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ABSTRACT
Objective Antitumour necrosis factor (TNF) drugs 
impair serological responses following SARS- CoV- 2 
vaccination. We sought to assess if a third dose of a 
messenger RNA (mRNA)- based vaccine substantially 
boosted anti- SARS- CoV- 2 antibody responses and 
protective immunity in infliximab- treated patients with 
IBD.
Design Third dose vaccine induced anti- SARS- CoV- 2 
spike (anti- S) receptor- binding domain (RBD) antibody 
responses, breakthrough SARS- CoV- 2 infection, 
reinfection and persistent oropharyngeal carriage in 
patients with IBD treated with infliximab were compared 
with a reference cohort treated with vedolizumab from 
the impaCt of bioLogic therApy on saRs- cov- 2 Infection 
and immuniTY (CLARITY) IBD study.
Results Geometric mean (SD) anti- S RBD antibody 
concentrations increased in both groups following 
a third dose of an mRNA- based vaccine. However, 
concentrations were lower in patients treated with 
infliximab than vedolizumab, irrespective of whether their 
first two primary vaccine doses were ChAdOx1 nCoV- 19 
(1856 U/mL (5.2) vs 10 728 U/mL (3.1), p<0.0001) or 
BNT162b2 vaccines (2164 U/mL (4.1) vs 15 116 U/mL 
(3.4), p<0.0001). However, no differences in anti- S RBD 
antibody concentrations were seen following third and 
fourth doses of an mRNA- based vaccine, irrespective of 
the combination of primary vaccinations received. Post- 
third dose, anti- S RBD antibody half- life estimates were 
shorter in infliximab- treated than vedolizumab- treated 
patients (37.0 days (95% CI 35.6 to 38.6) vs 52.0 days 
(95% CI 49.0 to 55.4), p<0.0001).
Compared with vedolizumab- treated, infliximab- treated 
patients were more likely to experience SARS- CoV- 2 
breakthrough infection (HR 2.23 (95% CI 1.46 to 3.38), 
p=0.00018) and reinfection (HR 2.10 (95% CI 1.31 to 
3.35), p=0.0019), but this effect was uncoupled from 
third vaccine dose anti- S RBD antibody concentrations. 
Reinfection occurred predominantly during the 
Omicron wave and was predicted by SARS- CoV- 2 

antinucleocapsid concentrations after the initial infection. 
We did not observe persistent oropharyngeal carriage 
of SARS- CoV- 2. Hospitalisations and deaths were 
uncommon in both groups.
Conclusions Following a third dose of an mRNA- 
based vaccine, infliximab was associated with 
attenuated serological responses and more SARS- CoV- 2 
breakthrough infection and reinfection which were not 
predicted by the magnitude of anti- S RBD responses, 
indicative of vaccine escape by the Omicron variant.
Trial registration number ISRCTN45176516.

INTRODUCTION
The COVID- 19 pandemic has been character-
ised by successive waves of more transmissible 
SARS- CoV- 2 variants of concern (VOC), culmi-
nating most recently in B.1.1.529 (Omicron) and 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Vaccine- induced anti- SARS- CoV- 2 spike (anti- S) 
receptor- binding domain (RBD) antibody 
responses are attenuated and less durable in 
infliximab- treated than vedolizumab- treated 
patients with IBD.

 ⇒ During the delta wave of the COVID- 19 
pandemic, breakthrough SARS- CoV- 2 infection 
was more common in infliximab- treated 
than vedolizumab- treated patients, and were 
associated with lower anti- S RBD antibody 
concentrations following two doses of SARS- 
CoV- 2 vaccines.

 ⇒ Higher, more sustained antibody concentrations 
are observed in patients with a history of 
SARS- CoV- 2 infection prior to vaccination, 
but whether infliximab treatment is linked to 
increased risk of SARS- CoV- 2 reinfection is 
unknown.
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its subvariants BA.2–5 that are able to evade adaptive immu-
nity following prior infection and vaccination. The B.1.1.529 
(Omicron) variant of SARS- CoV- 2 was designated a variant of 
concern by WHO on 26 November 2021,1 and BA.4 and BA.5 
are now the dominant variants in the UK and are spreading 
rapidly worldwide. Compared with the ancestral Wuhan strain, 
B.1.1.529 has >32 mutations including 15 in the spike receptor 
binding domain (RBD).2 Current COVID- 19 vaccines continue 
to protect against severe illness, hospitalisations and death.3 
However, the B.1.1.529 variant is causing high numbers of 
SARS- CoV- 2 breakthrough infection and reinfection because of 
antigenic escape.4

By suppressing immune responses, immunosuppressive 
therapies, including biologicals, increase the risk of SARS- 
CoV- 2 infection, persistent nasopharyngeal carriage and viral 
evolution.5 6 We have recently shown that treatment with the 
antitumour necrosis factor (TNF) therapies, infliximab and 
adalimumab, impairs antibody responses following SARS- CoV- 2 
infection.7 8 Furthermore, we demonstrated vaccine- induced 
antibody responses are attenuated and less durable in patients 

treated with infliximab, translating to a 50% increased risk of 
breakthrough SARS- CoV- 2 infection, compared with patients 
treated with vedolizumab, a gut- selective anti- integrin α4β7 
monoclonal antibody.9–11

For patients with IBD treated with immunosuppressive 
therapies, these findings, along with data from other immu-
nosuppressed patient cohorts,11–13 provided evidence for the 
prioritisation of third primary SARS- CoV- 2 vaccine doses,14 
even before the emergence of the B.1.1.529 (Omicron) variant.

We sought to assess if a third dose of an mRNA- based vaccine 
substantially improved anti- SARS- CoV- 2 antibody responses, 
and if infliximab- treated compared with vedolizumab- treated 
patients are at increased risk of SARS- CoV- 2 breakthrough infec-
tion, reinfection or persistent oropharyngeal carriage.

METHODS
Study design, population and clinical setting
CLARITY IBD is a UK- wide, multicentre, observational cohort 
study investigating the impact of biological and/or concomitant 
immunomodulators on SARS- CoV- 2 acquisition, illness and 
immunity in patients with IBD (www.clarityibd.org).

The overarching aims, study design and sample size calcula-
tions have been described previously.8 9 In brief, 7224 consecu-
tive patients were recruited at the time of attendance at infusion 
units between 22 September 2020 and 23 December 2020 
(online supplemental table 1). Patients with a diagnosis of IBD, 
aged 5 years and over, treated with infliximab or vedolizumab 
were eligible for inclusion. Follow- up visits coincided with 
biological infusions and typically occurred 8 weekly.

Data were linked by National Health Service (NHS) number 
or Community Health Index to NHS England, Public Health 
England, Scotland and Wales data who hold dates of vaccine 
uptake and dates and results of SARS- CoV- 2 PCR tests under-
taken in the UK. When central data on vaccination were missing, 
we used patient reports. The alpha and B.1.1.529 (Omicron) 
variants are characterised by an S- gene deletion which leads to 
loss of one of the three gene targets employed in the SARS- 
CoV- 2 Taq Path PCR assay15 used by most UK public health 
laboratories. Therefore, S- gene target failure can be used as a 
marker of infection with the alpha or the B.1.1.529 (Omicron) 
subvariants.

In the UK, vaccines were administered to the most clini-
cally vulnerable, and then through progressively lower risk and 
younger age groups from December 2020. Citizens received 
either the mRNA- based vaccine, BNT162b2 or the adenovirus- 
vector vaccine, ChAdOx1 nCoV- 19 for the first two doses. From 
13 September 2021, patients deemed to be clinically extremely 
vulnerable, including those with IBD treated with anti- TNF ther-
apies and vedolizumab were offered a third and fourth primary 
vaccine dose with an mRNA- based vaccine (either BNT162b2 
(Pfizer- BioNTech) or mRNA- 1273 (Moderna)) at least 8 weeks 
after their second dose.14

Here, we report anti- SARS- CoV- 2 antibody responses after 
a third primary and fourth dose with an mRNA- based vaccine, 
rates of SARS- CoV- 2 breakthrough infection and reinfection and 
persistent oropharyngeal carriage.

Outcomes
Participants were eligible for our immunogenicity analysis if 
they had an anti- SARS- CoV- 2 spike (anti- S) RBD antibody test 
between 14 and 70 days after a third and fourth vaccine dose 
with an mRNA- based vaccine.

WHAT THIS STUDY ADDS
 ⇒ A third dose of a messenger RNA (mRNA)- based vaccine 
substantially boosted anti- S RBD antibody responses in 
infliximab- treated and vedolizumab- treated patients; 
however, anti- S RBD antibody concentrations remained 
attenuated in patients treated with infliximab, irrespective of 
the combination of primary vaccinations received.

 ⇒ There was a diminishing return on anti- S RBD antibody 
responses with a fourth dose of an mRNA- based vaccine, 
irrespective of biological type or combination of primary 
vaccinations received.

 ⇒ Breakthrough infection after a third dose of an mRNA- based 
vaccine was more common and occurred earlier in infliximab- 
treated than in vedolizumab- treated patients.Breakthrough 
infection was not associated with the magnitude of post- third 
dose vaccine anti- S RBD antibody concentrations.

 ⇒ Reinfection with the B.1.1.529 (Omicron) variant was more 
common in patients treated with infliximab, compared 
with vedolizumab, and was predicted by SARS- CoV- 2 
antinucleocapsid concentrations after initial infection. We did 
not observe persistent oropharyngeal carriage.

HOW THIS STUDY MIGHT AFFECT RESEARCH, PRACTICE OR 
POLICY

 ⇒ Despite Omicron variant breakthrough infection, vaccines 
continue to protect against severe illness, hospitalisations 
and death in infliximab- treated and vedolizumab- treated 
patients with IBD.

 ⇒ A current correlate of protection from B.1.1.529 (Omicron) 
infection is unknown and at present there is no role for 
routine antibody concentration testing against ancestral 
anti- S RBD.

 ⇒ Vaccination regimens for patients treated with antitumour 
necrosis factor (TNF) therapy should include at least one dose 
of an existing mRNA vaccine and booster vaccine doses need 
to be administered every 4–6 months.

 ⇒ Anti- TNF- treated patients have attenuated responses to 
vaccination and are at increased risk of breakthrough 
infection. Whether, in the setting of novel variants of concern, 
this will translate to an increased risk of severe COVID- 19 is 
unknown.  on M
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Anti-SARS-CoV-2 antibody assays
To determine antibody responses specific to vaccination, we 
used the Roche Elecsys anti- S immunoassay alongside the nucle-
ocapsid (N) immunoassay.16 17 This double sandwich electroche-
miluminescence immunoassay uses a recombinant protein of the 
RBD on the spike protein as an antigen for the determination 
of antibodies against SARS- CoV- 2. Sample electrochemilumines-
cence signals are compared with an internal calibration curve 
and quantitative values are reported as units (U)/mL, which are 
identical to WHO’s International Standard (binding antibody 
units/mL).18

The Roche Elecsys anti- SARS- CoV- 2 (N) immunoassay is a 
sandwich electrochemiluminescence immunoassay that uses a 
recombinant protein of the nucleocapsid antigen for determina-
tion of antibodies against SARS- CoV- 2 infection. Using a cut- off 
index (COI) of 1, the manufacturer reports clinical sensitivity 
and specificity of 99.5% (95% CI 97.0 to 100) and 99.8% (95% 
CI 99.7 to 99.9), respectively, >14 days after PCR- confirmed 
COVID- 19. We have previously reported that anti- N antibody 
responses following SARS- CoV- 2 natural infection are impaired 
in patients treated with infliximab compared with vedolizumab.8 
As such, a threshold of 0.12 COI was set using receiver oper-
ator characteristic curve and area under the curve analysis of 
anti- N antibody results from participants 2 weeks following a 
PCR- confirmed infection to maximise sensitivity and specificity, 
beyond which patients were deemed to have had prior SARS- 
CoV- 2 infection.

Breakthrough SARS-CoV-2 infection
SARS- CoV- 2 infection was defined by a positive PCR test to 
SARS CoV- 2. Breakthrough infection was defined as a SARS 
CoV- 2 infection, diagnosed by positive PCR test, >14 days after 
a third dose of a SARS- CoV- 2 vaccine.

Reinfection with SARS-CoV-2 and persistent oropharyngeal 
carriage
We defined SARS- CoV- 2 reinfection as a recurrence of symp-
toms compatible with COVID- 19, accompanied by a positive 
PCR test, >90 days after the onset of the primary infection.19

Because PCR positivity may persist for prolonged periods 
following initial infection and asymptomatic carriage is common, 
it is difficult to differentiate reinfection from persistent oropha-
ryngeal carriage. To assess the risk of persistent carriage, 
participants aged 18 years and over with a previous history of 
confirmed SARS- CoV- 2 infection, but without ongoing symp-
toms, were invited to carry out a home buccal swab test between 
20 May 2021 and 7 January 2022.

We used PCR to detect SARS- CoV- 2 RNA, and in positive 
samples, for the presence of envelope (E) and subgenomic RNAs 
(sgRNA).20 sgRNAs are generated after SARS- CoV- 2 enters cells 
and are poorly incorporated into mature virions and can be used 
as marker for actively replicating, rather than inactivated or 
neutralised, virus. Methods have been reported previously.20 In 
brief, RNA was extracted using the Chemagic Viral DNA/RNA 
Kit on the Chemagic 360D platform. Viral loads were measured 
by quantitative real- time PCR for E gene and E- gene- derived 
sgRNA sequences, respectively. Reactions were performed using 
the SuperScript One- Step RT- PCR System with Platinum Taq 
DNA Polymerase (Thermo Fisher, Waltham, USA). Reactions 
were carried out in 384 well plates on the QuantStudio 12K 
Flex Real- Time PCR System (Applied Biosystems, Foster City, 
USA). Probes and primers were obtained from Thermo Fisher 

(Waltham, USA). E gene and E sgRNA viral loads were deter-
mined in relation to known quantities of synthetic standards 
by standard curve analysis. Synthetic standards consisted of the 
probe and primer binding sites in a single long oligonucleotide 
for each of E gene and E gene- derived sgRNA sequences and 
were obtained from Invitrogen (Waltham, USA).

Variables
Variables recorded by participants were demographics (age, sex, 
ethnicity, comorbidities, height and weight, smoking status and 
postcode), IBD disease activity (PRO2), SARS- CoV- 2 symp-
toms aligned to the COVID- 19 symptoms study (symptoms, 
previous testing and hospital admissions for COVID- 19) and 
vaccine uptake (type and date of primary vaccination). Study 
sites completed data relating to IBD history (age at diagnosis, 
disease duration and phenotype according to the Montreal clas-
sifications), previous surgeries and duration of current biological 
and immunomodulator therapy, COVID- 19 hospitalisations and 
deaths. Data were entered electronically into a purpose- designed 
Research Electronic Data Capture database hosted at the Royal 
Devon and Exeter NHS Foundation Trust.21 Participants without 
access to the internet or electronic device completed their ques-
tionnaires on paper case record forms that were subsequently 
entered by local research teams.

Statistical analysis
Statistical analyses were undertaken in R V.4.1.2 (R Founda-
tion for Statistical Computing, Vienna, Austria). All tests were 
two- tailed and p values <0.05 were considered significant. We 
included patients with missing clinical variables in analyses for 
which they had data and have specified the denominator for 
each variable. Continuous data are reported as median and IQR, 
and discrete data as numbers and percentages.

Anti- S RBD antibody concentrations are reported as geometric 
means and SD. T- tests of log- transformed anti- S RBD antibody 
concentrations were used to compare antibody responses by 
vaccine type, biological drug type, breakthrough infection and 
reinfection status. Multivariable linear regression models were 
used to identify factors independently associated with log anti- S 
RBD concentration. Based on our previous findings,9 10 a priori, 
we included age, ethnicity, biological medication and immuno-
modulator use. Results are presented after exponentiation, so 
that the coefficients of the model correspond to the fold change 
(FC) associated with each binary covariate. For age, a cut- off 
of>60 years was chosen based on graphical inspection of the rela-
tionship between age and anti- S RBD antibody concentrations.

We visualised durability of antibody responses by calculating 
15- day rolling geometric mean anti- S RBD antibody concen-
trations. Anti- S RBD antibody half- lives were estimated using 
an exponential model of decay. Linear mixed models were fit 
using the lme4 and lmerTest package, with biological treatment 
and vaccine type as fixed effects and each subject as a random 
effect. CIs were calculated using likelihood ratios. P values for 
comparison of half- lives were estimated from the full linear 
mixed effects model that incorporated vaccine, biological drug 
and prior SARS- CoV- 2 infection status.

Kaplan- Meier curves and Cox proportional hazard regres-
sion models were used to identify treatment and vaccine- related 
factors associated with time to breakthrough infection and 
reinfection. Multivariable logistic regression analysis was used 
to identify factors associated with hospitalisation among those 
with a positive SARS- CoV- 2 PCR across the pandemic. Where 
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appropriate, the same analyses were used to compare antibody 
responses in participants with PCR evidence of SARS- CoV- 2 
infection at any time prior to vaccination.

Ethics and role of the funding source
CLARITY IBD is an investigator- led, UK National Institute 
for Health Research COVID- 19 urgent public health study, 
funded by the Royal Devon and Exeter NHS Foundation Trust, 
Hull University Teaching Hospital NHS Trust, NIHR Imperial 
Biomedical Research Centre, Crohn’s and Colitis UK (M2021/1), 
Guts UK and by unrestricted educational grants from F. Hoff-
mann- La Roche (Switzerland), Biogen (USA), Celltrion Health-
care (South Korea), Takeda (UK) and Galapagos (Belgium). This 
study was supported by an NCSi programme UKRI award to RB, 
DA, NP and TA (MR/W020610/1). None of our funding bodies 
had any role in study design, data collection or analysis, writing 
or decision to submit for publication.

The sponsor was the Royal Devon and Exeter NHS Founda-
tion Trust. The protocol is available online at https//www. clar-
ityibd. org. The study was registered with the ISRCTN registry, 
ISRCTN45176516.

RESULTS
Patient characteristics
Between 22 September 2020 and 23 December 2020, 7224 patients 
were recruited to the CLARITY study from 92 UK hospitals. In our 
primary immunogenicity analyses, we included 918 infliximab- 
treated and 442 vedolizumab- treated participants without a history 
of prior SARS- CoV- 2 infection, who had received uninterrupted 
biological therapy since recruitment and had an antibody test 
between 14 and 70 days after a third dose with an mRNA- based 
SARS- CoV- 2 vaccine. Participant characteristics are shown in 
table 1. Additional analyses are presented for 512 infliximab- treated 
and 185 vedolizumab- treated participants with a history of SARS- 
CoV- 2 infection before the third vaccine dose (table 2).

Anti-SARS-CoV-2 (S) antibody level following third COVID-19 
vaccine
The peak geometric mean (SD) anti- S RBD antibody concentra-
tion was higher in recipients of three doses of an mRNA- based 
vaccine than recipients of two ChAdOx1 nCoV- 19 vaccines and 
a third dose with an mRNA- based vaccine (4085 U/mL (5.1) 
vs 3275 U/mL (5.5), p=0.016). Geometric mean (SD) anti- S 

Table 1 Baseline characteristics of participants without a history of prior SARS- CoV- 2 infection, who received uninterrupted biological therapy 
since recruitment and had an antibody test between 14 and 70 days after a third dose with an mRNA- based SARS- CoV- 2 vaccine
Variable Level Vedolizumab Infliximab Overall P value

Vaccine BNT162b2 41.9% (185/442) 41.5% (381/918) 41.6% (566/1360) 0.91

ChAdOx1 nCoV- 19 58.1% (257/442) 58.5% (537/918) 58.4% (794/1360)

Age (years) 51.7 (37.9–63.4) 43.7 (32.3–55.6) 46.3 (33.6–58.3) <0.0001

Sex Female 50.6% (223/441) 46.4% (424/914) 47.7% (647/1355) 0.12

Male 49.2% (217/441) 53.4% (488/914) 52.1% (706/1355)

Intersex N<5 N<5 N<5

Prefer not to say N<5 N<5 N<5

Ethnicity White 93.0% (410/441) 95.2% (870/914) 94.5% (1280/1355) 0.32

Asian 5.0% (22/441) 2.7% (25/914) 3.5% (47/1355)

Mixed 1.1% (5/441) 1.1% (10/914) 1.1% (15/1355)

Black N<5 0.5% (5/914) 0.5% (7/1355)

Other N<5 0.4% (4/914) 0.4% (6/1355)

Diagnosis Crohn’s disease 36.7% (162/442) 70.2% (644/918) 59.3% (806/1360) <0.0001

UC/IBDU 63.3% (280/442) 29.8% (274/918) 40.7% (554/1360)

Duration of IBD (years) 10.0 (5.0–19.0) 9.0 (4.0–17.0) 9.0 (4.0–18.0) 0.0064

Age at IBD diagnosis (years) 36.0 (22.7–48.5) 29.8 (21.4–41.6) 31.2 (21.9–44.1) <0.0001

Immunomodulators at vaccine 19.9% (88/442) 58.7% (539/918) 46.1% (627/1360) <0.0001

5- ASA 33.9% (150/442) 21.6% (198/918) 25.6% (348/1360) <0.0001

Steroids 5.7% (25/442) 2.4% (22/918) 3.5% (47/1360) 0.0038

BMI 25.8 (23.1–29.7) 26.1 (22.9–30.4) 25.9 (23.0–30.3) 0.88

Heart disease 7.3% (32/440) 2.9% (26/912) 4.3% (58/1352) 0.00029

Diabetes 8.2% (36/440) 4.5% (41/912) 5.7% (77/1352) 0.0082

Lung disease 16.1% (71/440) 12.0% (109/912) 13.3% (180/1352) 0.040

Kidney disease 2.3% (10/440) 1.2% (11/912) 1.6% (21/1352) 0.16

Cancer 1.1% (5/440) N<5 0.5% (7/1352) 0.040

Smoker Yes 6.1% (27/440) 8.4% (77/912) 7.7% (104/1352) 0.17

Not currently 37.5% (165/440) 33.3% (304/912) 34.7% (469/1352)

Never 56.4% (248/440) 58.2% (531/912) 57.6% (779/1352)

Exposure to documented cases of COVID- 19 7.0% (31/440) 7.5% (68/912) 7.3% (99/1352) 0.82

Income deprivation score 0.090 (0.054–0.140) 0.087 (0.053–0.142) 0.088 (0.053–0.141) 0.83

Active disease (PRO2) 20.4% (85/416) 23.5% (203/864) 22.5% (288/1280) 0.23

Time between first two vaccine doses (weeks) 10.9 (10.0–11.1) 11.0 (10.0–11.1) 11.0 (10.0–11.1) 0.51

Time between second and third vaccine doses (weeks) 27.3 (25.6–28.9) 26.8 (24.3–28.4) 27.0 (24.7–28.7) 0.00064

Time from second dose to serum sample (weeks) 32.8 (30.4–35.4) 32.1 (29.6–35.1) 32.4 (29.9–35.1) 0.016

Time from third dose to serum sample (weeks) 5.6 (3.9–7.7) 5.7 (3.7–7.6) 5.7 (3.8–7.6) 0.93

Values presented are median (IQR) or percentage (numerator/denominator). P values represent the results of a Mann- Whitney U test, Kruskal- Wallis test or Fisher’s exact test.
5- ASA, 5- aminosalicylic acid; BMI, body mass index; IBDU, IBD unclassified; mRNA, messenger RNA; PRO2, IBD disease activity.
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RBD antibody FC between peak antibody concentrations after 
second and third vaccine doses was greater in recipients of two 
ChAdOx1 nCoV- 19 vaccines, followed by a third dose with an 
mRNA- based vaccine, compared with recipients of three mRNA- 
based vaccine doses (FC 11.1 (4.0) vs FC 3.7 (4.1)), p<0.0001 
(figure 1).

Anti- S RBD antibody concentrations were lower in infliximab- 
treated than vedolizumab- treated patients following a third dose 
with an mRNA- based vaccine (1978 U/mL (4.7) vs 12 384 U/mL 
(3.3), p<0.0001), irrespective of whether they had received their 
first two vaccine doses with the ChAdOx1 nCoV- 19 (1856 U/mL 
(5.2) vs 10 728 U/mL (3.1), p<0.0001) or BNT162b2 vaccines 
(2164 U/mL (4.1) vs 15 116 U/mL (3.4), p<0.0001) (figure 2).

Multivariable linear regression analyses in patients without 
prior SARS- CoV- 2 infection confirmed that antibody concentra-
tions were reduced 5.5- fold in infliximab- treated compared with 
vedolizumab- treated patients after a third dose with an mRNA- 
based vaccine (FC 0.18 (95% CI 0.15 to 0.21), p<0.0001) 
(figure 3). Age ≥60 years and methotrexate use were also inde-
pendently associated with lower anti- S RBD antibody concen-
trations. Receipt of three doses of an mRNA- based vaccine and 
a longer interval between second and third vaccine doses were 
associated with higher anti- S RBD antibody concentrations.

In patients without prior infection, anti- S RBD antibody 
half- life estimates were shorter in infliximab- treated than 
vedolizumab- treated patients following three doses of a 

Table 2 Baseline characteristics of participants with a history of prior SARS- CoV- 2 infection, who received uninterrupted biological therapy since 
recruitment and had an antibody test between 14 and 70 days after a third dose with an mRNA- based SARS- CoV- 2 vaccine

Variable Level Vedolizumab Infliximab P value

Vaccine BNT162b2 36.2% (67/185) 41.2% (211/512) 0.26

ChAdOx1 nCoV- 19 63.8% (118/185) 58.8% (301/512)

Max anti- N prefirst dose 0.3 (9.6) 0.2 (3.4) <0.0001

Max anti- S prefirst dose 1.6 (13.0) 0.6 (3.8) 0.00022

Max anti- N presecond dose 0.7 (14.5) 0.2 (3.9) <0.0001

Max anti- N presampling postsecond dose 4.2 (12.2) 1.0 (7.5) <0.0001

Max anti- N pre/at sampling postsecond dose ≥0.12 97.3% (180/185) 95.3% (488/512) 0.29

Positive PCR or patient- reported swab presampling postsecond dose 46.5% (86/185) 53.1% (272/512) 0.12

Age (years) 45.3 (35.9–58.4) 39.9 (30.3–51.5) <0.0001

Sex Female 45.4% (84/185) 42.0% (214/510) 0.56

Male 54.9% (101/185) 57.8% (295/510)

Intersex N<5 N<5

Prefer not to say N<5 N<5

Ethnicity White 92.4% (171/185) 89.8% (458/510) 0.58

Asian 4.9% (9/185) 6.7% (34/510)

Mixed N<5 1.4% (7/510)

Black N<5 1.6% (8/510)

Other N<5 N<5

Diagnosis Crohn’s disease 35.1% (65/185) 64.8% (332/512) <0.0001

UC/IBDU 64.9% (120/185) 35.2% (180/512)

Duration of IBD (years) 10.0 (5.0–17.0) 9.0 (3.0–16.0) 0.059

Age at IBD diagnosis (years) 33.3 (23.8–41.8) 27.2 (20.1–37.6) 0.00010

Immunomodulators at vaccine 20.0% (37/185) 59.4% (304/512) <0.0001

5- ASA 34.6% (64/185) 21.3% (109/512) 0.00049

Steroids 5.4% (10/185) 1.2% (6/512) 0.0024

BMI 26.7 (23.9–31.9) 26.0 (23.4–29.6) 0.028

Heart disease 4.9% (9/185) 1.6% (8/509) 0.023

Diabetes 5.9% (11/185) 2.9% (15/510) 0.073

Lung disease 18.4% (34/185) 12.5% (64/510) 0.064

Kidney disease 3.8% (7/185) N<5 0.0019

Cancer N<5 N<5

Smoker Yes 6.5% (12/185) 6.5% (33/510) 0.0075

Not currently 40.0% (74/185) 27.8% (142/510)

Never 53.5% (99/185) 65.7% (335/510)

Exposure to documented cases of COVID- 19 17.3% (32/185) 13.8% (70/510) 0.27

Income deprivation score 0.107 (0.061–0.164) 0.091 (0.053–0.164) 0.085

Active disease (PRO2) 17.3% (31/179) 18.2% (88/484) 0.91

Time between first two vaccine doses (weeks) 10.9 (9.7–11.1) 10.9 (9.9–11.1) 0.93

Time between second and third vaccine doses (weeks) 27.1 (25.6–29.1) 27.6 (25.7–30.0) 0.14

Time from second dose to serum sample (weeks) 33.1 (30.1–35.9) 33.4 (30.3–36.5) 0.36

Time from third dose to serum sample (weeks) 6.1 (3.7–7.6) 5.7 (3.9–7.7) 0.96

Values presented are median (IQR) or percentage (numerator/denominator). P values represent the results of a Mann- Whitney U test, Kruskal- Wallis test or Fisher’s exact test.
5- ASA, 5- aminosalicylic acid; BMI, body mass index; IBDU, IBD unclassified; mRNA, messenger RNA; PRO2, IBD disease activity.
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SARS- CoV- 2 vaccine: 37.0 days (95% CI 35.6 to 38.6) vs 52.0 
days (95% CI 49.0 to 55.4), respectively. Antibody concen-
trations following a third vaccine dose were higher in patients 
with a prior history of SARS- CoV- 2 infection (online supple-
mental figure 1). Among patients with a history of SARS- CoV- 2 
infection at any point before third vaccination dose, geometric 
mean (SD) anti- S RBD antibody concentrations were lower in 
infliximab- treated compared with vedolizumab- treated patients 
after third vaccination with an mRNA- based vaccine (4059 U/
mL (4.7) vs 18 788 U/mL (3.0), p<0.0001).

Anti-SARS-CoV-2 (S) antibody level following fourth COVID-19 
vaccine
Anti- S RBD antibody concentrations were lower in infliximab- 
treated than vedolizumab- treated patients following a fourth 

dose with an mRNA- based vaccine (3353 U/mL (3.9) vs 18 152 
U/mL (2.6), p<0.0001), irrespective of whether they had 
received two doses of ChAdOx1 nCoV- 19 (3257 U/mL (4.3) vs 
17 535 U/mL (2.6), p<0.0001) or BNT162b2 (3489 U/mL (3.4) 
vs 19 183 U/mL (2.6), p<0.0001) vaccines first (figure 1). There 
was no difference between geometric mean (SD) anti- S RBD 
peak antibody concentrations following third and fourth doses 
of an mRNA- based vaccine, irrespective of the combination of 
primary vaccinations received (figure 2).

Breakthrough SARS-CoV-2 infection following three doses of 
vaccine
Incident SARS- CoV- 2 infection across the entire CLARITY IBD 
cohort are shown in figure 4. Overall, 15.0% (393/2619 (95% 
CI 13.6% to 16.4%)) patients had a breakthrough infection 
after the third vaccine dose. S- gene target failure, indicative of 
infection with the B.1.1.529 (Omicron) variant, was observed in 
74.9% (128/171) of those patients with breakthrough infection 
for whom PCR gene detection patterns were available.

Univariable factors associated with time to breakthrough 
infection are shown in online supplemental table 2. Younger age, 
infliximab treatment, concomitant thiopurine and lack of expo-
sure to steroids were associated with a shorter time to break-
through infection. In a multivariable model including anti- S 

Figure 1 Anti- SARS- CoV- 2 spike (anti- S) receptor- binding domain 
(RBD) antibody concentration stratified by biological therapy (infliximab 
vs vedolizumab) and type of vaccine. The wider bar represents the 
geometric mean, while the narrower bars are drawn one geometric SD 
either side of the geometric mean. The biological treatment infliximab is 
shown in green and vedolizumab in orange. The number of individuals 
tested for each group are shown in black at the top of each panel.

Figure 2 Rolling geometric mean anti- SARS- CoV- 2 spike (anti- S) 
receptor- binding domain (RBD) antibody concentration over time from 
the date of the first dose of the SARS- CoV- 2 vaccine (week 0) stratified 
by biological therapy (infliximab vs vedolizumab), vaccine and history 
of prior SARS- CoV- 2 infection. Geometric means are calculated using 
a rolling 15- day window (ie, 7 days either side of the day indicated). 
The shaded areas represent the 95% CIs of the geometric means. 
Each dose of SARS- CoV- 2 vaccine is marked out by vertical grey lines 
and annotated at the bottom of each panel. The biological treatment 
infliximab is shown in green and vedolizumab is shown in orange. 
The top panels represent those without prior infection and the bottom 
panels represent those who have had a prior infection.

Infliximab (vs vedolizumab)

BNT162b2 vaccine (dose 1 and 2)

Thiopurine

Methotrexate

Steroids

Crohn's disease (vs UC or IBDU)

Age ≥ 60

Non-white ethnicity

Current smoker

Interval ≥ 26 weeks

912/1352

563/1352

569/1352

96/1352

66/1352

799/1352

303/1352

77/1352

104/1352

897/1352

0.18 (0.15, 0.22)

1.16 (0.99, 1.36)

0.87 (0.73, 1.03)

0.53 (0.39, 0.72)

0.90 (0.63, 1.28)

0.87 (0.74, 1.03)

0.74 (0.61, 0.89)

1.28 (0.92, 1.78)

0.82 (0.62, 1.09)

1.33 (1.13, 1.57)

<0.0001

0.060

0.11

<0.0001

0.54

0.10

0.0014

0.14

0.18

0.00054

Variable N Fold change (95% CI)
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Figure 3 Exponentiated coefficients of linear regression models of 
log anti- SARS- CoV- 2 spike (anti- S) receptor- binding domain (RBD) 
antibody concentration after a third dose with a messenger RNA- based 
vaccine. The resultant values represent the fold change of antibody 
concentration associated with each variable. IBDU, IBD unclassified.

Figure 4 Proportion of patients with SARS- CoV- 2 infection, stratified 
by biological therapy (infliximab vs vedolizumab) and S- gene target 
failure (SGTF) over time. Proportion of PCR- positive SGTF infection 
shown in orange.

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gutjnl-2022-327570 on 28 July 2022. D

ow
nloaded from

 

https://dx.doi.org/10.1136/gutjnl-2022-327570
https://dx.doi.org/10.1136/gutjnl-2022-327570
https://dx.doi.org/10.1136/gutjnl-2022-327570
http://gut.bmj.com/


301Kennedy NA, et al. Gut 2023;72:295–305. doi:10.1136/gutjnl-2022-327570

COVID- 19

RBD antibody concentrations, infliximab treatment, compared 
with vedolizumab treatment, and younger age, but not antibody 
responses, were significantly associated with a shorter time to 
breakthrough infection (figure 5).

SARS-CoV-2 reinfection and persistent carriage
In our analyses of reinfection, we included 757 infliximab- 
treated and 274 vedolizumab- treated participants who had at 
least 91 days of follow- up following a first positive PCR test 
while treated with their original biological. Overall, 12.5% 
(129/1031 (95% CI 10.5% to 14.7%)) patients had a reinfection 
with SARS- CoV- 2. S- gene target failure was observed in 83.6% 
(56/67) patients for whom PCR gene detection patterns were 
available.

Time to reinfection was shorter in infliximab- treated than 
vedolizumab- treated patients (HR 2.10, 95% CI 1.31 to 3.35, 
p=0.0019). Reinfection was associated with SARS- CoV- 2 
anti- N antibody level 2–10 weeks after the first PCR- confirmed 
infection. For every 10- fold rise in anti- N RBD antibody concen-
tration, we observed a 0.73- fold (95% CI 0.56 to 0.95, p=0.02) 
reduction in hazard of reinfection. Reinfection was not associ-
ated with SARS- CoV- 2 anti- S antibody level 2–10 weeks after 
the third vaccine dose.

Of note, 3.1% (68/2185) participants with an initial positive 
SARS- CoV- 2 PCR had a further positive test between 15 and 90 
days later. To investigate whether participants shed replication- 
competent virus beyond 14 days, 207 adult patients with SARS- 
CoV- 2 infection (positive RT- PCR from nasopharyngeal swabs) 
within the previous 90 days were sent kits in the post to carry 
out a home buccal swab test for a SARS- CoV- 2 RT- PCR. One 
hundred sixty- eight patients returned the kits and three were 
positive for SARS- CoV- 2, 16, 26 and 28 days after a positive 
PCR test. None of these samples tested positive for E gene or E 
gene- derived subgenomic RNA indicating non- replicating virus.

Overview of all COVID-19 infections, hospitalisations and 
deaths in the CLARITY cohort
In a Cox proportional hazards model of all infections across 
the entire CLARITY cohort, there were independent protec-
tive effects of prior infection and vaccination on the risk of 
SARS- CoV- 2 infection. We observed a significant interaction 
between biological use and vaccination, whereby the protec-
tive effect of vaccination on the risk of infection was reduced 
in patients treated with infliximab compared with vedolizumab, 

irrespective of vaccine type (figure 6). No interaction was seen 
between biological type and the protective effect of prior infec-
tion (figure 7).

Overall, 26/2186 (1.2%) patients had been hospitalised with 
COVID- 19 after a median of 2.5 (IQR 0–8) days following a 
positive PCR test. Univariable analyses demonstrated that hospi-
talisation was associated with treatment with vedolizumab, older 
age, higher BMI, comorbid heart disease, diabetes, lung disease 
and cancer and having had fewer than two vaccine doses. Multi-
variable logistic regression confirmed that hospitalisation with 
COVID- 19 was independently associated with older age (per 
decade: OR 1.69, 95% CI 1.28 to 2.25, p<0.0001) and a history 
of cancer (OR 113.63, 95% CI 14.12 to 1125.64, p<0.0001), 
whereas having at least two doses of SARS- CoV- 2 vaccine (OR 
0.24, 95% CI 0.10 to 0.56, p=0.0011) was protective (online 
supplemental figure 2).

There were 15 deaths in the CLARITY cohort, 3 were due 
to COVID- 19. Two deaths occurred in unvaccinated partici-
pants and one in a participant who had received two vaccine 

Infliximab (vs vedolizumab)

BNT162b2 vaccine (dose 1 and 2)

Thiopurine

Methotrexate

Steroids

Age ≥ 60

log10(Anti-S)

993/1453

595/1453

615/1453

104/1453

71/1453

322/1453

1453/1453

2.23 (1.46, 3.38)

1.12 (0.85, 1.48)

0.94 (0.69, 1.27)

0.65 (0.34, 1.26)

0.68 (0.30, 1.54)

0.37 (0.23, 0.61)

1.21 (0.95, 1.54)

0.00018

0.41

0.67

0.21

0.35

<0.0001

0.12

Variable N

0.1 0.2 0.5 1 2 5

P valueHazard ratio

Figure 5 Coefficients of cox proportional hazards models of time to 
breakthrough infection after a third dose with a messenger RNA- based 
vaccine. The resultant values represent the hazard ratio for breakthrough 
infection associated with each variable.

Figure 6 Kaplan- Meier graphs comparing the time to PCR- confirmed 
SARS- CoV- 2 infection following a third dose of vaccine, stratified by 
biological therapy and vaccine type. Infliximab- treated patients are 
represented in green (those who received BNT162b2 for their first two 
doses) and purple (those who received ChAdOx1 nCoV- 19 for their 
first two doses), and vedolizumab- treated patients in orange (those 
who received BNT162b2 for their first two doses) and pink (those who 
received ChAdOx1 nCoV- 19 for their first two doses). The number of 
participants at each time point are displayed in black at the bottom of 
each figure. P values are calculated using log- rank test.
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Figure 7 Cox proportional hazards model of factors associated with 
the risk of SARS- CoV- 2 infection. The resultant values represent the 
HR of the risk of developing SARS- CoV- 2 infection for each variable 
independently, and the interaction between biological treatment and 
prior infection, and biological treatment and each vaccine dose.
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doses. The vaccinated patient had no comorbidities and received 
his last vedolizumab dose 3 weeks prior to testing positive for 
SARS- CoV- 2.

DISCUSSION
Key results
After primary vaccination, anti- SARS- CoV- 2 spike antibody 
concentrations were highest in the recipients of three doses of an 
mRNA- based vaccine. Infliximab treatment was associated with 
attenuated, less durable anti- SARS- CoV- 2 antibody responses 
and a twofold increase in subsequent breakthrough SARS- CoV- 2 
infection. Unlike earlier in the pandemic, during the B.1.1.529 
(Omicron) wave, magnitude of SARS- CoV- 2 ancestral spike 
antibody concentrations did not predict protective immunity. 
Anti- SARS- CoV- 2 antibody concentrations were higher and 
more sustained in participants with prior SARS- CoV- 2 infec-
tion compared with those without prior infection. Reinfection 
occurred predominantly during the B.1.1.529 (Omicron) wave, 
was more common in infliximab- treated than vedolizumab- 
treated patients and were predicted by SARS- CoV- 2 anti- N 
concentrations. We did not observe persistent oropharyngeal 
carriage. Hospitalisations and deaths remained uncommon.

Interpretation
In keeping with the original vaccine trials,22 23 after two vaccine 
doses, the highest anti- S RBD antibody concentrations were 
observed in recipients of the BNT162b2 vaccine. However, a 
third dose of an mRNA- based vaccine substantially improved 
responses in patients who had previously received the ChAdOx1 
nCoV- 19 vaccine, in support of previous studies demon-
strating the benefit of heterologous booster vaccinations.24 25 
Few published studies have reported the impact of biological 
and immunomodulator drugs on anti- SARS- CoV- 2 antibody 
responses after three or four doses of a COVID- 19 vaccine in 
patients with IBD.26

Previous observational studies following one or two doses 
of a SARS- CoV- 2 vaccine showed that most patients mount a 
serological response.27–32 Drawing conclusions across studies, 
however, is limited by differences in study sample size, control 
populations, the numbers and types of vaccines administered 
and the assays and seroconversion thresholds adopted to define 
response. Perhaps unsurprisingly then, results regarding the 
impact of specific biological and/or immunomodulator drugs 
are contradictory. Those studies that were adequately powered 
concluded that anti- TNF monotherapy attenuates serological 
responses, which are further impaired by combination immuno-
modulator use and in particular by methotrexate.8 9 11 Our half- 
life estimates suggest that further booster doses may be required 
for infliximab- treated patients without prior infection, after 
about 4 months to maintain antibody concentrations above peak 
prethird dose concentrations.10 Based on our postfourth dose 
antibody responses, however, there appears to be a ceiling effect 
on peak anti- S RBD antibody concentrations, irrespective of 
biological type or combination of primary vaccinations received.

Overall, vaccination continued to provide protective immu-
nity during the B.1.1.529 (Omicron) wave. However, break-
through SARS- CoV- 2 infection occurred more commonly and 
earlier in infliximab- treated than vedolizumab- treated patients. 
Because infliximab does not increase the risk of SARS- CoV- 2 
infection prior to vaccination, the increased risk of break-
through infection observed here is likely mediated by attenuated 
vaccine responses. Our findings that antinucleocapsid concen-
trations predict reinfection reflects the conserved nature of 

the SARS- CoV- 2 nucleocapsid sequence. In contrast, the spike 
sequence has rapidly evolved from the ancestral Wuhan Hu- 1 
strain sequence used in currently available vaccines. This is likely 
to explain why the anti- S- RBD antibody concentrations does 
not predict the risk of breakthrough infection with the omicron 
variant. In the age of VOCs, no reliable serological correlate of 
protection currently exists making routine anti- S RBD antibody 
testing to assess vaccine responses of limited utility, although it 
remains a useful marker demonstrating an immune response to 
vaccination.

As the pandemic evolved, reinfection with the new VOC has 
become more frequent. Similar to the situation in the general 
population, in this study, prior to the emergence of B1.1.529 
(Omicron), breakthrough infection and reinfection with 
COVID- 19 were relatively uncommon in our vaccinated popu-
lation. Thereafter, treatment with infliximab was associated with 
a twofold increased risk of reinfection compared with treatment 
with vedolizumab that was predicted by the immune responses 
at the time of the initial infection. While we observed that 3.1% 
of our patients tested positive for SARS- CoV- 2, 15–90 days after 
their index diagnosis, we did not observe persistent oropharyn-
geal carriage of replication- competent virus in our substudy. Our 
findings may be limited by our sample size, however, against this, 
in the general population 13% of immunocompetent participants 
had evidence of persistent carriage of live virus.20 However, and 
unlike Davies et al, we undertook this work during a low prev-
alence phase of the pandemic when the delta variant was domi-
nant, and relied on cross- sectional rather than sequential testing 
with a longer interval between first and last PCR tests.

Despite the increased risk of breakthrough and recurrent 
SARS- CoV- 2 infection in patients treated with infliximab, 
hospitalisations and deaths were reassuringly uncommon. 
This is likely to reflect the effectiveness of vaccination and the 
lower virulence of the B1.1.259 (Omicron) variant. Moreover, 
anti- TNF therapy may prevent severe illness through inhibi-
tion of systemic inflammatory response associated with severe 
COVID- 19.33 34 While hospitalisations were uncommon, a 
large number of infected patients risk a high burden of long 
COVID- 19 in a population who already experience increased 
rates of fatigue, cognitive dysfunction and mood disorders than 
the general population.35 36 Several groups have suggested that 
anti- TNF therapy protects patients from severe COVID- 19 
illness.37 Because long COVID- 19 has been linked to more 
severe initial disease,38 further work is needed to understand the 
effect of anti- TNF therapy on the prevalence and biology of long 
COVID- 19.

Limitations and generalisability
We acknowledge the following limitations. First, our sample size 
although larger than similar studies, did not allow us to deter-
mine the effectiveness of vaccination against breakthrough infec-
tion with specific SARS- CoV- 2 variants. Second, we have not 
been able to evaluate the impact of biological therapy on immu-
nity that follows infection independent of vaccination, as only 
5% of patients were unvaccinated at latest follow- up. Finally, we 
only assessed anti- S RBD antibody responses to infection, while 
a comprehensive appraisal of protective immunity would incor-
porate analysis of specific T cell immunity.

Anti- TNF drugs are used to treat a number of other immune- 
mediated inflammatory disease, which together affect about 
3%–7% of Western populations including rheumatoid arthritis, 
ankylosing spondylitis, psoriatic arthritis, psoriasis, hidrad-
enitis suppurativa and uveitis. Our findings are likely to be 
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generalisable to other anti- TNF drugs including adalimumab, 
certolizumab, golimumab and etanercept and across these other 
disease indications. Recent data from the VIP study suggests that 
anti- SARS- CoV- 2 antibody responses following vaccination are 
also impaired in patients with IBD treated with other systemic 
immunosuppressant drugs, including tofacitinib, and allowing 
for sample size constraints, ustekinumab.11

As a consequence of attenuated and less durable immunity, 
the potential benefits of vaccination against the risk of SARS- 
CoV- 2 breakthrough infection and reinfection were reduced by 
infliximab treatment. The growing immunity in the population 
will potentially accelerate antigenic evolution, increasing the 
risk of reinfection and potentially for higher disease severity in 
reinfected patients.39 Patients with attenuated responses to vacci-
nation should be considered vulnerable to future more virulent 
SARS- CoV- 2 variants.

Strategies that bypass the negative effect of the anti- TNF on 
vaccine- induced immune responses are now required. Further 
work is needed to assess whether the next generation of anti- 
SARS- CoV- 2 vaccines, temporarily withholding immunomodu-
lators at the time of vaccination40 and/or timing booster doses 
towards the end of an anti- TNF treatment cycle when drug levels 
are lowest7 may induce greater immunogenicity. In the mean-
time, anti- TNF patients should be prioritised for booster vaccine 
doses with an mRNA- based vaccine.

CONCLUSION
Following a third dose of anti- SARS- CoV- 2 mRNA- based 
vaccine, infliximab treatment was associated with attenuated 
serological responses, and breakthrough SARS- CoV- 2 infection 
and reinfection. Breakthrough infection was not predicted by 
the magnitude of anti- S RBD responses, indicative of vaccine 
escape by the B1.1.529 (Omicron) variant.
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