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Abstract: Alimentary tract inflammation in inflammatory bowel disease (IBD) is treated by systemi-
cally administered drugs that alter fundamental host immune responses. Biologics that target tumor
necrosis factor (TNF) are first-line biologics in IBD, used widely for their effectiveness, steroid-sparing
quality, and lower cost. While they enable a significant proportion of patients to achieve clinical
remission, they carry an increased risk of infection and poor serological responses to vaccination.
Conversely, our understanding of adaptive T cell responses in anti-TNF-treated IBD patients remains
limited. The introduction of COVID-19 vaccines has prompted research that both challenges and
refines our view on immunomodulatory therapy and its potential implications for immunity and
protection. Here, we review these emergent findings, evaluate how they shape our understanding
of vaccine-induced T cell responses in the context of anti-TNF therapy in IBD, and provide a per-
spective highlighting the need for a holistic evaluation of both cellular and humoral immunity in
this population.
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1. Introduction

Crohn’s disease (CD) and ulcerative colitis (UC) comprise the inflammatory bowel
diseases, characterized by the progressive immunopathologic destruction of the alimentary
tract. IBD manifests in affected individuals as symptoms spanning from distressing abdom-
inal pain and diarrhea to serious complications resulting in bowel obstruction, perforation,
or even malignancy. In 2019, global estimates for people living with IBD were at 4.9 million,
an increase of almost 50% since 1990 [1], and numbers are only expected to rise with the
rapid changes in newly industrialized countries [2].

The treatment of IBD relies on the targeting of dysregulated pro-inflammatory path-
ways that have been identified in recent decades, which are reviewed in detail elsewhere [3].
Recent evidence, particularly in CD, favors rapid treatment escalation from corticosteroid
induction to advanced biologics in order to achieve clinical disease remission and mucosal
healing [4]. While the widespread use of anti-TNF-based maintenance therapies are practi-
cable and revolutionary in IBD treatment [5], their potential for immunosuppression has
raised concerns. The risk of latent tuberculosis [6] or hepatitis B virus reactivation [7] is
routinely screened for prior to the initiation of anti-TNF- and anti-p40-based therapies.
Moreover, an increased risk of opportunistic infections with Candida and herpesvirus
infections has been reported [8], with guidelines even advising against inoculation with
live-attenuated vaccines due to the risk of pathologic infection [9].

Vaccination offers an important strategy to protect IBD patients undergoing im-
munomodulatory treatment against infectious disease, with the caveat that vaccination
fundamentally depends on immunological pathways that overlap with those necessary
for responding to infections. The immunogenicity of several vaccines, along with their
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subsequent protective efficacy in anti-TNF-treated IBD patients, has therefore been put into
question. Our understanding of the effect of such therapies is mainly shaped by studies that
quantitatively assessed seroconversion following vaccination in anti-TNF-treated patients,
largely pointing towards their suppressive nature. Indeed, most vaccines are designed
to induce protective humoral responses [10], and therefore it seems sensible to presume
that the lower antibody titers achieved by vaccination in such patients indicate that they
are defective, unlike in healthy, untreated individuals. Lower rates of seroconversion in
response to various vaccines have been observed specifically in patients on anti-TNF ther-
apy [11], suggesting that T-dependent responses are hindered more than T-independent B
cell responses in anti-TNF therapy [12].

However, such findings do not preclude the development of productive T cell re-
sponses that may aid in protection against infectious disease. In contrast to vaccine-induced
serological responses, this area has yet to be scrutinized as closely, particularly in patients
with IBD. The COVID-19 pandemic has further highlighted the importance of T cell re-
sponses in controlling SARS-CoV-2 infection in the midst of antibody escape and the rapid
waning of responses, prompting extensive studies on their induction and properties post
COVID-19 vaccination [13]. Importantly, new findings involving vaccine-induced T cell
responses detected in patients with IBD have surfaced, prompting a re-evaluation of our
view on such therapies.

With this in mind, we will review the recent literature shaping our current under-
standing of the vaccine-induced immune responses in patients with IBD undergoing
immune-modifying therapies. First, we will highlight the roles and functions of T cells
in host protection against infectious disease. Then, we will explore the recent evidence
from studies focusing on vaccine-induced T cell responses in anti-TNF-treated IBD patients
that challenge the prevailing view that such therapies exert general suppressive effects on
their development of functional immune responses and contrast these with other widely
used treatments. Finally, we will summarize this review and discuss the unanswered
questions/gaps in this field.

2. The Immunological Niche of T Cells in Infection and Disease

T cells are integral components of cell-mediated adaptive immunity that exhibit a
high level of specialization. Mechanistically, T cells occupy the role of direct intracellular
pathogen control, limiting their proliferation within infected host cells and subsequent
spread. Their specificity is based upon the recognition of pathogen-derived peptides
displayed on major histocompatibility complexes (MHCs) on the surface of both infected
cells and antigen-presenting cells (APCs) [14,15], leading to the execution of their effector
function. This contrasts with the role of humoral antibodies that neutralize pathogens and
their products through direct binding within the extracellular space. Two distinct T cell
subpopulations, CD4+ and CD8+, play crucial roles during infections and complement the
ability of the innate immune system to curb initial pathogen replication and cooperate with
antibodies in preventing the infection of new cells [16].

CD4+ T cells orchestrate adaptive immune responses by producing pro-inflammatory
cytokines in response to antigens presented on MHC class II complexes of APCs [17].
Following an antigenic stimulus, these cells commit to one of a wide variety of phenotypes
characterized by their secreted products and functions. These include those that specialize
in intracellular pathogen clearance (TH1), extracellular pathogen responses (TH2), barrier
maintenance (TH17), B cell activation and maturation (TFH), or even antigen tolerance
(TREG) [18]. Many of these states, which are well or recently characterized, continue to
undergo definition and refinement [19].

While functional diversity is attributed to CD4+ T cells, CD8+ T cells function pre-
dominantly in the cytolytic clearance of cells that display a foreign antigen derived from
intracellular pathogens presented on MHC class I complexes. Ultimately, target cell ligation
by CD8+ T cell receptors (TCRs) induce the apoptosis of target cells. Since MHC class I is
widely expressed on all nucleated cells, an extensive array of cell types may be subject to
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CD8+ T cell-mediated cytolysis [20]. The widely available vaccines provide the necessary
stimuli to induce antigen-specific CD4+ and CD8+ T cell subsets to varying degrees, with
the latter more robustly induced by vaccine designs that utilize the host translation machin-
ery in order to feed antigens into the MHC class I processing pathway, such as viral vector,
live-attenuated virus, or more recently, messenger RNA (mRNA) vaccines [21].

2.1. The Geographic Niches of T Cells

An important caveat in many studies on human immunological responses in the pe-
ripheral blood is that the distribution of T cell subpopulations varies vastly within anatomic
compartments. Quantities of CD4+ and CD8+ subsets do not correspond proportionally
between blood and most peripheral tissues [22], with T cell quantities predominating
within the lymphatic system [23]. It is also becoming increasingly recognized that both
memory CD8+ and CD4+ T cells are enriched mainly throughout the tissues as resident
memory T cells (TRM) rather than as circulating peripheral blood mononuclear cells [24–27].
Importantly, residence in such sites is established independent of the presence of a sus-
tained antigen [28]. Their strategic localization was shown to be important in early host
protection and was demonstrated in pre-clinical models of respiratory influenza [29–31] or
coronaviral [32] infections. Notably, their induction appears to be restricted to antigen prim-
ing within the involved tissues themselves and not with systemic immunization [33–35].
Several studies that sampled mucosal sites such as the upper and lower respiratory tracts
show that intramuscular COVID-19 vaccination does not induce T cells that persist in bar-
rier sites [34–36]. These suggest that in the context of assessing immunological responses to
COVID-19 vaccines, probing vaccine-induced responses within the peripheral blood may
be reasonable and practical.

2.2. T Cells in Infection and Disease

In the pre-COVID-19 era, the detection of antigen-specific CD4+ and CD8+ T cell
subsets post vaccination was linked to protection against some vaccine-preventable dis-
eases. Bacille Calmette–Guérin (BCG) immunization of infants induces BCG-specific T
cells that secrete TH1 cytokines, and their detection is associated with a reduced risk of
developing tuberculosis [37]. Meanwhile, the rapid airway accumulation of BCG-specific
CD8+ T cells was highly correlated with protection against aerosolized Mycobacterium
tuberculosis [38]. Detailed analysis of influenza-vaccinated and unvaccinated individuals
implicated polyfunctional effector T cell populations as the principal correlate of protection
from symptomatic influenza [39].

More recently, the impact of vaccine-induced T cells in the control of SARS-CoV-2 infec-
tion was determined, although clear quantitative thresholds of T cell parameters associated
with protection are lacking. Importantly, many of these observations were made by linking
the evolving virological properties of SARS-CoV-2 that imparted properties of antibody
escape [40] with the continued protection that COVID-19 vaccination afforded [41,42]. This
was first established by studies in non-human primates, in which CD8+ T cell depletion
impaired the ability of adaptive immunity to control experimental SARS-CoV-2 infection in
rhesus macaques [43]. In later human studies, breakthrough SARS-CoV-2 infection was
demonstrated to activate and increase SARS-CoV-2-specific CD8+ T cells [44], as well as
CD4+ T cells [45] that correlated with reductions in upper respiratory tract viral load.

In terms of protection from illness, those who suffered or even succumbed to severe
COVID-19 exhibited poor viral control within their upper respiratory tracts, paralleled by a
delay in the induction of T cell responses quantified in the peripheral blood by interferon
gamma (IFN-γ) ELISpot, and lower detected T cell frequencies. In contrast, controllers with
only mild COVID-19 exhibited an earlier and quantitatively robust T cell response [46].
The demonstration of the role of T cell responses in protection was likewise demonstrated
in vaccine- and infection-naïve individuals who exhibited cross-protective T cells in their
circulation. An enrichment of SARS-CoV-2-specific T cells was discovered in healthcare
workers who demonstrated resistance to SARS-CoV-2 infection and remained persistently



Vaccines 2024, 12, 1280 4 of 16

seronegative despite repeated exposures in high-risk settings [47]. Interestingly, HLA-
B*15:01 status was associated with asymptomatic SARS-CoV-2 infection and linked to the
presence of a cross-reactive CD8+ T cell that recognizes the SARS-CoV-2 Spike-derived
NQKLIANQF/HLA-B*15:01 complex [48].

3. Anti-TNF and the Induction of Antigen-Specific T Cell Responses

Studies in treated IBD patients that measure T cell responses from the point of induc-
tion through to their persistence in immune memory are limited. A surge in the literature
emerged following the widespread administration of novel COVID-19 vaccines in the gen-
eral population, accompanied by reports of highly robust cellular and humoral responses
induced by COVID-19 vaccination [49]. As mentioned, SARS-CoV-2-specific T cells de-
tected both in the periphery and in tissues are linked to protection against COVID-19 [43,44].
Typically, peripheral T cell responses to vaccination are measured in venous blood samples
drawn from donors, directly or after PBMC separation, by peptide antigen stimulation.
T cells that recognize peptide antigens processed and displayed by blood APCs are then
characterized according to the magnitude, kinetics, and functional profile of SARS-CoV-
2-specific T cells in an infection-naïve patient. This review focuses on responses induced
by mRNA vaccination, as these are often preferred and prevalent in IBD patients [50], as
summarized in Figure 1.
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Figure 1. Magnitude of vaccine-induced adaptive immune responses in patients treated with anti-
TNF therapy compared to healthy controls. Despite the defective induction of vaccine-induced
humoral (IgG) responses, cellular TH1/IL-10 responses persist. The line styles represent the different
types of vaccine-induced responses measured, as labelled within the figure.

3.1. Magnitude and Kinetics of Vaccine-Induced T Cells

Naïve CD4+ and CD8+ T cells that recognize SARS-CoV-2 antigens are induced by
immunologic stimuli from COVID-19 mRNA vaccination, with each clone potentially
undergoing a dramatic clonal expansion of up to 105-fold. Peak magnitudes of SARS-
CoV-2-specific T cell responses measured in the peripheral blood of healthy adults are
achieved in a matter of weeks following a 2-dose priming series [51,52]. Reassuringly,
robust responses in infliximab-treated IBD patients are achieved post vaccination, as the
total Spike-specific CD4+ and CD8+ T cells quantified in isolated PBMCs 3 weeks after a
single dose [53] and 2 weeks following two doses were comparable to healthy adults [54].
One study that instead relied on TCRβ sequencing, Spike-specific TCR annotation, and
depth quantification in blood genomic DNA revealed that these parameters are increased
in anti-TNF-treated IBD compared to untreated IBD patients [55]. Using fluorochrome-
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labeled peptide-MHC-I tetramer complexes that directly label antigen-specific CD8+ T cells
without requiring stimulation, similar magnitudes of cellular frequencies and specificities
were observed between anti-TNF-treated patients and healthy controls [56]. These findings
hint that the stimuli introduced by mRNA vaccination in these individuals is sufficient
to activate T cells, even when TNF is neutralized. This might imply that at least in the
case of mRNA vaccination, TNF is inconsequential in the initial induction of these T cells,
given that both the quantity and function of antigen-specific T cells remain intact. It
should be noted that TNF is likely produced by CD14+ cells following the introduction
of RNA–lipoprotein complexes, as suggested by the loss of TNF production with CD14+
cell depletion in vitro [57]. Another possibility is that the sequestration of TNF may be
compensated for by the increased production of other pro-inflammatory cytokines that are
yet to be defined.

More protracted studies looking into the longevity of these responses likewise reported
sustained detection of SARS-CoV-2-specific responses. Our own study [58] examined
vaccine-induced T cell responses by measuring IFN-γ and IL-2 directly in stimulated whole-
blood samples from patients with IBD on various therapies, which offers the advantage of
interrogating responses in the presence of therapeutic levels of immunomodulators [59],
which is diluted out when peripheral blood mononuclear cells (PBMCs) are separated.
Using a similar assay, we and others [60] noted that IBD patients demonstrate sustained
T cell responses even 3 and 6 months after 2-dose vaccination. Uniquely, those on anti-
TNF therapy displayed responses that were greater in magnitude than healthy controls,
whether these were interrogated in whole blood or in PBMCs [58,61]. This is likely due
to higher frequencies of IFN-γ producing Spike-specific T cells that persisted in the circu-
lation [58]. Studies observing the longevity of vaccine-primed T cell responses beyond 6
months are limited, as they are likely less relevant given the increase in booster vaccine
willingness [62], uptake [63], and the prevalence of SARS-CoV-2 breakthrough infections.
It is important to point out that whether TNF inhibition directly alters the longevity of T
cells induced by mRNA vaccination through co-stimulation/inhibition [64], indirectly by
altering macrophage dynamics [65], or perhaps by reducing vaccine antigen clearance has
yet to be determined.

3.2. Functional Profile

While the findings of improved cellular response magnitudes were notable, their
implications were further heightened by the observation that, in contrast, humoral re-
sponses were deficient and declined rapidly. Several studies have consistently observed
the finding of lower anti-Spike receptor binding domain (RBD) IgG antibody titers and
poor serum neutralizing capacity. Even in patients who were labeled as anti-TNF-treated,
the seropositivity rates of vaccine-induced antibodies were notably higher in patients with
undetectable anti-TNF drug levels [66]. Moreover, these antibodies rapidly declined within
3 months in IBD patients on infliximab but not vedolizumab [67]. Such findings point
towards the role of TNF in the formation and organization of germinal centers, as well as
B cell maturation [68]. Moreover, T follicular helper cells (TFH) that aid B cell activation
maintain high TNFR expression relative to other CD4+ subsets and have been shown to
depend on TNF/NF-κB for their survival, as well as to promote TFH-B cell interactions to
increase antibody production. These may be blocked by anti-TNF drugs, independent of
naïve B cell activation [69]. Two studies assessed the frequencies of activated circulating
TFH (cTFH) in early post-vaccination samples of anti-TNF-treated IBD patients (1–2 weeks
post 2-dose vaccination). Boland et al. reported lower overall Spike-specific cTFH in both
infliximab- and vedolizumab-treated patients despite having higher overall cTFH relative to
healthy controls [54]. Furthermore, Garner-Spitzer et al. found lower activated cTFH mainly
in patients treated with anti-TNF patients relative to those on anti-integrin drugs and
demonstrated correlations between the activated cTFH and both Spike S1-specific IgG and
the frequency of S-specific memory B cells [70]. Booster (third-dose) vaccination assessed
after 1–3 months was noted to exert similar degrees of activation of CD4/8+ T cells, as
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well as cTFH subsets associated with further increased anti-Spike IgG titers in IBD patients;
however, those on anti-TNF continue to exhibit lower vaccine-induced antibody titers
than donors on other biologics [71], likewise seen in a separate study looking at responses
5 months post boost [72].

Beyond their roles in promoting T-dependent antibody responses, CD4+ T cells of
varying subclasses may be polarized to produce distinct cytokine milieus in response
to immunogenic stimuli. As in healthy individuals vaccinated with COVID-19 mRNA
vaccines [51], TH1 responses, characterized by the production of IFN-γ, IL-2, and TNF-α,
are likewise produced by T cells from IBD patients regardless of treatment following SARS-
CoV-2 Spike peptide stimulation. The preceding literature on anti-TNF-treated patients,
however, pointed towards evidence of the IL-10 polarization of circulating T cells following
anti-TNF administration, with increases in IL-10 production observed in stimulated T cells
following the initiation of anti-TNF [73,74]. Encouragingly, it has been suggested that the
potential to modify classical TH1 T cell responses may be advantageous in the response
to SARS-CoV-2 infection. It was recognized early that severe COVID-19 was associated
with defective polyfunctional T cell responses [75], which in contrast is intact and robust
in patients who control SARS-CoV-2 infection asymptomatically [76]. Indeed, the T cell
response of individuals with hybrid SARS-CoV-2 immunity who demonstrate a robust
immunity from re-infection [77,78] is characterized by the co-production of IFN-γ and
IL-10 [79]. These observations are supported by animal studies demonstrating the role of
simultaneous T cell secretion in effective and quiescent viral control [32,80,81]. Importantly,
the finding that mRNA vaccination in IBD patients receiving TNF inhibitors leads to the
activation of T cells with an IFN-γ/IL-2/IL-10 secretion profile indicates that comparable
functional profiles could also arise in virus-specific T cells following SARS-CoV-2 infection.
This may help clarify why SARS-CoV-2 infections tend to be mild in patients undergoing
anti-TNF treatment [82–84].

One important consideration in the T cellular response of patients with immune-
mediated inflammatory diseases (IMIDs), particularly IBD, is the potential to induce TH17
responses. Recent studies point towards a role of pathological TH17 polarization, given
their enrichment in both intestinal and extraintestinal sites in active inflammation [85],
which raises the question of whether vaccination in IBD induces cells polarized towards
the TH17 spectrum. To the best of our knowledge, no vaccination studies in IBD focus on
the induction of such responses. Instead, one study looked at IL-17A/IL-22 production by
FluoroSpot assays of Spike peptide-pulsed PBMCs in patients with psoriasis undergoing
various treatments after a single BNT162b2 mRNA vaccine dose, showing the low pro-
duction of such cytokines in psoriasis patients undergoing anti-TNF therapy (including
methotrexate and anti-IL-17 and anti-IL-23 therapies), similar to healthy controls [86].

4. Effects of Other Immunotherapies Used in IBD on Vaccine-Induced T Cell Responses

Most studies assessing T cell responses induced by vaccination in IBD patients on
immunotherapy have largely focused the effects of anti-TNF versus non-anti-TNF biologic
therapies. Studies that do include patients on non-TNF biologics, including our own study,
mainly consolidate them as a combined cohort, likely due to the lower prevalence of its
usage. Importantly, non-anti-TNF-based therapies are better known to spare vaccine im-
munogenicity historically and are less linked to increased susceptibility to infection [87,88].
Here, we will explore the available evidence of the influence of systemic immunomodula-
tors used in IBD other than anti-TNF biologics on the magnitude, function, and phenotype
of vaccine-induced T cells (Figure 2).
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Figure 2. Impact of anti-inflammatory drugs on the magnitude of peripheral adaptive immune
responses in patients with IBD induced by primary vaccination. Most vaccines induce humoral
(IgG) and cellular responses (TH1 or potentially IL-10) to vaccine antigens. The vaccination of
patients undergoing anti-TNF therapy induces poor IgG titers but intact or higher TH1/IL-10 cellular
responses. Corticosteroids are associated with lower-magnitude induction of responses; however,
their effects remain unknown for vaccine-induced IL-10 responses. The other anti-inflammatory
drugs (non-anti-TNF biologics and antimetabolites) variably preserve humoral responses but mostly
preserve vaccine-induced cellular responses.

4.1. Antimetabolite Drugs

Antimetabolite drugs such as methotrexate and azathioprine are widely used not only
in IBD but also in other IMIDs. They work primarily by limiting purines and pyrimidines
required for DNA synthesis, to which rapidly proliferating immune cells are highly sen-
sitive. The usage of antimetabolite drugs is occasionally linked to poor seroconversion
against seasonal influenza [89] or hepatitis B vaccines [90]. With COVID-19 mRNA vaccines,
antimetabolite monotherapy utilization in patients with IBD or other IMIDs is not associ-
ated with reduced vaccine-induced antibody or T cell responses [58,60,86,91], while the
rates of hospitalization or death remain low following vaccination [92,93]. More interesting,
however, is the finding that the combined use of antimetabolites and anti-TNF inhibitors
seems to exert a synergistic effect in reducing both vaccine-induced cellular and humoral
responses and is often linked to poorer vaccine efficacy with more severe outcomes [92]. In
our own study, while this inhibitory effect did not cause vaccine-induced cellular responses
to significantly differ from those found in healthy controls, we found that this synergistic
effect can already be observed in both early and late post-vaccination responses when
compared to responses induced by those treated with anti-TNF therapy alone. It may be
reasonable to speculate that the mechanism of increased memory responses generated
in vaccinated donors on anti-TNF therapy alone crucially depends on cellular processes
hindered by antimetabolites.

4.2. Corticosteroids

Corticosteroid drugs are among the most potent immunosuppressive drugs used in
the induction of disease remission. Prolonged use, however, is associated with significant
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morbidity due to its metabolic and immunological side effects [94]. Thus, these drugs are
used in short periods, which may explain the lack of dedicated studies in vaccinated IBD
patients, most of which are performed on donors in remission with stable pharmaceutical
regimens. Classically, they alter the immune response by inhibiting the NF-κB axis in a
wide variety of cell types, impeding their activation in the face of an antigenic stimulus [95].
Concurrent corticosteroid usage in IBD patients undergoing COVID-19 vaccination was
linked to a poor cellular and humoral responses to vaccination, as well as an increased risk
of breakthrough infection or hospitalization [96,97], with conflicting findings in other stud-
ies potentially explained by the variability of timing and dosing of steroids used. Although
few were involved in our own study, vaccinated patients on concurrent corticosteroid usage
consistently demonstrated low-magnitude humoral and cellular Spike-specific responses.

4.3. Anti-Cytokine Biologics

Anti-cytokine biologics target the p40 subunit, a component of IL-12 and IL-23, pre-
venting the interaction of these cytokines with their cognate receptors. Increased levels
of both cytokines in inflammatory bowel disease primarily drives TH17 polarization and
subsequent TH1-like potential that increases its potential to induce colitis [98]. Similarly
to anti-TNF therapies, anti-p40 biologics have been labeled with theoretical risks of dis-
seminated infections of M. tuberculosis, or even live-attenuated vaccines; however, these
adverse events are rare [99]. Despite the inhibition of IL-12, which is known to drive the TH1
polarization of activated CD4+ T cells that have encountered vaccine-derived antigens, the
production of IFN-γ and even higher levels of IL-2 were maintained in antigen-stimulated
samples from donors on ustekinumab [58]. Meanwhile, seroconversion following COVID-
19 mRNA administration remained intact and similar to healthy controls in the same IBD
donors demonstrating robust T cell responses [58] and in larger multicenter studies [91].

4.4. Anti-Integrin Biologics

In contrast to anti-TNF, or even anti-p40 therapies, anti-integrin antibodies such as
vedolizumab or etrolizumab are less implicated in systemic immunosuppression. This is
likely due to their gut-specific effect, which is to inhibit leukocytic migration into Peyer’s
patches and the lamina propria by the blockade of integrins (α4β7 in vedolizumab or αEβ7
in etrolizumab) that confer interactions with intestinal MAdCAM-1 [100]. Interestingly,
however, while these effects were previously thought to largely affect the migration of T
cell populations in the gut, a study by Zeissig et al. found minimal changes in the T cellular
repertoire of the circulation and intestines following vedolizumab treatment, and, rather,
found more significant alterations in intestinal macrophage populations [101]. Nevertheless,
these effects seem to establish an immune system that simulates the extraintestinal cytokine
milieu of healthy individuals. Indeed, both antibody and T cell responses induced by
COVID-19 vaccination in vedolizumab-treated individuals are comparable to healthy
controls [58,102].

5. TNF Blockade and Pre-Existing Memory T Cell Responses

As alluded to in prior sections, the administration of anti-TNF drugs also impacts the
responses of pre-established memory T cells (Figure 3). TNF is a pleiotropic cytokine that
mainly exerts immunologic function. As a therapeutic target in IBD, local pro-inflammatory
TNF, derived predominantly from intestinal dendritic cells and monocytes [103] but also
from T cells [104], is directed for neutralization. This contributes to colitis by activating
inflammation, reducing gut barrier integrity, and increasing pro-inflammatory cell influx.
Meanwhile, within the circulation, the prolonged exposure of T cells to pro-inflammatory
cytokines such as TNF in vitro was shown to impair their activation and effector func-
tion. A recent study by Globig et al. found that a subset of CD8+ T cells displaying an
exhausted CD39+ PD-1+ signature were enriched in active Crohn’s disease when com-
pared to remission, which quantitatively correlates with disease activity measured by the
Harvey–Bradshaw index [105].



Vaccines 2024, 12, 1280 9 of 16

Studies in circulating T cells following anti-TNF treatment demonstrated an uptrend
in several facets of T cell effector function, such as proliferation and cytokine production.
This is evidenced by an increased index of expansion following anti-TNF treatment for
active rheumatoid arthritis [106] or an increase in TH1/2/17 cytokines produced in IBD
and psoriasis [107]. Whether these findings are due to an increased proportion of polarized
effector T cells or the increased functionality of individual T cells remains unclear.
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6. Vaccine-Induced T Cell-Mediated Immunity and Protection Against
Infectious Disease

Although several favorable properties of SARS-CoV-2-specific T cells raised by COVID-
19 vaccination in anti-TNF-treated IBD patients were identified, their independent impact
on protection from disease is difficult to confidently ascertain. One important aspect to
consider is the direct role of anti-TNF drugs in SARS-CoV-2 infections, which was once
considered a direct therapeutic [109]. Meanwhile, the residual number of vaccine-induced
antibodies mounted by donors on anti-TNF may still potentially exert partially beneficial
roles in reducing SARS-CoV-2 burden. Even IBD activity may confound analyses of vaccine-
induced protection, as active colitis was associated with negative COVID-19 outcomes [110],
although most vaccination studies involve IBD patients in disease remission.

Vaccination status in patients with IBD, relative to healthy controls, is associated
with low rates of COVID-19-related outcomes, including breakthrough infection [111],
hospitalization [92,112], and death [92], compared to no vaccination. Findings in Israel
(epi-IIRN) stratified IBD patients according to immunomodulator, and found no difference
in infection from vaccinated healthy controls, even in patients on anti-TNF [113]. Post-
vaccination all-cause hospitalization was also reported to be reduced in one study [114]. In
the PREVENT-COVID study cohort, comprising a majority of IBD patients on anti-TNF
therapy, hospitalizations were rare even in those who experienced vaccine breakthrough
infections [115]. Beyond IBD status, a Danish study found hospitalization and death as
rare post-vaccination outcomes in IMID patients on anti-TNF therapy as a class [116].
A third-dose vaccination study comparing IBD patients on infliximab or vedolizumab
found that the severe outcomes of hospitalization and death remained low, in spite of high
breakthrough infection rates during the Omicron variant wave [117].

7. Conclusions

The findings reviewed highlight the complexity of immune responses in IBD patients
treated with anti-TNF biologics, particularly in the context of vaccination. The emerging
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evidence of robust vaccine-induced T cell responses, despite diminished humoral responses,
suggests that the immunological landscape in these patients is more nuanced than pre-
viously understood. These insights challenge the generalized view of anti-TNF therapy
as predominantly immunosuppressive and highlight the need for a careful evaluation of
how these treatments interact with the adaptive immune system. Indeed, varying immune-
related conditions alter the host peripheral immune system themselves [118] in ways that
only further evaluation of drug–disease interactions would reveal.

The most obvious clinical implication would be that the magnitude and properties of
cellular adaptive responses raised by vaccines may be used to assess their immunogenicity,
particularly in patients who poorly seroconvert. While the specific T cell correlates of
protection are yet to be definitively outlined for several infectious diseases, recent develop-
ments in SARS-CoV-2 have identified candidates that may be considered [119,120]. This
area is rapidly evolving with developments in both vaccination strategies and T cell assays
that may eventually be implemented [121].

Moreover, the recognition of the functional profiles of these T cells, including the
possibility of skewing the cytokine milieu, provides a promising area for broader vaccine
development and therapeutic strategies. This could involve targeting the enhancement
of T cell responses in or beyond IBD patients or tailoring vaccines to bolster these cellular
defenses. Meanwhile, such response profiles may not be desirable and may even be linked
to detrimental outcomes, such as in tuberculosis [122].

As these findings emerged within the context of SARS-CoV-2, they require careful
evaluation when applied within the context of different vaccine-preventable diseases. The
introduction of novel mRNA vaccines has inevitably created a promising tool for inducing
robust T cell responses that may be directed against infectious diseases of concern in this
population. Vaccination strategies may be implemented to maximize or minimize the
effects of immunomodulatory therapy on vaccine-induced responses.

Many unanswered questions remain. On the subject of vaccine-induced responses,
it remains uncertain whether this phenotype of long-lived, balanced inflammatory re-
sponse persists over time or amidst repeated antigen encounters in the form of booster
vaccination or breakthrough (re)infection. As the COVID-19 pandemic has receded, and
SARS-CoV-2 has entered endemic spread, it has become difficult to track the longevity
of vaccine-induced responses in genuinely unexposed individuals. Instead, the focus
should shift towards assessing the functional phenotype of vaccine-induced T cells in
individuals who have encountered repeated antigen exposures, especially when hybrid
immunity has become better characterized in healthy individuals. Moreover, the interaction
between anti-TNF drugs and the capacity to develop immunity at mucocutaneous sites
following breakthrough infection may be an important aspect to tackle, in and beyond the
context of SARS-CoV-2, as barrier site immunity has been shown to develop in individuals
with SARS-CoV-2 hybrid immunity [34,35] and is perhaps linked to improved outcomes
against pathogens.

Another open question concerns the influence of chronic anti-TNF administration
on the stability of the identified properties and whether a change in the biologic class
used would alter their properties. This may be approached via studies conducted in a
cohort of patients who have switched or are planning to switch biologics from anti-TNF to
non-anti-TNF biologics and vice versa.

The evolving landscape of therapies, as well as pharmacological strategies in IBD,
may further add complexity to the study of vaccine-induced responses in this population.
However, the trend towards the pharmacological targeting of gut-specific pathways with
less off-target effects suggests that the influence of therapies may play less influential roles
in the development of adaptive immune responses. Instead, this may aid in revealing the
impact of disease control on systemic adaptive immunity and perhaps shed some light on
its interactions with localized gut events.

Importantly, the implications of therapies used in IBD on the development of adaptive
immunity may likewise exert similar effects when used for patients with other inflammatory
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diseases. Future studies that investigate whether the immunological phenomena incited by
anti-TNF therapy in IBD likewise apply in other conditions could investigate these cohorts
in parallel and in more depth.

In conclusion, while the current evidence provides valuable insights, it also raises
important questions that warrant further investigation. Continued research into the inter-
action between anti-TNF therapy and vaccine-induced T cell responses will be essential
in advancing our understanding of immune protection in IBD and guiding future clinical
practices.
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