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BACKGROUND & AIMS: Patients with immune-mediated in-
flammatory diseases (IMIDs) have an increased risk of corona-
virus disease 2019 (COVID-19), primarily attributed to the use of
immunosuppressive drugs such as glucocorticoids, which may
attenuate the response to vaccines. This meta-analysis assessed
the serologic response to COVID-19 vaccination in patients with
IMIDs. METHODS: Electronic databases were searched on
August 1, 2021, for observational studies. Data extracted
included reference population, medications, vaccination, and
proportion of patients achieving a serologic response. RESULTS:
The analysis included 25 observational studies (5360 patients).
Most of the studies used messenger RNA (mRNA) vaccines
(BNT162b2, mRNA-1273), with a small number of studies
including other types of vaccines (AZD1222, CoronaVac,
BBV152, Ad26.COV2.S). Serologic response after 1 dose (6
studies) and 2 doses (17 studies) of mRNA vaccine were 73.2%
(95% confidence interval [CI], 65.7%-79.5%) and 83.4% (95%
Cl, 76.8%-88.4%), respectively. On meta-regression, anti-CD20
therapy was associated with lower response rates (P < .001)
and anti-tumor necrosis factor therapy also showed a trend
toward lower response rates (P = .058). Patients with IMIDs

were less likely to achieve a serologic response compared with
controls after 2 doses of mRNA vaccine (6 studies; odds ratio,
0.086; 95% CI, 0.036-0.206; P < .001). There were not enough
studies to assess response to the adenoviral or inactivated
vaccines. CONCLUSIONS: Our meta-analysis demonstrated that
patients with IMIDs have a reduced response to mRNA COVID-19
vaccines. These results suggest that IMID patients receiving
mRNA vaccines should complete the vaccine series without delay
and support the strategy of providing a third dose of the vaccine.

Keywords: Vaccine; Outcomes; Immune-Mediated Inflammatory
Diseases; Inflammatory Bowel Disease; Rheumatic Disease.

Abbreviations used in this paper: b/ts, biological/targeted synthetic; CD,
cluster of differentiation; Cl, confidence interval; COVID-19, coronavirus
disease 2019; csDMARDs, conventional synthetic disease-modifying
antirheumatic drugs; GCs, glucocorticoids; IBD, inflammatory bowel dis-
ease; IL, interleukin; IMID, immune-mediated inflammatory disease;
mRNA, messenger RNA; OR, odds ratio; SARS-CoV-2, severe acute res-
piratory syndrome coronavirus 2; TNF, tumor necrosis factor.
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Anovel RNA coronavirus called severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2) is
responsible for the coronavirus disease 2019 (COVID-19)
pandemic and global health emergency.' Patients with pre-
existing conditions, such as immune-mediated inflammatory
diseases (IMIDs), may be more susceptible to infection with
SARS-CoV-2, and there is concern that certain immunosup-
pressive therapies may lead to worse outcomes.”® To un-
derstand the incidence and prognosis of COVID-19 in IMIDs,
international registries of patients with inflammatory bowel
disease (IBD) (Surveillance Epidemiology of Coronavirus
Under Research Exclusion [SECURE]-IBD registry) or rheu-
matic diseases (COVID-19 Global Rheumatology Alliance
[C19-GRA]) diagnosed with COVID-19 were developed and
analyzed with respect to individual patient outcomes."
These studies have demonstrated that similar to the gen-
eral population, age and underlying comorbidities were
poor prognostic factors among patients with IMIDs devel-
oping COVID-19.>°

We previously reported in a meta-analysis of 62 studies
that the prevalence of COVID-19 was elevated in rheumatic
diseases.” Studies in IBD suggest that the risk is similar to
the general population.” With respect to the therapies often
used in the management of patients with IMIDs, glucocor-
ticoids (GCs), conventional synthetic disease-modifying
antirheumatic drugs (csDMARDs), and biological/targeted
synthetic (b/ts) DMARDs-csDMARDs combination therapy
significantly increased the risk of severe outcomes, whereas
b/tsDMARDs monotherapy, in particular anti-tumor
necrosis factor (TNF) therapy, reduced the risk of severe
COVID-19.°

With the lack of effective treatments, prevention strate-
gies, including vaccination, are of paramount importance in
reducing the risk of COVID-19.° Rapidly emerging data have
shown that messenger RNA (mRNA)-based COVID-19 vac-
cines are safe and effective in the general population.
However, the efficacy of COVID-19 vaccines in patients with
IMIDs is unknown because patients with IMIDs or those
treated with immunosuppressing therapies were excluded
from regulatory vaccine trials.

Guidelines currently recommend that patients with
IMIDs should be vaccinated against SARS-CoV-2 due to the
ongoing pandemic and risk of death.'”'" Data from other
vaccine-preventable illnesses suggest attenuated responses
in patients receiving GCs, TNF antagonists, and immuno-
suppressive drugs such as cyclophosphamide and azathio-
prine.’>*? A recent study by Kennedy et al'® reported that
patients with IBD patients receiving infliximab had an
attenuated immunogenicity to a single-dose of the
BNT162b2 and ChAdOx1 nCoV-19/AZD1222 SARS-CoV-2
vaccines compared with those receiving vedolizumab, a gut-
selective biologic."”®> Additional studies investigating the
effectiveness of COVID-19 vaccines in IMIDs are limited and
mostly include small sample sizes. Therefore, there is a need
to integrate findings across studies to better understand the
effectiveness of COVID-19 vaccines in patients with IMIDs.
In this systematic review and meta-analysis, our aim was to
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WHAT YOU NEED TO KNOW

BACKGROUND AND CONTEXT

Some medications used to treat immune-mediated
inflammatory diseases increase the risk of coronavirus
disease 2019 and also hamper vaccine response, but
little is known about the effectiveness of coronavirus
disease 2019 vaccines in patients with immune-
mediated inflammatory diseases.

NEW FINDINGS

Patients with immune-mediated inflammatory diseases
had low serologic response after both doses of
messenger RNA vaccines, which was lower compared
with controls. Anti-cluster of differentiation 20 and anti-
tumor necrosis factor therapies were associated with
lower serologic responses.

LIMITATIONS

Continued studies assessing both humoral and cellular
immunity to the various types of vaccine will be required
to assess both vaccine effectiveness and durability.

IMPACT

The results of our study suggest that patients with
immune-mediated  inflammatory  diseases  should
complete the vaccine series without delay and support
the Food and Drug Administration decision that patients
with  immune-mediated inflammatory diseases on
immunosuppressives need a third dose.

determine the serologic response rate to COVID-19 vacci-
nation in patients with IMIDs.

Materials and Methods
Search Strategy and Study Selection

This meta-analysis was conducted according to an a priori-
defined protocol that is in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
guideline."* The protocol of this meta-analysis was submitted
to the International Prospective Register of Systematic Reviews
(PROSPERO)."> We searched PubMed/MEDLINE, Embase, and
medRxiv  (https://www.medrxiv.org/) from inception to
August 1, 2021, to identify studies assessing the response to
COVID-19 vaccination in patients with IMIDs.

We considered for inclusion observational studies reporting
the outcomes of COVID-19 vaccination in IMIDs patients. There
were no restrictions regarding age, sex, or duration of the
study. We imposed no geographic or language restrictions. Two
authors (A.L, A.S.) independently screened each of the potential
studies to determine whether they were eligible for inclusion.
Areas of disagreement or uncertainty were resolved by
consensus among the authors.

Studies were identified with the following terms: “COVID-
19,” “SARS-CoV-2,” “vaccine,” “immunization,” “inflammatory
bowel diseases” or “rheumatoid arthritis” or “psoriasis” or
“rheumatic diseases” or “systemic lupus erythematosus,” “

pso-
riatic arthritis,” “ankylosing spondylitis,” “Crohn’s disease,”
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“ulcerative colitis” or “multiple sclerosis,” “immune mediated
diseases,” or “autoimmune diseases.”

A search was also performed of bibliographies of identified
articles for additional references. Abstracts of Digestive Disease
Week 2021, European Crohn’s and Colitis Organisation 2021,
and the Annual Meeting of the American Academy of Neurology
2021 were also searched because they were held after the
vaccines became available. The search was restricted to human
studies. Manuscripts published in languages other than English
were translated if necessary. Single case reports were excluded.
Studies that reported only adverse outcomes to COVID-19
vaccination were excluded. The search strategy is described
in Figure 1, and the PubMed/MEDLINE search strategy is
summarized in Supplementary Table 1.

Data Extraction and Quality Assessment

All data were independently abstracted in duplicate by 2
authors (A.L, A.S.) by using a data extraction form. Data on the
study characteristics, including author name, year of publica-
tion, study design, duration, study location, sample size, diag-
nosis of IMIDs, concomitant medication use, age and sex of
patients, type and frequency of vaccination, and type and
outcome of serologic testing were collected. We divided medi-
cation use into the following 3 categories: (1) GCs, (2)
csDMARDs, and (3) b/tsDMARDs.® Budesonide, which is used
as an ileal release form in IBD, was not included in the GCs
when data were available. ¢csDMARDs included hydroxy-
chloroquine, chloroquine, thiopurines, cyclophosphamide,
cyclosporine, tacrolimus, leflunomide, methotrexate,
mycophenolate mofetil/mycophenolic acid, and sulfasalazine.
b/tsDMARDs included abatacept, belimumab, cluster of differ-
entiation (CD) 20, interleukin (IL)1, IL6, IL12/23, IL23, IL17,
TNF, «487 integrin, and Janus kinase inhibitors. We also
divided b/tsDMARDs into monotherapy and b/tsDMARDs-
csDMARDs combination therapy if studies separately pre-
sented the data. If not, we considered b/tsDMARDs as used as a
monotherapy.

The risk of bias of included studies was assessed using the
Joanna Briggs Institute Critical Appraisal Checklist."® We rated
the quality of evidence according to the Grades of Recom-
mendation, Assessment, Development and Evaluation (GRADE)
approach to assess the certainty of evidence obtained from the
present meta-analysis.17

Outcome Assessment

The primary outcome was the rate of serologic response to
COVID-19 vaccination in patients with IMIDs. Response was
assessed separately after 1 or 2 doses of vaccine when data
were available. The secondary outcome of interest was the rate
of serologic response in patients with IMIDs compared with
control patients without IMIDs. We extracted the number of
patients who achieved an above cutoff antibody level among
the total number of patients tested in each study. Using a
common cutoff value between studies was not possible because
each study used a different serologic testing method. When
tests were performed multiple times in a study, we chose the
date closest to 4 weeks after the vaccination.

To conduct subgroup analyses with each disease, we clas-
sified IMIDs based on the target organ, such as digestive,
musculoskeletal, urinary (kidney), and integumentary systems.
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1912 articles identified through
database searching:
PubMed/MEDLINE (961)
EMBASE (471)
medRxiv (480)

1825 articles excluded after initial
review

62 articles were excluded:

42 articles: no available or usable data
regarding the outcomes of COVID-19
vaccine

11 articles: data not related to
autoimmune diseases

9 articles: data duplicated with another
study

87 articles assessed for eligibility

25 articles were included for
analysis of the rate of serologic
response to COVID-19 vaccines

Figure 1. Flow chart of the assessment of the studies iden-
tified in the meta-analysis.

Diseases of the digestive system were categorized into IBD.
Rheumatic diseases included rheumatoid arthritis, systemic
lupus erythematosus, psoriatic arthritis, spondyloarthritis,
ankylosing spondylitis, vasculitis, polymyalgia rheumatica,
Sjogren’s syndrome, systemic sclerosis, and other autoimmune-
mediated diseases, including Behget's disease, sarcoidosis,
vasculitis, and inflammatory myopathies. Diseases of the skin
were categorized as psoriasis/autoimmune skin diseases.
Immune-mediated kidney diseases included antineutrophil
cytoplasmic antibody-associated vasculitis, minimal change
disease/focal and segmental glomerulosclerosis, and membra-
nous nephropathy. Studies that included various IMIDs were
classified as mixed group.

Subgroup analyses or meta-regression according to type of
vaccine, age, disease, or medication use were undertaken when
data were available.

Statistical Analysis

We undertook a meta-analysis of the rate of serologic
response to COVID-19 vaccination among individuals with
IMIDs from observational studies by using a random-effects
model. Inverse variance of each study’s effect estimator was
used to allocate the weight to each study in the synthesis. The
presence of heterogeneity across studies was assessed by using
the I? statistic. An I* value of <25% indicates low heteroge-
neity, 25% to 75% as moderate heterogeneity, and >75% as
considerable heterogeneity.'® Heterogeneity was evaluated by
using Cochran’s Q-statistics with a significance level of P <
.10."° Begg’s and Egger’s tests were performed to assess pub-
lication bias, and funnel plots were constructed to visualize
asymmetry when >3 studies were available.?”?" Univariate and
multivariate meta-regression models were used to assess the
contributions of each of potential risk factors and medication
class to the outcome of vaccine response. Multivariate meta-
regression was undertaken with the variables that had a P <
.05 on univariate meta-regression. When the number of avail-
able studies for each analysis was <10, funnel plot construction
and meta-regression analysis were undertaken for reference
purposes due to its low reliability.
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We included preprints because they form a substantial part
of the available COVID-19 evidence, but due to their lack of peer
review, we conducted a sensitivity analysis by excluding pre-
prints.”> We also performed one study-removed analyses to
assess whether the results are strongly influenced by any single
study. When comparing serologic response to controls, zero-
event studies were excluded from analysis, but we also per-
formed sensitivity analysis including all studies by applying the
standard continuity correction of 0.5 to 0-event studies.**

Statistical analyses were performed using Comprehensive
Meta Analysis Software version 3 (Biostat, Englewood, NJ). All
statistical tests, except for the Q statistics, used a 2-sided P
value of .05 for significance.

Data Sharing and Access

Data will be made available upon request to the corre-
sponding author. All authors had access to the study data and
reviewed and approved the final manuscript.

Patient and Public Involvement

We did not directly include patient and public involvement
in this study. Patients were not invited to comment on the
study design and were not consulted to interpret the results.
Patients were not invited to contribute to the writing or editing
of this manuscript.

Ethics Statement
This study did not involve human participants, so ethics
approval by an Institutional Review Board was not needed.

Results

Study Characteristics

We identified 1912 citations through the literature
search and excluded 1825 titles and abstracts after initial
screening. We assessed 87 studies for eligibility, and 25
articles including 5360 patients met eligibility criteria
(Figure 1). As reported in Table 1, 12 were full-text
articles,>?*3* 9 were correspondence/letters,35’43 and 4
were preprints.**™*” Eleven studies included patients with
rheumatologic diseases,?”?832-3%36384042,4346 4 ot\djes
included patients with IB 2647 2 studies included pa-
tients with psoriasis,®**® 1 study included patients with
immune-mediated kidney diseases,*” and 7 studies included
patients with various IMIDs 2 4293137414445 of the 25
studies, 23 used BNT162b2 (Pfizer-BioNTech; Pfizer, New
York, NY) or mRNA-1273 (Moderna, Cambridge, MA). Three
studies included 50% to 75.9% of patients who used ChA-
dOx1 nCoV-19/AZD1222 (Oxford-AstraZeneca, Cambridge,
United Kingdom), and data were separately reported.'*>7*¢
Three studies included a small proportion (1.8%-17.2%) of
patients who used Ad26.COV2.S (Janssen/Johnson & John-
son, New Brunswick, N]),‘“’“‘47 but data were not reported
separately, so these studies were included in the analyses of
mRNA vaccines. Two studies used CoronaVac (Sinovac,
Beijing, China) only.>’** One study included patients who
used BBV152 (Covaxin; Bharat Biotech, Hyderabad, India),
and data were separately reported.*®

13,25
D, 7
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For the analyses on the rate of serologic response to COVID-
19 vaccination, 6 and 20 studies were available for assessment
after 1 dose!3253036-38 4nq 2 qoses!3242931-3539-46 qocac
respectively. Nine studies compared outcomes after 2 doses
against a control population without IMIDs,?” 29317334446 ¢
only 1 study that had a control population after 1 dose.>” Most
of the studies that assessed serologic response after the first
vaccination performed testing 2 to 3 weeks after vaccination.
Most studies that assessed serologic response after the second
vaccination performed testing between 1 and 3 weeks after
vaccination. Characteristics and outcomes of the included
studies are summarized in Table 1. The risk of bias of included
studies assessed using the Joanna Briggs Institute Critical
Appraisal Checklist is shown in Supplementary Table 2. Most
of the studies were of medium to high quality.

Rate of Serologic Response After a Single Dose
of Coronavirus Disease 2019 Vaccine

Eight studies (6 mRNA studies'®*>**?°=% and 2
AZD1222 studies'**’) assessed the serologic response after
the first dose of mRNA vaccine in patients with IMIDs. As
shown in Figure 24, the pooled proportion of patients
achieving a serologic response was 73.2% (95% confidence
interval [CI], 65.7-79.5) with mRNA vaccines. On multivar-
iate meta-regression, a greater proportion of patients taking
anti-TNF agents among studies was associated with lower
serologic response rates (coefficient, —2.60; 95% CI, —4.49
to —0.72; P = .0069), which likely contributed to the dif-
ference in serologic response rates and overall heteroge-
neity (I* = 93.68%) (Supplementary Table 3). In regards to
disease type, studies that included patients with IBD had a
lower rate of serologic response compared with rheumatoid
studies (49.2% vs 65.00%), which likely reflects the greater
proportion of patients using anti-TNF agents in IBD studies.
The funnel plot showed no publication bias (Begg's test P =
.26, Egger’s test P = 0.39) (Supplementary Figure 1).

Sensitivity analyses were done to assess whether indi-
vidual studies influenced the results (Supplementary
Figure 2). When individual studies were removed one at a
time from the analyses, the corresponding pooled rates
were not markedly altered by any single study (rates
ranging from 63.7% to 74.7%), confirming the stability of
the results. Specifically, when the study with the largest
sample size was removed, the result was similar. No pre-
print studies were included for this analysis, so sensitivity
analysis excluding preprints was not performed.

Two studies assessed the serologic response after the
first dose of the AZD1222 vaccine (Figure 2B). The pooled
proportion of patients achieving a serologic response was
35.7% (95% CI, 32.3%-39.3%).

Rate of Serologic Response After 2 Doses of
Coronavirus Disease 2019 Vaccine

The serologic response after 2 doses of mRNA vaccines
was assessed in 18 studies.'®?* ?%323%3239745.47 Ag shown
in Figure 34, the pooled proportion of patients achieving a
serologic response was 83.4% (95% CI, 76.8%-88.4%).
Heterogeneity was present (I = 90.31%), and multivariate




Table 1.Characteristics and Outcomes of the Included Studies

No. of No. of
Control Age of Cases, patients patients
Patient numbers and numbers and patients, Sex of patients Cases, concomitant concomitant Type of receiving 1 receiving 2
Author Country Year description description median (y) (% females) biologics/DMARDs steroids vaccine dose doses
Damiani Italy 2021 Letter 4 (psoriasis 100%) None 46.8 25 100% (secukinumab NA BNT162b2 0 4
50%, ixekizumab (Pfizer-
25%, risankizumab BioNTech)
25%) 100%
Deepak United 2021 Preprint 133 (CD 16.5%, UC 53 (HCW and Cases 45.5, Cases 74.4%, 93.20% (methotrexate 12.8% BNT162b2 0 133
States 13.5%, RA 28.6%, patients) Controls 43.4 Controls 21.8%, (Pfizer-
SpA 15%, SLE 54.7% hydroxychloroquine BioNTech)
11.3%, Sjogren’s 22.6%, MMF 6.8%, NA%,
syndrome 6.0%, MS AZA 3.0%, mRNA-1273
6.8%, etc) leflunomide 1.5%, (Moderna)
sulfasalazine 5.3%, NA%
JAK inhibitors 8.3%,
TNFi 28.6%, etc)
Geisen Germany 2021 Full- 26 (RA 31%, psoriasis/ 42 (HCW)  Cases 50.5 Cases 64.3%, 92.3% (cDMARDs 26.9% BNT162b2 0 68
text article PsA 23%, (range 24-89), Controls 30.8%, bDMARDs (Pfizer-
spondyloarthropathy Controls 37.5 69.2% 76.9%, both 11.5%) BioNTech)
12%, SLE 8%, CD (range 22-61) 92.6%,
8%, etc) mRNA-1273
(Moderna)
7.3%
Kennedy United 2021 Full- 1293 (UC 57.2%, CD None 43.8 (32.8-57.6) 49.2% 100% (infliximab 66.9%, 4.8% AZD1222 1293 27
Kingdom text article 42.8%) vedolizumab 33.1%, (Oxford-
immunomodulators AstraZeneca)
48.5%, mesalazine, 54.4%,
25.9%) BNT162b2
(Pfizer-
BioNTech)
45.6%
Wong United 2021 Full- 48 (UC 52%, CD 48%) 43 (HCW and Cases 48.8, Cases 50%, 85% (TNFi 33%, 6% BNT162b2 36 (22 IBD, 66 (26 IBD, 14
States text article volunteers) HCW 35.2, HCW 50%, vedolizumab (Pfizer- 0 HCW, 14 HCW, 26
Volunteers 31.5 Volunteers monotherapy 42%, BioNTech) volunteers) volunteers)
39% vedolizumab 59%,
combination therapy mRNA-1273
with thiopurine 6%, (Moderna)
ustekinumab 8%, 41%
guselkumab 2%)
Boyarsky United 2021 Letter 123 (inflammatory None 50 95% 72% (csDMARDs 19%, 3% BNT162b2 123 0
States arthritis 28%, SLE bDMARDs 14%, (Pfizer-
20%, Sjogren’s combination therapy BioNTech)
syndrome 13%, 37%) 52%,
overlap connective mRNA-1273
tissue diseases 29%) (Moderna)
48%
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Table 1.Continued

No. of No. of
Control Age of Cases, patients patients
Patient numbers and numbers and patients, Sex of patients Cases, concomitant concomitant Type of receiving 1 receiving 2
Author Country Year description description median (y) (% females) biologics/DMARDs steroids vaccine dose doses
Kappelman United 2021 Full- 317 (IBD 100%) None Mean 50.9 75.1% 95.2% (TNFi 41% BNT162b2 0 317
States text article monotherapy 34.1%, (Pfizer-
TNFi combination BioNTech)
therapy 7.6%, 6MP/ 54.6%,
AZA/MTX alone mRNA-1273
6.3%, mesalazine, (Moderna)
sulfasalazine, 45.4%
budesonide, or no
medication 20.5%,
vedolizumab
monotherapy 14.5%,
ustekinumab
monotherapy 12.3%)
Furer Israel 2021 Full- 686 (RA 38.3%, PsA 121 (mainly Cases mean: Cases 69.2%, 95.2% (MTX 25.7%, 18.95% BNT162b2 0 807
text article 24.1%, AXSpA, HCWs) 56.76, Controls TNFi 25.1%, IL6 (Pfizer-
9.9%, SLE 14.7%, Controls 64.5% inhibitors 5.4%, Anti- BioNTech)
AAV 3.8%, etc) mean: 50.76 CD20 12.7%, 100%
abatacept 2.3%, JAK
inhibitors 7.1%, IL17
inhibitors 7.0%,
MMF 4.1%)
Shenoy India 2021 Preprint 102 (RA 37.2%, 60 (Volunteers) Cases mean: Cases 77.2%, 100% (MTX 56.9%, 19.9% AZD1222 0 162
palindromic autoimmune Controls sulfasalazine 19.6%, (Oxford-
rheumatism 16.7%, 52, other 93.3% leflunomide 8.8%, AstraZeneca)
inflammatory RMD 54.12, hydroxychloroquine 75.9%,
polyarthritis 15.7%, Controls mean: 69.6%, tofacitinib BBV152
spondyloarthropathies ChAdOx1 5.9%, rituximab (Covaxin)
12.7%, SLE 8.8%, 43.60, 5.9%, MMF 4.9%, 241%
vasculitis 5.9%, BBV152 etc)
scleroderma 2.9%, 44.20

myositis 1.0%)
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Table 1.Continued

No. of No. of
Control Age of Cases, patients patients
Patient numbers and numbers and patients, Sex of patients Cases, concomitant concomitant Type of receiving 1 receiving 2
Author Country Year description description median (y) (% females) biologics/DMARDs steroids vaccine dose doses
Haidar United 2021 Preprint 160 (IBD 38.1%, 107 (HCWs) Cases mean: Cases 70%, 48.1% (TNFi 45%, anti- NA Overall 0 267
States rheumatologic 54.2, Controls CD20 3.1%) population:
tdiseases 45.6%, Controls mean: 72.0% mRNA-1273
other 16.3%) 43.7 (Moderna)
48.5%,
BNT162b2
(Pfizer-
BioNTech)
49.7%,
Ad26.COV2.S
(Janssen/
Johnson &
Johnson)
1.8%
Haberman United 2021 Full- 26 (psoriasis/PsA 47.1%, 51 (Healthy Cases No MTX Cases 70.6%, 100% (MTX 49.0%, TNFi 5.9% BNT162b2 0 77
States text article RA 43.1%, other subjects) mean: 49.1, Controls 39.2%, other (Pfizer-
(vasculitis, MTX mean: 61.5% anticytokines/JAK BioNTech)
dermatomyositis, 63.2, inhibitors 19.6%, 100%
adult-onset Still’s Controls immunomodulators
disease, sarcoidosis mean: 49.2 25.5%)
and polymyalgia
rheumatica) 9.8%)
Mahil United 2021 Full- 84 (Psoriasis 100%) 17 (Volunteers) 43.0 (IQR 31.0- 44.5% 100% (MTX 20.2%, TNFi 0% BNT162b2 94 0
Kingdom text article 52.0) 32.1%, IL17 (Pfizer-
inhibitors 17.9%, BioNTech)
IL23 inhibitors 100%
29.8%)
Simon Germany 2021 Full- 84 (SpA 32.1%, RA 182 (Clinic  Cases mean Cases 65.5%, 66.7% (csDMARDs 11.9% BNT162b2 NA 266
text article 29.8%, IBD 9.5%, patients) 53.1, Controls monotherapy 23.9%, (Pfizer-
psoriasis 9.5%, Controls 571% bDMARDs/ BioNTech)
systemic 19.1%) mean 40.8 tsDMARDs 42.9%) 100%
Al-Janabi United 2021 Letter 120 (psoriasis 89.2%, None 53 (IQR 33-73) 40.8% 74.2% (biologics 67.5%, 2.5% BNT162b2 120 0
Kingdom PsA 20.8%, RA immunomodulators (Pfizer-
8.3%, SLE 0.83%, 25.8%, biologic and BioNTech)
CD 2.5%) immunomodulator 50%,
6.7%) AZD1222
(Oxford-
AstraZeneca)
50%
Bugatti Italy 2021 Letter 120 (RA 57.5%, PsA None Mean 56.7 67.5% 100% (csDMARDs 39.2% BNT162b2 120 0
21.7%, SpA 20.8%) 55.8%, b/tsDMARDs (Pfizer-
100%) BioNTech)
100%
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Table 1.Continued

No. of No. of
Control Age of Cases, patients patients
Patient numbers and numbers and patients, Sex of patients Cases, concomitant concomitant Type of receiving 1 receiving 2
Author Country Year description description median (y) (% females) biologics/DMARDs steroids vaccine dose doses
Braun- Israel 2021 Full- 264 (inflammatory None Mean 57.6 76% 100% (csDMARDs 34.8% BNT162b2 0 156
Moscovici text article arthritis 57.8%, 60.6%, b/tsDMARDs (Pfizer-
connective tissue 67.4%, colchicine BioNTech)
diseases 33.0%, 2.3%, nintedanib 100%
vasculitis 7.2%, 1.1%, combination
other 2.3%) therapy 36.0%)
Demoulin Belgium 2021 Letter 11 (AAV 63.6%,Minimal None 38 (IQR 36-61) 45.5% 100% (rituximab 0% BNT162b2 0 11
change disease/focal monotherapy 100%) (Pfizer-
and segmental BioNTech)
glomerulosclerosis 100%
27.3%, membranous
nephropathy 9.1%)
Seyahi Turkey 2021 Full- 104 (RA 18.3%, SLE 347 (HCWs, Cases HCWs Cases 66.3%, 68.3% (biologics 30.8%, 16.3% CoronaVac 0 451
text article 8.7%, Sjogren’s elderly mean 42.2, Controls csDMARDs 26.0%, (Sinovac)
syndrome 6.7%, patients) Elderly 62.5% colchicine 15.4%, 100%
polymyositis 1.0%, patients hydroxychloroquine
ankylosing mean 71.4, 11.5%)
spondylitis 16.3%, Controls HCWs
psoriasis/PsA 6.7%, mean 41.7,
IBD 4.8%, vasculitis Elderly
6.7%, MS 4.8%, etc) patients
mean 70.9
Ruddy United 2021 Letter 404 (inflammatory None 44 (IQR 36-57) 95.3% 100% 29.0% BNT162b2 0 404
States diseases 44.6%, SLE (hydroxychloroquine (Pfizer-
21.5%, Sjogren’s 42.1%, MTX 23.3%, BioNTech)
syndrome 4.7%, TNFi 24.3%, 49.0%,
myositis 5.9%, belimumab 13.9%, mRNA-1273
SSc 0.5%, vasculitis mycophenolate (Moderna)
2.0%, overlap 10.1%, AZA 8.7%, IL 51.0%

connective tissue
disease 20.8%)

inhibitors 7.7%, etc)
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Table 1.Continued

No. of No. of
Control Age of Cases, patients patients
Patient numbers and numbers and patients, Sex of patients Cases, concomitant concomitant Type of receiving 1 receiving 2
Author Country Year description description median (y) (% females) biologics/DMARDs steroids vaccine dose doses
Mrak Austria 2021 Full- 74 (IgG4-related disease 10 (Healthy Mean 61.7 77.0% 100% (rituximab 100%, 29.7% Cases 0 84
text article 2.7%, Connective blood MTX 32.4%, MMF BNT162b2
tissue diseases donors) 10.8%, (Pfizer-
29.7%, RA 44.6%, Hydroxychloroquine BioNTech)
Vasculitis 23.0%) 9.5%, AZA 6.8%, 82.4%,
Leflunomide 5.4%, mRNA-1273
Sulfasalazine 1.4%, (Moderna)
Ig therapy 4.1%) 17.6%,
Controls
BNT162b2
(Pfizer-
BioNTech)
100%
Chung United 2021 Corres- 15 (AAV 26.7%, RA None 57 (IQR 46-65) 66.7% 100% (rituximab 93.3%, 40% mRNA vaccines 0 15
States pondence 26.7%, SSc 20%, belimumab 6.7%, (BNT162b2
SLE 13.3%, IgG4- MTX 20%, MMF or mRNA-
related disease 20%, hydroxy 1273) 93.3%,
6.7%, IgA vasculitis chloroquine 13.3%) Ad26.COV2.S
6.7%) (Janssen/
Johnson &
Johnson)
6.7%
Spiera United 2021 Letter 89 (RA 25.8%, None Mean 61.3 76.4% 100% (csDMARDs 19.1% BNT162b2 6 83
States SLE 10.1%, 62.9%, bDMARDs (Pfizer-
Sjogren’s 52.6%) BioNTech)
syndrome 57.3%,
11.2%, SSc mRNA-1273
5.6%, PsA (Moderna)
6.7%, 42.7%
granulomatosis with
polyangiitis 13.5%,
giant cell arteritis
2.2%, etc)
Ammitzbell Denmark 2021 Report 134 (RA 54.5%, SLE None SLE 60.2 IQR  67.2% RA 100%, SLE 91.8% 27.6% BNT162b2 0 134
45.5%) 46.3-67.1), (Pfizer-
RA 70.3 (IQR BioNTech)
66.9-73.5) 100%
Medeiros- Brazil 2021 Full- 910 (chronic 182 (HCWs) Cases 51 (IQR  Cases 76.9%, 100% (Biologics 35.3%, 38.2% CoronaVac 0 1038
Ribeiro text article inflammatory arthritis 40-60), Controls Immunosuppressive (Sinovac)
(RA, AXSpA, PsA) Controls (50, 76.9% drugs 63.0%, 100%

49.6%, other ARD
(SLE, primary

vasculitis, SSc, pSS,

IIM, PAPS) 50.4%)

IQR 41-60)

Hydroxychloroquine
29.6%, Sulfasalazine
8.0%)
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Table 1.Continued

No. of No. of
Control Age of Cases, patients patients
Patient numbers and numbers and patients, Sex of patients Cases, concomitant concomitant Type of receiving 1 receiving 2
Author Country Year description description median (y) (% females) biologics/DMARDs steroids vaccine dose doses
Dailey United 2021 Preprint 29 (IBD 100%) None Entire study Entire study 100% (vedolizumab NA mRNA vaccines 0 29
States Mean 17.0 42.0%, monotherapy [4, (BNT162b2
(range 2-26), Vaccinated IBD 18.8%, infliximab or mRNA-
Vaccinated IBD cohort NA monotherapy [22, 1273) 82.8%,
patients NA 75.9%)], infliximab + Ad26.COV2.S
MTX [3, 10.3%]) (Janssen/
Johnson &
Johnson)
17.2%
After 1 dose After 2 doses
Test used to check Cases Controls Controls Cases Controls Cases Ab Controls Ab
Author antibody response Timing of test responders responders  Cases Ab titers  Ab titers responders responders titers titers
Damiani Anti-S1-receptor After the second 100% (4/4)
binding domain vaccination (days
IgG against SARS- not specified)
CoV-2
Deepak Anti-S IgG 1-2 weeks post- Overall 88.7% 98% (52/53)  33% compared NA
quantification vaccination (mean (118/133), 92% to controls
performed using 8.5 days) in cases not
enzyme-linked taking steroids
immunosorbent (107/116), 65%
assay in cases taking
steroids (11/17)
Geisen IgG antibodies against 7 days after the second 100% (26/26) 100% (42/42) 2053 + 1218 2685 + 1102
the SARS-CoV-2 vaccination (binding (binding
S1 antigen antibody antibody
(EUROIMMUN units) units)
QuantiVac)
Kennedy Antibodies (including 3-10 weeks after the Total 38.2% BNT162b2: BNT162b2 85.2% 158 U/mL in -
1gG) to the SARS- first vaccination (494/1293) infliximab (23/27) infliximab,
CoV-2 spike (S) ADZ1222 GMT 191 U/ 562 U/mL in
protein receptor 33.0% mL (SD 12.5), vedolizumab
binding domain (232/704) vedolizumab
(Roche Elecsys BNT162b2 GMT 1865 U/
Anti-SARS- 44.5% mL (SD 8.0),
CoV-2 §) (262/589) ADZ1222:
Infliximab
GMT 185 U/
mL (SD 9.3),
vedolizumab
GMT 752 U/
mL (SD 12.5)
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Table 1.Continued

Author

Test used to check
antibody response

Timing of test

After 1 dose

After 2 doses

Cases
responders

Controls Cases
Cases Ab titers  Ab titers responders

Wong

Boyarsky

Kappelman

Furer

Shenoy

Siemens Healthineers
COV2T and
sCOVG assays

which test for total

immunoglobulins

IBD patients: 14 (3-28)
days after the first
vaccination, 18 (2—
36) days after the
second vaccination

(lgs) and 1gG to the HCW: 30 (7-37) days

receptor binding
domain of the
SARS-CoV-2 S
protein, Roche
assay for
antibodies to
nucleocapsid
protein, In-house
ELISA testing for
1gG against full-
length S protein

Antibodies (including
IgG) to the SARS-
CoV-2 spike (S)
protein receptor
binding domain
(Roche Elecsys
Anti-SARS-
CoV-2 §)

LabCorp Cov2Quant
IgG assay

DiaSorin LIAISON
SARS-CoV-2 anti-
S1/S2 IgG assay

Roche commercial
chemiluminescent
assay

after second the
vaccination
Volunteers: 9 (1-40)
days after the first
vaccination, 8
(6-18) days after
the second
vaccination

22 (18-26) days after
the first vaccination

Median 64.0 days (IQR
59.0-2.5) after
second vaccination

2-6 weeks after
second vaccination

Cases: Mean 27.6 days
(SD 11.7) after
second
vaccination;

Controls: Mean 43
days (SD 10.6) after
second
vaccination’

67% (6/9)

74.0% (91/123)

NA NA 100% (26/26)

94.6% (300/317)

86.0% (590/686)

Total 90.2%
(92/102),
AZD1222 93.5%
(87/93),
BBV152 55.6%

(5/9)

Controls Cases Ab Controls Ab
responders titers titers
100% (40/40)  Similar titers to NA

controls
Median: 17.0 ug/mL
(IQR 7.8-30.0)
Mean: 28.6 ug/mL
(SD 47.5)
100% (121/ Mean 132.9 Mean 218.6
121) BAU/mL BAU/mL
(SD 91.7) (SD 82.06)
ADZ1222 Median ADZ1222 Median
100% (30/ 223.60 278 (IQR
30), (IQR 205-603.12),
BBV152 76.7% 53.06— BBV152 Median

(23/30) 656.40) 73.89 (IQR

0.85-306.25)
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Table 1.Continued

After 1 dose After 2 doses
Test used to check Cases Controls Controls Cases Controls Cases Ab Controls Ab
Author antibody response Timing of test responders responders  Cases Ab titers  Ab titers responders responders titers titers
Haidar Beckman Coulter Median 78 days (IQR 83.8% (134/160) 98.1% (105/ Mean Mean
SARS-CoV-2 Spike 58-105) after 107) antibody antibody
RBD IgG platform second vaccination level: 8.2 level: 10.1
(SD 8.3) (SD 8.7)
Haberman Direct ELISA 1 week after second 42/51 25/26 No MTX Median 104,354
vaccination Median (141-601,185)
113,608
(range 25—
737,310),
MTX Median
46,901
units (range
25-694,528)
Mahil SARS-CoV-2 Spike- 28 days (+2 days) after  77.9% (60/77) 100% (17/17)  Responder Responder
specific IgG ELISA first vaccination Median Median
EC50: 43 EC50:
(IQR 25-162) 101 (IQR
55-200)
Simon Euroimmun anti-S1 More than 10 days 94.0% (79/84) 100% (182/ Mean optical Mean optical
1gG ELISA before serum 182) density density
collection 6.47 9.36
(SD 3.14) (SD 1.85)
Al-Janabi Roche Diagnostics Median: 34 days (IQR  85% (102/120), NA
Elecsys Anti- 23-46) ADZ1222
SARS-CoV-2 S 78.3%
immunoassay (47/60),
BNT162b2
91.7%
(55/60)
Bugatti DiaSorin LIAISON 21 days after first 55% (66/120) NA
SARS-CoV-2 S1/ vaccination
S2 1gG
chemiluminescent
assay
Braun-Moscovici  Abbott SARS-Cov-2 4-6 weeks after 86.0% (227/264) Mean 5830.8
1gG Il Quant second vaccination AU/mL
chemiluminescent (SD 8937)

microparticle
immunoassay
(CMIA)
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Table 1.Continued

Test used to check

Author antibody response

After 1 dose

After 2 doses

Controls
Ab titers

Controls
responders

Cases

Timing of test responders Cases Ab titers

Cases
responders

Cases Ab
titers

Controls Ab
titers

Controls
responders

Demoulin Roche Diagnostics
SARS-CoV-2 anti-
RBD electro-
chemiluminescent

immunoassay

Seyahi Roche Diagnostics
Elecsys Anti-
SARS-CoV-2

assay

Ruddy Roche Elecsys anti-
SARS-CoV-2 S
enzyme

immunoassay

Mrak Roche Diagnostics
Elecsys Anti-
SARS-CoV-2 S

immunoassay

Chung Euroimmun IgG
binding SARS-
CoV-2 spike
protein S1 assay
(14, 93.3%),
DiaSorin Liaison
SARS-CoV-2 S1/
S2 IgG assay (1,
6.7%)

Spiera Roche Elecsys anti-
SARS-CoV-2 (84,
94.4%), Siemens
healthineers SARS-
CoV-2 Total Assay
Atellica IM or
ADVIA Centaur XP/

XPT% (5, 5.6%)

Ortho Clinical
Diagnostics
VITROS
Immunodiagnostic
Products Anti-
SARS-CoV-2 Total
test

Ammitzbell

28 days after second
vaccination

30.7 +£9.0 days after
second vaccination

Median 29 days after
second vaccination

Median 21.9 days
(Range 7-49) after
second vaccination

Median 39 days (IQR
17.5-59.5) after
second vaccination

NA

1 week after second
vaccination

45.5% (5/11)

89.4% (93/104)

93.6% (378/404)

39.2% (29/74)

0% (0/15)

76.4% (68/89)

76.9% (103/134)

Median <0.8
U/mL

99.4% NA NA
(345/347)

>250 U/mL

100% (10/10)  Median 64.9 NA

U/mL (IQR
16.2-
2161.0)

NA

NA

NA
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Table 1.Continued

220z Menuep

After 1 dose After 2 doses
Test used to check Cases Controls Controls Cases Controls Cases Ab Controls Ab
Author antibody response Timing of test responders responders  Cases Ab titers  Ab titers responders responders titers titers
Medeiros-Ribeiro  DiaSorin LIAISON 28 and 69 days after Day 28 18.7% Day 28 34.6%  Day 28 Day 28
SARS-CoV-2 S1/ second vaccination (161/859), (62/179), geometric geometric
S2 1gG Day 69 70.4% Day 69 95.5% mean titer: mean titer:
chemiluminescent (605/859) (171/179) 5.1 AU/mL 10.3 AU/mL
assay (4.7-5.5) (8.5-12.5)
Day 69 Day 69
geometric geometric
mean titer: mean titer:
10.3 AU/mL 67.0 AU/mL
(8.5-12.5) (59.8-74.9)
Dailey Fluorescent bead- mRNA vaccines: mean 29/29 NA
based 3.3 weeks (range
immunoassay, flow 1-10) after second
cytometry vaccination,

adenovirus vector
vaccine: mean 3.1
weeks (range 1.6-
3.6) after second
vaccination

6MP, 6-mercaptopurine; AAV, antineutrophil cytoplasmic antibody (ANCA)-associated vasculitis; Ab, antibody; ARD, autoimmune rheumatic diseases; AxSpA, axial
spondyloarthritis; AZA, azathioprine; CD, Crohn’s disease; DMARD, disease-modifying antirheumatic drug; ELISA, enzyme-linked immunosorbent assay; HCW, health care
worker; lg, immunoglobulin; 1M, idiopathic inflammatory myopathy; IQR, interquartile range; JAK, Janus kinase; MMF, mycophenolate mofetil; MS, multiple sclerosis; MTX,
methotrexate; NA, not available; PAPS, primary antiphospholipid syndrome; PsA, psoriatic arthritis; pSS, primary Sjégren’s syndrome; RA, rheumatoid arthritis; SD,
standard deviation; SLE, systemic lupus erythematosus; SpA, spondyloarthritis; SSc, systemic sclerosis; TNFi, TNF inhibitors; UC, ulcerative colitis.
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A. Serologic response after one dose of vaccine: mRNA vaccines

Subgroup Study Event rate and 95% Cl
Event Lower Upper Relative
rate limit limit Total weight
IBD Kennedy 0.445 0.405 0.485 262 /589 - 79.47
Wong 0.667 0.333 0.889 6/9 E — 20.53
Subtotal 0.492 0.319 0.666 268 / 598 e,
Psoriasis Mahil 0.779 0.673 0.858 60/77 —= 100.00
Subtotal 0.779 0.673 0.858 60/77 -
Rheumatoid Boyarsky 0.740 0.655 0.810 91/123 — 49.40
° Bugatti 0.550 0.460 0.637 66/ 120 S 50.60
= Subtotal 0.650 0.448 0.809 157 / 243 B
gE, Mixed Al-Janabi 0.917 0.815 0.965 55/ 60 —= 100.00
= Subtotal 0.917 0.815  0.965 55/ 60 -
EI Overall 0.732 0.657 0.795 540/ 978 -
0.00 0.50 1.00
IBD Heterogeneity: = 39.43%, Q = 1.65, P = .20
Psoriasis Heterogeneity: 2 =0%, Q =0, P = 1.00
Rheumatoid Heterogeneity: 12 = 89.36%, Q = 9.39, P = .0022
Mixed Heterogeneity: 2= 0%, Q=0, P = 1.00
Overall Heterogeneity: /? = 93.68%, Q = 79.11, P < .001
B. Serologic response after one dose of vaccine: AZD1222
Subgroup Study Event rate and 95% Cl
Event Lower Upper Relative
rate limit limit Total weight
IBD Kennedy AZD 0.330 0.296 0.365 232/ 704 - 100.00
Subtotal 0.330 0.296 0.365 232 /704 >
Mixed Al-Janabi AZD 0.783 0.662 0.870 47/ 60 = 100.00
Subtotal 0.783 0.662 0.870 47 / 60 —
Overall 0.357 0.323 0.393 279/ 764 A d
0.00 0.50 1.00

IBD Heterogeneity: 2=0%, Q=0, P = 1.00
Mixed Heterogeneity: 2= 0%, Q =0, P = 1.00
Overall Heterogeneity: I = 97.37%, Q = 38.06, P < .001

Figure 2. (A) Meta-analysis of serologic response after 1 dose of mMRNA vaccine. (B) Meta-analysis of serologic response after
1 dose of AZD1222 vaccine. The size of the solid squares denotes the mean difference, and the horizontal lines represent the
95% Cls. The diamond denotes the weighted mean difference, and the lateral tips of the diamond indicate the associated Cls.

meta-regression showed that a greater proportion of pa-
tients taking anti-CD20 therapies was associated with lower
serologic response rates (coefficient, —6.08; 95% CI —9.40
to —2.76; P < .001). Older age was also associated with
lower serologic response rates (coefficient, —0.044; 95%
CI, —0.083 to —0.0050; P = .027), but the coefficient was
very small. Anti-TNF agent use among studies was associ-
ated with numerically, but not statistically, lower serologic
response rates (coefficient, —3.19; 95% CI, —6.48 to 0.10;
P =.058) (Supplementary Table 4). The funnel plot showed
no publication bias (Begg’s test P = .79, Egger’s test P = .90)
(Supplementary Figure 3).

Sensitivity analysis that excluded 3 preprint studies
(Supplementary Figure 44)***>*” demonstrated a serologic

response rate similar to when they were included (81.2% vs
83.4%). Remove-one study analysis also showed that pooled
rates were not markedly altered by any single study
(Supplementary Figure 4B).

Only a small number of studies reported the serologic
response after 2 doses of other vaccine types (Figure 3B-D).
The rates were 93.5% (95% CI, 86.4%-97.1%), 22.9% (95%
CI, 20.1%-25.9%), and 55.6% (95% CI, 25.1%-82.3%) with
AZD1222 (1 study®®), CoronaVac (2 studies’™*?), and
BBV152 (1 study®®), respectively. The low response rate
seen with CoronaVac is due to 1 study reporting a low rate
at 28 days after the vaccination.®” Interestingly, this study
reported a higher response rate at 69 days after the
vaccination.
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A. Serologic response after two doses of vaccine: mRNA vaccines

Subgroup Eventrate and 95%Cl :
Study Event Lower Upper Relative
rate limit  limit Total weight
IBD Kennedy 0.852 0.665 0.943 23/27 _— 31.88
Wong 0.981 0.764 0.999 26/26 _— 8.19
Kappelman 0.946 0.915 0.966 300/ 317 = 51.73
Dailey 0.983 0.783 0.999 29/29 — 8.20
Subtotal 0.937 0.863 0.972 378/ 399 -,
IM kidney disease Demoulin 0.455 0.203 0.732 5/11 100.00
Subtotal 0.455 0.203 0.732 5/11
Psoriasis Damiani 0.900 0.326 0.994 4/4 —_— 100.00
Subtotal 0.900 0.326 0.994 a/a R
Rheumatoid Furer 0.860 0.832 0.884 590/ 686 - 15.11
Haberman 0.824 0.694 0.906 42/51 —_— 12.86
Braun-Moscovici 0.860 0.813 0.897 227/ 264 - 14.71
Ruddy 0.936 0.907 0.956 378 /404 - 14.51
Mrak 0.392 0.288 0.507 29/74 — 14.21
Spiera 0.764 0.665 0.841 68/89 — 14.10
Ammitzbgll 0.769 0.690 0.832 103/134 — 14.50
Subtotal 0.803 0.683 0.885 1437 / 1702 -
Mixed Deepak 0.887 0.821 0.931 118/133 - 28.92
Geisen 0.981 0.764 0.999 26/26 — 8.25
Haidar 0.838 0.772 0.887 134/ 160 - 30.04
Simon 0.940 0.865 0.975 79/84 - 24.61
Chung 0.031 0.002 0.350 0/15 [ 8.17
Subtotal 0.899 0.687 0.973 357/418 —alify
Overall 0.834 0.768 0.884 2181/2534 <&
0.00 0.50 1.00
IBD Heterogeneity: /2 =42.77%, Q=5.24, P = .16
IM kidney disease Heterogeneity: /2= 0%, Q =0, P =1.00
Psoriasis Heterogeneity: /2=0%, Q =0, P = 1.00
Rheumatoid Heterogeneity: /2 = 94.72%, Q = 113.56, P < .001
Mixed Heterogeneity: / = 81.10%, Q = 21.16, P < .001
Total Heterogeneity: F = 90.31%, Q = 175.54, P < .001
B. Serologic response after two doses of vaccine: AZD1222
Subgroup Study Event rate and 95%Cl
Event Lower Upper Relative
rate limit  limit Total weight
Rheumatoid Shenoy AZD 0.935 0.864 0.971 87/93 - 100.00
Subtotal 0.935 0.864 0.971 87/93 <
Overall 0.935 0.864 0.971 87/93 <
0.00 0.50 1.00
Total Heterogeneity: 2= 0%, Q =0, P = 1.00
C. Serologic response compared to controls after two doses of vaccine: Coronavac
Subgroup Study Event rate and 95% CI
Event Lower Upper Relative
rate limit  limit Total weight
Rheumatoid Medeiros-Ribeiro CV 0.187 0.163 0.215 161/ 859 u 100.00
Subtotal 0.187 0.163 0.215 161/ 859 *
Mixed Seyahi CV 0.894 0.819 0.940 93/104 -= 100.00
Subtotal 0.894 0.819 0.940 93/104 <
Overall 0.229 0.201 0.259 254 /963 *
0.00 0.50 1.00
Rheumatoid Heterogeneity: 2= 0%, Q =0, P = 1.00
Mixed Heterogeneity: 12=0%, Q =0, P = 1.00
Total Heterogeneity: I = 99.16%, Q = 118.67, P < .001
D. Serologic response compared to controls after two doses of vaccine: BBV152
Subgroup Study Event rate and 95% CI
Event Lower Upper Relative
rate limit  limit Total weight
Rheumatoid Shenoy BBV152 0.556 0.251 0.823 5/9 —l— 100.00
Subtotal 0.556 0.251 0.823 5/9 ‘#
Overall 0.556 0.251 0.823 5/9 —b—
0.00 0.50 1.00

Total Heterogeneity: > = 0%, Q =0, P = 1.00

Figure 3. (A) Meta-analysis of serologic response after 2 doses of mMRNA vaccine. (B) Meta-analysis of serologic response after
2 doses of AZD1222 vaccine. (C) Meta-analysis of serologic response after two doses of CoronaVac vaccine. (D) Meta-
analysis of serologic response after 2 doses of BBV152 vaccine. The size of the solid squares denotes the mean differ-
ence, and the horizontal lines represent the 95% Cls. The diamond denotes the weighted mean difference, and the lateral tips
of the diamond indicate the associated Cls. IM, immune-mediated.
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A. Serologic response compared to controls after one dose of vaccine: mRNA vaccine

Subgroup Study 0Odds ratio and 95% CI
Odds Lower Upper Immune Relative
ratio limit limit diseases Control weight
Psoriasis Mahil 0.099 0.006 1.727 60/77 17/17 4 100.00
Overall 0.099 0.006 1.727 60/77 17 /17 0—+—
0.01 0.1 1 10 100
Immune diseases Control
Overall P = 0.11, Heterogeneity: 2= 0%, Q =0, P = 1.00
B. Serologic response compared to controls after two doses of vaccine: mRNA vaccine
Subgroup Study 0dds ratio and 95% CI
0Odds Lower Upper Immune Relative
ratio limit limit diseases Control weight
Rheumatoid Furer 0.025 0.002  0.408 590/ 686 121/121 27.33
Haberman 0.187 0.022 1.562 42/51 25/26 47.00
Mrak 0.031 0.002  0.547 29/74 10/ 10 25.67
Subtotal 0.068 0.016  0.292 661/ 811 156 / 157 e —
Mixed Deepak 0.151 0.019 1.176 118/133 52/53 28.84
Haidar 0.098 0.023 0.423 134 /160 105 / 107 E—— 56.82
Simon 0.040 0.002  0.725 79/84 182/182 14.35
Subtotal 0.098 0.032 0294 331/377 339/342 e
Overall 0.086 0.036 0.206 992 /1188 495 / 499 T —R—
0.01 0.1 1 10 100
Rheumatoid P <0.001, Heterogeneity: > = 0%, Q = 1.65, P = .44 Immune diseases Control
Mixed P <0.001, Heterogeneity: /2 = 0%, Q = 0.55, P =.76
Overall P <0.001, Heterogeneity: I = 0%, Q = 2.34, P = .80
C. Serologic response compared to controls after two doses of vaccine: AZD1222
Subgroup Study 0dds ratio and 95% CI
Odds Lower Upper Immune Relative
ratio limit limit diseases Control weight
Rheumatoid Shenoy AZD 0.221 0.012  4.034 87/93 30/30 100.00
Overall 0.221 0.012 4.034 87/93 30/30
0.01 0.1 10 100
Immune diseases Control
P =0.31, Heterogeneity: > = 0%, Q = 0, P = 1.00
D. Serologic response compared to controls after two doses of vaccine: Coronavac
Subgroup Study 0dds ratio and 95% CI
0Odds Lower Upper Immune Relative
ratio limit limit diseases Control weight
Rheumatoid Medeiros-Ribeiro CV 0.435 0.306  0.619 161/ 859 62/179 =l 100.00
Subtotal 0.435 0.306 0.619 161/ 859 62/179 -
Mixed Seyahi CV 0.049 0.011  0.225 93/104 345 /347 100.00
Subtotal 0.049 0.011  0.225 93 /104 345 /347
Overall 0.390 0.276  0.549 254 /963 407/ 526 -
0.01 0.1 10 100
Rheumatoid P <0.001, Heterogeneity: 12 = 0%, Q = 0, P = 1.00 imine diseases Cantrol
Mixed P <0.001, Heterogeneity: /2= 0%, Q =0, P = 1.00
Overall P <0.001, Heterogeneity: I? = 86.65%, Q = 7.49, P = .0062
E. Serologic response compared to controls after two doses of vaccine: BBV152
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Figure 4. Meta-analysis of serologic response compared with controls after (A) 1 dose of after (B) 2 doses of mMRNA vaccine.
after (C) 2 doses of AZD1222 vaccine, after (D) 2 doses of CoronaVac vaccine and after (E) 2 doses of BBV152 vaccine. The
size of the solid squares denotes the mean difference, and the horizontal lines represent the 95% Cls. The diamond denotes
the weighted mean difference, and the lateral tips of the diamond indicate the associated Cls.
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Serologic Response Compared With Controls

Only 1 study’’ compared the serologic response with
control patients after 1 dose of mRNA vaccine (odds
ratio [OR], 0.099; 95% CI, 0.006-1.73; P = .11) (Figure 4A4).

As shown in Figure 4B, meta-analysis of 6
studies®” ??%***> that included control patients without
IMIDs demonstrated that a significantly smaller proportion
of patients with IMIDs achieved a serologic response
compared with control patients after 2 doses of vaccine (OR,
0.086; 95% CI, 0.036-0.21; P < .001). Most of the studies
also reported lower levels of antibody titers or concentrations
in patients with IMIDs compared with controls®*#>27-2%4%4
(Table 1). Heterogeneity was absent (I* = 0%), and the fun-
nel plot showed no publication bias (Begg's test P=.71, Egger’s
test P = .16) (Supplementary Figure 5).

Sensitivity analysis was undertaken by excluding 2
preprint studies***® (Supplementary Figure 64). Exclusion
of preprints demonstrated an OR similar to when they were
included (0.061 vs 0.086). Remove-one study analysis also
showed that ORs were not markedly altered by any single
study (Supplementary Figure 6B). When 2 studies with
0 events were included in analysis, the results were similar
(OR, 0.10; 95% CI, 0.044-0.23; P < .001) (Supplementary
Figure 6B).

Only a small number of studies compared the serologic
response with controls after 2 doses of other types of vac-
cine (Figure 4C-E). The OR were 0.22 (95% CI, 0.012-4.03;
P =.31),0.39 (95% CI, 0.27-0.55; P < .001), and 0.38 (95%
CI, 0.080-1.82; P = .23) with AZD1222 (1 study*®), Coro-
naVac (2 studies®**%), and BBV152 (1 study*®), respectively.

Grading the Quality of Evidence

Based on the GRADE approach, an overall quality of
evidence for this analysis was low because the data were
obtained from observational studies (Supplementary
Tables 5 and 6).

Discussion

In the present meta-analysis, we assessed the serologic
responses to COVID-19 vaccination in patients with IMIDs.
We demonstrated that a significantly lower proportion of
patients with IMIDs (82.3%) achieved a serologic response
to 2 doses of COVID-19 mRNA vaccines compared with
control patients. The response after 1 dose (73.2%)
appeared to be lower than the rates reported in healthy
controls in the literature, so patients with IMIDs should
receive the complete vaccination series without delay. The
lower serologic response to a 2-dose vaccine strategy for the
mRNA-based vaccines suggests patients should be consid-
ered to receive a third dose of the vaccine. Only a limited
number of studies included non-mRNA vaccines, so further
studies assessing the response to other types of vaccine are
warranted.

Patients with IMIDs, especially those with rheumatic
diseases, are known to have a higher prevalence of COVID-
19.> Medications used to treat IMIDs such as GCs,
csDMARDs, and b/tsDMARDs-csDMARDs combination
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therapy may increase the risk of severe COVID-19.° Owing
to the lack of effective therapies to treat COVID-19, it is
important to know the effectiveness of COVID-19 vaccines in
patients with IMIDs. Kennedy et al’>*® reported that sero-
conversion of anti-SARS-CoV-2 antibody after COVID-19
infection as well as immunogenicity to a single dose of
vaccine were attenuated in patients with IBD treated with
infliximab. Interestingly, they reported that most patients
seroconverted after the second dose; however, only a small
number of other studies have assessed the effectiveness of
COVID-19 vaccines in patients with IMIDs taking immuno-
suppressive therapies, and there is a large variation in re-
ported outcomes.

A recent study by Shrotri et al*’ found that among 8517
adults in the United Kingdom, 96.42% who received
BNT162b2 or ChAdOx1 nCoV-19/AZD1222 vaccines devel-
oped antibodies 4 to 6 weeks after the first dose. That rate
rose to 99.08% within 2 weeks of the second dose. While
seroprevalence was found in nearly all patients after 2
doses of the vaccines, they found lower antibody levels in
elderly people, those with a chronic condition, such as dia-
betes and cardiovascular disease, or those with cancer.*’
Our study showed that the proportion of patients
achieving a serologic response after a single dose of COVID-
19 mRNA vaccine was 73.2%, which is lower than the rates
reported by Shrotri et al.*’ The serologic response after 2
doses of mRNA vaccine was 82.3% in our study.

Among studies that included control patients without
IMIDs, patients with IMIDs had a significantly lower likeli-
hood of achieving a serologic response after 2 doses of
mRNA vaccines (OR, 0.086). Recently, Jena et al*® reported
the results of a meta-analysis of response to SARS-CoV-2
vaccination in IMIDs. The response rates reported in their
study were similar to our study, and they reported that the
response was attenuated in patients with rheumatoid
arthritis or those on anti- CD20 or anti-cytotoxic T
lymphocyte-associated antigen therapies, suggesting the
need of assessing seroconversion in these patients. The re-
sults of our subgroup analysis and multivariate meta-
regression confirm their results, but we consider that the
response rates in patient with IMID are suboptimal, that
they should complete the vaccine series without delay,
and should be considered for a third dose of the vaccine.
Only a few studies included patients with ChAdOx1
nCoV-19/AZD1222 or other types of vaccine, so future
studies will also need to include patients treated with
different vaccines.

This study has some limitations. Only 8 months have
passed since the United Kingdom first approved BNT162b2,
so available studies in the patient population with IMIDs
mostly included limited numbers of participants. There are
currently 9 different vaccines on the global market, but the
included studies mostly used mRNA vaccines requiring 2
doses: either BNT162b2 (Pfizer-BioNTech) or mRNA-1273
(Moderna), so further research is needed to determine
whether the results of our study can be generalized to other
vaccines. Most of the included studies only assessed hu-
moral responses to vaccination, and the extent to which cell-
mediated immunity is involved remains unclear.”’
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Included studies were heterogeneous in sample size,
type of IMIDs, medication use, and type of and timing of
antibody testing. We analyzed IMIDs together due to limited
number of studies, but further research of the individual
disease states is warranted because they consist of different
age-groups and are often treated with different types of
biologics (anti-CD20 therapy, anti-TNF agents, anti-
integrins, etc), which have a different degree of influence
on vaccine response.

A small number of studies were preprints, but sensitivity
analyses demonstrated that their exclusion did not influence
the results. Despite some potential drawbacks, preprints
have an increasing role in creating timely evidence during
the current pandemic.”

Furthermore, due to novel variants of SARS-CoV-2 and
waning antibody response, effectiveness of or serologic
response to COVID-19 vaccines may vary depending on the
timing of testing. Research and knowledge of COVID-19
vaccine are rapidly evolving and updated living meta-
analyses are warranted in the future.

Conclusion

This study is the first meta-analysis to analyze the rate of
seroconversion to COVID-19 vaccines in patients with
IMIDs. Our meta-analysis demonstrated that 82.3% of pa-
tients with IMIDs achieved a serologic response to 2 doses
of COVID-19 mRNA vaccines, which was statistically lower
compared with controls. The results of our study suggest
that patients with IMIDs should receive the series of mRNA
vaccines without delay and be considered for the third dose
of the vaccine. Further studies assessing the response to
different types of vaccines are warranted.

Supplementary Material

Note: To access the supplementary material accompanying
this article, visit the online version of Gastroenterology at
www.gastrojournal.org, and at https://doi.org/10.1053/
j.gastro.2021.09.055.
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A. Funnel plot of studies included in meta-analysis of serologic response after one dose of mRNA vaccine
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Supplementary Figure 1. Funnel plot of studies included in the meta-analysis of serologic response after 1 dose of mRNA
vaccine.

A. Sensitivity analysis excluding one study at a time for serologic response after one dose of mRNA vaccine

Removed study Event rate (95% Cl)
Lower Upper with study removed
Point limit limit
Kennedy 0.747 0.602 0.852 —_—
Wong 0.702 0.527 0.834 JR——
Boyarsky 0.688 0.504 0.828 ——
Mahil 0.678 0.500 0.816 —a—
Al-Janabi 0.637 0.476 0.772 I
Bugatti 0.732 0.514 0.876 —
Total 0.698 0.535 0.823 —~
0.00 0.50 1.00

Supplementary Figure 2. Sensitivity analysis excluding 1 study at a time for serologic response after 1 dose of mRNA
vaccine.
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A. Funnel plot of studies included in meta-analysis of serologic response after two doses of mRNA vaccine
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Supplementary Figure 3. Funnel plot of studies included in the meta-analysis of serologic response after 2 doses of mRNA

vaccine.
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A. Sensitivity analysis excluding preprints for serologic response after two doses of mMRNA vaccine

Subgroup Study Event rate and 95% CI
Event Lower Upper Relative
rate limit  limit Total weight
IBD Kennedy 0.852 0.665 0.943 23/27 _— 35.49
Wong 0.981 0.764 0.999 26/26 — 9.71
Kappelman 0.946 0.915 0.966 300/317 - 54.80
Subtotal 0.930 0.837 0.971 349 /370 —
IM kidney disease Demoulin 0.455 0.203 0.732 5/11 I m— 100.00
Subtotal 0.455 0.203 0.732 5/11 T—
Psoriasis Damiani 0.900 0.326 0.994 4/4 100.00
Subtotal 0.900 0.326 0.994 4/4
Rheumatoid Furer 0.860 0.832 0.884 590/ 686 - 15.11
Haberman 0.824 0.694 0.906 42/51 — 12.86
Braun-Moscovici 0.860 0.813 0.897 227/ 264 - 14.71
Ruddy 0.936 0.907 0.956 378/ 404 - 14.51
Mrak 0.392 0.288 0.507 29/74 — 14.21
Spiera 0.764 0.665 0.841 68 /89 -_ 14.10
Ammitzbgll 0.769 0.690 0.832 103/ 134 - 14.50
Subtotal 0.803 0.683 0.885 1437 / 1702 ——
Mixed Geisen 0.981 0.764 0.999 26/26 — 31.41
Simon 0.940 0.865 0.975 79/ 84 - 37.26
Chung 0.031 0.002 0.350 0/15 — 31.33
Subtotal 0.768 0.073 0.993 105/ 125
Overall 0.812 0.729 0.874 1900 / 2212 —
0.00 0.50 1.00

IBD Heterogeneity: 12 =53.91%, Q =4.34, P=.11

IM kidney disease Heterogeneity: 17 = 0%, Q =0, P = 1.00
Psoriasis Heterogeneity: 2= 0%, Q =0, P = 1.00

Rheumatoid Heterogeneity: /2 = 94.72%, Q = 113.56, P < .001
Mixed Heterogeneity: I = 89.06%, Q = 18.28, P < .001

Total Heterogeneity: /* = 91.81%, Q = 170.88, P < .001

B. Sensitivity analysis excluding one study at a time for serologic response after two doses of mRNA vaccine

Removed study Event rate (95% Cl)
Lower Upper with study removed
Point limit limit
Damiani 0.840 0.768 0.893 -
Deepak 0.838 0.760 0.894 -
Geisen 0.835 0.761 0.890 —--
Kennedy 0.841 0.767 0.895 -
Wong 0.835 0.761 0.890 -
Kappelman 0.828 0.752 0.885 —-
Furer 0.841 0.754 0.901 —
Haidar 0.842 0.764 0.898 -
Haberman 0.843 0.768 0.897 —-
Simon 0.832 0.755 0.888 —-
Braun-Moscovici 0.841 0.760 0.898 —
Demoulin 0.854 0.787 0.903 —-
Ruddy 0.830 0.754 0.887 -
Mrak 0.863 0.814 0.901 -
Chung 0.854 0.789 0.902 -
Spiera 0.847 0.772 0.900 -
Ammitzbgll 0.847 0.771 0.900 -
Dailey 0.835 0.761 0.889 -
Total 0.842 0.771 0.894 -
0.00 0.50 1.00

Supplementary Figure 4. (A) Sensitivity analysis excluding preprints for serologic response after 2 doses of mMRNA vaccine.
(B) Sensitivity analysis excluding 1 study at a time for serologic response after 2 doses of mRNA vaccine. The size of the solid
squares denotes the mean difference, and the horizontal lines represent the 95% Cls. The diamond denotes the weighted
mean difference, and the /ateral tips of the diamond indicate the associated Cls. IM, immune-mediated.
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A. Funnel plot of studies included in meta-analysis of comparison of serologic response after two doses
of mRNA vaccine to controls
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Supplementary Figure 5. Funnel plot of studies included in meta-analysis of comparison of serologic response after 2 doses
of mRNA vaccine compared with controls.
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A. Sensitivity analysis excluding preprints for comparison of serologic response after two doses
of mRNA vaccine to controls

Subgroup Study Odds ratio and 95% CI
0Odds Lower Upper Immune Relative
ratio limit  limit diseases  Control weight
Rheumatoid Furer 0.025 0.002 0.408 590/686 121/121 27.33
Haberman 0.187 0.022 1.562 42/51 25/26 I— 47.00
Mrak 0.031 0.002 0.547 29/74 10/10 25.67
Subtotal 0.068 0.016 0.292 661/811 156/ 157 T———
Mixed Simon 0.040 0.002 0.725 79/84 182/182 100.00
Subtotal 0.040 0.002 0.725 79/84 182/182
Overall 0.061 0.017 0.224 740/895 338/339 T—
0.01 0.1 1 10 100
Immune diseases Control

Rheumatoid P < .001, Heterogeneity: 1> = 0%, Q = 1.65, P = .44
Mixed P =.029, Heterogeneity: 2 = 0%, Q =0, P = 1.00
Overall P <.001, Heterogeneity: I* = 0%, Q = 1.75, P = .63

B. Sensitivity analysis excluding one study at a time for comparison of serologic response after two doses
of mRNA vaccine to controls

Removed study 0Odds ratio (95% Cl)
Lower Unper with study removed
Point limit limit
Furer 0.078 0.018 0.341 R Y E—
Haberman 0.031 0.006 0.162 —
Simon 0.068 0.016 0.292 —_—
Mrak 0.073 0.017 0.314 RN
Total 0.061 0.017 0.224 —————
0.01 0.1 1 10 100
Immune diseases Control

C. Sensitivity analysis including zero event studies for comparison of serologic response after two doses
of mRNA vaccine to controls

Subgroup Study Odds ratio and 95% €I
0Odds Lower Upper Immune Relative
ratio limit  limit disease Control weight
IBD Wong 0.654 0.013 33.996 27/27 41/41 100.00
Subtotal 0.654 0.013 33.996 27/27 41/ 41
Rheumatoid Furer 0.025 0.002 0.408 590/ 686 121/121 27.33
Haberman 0.187 0.022 1.562 42/51 25/26 47.00
Mrak 0.031 0.002 0.547 29/74 10/10 25.67
Subtotal 0.068 0.016 0.292 661/ 811 156 / 157 T —t—
Mixed Deepak 0.151 0.019 1.176 118/133 52/53 26.76
Geisen 0.624 0.012 32.378 27/27 43 /43 7.21
Haidar 0.098 0.023 0.423 134 /160 105/ 107 I S— 52.72
Simon 0.040 0.002 0.725 79/84 182/182 13.31
Subtotal 0.112 0.039 0.322 358 /404 382/ 385 ——
Overall 0.103 0.044 0.237 1045/ 1242 578 /583 ——
0.01 0.1 1 10 100

IBD P = .83 Heterogeneity: 2= 0%, Q =0, P = 1.00
Rheumatoid P < .001, Heterogeneity: 1> = 0%, Q = 1.65, P = .44
Mixed P < .001, Heterogeneity: 12 = 0%, Q = 1.33,P=.72
Overall P <.001, Heterogeneity: =0%, Q=4.15P =.76

Supplementary Figure 6. (A) Sensitivity analysis excluding preprints for comparison of serologic response after 2 doses of
mRNA vaccine to controls. (B) Sensitivity analysis excluding 1 study at a time for comparison of serologic response after 2
doses of MRNA vaccine to controls. (C) Sensitivity analysis including zero event studies for comparison of serologic response
after 2 doses of mMRNA vaccine to controls. The size of the solid squares denotes the mean difference, and the horizontal lines
represent the 95% Cls. The diamond denotes the weighted mean difference, and the /ateral tips of the diamond indicate the
associated Cls.
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Supplementary Table 1.PubMed Search Strategy

PubMed search strategy No. of studies
#1 “COVID-19” OR “SARS-CoV-2” [MeSH Terms] 98,051
#2 “inflammatory bowel diseases” OR “rheumatoid arthritis” OR “psoriasis” OR “rheumatic diseases” OR “systemic 85,734

lupus erythematosus”, “psoriatic arthritis”, “ankylosing spondylitis”, “Crohn’s disease”, “ulcerative colitis” OR
“multiple sclerosis”, “immune mediated diseases” OR “autoimmune diseases” [MeSH Terms]

#3 “vaccine” OR “immunization” [MeSH Terms] 162,867
#4 #1 AND #2 AND #3 961

MeSH, Medical Subject Headings.
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Supplementary Table 2.Risk of Bias Assessment by Joanna Briggs Institute Critical Appraisal Checklist

COVID-19 Vaccine Response in IMID 108.e7

Author Year Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9
Damiani 2021 Yes Yes Yes No No NA Yes NA NA
Deepak 2021 Yes Yes Yes Yes No Yes Yes Yes Yes
Geisen 2021 Yes Yes Yes Yes Yes Yes Yes Yes Yes
Kennedy 2021 Yes Yes Yes No No Yes Yes Yes Yes
Wong 2021 Yes Yes Yes Yes No Yes Yes Yes Yes
Boyarsky 2021 Yes Yes Yes No No NA No Yes Yes
Kappelman 2021 Yes Yes Yes No No Yes Yes Yes Yes
Furer 2021 Yes Yes Yes Yes No Yes Yes Yes Yes
Shenoy 2021 Yes Yes Yes No Yes Yes Yes Yes Yes
Haidar 2021 Yes Unclear Unclear Yes No Yes Yes Yes Yes
Haberman 2021 Yes Yes Yes Yes No Yes Yes Yes Yes
Mahil 2021 Yes Yes Yes Yes Yes Yes Yes Yes Yes
Simon 2021 Yes Yes Yes Yes No Yes Yes Yes Yes
Al-Janabi 2021 Yes Yes Yes No No Yes Yes Yes Yes
Bugatti 2021 Unclear Yes Yes No Yes Yes Yes Yes Yes
Braun-Moscovici 2021 Yes Yes Yes No No Yes Yes Yes Yes
Demoulin 2021 Yes Yes Yes No Yes Yes Yes Yes Yes
Seyahi 2021 Yes Yes Yes Yes Na Yes Yes Yes Unclear
Ruddy 2021 Yes Yes Yes No No Yes Yes Yes Yes
Mrak 2021 Yes Yes Yes Yes No Yes Yes Yes Yes
Chung 2021 Yes Yes Yes No No Yes No Yes Yes
Benucci 2021 Yes Yes Yes No No Yes Yes Yes Yes
Spiera 2021 Yes Yes Yes No No No No Yes Yes
Ammitzboll 2021 Yes Yes Yes No Yes Yes Yes Yes Yes
Medeiros-Ribeiro 2021 Yes Yes Yes Yes Yes Yes Yes Yes Yes
Dailey 2021 Yes Yes Yes Unclear No Yes Yes Yes Yes

NOTE. Q1: Is it clear in the study what is the “cause” and what is the “effect” (ie, there is no confusion about which variable
comes first)?; Q2: Were the participants included in any comparisons similar?; Q3: Were the participants included in any
comparisons receiving similar treatment/care, other than the exposure or intervention of interest?; Q4: Was there a control
group?; Q5: Were there multiple measurements of the outcome both pre and post the intervention/exposure?; Q6: Was follow-
up complete and if not, were differences between groups in terms of their follow-up adequately described and analyzed?; Q7:
Were the outcomes of participants included in any comparisons measured in the same way?; Q8: Were outcomes measured in
a reliable way?; Q9: Was appropriate statistical analysis used?

NA, not applicable.
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Supplementary Table 3.Univariate and Multivariate Meta-regression Models of Variables Associated With Serologic
Response After 1 Dose of Messenger RNA Vaccine

Univariate meta-regression Multivariate meta-regression
Variable Coefficient 95% CI P value Coefficient 95% Cl P value
Biologic/DMARD —4.30 —.91 t0 0.31 .68
Methotrexate NA
Steroid —2.58 —8.58 to 3.42 .40 -0.90 —3.29 to 1.49 .46
Anti-CD20 NA
Anti-TNF —2.69 —4.05to —1.32 <.001 -2.60 —4.49 to —0.72 .0069
Age 0.027 —0.14 to0 0.20 .76

NA, not applicable.

Supplementary Table 4.Univariate and Multivariate Meta-regression Models of Variables Associated With Serologic
Response After 2 Doses of Messenger RNA Vaccine

Univariate meta-regression Multivariate meta-regression
Variable Coefficient 95% Cl P value Coefficient 95% CI P value
Biologic/DMARD -1.70 —4.94 to 1.53 .30
Methotrexate —3.00 —8.80 to 2.81 .31
Steroid -3.13 —7.65t0 1.37 A7
Anti-CD20 —2.74 —3.56 to —1.94) <.001 -6.08 —9.40 to —2.76) <.001
Anti-TNF 1.86 —0.47 to -4.18 .018 -3.19 —6.48 t0 0.10 .058

Age —0.048 —0.092 to —0.0036 .034 -0.044 —0.083 to —0.0050) .027




Supplementary Table 5.Grading of Recommendations, Assessment, Development, and Evaluation (GRADE) Criteria for Studies Included in the Meta-analysis of
Observational Studies Assessing Serologic Response After 2 Doses of Messenger RNA Vaccine

Quality assessment Reasons to increase level of evidence
No. of Starting level (large magnitude of effect; dose-response  Overall quality
participants  of evidence  Risk of bias Inconsistency Indirectness Imprecision Publication bias gradient; potential confounding) of evidence
2505 Low Not serious Not serious Serious Not serious Not serious Not applicable Low

Supplementary Table 6.Grading of Recommendations, Assessment, Development, and Evaluation (GRADE) Criteria for Studies Included in the Meta-Analysis of Case
Control Studies Comparing Serologic Response After 2 Doses of Messenger RNA Vaccine to Controls

Quality assessment Reasons to increase level of evidence
Starting level (large magnitude of effect; dose-response Overall quality
No. of participants of evidence Risk of bias Inconsistency Indirectness Imprecision Publication bias gradient; potential confounding) of evidence
1188 (cases) and 499 Low Not serious  Serious Serious Not serious  Not serious N/A Low

(controls)

N/A, not applicable.
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