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Abstract: Background: The antibody response to coronavirus disease 2019 (COVID-19) vaccination
in patients with inflammatory bowel disease (IBD) on biological drugs is still unclear. Aim: To
determine the anti-SARS-CoV-2 spike 1 (anti-51-IgG) response rate and antibody levels following
a complete COVID-19 vaccination cycle in patients with IBD on biological treatment. Methods: We
assessed antibody response to COVID-19 in consecutive patients with IBD on biological drugs and
without prior exposure to COVID-19. Sera were prospectively collected at baseline and at 21 days (T1),
42 days (T3), and 3 months (T3) after the first vaccine dose. Results: Among the 42 patients included
in the study, the overall response rate at T3 was 97.6%, with no difference across the various biological
drugs. After the first dose (T7), the response rate was higher in patients receiving anti-tumour necrosis
factor (TNF) compared to patients treated with other biologics (p = 0.031). Among the responders,
the anti-S1 levels were not significantly different among the various biological drugs at all study
timepoints. Concomitant corticosteroids and disease activity had no impact on the response rate at
all study timepoints. No unexpected side events were observed. Discussion: The antibody response
to vaccination against COVID-19 in patients with IBD on biological drugs is optimal, independently
of their mechanism of action. Patients treated with anti-TNF seem to have an earlier response to
vaccination, while concomitant low-dose corticosteroids and disease activity does not seem to impact
response. This information can be used to program vaccination and inform patients.
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1. Introduction

Inflammatory bowel disease (IBD) is a chronic, recurrent disease with alternating
periods of latency and phases of relapse [1]. Considering the progressive course of IBD
and the young age at onset, the use of biological treatment increased during the last
decades, and patients with IBD treated with biologics have a higher risk of infection as
compared to the general population, which is further increased in those concomitantly
treated with steroids and/or immunosuppressive drugs [2,3]. Furthermore, several studies
suggested that patients with IBD have an attenuated response to vaccination if treated
with immunosuppressive or biological drugs [4-7]. For example, it has been shown that
immunological response to inactivated quadrivalent influenza vaccine is lower in patients
with IBD treated with infliximab [8]. Similarly, the response rate to Hepatitis B Virus (HBV)
standard vaccination seems to be lower in patients with IBD on infliximab, with or without
concomitant azathioprine [9].
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Vaccination against coronavirus disease 2019 (COVID-19) for patients with IBD on
biological therapy is currently recommended, although few data are available on the
response rate to vaccination [10,11]. Indeed, while one study demonstrated that infliximab,
as compared to vedolizumab, was associated with attenuated response to a single dose
of a COVID-19 vaccine, another study found that patients with IBD treated with either
anti-tumour necrosis factor (TNF) or vedolizumab had a blunted vaccination response as
compared to healthy controls [12,13]. Thus, the antibody response to COVID-19 vaccination
among patients with IBD treated with biological drugs is still unclear, and pragmatic studies
detailing the rate of response and the dynamics of antibodies development in this setting
are urgently needed.

In this study, our aim was to assess the rate of anti-SARS-CoV 2 spike 1 (anti-S1 IgG)
seroconversion following a complete cycle of COVID-19 BNT162b2 vaccination in patients
with IBD on biological drugs. We also assessed the impact of concomitant steroid therapy
and of active disease in developing a response to vaccination, besides assessing the safety
profile of anti-COVID-19 vaccination in these patients.

2. Patients and Methods
2.1. Inclusion and Exclusion Criteria

In this prospective study we included adult patients with IBD (Crohn’s disease
and with ulcerative colitis) on stable biological therapy for at least 6 months who un-
derwent a complete vaccination cycle against COVID-19 at our Unit. Criteria for inclu-
sion were diagnosis of Crohn’s disease or ulcerative colitis (confirmed by endoscopic,
radiologic, and histologic evaluation) and stable biological treatment initiated at least
6 months before study entry without concomitant use of immunosuppressive drugs
(i.e., azathioprine/6-mercaptopurine, methotrexate). An exclusion criterion was prior
COVID-19 infection, as assessed by positivity for anti-S1 IgG, or previous presence of
symptoms and positivity for COVID-19 PCR.

2.2. Ethics

All patients provided written informed consent before inclusion. The study was
performed according to the Declaration of Helsinki, and the protocol was approved by the
local Ethical Committee.

2.3. Study Protocol

Patients underwent blood sampling at baseline (T, the day before administration of
the first dose of vaccine), which was also used to screen sera for the evidence of previous
asymptomatic exposure to COVID-19. Following the baseline assessment, an intramuscular
dose of the BNT162b2 m-RNA COVID-19 vaccine (Pfizer-BioNTech) was administered
twice, 21 days apart. Patients” serum was collected at 21 days from baseline (T;), just before
the administration of the second dose of the vaccine, at 42 days (T,), and at 3 months from
the baseline (T3) (Figure 1).

Anti-SARS-CoV 2 spike 1 (anti-S1 IgG) antibodies were measured with a two-step
immunoassay employing fluoromagnetic dyed beads coated with Spike protein S1 subunit,
using commercial kits (BioPlex2200, Bio-Rad Laboratories, Redmond, WA, USA). An anti-S1
IgG antibody level >10 U/mL was deemed compatible with response to vaccination.

Side effects were graded according to the Common Terminology Criteria for Ad-
verse Events (CTCAE) Version 5.0, and severe side effects were considered as at least
a Grade 3 event, according to the CTCAE scale [14].
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Figure 1. Vaccination protocol and timepoints of assessment of response. T represents the day before
administration of the first dose of vaccine, T just before the administration of the second dose of
vaccine, T, at 42 days, and T3 at 3 months from baseline.

2.4. Statistics

Continuous data were compared using the Mann-Whitney U-test and analysis of
variance (ANOVA), and categorical data were compared using the Fisher’s exact test or
Chi-square test. A p value < 0.05 was considered statistically significant.

3. Results
3.1. Main Characteristics of the Study Population

Among the 46 patients with IBD evaluated for COVID-19 vaccination (30 with Crohn’s
disease and 16 with ulcerative colitis), at baseline (Ty) we found anti-S1 IgG positivity in
four patients (8.7%), all asymptomatic: one patient treated with adalimumab, two patients
treated with ustekinumab, and one patient treated with vedolizumab, who, according to
the study’s exclusion criterion, were not further included in the analyses. Therefore, our
study included 42 patients, 28 with Crohn’s disease (66.6%) and 14 with ulcerative colitis
(33.3%), whose baseline characteristics are summarised in Table 1. Twenty-one patients
were on adalimumab (50.0%), eight on vedolizumab (19.0%), seven on infliximab (16.7%),
and six on ustekinumab (14.3%).

Table 1. Patients’ characteristics subdivided according to inflammatory bowel disease category.

Whole Cohort Crohn’s Disease Ulcerative Colitis
(n=42) (n=28) (n=14)
Age, years 52 (19-84) 52 (23-84) 46.5 (19-74)
Gender, male 26 (61.9) 14 (50.0) 12 (85.7)
Body mass index, kg/m? 24.4 (16.9-36.0) 23.5 (16.9-36.0) 24.9 (18.5-29.3)
Age at diagnosis, <40 years 30 (71.4) 22 (78.5) 8(57.1)
Disease location
L1 ileal 14 (50) -
L2 colonic 6(21.4) -
L3 ileocolonic 8 (28.6) -
E1 proctitis - 1(7.0)
E2 left-side colitis - 6 (43.0)
E3 pancolitis - 7 (50.0)
Disease behaviour
B1 inflammatory 12 (42.9) -
B2 stricturing 10 (35.7) -
B3 penetrating 6(21.4) -
Smoking status
Past smokers 14 (33.3) 9 (32.0) 5(35.7)
Active smokers 9(21.4) 9 (32.0) 0

No smokers

19 (45.2) 10 (35.7) 9 (64.2)
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3.2. Response Rate to COVID-19 Vaccination

The overall response rate to COVID-19 vaccination was 97.6% (41/42). At T; the
response rate was 85.7% (18/21) in patients on adalimumab, 85.7% (6/7) in those on
infliximab, 50.0% (4/8) in those on vedolizumab, and 33.3% (2/6) in those on ustekinumab
(p = 0.031). At this timepoint, patients treated with anti-TNF drugs showed a significantly
higher response rate than those treated with other biological drugs (85.7% versus 42.9%;
p = 0.009). At T, the response rate increased, and all patients on adalimumab, infliximab,
and ustekinumab developed an antibody level compatible with response to vaccination
(ie., anti-S1 IgG >10 U/mL), while this threshold was reached by 6/8 patients on vedolizumab
(75.0%, p = 0.03). At T3, the response rate was maintained in patients on adalimumab,
infliximab, and ustekinumab, and increased to 87.5% (7/8 patients) in those on vedolizumab
(p = 0.226) (Figure 2).

T1 (21 days after the first dose of vaccine)
M T2 (42 days after the first dose of vaccine)

B T3 (3 months after the first dose of vaccine)

100% 100% 88%
86% 100% 100%

50%

33%
6/7 7/7 2/6 6/6 4/8 7/8

Infliximab Ustekinumab Vedolizumab

Figure 2. Rate of response to the BNT162b2 m-RNA COVID-19 vaccine (Pfizer-BioNTech), subdivided
according to biological drugs, at the various study time-points in the 42 patients without previous
COVID-19 exposure.

At all timepoints, considering only patients who had a response to vaccination, we
observed no statistically significant difference in the anti-S1 antibody levels among the
various biological drugs (T1 p = 0.107; T, p = 0.836, T3 p = 0.434).

At the time of vaccination, and during the study, seven patients (16.7%) were on
concomitant steroids (median daily dose, 5 mg), with no influence on the rate of response
at all timepoints as compared to patients not on steroids (T1, p = 0.647; T, p = 0.746; T3,
p = 0.365). During the study, nine patients (21.4%) had a mildly active disease that did
not require treatment modification: at Ty (p = 0.953), T (p = 0.900), and T3 (p = 0.481),
these patients did not have a different response rate to vaccination as compared to those in
complete remission. Lastly, 46.4% of patients treated with anti-TNF, 100% of patients treated
with ustekinumab, and 37.5% of patients treated with vedolizumab had been treated with
immunosuppressive drugs (i.e., azathioprine/6-mercaptopurine, methotrexate) in the past,
and in a pooled analysis we observed no significant difference in vaccination response
between patients who had or had not received immunosuppressive drugs in their history.

3.3. Safety

The overall incidence of self-reported side effects—all mild-to-moderate in degree—
following vaccine administration was 37.0%, with no severe side effects (Table 2). Notewor-
thy, none of the patients reported an IBD flare during the study, and no difference rate in
side effects was reported among the various biological drugs (p = 0.140).
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Table 2. Main side effects following COVID-19 vaccination in patients with inflammatory bowel disease.

Degree of Severity Based on

Side Effect Patients CTCAE
Fever 5(11.9) Grade 1: 4 (9.5); Grade 2: 1 (2.4)
Headache 4(9.4) Grade 1: 2 (4.7); Grade 2: 2 (4.7)
Pain at the injection site 3(7.1) Grade 1: 2 (4.7); Grade 2: 1 (2.4)
Fatigue 3(7.1) Grade 1:2 (4.7); Grade 2: 1 (2.4)
Diarrhoea 3(7.1) Grade 1: 2 (4.7); Grade 2: 1 (2.4)
Nausea or vomiting 2(4.7) Grade 1 (2.4)
Lymphadenopathy 2(4.7) Grade 1 (2.4)
Arthromyalgia 2 (4.7) Grade 1 (2.4)
Periocular oedema 1(2.4) Grade 1 (2.4)
Chills 1(2.4) Grade 1 (2.4)
Vertigo 1(2.4) Grade 1 (2.4)

Data are shown as the absolute value with the percentage in brackets. CTCAE, Common Terminology Criteria for
Adverse Events.

4. Discussion

Patients with IBD often need to be treated with biological drugs in the course of
their disease, and either anti-TNF or other biological drugs are commonly used to obtain
remission of disease [15]. In the course of the COVID-19 pandemic, patients with IBD
treated with biological drugs were the focus of attention due to the fear of a potentially
more severe disease course, and vaccination against COVID-19 was recommended by
scientific societies and expert consensus [10,11]. Indeed, despite both the willingness to get
vaccinated and the actual uptake of vaccines among patients with IBD being elevated, the
rate of response to a full-course of COVID-19 vaccination has not been completely described
in these patients [12,13,16-18]. Therefore, we deemed it of interest to prospectively assess
the antibody response to COVID-19 vaccination among patients with IBD treated with
biologics, with the aim to provide a relevant piece of information to clinicians managing
these patients and to help inform vaccination programs.

In this study, we observed that following a full-course of COVID-19 mRNA vaccination,
97.6% of patients with IBD on stable biological drug treatment developed a complete
antibody response. In particular, an earlier, complete response was observed among
patients on anti-TNF drugs, either adalimumab or infliximab, as compared to patients on
ustekinumab or vedolizumab, where the response rate lagged behind, although it was
ultimately reached by almost all patients following completion of the vaccination cycle.
Among the responders, the antibodies levels were not different across the various biological
drugs at all study timepoints. Our results are somehow at odds with those obtained in the
CLARITY study, as we observed that patients treated with anti-TNF drugs were more likely
to achieve a response as compared to patients treated with other biological drugs, while in
the CLARITY study patients on anti-TINF had a blunted response following a single dose of
the BNT162b2 vaccine, although we have to emphasise that in our study we considered not
only the initial response alone—as was done in the CLARITY study—but also the response
rate following a complete vaccination cycle [12].

We found no association between concomitant steroid treatment and response to
vaccination, although it must be emphasised that the median daily steroid dose in our
population was quite low, and systemic corticosteroids have a dose-dependent effect on
vaccine response [19]. Furthermore, we also assessed whether disease activity might have
influenced the response to COVID-19 vaccination and observed no different response be-
tween patients with mildly active disease and those in complete remission. Lastly, although
treatment with immunosuppressive drugs was not concomitant, we found no difference
in antibody response between patients who had, or had not, received immunosuppres-
sive drugs in their medical history. We feel that these findings may help counselling and
programming vaccination in these patients.
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Lastly, as far as the safety profile of the COVID-19 vaccination in patients with IBD
is concerned, the rate and degree of side effects to vaccination were consistent with those
reported in the literature in subjects without IBD, and no new or unexpected side effects
were observed [20]. Noteworthy, no flares of IBD were observed during the vaccination
cycle, and no patient required any adjustment in the dose of the biological drug.

This study undoubtedly has some limitations: first of all, our study population was
heterogeneous regarding the biological drug used, and the majority of patients was treated
with anti-TNEFE. This finding is mainly related to the national guideline indications for the
use of biological drugs in Italy, although we feel that providing vaccination response data
in patients on different biological drugs may be a strength of our study rather than a weak
point. Secondly, we assessed antibody response and not more sophisticated means of
assessing immune response to vaccination, although also in this case we feel that assessing
antibody response might provide a tool available in everyday clinical practice, although
we are well aware of the fact that both the level of protection of specific anti-SARS-CoV-2
antibodies and their duration are still largely unknown; lastly, the follow-up was 3 months
and we were not able to elaborate on the persistence of the antibody response beyond this
period or whether these patients were actually protected from severe forms of COVID-
19. This study also has some strengths, such as its prospective design, the use of several
timepoints for the assessment of response in the course of the vaccination cycle, and the use
of biological monotherapy that allowed to evaluate data avoiding the confounding factor of
combination therapy with thiopurine. Due to the high response observed we were unable
to sub-categorise patients according to age, although we feel that larger studies on this
issue will be able to provide an answer regarding the response to COVID-19 vaccination
among elderly patients with IBD.

In conclusion, the rate of complete response to a full cycle of BNT162b2 vaccine in
patients with IBD on biological treatment seems optimal, without a significant difference
in the rate of overall response among the various biological drugs. Although patients on
anti-TNF demonstrate a complete response earlier than patients treated with biological
drugs with different modalities of action; this latter group of patients also seemed to obtain
full vaccine coverage at the end of the vaccination cycle.

We are aware that our results need to be confirmed in larger and even more heteroge-
neous populations, and that the duration of response should be assessed in the long-term.
However, we feel that these encouraging results should be used to further support vaccina-
tion against COVID-19 in patients with IBD on biological treatment, independently of the
drug used, and hope they might help counsel these patients and increase the adherence to
vaccination in this fragile population.
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