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Serologic Response to COVID-19 mRNA Vaccine

Prospective, observational multi-center study
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BACKGROUND & AIM: Patients with inflammatory bowel dis-
eases (IBD), specifically those treated with anti-tumor necrosis
factor (TNF)a biologics, are at high risk for vaccine-preventable
infections. Their ability to mount adequate vaccine responses is
unclear. The aim of the study was to assess serologic responses

to messenger RNA-Coronavirus Disease 2019 vaccine, and
safety profile, in patients with IBD stratified according to
therapy, compared with healthy controls (HCs). METHODS:
Prospective, controlled, multicenter Israeli study. Subjects
enrolled received 2 BNT162b2 (Pfizer/BioNTech) doses. Anti-
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spike antibody levels and functional activity, anti-TNFa levels
and adverse events (AEs) were detected longitudinally. RE-
SULTS: Overall, 258 subjects: 185 IBD (67 treated with anti-
TNFa, 118 non-anti-TNF«), and 73 HCs. After the first vaccine
dose, all HCs were seropositive, whereas ~ 7% of patients with
IBD, regardless of treatment, remained seronegative. After the
second dose, all subjects were seropositive, however anti-spike
levels were significantly lower in anti-TNF« treated compared
with non-anti-TNF« treated patients, and HCs (both P < .001).
Neutralizing and inhibitory functions were both lower in anti-
TNF« treated compared with non-anti-TNF« treated patients,
and HCs (P < .03; P < .0001, respectively). Anti-TNFa drug
levels and vaccine responses did not affect anti-spike levels.
Infection rate (~2%) and AEs were comparable in all groups.
IBD activity was unaffected by BNT162b2. CONCLUSIONS: In
this prospective study in patients with IBD stratified according
to treatment, all patients mounted serologic response to 2
doses of BNT162b2; however, its magnitude was significantly
lower in patients treated with anti-TNF«, regardless of
administration timing and drug levels. Vaccine was safe. As
vaccine serologic response longevity in this group may be
limited, vaccine booster dose should be considered.

Keywords: COVID-19; Vaccine; mRNA-BNT162b2; Serologic
Response.

evere acute respiratory syndrome coronavirus 2

(SARS-CoV-2) infection and coronavirus disease
2019 (COVID-19) resulted in a worldwide pandemic.' To
face the immense morbidity and mortality burden, accel-
erated vaccine development programs and mass vaccina-
tion campaigns were conducted. Vaccine studies included
healthy adults or those with stable chronic diseases.*”
Patients with immune-mediated diseases such as inflam-
matory bowel diseases (IBD), both Crohn’s disease (CD)
and ulcerative colitis (UC), were specifically excluded from
trials.””® These patients are often treated with immuno-
modulators and/or biologic therapy such as anti-tumor
necrosis factor (TNF) «, potentially associated with an
increased risk of infection.*”® Although guidelines recom-
mend vaccination per standard immunization sched-
ules,*”® patients’ ability to mount an adequate immune
response to certain vaccines or infections is doubted.®?~*”
This was even less clear for the new messenger RNA
(mRNA)-based vaccines against SARS-CoV-2. Concerns
regarding adverse events (AEs), including IBD exacerba-
tion, further underscored the need for vaccine responses
assessment in these patients, which may also be relevant
to patients with other immune-mediated inflammatory
disorders using similar medications.

A massive vaccination campaign against COVID-19
started in Israel on December 19, 2020, with mRNA-based
COVID-19 vaccine (BNT162b2; Pfizer/BioNTech, New
York, NY), administered in 2 doses 3 weeks apart.'® We
conducted a prospective multicenter Israeli study to assess
serologic responses to BNT162b2 in patients with IBD
stratified according to therapy, compared with healthy
controls (HCs).
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WHAT YOU NEED TO KNOW

BACKGROUND AND CONTEXT

Patients with inflammatory diseases, specifically those
treated with anti-tumor necrosis factor-o, may have
attenuated vaccine immune responses. Data regarding
response to Coronavirus Disease 2019 vaccines are
scarce and conflicting.

NEW FINDINGS
Seroconversion demonstrated after 2, but not 1,
BNT162b2 doses. Significantly lower serologic

responses in patients treated with anti-tumor necrosis
factor-«, irrespective of drug levels and drug-vaccine
intervals. Vaccine was safe.

LIMITATIONS

Evaluation of 1 vaccine type (BNT162b2). Short follow-up
(~4 weeks) after the second vaccine dose.

IMPACT

Two doses of BNT162b2 in patients with inflammatory
bowel diseases are safe and effective; however, patients
treated with anti-tumor necrosis factor-a biologics had
lower serologic response, supporting specific
vaccination schedules for this population. No
requirement to coordinate timing of vaccination and
drug administration.

Methods
Study Design and Participants

A prospective, observational, multicenter study was con-
ducted to assess serologic responses to the mRNA-based
COVID-19 vaccine BNT162b2, their dynamics, predictors of
response and safety, in patients with IBD compared with HCs. A
call for patient referral was distributed to all Israeli gastroen-
terologists and patients with IBD on December 28, 2020. Pa-
tients aged >18 years were recruited. IBD diagnosis was
defined by accepted criteria. The HC group included volunteers
(health care professionals and their relatives) without known
gastrointestinal diseases. Patients with past COVID-19 infection
proved by SARS-CoV-2 polymerase chain reaction test and
pregnant women were excluded. Patients with IBD were
stratified at baseline into those treated with anti-TNFe, or those
not treated with anti-TNF« but by other IBD treatments (ie, 5-
aminosalicylic acid [5-ASA], immunomodulators, steroids,
ustekinumab, and JAK inhibitors) who were included in a "non-
anti-TNF«" group together with patients who were completely

Abbreviations used in this paper: 5-ASA, 5-aminosalicylic acid; Ab, anti-
bodies; ACE2, angiotensin converting enzyme2; ADA, adalimumab; AEs,
adverse events; anti-TNF«, anti-tumor necrosis factor «; AU, activity units;
CD, Crohn’s disease; Cl, confidence intervals; COVID-19, Coronavirus
Disease 2019; CRP, C-reactive protein; ELISA, enzyme-linked immuno-
sorbent assay; GMC, geometric mean concentration; HC, healthy con-
trols; IBD, inflammatory bowel diseases; IFX, infliximab; Ig,
immunoglobulin; IQR, interquartile range; N, nucleocapsid; RBD, receptor
binding domain; S, spike; SAE, severe adverse event; SARS-CoV-2, severe
acute respiratory syndrome coronavirus 2; UC, ulcerative colitis.

® Most current article
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"untreated" (ie, they were not treated with anti-TNF« or any
other agent). All participants received two 30-ug BNT162b2
vaccine doses intramuscularly, administered 21 to 28 days
apart, as per the manufacturers’ recommendations. The study
was approved by the local institutional review boards at the
Rabin, Shaare Zedek, Emek, and Soroka Medical Centers (1072-
20-RMC, 0557-20-SZMC, 0247-20-EMC, 0568-20-SOR, respec-
tively). MOH number: 2020-12-30_009617. All participants
signed an informed consent form before any study procedure.

Study Procedure

Eligible participants were evaluated at 4 time points: (1)
visit 1, before the first vaccine dose; (2) visit 2, 14 to 21 days
after the first and before the second vaccine dose; (3) phone
call a week after the second vaccine dose to report adverse
events (AEs); and (4) visit 3, 21 to 35 days after the second
vaccine dose (see Figure 14). At enrollment, patients were
assessed for baseline demographic and IBD characteristics.
Specifically, medical treatment, duration, and dose were regis-
tered, including date of biologics injections/infusions as well as
interval between biologics administration and vaccination. Each
visit clinical evaluation was performed using IBD specific
questionnaires: Harvey-Bradshaw Index,'? Simple Clinical Co-
litis Activity Index,?° and Pouch Disease Activity Index?! for CD,
UC, and patients with an ileal pouch, respectively. Post-
vaccination AEs®? were evaluated by standard questionnaires,
specifically referring to pain or swelling at injection site, fever,
headache, shivering, nausea, dizziness, fatigue, muscle soreness,
joint pain, allergic reaction, other AEs,>*? and severe AEs
(SAEs; anaphylactic reaction, hospitalization, death). Safety
measures also included assessment of IBD clinical activity as
well as inflammatory biomarkers.

Laboratory tests were performed at each visit, including
complete blood count, C-reactive protein (CRP), COVID-19
serology, and functional neutralization and inhibition assays.
Anti-TNFa drug levels and anti-TNFa antibodies were
measured. Serum was separated from collected blood, ali-
quoted, and stored at —80°C until further analyses.

Outcomes

The primary endpoint was seropositivity rate and magni-
tude of the serologic response (levels of binding immunoglob-
ulin [Ig]G antibodies to SARS-CoV-2 spike [S] antigen and
neutralizing and inhibitory antibodies functionality) following
BNT162b2 in patients with IBD with or without anti-TNF«
treatment, or HCs, at visit 3. Secondary endpoints were sero-
logic response dynamics induced after the first and second
vaccine doses; and AEs, specifically local and systemic reactions
and IBD exacerbation.

Laboratory Methods

SARS-CoV-2 IgG II quantitative testing was performed
using the Abbott architect i2000sr platform in accordance with
manufacturer’s instructions.”* Values >50 activity units (AU)/
mL are considered positive.

SARS-CoV-2 nucleocapsid (N) IgG testing was performed
semiquantitatively using enzyme-linked immunosorbent assay
(ELISA) plates coated with N protein in accordance with man-
ufacturer’s instructions (EUROIMMUN, Lubeck, Germany).
Values >1.1 units are considered positive. Anti-N was assessed
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in all subjects at visit 3 (after second vaccine dose). For all
those testing positive, existence of anti-N antibodies was
assessed at visits 1 and 2.

Anti-TNFa drug and anti-drug antibody levels were
assessed for adalimumab (ADA and ADA-antibodies [Abs]) and
infliximab (IFX and IFX-Abs) using Lisa-Tracker ELISA in
accordance with the manufacturer’s instructions (Theradiag,
Beaubourg, France). Range for drug levels: 0.3 to 20 ug/mL.
Range for Abs levels: 10 to 160 ng/mL and 10 to 200 ng/mL for
ADA-Abs and IFX-Abs, respectively.

Receptor binding domain (RBD): angiotensin convert-
ing enzyme (ACE)2 inhibition ELISA** was performed as
described*® using RBD-serum mix incubated with ACE2-coated
plates. Inhibition percentage was calculated for each well by the
following formula:

[RBD — serum 0.D.] 100
[only RBD 0.D. '

Negative results, indicating no inhibition, were set as 0%
inhibition.

Preparation of SARS-CoV-2 spike pseudoparticles and
neutralization assay: detailed in the Supplementary Methods.

Statistical Analysis

Data were collected in a secured Web-based platform
(REDCap) and analyzed using SPSS version 27 (IBM, Armonk,
NY).

All tests were 2-tailed, and P < .05 was considered signifi-
cant. Anti-S antibody concentrations are expressed as geometric
mean concentrations (GMCs) with 95% confidence intervals
(CIs). Other continuous data are reported as median and inter-
quartile range (IQR) unless otherwise stated. Counts and per-
centages were employed for categorical variables. Univariate
analyses, using independent samples t test, 1-way analysis of
variance with Bonferroni multiple-comparison correction or
Kruskal-Wallis nonparametric test of In-transformed anti-S
antibody concentration and Spearman’s rank correlation co-
efficients, were used to identify demographic, disease, vaccine,
and treatment-related factors associated with anti-S levels. We
used multivariate stepwise linear regression models to identify
factors independently associated with In anti-S levels. Stan-
dardized Beta coefficients were obtained from linear regression.

Sample Size Calculation

We estimated a sample size of 70 subjects needed in each of
the 3 study groups to detect a GMC Ratio of 2.0 between study
groups. The null hypothesis was that all vaccine groups would
have the same GMC Ratio. This estimated sample size assumed
a standard deviation of 0.5 in the log values of antibodies at
90% power and alpha 2.5%.

Results
Study Population

Subjects were recruited in IBD centers located in cen-
tral (Rabin); Northern (Emek); Eastern and Jerusalem
(Shaare Zedek); and Southern (Soroka) Israel, between
December 29, 2020, and May 5, 2021. Participants’ base-
line characteristics are presented in Table 1. Of 258
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284" Subjects were recruited

26 were excluded did not
meet eligibility criteria:

1 Previous documentation —

of COVID-19 infection
6 Did not receive vaccine
19 Lost to follow-up

v

258 Subjects

v h 4 v
67 118 73
Anti-TNFa Non-anti-TNFa Healthy Controls
Visit No. Anti-TNFa (n) Non-anti-TNFa (n) HC (n)
Visit 1 65 114 51
Visit 2 60 112 72
Phone call | 66 115 71
Visit 3 65 114 70

Figure 1. (A) Study protocol. Patients were enrolled at visit 1, before the first vaccine dose. Visit 2 was 14 to 21 days after the
first but before the second vaccine dose. A week after the second vaccine dose, a phone call was made to evaluate AEs, and a
visit 3 was 4 weeks after the second vaccine dose. In each visit, laboratory tests were performed, and questionnaires regarding
disease severity and AEs were filled. (B) Patient disposition. The diagram represents all enrolled participants who were
recruited before vaccination. *28 subjects were recruited at the second visit (after first vaccine dose but before the second
one), mainly for logistic reasons. Most of them (22) were HCs. Number of subjects at each visit is detailed in the table below the
diagram. Vacc, vaccine dose.

subjects, 185 had IBD (122 CD, 53 UC, 6 ileal pouch anal- men in the IBD and 27.4% in the HC group. Patients with
anastomosis, 4 IBD-Unclassified [U]) and 73 were HCs. IBD were divided to 2 separate groups according their
Average age (years) in the IBD (37.9 = 14.3) and HC medical treatment: those who were treated with anti-TNFa
groups (36.6 + 12.4) was comparable. There were 60.6% (anti-TNF« group, 67 subjects) and those who had other
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Table 1.Baseline Demographic Characteristics of Participants

Gastroenterology Vol. 162, No. 2

Characteristic Anti-TNFa n = 67 Non-anti-TNFa n = 118 HCn=73 P value
Mean age, y (SD) 37.8 (14.3) 38.2 (14.3) 36.6 (12.4) 744
Female, n (%) 24 (35.8) 49 (41.5) 53 (72.6) <.001
Origin, n (%)

Ashkenazi 31 (46.3) 49 (41.5) 36 (49.3) .558
Non-Ashkenazi 36 (53.7) 69 (58.5) 37 (50.7)
Mean BMI, kg/m? (SD) 25 (4.0) 24.4 (5.2) 25.7 (6.4) .354
Smoking status, n (%)
Present 8 (11.9) 15 (12.7) 7 (9.5 .299
Past 9 (13.4) 7 (5.9 34.1)
No 50 (74.6) 89 (75.4) 63 (86.3)
Comorbidities,” n (%) 8 (11.9) 11 (9.3) 5 (6.8)
IBD phenotype, n (%)
CD 56 (83.6) 66 (55.9) — <.001
uc 8 (11.9) 45 (38.1) — <.001
IPAA 209 434 _
IBD-U 1(1.5) 3 (2.5) —
Disease activity,” n (%)
Remission 46 (68.6) 74 (62.7) — 1.000
Active 21 (31.4) 44 (37.3) —
Current medication, n (%)
IFX 34 (50.7) — —
ADA 33 (49.3) — —
Vedolizumab — 26 (22.03) —
Ustekinumab — 5 (4.23)
5-ASA 5(7.4) 37 (31.3) —
Steroids 1(1.5) 7 (5.9) —
Immunomodulators® 8 (11.9) 8 (6.7) —
JAK inhibitor — 3(2.5)
No medical treatment — 38 (32.2) —

BMI, body mass index; IBD-U, IBD-unclassified; IPAA, ileal pouch anal-anastomosis.
2Comorbidities were present in 21 patients overall and included mainly asthma (6), diabetes (5), high blood pressure (5), and
cellac disease (2). The rest were fatty liver disease, hypothyroidism, ankylosing spondylitis, and prostate cancer.

bDisease activity was quantified clinically by validated questionnaires.

°Including 6-mercatopurine, azathioprine, and methotrexate.

medical treatment or no medical treatment at all (non-
anti-TNF« group, 118 subjects). Most (56 of 67) patients
treated with anti-TNFa had CD. Patient disposition is
presented in Figure 1B. In the anti-TNF« group, concomi-
tant therapy included immunomodulators (8), 5-ASA (5),
and steroids (1). Therapy in the non-anti-TNF« group
included 5-ASA (37), non-anti-TNF« biologics (34, mostly
vedolizumab), immunomodulators (8), steroids (7), and
tofacitinib (3). This group also included 38 patients (26
CD, 8 UC, 4 ileal pouch anal-anastomosis) without medical
treatment. Most subjects (230 of 258, 89%) were recruited
within a median of 1 (interquartile range [IQR] 0-4) day
before the first vaccine dose (visit 1), and 28 of 258
(10.8%) within 21 (IQR 20-21) days post first vaccine
dose (visit 2) mainly due to logistic reasons (Figure 1B).
Median interval between first and second vaccine doses
was 21 (IQR 20-24) days. Median interval between the
second vaccine dose and visit 3 blood sampling was 30

(IQR 28-33) days. Baseline laboratory results, including
blood counts and CRP were comparable among the 3 study
groups (Supplementary Table 1).

All Patients With IBD Achieve Seropositivity After
the Second Vaccine Dose, However Those
Treated With Anti-TNF« Have Significantly Lower
Antibody Titers

SARS-CoV-2 anti-S IgG antibodies were positive in all
subjects after the second vaccine dose (visit 3). This sug-
gests that neither IBD itself nor anti-TNFa treatment abolish
the ability to mount serologic response to 2 BNT162b2
doses. However, anti-TNF«a treatment was associated with
significantly lower antibody levels. Specifically, prevaccina-
tion (visit 1), anti-S IgG GMCs were negligible in all subjects
(Figure 24; Supplementary Table 2). Visit 2 GMCs (95% CI)
were 2- to 3-fold lower in the anti-TNFa-treated compared
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Figure 2. Patients with IBD treated with anti-TNF« have significantly reduced levels of anti-S antibodies. (A-C) Levels of anti-S
antibodies in sera from HCs (shown in green), patients with IBD receiving non-anti-TNF« treatment (non-anti-TNF«, shown in
blue), and patients with IBD receiving anti-TNF« treatment (anti-TNF«, shown in red). Antibodies were measured by the Abbott
quantitative anti-S 1gG kit. Visit 1 was before vaccination, visit 2 and visit 3, after first and second vaccine doses, respectively.
Statistical analysis was carried out using independent-samples Kruskal-Wallis test. **P < .0005, ****P < .0001. Black solid line
denotes median, black dashed lines denote IQR 25-75. Dotted line represents the threshold for seroconversion (50 AU/mL).
Specific GMCs and P values are in Supplementary Table 2. (D) Pie charts representing the fractions of patients at timepoint
visits 1, 2, and 3, with anti-SARS-CoV-2 antibody levels as designated in the legend (A-C). Numbers in the middle of pies
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with non-anti-TNFa-treated patients and HC groups: 340
(221-523), 710 (509-991), and 1039 (797-1355), P = .012
and P < .001, respectively (Figure 2B). GMC increase after
the second vaccine dose was robust and similar (around 10-

A B
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fold) in all study groups maintaining the 2- to 3-fold dif-
ferences between the groups. Visit 3 GMCs (95% CI) were
3787 (2732-5249), 8320 (6630-10441), and 10979 (9396-
12829), P < .001 and P < .001, in the anti-TNFa-treated
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compared with the non-anti-TNFa-treated patients and HC
groups, respectively (Figure 2C).

Importantly, although all HCs were seropositive at visit 2
(no subject <50 AU/mL), 14 patients with IBD were still
seronegative, of whom 6 were treated and 8 untreated with
anti-TNFe (Figure 2D, Supplementary Table 3). We also
assessed the GMC fold rise of anti-S antibodies in the indi-
vidual sera of subjects in the 3 study groups from baseline
(visit 1) to either visit 2 and 3, and between visit 2 to 3,
demonstrating that similarly to anti-S levels, GMC fold rise is
significantly lower in the anti-TNFa group.

We next assessed neutralizing antibodies, considered
critical for patient survival and virus control.”® Using
competitive ELISA, we show that although at visit 1 inhibi-
tion activity was low and comparable between the groups
(Figure 3A4-C, Supplementary Table 4), at visit 2 the anti-
TNFa-treated group had significantly lower ability to inhibit
RBD:ACE2 binding compared with HCs (P < .05). This was
even more prominent at visit 3 (P < .001). Notably, signif-
icant differences in inhibition activity were apparent be-
tween patients with IBD, regardless of treatment regimen,
and HCs (Figure 3C). We observed a positive correlation
between anti-S titers and inhibition activity in visit 2, which
increased even further in visit 3, suggesting that after 2
vaccine doses, the proportion of anti-S IgG antibodies with
inhibitory function increases (Supplementary Figure 1).

Finally, we assessed vaccine functional activity using
SARS-CoV-2 spike pseudoparticle neutralization assays.
Serum from patients in all groups did not neutralize
infection in visit 1, and was used for normalizing
neutralization at visit 2 and visit 3. At visit 2, HC serum
had a 65% neutralization capability, contrasting with
significantly reduced activity in the anti-TNFa group
(51%, P < .05; Supplementary Table 5). Furthermore, at
visit 3, serum from the HC and the non-anti-TNFa-
treated groups had significantly higher neutralization
activity compared with serum from patients in the anti-
TNFa group (97%, 96%, and 79%, respectively, P <
.0001; Figure 44 and B). Neutralization activity highly
correlated with both anti-S titers and inhibition measures
(Supplementary Figures 2 and 3), suggesting that anti-S
IgG assays may be indicative of the functional serolog-
ical anti-SARS-CoV-2 antibody activity.

Importantly, non-anti-TNFa IBD therapies did not
significantly modify seroconversion or magnitude of
response. Specifically, in patients treated with vedolizumab
(n = 27, 51.8% UC) or 5-ASA (n = 35, 76.9% UC), vaccine
responses were comparable to those of HCs (P = .288, P =

<
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.191, respectively). We further analyzed responses of spe-
cific subgroups within the non-anti-TNF«a group according
to treatment. Specifically, 5-ASA (35), vedolizumab (27), no
medical treatment (38), and other IBD medications that
were used by lower numbers of patients (steroids [7], im-
munomodulators [8], ustekinumab [5] and JAK inhibitors
[3], see Table 1). Measuring serologic and functional re-
sponses of the 5-ASA, vedolizumab, no medical treatment,
and "other" groups, comparable responses were found,
further supporting the decision to include them in the same
group (Supplementary Figure 4).

Anti-N, reflecting infection with COVID-19, was positive
after the second vaccine dose in <2% of study participants
and comparable between the groups. Specifically, anti-N Abs
were detected after vaccination in 2 HCs, 2 non-anti-TNF«
(1 treated with vedolizumab and 1 untreated), and 1 anti-
TNFa (infliximab)-treated patients. Importantly, subjects
were asymptomatic and were not aware of having been
infected (Supplementary Table 6). In addition, there were 6
subjects who had a positive anti-N already at visit 1. Inter-
estingly, baseline anti-S IgG levels were negative in 4 of
them, and positive in 2 (Supplementary Table 6), potentially
suggesting differences in the dynamics of serologic re-
sponses, although numbers are too small for further anal-
ysis. These subjects were not excluded from analysis, given
the equal distribution between the groups and the compa-
rability to uninfected patients’ anti-S titers.

Older Age is an Additional Predictor of Lower
Vaccine Serologic Response

In univariate analysis (Supplementary Table 7), factors
such as older age, male sex, and elevated white blood cell
count (WBC) were also associated with a lower serologic
response after the first vaccine dose (male sex and WBC
values, P = .012 and P = .026, respectively) and after both
vaccine doses (older age, P < .001).

In the multivariate linear regression model, only anti-
TNFa treatment and older age maintained a significant
distinct association with lower IgG anti-S response (P <
.001, Table 2).

The inverse correlation between older age and lower IgG
anti-S antibodies levels in the 3 study groups after the first
and second vaccine doses is displayed in Supplementary
Figure 5, and Supplementary Table 8 shows the consis-
tently lower GMCs in subjects 40 years and older compared
with younger ones in all study groups after the first and
second vaccine doses.

<

Figure 3. Patients with IBD treated with anti-TNF« have significantly reduced levels of anti-SARS-CoV-2 inhibiting antibodies.
(A-C) Ability of serum from HCs (shown in green), patients with IBD receiving non-anti-TNF« treatment (non-anti-TNF«, shown
in blue), and patients with IBD receiving anti-TNF« treatment (anti-TNF«, shown in red) to inhibit SARS-CoV-2 RBD binding to
ACE2 receptor. Values measured by ELISA are presented as % inhibition (y axis), following vaccination. Visit 1 was before
vaccination, and visit 2 and visit 3 were after first and second vaccine doses, respectively. Zero inhibition was set as the value
of RBD without added sera. Statistical analysis was carried out using independent-samples Kruskal-Wallis test. ***P < .0005,
P < .0001. At least 3 repetitions for every sample. Black solid line denotes median, black dashed lines denote IQR 25-75.
Median percentage of inhibitions are in Supplementary Table 4. (D) Pie charts representing the fractions of patients at
timepoint visits 1, 2, and 3, who developed none (<20%), low (20% <x<50%), medium (50% <x<80%), and high (>80%)
SARS-CoV-2 RBD:ACE2 inhibition, based on (A-C). The numbers in the middle of the pies denote the total number of subjects
tested in each group for every timepoint. Correlation between anti-S and inhibition responses are in Supplementary Figure 1.
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Figure 4. Patients with IBD treated with anti-TNF« have significantly reduced levels of anti-SARS-CoV-2 neutralizing anti-
bodies. (A, B) Sera, diluted to a final concentration of 1:200, were incubated with vesicular stomatitis virus-spike pseudo-
particles (VSVAGSFPSA19) for 1 hour at 37°C, before infecting ACE2 expressing human embryonic kidney 293 cells for 24
hours. The number of green fluorescent protein—positive cells was normalized and converted to a neutralization percentage in
each sample, compared with the average of control samples. Visit 1 was before vaccination, visit 2 and visit 3 were after first
and second vaccine doses, respectively. Statistical analysis was carried out using independent-samples Kruskal-Wallis test.
***P < .0005, ***P < .0001. Black solid line denotes median, black dashed lines denote IQR 25-75. (C) Pie charts representing
the fractions of patients in timepoints visit 2 and visit 3, who developed none (<20%), low (20% <x<50%), medium (50% <
x<80%), and high (>80%) SARS-CoV-2 RBD neutralizing antibodies, based on (A and B). Correlations between anti-S and
neutralization, and between inhibition and neutralization, are in Supplementary Figures 2 and 3, respectively. HEK, human
embryonic kidney; VSV; vesicular stomatitis virus.
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Table 2.Factors Associated With Serologic Response (Multivariate Linear Regression)

Visit 2 Visit 3

Variable B? (95% Cl) P value B? (95% ClI) P value

Treatment Anti-TNF« —-0.25 (-1.4 10 0.4) <.001 —0.32 (—1.2 to 0.46) <.001
Non-anti-TNF« —-0.09 .270 —-0.128 41
HC Reference Reference

Gender Male —0.09 .198 —0.039 .602
Female Reference Reference

Age (y) —0.43 (—0.07 to —0.03) <.001 —0.27 (-0.08 to —0.01) <.001

IBD current medication ADA 0.157 .074 0.081 .382
IFX -0.137 A2 —0.032 732
Other 0.007 .935 -0.114 262
None Reference Reference

White blood cells (K/uL) -0.038 591 —0.104 159

@Standardized Beta coefficients were obtained from linear regression.

Anti-TNFa Drug Levels Do Not Affect Serologic
Responses

We next asked whether anti-TNF« drug levels mediated
lower vaccine serologic responses in this group. Impor-
tantly, anti-TNFa drug level measurement was not assessed
at trough (ie, immediately before anti-TNF« drug adminis-
tration), but at the time of serologic assessment at each visit.
No correlation between drug levels and serologic responses
was observed, using Spearman’s correlation
(Supplementary Table 9).

We further asked whether lower responses in patients
treated with anti-TNFa were affected by the interval be-
tween anti-TNFa drug administration and vaccination.
Importantly, no such correlation was observed either when
anti-TNFa drugs were administered before the first or sec-
ond vaccine doses. Specifically, in Supplementary Figure 6,
serologic responses for 3 time intervals between drug and
vaccine administration are presented, showing no difference
in serologic responses in the different time intervals (using
Independent-Samples Kruskal-Wallis Test). Finally, only 2
patients had anti-IFX and 2 anti-ADA drug antibodies. Those
did not correlate with vaccine serologic responses
(Supplementary Table 10).

Vaccine Is Safe in Patients With IBD and Is Not
Associated With Increased IBD Activity

Immediate and short-term AEs were detected using
phone call and accepted questionnaires, respectively. We
further evaluated IBD exacerbation using clinical and labo-
ratory variables. To this end, no SAEs were registered. The
most common AEs were local pain (<70%) and headache
(~30%), with more AEs after the second compared with
first vaccine dose (Supplementary Table 11). AEs were not
in excess or more prominent in patients treated with anti-

TNFa who had higher drug levels during vaccination (P =
.722 and P = .909 after first and second vaccine dose,
respectively, using Pearson’s correlation). Finally, baseline
IBD activity was comparable in patients treated with anti-
TNFa or not and remained comparable after the first and
second vaccine doses (Supplementary Table 12,
Supplementary Figure 7). Neither CRP levels nor WBC count
were increased following vaccination in both groups.

Discussion

Patients with IBD treated with immunomodulators and/
or anti-TNF« biologics are at an increased risk of vaccine-
preventable diseases, and vaccination programs are rec-
ommended. Patients with chronic diseases were more prone
to COVID-19 complications and death.?”*° Vaccination
campaigns encouraged patients with IBD to vaccinate,?***
despite their exclusion from phase-3 trials.”® Here, we
aimed to prospectively evaluate serologic responses and
safety of the BNT162b2 vaccine in patients with IBD.

Our results show that all subjects, regardless of medical
treatment, seroconverted after the second vaccine dose,
consistent with recent reports.32‘33 However, patients
treated with anti-TNFa had significantly lower serologic
responses, represented by 2- to 3-fold decreased anti-S
levels, compared with patients not treated with anti-TNF«
and HCs. Furthermore, impaired immune function was
demonstrated by significantly lower RBD:ACE2 inhibition
and significantly lower capability to neutralize SARS-CoV-2
in a pseudoviral assay.According to recent population-
based reports, patients with IBD treated with anti-TNF«
had a lower serologic response to COVID-19 infection **~*°
and vaccination,®*™*”*®* in line with previous reports
regarding other vaccines."”*”*%*" Qur study is the first to
prospectively and comprehensively demonstrate the
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profound impairment in functional serologic responses in
anti-TNFa-treated patients with IBD, which may be relevant
for other immune-mediated diseases as well.”> Reassur-
ingly, the rate of anti-N Abs was low and comparable in all
groups, suggesting that protection was enough to prevent
short-term infection. However, recent evidence of declining
serologic responses post infection,””*" as well as the data
presented herein demonstrating significantly lower sero-
logic responses, in patients with IBD treated with anti-TNFg,
observed already 4 weeks after the second vaccine dose,
raise the question of, although may not directly prove, lower
durability of response in patients treated with anti-TNF«
compared with non-anti-TNFa-treated patients or HCs. If
indeed both longevity and neutralizing activity of anti-
SARS-CoV-2 antibodies is reduced, the consequence may be
reduction in infection protection, supporting earlier booster
vaccination for this patient subpopulation, as already
considered for severely immunocompromised patients such
as those with certain cancers and chemotherapy.****

The prospective nature of our study enabled evaluation
of serologic responses dynamics. Importantly, approxi-
mately 10% of patients treated with anti-TNF« were still
seronegative after the first vaccine dose, and an additional
18% had a low level (50-150 AU/mL) of anti-S antibodies.
This supports maintenance of thorough COVID-19 pre-
cautions for them and their household members until after
the second vaccine dose. Notably, after the first vaccine
dose, there were also 8 (7%) seronegative patients in the
non-anti-TNFa-treated group, pointing to additional patient
factors that may modify seronegativity.

In this regard, we found that age was an independent
predictor of lower vaccine serologic responses, regardless of
IBD treatment. Although our patients were mostly young
(~37 years), a continuous decline in serology with age was
noticed. As older age is also a risk factor for severe COVID-
19,***° these patients should be at highest priority for
booster vaccine doses. A recent report from the US Veteran
Affairs database demonstrating only 80.4% vaccine effec-
tiveness in a patient population with a median age of 68
supports our finding.*®

Our study, the first specifically designed to address
vaccine timing relative to anti-TNFa drug administration did
not demonstrate such correlation. Moreover, in 14 patients
vaccinated during anti-TNFa induction, responses were
comparable to those vaccinated during maintenance. Anti-
TNF« drug levels during vaccination were unrelated to
impaired responses. In a recent publication®® focusing on
patients with IBD after SARS-CoV-2 infection, those having
undetectable anti-TNF« drug levels were more likely to be
seropositive. Although no data were provided regarding
time interval between infection and anti-TNFa measure-
ment, and the dichotomous correlations rather than quan-
titative assessment performed in our study, further data
regarding anti-TNF« drug levels and serologic response to
infection and vaccination are anticipated. Altogether, our
findings lend evidence to the empiric recommendation to
vaccinate patients with IBD regardless of anti-TNFa«
administration timing.*’

Gastroenterology Vol. 162, No. 2

Importantly, no SAEs were reported in the week
following vaccination. Although our study included only 10
subjects younger than 21 years, it is reassuring that no
cardiac AEs, specifically myocarditis,”” were detected. AEs
were similar in all subjects: mainly local pain, and resolved
within a few days. No IBD exacerbation was observed,
regardless of disease activity during vaccination. This is
specifically reassuring, as approximately a third of patients
were not in remission. Because anti-TNF« is a common
treatment for other immune-mediated inflammatory dis-
eases, those results are highly relevant to multiple patient
populations and diseases.

There are several strengths to our study. This is the
first prospective multicenter study comprehensively
investigating multiple aspects of BNT162b2 vaccine sero-
logic responses in patients with IBD. Most subjects were
recruited before the first vaccine dose, allowing longitu-
dinal evaluation of the dynamics of serologic response
development. While focusing on anti-TNF« therapy, all
other IBD therapies, or no therapy were included; thus,
enabling differentiation between disease and treatment
effects. Finally, this is the first study addressing timing of
vaccination and anti-TNF«a drug administration, levels, or
anti-drug antibodies, showing a lack of correlation.
Another meaningful strength is assessment of vaccine
safety including IBD activity, as previous reports in other
immune-mediated diseases suggested disease exacerbation
postvaccination.48’53

Our study, including 67 patients treated with anti-TNFg,
was powered to demonstrate significant differences, which
indeed were apparent, between them and to patients
without anti-TNF« treatment. As a non-anti-TNFa group
was specifically designed to include multiple IBD therapies,
we were able to address serologic response of these sub-
groups as well, demonstrating its comparability to HCs
(Supplementary Figure 4), although the small numbers of
patients treated with steroids and immunomodulators limit
findings in these specific subgroups.******°* Limitations
include difference in gender ratio between IBD and HC
groups at baseline, the relatively young age of participants
(although this reflects typical IBD populations), and the use
of only 1 vaccine type. Evaluation of vaccine efficacy is
limited, as infection rate in Israel during the study period
was low. Finally, observation was limited to 4 weeks after
the second vaccine.

To conclude, our study provides prospective, controlled
evidence for the efficacy and safety of the COVID-19
BNT162b2 vaccine in patients with IBD stratified accord-
ing to therapy. We demonstrate the dynamics of develop-
ment of functional serologic response and the factors
causing impairment, specifically anti-TNFa therapy and
older age. The lack of correlation with timing of anti-TNF«
therapy or drug levels, enables important clinical guidance
to patients and their caregivers.

As immune response longevity in this group may be
limited, vaccine booster dose should be considered.

Long-term outcomes and the mechanism of decreased
serologic responses should be evaluated.
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