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Lay Summary 
Herein, we evaluated the humoral immunogenicity of a third coronavirus disease 2019 messenger RNA vaccine dose in patients with inflamma-
tory bowel diseases. All patients displayed a humoral immune response, and median antibody concentrations were higher after the third dose 
than after completion of the 2-dose series.
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Introduction
Three safe and effective coronavirus disease 2019 (COVID-
19) vaccines were authorized by the Food and Drug 
Administration in response to the COVID-19 pandemic. 
Neither patients with inflammatory bowel disease (IBD) nor 
immunosuppressed patients were included in the original 
phase III clinical trials, though they were included in trials 
of authorized COVID-19 therapies.1,2 Studies have since 
demonstrated a humoral immune response rate of 95% to 
99% following vaccination with a 2-dose messenger RNA 
(mRNA) COVID-19 vaccine series in patients with IBD.3–5 
Results show that those on certain immune-modifying ther-
apies, such as anti–tumor necrosis factor (anti-TNF) com-
bination therapy or systemic corticosteroid therapy, may 
exhibit a relatively diminished humoral immune response 
and a relative decrease in serum antibody concentrations 
over time.3–5

The Advisory Committee on Immunization Practices (ACIP) 
recommends a third COVID-19 mRNA vaccine as part of the 
primary series for those who are moderately-to-severely im-
munocompromised, or as a booster dose for those who are 
otherwise immunocompetent.6 The aim of this study was to 
evaluate the humoral immunogenicity of a third COVID-19 
mRNA vaccine dose in patients with IBD. We hypothesized that 
patients would mount a significant humoral immune response, 
and that those on certain immune-modifying therapies, such 

as systemic corticosteroids or anti-TNF combination therapy, 
would have relatively lower serum antibody concentrations.

Methods
This was a multicenter, prospective, nonrandomized study 
comprised of patients with IBD and healthy controls 
(HC) in the “Humoral and Cellular Initial and Sustained 
Immunogenicity in Patients with IBD” (HERCULES) co-
hort.4 Participants with IBD were enrolled at the University 
of Wisconsin-Madison (Madison, Wisconsin) and Mayo 
Clinic (Jacksonville, Florida), while HC were employees of 
Labcorp. Patient eligibility criteria included a diagnosis of 
IBD, age 18 to 85 years, stable doses of maintenance therapy 
(any IBD-directed therapy used for ≥2 months following the 
induction phase of therapy) or the absence of IBD-directed 
therapy (for ≥6 months), and completion of a 2-dose mRNA 
vaccine series. The HC eligibility criteria included the absence 
of immunosuppressive therapy and documented completion 
of a 2-dose mRNA vaccine series. A third COVID-19 mRNA 
vaccine dose was available to patients with IBD but not HC. 
No participants had a clinical history of COVID-19 infec-
tion, and those with laboratory evidence of a prior infection, 
as demonstrated by the presence of severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) nucleocapsid anti-
bodies, were excluded.
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Participants recruited at the Mayo Clinic received their 
COVID-19 vaccines at a Mayo Clinic facility, and receipt of 
vaccine was confirmed by an interview and a review of the 
electronic medical record. At the University of Wisconsin, 
vaccination status was confirmed by review of the Wisconsin 
Immunization Registry (WIR). The WIR is a state-wide data-
base maintained by the Department of Health and Family 
Services of the State of Wisconsin, in which vaccine data for 
each Wisconsin resident are stored. The WIR captures 97% of 
vaccines administered in the state, and 98.5% of Wisconsin 
residents have an active WIR record. The WIR does not cap-
ture vaccines administered outside the state, and all Wisconsin 
vaccine providers are required to enter records of COVID-19 
vaccine administration into the registry.7 The WIR has been 
previously used to evaluate COVID-19 vaccine uptake in pa-
tients with IBD.8

The primary outcome was total serum SARS-CoV-2 anti-
spike immunoglobin (Ig) G antibody concentrations following 
a third dose compared to antibody concentrations following 
the 2-dose series in the IBD cohort. Secondary outcomes in-
cluded antibody concentrations following a third dose in pa-
tients with IBD compared to antibody concentrations 180 
days after the 2-dose series in HC. The effects of the vaccine 
manufacturer and immunosuppressive therapy on antibody 
concentrations following a third dose in patients with IBD 
were also evaluated.

Specific antibodies measured in sera were nucleocapsid and 
spike protein S1 receptor-binding domain–specific IgG anti-
bodies (mcg/ml), as previously described.4 In patients with 
IBD, we measured antibody concentrations 28 to 35 days (t1) 
after completion of the 2-dose series and 28 to 65 days (t2) 
after the third dose. Only patients with IBD who received a 
third dose had antibody concentrations measured at t2, and 
not every subject who had antibody concentrations measured 
at t2 had them measured at t1 due to the timing of enroll-
ment. In HC, we measured antibody concentrations 30 days 
(t1) and 180 days (t2) after completion of the 2-dose series. An 
enzyme-linked immunoassay was performed at Labcorp, as 
previously described.4

The IBD treatment groups were defined as subjects on 
stable doses of maintenance therapy, as previously described.4 
Nonimmunosuppressive therapy was defined as the ab-
sence of IBD-directed therapy or receipt of treatment with 
mesalamine monotherapy or vedolizumab monotherapy. 
Immunosuppressive therapy was defined as thiopurine 
monotherapy (ie, azathioprine, 6-mercaptopurine), anti-
TNF monotherapy, anti-TNF combination therapy (ie, plus 
antimetabolite), ustekinumab monotherapy or combination 
therapy, tofacitinib, or systemic corticosteroid therapy (ie, any 
of the aforementioned groups plus systemic corticosteroids). 
Antibody concentrations between groups were compared 
using Mann-Whitney U tests. The study received Institutional 
Review Board approval at the University of Wisconsin, Mayo 
Clinic, and Labcorp.

Results
There were 139 patients with IBD who completed the 2-dose 
series and had antibody concentrations measured at t1, and 
85 patients received a third dose and had antibody concen-
trations measured at t2 (Table 1). The median time between 
receipt of the third dose and completion of the 2-dose series 

was 149 days (IQR, 132–167 days). There were 46 HC who 
completed the 2-dose series and had antibody concentrations 
measured at both time points. In the IBD cohort, 48.2% and 
51.8% received the 2-dose Moderna and Pfizer series, re-
spectively, compared to 93.5% and 6.5% in HC, respectively 
(P < .001). Two patients with IBD switched from the Moderna 
2-dose series to the Pfizer vaccine for their third dose. The me-
dian age of patients with IBD was significantly lower than 
that of HC (median, 38 [IQR, 30–49] versus 42 [IQR, 35–58], 
respectively; P = .033). The median age of patients with IBD 
who received a third dose was significantly greater than that 
of those who completed only the 2-dose series (median, 48 
[IQR, 38–60] versus 41 [IQR, 34–52], respectively; P = .003). 
The characteristics of the groups were otherwise similar.

In patients with IBD, antibody concentrations were sig-
nificantly higher following a third dose in comparison to the 
2-dose series (median, 68 [IQR, 32–147] versus 31 [IQR, 
16–61], respectively; P < .001; Figure 1A). There were 135 
patients with IBD (97.1%) who had detectable antibody con-
centrations at t1, while all 85 patients (100%) had detectable 
antibody concentrations at t2 (P = .12). Of the 2 patients with 
IBD who were seronegative at t1 and received a third dose, 
each had detectable antibody concentrations (mean, 6.25; SD, 
2.1) at t2; 1 patient was on anti-TNF monotherapy, and the 
other was on tofacitinib.

At t2, antibody concentrations were similar between 
patients with IBD on immunosuppressive therapy and 
nonimmunosuppressive therapy (median, 69 [IQR, 46–159] 
versus 66 [IQR, 28–147], respectively; P = .27; Figure 1B). 
A subgroup analysis revealed that those on systemic cortico-
steroids, anti-TNF monotherapy, and anti-TNF combination 
therapy had significantly lower antibody concentrations at t2 
than patients that were not (median, 39 [IQR, 20–120] versus 
73 [IQR, 60–167], respectively; P < .001). Serum antibodies 
were significantly higher at t2 for patients with IBD who re-
ceived 3 Moderna doses compared to those who received 
3 Pfizer doses (median, 94 [IQR, 38–170] versus 62 [IQR, 
31–96], respectively; P = .047).

Although HC had higher antibody concentrations com-
pared to patients with IBD at t1 (median, 120 [IQR, 88–190] 
versus 31 [IQR, 16–61], respectively; P < .001), HC had 
lower antibody concentrations than patients with IBD at t2 
(median, 17 [IQR, 11–22] versus 68 [IQR, 32–147], respect-
ively; P < .001).

Discussion
All patients with IBD who received a third COVID-19 mRNA 
vaccine dose demonstrated a humoral immune response. 
Median antibody concentrations were higher following a 
third dose than after the 2-dose series. These findings are 
similar to those reported in other immunosuppressed patient 
populations with autoimmune disease, but are distinct from 
findings in patients with solid organ transplant, since all im-
munosuppressed patients had an immune response following 
3 COVID-19 mRNA vaccine doses, compared to a humoral 
immune response rate of 49% to 68% in solid organ trans-
plant recipients.9–12 Furthermore, those who completed a 
3-dose Moderna series had higher antibody concentrations 
than those who completed a 3-dose Pfizer series, which is 
similar to previously reported findings regarding the 2-dose 
series.4
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A subgroup analysis revealed that patients on systemic 
corticosteroids, anti-TNF monotherapy, and anti-TNF 
combination therapy had relatively lower antibody con-
centrations than patients who were not, suggesting that 
immune-modifying therapy may impact the humoral im-
mune response to COVID-19 vaccines, as seen in the 
Coronavirus Risk Associations and Longitudinal Evaluation-
IBD (CORALE-IBD), HERCULES, and Partnership to Report 
Effectiveness of Vaccination in Populations Excluded from 
Initial Trials of COVID (PREVENT-COVID) studies.3–5 Our 
findings that those on anti-TNF monotherapy had lower anti-
body concentrations is limited due to the small sample size, 
as this relationship has not been established in other cohorts. 
Moreover, this effect may be related to how the subgroup 

analysis was performed. Those on anti-TNF monotherapy 
were grouped with those on anti-TNF combination therapy 
and systemic corticosteroids, which are medication categories 
that have been associated with an attenuated humoral im-
mune response in other vaccines; thus, these subgroup ana-
lyses are hypothesis-generating.13

It is important to note that differences in antibody con-
centrations may not correspond to differences in clinical out-
comes, as the relationship between antibody concentrations 
and clinical outcomes is not known. Measuring serum anti-
body concentrations evaluates solely the humoral immune re-
sponse to vaccination, neglecting cell-mediated immunity and 
other components of a vaccine-induced immune response. 
Having an antibody response is likely the most relevant 

Table 1. Study participant characteristics.a

Characteristic IBD subjects IBD subjects P value 

Third dose (n = 85)b Two-dose series (n = 139)c

Demographics

  Age, years, median (IQR) 48 (38–60) 41 (34–52) .003

  Male, n (%) 38 (44.7) 71 (51) .35

Type of IBD

  Crohn’s disease, n (%) 55 (64.7) 96 (69.1) .44

  Ulcerative colitis, n (%) 30 (35.3) 42 (32.2)

  IBD unclassified - 1 (0.7)

Vaccine data

  Two-dose series

   Moderna, n (%) 37 (43.5) 67 (48.2) .58

   Pfizer, n (%) 48 (56.5) 72 (51.8)

  Third dose

   Moderna, n (%) 35 (41.2) -

   Pfizer, n (%) 50 (58.8) -

  Time between completion of 2-dose series and third dose, days, median (IQR) 149 (132–167) -

IBD treatment

  Nonsystemic immunosuppression,d n (%) 24 (28.2) 31 (22.3) .34

   Aminosalicylate or no IBD therapy, n (%)  3 (3.5)  17 (12.2)

   Vedolizumab monotherapy, n (%)  21 (24.7)  14 (10.1)

   Duration of therapy,e months, median (IQR)  36 (17–54)  26 (16–47) .41

  Systemic immunosuppression,f n (%) 61 (71.8) 108 (77.7) .34

   Thiopurine monotherapy, n (%)  6 (7.1)  14 (10.1)

   Anti-TNF monotherapy, n (%)  31 (36.5)  59 (42.4)

   Anti-TNF combination therapy, n (%)  12 (14.1)  12 (8.6)

   Ustekinumab monotherapy or combination therapy, n (%)  9 (10.6)  15 (10.8)

   Tofacitinib monotherapy, n (%)  2 (2.4)  6 (4.3)

   Systemic corticosteroid therapy, n (%)  1 (1.2)  8 (5.8)

   Duration of therapy, months, median (IQR)  42 (18–117)  43 (14–85) .76

Serum antibody concentrations

  Detectable antibody concentrations, n (%) 85 (100) 135 (97.1) .12

  Serum antibody concentrations, mg/mL, median (IQR) 68 (32–147) 31 (16–6.1) <.001

  Time between vaccine dose and antibody measurement, days, median (IQR) 37 (32–47) 32 (29–34) <.001

aAbbreviations: IBD, inflammatory bowel disease; IQR, interquartile range; TNF, tumor necrosis factor.
bCompleted the 2-dose series and had serum antibody concentrations measured 28–35 days thereafter.
cCompleted third dose and had serum antibody concentrations measured 28–65 days thereafter.
dAbsence of IBD therapy, mesalamine monotherapy, or vedolizumab monotherapy.
eSubjects with an absence of IBD therapy were omitted from the calculation of the duration of therapy.
fThiopurine monotherapy (ie, azathioprine, mercaptopurine), anti-TNF monotherapy, anti-TNF combination therapy (ie, plus antimetabolite), ustekinumab 
monotherapy or combination therapy, tofacitinib, or systemic corticosteroid therapy (ie, any of the aforementioned groups plus systemic corticosteroid).
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serologic endpoint in evaluating humoral immunity, since it 
provides objective evidence of a vaccine-induced immune re-
sponse. Clinical endpoints are also relevant targets of vaccine 

efficacy. Receipt of a third COVID-19 mRNA vaccine dose 
has increased vaccine effectiveness against hospitalization 
from 69% to 88% in adults with immunocompromising con-
ditions, including a wide spectrum of conditions.6

In August 2021, the ACIP recommended an additional 
dose to the primary series for those who are moderately-to-
severely immunocompromised.14 This recommendation was 
largely based on evidence that many solid organ transplant 
recipients did not mount an antibody response to the pri-
mary 2-dose series but went on to demonstrate an improved 
humoral response to a third dose, and these findings were 
subsequently extrapolated to other similarly immunosup-
pressed populations.11,15 This additional dose to the primary 
series, a 3-dose series, is intended for people who likely did 
not mount an immune response after initial vaccination. In 
November 2021, the ACIP recommended a booster dose 6 
months after completion of the 2-dose mRNA vaccine series 
for all adults, and a potential fourth dose for those who are 
moderately-to-severely immunosuppressed and completed 
a 3-dose series.14 Supporting evidence for booster doses in-
cluded evidence of waning humoral immunity in the general 
population following COVID-19 vaccination (which we ob-
served in our HC cohort),16 a high incidence of breakthrough 
infection among vaccinated health-care workers and the 
general population,17,18 and a reduction in the incidences of 
infection and severity of illness following booster receipt.19,20 
In our cohort, patients received a third dose a median of 149 
days after the second dose. Previous studies demonstrated 
that a 2-dose primary series is sufficient to render a humoral 
immune response in patients with IBD.4 As such, this study 
essentially evaluates the humoral effects of booster doses in 
patients with IBD.

The ACIP recently revised their guidance for booster 
doses, preferentially recommending an mRNA booster dose 
5 months after the primary series for all adults and 3 months 
after the third dose for those who are moderately-to-severely 
immunocompromised.21 Patients with IBD on thiopurines, 
anti-TNF therapy, or systemic corticosteroids qualify for a 
fourth dose per ACIP recommendations.21 Similar to prior 
vaccine recommendations from the ACIP for those who 
are considered moderately-to-severely immunocomprom-
ised, much of the data came from the solid organ transplant 
population, with concerns of waning or unmeasurable serum 
antibodies after 3 doses of an mRNA vaccine and improved 
immunogenicity after a fourth dose.22 In contrast, it appears 
that patients with IBD sustain humoral immunity over time, 
with 1 study showing that all 75 participants, all of whom 
were on a form of immune-modifying therapy, maintained 
measurable serum antibody concentrations 6 months after 
a 2-dose primary series.23 It is important to note that pa-
tients with IBD have higher rates of humoral immune re-
sponse to COVID-19 vaccines than solid organ transplant 
recipients or those treated with B cell–depleting therapies, as 
described above. Previous studies have described a 95% to 
99% humoral immune response rate following vaccination 
with a 2-dose mRNA vaccine series in patients with IBD.3–5 
Herein, we observed a humoral immune response in all pa-
tients following receipt of 3 doses. Moreover, a recent report 
from the Surveillance Epidemiology of Coronavirus Under 
Research Exclusion for IBD (SECURE-IBD) registry demon-
strated that among patients with IBD on various forms of 
IBD-directed therapy, only those on systemic corticosteroid 
therapy appear to be at relatively greater risk of adverse 
COVID-19 outcomes.24 Those who would most likely benefit 

Figure 1. A, Serum antibody concentrations in patients with IBD 
following the 2-dose series versus the third dose (median, 31 [IQR, 
16–61] versus 68 [IQR, 32–147], respectively; P < .001). B, Left: serum 
antibody concentrations following the third dose in patients with IBD 
on nonimmunosuppressive therapy versus immunosuppressive therapy 
(median, 69 [IQR, 46–159] versus 66 [IQR, 28–147], respectively; P = .27). 
Nonimmunosuppressive therapy was defined as the absence of IBD-
directed therapy or receipt of treatment with mesalamine monotherapy 
or vedolizumab monotherapy. Immunosuppressive therapy was defined 
as thiopurine monotherapy (ie, azathioprine, 6-mercaptopurine), anti-TNF 
monotherapy, anti-TNF combination therapy (ie, plus antimetabolite), 
ustekinumab monotherapy or combination therapy, tofacitinib, or 
systemic corticosteroid therapy (ie, any of the aforementioned groups 
plus systemic corticosteroids). Middle: subgroup analysis with serum 
antibody concentrations following the third dose in patients with IBD on 
“no or less immunosuppression” versus anti-TNF monotherapy, anti-TNF 
combination therapy, and systemic corticosteroid therapy (median, 73 
[IQR, 60–167] versus 39 [IQR, 20–120], respectively; P < .001). “No 
or less immunosuppression” was defined as the absence of IBD-
directed therapy or receipt of treatment with mesalamine monotherapy, 
vedolizumab monotherapy, thiopurine monotherapy, or ustekinumab 
monotherapy or combination therapy. Tofacitinib was excluded from the 
subgroup analysis due to the small sample size. Right: serum antibody 
concentrations for patients with IBD that received 3 Moderna doses 
versus 3 Pfizer doses (median, 94 [IQR, 38–170] versus 62 [IQR, 31–96], 
respectively; P = .047). Units of serum antibody concentrations are 
reported as mcg/ml. Abbreviations: BNT, BioNTech; IBD, inflammatory 
bowel disease; IQR, interquartile range; SARS-CoV-2, severe acute 
respiratory syndrome coronavirus 2; TNF, tumor necrosis factor.
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from a fourth mRNA COVID-19 vaccine dose include solid 
organ transplant recipients, those on systemic corticoster-
oids at the time of vaccination, those on concomitant ther-
apies associated with a lower COVID-19 vaccine response 
(mycophenolate or B cell–depleting therapies), those who 
have comorbidities associated with adverse COVID-19 out-
comes, and potentially those who received their third dose 
roughly ≥6 months prior.

Our study has several strengths. We evaluated humoral im-
munogenicity in patients on stable medication regimens (me-
dian duration of treatment of 39 months in those who received 
a third dose), which permitted us to assess the effects of IBD-
directed therapy on the immune response to vaccination. We 
also included an HC reference population that received the 
2-dose primary series but did not receive a third dose. Our study 
is limited in its sample size, small representation of certain treat-
ment regimens, and the absence of a reference HC population 
that received a third dose. Population differences between the 
HC and IBD cohorts, in addition to differences between IBD 
patients who received a third dose and those who only com-
pleted the 2-dose series, may have contributed to findings.

In conclusion, all patients with IBD exhibited a humoral 
immune response following a third COVID-19 mRNA 
vaccine dose, and this response may be blunted by certain 
immune-modifying therapies. The role of serum antibody 
concentrations as a correlate of immunity has not been de-
finitively established. Further studies are needed to investi-
gate the durability of humoral immunity, in addition to other 
aspects of the adaptive immune response, following COVID-
19 vaccination in the IBD population.
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