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ABSTRACT
Background: there are concerns regarding the effect of biological agents on SARS-
CoV-2 vaccination in patients with inflammatory bowel disease (IBD). A systematic

review and meta-analysis was performed about the serological responses,
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breakthrough infections and clinical relapse of IBD patients treated with biological
agents following SARS-CoV-2 vaccination.

Methods: electronic databases were searched to identify relevant studies. Primary
outcomes were the pooled seroconversion rates, breakthrough infection rates and
clinical relapse rates after SARS-CoV-2 vaccination in IBD patients treated with
biological agents. Secondary outcomes were the comparison of seroconversion
rates, breakthrough infection rates and clinical relapse rates in IBD patients treated
with biological agents and control cohort after SARS-CoV-2 vaccination.

Results: thirty-five studies were included in this meta-analysis. A high percentage of
seroconversion (96.6 %, 99 % and 99.2 %) was achieved in IBD patients treated with
anti-TNF-a therapy, vedolizumab and ustekinumab after SARS-CoV-2 vaccination,
respectively. The pooled breakthrough infection rate was 2.5% and 3.9 % in IBD
patients treated with anti-TNF-a therapy and vedolizumab, respectively. The
breakthrough infection rate in IBD patients treated with anti-TNF-a therapy was
significantly lower than in the control cohort (RR 0.178, 95 % Cl: 0.084-0.378). The
pooled clinical relapse rate in IBD patients treated with anti-TNF-a therapy,
vedolizumab and ustekinumab was 6.9 %, 5.4 % and 5.3 %, respectively.

Conclusion: the overall seroconversion rate after SARS-CoV-2 vaccination in IBD
patients treated with biological agents is high. The overall breakthrough infection

rate and clinical relapse rate in IBD patients treated with biological agents were low.

Keywords: COVID-19. SARS-CoV-2. Inflammatory bowel disease. Anti-TNF-a therapy.

Vedolizumab. Ustekinumab.

INTRODUCTION

Coronavirus disease 19 (COVID-19), caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), has been associated with more than six million deaths
worldwide and 500 million infections, as well as significant economic and social
upheavals. One of the most effective measures to reduce COVID-19 infections is the
development of the SARS-CoV-2 vaccination. Some studies found that various

vaccinations have shown to be efficacious in reducing COVID-19 infection rates (1).



NFERMEDADES IDIGESTIVAS

However, these studies excluded patients with comorbidities including immune-
mediated inflammatory diseases such as inflammatory bowel disease (IBD) (2).

IBD are chronic inflammatory diseases of the intestinal tract with two major
phenotypes including ulcerative colitis (UC) and Crohn’s disease (CD), which is
increasing in incidence and prevalence worldwide (3). IBD may be associated with
immune dysfunction, related either to the underlying disease or the use of immune-
modulating drugs such as biological agents (4). Guidelines currently recommend that
IBD patients should be vaccinated against SARS-CoV-2 due to the ongoing pandemic
and the risk of COVID-19 infection (5-8). However, there were concerns regarding a
possible heightened risk of COVID-19 infection and worse clinical outcomes in IBD
patients treated with biological agents.

There is a concern that IBD or the use of biological agents could attenuate responses
to SARS-CoV-2 vaccination (9). The development of these responses and their
persistence or decay over time may determine the future need for booster dosing
schedules. The messenger RNA (mRNA) and adenoviral vector (AVV) based
technologies used in SARS-CoV-2 vaccination development are relatively new and
the impact of IBD and biological agents on serological responses, breakthrough
infections and clinical relapse is uncertain. In view of these uncertainties, a
systematic review and meta-analysis was performed to evaluate the antibody
response, breakthrough infections and clinical relapse following SARS-CoV-2
vaccination in IBD patients treated with biological agents (anti-tumor necrosis factor

alpha [anti-TNF-a] agents, vedolizumab [VDZ] and ustekinumab [UST]).

METHODS

Search strategy

PubMed, Ovid Embase, Medline and Cochrane CENTRAL were systematically
searched since inception until September 2022. Search terms were “COVID-19”,
“SARS-CoV-2”, “2019-nCoV”, “2019 novel coronavirus”, “novel coronavirus
pneumonia”, “Vaccine”, “Vaccination”, “Inflammatory bowel disease”, “IBD”,
“Ulcerative colitis”, “UC”, “Crohn’s disease”, “CD”, “Infliximab”, “IFX”,

“Adalimumab”, “ADA”, “Vedolizumab”, “VDZ”, “Ustekinumab” and “UST”.
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Inclusion criteria and exclusion criteria

Studies which met the following criteria were included: a) all randomized control
trials (RCTs) or prospective studies or retrospective studies or cohort studies of IBD
patients treated with biological agents undergoing SARS-CoV-2 vaccination; b) all
studies describing the seroconversion, breakthrough infection and clinical relapse
after SARS-CoV-2 vaccination in IBD patients treated with biological agents; c) all
studies with information available to evaluate the seroconversion rate, breakthrough
infection rate and clinical relapse rate after SARS-CoV-2 vaccination; and d) full text.
The exclusion criteria were as follows: a) studies published as reviews, letters, case
reports, editorials, comments and conference abstracts; and b) studies did not

include any of the outcomes of the interest.

Selection of studies
Two investigators (Zi-yuan Dong and Yi-nuo Wang) reviewed and selected the
included studies. In cases of disagreement, a consensus was reached by consultation

with the senior reviewer (Yu-Hong Huang).

Data extraction

Information was extracted from each study, including baseline characteristics such as
author name, year of publication, country, study design, sample size, biological
agents, age, sex, type of SARS-CoV-2 vaccination, dose, follow up duration, the
seroconversion rate, breakthrough infection rate and clinical relapse rate. Primary
outcomes were the pooled seroconversion rates, breakthrough infection rates and
clinical relapse rates after SARS-CoV-2 vaccination in IBD patients treated with
biological agents. Secondary outcomes were the comparison of seroconversion
rates, breakthrough infection rates and clinical relapse rates in IBD patients treated

with biological agents and control cohort (non-IBD population).

Statistical analysis

The data was analyzed by Stata SE 15.1. The proportion and 95 % confidence interval
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(CI) were used to calculate the seroconversion rate, breakthrough infection rate and
clinical relapse rate. Forest plots were used to present data visually. Heterogeneity
was evaluated using the Cochran’s Q test and I? statistics; p value < 0.10 or I> > 50 %
means the heterogeneity was significant. The random-effects model was used if
heterogeneity was significant; otherwise, the fixed-effects model was adopted.
Publication bias was assessed with funnel plots and Egger’s test. Relative risk (RR),
95 % Cl and p value were computed to compare the difference. A p value < 0.05

meant that the difference between groups was statistically significant.

RESULTS

Study selection and baseline characteristics

We initially retrieved 845 unique citations from PubMed, Ovid Embase, Medline and
Cochrane CENTRAL. Two hundred and twenty-one studies were excluded in the first
screening because of duplication. After reading the titles, abstracts and full-text of
citations, 589 literatures were excluded and 35 studies were included (Fig. 1). These
included 13 cohort studies, 12 prospective studies, nine retrospective studies and
one case-control study. The PRISMA Flow chart is shown in figure 1. The study details
are shown in table 1 (4,9-30). In this meta-analysis, the time span of case collection

was from 2019 to 2022. The median age of patients ranged from 14.5 to 55.7 years.

Seroconversion rate after SARS-CoV-2 vaccination

Twenty-three studies were included to analyze the pooled seroconversion rate after
SARS-CoV-2 vaccination in IBD patients treated with biological agents. The pooled
seroconversion rate in IBD patients treated with anti-TNF-a therapy was 96.6 %
(95 % Cl: 0.945-0.988) (Fig. 2). There was significant heterogeneity in the analysis (1> =
76 %). The pooled seroconversion rate in IBD patients treated with anti-TNF-a
combination therapy (anti-TNF-a therapy and immunosuppressive drugs [IMM]) was
94.4% (95 % Cl: 0.909-0.981) (Fig. 3). There was significant heterogeneity in the
analysis (1> = 77 %). The pooled seroconversion rate in IBD patients treated with VDZ
was 99 % (95 % Cl: 0.985-0.994) (Fig. 4). There was no significant heterogeneity in

the analysis (1> = 41.5 %). The pooled seroconversion rate in IBD patients treated with
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UST was 99.2 % (95 % Cl: 0.981-1) (Fig. 5). There was no significant heterogeneity in
the analysis (1°= 0 %).

Breakthrough infection rate after SARS-CoV-2 vaccination

Five studies were included to analyze the breakthrough infection after SARS-CoV-2
vaccination in IBD patients treated with biological agents. Two hundred and seventy-
one breakthrough infections were reported in 5,824 IBD patients. The pooled
breakthrough infection rate in IBD patients treated with anti-TNF-a therapy was
2.5 % (95 % Cl: -0.009-0.059). There was significant heterogeneity in the analysis (I*> =
96.8 %). Only one study by Frey found that the breakthrough infection rate in IBD
patients treated with anti-TNF-a combination therapy (anti-TNF-a therapy and IMM)
was 0 % (0/38). The pooled breakthrough infection rate in IBD patients treated with
VDZ was 3.9 % (95 % Cl: 0.030-0.049). There was no significant heterogeneity in the
analysis (1> = 0 %). Only one study by Frey found that the breakthrough infection rate
in IBD patients treated with UST was 0 % (0/17). The meta-analysis revealed that the
breakthrough infection rate in IBD patients treated with anti-TNF-a therapy was
significantly lower than in the control cohort after SARS-CoV-2 vaccination (RR 0.178,
95 % Cl: 0.084-0.378; p < 0.05). There was no significant heterogeneity in the analysis
(1°=48.6 %).

Clinical relapse rate after SARS-CoV-2 vaccination

Eight studies were included to analyze the clinical relapse after SARS-CoV-2
vaccination in IBD patients treated with biological agents. Four hundred and twenty
patients with clinical relapse were reported in 4,622 IBD patients. The pooled
incidence rate of clinical relapse in IBD patients treated with anti-TNF-a therapy after
SARS-CoV-2 vaccination was 6.9% (95 % Cl: 0.039-0.098). There was significant
heterogeneity in the analysis (I*> = 98.4 %). The pooled incidence rate of clinical
relapse in IBD patients treated with VDZ after SARS-CoV-2 vaccination was 5.4 %
(95 % Cl: 0.019-0.088). There was significant heterogeneity in the analysis (1> =
95.2 %). The pooled incidence rate of clinical relapse in IBD patients treated with UST
therapy after SARS-CoV-2 vaccination was 5.3 % (95 % Cl: 0.014-0.091). There was
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significant heterogeneity in the analysis (1°= 92.1 %).

Publication bias

A funnel plot was performed to assess the publication bias. The Deeks’ test revealed
no evidence of publication bias (seroconversion rate in IBD patients treated with
anti-TNF-a therapy: p = 0.27; anti-TNF-a therapy + IMM: p = 0.565; VDZ: p = 0.143;
UST: p = 0.542) (breakthrough infection rate in IBD patients treated with anti-TNF-a
therapy: p = 0.821) (clinical relapse rate in IBD patients treated with anti-TNF-a
therapy: p = 0.088; VDZ: p = 0.192; UST: p = 0.181).

DISCUSSION

The IBD patient population is theoretically at a higher risk for COVID-19 infection due
to immune dysfunction and the frequent use of immune-modulating drugs such as
biological agents. Therefore, some guidelines have recommended SARS-CoV-2
vaccination in the IBD population (8). There have been numerous studies and two
meta-analyses reporting the antibody response of the SARS-CoV-2 vaccination in the
IBD population (4,11,12,14,15,17,23,24,26-29). However, some studies found that
some biological agents such as infliximab may result in a lower efficacy of protection
from SARS-CoV-2 vaccination (9,15). In patients with other autoimmune diseases
using rituximab, the seroconversion rate after SARS-CoV-2 vaccination was
significantly lower than that in the control group (31-33). In contrast, our meta-
analysis showed that a high percentage of seroconversion (96.6 %, 99 % and 99.2 %)
was achieved in IBD patients treated with anti-TNF-a therapy, VDZ and UST after
SARS-CoV-2 vaccination, respectively. Some studies found that the risk of severe
COVID-19 infection was higher in IBD patients receiving steroids and 5-ASA
treatment (14), thus, vaccination for IBD patients taking biological agents is highly
suggested. Our findings supported SARS-CoV-2 vaccination in IBD patients treated
with biological agents as recommended by the professional societies. Our findings
also indicated that the antibody response to the SARS-CoV-2 vaccines was not
attenuated in IBD patients treated with VDZ and UST. The seroconversion rates did

not significantly differ between VDZ and UST. However, the seroconversion rates in
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IBD patients treated with anti-TNF-a therapy was lower than that in IBD patients
treated with VDZ and UST. Interestingly, our analysis demonstrated the decreased
seroconversion with the use of combination of anti-TNF agents with IMM as
compared with anti-TNF agents alone. Further studies will be important to evaluate
the impact of a booster dose on seroconversion of IBD patients treated with anti-
TNF-a therapy.

An important measure of the effectiveness of SARS-CoV-2 vaccination is the
incidence of breakthrough infection after SARS-CoV-2 vaccination. Our meta-analysis
showed that the breakthrough infection rate was 2.5% and 3.9 % in IBD patients
treated with anti-TNF-a therapy and VDZ after SARS-CoV-2 vaccine, respectively. The
breakthrough infection rate in IBD patients treated with UST was 0 %. Furthermore,
the breakthrough infection rate in IBD patients treated with anti-TNF-a therapy was
significantly lower than in the control cohort after SARS-CoV-2 vaccination.
Therefore, breakthrough infections in IBD patients treated with biological agents
after SARS-CoV-2 vaccination could occur, but the overall frequency was low. In
addition, the included studies demonstrated that the majority of breakthrough
infections did not require hospitalization.

Fear of the flare of disease activity remains a major concern in IBD patients after
SARS-CoV-2 vaccination. Our previous study revealed that fear of negative impact on
the course of IBD was seen in 88.06 % of IBD patients who did not receive SARS-
CoV-2 vaccination (34). To address this, we found a flare of disease activity in IBD
patients treated with anti-TNF-a therapy, VDZ and UST following SARS-CoV-2
vaccination was seen in extremely small numbers. The data confirmed the fact that
biological agents have minimal impact on the course of disease in IBD patients
following SARS-CoV-2 vaccination.

The strength of this study is the large number of IBD patients treated with biological
agents included in the meta-analysis across a high number of prospective, well-
designed studies. This is the first study to pool seroconversion rate, breakthrough
infection rate and clinical relapse rate in IBD patients treated with different
biological agents following SARS-CoV-2 vaccination. At the same time, there were

limitations in our meta-analysis. First, some factors that impact the seroconversion
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and breakthrough infections could be responsible for the high heterogeneity:
differences in populations (type of IBD, age, sex, disease activity, and severity), type
of vaccine (AAV, mRNA, or both) and booster dose, previous COVID-19 exposure
history, definition or assessment of seroconversion and breakthrough infections, the
different assays to assess for the antibodies against SARS-CoV-2, and the timing of
determination of outcomes (time from vaccination to the estimation of antibody
responses, time of follow-up for breakthrough infections). Second, there could be an
overlap in certain definitions such as gastrointestinal symptoms and clinical relapse.
We have used the definitions exactly as provided in the included studies. For
example, some studies considered clinical relapse as a component of gastrointestinal
symptoms while others considered these as separate entities, such as C reactive
protein (CRP) and fecal calprotectin (FC) elevation. Third, there is small number of
studies for some of the analysis (comparison of seroconversion and breakthrough
infections with healthy control subjects) in this meta-analysis.

In conclusion, this systematic review and meta-analysis showed that the overall
seroconversion rate after SARS-CoV-2 vaccination in IBD patients treated with
biological agents is high. However, the seroconversion rates in IBD patients treated
with anti-TNF-a therapy was lower than that in IBD patients treated with VDZ and
UST. The rates of breakthrough infection and clinical relapse in IBD patients treated
with biological agents after SARS-CoV-2 vaccination were low. Further studies are

needed to accurately determine this risk and the related mechanisms.
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Table 1. Characteristics of the included studies about patients with inflammatory bowel disease treated with biological agents after SARS-

CoV-2 vaccination
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38

NA

Anti-TNF,
VDZ, UST

NA

Anti-TNF,
VDZ, UST

NA

246

NA

32

NA

233

NA

40

NA

NA
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NA
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I
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BNT 162b2,
mRNA-1273 and
INJ-78436735
vaccine

BNT 162b2 and
ChAdOx1nCoV-19 1

vaccine

mRNA-1273 and
BNT 162b2 2

vaccine

mRNA-1273 and

BNT 162b2 2
vaccine
BNT 162b2

1
vaccine

36.77
(25.53-51.4
8)

NA

45.5 (16.0)

38.1(14.3)

5,324

NA
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Anti-TNF,
vDZ, UST

NA

Anti-TNF,
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Anti-TNF,
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NA
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Age > 18 years

with diagnosis

of IBD

NA
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with diagnosis

of IBD based
on ICD-9-CM

and ICD-10-CM

codes with an
IBD-specific

medication

mRNA-1273 and
BNT 162b2 2

vaccine

mRNA-1273 and
BNT 162b2 1

vaccine

mRNA-1273 and
BNT 162b2 2

vaccine

45 (38-58)

NA

NA

55

NA

NA

Anti-TNF,
vDZ, UST

Anti-TNF,
VDZ, UST

NA

NA

NA

NA

NA

NA

NA
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and over with
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treatment with
IFX or VDZ for
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NA

Age > 18 years
with IBD and
no prior
CoV-19

infection and

BNT 162b2 and
ChAdOx1n

vaccine

BNT 162b2, Vero
cell vaccine and
SPUTNIK V Gam-
COVID-Vac

mRNA-1273 and
BNT 162b2

vaccine

NA NA

55.7+15.1 152

NA NA

Anti-TNF,
vDZ

Anti-TNF,
vVDZ

NA

NA
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NA

NA
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NA

NA

NA

5 months
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taking IBD

medication

Age > 16 years
with diagnosis

of IBD

NA

NA

NA

NA

mRNA-1273 and
BNT 162b2

vaccine

BNT 162b2

vaccine

mRNA-1273 and
BNT 162b2

vaccine

mRNA-1273 and
BNT 162b2

vaccine

mMRNA and AAV

NA

NA

NA

NA

39.8

NA

NA

NA

NA

118

NA

NA

Anti-TNF,
VDZ, UST

NA

Anti-TNF,

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

18 months

7 months

6 weeks

NA

10 weeks
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2022

2022
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Multicenter
prospective
cohort
study
Cohort

study

Cohort

study

Cohort

study
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study

NA

NA

NA

NA

All patients >
18 years of age
with diagnosis
of IBD on IBD-

related

BNT 162b2,

mRNA-1273 and
INJ-78436735

vaccine

mMRNA

mRNA-1273 and

BNT 162b2

vaccine

MRNA

BNT 162b2

vaccine

39.8
(30.9-49.7)

NA

NA

49.9 (14.7)

34 (22-59)

NA

NA

NA

249

14

NA

Anti-TNF,
vDZ

NA

Anti-TNF

Anti-TNF,
VDZ, UST

Anti-TNF

NA

NA

NA

128

NA

NA

NA

336

17

NA

7 months

8 weeks

18 weeks

2 weeks

2 months
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R

Wong SY

2021

2021

2022

2021

Canada

USA

Germany

USA

Prospective

study

Single
center
retrospectiv
e cohort

study

Cohort

study

Longitudina

All patients >
18 years of age

with diagnosis

of IBD on IBD-
related
medications
IBD patients

BNT 162b2
with 12-17

vaccine
years of age

BNT 162b2,

All patients

MRNA-1273 and
younger than

JNJ-78436735
21 years of age

vaccine

mRNA-1273 and

NA BNT 162b2
vaccine
NA mRNA-1273 and

14.5 (14-16)

NA

46 (33-55)

49.1 (20.2)

NA

45

25

Anti-TNF

NA

Anti-TNF,
VDZ, UST

Anti-TNF,

19

NA

35

25

49

NA

60

23

3 months

NA

6 months

85 days
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2021
KN
Wetwittay

2021
akhlang P

Zhang E 2022

USA

Canada

Australia

Prospective
observation
al cohort
study
Cohort

study

Cohort

study

NA

NA

NA

mRNA-1273 and
BNT 162b2

vaccine

NA

BNT 162b2
vaccine and
Oxford

AstraZeneca

43.7 (15.1)

39.0
(27.8-48.0)

NA

2,378

41

NA

Anti-TNF,
VDZ, UST

Anti-TNF,
VDZ, UST

Anti-TNF,
VDZ, UST

Anti-TNF,
vDZ, UST

NA

NA

28

1,81

NA

60

7 days

14 months

42 days

Anti-TNF: anti-tumor necrosis factor alpha; VDZ: vedolizumab; UST: ustekinumab; IBD: inflammatory bowel disease; IFX: infliximab.
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Fig. 1. A flow diagram of articles retrieved and inclusion progress through the stage

of meta-analysis.



Study %

ID r (95% Cl) Weight
Alexander — 0.90 (0.78,0.97) 2.90
Cerna - 1.00 (0.96, 1.00) 8.83
Classen — 1.00 (0.87, 1.00) 4.93
Dailey — 1.00 (0.85, 1.00) 4.20
Deepak —_— 0.91 (0.59, 1.00) 0.66
Edelman-Klapper Ind 1.00 (0.95, 1.00) 8.46
Frey — 1.00 (0.86, 1.00) 4.55
Garrido — 0.92(0.83,0.97) 4.39
Kennedy —_— 0.85 (0.62, 0.95) 0.98
Knezevic — 0.53 (0.43,0.63) 1.19

1
*
Lopez Marte e 1.00 (0.80, 1.00) 2.80

Kappelman 0.95 (0.93,0.97) 8.78
Levine —s 0.90 (0.55,1.00) 0.52
Lin * 0.95 (0.93,0.96) 9.09
Melmed b 4 0.99 (0.96, 1.00) 8.83
Mayorga Ayala - 1.00 (0.94, 1.00) 8.05
Quan - 0.98 (0.93, 1.00) 7.61
Rodriguez-Martino —_— 1.00 (0.69, 1.00) 1.25
Shehab —_— 0.76 (0.65, 0.85) 2.13
Spencer — 2 1.00 (0.66, 1.00) 1.02
Vollenberg —s 1.00 (0.89, 1.00) 5.76
Wong — 1.00 (0.63, 1.00) 0.84
Zhang — 1.00 (0.77,1.00) 2.22
Overall (I-squared =76.0%, p = 0.000) 0 0.97 (0.94, 0.99) 100.00
NOTE: Weights are fr(I)m random effects analysis$ :
43 1 2.33

Fig. 2. Forest plot depicting the pooled seroconversion rate in IBD patients treated

with anti-TNF-a therapy after SARS-CoV-2 vaccination.
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%

Weight
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10.04
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11.94
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11.94

100.00
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i
—e
1
1
1
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Fig. 3. Forest plot depicting the pooled seroconversion rate in IBD patients treated

with anti-TNF-a combination therapy after SARS-CoV-2 vaccination.



Study

%

ID rr (95% Cl) Weight
Alexander - 1.00 (0.93, 1.00) 1.75
Cerna - 1.00 (0.93, 1.00) 1.75
Classen — 1.00 (0.82, 1.00) 0.23
Edelman-Klapper — 1.00 (0.87, 1.00) 0.47
Frey —_— | 0.75 (0.35, 0.97) 0.01
Garrido — 1.00 (0.77,1.00)  0.13
Kennedy —_— 0.86 (0.42, 0.98) 0.01
Knezevic —_— 0.54 (0.41, 0.67) 0.04
Kappelman * 0.98 (0.95, 1.00) 3.50
Levine ‘ﬁi 0.83 (0.19, 0.99) 0.00
Lin * 0.99 (0.98, 0.99) 89.37
Melmed - 0.99 (0.93, 1.00) 1.75
Quan -* 0.98 (0.89, 1.00) 0.68
Shehab —] 0.93 (0.66, 1.00) 0.05
Vollenberg —_— 0.90 (0.55, 1.00) 0.03
Wong — d 1.00 (0.74, 1.00) 0.10
Zhang — 1.00 (0.75, 1.00) 0.1
Overall (I-squared = 41.5%, p = 0.038) 0.99 (0.98, 0.99) 100.00
T T

19 1 5.26

Fig. 4. Forest plot depicting the pooled seroconversion rate in IBD patients treated

with VDZ after SARS-CoV-2 vaccination.



Study

%

ID rr (95% Cl) Weight
|
Alexander -0| 0.96 (0.86, 1.00) 2.07
Cerna - 1.00 (0.92, 1.00) 6.78
Classen — 1.00 (0.77, 1.00) 0.69
Edelman-Klapper E— 1.00 (0.48, 1.00) 0.09
Frey — 1.00 (0.80, 1.00) 0.95
Garrido — 0.89 (0.65, 0.99) 0.27
Kappelman * 0.99 (0.97, 1.00) 50.83
Lopez Marte _— 1.00 (0.48, 1.00) 0.09
Levine _— 1.00 (0.48, 1.00) 0.09
Melmed * 0.99 (0.95, 1.00) 17.92
Quan L 4 1.00 (0.95, 1.00) 17.92
Rodriguez-Martino e 4 1.00 (0.48, 1.00) 0.09
Shehab — 1.00 (0.75, 1.00) 0.57
Spencer —e 1.00 (0.69, 1.00) 0.34
Vollenberg 4 1.00 (0.72, 1.00) 0.44
Wong * 0.83 (0.19, 0.99) 0.02
Zhang — 1.00 (0.79, 1.00) 0.85
Overall (I-squared = 0.0%, p = 1.000) 0.99 (0.98, 1.00) 100.00
T T
.19 1 5.26

Fig. 5. Forest plot depicting the pooled seroconversion rate in IBD patients treated

with UST after SARS-CoV-2 vaccination.



