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Immune-modulatingmedications for inflammatory bowel diseases (IBDs) have been associatedwith suboptimal vaccine

responses. There are conflicting data with SARS-CoV-2 vaccination. We therefore assessed SARS-CoV-2 vaccine

immunogenicity at 2 weeks after second mRNA vaccination in 29 patients with IBD compared with 12 normal healthy

donors. We observed reduced humoral immunity in patients with IBD on infliximab. However, we observed no difference

in humoral and cell-mediated immunity in patients with IBD on infliximab with a thiopurine or vedolizumab compared

with normal healthy donors. This is the first study to demonstrate comparable cell-mediated immunity with SARS-CoV-2

vaccination in patients with IBD treated with different immune-modulating medications.

SUPPLEMENTARY MATERIAL accompanies this paper at http://links.lww.com/CTG/A793
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INTRODUCTION
Patients with inflammatory bowel diseases (IBDs), specifically
Crohn’s disease or ulcerative colitis, are frequently treated with
immune-modulating therapies to dampen an overactive immune
response. Although effective for induction and maintenance of
IBD, tumor necrosis factor inhibitors, such as infliximab (IFX),
are associated with lower antibody titers to the pneumococcal,
influenza, and hepatitis B vaccines (1–3). Studies suggest that gut-
specific biologics, such as the integrin antagonist vedolizumab
(VDZ), do not result in lower antibody titers to vaccines (4,5).
With the SARS-CoV-2 vaccines, concerns emerged over the
impact of these immune-modulating therapies, particularly tu-
mor necrosis factor inhibitors in patients with IBD in generating
effective immune responses, because the initial efficacy trials did
not include individuals on immunomodulating agents.

A large UK study of SARS-CoV-2-infected IBD patients
reported significantly lower SARS-CoV-2 seroconversion rates
in patients on IFX compared with those on VDZ (6). Two other
studies reported that most patients, regardless of immune-
modulating therapies, had detectable SARS-CoV-2 spike
receptor-binding domain (RBD) immunoglobulin (Ig) G titers
after vaccination (7,8). However, none of these studies evaluated
neutralizing titers or cell-mediated immunity. The goal of
this studywas to evaluate SARS-CoV-2 vaccine-induced humoral
and cell-mediated immunity in patients with IBD on immune-
modulating agents—IFX, IFX with a thiopurine, and VDZ—and
normal healthy donors (NHDs).

METHODS
Protocols were approved by institutional review boards at the
University of California, San Diego (IRB# 210093) and La Jolla
Institute for Immunology (VD-214). Blood was collected pre-
vaccination and 2 weeks after second vaccination (see Supple-
mental Methods). Ten of 29 patients with IBD were able to
provide prevaccination blood samples. As a comparator, we en-
rolled 12 NHDs who received either Moderna or Pfizer vaccine.
Samples were obtained between March and May 2021 before the
emergence of significant variants.

RESULTS
We enrolled 29 adult patients with IBD, 19 with Crohn’s disease,
and 10 with ulcerative colitis (Table 1). All patients were on bi-
ologics: IFX (n5 9), IFX in combination with azathioprine or 6-
mercaptopurine (n5 9), or VDZ (n5 11). All patients received 2
doses of either mRNA-1273 (NIH-Moderna) or BNT 162b2
(Pfizer-BioNTech) SARS-CoV-2 spike mRNA vaccines. Immu-
nologic responses were tested at 2 weeks after second vaccination.

We first measured SARS-CoV-2 vaccine titers. All patients
made comparable SARS-CoV-2 spike IgG (Figure 1a) and spike
RBD IgG titers (Figure 1b) at 2 weeks after second vaccination
except for IFXmonotherapy patients who had significantly lower
RBD IgG titers (P 5 0.041, Figure 1b). All patients had un-
detectable nucleocapsid IgG titers (Figure 1c), suggesting no one
was previously infected with SARS-CoV-2 because the nucleo-
capsid protein is not encoded by the SARS-CoV-2 vaccine. We
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next determined whether patients with IBD made comparable
pseudovirus-neutralizing titers, which may correlate with pro-
tection against SARS-CoV-2 infection (9,10). IFX monotherapy
patients had significantly lower neutralizing titers than NHDs
(P 5 0.023, Figure 1d), consistent with lower RBD IgG titers
(Figure 1b). Patients with IBD on IFX combination therapy pa-
tients or VDZ had comparable titers compared with NHDs
(Figure 1d). Finally, we measured the frequency of SARS-CoV-2
spike-specific memory B cells (CD271IgD2CD191 cells) and
observed comparable frequencies of spike-specific and RBD-
specific memory B cells (Figure 1e,f).

We next quantified SARS-CoV-2 spike-specific T-cell responses
with the activation-inducedmarker assayusing a SARS-CoV-2 spike
peptide megapool (11). By coexpression of activation markers
OX40 andCD40L, we observed comparable frequencies of SARS-
CoV-2 spike-specificCD41T cells (Figure 2a). By coexpression of
activation markers CD69 and 4-1BB, we also observed compa-
rable frequencies of SARS-CoV-2 spike-specific CD81 T cells
(Figure 2b).

To determine why IFX monotherapy patients had signifi-
cantly lower spike RBD IgG and neutralizing titers, we evalu-
ated the frequencies of circulating T follicular helper (cTfh)
cells. Tfh cells are CD41 T cells which provide help to B cells to
generate antigen-specific IgG responses (12). We first mea-
sured SARS-CoV-2 spike-specific cTfh cells (OX401CD40L1

of CXCR51CD45RA2CD41 T cells) and observed fewer spike-

specific cTfh cells in patients with IBD on IFX monotherapy
(P 5 0.035, Figure 2c), IFX combination therapy (P 5 0.053,
Figure 2c), and VDZ (P 5 0.013, Figure 2c) than NHDs. We
then assessed the frequency of cTfh cells (%). Patients on IFX
monotherapy had more cTfh cells than NHDs (P 5 0.0069,
Figure 2d). However, patients with IBD on IFX combination
therapy and VDZ had comparable cTfh frequencies with
NHDs. We finally assessed the frequency of recently activated
cTfh cells (PD-11ICOS1 of CXCR51CD45RA2CD41 T cells).
Activated cTfh cells are primed to provide help to B cells (13).
Overall, patients with IBD had a higher frequency of activated
cTfh cells, regardless of medications, compared with NHDs
(Figure 2e).

DISCUSSION
We report that patients with IBD have preserved spike-specific
CD41 and CD81 T cells at 2 weeks after second mRNA vacci-
nation with only reduced RBD and neutralizing titers in patients
with IBD on IFX monotherapy. The patients with IBD on IFX
monotherapy had a younger age at diagnosis and longer disease
duration comparedwith the IFX combination group, suggesting a
more aggressive disease phenotype which may have influenced
antibody titers. Furthermore, it is unclear why IFX monotherapy
patients had comparable spike IgG titers, but this may be due to
pre-existing endemic coronavirus spike-specific memory B cells
because there was no difference in the frequency of spike-specific
memory B cells (14). Although IFX monotherapy patients had
comparable RBD-specific memory B cells, most were at the limit
of detection for the assay.

Notably, we observed higher frequencies of activated cTfh cells
in all patients with IBD compared with NHDs. This has been
observed in other autoimmune diseases in which Tfh cells play a
pathogenic role. Activated cTfh cells and tissue-resident Tfh cells
in the terminal ileum have been associated with intestinal in-
flammation in patients with Crohn’s disease and may serve as a
correlate of disease activity (15). Although all patients with IBD
had more activated cTfh cells than NHDs, they had much fewer
SARS-CoV-2 spike-specific cTfh cells. Interestingly, despite
immune-modulating therapy, spike-specific cTfh cells were suf-
ficient to facilitate the production of detectable spike IgG, RBD
IgG, and neutralizing titers.

All patients with IBD had similar frequencies of spike-specific
CD41 andCD81T cells after COVID-19 vaccination, irrespective
of immune-modulating therapy. This is encouraging because
T-cell-mediated immune responses are needed to prevent severe
disease (9,10). Although these findings are limited by the small
sample size, they provide further evidence that patients with IBD
on immune-modulating therapies are able to mount robust im-
mune responses to the SARS-CoV-2 vaccine.
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Table 1. Baseline demographics

Patients with IBD

(n 5 29)

Normal healthy donors

(n 5 12)

Age, median (IQR) 37 (28–56) 42.5 (28–57)

Sex, n (%)

Male 14 (48.3) 4 (33.3)

Female 15 (51.7) 8 (66.7)

Race, n (%)

Asian 4 (13.8) 3 (25)

Black 1 (3.4) 0

Hispanic/Latino 2 (6.9) 0

White 20 (68.9) 7 (58.3)

Other 2 (6.9) 2 (16.7)

Vaccine type, n (%)

Moderna 21 (72.4) 5 (41.7)

Pfizer 8 (27.6) 7 (58.3)

Disease subtype, n (%)

Crohn’s disease 19 (70.4) NA

Ulcerative colitis 10 (29.6) NA

IBD medications, n (%)

Infliximab 9 (31.0) NA

Infliximab combination 9 (31.0) NA

Vedolizumab 11 (37.9) NA

IBD, inflammatory bowel disease; IQR, interquartile range; n, number; NA, not
available.
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Figure 1. Humoral immune responses to the SARS-CoV-2 vaccine in patients with inflammatory bowel disease (IBD). (a) Spike IgG, (b) RBD IgG, (c)
nucleocapsid IgG titers by ELISA, and (d) pseudovirus-neutralizing titers for patients with IBD on infliximab (n5 9), infliximab combination therapy (n5 9),
and vedolizumab (n5 11) and normal healthy donors (NHDs, n5 12). There were no differences in the frequency of (e) spike-specific and (f) receptor-
binding domain (RBD)-specific memory B cells between patients with IBD and normal healthy donors. Frequencies of postvaccine responses were
compared between patients with IBD on their respective biologics and NHDs using the Mann-Whitney test. Red dots indicate recipients of mRNA-1273
(NIH-Moderna); blue dots indicate recipients of the BNT 162b2 (Pfizer-BioNTech) vaccine. Dotted lines represent limit of detection for assay; dashed lines
represent limit of sensitivity for assay. ET5 endpoint titer.
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Figure 2. Cell-mediated immune responses to the SARS-CoV-2 vaccine in patients with inflammatory bowel disease (IBD) . Comparable frequencies of
SARS-CoV-2 specific total (a) CD41 and (b) CD81 T cells in patients with IBD and normal healthy donors (NHDs, n5 10). (c) Patients with IBD have
lower frequencies of SARS-CoV-2 spike-specific cTfh cells than NHDs. (d) Patients with IBD on infliximab have a higher frequency of cTfh cells than
NHDs. (e) Patients with IBD on infliximab, infliximab combination therapy, and vedolizumab had higher frequencies of activated cTfh cells (PD-
11ICOS1 of CXCR51CD45RA2CD41 Tcells). The dotted line represents the limit of detection (LOD) at 0.01%. Frequencies of postvaccine responses
were compared between patients with IBD on their respective biologics and normal healthy donors using the Mann-Whitney test. Red dots indicate
recipients of mRNA-1273 (NIH-Moderna); blue dots indicate recipients of the BNT 162b2 (Pfizer-BioNTech) vaccine. Dotted lines represent LOD for
assay.
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