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Abstract

Background: Previous history of COVID-19 infection is a
natural booster of the vaccine response in the general population.
The response to COVID-19 vaccines is lessened in Inflammatory
Bowel Disease patients on selected class of immunosuppressive
treatments.

Aims: The study was to assess anti-SARS-CoV-2 spike-specific
IgG antibody response in Inflammatory Bowel Disease patients
with a history of COVID-19 infection.

Patients and methods: This single-center prospective study
involved 504 Inflammatory Bowel Disease patients. Demographic
data and clinical data were gathered through questionnaires
and patient charts. Anti-SARS-CoV-2 spike-specific and anti-
nucleocapsid antibody levels were measured at T1, T2 (after the
2-dose series), and T3 or T4 (booster vaccine).

Results: This study included 504 Inflammatory Bowel Disease
patients, and 234 completed one year follow-up with blood tests.
Positive anti-nucleocapsid serology or history of COVID-19
infection was significantly associated with increased median anti-
SARS-CoV-2 spike-specific IgG titers after the 2-dose series (1930
BAU/mL vs. 521 BAU/mL p <0.0001) and the booster vaccine (4390
BAU/mL vs. 2160 BAU/mL, p = 0.0156). Multivariate analysis
showed that higher anti-SARS-CoV-2 spike-specific IgG levels
were independently associated with anti-nucleocapsid antibodies
at T2 (OR=2.23, p < 0.0001) and T3 (OR=1.72, p = 0.00011).
Immunosuppressive treatments did not impact the antibody
response or levels in patients with a history of COVID-19 infection
or positive anti-nucleocapsid serology.

Conclusions: In Inflammatory Bowel Disease, prior COVID-19
infection or positive anti-nucleocapsid serology leads to increased
anti-SARS-CoV-2 spike-specific IgG levels after vaccination,
regardless of immunosuppressive treatments. This emphasizes
the significance of accounting for previous infection in vaccination
approaches. (Acta gastroenterol. belg., 2024, 87, 263-273)

Keywords: Inflammatory Bowel Disease, COVID-19 vaccine, anti-
nucleocapsid antibody, anti-SARS-CoV-2 spike-specific IgG antibody.

Introduction

The coronavirus disease 2019 (COVID-19) pandemic
began in China in December 2019 and has led to severe
acute respiratory syndrome in some patients (1). The
World Health Organization report over 774 million
confirmed cases and over seven million deaths in March
2024. Vaccinations have prevented 14.4 million deaths
from COVID-19 in 185 countries between December 8,
2020 and December 8, 2021 (2).

Inflammatory Bowel Disease (IBD) patients treated by
systemic corticosteroids, and methotrexate marginally,

were associated with an increased risk of severe illness or
poorer outcomes from COVID-19 infection (3). Age and
increased number of comorbidities are associated with
adverse COVID-19 outcomes among IBD patients to the
same extent as in the general population (4). Biologic
medications are not associated with severe COVID-19
infections (5). However, it is important to maintain
appropriate vaccination status as the effectiveness of
vaccinations can be altered by immunosuppressive
therapies (5,6,7). Current data on two-dose COVID-19
vaccinations have shown that immunogenicity to
vaccination varies according to immunosuppressive
drug exposure and is attenuated in patients treated
with infliximab, infliximab plus thiopurines, and
tofacitinib (8). In the VARIATION study, IBD patients
had attenuated serological responses to SARS-CoV-2
vaccination independently of their treatment. The use of
anti-TNF (9) therapy negatively impacted anti-Spike IgG
levels further. These data supported the administration
of booster vaccines to improve the effectiveness of
vaccinations. In the general population, vaccine efficacy
following two mRNA vaccine doses is lower against
Omicron-related severe disease phenotype, but its
efficacy is regained in individuals who received a third
dose (10). The booster of the mRNA vaccine is effective
in protecting individuals against severe COVID-19-
related outcomes, providing 95.3% efficacy, compared
to those receiving only two doses (11,12) and hence,
immunity was boosted (13). Recent IBD studies about
booster vaccines have shown a stronger response to
SARS-CoV-2 vaccine additional doses among immuno-
suppressed patients with IBD (14,15) but these responses
were attenuated in patients taking infliximab, infliximab
plus thiopurine, and tofacitinib (14,16,17). However,
IBD patient had a sustained humoral immune response 6
months after a third dose of a COVID-19 mRNA vaccine
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dose (18). Most IBD studies included patients without
prior history of COVID-19 infection. However, in the
general population, the additional antigen exposure from
natural infection substantially boosts the quantity, quality,
and breadth of humoral immune response regardless of
whether it occurs before or after vaccination (19). To
distinguish between a previous history of COVID-19
infection and vaccination, two types of antibodies can
be measured. Anti-nucleocapsid antibodies are a type of
antibody that the immune system produces in response
to the nucleocapsid protein of a virus. These antibodies
specifically target and bind to the nucleocapsid protein,
helping to neutralize the virus and prevent it from
infecting cells. They are commonly used as biomarkers
for viral infections, including COVID-19. In the context
of vaccination, spike-specific antibodies are generated in
response to a vaccine that includes an antigen, such as
a protein or peptide, that mimics the spike protein of a
virus (20). Very few studies have described the impact
of COVID-19 infection on the 2-dose series and booster
vaccine response in IBD patients.

The aim of this prospective cohort is to evaluate anti-
SARS-CoV-2 spike-specific IgG antibody response in
IBD patients with a history of COVID19 infection.

Material and methods
Study Design

This is a prospective, monocentric, single-center,
observational cohort study including patients with IBD
followed in Erasme University Hospital from January
2021 to May 2022. Patients were recruited by answering an
online questionnaire received by email or by postal mail.
Data were collected on REDCap (Research Electronic
Data capture), a secure web application for managing
online surveys and databases. Patients who agreed to
participate, signed an informed consent, and were invited
to complete a questionnaire and to take a blood sample
for anti-SARS-CoV-2 serology prior to the vaccination at
the baseline (T'1), 6 months (T2) and 1 year (T3) after the
first questionnaire. Anti-SARS-CoV-2 spike-specific IgG
serology was conducted in T1 before vaccination while
both anti-SARS-CoV-2 spike-specific IgG serology and
anti-nucleocapsid serology were performed at T2 and
T3, post-vaccination. The nucleocapsid protein cannot
be expressed by the viral vaccines used in our cohort,
as both ChAdOx1 nCoV-19 (1) and Ad26.COV2.S (2)
are designed to elicit an immune response based on
the expression of the spike protein of the SARS-CoV-2
virus. ChAdOx1 nCoV-19 utilizes a replication-deficient
chimpanzee adenovirus vector ChAdOx1, while Ad26.
COV2.S employs a replication-incompetent human
adenovirus type 26 vector: Viral vector vaccines,
such as those using adenoviruses, intro-duce genetic
material (DNA) that encodes the spike protein, not the
nucleocapsid protein. Thus, in our cohort, the presence
of nucleocapsid response can in fact be used to identify
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natural infection (21,22). The inclusion criteria were
as follows: Patient with IBD and over 18 years of age.
Participants who completed the 3 questionnaires and
took the 3 blood samples were included in this present
analysis.

Demographic and clinical characteristics of the patients

Demographic data and clinical characteristics of the
patient’s data were collected from the questionnaires
and include demographics (age, sex), body mass index
(BMI), IBD subtype (Crohn’s Disease or Ulcerative
colitis), ongoing IBD treatment, COVID-19 vaccination,
type of vaccine (mRNA vaccines or viral-vector
vaccines) and date of vaccination, and symptoms related
to the COVID-19 infection, and positive or negative
SARS-CoV-2 Reverse Transcription-Polymerase Chain
Reaction (RT-PCR).

Immunoassays

Humoral response after vaccination was investigated
with the LIAISON® SARS-CoV-2 TrimericS IgG
(DiaSorin, Still-water, USA), a chemiluminescence im-
munoassay (CLIA) measuring IgG antibodies against
the SARS-CoV-2 trimeric spike specific protein of the
SARS-CoV-2 performed before the initial vaccination
series, after the administration of the second vaccine
dose (6-months after the first blood sample) and after the
booster vaccine (6-months after the second blood sample).
This serology assay was performed on the Liaison XL
platform (DiaSorin, Saluggia, Italy) according to the
manufacturer’s instructions at the University-Hospital
Laboratory Brussels (LHUB-ULB). The measuring
ranges were between 4.81 and 2080 binding antibody
units (BAU)/ mL). Seropositivity was defined as IgG
titres >33.8 BAU/mL. Patients with IgG titres >2080
BAU/mL were diluted using the LIAISON® TrimericS
IgG Diluent Accessory with a dilution factor of 1:20 to
know the antibodies kinetics.

Humoral response after contact with COVID-19
infection was investigated with the Anti-nucleocapside
Euroimmun Anti-SARS-CoV-2 NCP ELISA (IgG)
(Euroimmun, Liibeck, Germany). The assay was per-
formed according to the manufacturer’s instructions for
the ELISA automated system ETI-MAX 3000 (DiaSorin,
Saluggia, Italy) at the University-Hospital Laboratory
Brussels (LHUB-ULB). The microplate wells are coated
with modified nucleocapsid protein (NCP) that only
contains diagnostically relevant epitopes. The results are
evaluated semi-quantitatively by calculation of the ratio
of the samples’ extinction value over the calibrator’s
extinction. The ratio interpretation was as follows: < 0.8
= negative, > 0.8 to < 1.1 = borderline, > 1.1 = positive.

Statistical analyses

Descriptive statistics were used, and results were
reported as medians and interquartile ranges (IQRs).
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Categorical variables were summarized as counts and
percentages. Mann-Withney U test was used to compare
independent nonparametric variables. Kruskal-Wallis
test was used to compare multiple independent non
parametric variables. The Wilcoxon signed rank test was
used to compare paired groups of serological responses
after 2-doses regimen and the booster of COVID-19
vaccination. The statistically significant threshold value
was fixed at 5%. Statistical analyses were performed with
prism 9 software and R 4.2.0.

Ethical considerations

This study was approved by the Ethics Committee
(CCB B4062020000091) of Erasme University Hospital
in accordance with the Declaration of Helsinki, and
written informed consent was obtained from the patients.

Results
Clinical characteristics of IBD population

From January 2021, the first questionnaire was
sent to 2,349 patients. Five hundred and four patients
responded, and among them, 370 patients did the first
blood test. Six months and one year later, questionnaires
and blood tests were conducted in 294 and 234 patients,
respectively (Fig 1). All demographic data of the 234
patients who completed their follow-up are shown in
Table 1. The median age of study participants was 47
years (IQR: 35-57), and 56% were female. Sixty-seven-
point five percent (158/234) of patients had Crohn’s
disease, 28.6% (67/234) had ulcerative colitis, and
3.8% (9/234) had unclassified IBD. Sixty-five percent
(152/234) of patients were currently treated by at least
one or more immunosuppressants. Participants were
treated with Thiopurine monotherapy (n=11), Anti-TNF
(Adalimumab or Infliximab) alone (n=59), Anti-TNF
with Thiopurine (n=11), Ustekinumab or Risankizumab
(n=30), Vedolizumab (n=25), Tofacitinib (n=6), S-amino-
salicylic acid (5-ASA) or no treatment (n=82), and others
(n=10).

The seroprevalence of COVID-19 infection, deter-
mined by the presence of anti-SARS-CoV-2 Spike-
specific IgG, was 17% (40/234) prior to vaccination
(T1). Six percent (15/234) of patients were not included
in the seroprevalence estimate because serology was
done after the first dose of vaccine. Ninety-two percent
(216/234) of patients received the initial two-dose series
of an mRNA vaccine (BNT162b2 [Pfizer-BioNTech],
mRNA-1273 [Moderna], or two-dose series of a vector-
based vaccine (ChAdOx1 nCoV-19 [AstraZenecal]), or a
dose of vector-based vaccine (Ad26.COV2.S [Johnson
& Johnson]). Eighty-eight percent (189/216) of patients
received an additional mRNA booster vaccine, and
9.5% (18/189) received a second booster vaccine. Blood
samples for anti-SARS-CoV-2 spike-specific IgG titers
were available at a median of 101 days (IQR: 77-138.5)

| Questionnaire send to 2349 patients { 959 emails, 1390 by post)

504 participants responded to questionnaire ‘

- 12 Incorrect ID
- 134 missing blood test

- 48 missing blood test
- 26 missing questionnaire
and blood test

First blood sample: 370 patients

294 patients responded to questionnaire and did 2 serology

- 23 missing blood test

- 36 missing questionnaire
and blood test

- 1died

| 234 patients responded to questionnaire and did 3rd serology ‘

Figure 1. — Flow-chart illustrating enrolment of IBD patients.

after the two-dose series vaccine (T2) and 95 days (IQR:
63-125.8) after the booster vaccine (T3) (p=0.03). The
median time between the two-dose series and the booster
vaccine was six months (IQR: 4-6).

Ninety-four percent (204/216) of patients were
immunized after the two-dose series vaccine. Of the 12
non-immunized patients, 75% (9/12) were treated with
Anti-TNEF, 17 % (2/12) with thiopurine, 8 % (1/12) with
anti-TNF plus thiopurine. All patients were seropositive
after the booster vaccine dose.

During the one-year follow-up, symptoms related to
COVID-19 infection were reported by 52 % (121/234)
of patients in T1, by 20 % (47/234) of patients between
T1 and T2 and 52.7% (123/234) of patients between
T2 and T3. Among patients who reported symptoms in
T1, SARS-CoV-2 RT-PCR tests were positive in 22%
(26/121), negative in 41% (50/121) while 37% (45/121)
did not undergo PCR testing between T1 and T2, 11%
(5/47) tested positive, 42% (20/47) tested negative
with 47% (22/47) not having undergone PCR testing.
Similarly, between T2 and T3, 36% (44/123) of patients
had positive PCR, 37% (4/123) had negative PCR while
27% (33/123) did not undergo PCR.

Among the infected patients in January 2022, 9%
(4/44) had not been vaccinated and 72.7% (32/44)
had received a booster vaccine. To objectively assess
COVID-19 infection during the vaccination period, anti-
nucleocapsid serologies were used. 18.5% (40/216) of
vaccinated patients had a history of COVID-19 infection
in T2. This included patients who were previously
infected before vaccination and those who developed anti-
nucleocapsid antibodies during the second assessment
(T2).29.6 % (56/189) of vaccinated patients had a history
of COVID-19 infection in T3. This included patients
with history of COVID-19 infection in T2 and those who
developed anti-nucleocapsid antibodies during the third
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Table 1. — Clinical characteristics of IBD patients

Patients, n (%)
Age, years, median (IQR)
Sex, n (%)

female

male
Body mass index, kg/m2 (IQR)
Ethnicity, n (%)

Belgian/European

African

Asian/Russian

American

Others

Diagnosis,n (%)
Crohn’s disease
Ulcerative colitis
Unclassified IBD

Montreal classification
Crohn’s disease, n (%)
Age at diagnosis A1 ( below 16 years)
A2 (between 17 and 40 years)
A3 (above 40 years)
Location L1 (ileal)
L2 (colonic)
L3 (ileocolonic)
L1 + L4 (with upper disease)
L2+14
L3+L4
Behaviour BI (nonstricturing, nonpenetrating)
B2 (stricturing)
B3 (penetrating)
B2 +B3
p (perianal disease modifier)
Unknown
Ulcerative colitis, n (%)
E1 (ulcerative proctitis)
E2 (left-side UC)
E3 (extensive)

Unknown

Comorbidities, n (%)
Heart disease
Arterial hypertension
Diabete
Lung disease
Kidney disease

Liver disease

Smoker, n (%)
Yes
Not Currently

Never

IBD Treatment, n (%)
5-ASA or no treatment
Thiopurine

Anti-TNF alone

234 (100)
47 (35-57)

132 (56)
102 (44)

244 (21.7-28)

199 (85)
15 (6.5)
8(34)
8(3.4)
4(1.7)

158 (67.5)
67 (28.6)
9 (3.8)

22 (14)
107 (67.7)
27 (19.1)
53 (33.5)
24 (15.4)
72 (45.6)

2(1.3)

1(0.6)

4(25)
77 (48.7)
48 (30.4)
29 (18.4)

2(13)
52 (22.2)

2(1.3)

7(10.5)
36/(53.7)
21 (31.3)

3(4.5)

9(3.8)
33 (14.1)
12(5.1)
28 (12)
3(1.3)
9(3.8)

38 (16.2)
75 (32.1)
121 (51.7)

82 (35)
11 (4.7)
59 (25.2)
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Table 1. — Clinical characteristics of IBD patients (cont.)

IBD Treatment, n (%)

2-dose interval, days, median (IQR)

Vector-based vaccine
ChAdOx1 nCoV-19
2-dose interval, days, median (IQR)

Ad26.COV2.S

Seroconversion after 2 doses

Booster vaccine, third dose, n (%)
mRNA
BNT162b2 mRNA

mRNA-1273

Seroconversion after booster vaccine

Booster vaccine, fourth dose, n (%)
BNT162b2 mRNA

IgG, Immunoglobulin G.

5-ASA or no treatment 82 (35)
Thiopurine 11 (4.7)
Anti-TNF alone 59 (25.2)
Anti-TNF plus Thiopurine 11 (4.7)
Ustekinumab/Risankizumab 30(12.8
Ustekinumab/Risankizumab plus Thiopurine 4(1.7))
Vedolizumab 25 (10.7)
Vedolizumab plus Thiopurine 2 (0.9)
Tofacitinib 6 (2.6)
Combotherapy 2 (0.9)
Other 2 (0.8)
Serology SARS-CoV-2 spike-specific IgG before vaccine, n (%)
Positive 40 (17.1)
Negative 179 (76.5)
Unknown 15 (6.4)
Vaccine, n (%) 216 (92,3)
mRNA
BNT162b2 mRNA 162 (75)
2-dose interval, days, median (IQR) 29 (21-35)
Days between vaccine and Anti-Sars-CoV-2 IgG Titers, median (IQR) 103,5 (80.5-140.5)
mRNA-1273 17 (7.9)

Days between vaccine and Anti-Sars-CoV-2 IgG Titers, median (IQR)

Days between vaccine and Anti-Sars-CoV-2 IgG Titers, median (IQR)

Days between vaccine and Anti-Sars-CoV-2 IgG Titers, median (IQR)

Interval with 2nd dose, month, median (IQR)
Days between vaccine and Anti-Sars-CoV-2 IgG Titers, median (IQR)

Interval with 2nd dose, month, median (IQR)
Days between vaccine and Anti-Sars-CoV-2 IgG Titers, median (IQR)

IQR, interquartile range; IBD, Inflammatory bowel disease; 5-ASA, S5-aminosalicylic acid; anti-TNF, anti-tumor
necrosis factor; SARS-CoV2, severe acute respiratory syndrome coronavirus 2, mRNA, messenger ribonucleic acid;

28 (26.5-28.5)
142 (85 -157)

1(14.4)
80 (70 - 84)
85 (42-109)
6(3.2)

108,5 (70-136)
203 (94)

189 (80.8)
159 (84.2)

6 (4-6)

98 (65.5-131)
30 (15.9)

6 (4-6)

83 (48-104)
189 (100)

20 (8,5)
20 (100)

assessment (T3). No severe disecase was reported and no
hospitalization for COVID-19 was required.

Serological Responses in IBD patients according to
history of COVID-19 infection

We first compared anti-SARS-CoV-2 spike-specific
IgG titers in IBD vaccinated patients. Median anti-SARS-
CoV-2 spike-specific 1gG titers significantly increased

after the 2-dose series (698.5 BAU/mL (IQR, 190.3-
1515) and after the booster vaccine 2480 BAU/mL (IQR,
1590-6820), respectively (p < 0.0001)) (Fig 2a). Among
patients without the booster vaccine (n=27), no significant
difference in anti-SARS-CoV-2 spike-specific IgG titers
was observed, with median titers of 1920 BAU/mL (IQR,
464-2840) at T2 and 1370 BAU/mL (IQR, 490-1930) at
T3, respectively. Positive anti-nucleocapsid serology or
a history of COVID-19 infection significantly increased
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Figure 2. — Serological Responses in IBD patients according to history of

COVID-19 infection. 2a. Anti-SARS-CoV-2 spike-specific IgG antibody levels
prior to COVID-19 vaccination, after a 2-dose series, and after a booster vaccine.
Statistical analysis was performed using the Kruskal-Wallis test. 2b. Comparison
of anti-SARS-CoV-2 spike-specific IgG antibody levels between patients with
positive anti-nucleocapsid antibodies and patients with negative anti-nucleocapsid
antibodies after a two-dose series and booster vaccine. Statistical analysis was
performed using the Mann-Whitney test.

median anti-SARS-CoV-2 spike-specific IgG titers after
the 2-dose series vaccine (1930 BAU/mL (IQR,756.5-
3483) wversus 521 BAU/mL (IQR, 146.5-1048),
p <0.0001) and after the booster vaccine (4390 BAU/mL
(IQR, 1730- 9900) versus 2160 BAU/mL (IQR, 1500-
5600), p=0.0156) (Fig 2b).

Serological Responses in IBD patients according to
treatments

The median anti-SARS-CoV-2 spike-specific IgG
titer was lower in patients treated with anti-TNF (243
BAU/mL (IQR, 70-665.3)) compared to patients without
treatment or 5-ASA (889.5 BAU/mL (IQR, 507.5-2180)

Acta Gastro-Enterologica Belgica, Vol. 87, April-June 2024

p < 0.0001), compared to Ustekinumab/Risankizumab
group (971.5 BAU/mL (IQR, 493-1825), p=0.0004) and
compared to Vedolizumab group (966 BAU/mL (IQR,
338-2020) p=0,0011) after a 2-dose series of the vaccine
(Fig 3a).

The median anti-SARS-CoV-2 spike-specific IgG titer
was also lower in patients treated with anti-TNF (1885
BAU/mL (IQR, 1150-3275), p=0.026) and anti-TNF plus
thiopurine (562 BAU/mL (IQR, 226-3705), p = 0.029)
compared to patients without treatment or 5-ASA (3780
BAU/mML (IQR, 1818-8170)) after a booster vaccine. The
median anti-SARS-CoV-2 spike-specific IgG titer was
lower in patients treated with anti-TNF plus thiopurine
(562 BAU/mL (IQR, 226-3705)) compared to anti-TNF
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Figure 3. — Serological Responses in IBD patients according to treatments.

3a. Anti-SARS-CoV-2 spike-specific IgG antibodies after 2-dose series vaccine

related to the treatment.

3b. Anti-SARS-CoV-2 spike-specific IgG antibodies

after booster vaccine related to the treatment. Statistical analysis was performed
with Kruskal-Wallis test with comparison of the mean of each column with the

mean of every other column.

group (1885 BAU/mL (IQR, 1150-3275), p = 0.045),
compared to Thiopurine alone (7830 BAU/mL (IQR,
4035-13400) p = 0.011) and compared to Vedolizumab
group (4605 BAU/mL (IQR, 2463-12020) p = 0.023)
after a booster vaccine (Fig 3b).

However, in immunocompromised patients, anti-
SARS-CoV-2 spike-specific 1gG antibody levels were
significantly higher following a booster vaccine than
following a 2-dose series vaccine. Anti-SARS-CoV-2
spike-specific 1gG titers were significantly higher
following the booster vaccine in the No treatment/5-ASA
group, anti-TNF alone group, and Vedolizumab group
(p < 0.0001) but also in the thiopurine group (p=0.004)
and Ustekinumab/Risankizumab group (p=0.002) than
following a 2-dose series vaccine (Fig 4).

Serological Responses in IBD patients according to
treatments and history of COVID-19 infection

Interestingly, immunosuppressive treatments did not
reduce the antibody response and levels in patients
with a history of COVID-19 infection or positive anti-

nucleocapsid serology. Aftera2-dose series of the vaccine,
the median anti-SARS-CoV-2 spike-specific IgG titer
was 2150 BAU/mL (IQR, 771.5-3575) in patients without
treatment or 5-ASA (n=18) and 1780 BAU/mL (IQR,
717.8-2630) in immunocompromised patients (n=22) (p
=0.352). After a booster vaccine, the median was 4230
BAU/mL (IQR, 1548-9910) in patients without treatment
or 5-ASA (n=20) and 4225 BAU/mL (IQR, 1823-9070)
in immunocompromised patients (n=36) (p = 0.976).
Indeed, anti-TNF treatment did not reduce the antibody
response and levels in patients with history of COVID-19
infection or positive anti-nucleocapsid serology. After
a 2-dose series of the vaccine, the median anti-SARS-
CoV-2 spike-specific IgG titer was 2150 BAU/mL (IQR,
771.5-3575) in patients without treatment or 5-ASA (n=
18) and 1312 BAU/mL (IQR, 759-2180) in patients with
anti-TNF (n=4) (p = 0.342). After a booster vaccine, the
median was 4230 BAU/mL (IQR, 1548-9910) in patients
without treatment or 5-ASA (n=20) and 4610 BAU/mL
(IQR, 2228 -17425) in patients with anti-TNF (n=10) (p
=0.74) (Fig 5).
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Figure 4. — Serological Responses in IBD patients according to treatments after
2-dose series and booster vaccine. Levels of anti-SARS-CoV-2 spike-specific 1gG
antibodies after a 2-dose series vaccine and after a booster vaccine, stratified by
treatment group. Statistical analysis was performed using the Wilcoxon signed-rank

test.
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Figure 5. — Serological Responses in IBD patients according
to treatments and history of COVID-19 infection. Comparison
of anti-SARS-CoV-2 spike-specific IgG antibodies between
patients with anti-TNF treatment and no treatment or 5-ASA in
patients with positive anti-nucleocapsid antibodies or history of
COVID-19 infection. Statistical analysis was performed using
the Mann-Whitney test.

Multivariate analysis of the serological responses in IBD
patients

In our multivariate models in Table 2, lower antibody
concentrations were independently associated with
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anti-TNF treatment (OR=0.57 (95% CI 0.45-0.71)
p <0.0001) in T2 and associated with anti-TNF treatment
(OR=0.77 (95% C1 0.64 -0.93) p = 0.0064) and anti-TNF
plus thiopurine treatment (OR=0.51 (95% CI 0.37-0.71)
p = 0.00013) in T3. Higher antibody levels were found
to be independently associated with the presence of anti-
nucleocapsid antibodies (OR=2.23 (95% CI 1.55-3.19)
p < 0.0001) and receiving an mRNA vaccine (OR=2.22
(95% CI 1.81-2.72) p < 0.0001) in T2. Additionally, in
T3, higher antibody levels were independently associated
with the presence of anti-nucleocapsid antibodies
(OR=1.72 (95% CI 1.32-2.26) p = 0.00011).

Discussion

This is one of the few studies in IBD patients where
the monitoring of anti-nucleocapsid antibodies has
allowed us to determine the prevalence of infection in
a vaccinated cohort of IBD patients and to understand
the impact of this infection on the vaccine response. Our
results indicate that individuals who have previously been
infected with COVID-19 or have been tested positive
for anti-nucleocapsid antibodies during vaccination
experience a significantly stronger boost in their antibody
response compared to those who receive only the two-
dose series and booster vaccine. Indeed, this had been
reported in the general population, but this is the first
time, to our knowledge, in IBD population.

In our cohort, the seroprevalence of COVID-19
infection was 17% before vaccination in a Belgian
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Table 2. — Predictors factors of Anti-SARS-CoV-2 spike-specific IgG levels

T2 OR (95% CI) P-value

Age 1(0.99-1.01) 0.705

Male (versus female) 0.97 (0.81-1.16) 0.725
Crohn disease (versus unclassified IBD) 0.95 (0.62-1.45) 0.796
Ulcerative colitis (versus unclassified IBD) 1.12 (0.73-1.74) 0.6
Anti-TNF (versus no treatment/5-ASA) 0.57 (0.45-0.71) <0.0001
Thiopurine (versus no treatment/5-ASA) 0.67 (0.45-1) 0.05
Anti-TNF plus Thiopurine (versus no treatment/5-ASA) 0.58 (0.38-0.88) 0.01
Ustekinumab/Risankizumab (versus no treatment/5-ASA) 0.98 (0.74-1.3) 0.88
Vedolizumab (versus no treatment/5-ASA) 1.01 (0.74-1.38) 0.96
Tofacitinib (versus no treatment/5-ASA) 0,58 (0,3-1) 0,052
mRNA vaccine (versus Vector-based vaccine ) 2.22 (1.81-2.72) <0.0001
Anti-nucleocapsid seropositive (versus seronegative) 2.23 (1.55-3.19) <0.0001

T3 OR (95% CI) P-value

Age 1 (0.99-1) 0.588

Male (versus female) 1.06 (0.92-1.22) 0.457
Crohn disease (versus indeterminate) 0.89 (0.65-1.21) 0.447
Ulcerative colitis (versus indeterminate) 0.97 (0.71-1.34) 0.862
Anti-TNF (versus no treatment/5-ASA) 0.77 (0.64-0.93) 0.006
Thiopurine (versus no treatment/5-ASA) 1.1 (0.8-1.51) 0.572
Anti-TNF plus thiopurine (versus no treatment/5-ASA) 0.51 (0.37-0.71) 0.00013
Ustekinumab/Risankizumab (versus no treatment/5-ASA) 0.84 (0.66-1.07) 0.166
Vedolizumab (versus no treatment/5-ASA) 1.06 (0,83-1,36) 0,634
Tofacitinib (versus no treatment/5-ASA) 0,4 (0,3-0,75) 0,001
mRNA vaccine (versus Vector-based vaccine ) 1,2 (1-1, 44) 0,052

After 2-dose series vaccine

Days between booster vaccine and blood sample T3 1(1-1) 0,022
Anti-nucleocapsid seropositive in T3 (versus seronegative) 1.72 (1.32-2.26) 0,00011

First Multivariate model is referred to the anti-SARS-CoV-2 spike-specific 1gG levels in vaccinated patients in T2 (number of
observations, 216) and second Multivariate model is referred to the anti-SARS-CoV-2 spike-specific IgG levels in vaccinated
patients in T3 (number of observations, 189). Factor were taken in account were age, sex, disease, immunosuppressive treatments
(reported to the group “No treatment/5-ASA”), type of vaccine and anti-nucleocapsid antibodies. Log10 median anti-SARS-
CoV-2 spike-specific IgG levels are exponentiated in the text for interpretability. T2, follow-up after 6-months; T3, follow-up
after 1-year; 5-ASA, 5-aminosalicylic acid; anti-TNF, anti-tumor necrosis factor.

IBD population. It is higher than the one reported by
ICARUS-IBD Consortium, which was 6.7% (23) while
local general population seroprevalence was 15.1 to
18.7% (24), suggesting perhaps variations in the timing
of screenings across the country. Ninety-two percent of
patients received a two-dose series of the COVID-19
vaccine and 88 % of them also received a booster vaccine.
This is a significant proportion of vaccinated individuals.
Some studies have reported that only half or a third of
hesitant patients are willing to be vaccinated (25,26).
Volunteering to participate in the study likely contributes
to selecting patients who want to get vaccinated. Ninety-
four percent of patients in our cohort were immunized
after receiving the two-dose series vaccine, and all
patients tested positive for antibodies after receiving
the booster vaccine dose. As the pandemic progressed,
breakthrough infections or reinfections with new variants
became more frequent. The proportion of patients who
tested positive for anti-nucleocapsid antibodies increased
in January 2022, which suggests a possible post-vaccina-

tion breakthrough infection or reinfection linked to
the “Omicron” wave. In our study, we found that IBD
patients with a positive anti-nucleocapsid serology or a
history of COVID-19 infection had higher levels of anti-
SARS-CoV-2 spike-specific 1gG antibodies following a
two-dose series and booster vaccination. This was further
highlighted in multivariate analysis where higher anti-
SARS-CoV-2 spike-specific I1gG concentrations were
independently associated with a positive anti-nucleo-
capsid antibody test result. Thus, additional antigen
exposure from natural infection substantially boosts the
quantity, quality, and breadth of the humoral immune
response, regardless of whether it occurs before or after
vaccination.

In our study population of individuals with IBD, we
observed that levels of anti-SARS-CoV-2 spike-specific
IgG antibodies were reduced in patients taking anti-
TNF and anti-TNF plus thiopurine after receiving the
2-dose series vaccine and booster vaccine, respectively.
Our multivariate models showed that lower antibody
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concentrations were independently associated with
anti-TNF therapy at 6 months of follow-up, and with
both anti-TNF and anti-TNF plus thiopurine at one
year of follow-up. These findings are consistent with
previous studies, such as the VIP study, which found
that COVID-19 vaccine-induced antibody response is
attenuated in IBD patients taking Infliximab, Infliximab
plus Thiopurine or Tofacitinib (8). However, in immuno-
compromised patients, anti-SARS-CoV-2 spike-specific
IgG antibody levels were significantly higher despite
immunosuppressive treatment following the booster
vaccine than following the 2-dose series vaccine, as
reported in the PREVENT-COVID (15) HERCULES
(14) and VIP studies (8). Remarkably, our study
suggests that immunocompromised (mostly anti-TNF)
patients with positive anti-nucleocapsid serology or
previous history COVID19 infection do not experience
a dampened antibody response (after the 2-dose and
booster vaccine) as compared to immunocompromised
patients without anti-nucleocapsid antibody or a pre-
vious history COVIDI19 infection. This is consistent
with the result of a recent study, indicating that patients
with IBD who previously contracted COVID-19 had
exhibited comparable anti-spike IgG levels after the
third vaccination, similar to those observed in healthy
controls with a history of prior COVID-19 infection (27).
In a recent longitudinal study, the efficacy of immunity
induced by primary SARS-CoV-2 infection, characterized
by positive anti-SARS-CoV-2 spike or anti-SARS-
CoV-2 Nucleocapsid antibodies, was compared between
vaccinated patients with prior infection and those lacking
a pre-existing infection before vaccination. Notably,
individuals exposed to three antigens-comprising two
vaccine doses and natural infection-failed to demonstrate
a statistically significant difference in immune response
to spike protein when contrasted with individuals
who exclusively received two vaccine doses (28). It is
important to acknowledge that this study does not take
account infections that may have occurred during the
vaccination period, introducing potential biases that could
impact antibody dynamics. Aligning with observations
in the general population, it is known that infection
breakthrough during vaccination were found to elicit the
highest peak IgG response. This underscores the pivotal
role of recurrent exposures to SARS-CoV-2 antigens
in heightening IgG responses. Moreover, this study
reveals that the temporal relationship between infection
and vaccination, rather than the severity of the initial
infection, positively correlates with an augmented post-
vaccination response (29). Despite the limited sample
size within our study’s subgroup of patients experiencing
infections before or during vaccination, the antecedent
history of COVID-19 infection, breakthrough infections,
or re-infections emerges as a potential natural booster.
Finally, in our multivariate model, higher anti-
SARS-CoV-2 spike-specific IgG concentrations were
independently associated with a 2-dose series of mRNA
vaccine, supporting the use of mRNA vaccines as a
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booster. This is also the case in the general population,
where mRNA vaccine boosters in individuals vaccinated
can be highly beneficial, as they markedly increase the
humoral and cellular immune responses against the virus,
including against the Omicron variant (30).

However, our study has some limitations. We enrolled
non-immunosuppressed patients with a diagnosis of
IBD as a control group, which could underestimate the
antibody level. Some subgroups of treatment, such as
tofacitinib-treated patients, have a small sample size,
which could explain the differences with literature data.
We don’t know the impact of disease activity on this
vaccine response. Unfortunately, the use of corticosteroids
was not considered in this study. Only 9 patients reported
the use of corticosteroids. The sample size was too small
and too heterogeneous to draw conclusive analysis.
Additionally, by using positivity for anti-nucleocapsid
IgG serology as a marker for breakthrough infection or
reinfection, we may still underestimate the number of
COVID-19 infected patients.

In conclusion, our study found that IBD patients with
a history of COVID-19 infection during vaccination
have higher levels of anti-SARS-CoV-2 spike-specific
IgG antibodies following 2-dose series and booster
vaccination. This reflects that the additional antigen
exposure from natural infection boosts the quantity of
anti-SARS-CoV-2 spike-specific IgG antibodies. Our
study adds to the growing body of literature on the
response to COVID-19 vaccines in immunocompromised
IBD patients and highlights the importance of considering
COVIDI19 infection in vaccination strategies. Further
investigations should explore the optimal timing for
administering the booster dose by examining the interval
between infection and theoretical time for booster
vaccination.
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