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Neutralising antibody potency against SARS-CoV-2 wild-
type and omicron BA.1 and BA.4/5 variants in patients with
inflammatory bowel disease treated with infliximab and
vedolizumab after three doses of COVID-19 vaccine
(CLARITY IBD): an analysis of a prospective multicentre
cohort study

Zhigang Liu, Kaixing Le, Xin Zhou, James L Alexander, Simeng Lin, Claire Bewshea, Neil Chanchlani, Rachel Nice, Timothy ] McDonald,
Christopher A Lamb, Shaji Sebastian, Klaartje Kok, Charlie W Lees, Ailsa L Hart, Richard C Pollok, Rosemary | Boyton, Daniel M Altmann,
Katrina M Pollock, James R Goodhand, Nicholas A Kennedy, Tariq Ahmad*, Nick Powell*, on behalf of the CLARITY study investigatorst

Summary

Background Anti-TNF drugs, such as infliximab, are associated with attenuated antibody responses after SARS-CoV-2
vaccination. We aimed to determine how the anti-TNF drug infliximab and the anti-integrin drug vedolizumab affect
vaccine-induced neutralising antibodies against highly transmissible omicron (B.1.1.529) BA.1, and BA.4 and BA.5
(hereafter BA.4/5) SARS-CoV-2 variants, which possess the ability to evade host immunity and, together with
emerging sublineages, are now the dominating variants causing current waves of infection.

Methods CLARITY IBD is a prospective, multicentre, observational cohort study investigating the effect of infliximab
and vedolizumab on SARS-CoV-2 infection and vaccination in patients with inflammatory bowel disease (IBD).
Patients aged 5 years and older with a diagnosis of IBD and being treated with infliximab or vedolizumab for 6 weeks
or longer were recruited from infusion units at 92 hospitals in the UK. In this analysis, we included participants who
had received uninterrupted biological therapy since recruitment and without a previous SARS-CoV-2 infection. The
primary outcome was neutralising antibody responses against SARS-CoV-2 wild-type and omicron subvariants
BA.1 and BA.4/5 after three doses of SARS-CoV-2 vaccine. We constructed Cox proportional hazards models to
investigate the risk of breakthrough infection in relation to neutralising antibody titres. The study is registered with
the ISRCTN registry, ISRCTN45176516, and is closed to accrual.

Findings Between Sept 22 and Dec 23, 2020, 7224 patients with IBD were recruited to the CLARITY IBD study, of
whom 1288 had no previous SARS-CoV-2 infection after three doses of SARS-CoV-2 vaccine and were established on
either infliximab (n=871) or vedolizumab (n=417) and included in this study (median age was 46-1 years
[IQR 33-6-58-2], 610 [47-4%] were female, 671 [52-1%] were male, 1209 [93-9%] were White, and 46 [3-6%)] were
Asian). After three doses of SARS-CoV-2 vaccine, 50% neutralising titres (NT50s) were significantly lower in patients
treated with infliximab than in those treated with vedolizumab, against wild-type (geometric mean 2062 [95% CI
1720-2473] vs 3440 [2939-4026]; p<0-0001), BA.1 (107-3 [86-40-133-2] vs 648-9 [523-5-804-5]; p<0-0001), and
BA.4/5 (40-63 [31-99-51-60] vs 223-0 [183-1-271-4]; p<0-0001) variants. Breakthrough infection was significantly
more frequent in patients treated with infliximab (119 [13-7%; 95% CI 11-5-16-2] of 871) than in those treated with
vedolizumab (29 [7-0% [4-8-10-0] of 417; p=0-00040). Cox proportional hazards models of time to breakthrough
infection after the third dose of vaccine showed infliximab treatment to be associated with a higher hazard risk than
treatment with vedolizumab (hazard ratio [HR] 1-71 [95% CI 1-08-2-71]; p=0-022). Among participants who had a
breakthrough infection, we found that higher neutralising antibody titres against BA.4/5 were associated with a lower
hazard risk and, hence, a longer time to breakthrough infection (HR 0-87 [0-79-0-95]; p=0-0028).

Interpretation Our findings underline the importance of continued SARS-CoV-2 vaccination programmes, including
second-generation bivalent vaccines, especially in patient subgroups where vaccine immunogenicity and efficacy
might be reduced, such as those on anti-TNF therapies.

Funding Royal Devon University Healthcare NHS Foundation Trust; Hull University Teaching Hospital NHS Trust;
NIHR Imperial Biomedical Research Centre; Crohn’s and Colitis UK; Guts UK; National Core Studies Immunity
Programme, UK Research and Innovation; and unrestricted educational grants from F Hoffmann-La Roche, Biogen,
Celltrion Healthcare, Takeda, and Galapagos.
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Introduction
The COVID-19 pandemic remains a global health crisis,
perpetuated by the ongoing evolution of new variants.
Since the onset of the first confirmed case in
November, 2021, the SARS-CoV-2 omicron (B.1.1.529)
variant has spread worldwide and evolved into different
subvariants.”” With over 25 mutations in the spike (S1)
protein, omicron variants have increased transmissibility
and risk of reinfection and reduced vaccine protection
compared with previous variants of concern.* As of
September, 2022, omicron BA.4 and BA.5 subvariants
(hereafter referred to as BA.4/5) are predominant in the
world, and reported to be 4-2-times more resistant to
serum samples from vaccinated and boosted individuals
than the previous variant BA.2, and more likely to lead to
breakthrough infections in vaccinated individuals.*
Current SARS-CoV-2 vaccines continue to effectively
protect against severe illness, hospitalisations, and death.’
However, the high rate of breakthrough infections means
that COVID-19 remains a considerable burden on society
and health-care services, bringing an ongoing risk of
mortality, especially in those with impaired immunity.®
We have previously found that treatment with anti-TNF
therapy impairs antibody responses after SARS-CoV-2
infection.”® Furthermore, we have previously shown that
vaccine-induced antibody responses are attenuated and
less durable in patients with inflammatory bowel disease
(IBD) treated with the anti-TNF drug infliximab, which
was associated with increased risk of breakthrough

Research in context

Evidence before this study

We searched PubMed and Embase, without language
restrictions, for studies published between Jan 1, 2000, and
Aug 31, 2022, investigating humoral responses to vaccination
in immunosuppressed individuals. We used the search terms
(“neutralisation” OR “neutralization” OR “antibody” OR
“humoral” OR “immune response”) AND (“vaccine” OR
“vaccination”) AND (“immunosuppression” OR
“immunosuppressive” OR “immunomodulator” OR
“thiopurine” OR “azathioprine” OR “methotrexate” OR
“biologic” OR “tumour necrosis factor” OR “infliximab” OR
“vedolizumab”). We identified 2775 studies through our
search. We have previously shown that infliximab was
associated with attenuated antibody responses and increased
risk of SARS-CoV-2 breakthrough infection and reinfection
following three vaccine doses of SARS-CoV-2 vaccine.
However, the magnitude of anti-spike receptor binding
domain antibody concentration did not predict breakthrough
infection. Multiple studies have shown that anti-TNF
treatment is associated with reduced antibody responses, but
these studies have generally measured binding antibody
concentrations rather than functional neutralising antibodies.

SARS-CoV-2 infection, than in those treated with the anti-
integrin drug vedolizumab, which is gut-specific in the
mode of action and does not lead to systemic
immunosuppression.”® For patients with IBD treated
with immunosuppressive therapies, these findings, along
with data from other immunosuppressed patient
cohorts,®™" have provided evidence supporting the
prioritisation of third primary SARS-CoV-2 vaccine doses.

Previous studies in patients with IBD measured
S1 receptor binding domain (RBD) binding antibody
concentrations. However, binding antibodies do not
necessarily mirror functional antibody responses against
infection.” With the fast spread of the more penetrative
BA.4/5 variant, it is vital to accurately assess functional
neutralising antibody responses to determine cross-
reactive protection against SARS-CoV-2 infection
provided by SARS-CoV-2 vaccination. Here, we assessed
neutralising responses against the SARS-CoV-2 wild-type
strain and omicron BA.1 and BA.4/5 subvariants after
three doses of vaccine and the association between

neutralising  antibody potency and subsequent
breakthrough infection.
Methods

Study design and population

CLARITY IBD is a nationwide, multicentre, observational
cohort study, based in the UK, investigating the effect of
the biological therapies infliximab and vedolizumab and
concomitant immunomodulators (methotrexate or

Added value of this study

To our knowledge, this is the first study to assess functional
neutralising antibody responses after three doses of
SARS-CoV-2 vaccine in a large cohort of individuals with
inflammatory bowel disease (IBD). We found that neutralising
antibodies against SARS-CoV-2 wild-type strain and

omicron (B.1.1.529) subvariants BA.1 and BA.4 and BA.5
(hereafter BA.4/5) were lower in patients treated with
infliximab than in those treated with vedolizumab, irrespective
of the primary vaccination schedule. We also found that a
higher proportion of patients treated with infliximab than with
vedolizumab had SARS-CoV-2 breakthrough infection, and that
those treated with infliximab had lower neutralising antibody
titres against BA.4/5 than did those treated with vedolizumab.

Implications of all the available evidence

In the context of emerging omicron variants and the
predominance of BA.4/5, the association between SARS-CoV-2
breakthrough infection in patients with IBD being treated with
infliximab and reduced neutralising antibody titres against BA.4/5
supports the prioritisation of SARS-CoV-2 booster vaccination
using second-generation bivalent vaccines in these patients.
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thiopurines), on SARS-CoV-2 acquisition, illness, and
immunity in patients with IBD. The study aims, design,
and sample size calculations of the CLARITY IBD study
have been described previously” In this subgroup
analysis, we aimed to assess the neutralising responses
against the SARS-CoV-2 variants after three doses of
vaccine in patients without previous SARS-CoV-2
infection and the association between neutralising titres
and subsequent breakthrough infection. Briefly, patients
were recruited at the time of attendance at infusion units
for biological therapies across 92 UK hospitals (listed in
the appendix [pp 23-38]) between September and
December, 2020. Patients older than 5 years with a
diagnosis of IBD and treated with infliximab or
vedolizumab for 6 weeks or longer (with at least one dose
of drug received in the past 16 weeks) were eligible for
inclusion in the study. Patients were excluded if they had
participated in a SARS-CoV-2 vaccine trial.

The UK Government began the rollout of the
SARS-CoV-2 vaccination programme for the most
clinically vulnerable people, including those with IBD
treated with anti-TNF therapies and vedolizumab, in
December, 2020, and most people received either the
adenovirus  vector vaccine ChAdOx1 nCoV-19
(AstraZeneca-Oxford) or the mRNA-based vaccine
BNT162b2 (Pfizer-BioNTech) for the first two doses. A
third primary vaccine dose (either BNT162b2 or
mRNA-1273 [Moderna]) was offered at least 8 weeks after
the second dose, from September, 2021, onwards. Thus,
individuals received either a homologous vaccine
schedule (three doses of mMRNA vaccine) or a heterologous
vaccine schedule (two doses of adenovirus vector vaccine
and one dose of mRNA vaccine).

Serum samples were collected between 14 and 70 days
after the third vaccine dose. Neutralising antibody
responses against wild-type SARS-CoV-2 and omicron
variants BA.1 and BA.4/5 after a third primary vaccine
were assessed in patients receiving uninterrupted
biological therapy since recruitment and without a
previous infection before the serum sample collection.
Previous infection was defined as a positive SARS-CoV-2
PCR test or an anti-SARS-CoV-2 nucleocapsid (N)
concentration, measured using a Roche Elecsys
anti-SARS-CoV-2 N immunoassay, above the cutoff index
of 0-11.%

The Surrey Borders Research Ethics committee
approved the study (REC reference: REC 20/HRA/3114)
in September, 2020. Patients were included after
providing written informed consent. The study protocol
is available online.

Procedures and definitions

Participants attended follow-up visits that coincided with
infusions of biological therapies and typically occurred
every 8 weeks. Serum samples for this study were taken
at one timepoint between 14 and 70 days after the third
vaccine dose.
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Laboratory analyses were done centrally at Imperial
College London (London, UK). SARS-CoV-2 neutra-
lisation assays were done using pseudo-typed viruses.
Pseudo-typed SARS-CoV-2 lentiviruses were produced in
HEK293T cells using a SARS-CoV-2 spike (S1 and S2)
plasmid (wild-type strain, BA.1, or BA.4/5), HIV-1 gag-pol
plasmid, and a firefly luciferase reporter.** Participant
serum samples were serially diluted and incubated with
pseudo-typed virus viral supernatant for 1 h. HEK293T-
ACE2 cells were then co-incubated with the serum
sample and pseudo-typed viruses for 72 h before
measurement of the luciferase activity using the Bright-
Glo Luciferase assay system (Promega, Madison, WI).
50% neutralising titres (NT50) were calculated as the
dilution at which relative luminescence was
reduced by 50% compared with a control. We used the
Reed-Muench method to calculate the NT50.

A breakthrough infection was defined as a SARS-CoV-2
infection diagnosed with a positive PCR test more than
14 days after the third dose of SARS-CoV-2 vaccine. Data
were linked by National Health Service (NHS) number or
Community Health Index to NHS England, Public
Health England, Scotland, and Wales databases, which
hold dates of vaccine uptake and dates and results of
SARS-CoV-2 PCR tests done in the UK. The breakthrough
infections included in this study occurred after
November, 2021, when the omicron variants were spread
worldwide, and so were assumed to be caused by the
omicron variant.

Variables recorded by participants were demographics
(age, sex, race, comorbidities, height and bodyweight,
smoking status, and postcode) and SARS-CoV-2 symptoms
that aligned with the COVID Symptom Study (symptoms,
previous testing, and hospital admissions for COVID-19).*
Study sites collected data relating to IBD history (age at
diagnosis, disease duration, and phenotype according to
the Montreal classifications), IBD disease activity (patient-
reported outcomes [PRO2]),"” previous surgeries, current
biological and immunomodulator therapy duration,
vaccine uptake (type and date of each vaccination), and
date of blood collection. Data were entered electronically
into a purpose-designed Research Electronic Data Capture
database hosted at the Royal Devon University Healthcare
NHS Foundation Trust.”® Participants without access to
the internet or an electronic device completed their
questionnaires on paper case record forms that were
subsequently entered by local research teams.

Outcomes

The primary outcome of this analysis of the
CLARITY IBD study was anti-SARS-CoV-2 neutralising
antibody response against wild-type SARS-CoV-2 and
omicron BA.1and BA.4/5 subvariants after three doses of
SARS-CoV-2 vaccine in patients with IBD treated with
infliximab or vedolizumab. The secondary outcome was
risk of breakthrough infection in relation to neutralising
antibody potency.

For the CLARITY website and
links to the protocol see https://
www.clarityibd.org/protocol
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Statistical analysis
We report continuous data as median (IQR) and discrete
data as numbers and percentages. For comparison of the

continuous data and Fisher’s exact test for discrete data.
We included patients with missing clinical variables in
analyses for which they had data and specified the

denominator for each variable.
We report neutralising antibody titres as geometric
means and 95% Cls of the half inhibitory titre (ie, NT50).

demographics data between infliximab and vedolizumab
recipients, we used the Mann-Whitney U test for

Overall population Patientstaking  Patients taking p value Beciuze iinrn]unorgo‘i};ﬂactlors have been}l;epo];ted to rEducg
(N=1288) infliximab vedolizumab antibody levels and ChAdOx1 nCoV-19 has been reporte
iy (n=417) to induce lower antibody levels than BNT162b2 after
Vaccination schedule . . >0-99 two doses,” we stratified the comparison of antibody titres
Homologous 545 (423%) 369 (42:4%) 176 (422%) using these two variables. We used the Kruskal-Wallis test
Heterologous 740 (57-5%) 501 (57-5%) 239 (57-3%) with Benjamini-Hochberg multiple test correction to
Missing 3(02%) 1(0-1%) 2(0-5%) compare antibody responses between patients treated with
Age, years 461(336-582)  43-6(325-555) 5130 (37:20-6330)  <0-0001 infliximab and vedolizumab. We used the Friedman test to
Sex - 042 compare NT50 against SARS-CoV-2 wild-type strain and
Female 10 (47-4% 01 (46-0% 209 (50-1% i . . iants.
I 610 (47-4%) 401 (46-0%) 9 (50-1%) omicron BA.1and BA.4/5 variants
Male 671 (52:1%) 465 (53-4%) 206 (49-4%) We constructed multivariable linear regression models
Other 2(0-2%) 1(0-1%) 1(02%) . to identify factors independently associated with
Missing 5(0-4%) 4(05%) 1(0-2%) log-transformed NT50. On the basis of our previous
BMI, kg/m’ 5.9(229-302) 259 (228-30-4) 2592 (23:09-2952) 096 findings,’ a priori we inch.lded the following Yariables: age
Race . . . 025 (per 10 years), race (White race vs not White race), sex
p. 46 (36%) 24(28%) 22(5:3%) (Fnalle vs female), BMI '(contmuou.s), biological medication
Black 7(0-6%) 5 (0-6%) 2(05%) (1nﬂ1x1mab vs vedolizumab), immunomodulator use
v 15 (1.2%) 10 (12%) 5 (12%) (thiopurine [yes vs no], methotrexate [yes vs no]), steroid
Other 6(05%) 4(05%) 2(0:5%) treatm(?nt (y(?s. Vs 1o), IBP type (Crohn’s disease Vs
. 1200 (93.9%) 824 (34.6%) 385 (92:3%) ulcerative FO]ItlS or uqclasmf{ed IBD),. IBD PRO2 active
Missi status (active vs inactive), third vaccine dose schedule
issing 5(0:4%) 4 (0-5%) 1(0-2%) K
smoking ) 014 (heterologous vs homologous), number of interval weeks
between vaccine doses 2 and 3 (continuous), and number
Never 726 (56-3%) 499 (57-3%) 227 (54-4%) . .
of interval weeks between vaccine dose 3 and blood
Not currently 450 (34-9%) 90 (33-3%) 60 (38:4%) ) .
Cument 104(81%) 76 @7%) 28(67%) sampling (continuous). We present results after
Visei 8 (06%) 6 (07%) 2 (05%) exponentiation so that the coefficients of the model
issin % %. % . . .
g correspond to the geometric mean ratio (GMR) associated
Diagnosis <0-0001 . . ..
Croned (06 . . with each covariate. Because there were significant
‘s di 6% 14 (70-5% 1 7% . . . . : .
T) i |sea|%§ 767 (59.5%) 4(705%) 23 (Z 7%) differences in baseline demographics (age, diagnosis,
3:5;2:;23(73';5 o PGS P Al duration of IBD, concomitant use of immunomodulators
Duration of BD, years 1(6-20) 1(5-19) 12 -2 ooooso | O steroids, and comorbidities) between patients treated
PRO2 active disease 264 (20:5%) 178 (20-4%) 86 (20-6%) >0.99 with intiximab or vedolizumab, we did inverse probability
of treatment weighting to reduce the bias of unweighted
Immunomodulators 627 (48-7%) 537 (61.7%) 90 (21-6%) <0-0001 . . .
; estimators. We calculated propensity scores using the
Steroids 64 (5-0%) 31(3:6%) 33 (7:9%) <0-0001 K . . K .
i differential covariates, and we weighted stabilised average
Mesalazine 330 (25-6%) 185 (21-2%) 145 (34-8%) <0-0001 . . . A
treatment effects for the regression analysis. The linearity,
Heart disease 53 (4:1%) 24 (2-8%) 29 (7-0%) <0-0001 . . . . . .
Lonadi 167 (130 104 (12.0 6 (150 o homogeneity of variance, collinearity, influential
0% % 2% : . . .
K%J;g ':ase 030%) 4 {12:0%) 2( >2%) . observations, and normality of residuals of each
S Sl 1@3%) (2:9%) 03 multivariable model were assessed and summarised in
Cance‘r 7 (0-5%) 2 (0-2%) 5(12%) 0-040 the appendix (pp 1_4).
A'"y'd'ak’etes O Ve e 0016 We visualised the durability of antibody responses by
Timing intervals, days calculating the 15-day rolling geometric mean NT50. We
Between third vaccine 40(26-53) 40(26-53) 39(26-53) 0-89 calculated 95% Cls using likelihood ratios. We used
dose and blood sampling . A . |
Betuween dose 1 and 2 77(70-78) 77 (70-78) 76 (70.78) 051 multivariable Cox proportional hazard regression models
etween aose 1an -, -, -, - . . .
Between dose 2 and 3 189(17320)  188(170200)  191(179.202) 000050 to identify treatment-related and vaccine-related factors
etween aose 2 an —. = -, - . . . . .
associated with the time from the third vaccine dose to
Data are median (IQR) or n (%). p values were calculated using the Mann-Whitney U test or Fisher’s exact test, comparing breakthrough infection; these factors were the same as for
infliximab vs vedolizumab recipients. Homologous schedule comprises three doses of MRNA vaccine, heterologous th Tti iable li . del i . .
schedule comprises two doses of adenovirus vector vaccine plus one dose of mRNA vaccine. IBD=inflammatory bowel € mu thaI'I% € lnefar regression model investigating
disease. PRO2=patient reported outcomes factors associated with log-transformed NT50, and
included the variables of log-transformed antibody NT50s
Table 1: Baseline characteristics . . .
against wild-type strain, BA.l, and BA.4/5 when
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investigating factors associated with breakthrough
infection among participants who had a breakthrough
infection. We tested the proportional hazards assumption
using the corresponding set of scaled Schoenfeld residuals
against time, to determine the independence between
residuals and time. We tested the linearity of continuous
variables in the Cox proportional hazard regression models
using the function ggcoxfunctional() in the survminer
R package.

To determine how IBD subtypes affected the
neutralising titres, we stratified our analysis by patients
with Crohn’s disease or with ulcerative colitis or
unclassified IBD. We also did sensitivity analyses on our
Cox regression models in subgroups of patients with
Crohn’s disease or with ulcerative colitis or unclassified
IBD, patients with or without active disease, those using
immunomodulators and those using steroids, and
accounting for the differing time intervals between third
dose and sampling timepoint.

We did all statistical analyses using R (version 4.2.1).
All tests were two-tailed, and p values of less than 0-05
were considered to be significant. This study is registered
with the ISRCTN registry, ISRCTN45176516.

Role of the funding source

The funders of the study had no role in study design,
data collection, data analysis, data interpretation, writing
of the report, or the decision to submit for publication.

Results

Between Sept 22 and Dec 23, 2020, 7224 consecutive
patients were recruited at the time of attendance at
infusion units into the CLARITY IBD study. For this
analysis, we included 1288 participants who had been
treated with infliximab (n=871) or vedolizumab (n=417),
without previous SARS-CoV-2 infection, and who had an
antibody test between 14 and 70 days after the third dose
of SARS-CoV-2 vaccine. The median age of included
participants was 46-1 years (IQR 33-6-58-2) and
610 (47-4%) of 1288 participants were female,
671 (52-1%) were male, 1209 (93-9%) were White,
46 (3-6%) were Asian, seven were Black (0-6%), and
15 were Mixed race (1-2%; table 1). 537 (61-7%) of
871 participants treated with infliximab and
90 (21-6%) of 417 treated with vedolizumab had
combination treatment with immunomodulators
(thiopurine or methotrexate). 501 (57-5%) participants
treated with infliximab and 239 (57-3%) treated with
vedolizumab received a heterologous SARS-CoV-2
vaccine schedule and 369 (42 -4%) treated with infliximab
and 176 (42-2%) treated with vedolizumab received a
homologous schedule.

After the third dose of SARS-CoV-2 vaccine, NT50s
against omicron BA.1 or BA.4/5 were significantly lower
than titres against wild-type SARS-CoV-2 in all IBD
treatment groups, irrespective of vaccination schedule
(figure 1, table 2). NT50s were also significantly lower in
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patients treated with infliximab than in those treated with
vedolizumab against wild-type (geometric mean 2062
[95% CI 1720-2473] vs 3440 [2939-4026]; p<0-0001),

BA.1 (107-3 [86-40-133-2] vs 648-9 [523-5-804-5];
A
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Infliximab Infliximab plus Vedolizumab Vedolizumab plus
immunomodulator immunomodulator
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Figure 1: Neutralising antibody titres against SARS-CoV-2 wild-type strain and omicron (B.1.1.529)

variants BA.1and BA.4/5 in patients with IBD, stratified by biological therapy with infliximab or
vedolizumab, and after homologous (A) or heterologous (B) SARS-CoV-2 vaccine schedule

Homologous schedule comprises three doses of MRNA vaccine, heterologous schedule comprises two doses of
adenovirus vector vaccine plus one dose of MRNA vaccine. The horizontal black bars show the geometric mean and
SD. Datapoints are the NT50s from each participant and dotted lines connect data from the same participant.

p values were calculated post hoc, using the Friedman test . Samples unable to inhibit half of the virus infection
were plotted with the NT50 equal to 0-1. BA.4/5=BA.4 and BA.5. IBD=inflammatory bowel disease.

NT50=50% neutralisation titre.
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p<0-0001), and BA4/5 (40-63 [31-99-51-60] ws
223-0 [183-1-271-4]; p<0-0001) variants (table 2). NT50s
and 95% ClIs by SARS-CoV-2 vaccination schedule are
shown in table 2. For each biological treatment group, the
difference between N'T50s for each variant was significant
(p<0-0001). Although the reduction in neutralising titres
against omicron BA.4/5, compared with NT50 against the
wild-type strain, was observed across all IBD treatment
regimens, the size of the reduction was significantly
greater in infliximab recipients (64-74 [95% CI
55-94-74.88]) than in vedolizumab recipients (15-13
[12-79-17-91]; p<0-0001; appendix p 5).

Next, we compared antibody titres from each treatment
group. Patients treated with infliximab had lower NT50s
against BA.1 or BA.4/5 than did patients treated with
vedolizumab regardless of vaccination schedule (all
comparisons were p<0-01; table 2; appendix pp 6-7).
Combination treatment with immunomodulators did not
significantly reduce antibody titres compared with
infliximab or vedolizumab monotherapy (table 2;
appendix pp 6-7). For the NT50 against the wild-type
strain, patients who received homologous vaccination
and treated with infliximab or infliximab plus
immunomodulators had lower antibody titres than did
those treated with vedolizumab (both comparisons
p<0-001 [table 2; appendix p 6]). We found no significant
differences in NT50s against the wild-type strain among
treatment groups with a heterologous vaccine schedule
(table 2). Notably, 71 (5-5% [95% CI 4.4-7.0]) of
1288 patients in the cohort could not generate an NT50
against BA.4/5, of whom 62 (87% [77-94]) were treated
with infliximab (figure 1).

Homologous
SARS-CoV-2 vaccination  SARS-CoV-2 vaccination

Heterologous Overall

Infliximab

Wild type 1722 (1325-2238)
BA.L 110-8 (79-02-155-3)
BA.4/5 42-21(29-87-59-64)

Infliximab plus immunomodulator

2306 (1804-2949)
105-2 (79-20-139-7)
39-67 (28-67-54-90)

2062 (1720-2473)
107-3 (86-40-133-2)
40-63 (31-99-51-60)

Wild type 1581 (1280-1951) 2310 (1914-2786) 1946 (1691-2239)
BA.1 91-94 (70-03-120-7) 8632 (66:54-112-0) 88.77 (73-59-107-1)
BA.4/5 20-32 (15-08-27-39) 31-47 (23-66-41-86) 25-84(21-02-31-75)
Vedolizumab

Wild type 3574 (2830-4514) 3350 (2698-4158) 3440 (2939-4026)
BA.1 754-4 (546-9-1040) 5811 (433-4-779-1) 648-9 (523:5-804-5)
BA.4/5 226-1(166-0-307-9) 221-3(170-7-286-8) 223.0(183-1-271-4)

Vedolizumab plus immunomodulator

Wild type 2248 (1278-3953)
BA.1 4382 (197-0-974-5)
BA.4/5 1550 (74-79-321-3)

2683 (1696-4244)
454-4 (252-6-817-4)
1935 (107-8-347-3)

2504 (1766-3552)
448.0 (281-4-7133)
1775 (113-4-277-8)

NT50s are presented to four significant figures, with 95% Cls shown in parentheses. BA.4/5=BA.4 and BA.5.

NT50=50% neutralising titre.

Table 2: 50% neutralising titres against SARS-CoV-2 wild-type strain and omicron BA.1 and BA.4/5, by
SARS-CoV-2 vaccination schedule and biological therapy
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We did multivariable linear regression analyses to
determine whether different variables affected
neutralising titres (figure 2). Patients with Crohn’s
disease had lower antibody NT50s than did those with
ulcerative colitis or unclassified IBD against wild-type
strain and BA.4/5, but not BA.l. Older age was
associated with lower NT50s against wild-type strain,
BA.1, and BA.4/5. Not White race was independently
associated with higher NT50s than White race against
wild-type strain, BA.1, and BA.4/5. A heterologous third
vaccine dose induced higher antibody NT50s than did a
homologous schedule against wild-type strain, but not
BA.1 or BA.4/5. Thiopurine treatment was associated
with lower NT50s against wild-type strain, BA.I,
and BA.4/5. Higher BMI was associated with higher
antibody NT50s against wild-type strain, but not
BA.1 or BA.4/5. A longer interval between vaccine
doses 2 and 3 was associated with higher antibody
NT50s against wild-type strain and BA.1, but not
BA.4/5. A longer interval between the third vaccine
dose and blood sampling was associated with lower
antibody ~ NT50s  against  wild-type  strain,
BA.1, and BA.4/5. Antibody NT50s against BA.4/5 were
lower in male than in female participants, but no
difference was seen between male and female
participants for wild-type strain or BA.1. To further
determine if our results were influenced by IBD
subtype, we stratified our analysis into patients with
ulcerative colitis and Crohn’s disease (appendix
pp 8-11). We found significant reductions in NT50s
against SARS-CoV-2 BA.1 and BA.4/5, both in
patients with Crohn’s disease and ulcerative colitis
treated with infliximab compared with in those treated
with vedolizumab; for wild-type strain, a reduction was
seen for those with ulcerative colitis, but not for those
with Crohn’s disease.

To visualise antibody decay after the third vaccine
dose, we plotted rolling geometric means using a
rolling 15-day window (7 days on either side of the day
indicated; figure 3). Antibody titres in patients treated
with infliximab were significantly lower than in those
treated with vedolizumab for BA.4/5, with some overlap
of 95% CIs for the wild-type strain and BA.1. The
biggest difference between the two groups was noted in
antibody NT50s against BA.4/5. Responses against the
wild-type strain, BA.1, and BA.4/5 all decayed over the
10-week study period. A degree of fluctuation in
neutralising responses was noted against both wild-
type and BA.1 (probably secondary to natural variation
in participants sampled at the different timepoints).
The downward trend in responses was clearest against
BA.4/5 and was most notable in the infliximab-treated
group who received a homologous vaccination
schedule.

We then investigated the breakthrough infection rate in
our cohort. Significantly higher breakthrough infection
rates were observed in patients treated with infliximab
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A n/N Geometric meanratio (95% Cl)  pvalue
Infliximab (vs vedolizumab) 871/1288 -I- 0-80 (0-66-0-96) 0-018
Age (per 10 years) 1288/1288 l. 0-91 (0-85-0-96) 0-0018
Male sex (vs female sex) 671/1288 -l-' 0-86 (0-72-1-03) 0-11
BM!I (continuous) 1288/1288 " 1.03 (1.01-1:04) 0-00035
Not White race 74/1288 P —a— 1-83 (1-25-2:69) 0-0021
Crohn's disease (vs ulcerative colitis or unclassified IBD) 767/1288 -I- 0-78 (0-64-0-94) 0-0096
Thiopurine 542/1288 - 079 (0-66-0-96) 0-017
PRO2 active IBD disease 264/1288 —I— 1.04 (0-83-132) 072
Methotrexate 89/1288 —= 0-80 (0-56-1-15) 023
Steroids 64/1288 + 110 (0-74-1-63) 0-64
SARS-CoV-2 vaccine schedule: heterologous (vs homologous) 740/1288 D om 1.56 (1.30-1-88) <0-0001
Timing intervals between doses 2 and 3, weeks 1288/1288 i 1.03 (1-01-1-06) 0-0028
Timing intervals between dose 3 and blood sampling, weeks 1288/1288 i 0-91 (0-88-0-95) <0-0001
0-2 05 1 2
B
Infliximab (vs vedolizumab) 871/1288 —— 0-20 (0-14-0-28) <0-0001
Age (per 10 years) 1288/1288 LH 0-82 (0-75-0-90) <0-0001
Male sex (vs female sex) 671/1288 —I-'- 0-83(0-63-1-09) 018
BMI (continuous) 1288/1288 [ ] 1-01(0-99-1-04) 034
Not White race 74/1288 + 154 (1-06-2-23) 0-022
Crohn's disease (vs ulcerative colitis or unclassified IBD) 767/1288 + 0-87(0-66-1-14) 032
Thiopurine 542/1288 - 0-69 (0-52-0-90) 00069
PRO2 active IBD disease 264/1288 —u 0-87 (0-61-1:25) 0-45
Methotrexate 89/1288 —I—‘- 0-50 (0-22-1-11) 0-088
Steroids 64/1288 + 0-88 (0-54-1-43) 0-60
SARS-CoV-2 vaccine schedule: heterologous (vs homologous) 740/1288 —m— 112 (0-85-1-47) 042
Timing intervals between doses 2 and 3, weeks 1288/1288 - 1.04 (1.01-1.08) 0-0078
Timing intervals between dose 3 and blood sampling, weeks 1288/1288 l 0-89 (0-84-0-94) <0-0001
0-2 0-5 1 2
C
Infliximab (vs vedolizumab) 871/1288 —.— : 0-16 (0-12-0-23) <0-0001
Age (per 10 years) 1288/1288 [ 3 0-73 (0-67-0-81) <0-0001
Male sex (vs female sex) 671/1288 + 0-68 (0-51-0-92) 0-011
BMI (continuous) 1288/1288 u 1.02 (1-00-1-04) 0-10
Not White race 74/1288 —&— 1.96(122-317) 0-0057
Crohn's disease (vs ulcerative colitis or unclassified IBD) 767/1288 0-71(0-52-0-95) 0-024
Thiopurine 542/1288 —— f 0-57 (0-42-0-77) 0-00030
PRO2 active IBD disease 264/1288 + 0-94 (0-65-1-36) 075
Methotrexate 89/1288 —— 0-69 (0-33-1-44) 0-32
Steroids 64/1288 — 074 (0:39-1-40) 036
SARS-CoV-2 vaccine schedule: heterologous (vs homologous) 740/1288 -—I— 129 (0-97-1-71) 0-083
Timing intervals between doses 2 and 3, weeks 1288/1288 . 1.03 (1-00-1-06) 0-088
Timing intervals between dose 3 and blood sampling, weeks 1288/1288 I 0-85(0-80-0-92) <0-0001
0-2 0-5 1 2

Figure 2: Multivariable linear regression models of log NT50 against SARS-CoV-2 wild-type strain (A), BA.1 (B), and BA.4/5 (C) after the third dose of

SARS-CoV-2 vaccine

Data are geometric mean ratios, with 95% Cls, of antibodly titres associated with each variable. BA.4/5=BA.4 and BA.5. IBD=inflammatory bowel disease.

NT50=50% neutralisation titre.

(119 [13-7%; 95% CI 11-5-16- 2] of 871) than those treated
with vedolizumab (29 [7-09%; 4-8-10- 0] of 417; p=0-00040).
The infliximab group had a significantly shorter time to
breakthrough infection after third vaccine dose than did
the vedolizumab group (median 80-79 days [IQR
76-22-85-63] vs 87-30 [79-71-95- 60]; p=0-0021; figure 4).

Among the total cohort investigated, infliximab, active
IBD disease, and a longer interval between SARS-CoV-2
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vaccine doses 2 and 3 were associated with an increased
risk of breakthrough infection after a third vaccine dose
(figure 5A). Methotrexate and older age were associated
with a decreased risk of breakthrough infection. Steroids
were notassociated with an increased risk of breakthrough
infection.

Among patients who had a breakthrough infection,
higher antibody NT50s against BA.4/5 was associated
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Figure 3: Rolling geometric mean of NT50 against SARS-CoV-2 wild-type
strain (A) and omicron BA.1 (B) and BA.4/5 (C) subvariants, in patients with
IBD treated with infliximab or vedolizumab, over time from the third dose
of SARS-CoV-2 vaccine

Geometric mean was calculated using a rolling 15-day window (ie, 7 days on
either side of the day indicated). The shaded areas show the 95% Cls of the
geometric mean. BA.4/5=BA.4 and BA.5. IBD=inflammatory bowel disease.
NT50=50% neutralisation titre.

with a lower hazard ratio and, hence, a longer time to
breakthrough infection (figure 5B). We found no
significant association between antibody NT50s against
wild-type strain or BA.l and time to breakthrough
infection.

In sensitivity analyses, we found that among patients
who had a breakthrough infection, lower antibody NT50s
against BA.4/5 in patients with ulcerative colitis or
unclassified IBD, using combination therapy with
immunomodulators, not using steroids, or inactive IBD
disease were associated with shorter time to breakthrough
infection. Antibody NT50s against BA.4/5 were not
associated with time to breakthrough infections in

0-4 = Infliximab
[ Vedolizumab

03
02

0-1

Cumulative hazard (95% Cl)

p=0-0021

0 T T T 1
0 50 100 150 200
Time since third vaccination, days
Number at risk
Infliximab 871 762 391 44 0
Vedolizumab 417 355 171 19 0

Figure 4: Cumulative hazard of time to breakthrough infection in patients
with IBD treated with infliximab or vedolizumab after a third dose of
SARS-CoV-2 vaccine

p value was calculated using a log-rank test.

subgroups of patients with Crohn’s disease, active
disease, using steroids, and not using immuno-
modulators. All sensitivity analyses are shown in the
appendix (pp 11-21).

Discussion

After three doses of SARS-CoV-2 vaccine, patients with
IBD treated with infliximab had significantly lower
neutralising antibody titres against wild-type SARS-CoV-2
and omicron BA.l1 and BA.4/5 subvariants than did
patients treated with vedolizumab. The concomitant use
of thiopurine was associated with lower antibody NT50s
against wild-type, BA.l, and BA4/5 than with
monotherapy. 13-7% of patients being treated with
infliximab treatment had a breakthrough infection,
compared with 7-0% of patients being treated with
vedolizumab, and infliximab treatment was associated
with a shorter time to breakthrough infection than was
vedolizumab treatment. Additionally, lower neutralising
NT50s against BA.4/5 were associated with a shorter
time to breakthrough infection.

Multiple mutations of the SARS-CoV-2 S1 protein can
lead to immune escape,” which explains the lower
neutralising responses we observed here against the
omicron variants than against the wild-type virus. The
mutation at S1 residue L452 in BA.4/5 facilitates escape
from antibodies directed to the RBD’s class 2 and 3
regions.” The F486V mutation compromises the viral
receptor’'s S1 affinity and enables the escape of
class 1 and 2 antibodies.*

Although our study focused on neutralising antibody
responses against the wild-type strain of SARS-CoV-2
and its omicron variants, other data are emerging
regarding vaccine-induced antibody responses directed
against the wild-type strain of SARS-CoV-2 in individuals
with IBD. Consistent with our findings, the VIP study
found that patients treated with infliximab, infliximab
plus thiopurine combination therapy, or tofacitinib had
significantly lower immune responses than did healthy
controls after two and three doses of vaccine.®* Other
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A n/N Hazard ratio (95% Cl)  pvalue
Infliximab (vs vedolizumab) 871/1288 —a— 1.71(1-:08-2-71) 0-022
Age (per 10 years) 1288/1288 - 0-76 (0-67-0-86) <0-0001
Sex: male (vs female) 671/1288 + 112 (0-80-1-57) 0-51
BMI 1288/1288 [ ] 1.01 (0-98-1:03) 0-50
Not White race 741288 —I—-— 0-52(0-21-1-29) 0-16
Crohn’s disease (vs ulcerative colitis or unclassified IBD) 767/1288 —l— 0-95 (0-65-1-40) 0-81
PRO2 active IBD disease 264/1288 ‘ —a— 160 (1-07-2:39) 0-021
Thiopurine 542/1288 — - 0-82 (0-57-119) 030
Methotrexate 89/1288 = 0-35(0-13-0-97) 0-044
Steroids 64/1288 » ; 0-55 (0-20-1-50) 0-25
SARS-CoV-2 vaccine schedule: heterologous (vs homologous)  740/1288 ——I— 126 (0-89-1-78) 0-20
Timing intervals between doses 2 and 3, weeks 1288/1288 h 1.07 (1-02-1-11) 0-0033
T T ; T
B
Infliximab (vs vedolizumab) 119/148 + 111 (0.74-1-64) 0-62
Age (per 10 years) 148/148 -I- 1.00 (0-88-1-13) 0-97
Sex: male (vs female) 79/148 —a— 0-95 (0-66-1-37) 078
BMI 148/148 n 1.04 (1.00-1.07) 0.038
Not White race 5/148 — 138 (0-74-2:59) 031
Crohn'’s disease (vs ulcerative colitis or unclassified IBD) 96/148 —-— 103 (0-63-1-71) 0-90
PRO2 active IBD disease 38/148 —I— 0-64 (0-39-1-06) 0-080
Thiopurine 77148 — 0-84(0:58-1-21) 035
Methotrexate 4/148 —I— 1.06 (0-57-1:97) 0-86
Steroids 4/148 —.— 039 (0-22-0-69) 0-0010
SARS-CoV-2 vaccine schedule: heterologous (vs homologous) 89/148 —-I— 110 (0-68-1-77) 070
Timing intervals between doses 2 and 3, weeks 148/148 I 105 (1-01-1-10) 0-022
log (wild-type SARS-CoV-2) 148/148 - 0-94 (0-80-1-09) 0-41
log (omicron BA.1) 148/148 -.— 112 (0-96-1-30) 0-14
log (omicron BA.4/5) 148/148 -.. 0-87(0-79-0-95) 0-0028
02 o5 1 2
“— —>
Decreased risk of breakthrough infection  Increased risk of breakthrough infection

Figure 5: Multivariable Cox proportional hazards regression model of factors associated with the risk of SARS-CoV-2 breakthrough infection in all patients

included this study (A) and patients who had a breakthrough infection (B)

The dependent variable of the Cox proportional hazards model is the time from third vaccine dose to breakthrough infection and the coefficients represent the hazard
ratio of developing SARS-CoV-2 breakthrough infection for each variable. BA.4/5=BA.4 or BA.5. IBD=inflammatory bowel disease. PRO2=patient-reported outcomes.

studies have also reported reduced vaccine-induced
antibody responses against the wild-type strain of
SARS-CoV-2’s S1 protein in patients with IBD treated
with anti-TNF therapies after two or three vaccine
doses.”” Unlike serological responses, reports on T-cell
responses in patients with IBD treated with anti-TNF
therapies have been more conflicting. Our data from
after two doses of SARS-CoV-2 vaccine suggested no
difference in T-cell responses between infliximab-treated
and vedolizumab-treated patients,’ and the VIP study
showed no significant differences between these groups
and healthy controls after three doses.” Dayam and
colleagues® reported enhanced waning of T-cell
immunity in patients with IBD treated with anti-TNF
therapies compared with healthy controls 3 months after
their second dose of SARS-CoV-2 vaccine. However, Qui
and colleagues?” observed augmented antigen-specific
T-cell responses in such patients after two doses of
SARS-CoV-2 vaccine.

www.thelancet.com/gastrohep Vol 8 February 2023

Previously, we found that anti-S1 RBD antibody
concentrations did not predict the risk of breakthrough
infection with the omicron variant.’” However, in the
current study, we found an independent association
between lower neutralising NT50s against BA.4/5 and a
shorter time to breakthrough infection. This association
is probably due to the S1 sequence rapidly evolving from
the wild-type strain’s sequence to the substantially
mutated omicron variant, with functional neutralising
antibodies against the omicron variant predicting
omicron breakthrough infection. Reassuringly, although
treatment with infliximab was associated with increased
risk of breakthrough infection, COVID-19 symptoms
were mild, and severe disease (eg, hospitalisations and
deaths) was still uncommon.® This finding probably
reflects the effectiveness of vaccination and the reduced
virulence of the omicron variant compared with the
previously dominant variants of concern. Moreover, anti-
TNF therapy has been reported to potentially prevent
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serious illness by inhibiting the systemic inflammatory
response associated with severe COVID-19.* Other
studies have also suggested that anti-TNF treatment is
associated with a lower risk of COVID-19-associated
hospitalisation or death than other immunomodulatory
treatment regimens.”*

As well as having lower antibody responses against all
variants assessed, we observed that the magnitude of the
reduction in neutralising titres against omicron BA.4/5,
compared with the wild-type strain, was significantly
greater in infliximab recipients than in vedolizumab
recipients. These data indicate that adopting bivalent or
variant-specific vaccination strategies might be especially
valuable in infliximab-treated patients.

Our study has several strengths. We adopted a novel
approach to assessing functional neutralising antibody
responses directed against the wild-type strain of
SARS-CoV-2 and omicron variants, which are relevant to
the current clinical situation. We have also harnessed
robust pseudo-neutralisation assays rather than
anti-S1 RBD binding assays, which have been used in
most other IBD studies. And we actively recruited a large
patient cohort who were established on infliximab and
vedolizumab drug regimens across the UK to provide
much-needed data on vaccine-induced immunogenicity.

Our study also has several limitations. First, although
neutralising antibody responses reflect part of
functional protection against infection, we did not
measure other immunological effects, and in particular,
we do not report anti-viral T-cell immune responses
contributing to anti-viral immunity. However, we note
the results of the VIP study showing no significant
differences in T-cell responses between healthy controls
and patients with IBD treated with infliximab and
vedolizumab after three doses of SARS-CoV-2 vaccine.”
Second, we did not include healthy controls in this
cohort to compare the neutralising antibody potency
between patients with IBD and controls after three doses
of SARS-CoV-2 vaccine and only two drugs were
investigated in this cohort. However, previous data
from the VIP study indicate that patients treated with
vedolizumab have equivalent SARS-CoV-2 vaccine-
induced humoral immune responses to healthy
controls, and ustekinumab and thiopurine monotherapy
do not impair antibody or T-cell responses.” Third, we
did not explore the immunological mechanisms for
reduced vaccine-induced antibody responses observed
in patients treated with infliximab. Fourth, we did not
sequence the variant involved in each breakthrough
infection, and so do not know for certain which variants
caused the infections. The infections in the study
occurred after November, 2021, so they were probably
caused by the omicron variant, which became dominant
in the UK around that time. However, we could not
infer which omicron subvariant was the cause in each
case. Additionally, breakthrough infections might have
been missed if patients were asymptomatic and did not

take a PCR test. Moreover, some patients treated with
infliximab have diminished serological response to
infection; therefore, the anti-N assay result might
underestimate the infection rate in this group. Finally,
the covariates we selected for the analysis were based
on an a priori statistical analysis plan and findings
derived from previous publications,” and we did not
plot a causal directed acyclic graph. There could be
built-in selection bias in the HR analysis, and we
cannot exclude the possibility that our results are
affected by measurement bias, residual confounding,
or unmeasured confounders.

In summary, infliximab treatment attenuated
neutralising antibody responses against omicron variants
and was associated with increased rates of breakthrough
SARS-CoV-2 infection after three doses of SARS-CoV-2
vaccine compared with treatment with the anti-integrin
drug vedolizumab. Breakthrough infection was
associated with lower magnitude of neutralising antibody
NT50 against BA.4/5. These data support policies
prioritising patients treated with infliximab for newly
available bivalent vaccines to enhance neutralising
antibody induction against divergent variants. We hope
that our findings are generalisable to other anti-TNF
drugs, including adalimumab, golimumab, certolizumab,
and etanercept.®” Because anti-TNF medications are
used to treat many immune-mediated inflammatory
diseases, the implications of our findings could be
relevant for millions of patients across the world.
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