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Lay Summary 
T-cell and antibody responses to severe acute respiratory syndrome coronavirus 2 vaccination in inflammatory bowel disease patients are poorly 
correlated. T-cell responses are preserved by most biologic therapies, but augmented by anti-tumor necrosis factor (anti-TNF) treatment. While 
anti-TNF therapy blunts the antibody response, cellular immunity after vaccination is robust.
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Introduction
Vaccination with messenger RNA (mRNA) or vector vaccines 
is immunogenic for severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2) and protective for the occurrence and 
severity of coronavirus disease 2019 (COVID-19). Anti-SARS-
CoV-2 antibodies dominate protection against initial infection 
but are diminished in inflammatory bowel disease (IBD) patients 
receiving anti–tumor necrosis factor (anti-TNF) therapy.1–3 
T-cells play a large role in preventing disease progression,4 but 
the T-cell response to vaccines in IBD patients is poorly under-
stood, as are effects of risk factors on this aspect of the vaccine 
response. Here, we assess IBD patients for their clonal T-cell 
vaccine response and their alterations by immunotherapy.

Methods
We studied 303 IBD patients (Table 1) enrolled in an 
Institutional Review Board–approved prospective registry at 

Cedars-Sinai between January and June 2021.5 Samples were 
collected longitudinally at the time of SARS-CoV-2 vaccine 
dose 1 and dose 2, and at 2 and 8 weeks after dose 2 (after 
dose 1 for vector vaccine participants). We quantified spike-
specific and nucleocapsid SARS-CoV-2 antibody levels using 
the SARS-CoV-2 Ig (immunoglobin) G-II assay (Abbott Labs). 
We excluded individuals who had experienced COVID-19 
(positive IgG[N] at any time point, or those with a prior clin-
ical COVID-19 diagnosis.

The T-cell clonal response was quantified by T-cell receptor 
(TCR) β sequencing of blood genomic DNA (ImmunoSEQ, 
Adaptive Biotechnologies), library-based attribution of TCR 
sequences to SARS-CoV-2 spike or other nonspike SARS-
CoV-2 protein specificities, and the calculation of clonal ex-
pansion using a depth metric model.6 SARS-CoV-2-associated 
TCRβ sequences were identified using a 1-tailed Fisher’s 
exact test comparing the TCRβ presence in SARS-CoV-2 
polymerase chain reaction–positive samples (n = 1954) 
with those of negative controls (n = 3903). Subsets of these 
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SARS-CoV-2-associated sequences were assigned to spike and 
nonspike antigens based on data from multiplexed antigen 
stimulation assays.7,8 A total of 917 TCRs were assigned to 
the SARS-CoV-2 spike protein and 1564 to nonspike viral 
proteins. Where studied, cytokine and clonal measures of the 
T-cell vaccine response are concordant,7–9 but standardized 
clonal metrics of the T-cell response, as used here, are just 
emerging and await detailed analytic comparisons to func-
tional T-cell response metrics.

The comparisons of TCR depths to clinical metadata used 
a Mixed Linear Model across time points and a Generalized 
Linear Model within time points. Inverse normal transform-
ation on the computed depth metric was performed with age 
and sex included as covariates. Confidence intervals for bino-
mial probabilities were computed using exact methods.

Results
The T-cell response to vaccination across different time points 
is shown in Figure 1A. At dose 1, spike-specific depths of 
SARS-CoV-2 clones were low (reflecting their basal level in 
an individual’s repertoire). Levels peaked 2 weeks after the 
second vaccination (5-fold and with a P value = 2.42E-25 rela-
tive to dose 1). From this peak, levels declined at 8 weeks after 
the second vaccination but were still significantly elevated 
(5.30E-14 relative to dose 1). In contrast, no changes were ob-
served in T-cell responses for nonspike clones, demonstrating 

the specificity of the vaccine responses. The timing of the peak 
spike-specific T-cell responses corresponded to the peak func-
tional T-cell vaccine response previously reported,9,10 and may 
relate to postactivation population contraction of effector 
T-cells and recompartmentalization from blood to lymph 
nodes.11 As a positive control, spike T-cell response met-
rics were elevated in COVID-19-experienced versus -naive 
subjects at basal (dose 1) but not at subsequent postvaccine 
samplings. Similarly, nonspike T-cell responses were elevated 
in COVID-19-experienced versus -naive subjects at all time 
points (Supplemental Figure 1).

The spike-specific T-cell response was reduced substantially 
with age (P = 3.62E-4 for trend test; Figure 1B). There was 
no statistically significant association between sex and spike 
T-cell responses at 2 weeks after dose 2, but was a moderate 
reduction in males versus females at 8 weeks (P = .0077). The 
IBD disease type (Crohn’s disease vs. ulcerative colitis) did not 
significantly impact the temporal kinetics or levels of spike 
T-cell clonal responses to vaccines (data not shown). There 
was no significant difference in any clonal metrics of the T-cell 
anti-spike response at either 2 or 8 weeks with respect to the 
mRNA vaccine type.

The T-cell response was significantly and selectively asso-
ciated with modes of suppressive immunotherapy (Figure 
1C; analysis of variance P = .018). Compared to patients 
with no treatment, there were no significant effects of 
anti-IL12/23, anti-integrin, or steroids/small molecular treat-
ments. However, we observed augmentation with anti-TNF 
(P = .0174) after adjustments for age and sex, with consistent 
trends in subgroups of patients receiving anti-TNF as mono-
therapy or in combination with immunomodulators.

Spike-specific T-cell and antibody responses were compared 
at week 2 after dose 2, which corresponds to the peak of both 
antibody and T-cell vaccine responses (Figure 1D).9,10 They 
were significantly but only modestly correlated (R = 0.19). 
Moreover, when we compared the lowest-quartile T-cell re-
sponders to the remaining T-cell responders, there was no dif-
ference in their distribution of antibody responses (Figures 
1E and F).

Discussion
Few studies have assessed the T-cell response to SARS-CoV-2 
vaccines; with a few exceptions,9 they have used methods that 
enumerate SARS-CoV-2-specific T-cells based on peptide-
stimulated cytokine production.10,12,13 Such studies don’t 
permit assessment of repertoire diversity and clonal size, im-
portant factors in protective T-cell immunity.4

Antibody levels were poorly correlated with the T-cell 
clonal response and did not distinguish individuals even 
with the lowest T-cell response. This is consistent with find-
ings reported from polyfunctional T-cell assessments.10,12,13 In 
the context of booster strategies, T-cell assessments may be 
important to evaluate both the initial vaccine response and 
the persistence of immunity after vaccination. Limitations 
of this study include a cohort of only individuals with IBD, 
a lack of racial diversity, use of a tertiary-center population, 
and use of a single type of T-cell response assay, which reduce 
generalizability.

Immune-modifying therapies selectively influenced the 
T-cell responses. Notably, the T-cell response was preserved 
with biologic therapies targeting IL12/23 and integrins but 

Table 1. Study cohort. 

Total subjects  n = 303  

Race, n (%)

  Asian 7 (2.36)

  Black or African American 5 (1.68)

  Multiple 4 (1.35)

  Other 10 (3.37)

  Prefer not to answer 3 (1.01)

  White 268 (90.24)

Hispanic, n (%) 15 (5.05)

Gender, female, n (%) 166 (55.89)

Vaccine type, n (%)

  BNT162 (Pfizer/BioNtech) 160 (52.81)

  JNJ-78436725 (Johnson & Johnson) 15 (4.95)

  mRNA-1273 (Moderna/NIH) 128 (42.24)

Prior COVID-19 history, n (%) 15 (5.08)

Treatments, n (%)

  No immune suppression 48 (16.22)

  Anti-TNF 104 (35.14)

  Other biologics (anit-IL23, anti-integrin) 126 (42.57)

  Immunomodulators 18 (6.08)

Age group, n (%)

  ≤30 44(14.52)

  30–40 83(27.39)

  40–50 71(23.43)

  50–60 45(14.85)

  >60 60(19.8)

Abbreviations: COVID-19, coronavirus disease 2019; IL, interleukin; JNJ, 
Johnson & Johnson; mRNA, messenger RNA; TNF, tumor necrosis factor. 
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augmented by anti-TNF therapy. Paradoxically, our recent 
study of these same patients documented that anti-TNF 
therapy reduced the vaccine-induced antibody response,3 as 
also reported by other investigators.1,2 The biologic basis of 
this association of the T-cell response with anti-TNF is unclear. 
One likely mechanism is the selective apoptotic signaling by 
TNF receptors in activated effector T-cells that, when blocked 
by anti-TNF therapy, permits a net increase in T-cell clonal 
expansion.14 Augmentation of the T-cell response by anti-TNF 
therapy may illuminate the recently reported association of 
anti-TNF therapy with reduced hospitalization or death from 
COVID-19.15 Taken together, we speculate that while anti-TNF 
therapy may blunt antibody responses and thereby reduce vac-
cine protection from infection, it is associated with a robust 
T-cell clonal expansion that may enhance vaccine-mediated 
protection against severe disease once infection ensues.

Supplementary Data
Supplementary data are available at Inflammatory Bowel 
Diseases online.

Supplemental Figure 1. T-cell clonal response to SARS-
CoV-2 immunization in COVID-19-naive and -experienced 
subjects. Box plots show means, quartiles, and data ranges. 
SARS-CoV-2 spike, (A) breadth and (B) depth. SARS-
CoV-2 nonspike, (C) breadth and (D) depth. Abbreviations: 
COVID-19, coronavirus disease 2019; SARS-CoV-2, severe 
acute respiratory syndrome coronavirus 2.
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Figure 1. T-cell clonal response to SARS-CoV-2 immunization. (A) Box plots show means, quartiles, and data ranges. Relative to dose 1, P values 
(mixed-effect model analysis with adjustment for age and sex) for dose 2, at 2 weeks after the second vaccination, and at 8 weeks after the second 
vaccination were 9.87E-11, 2.42E-25, and 5.30E-14, respectively (n = 88 at dose 1, 148 at dose 2, 136 at 2 weeks, and 163 at 8 weeks). (B) Age. 
Numbers of subjects by age group are tabulated in Table 1. (C) Immunologic treatment and response at week 2. No Imm (n = 19), anti-integrin (n = 14), 
anti-IL23 (n = 36), anti-TNF mono (n = 36), anti-TNF cmb (n = 11), steroids/small mol (n = 16). Boxes are mean values, bars are data ranges, and P values 
were calculated by ANOVA after adjustment for age, sex, vaccine type, and COVID-19 history. (D) T-cell response and anti-spike IgG levels at week 2 
(Spearman’s correlation; N = 148). (E) T-cell response at week 2 (blue, lowest quartile; red, remaining quartiles; N = 148). (F) Anti-spike IgG levels at 
week 2 by subject distribution (blue, lowest T-cell response quartile; red, remaining T-cell response quartiles; N = 148). Abbreviations: anti-TNF cmb, 
combined therapy with anti-tumor necrosis factor and a thiopurine or methotrexate; ANOVA, analysis of variance; anti-TNF mono, monotherapy with 
anti-tumor necrosis factor; Ig, immunoglobin; IL, interleukin; JAK, Janus kinase; no Imm, no treatment, 5-aminosalicylates, or rectal steroids; SARS-
CoV-2, severe acute respiratory syndrome coronavirus 2; steroids/small mol, treatment with systemic corticosteroids or monotherapy with thiopurines, 
methotrexate, or Janus kinase inhibitors; TNF, tumor necrosis factor.
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