unanswered question is how long the vaccine's effectiveness 
will last which can only be answered with longitudinal observational 
studies. Vaccine effect can wane over time because of declining im-
munologic memory or changing antigenicity of the pathogen. A vac-
cination can be followed with booster doses to maintain a protective 
level of immunity among susceptible individuals, but the nature of 
the protection over time must be understood so that an effective 
vaccination and boosting schedule can be determined.

One possible option to improve immunogenicity to COVID- 19 
especially in immunocompromised cohorts such as patients with IBD 
is mixing vaccines.

The main bottleneck in developing vaccines for intracellular in-
fections is the ability to induce strong and long- lasting cell- mediated 
immunity. Stimulation of a functional CD8 response is often crucial 
in addition to a Th1- type CD4 T cell response. Over the past decade, 
studies have shown that prime– boost immunisations can be given 
with unmatched vaccine delivery methods while using the same an-
tigen, in a “heterologous” prime– boost format. In many cases, heter-
ologous prime– boost can be more immunogenic than homologous 
prime– boost.90,91 One study in humans looking at heterologous 
prime– boost immunisation schedules showed promising results. A 
DNA prime- modified vaccinia virus Ankara (MVA) boost vaccine 
encoding thrombospondin- related adhesion protein partially pro-
tected healthy malaria- naive adults against Plasmodium falciparum 
sporozoite.92 In a separate study conducted in calves, DNA prime 
with Ag85B, MPT64 and MPT83 antigens followed by a BCG boost 
was able to elicit higher immune responses and better protection 
than BCG alone against Mycobacterium bovis.93 A heterologous one-
time DNA prime and one- time inactivated influenza vaccine boost 
was also found to be more immunogenic than twice administered 
homologous prime– boost using either DNA or inactivated influenza 
vaccine alone.94 The use of heterologous prime– boost vaccination 
schedules is currently being looked at for the COVID- 19 vaccines 
and results are promising. In mice models following vaccination with 
a self- amplifying RNA vaccine and an adenoviral vectored vaccine 
(ChAdOx1 nCoV- 19/AZD1222) against SARS- CoV- 2 investigators 
found antibody response was higher in two- dose heterologous 
vaccination regimens than single- dose regimens. Interestingly, the 
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cellular immune response after a heterologous regimen is dominated 
by cytotoxic T cells and Th1+ CD4 T cells, which is superior to the 
response induced in homologous vaccination regimens in mice.95 In 
one small study in humans 26 individuals received a ChAdOx1 nCoV- 
19 prime followed by a BNT162b2 boost after an 8- week interval. 
Antibody titres increased significantly over time resulting in strong 
neutralisation titres 2 weeks after the BNT162b2 boost. Neutralising 
activity against the prevalent strain B.1.1.7 was 3.9- fold higher than 
in individuals receiving homologous BNT162b2 vaccination, only 2- 
fold reduced for variant of concern B.1.351, and similar for variant 
B.1.617. No adverse outcomes were noted.96

A second key question is how effective are the current vaccines 
against the numerous new variants of COVID- 19 emerging? The 
COVID- 19 vaccines currently approved are expected to provide at 
least some protection against new virus variants because these vac-
cines elicit a broad immune response involving a range of antibodies 
and effector immune cells. Therefore, changes or mutations in the 
virus should not make vaccines completely ineffective. To date, mul-
tiple different variants of the COVID- 19 virus have been identified 
and the four main variants of concern are the alpha, beta, gamma 
and delta variants. The beta variant was first detected in South 
Africa and contains the E484K mutation that is thought to help 
the virus partially evade antibodies. Studies do suggest two doses 
of COVID- 19 vaccination offer strong protection against infection. 
One study looked at the effectiveness of the Pfizer/BioNTech vac-
cine to two strains of the beta variant in Qatar. This study found the 
vaccine was 89.5% effective against the B.1.1.7 variant of COVID- 19 
and 75% against the B.1.351 variant. Overall vaccine effectiveness 
against severe COVID- 19 for either of these strains was 97%.97 
Janssens viral- vector vaccine was also still in clinical trials when 
the beta strain emerged and vaccine effectiveness against severe 
COVID- 19 was robust with 82% efficacy at preventing severe dis-
ease.75 Recently the delta variant has become the dominant vari-
ant of COVID- 19 virus. Reassuringly current vaccines are effective 
against this strain. After a full course vaccine effectiveness against 
the delta strain was 88% with the Pfizer/BioNTech vaccine and 67% 
with the AstraZeneca vaccine.98 In the event that current vaccines 
prove to be less effective against one or more variants, it will be pos-
sible to change the composition of the vaccines to protect against 
these variants. WHO has recommended that all countries increase 
the sequencing of the COVID- 19 virus where possible to identify 
different variants.99

For patients with IBD, one of the most pertinent questions is the 
efficacy of these new vaccines for patients on immunosuppressive 
medications. To date two studies have looked at response rates to 
the COVID- 19 vaccine in patients with IBD on immunosuppres-
sants. The ICARUS study recently published looked at antibody re-
sponse to the mRNA COVID- 19 vaccines (Pfizer and Moderna) in 
patients with IBD (n = 48) compared to a control group without IBD 
(n = 43).100 There was no significant difference in anti- Spike IgG lev-
els between patients with IBD and the control group at any time 
points. 85% of patients were receiving biologic therapy at the time of 
vaccination, all on monotherapy. At the time of this study 33 patients 

had received one dose of the mRNA vaccine, 15 patients had re-
ceived both vaccines and 3 patients with IBD had a history of pre-
vious COVID- 19 infection. All 15 patients with IBD who completed 
two- dose vaccine schedules seroconverted. Although numbers 
were small investigators found patients treated with vedolizumab 
(n = 9) had no significant differences in index values for anti- RBD 
IgG but had significantly lower anti- S IgG levels compared to pa-
tient receiving anti- TNF therapy (n = 5). Reassuringly in this study 
authors reported a 100% seroconversion rate to complete Pfizer- 
BioNTech and Moderna mRNA COVID- 19 vaccines in IBD patients 
on biologic monotherapy with robust serological responses.100 A 
second larger study from the UK called the CLARITY study com-
pared antibody response rates post one dose of a COVID- 19 vac-
cine. This was a large multicentre study including patients from 92 
hospitals.101 Patients with IBD were vaccinated with either the viral 
vector AstraZeneca vaccine or the mRNA Pfizer/BioNTech vaccine. 
Patients included were either receiving vedolizumab (n = 428) or IFX 
(n = 865) at the time of vaccination. Investigators found mean anti-
body concentrations were lower in patients treated with IFX than 
vedolizumab both with the mRNA vaccine and viral- vector vaccine 
(6.0 U/ml vs 28.8 U/ml).100 Amongst patients receiving IFX mean an-
tibody concentrations were lower if patients were on concomitant 
immunomodulators. On multivariate analysis, age over 60 years, 
immunomodulator use, non- white ethnicity and smoking were inde-
pendently associated with lower antibody concentrations for either 
vaccine. Seroconversion rates varied significantly between patients 
treated with IFX and vedolizumab after one vaccine dose. The low-
est rates of seroconversion were observed in participants treated 
with IFX in combination with an immunomodulator for both the 
Pfizer (27%) and AstraZeneca (20.2%) vaccines. Highest rates of se-
roconversion were seen in patients treated with vedolizumab mono-
therapy.101 A smaller subset of patients (n = 27) had completed the 
two- dose vaccination schedule with seroconversion rates of 86% for 
those on IFX and 86% for those on vedolizumab. In both IFX and 
vedolizumab treated patient's antibody levels and seroconversion 
rates were higher after two doses than after one primary vaccine. 
Seroconversion rates were also higher in patients with IBD who re-
ceived one vaccination but had a previous history of COVID- 19 in-
fection. 82% of patients with previous COVID- 19 infection treated 
with IFX seroconverted and 97% treated with vedolizumab serocon-
verted after one vaccine dose.101 Overall to date the CLARITY study 
is the largest study looking at antibody response to the COVID- 19 
vaccine in patients with IBD. This study showed anti- SARS- CoV- 2 
spike antibody levels and rates of seroconversion are lower following 
vaccination with a single- dose of either COVID- 19 vaccine in patients 
with IBD treated with IFX compared with vedolizumab. Combination 
therapy with an immunomodulator further reduced immunogenicity 
to both vaccines in IFX- treated patients. From both the CLARITY 
and ICARUS studies we can see overall either by vaccination after 
infection or a second dose of vaccine with either the mRNA or viral 
vector COVID- 19 vaccines rates of seroconversion are high in pa-
tients with IBD.100,101 Both the mRNA and viral vector vaccines ap-
pear to induce similar rates of immunity with neither appearing to 

https://twitter.com/WHO/status/1351587623920410624?s=20
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be more effective than the other in patients with IBD on immuno-
suppressants.101 Delayed second dosing of the COVID- 19 vaccine 
should be avoided in patients treated with IFX.101 A separate study 
by Ehmsen et al investigated the impact of cancer on antibody re-
sponse to the COVID- 19 vaccines and found antibody titres rapidly 
decreased from 36 days to 3- month for most patients with cancer, 
resulting in seroconversion of approximately 10% of the seropositive 
to seronegative, most prominently for patients with haematologic 
cancer.102 For patients with haematologic cancer, seronegativity was 
significantly associated with certain diagnoses, remission statuses, 
and treatments, but the lack of T cell responses was only significantly 
associated with steroid use.102 Further research is required to con-
firm the results of the above studies in patients with IBD and better 
understand whether alterations in the innate immune response in 
patients with IBD impact vaccine response or whether the impact of 
different medications such as different biologic therapies or immu-
nomodulators impacts the adaptive immune response and vaccine 
efficacy. Once the impact of IBD itself, different disease- related 
factors and medications are determined on vaccine response, ob-
servational studies will help determine if manipulation of the tim-
ing of biologic therapies in relation to vaccination or use of booster 
vaccines or heterologous prime– boost vaccination schedules could 
improve antibody response in sub- cohorts of patients with IBD.

Overall, to date we can be guided by advice provided by the 
International Organisation for the Study of Inflammatory Bowel 
Disease and the COVID- 19 ECCO taskforce both of which advise 
patients with IBD should be vaccinated against SARS- CoV- 2 at the 
earliest opportunity possible and vaccination should not be de-
ferred because a patient with IBD is receiving immune- modifying 
therapies.103- 105 Although data are minimal, the ECCO Taskforce 
cautiously recommends to use the mRNA vaccine to vaccinate IBD 
patients on immunomodulatory medication since the vaccine's effi-
cacy to protect against the mild and severe disease was shown to be 
higher for mRNA vaccines (94%- 95%) compared to the viral vector- 
vaccines, where the mild disease still occurs in about 30%- 40% of 
the vaccinated persons.104

7  | CONCLUSION

From observations related to the use of established vaccines in 
patients with IBD, we can conclude that patients with IBD tend to 
have poorer vaccine- induced immunity than the general population. 
The use of immunosuppressants and disease activity are both impli-
cated in causing lower rates of seroconversion. For certain vaccines 
including the hepatitis B vaccine and influenza vaccines accelerated 
protocolls and higher dosing have shown potential to improve the 
immunity achieved for patient with IBD. To date, data are limited in 
the IBD population on response rates to the COVID- 19 vaccine but 
similar issues seem to be arising as seen with established vaccines. 
There is clearly a requirement for large scale collaborative research 
efforts to gather larger datasets on the response rates to different 
vaccines amongst patients with IBD and examine the impact of both 

disease activity and different IBD therapies on the immunity gener-
ated by vaccination. It is recommended all patients with IBD can be 
vaccinated against COVID- 19 with the currently available vaccines. 
To improve immunogenicity, it seems prudent to take a few elemen-
tary precautions prior to patients being vaccinated; patients should 
ideally be in disease remission and if possible, corticosteroids doses 
should be minimised. Preferably, the vaccination should be given prior 
to newly commencing potentially immunosuppressant medications 
where possible (though IBD treatments should not be unduly delayed 
to allow vaccination). Research into the benefits of double dose vac-
cines, additional booster dosing or use of heterologous prime– boost 
vaccination schedules for immunosuppressed patients’ needs to be 
considered. Finally, the potential for short drug holidays (with oral 
agents), vaccination at the trough level for biologic agents or antibody 
testing in vulnerable cohorts may be an area that would benefit from 
prospective evaluation.
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