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CORRESPONDENCE
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Abstract 

Background: Studies have suggested incremental short-term adverse events (AE) after repeated vaccination. In 
this report, we assessed occurrence and risk factors for short-term AEs following repeated SARS-CoV-2 vaccination in 
patients with various immune-mediated inflammatory diseases (IMIDs).

Methods: Self-reported daily questionnaires on AEs during the first 7 days after vaccination were obtained of 2259 
individuals (2081 patients and 178 controls) participating in an ongoing prospective multicenter cohort study on 
SARS-CoV-2 vaccination in patients with various IMIDs in the Netherlands (T2B-COVID). Relative risks were calculated 
for potential risk factors associated with clinically relevant AE (rAE), defined as AE lasting longer than 2 days or impact-
ing daily life.

Results: In total, 5454 vaccinations were recorded (1737 first, 1992 second and 1478 third vaccinations). Multiple 
sclerosis, Crohn’s disease and rheumatoid arthritis were the largest disease groups. rAEs were reported by 57.3% (95% 
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Background
Many countries are providing third SARS-CoV-2 vac-
cinations to patients with immune-mediated inflamma-
tory diseases (IMIDs) using immunosuppressive agents 
due to a (suspected) insufficient immune response after a 
two-dose vaccination strategy [1, 2]. Reported incremen-
tal adverse events (AEs) in healthy individuals after the 
second vaccination give concerns [3–5]. However, large 
studies on incremental AEs after three SARS-CoV-2 vac-
cinations in patients with IMIDs are missing.

Methods
We describe an interim analysis on short-term AEs fol-
lowing SARS-CoV-2 vaccinations of an ongoing national 
prospective observational multi-arm multicenter 
cohort study on SARS-CoV-2 vaccinations in patients 
with IMIDs using immunosuppressive therapies. This 
study was approved by the medical ethical committee, 
and all participants provided signed informed consent 
(NL74974.018.20, EudraCT 2021-001102-30, Dutch Trial 
Register Trial ID: NL8900). Details on full study design 
and methodology have previously been described [6]. 
Participants with preceding COVID-19 infections were 
actively recruited for this study. We included participants 
who completed at least three out of seven daily AE ques-
tionnaires per vaccination. Participants vaccinated with 
Ad.26.COV2.S (Janssen) were excluded for this analysis. 
Additionally, we recruited healthy controls. Participants 
were sent daily electronic questionnaires for the first 7 
days after each vaccination on AEs to record presence 
and severity (graded from 0 to 3; with grades higher 
than 1 indicating interference with daily life) of local and 
systemic AEs (Additional file  1). Additional question-
naires were sent to record potential allergic reactions, 
hospital admissions, other severe clinical events and a 

preceding SARS-CoV-2 infection before the first vac-
cination (defined as a positive SARS-CoV-2 PCR). Hos-
pital admissions and other severe clinical events were 
reviewed by the study team to determine the relation to 
vaccination. We calculated the proportion of clinically 
relevant adverse events (rAE) which was defined as the 
occurrence of any systemic AE higher than grade 1 or any 
systemic AE of grade 1 lasting more than 2 days [5].

Based on the full data set, we constructed a logis-
tic mixed-effects model to calculate the adjusted rela-
tive risk (aRR) for a first and third vaccination (versus a 
second vaccination), for BNT162b2 (Pfizer/BioNTech) 
and ChAdOx1 nCoV-19 (AstraZeneca) vaccine (ver-
sus CX-024414, Moderna), for having an IMID (ver-
sus healthy controls) and for a preceding SARS-CoV-2 
infection on the occurrence of relevant systemic adverse 
events. Additionally, sex and age (stratified into <50 or 
≥50), which are known risk factors, were included. aRRs 
are presented with associated 95% CI. Analyses were 
performed using R (version 4.1.0). This analysis was not 
a primary endpoint of the full study so no sample size 
calculation was performed. This study was supported 
by ZonMw (The Netherlands Organization for Health 
Research and Development). The sponsor had no role in 
the design, analyses or reporting of the study.

Results
As of January 1, 2022, 2259 participants (N: 2081 patients 
and N: 178 controls) were included for this analysis 
(Additional file  2: Fig. S1). Demographics are shown 
in Additional file  2: Table  S1. The overall response rate 
was 88%; participants who did not complete sufficient 
questionnaires were younger (mean age 44.1 years; SD 
14.9; p<0.01) and more frequently males (136/309; 44%; 
p: 0.02). In total, 5207 vaccinations were recorded for 

CI 54.8–59.8) of patients after the first vaccination, 61.5% (95% CI 59.2–63.7) after the second vaccination and 58% 
(95% CI 55.3–60.6) after the third vaccination. At day 7 after the first, second and third vaccination, respectively, 7.6% 
(95% CI 6.3–9.1), 7.4% (95% CI 6.2–8.7) and 6.8% (95% CI 5.4–8.3) of patients still reported AEs impacting daily life. 
Hospital admissions and allergic reactions were uncommon (<0.7%).

Female sex (aRR 1.43, 95% CI 1.32–1.56), age below 50 (aRR 1.14, 95% CI 1.06–1.23), a preceding SARS-CoV-2 infection 
(aRR 1.14, 95% CI 1.01–1.29) and having an IMID (aRR 1.16, 95% CI 1.01–1.34) were associated with increased risk of 
rAEs following a vaccination. Compared to the second vaccination, the first vaccination was associated with a lower 
risk of rAEs (aRR 0.92, 95% CI 0.84–0.99) while a third vaccination was not associated with increased risk on rAEs (aRR 
0.93, 95% CI 0.84–1.02). BNT162b2 vaccines were associated with lower risk on rAEs compared to CX-024414 (aRR 0.86, 
95% CI 0.80–0.93).

Conclusions: A third SARS-CoV-2 vaccination was not associated with increased risk of rAEs in IMID patients com-
pared to the second vaccination. Patients with an IMID have a modestly increased risk of rAEs after vaccination 
when compared to controls. Most AEs are resolved within 7 days; hospital admissions and allergic reactions were 
uncommon.

Trial registration: NL749 74. 018. 20, Trial ID: NL8900. Registered on 9 September 2020.

https://www.trialregister.nl/trial/8900
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primary analysis (1737 first, 1992 second and 1478 third 
vaccinations). Table  1 displays the percentages of rAEs 
for patients and controls that varied between 56.4% (95% 
CI 53.7–58.9) in SARS-CoV-2 naïve IMID patients after 
the first vaccination and 70.0% (95% CI 61.2–77.6) in 
IMID patients with preceding COVID-19 infection after 
the second vaccination. Additional file  2: Fig. S2 shows 
the proportion and severity of each of the systemic AEs. 
Fatigue, muscle sore and headache were reported most 
frequently in all groups. Chills and fever were reported 
mostly by participants with a preceding SARS-CoV-2 
infection. Overall, grade 3 systemic AEs were reported by 
7.5% (6.3–8.9; 123/1646) of patients after the first vacci-
nation, by 12.1% (10.7–13.7; 227/1870) after the second 
vaccination and by 9.5% (8.1–11.2, 137/1437) after the 
third vaccination. Systemic AEs were similar across the 
three largest disease groups except for joint pain which 
was reported mostly by patients with rheumatoid arthri-
tis (Additional file  2: Fig. S3). Ongoing systemic AEs 
higher than grade 1 were reported by respectively 7.6%, 
7.4% and 6.8% of patients at 7 days after their first, sec-
ond or third vaccination (Table  1). Allergic symptoms 
after vaccination were reported by 14 patients (0.67%; 
95% CI 0.4–1.2). Hospital admissions due to an adverse 
event were reported by four patients (0.19%; 95% CI 
0.06–0.5); one because of an allergic reaction, one patient 

with epilepsy because of a seizure and two patients with 
acute cardiovascular disease. In IMID patients, a third 
vaccination was not associated with an increased risk on 
adverse events when compared to the second vaccination 
(aRR 0.93, 95% CI 0.84–1.02) (Fig. 1). A first vaccination 
was on the other hand associated with lower risk on rAEs 
(aRR 0.92, 95% CI 0.84–0.99). Furthermore, a preced-
ing SARS-CoV-2 infection before vaccination (aRR 1.14, 
95% CI 1.01–1.29) and having an IMID (aRR 1.16, 95% CI 
1.01–1.34) were associated with an increased risk of rAEs 
(Fig.  1). Moreover, female sex (aRR 1.43, 95% CI 1.32–
1.56) and age below 50 (aRR 1.14, 95% CI 1.06–1.23) were 
associated with an increased risk of rAEs. BNT162b2 
vaccine was associated with a lower risk on adverse 
events (aRR 0.86, 95% CI 0.80–0.93), while the ChAdOx1 
nCoV-19 vaccine showed similar adverse events (aRR 
1.02, 95% CI 0.87–1.20) when compared to CX-024414.

Discussion
We identified that a third vaccination was not associ-
ated with an increased risk of short-term AEs in IMID 
patients. Both having an IMID and a preceding SARS-
CoV-2 infection were modest risk factors for AEs. Most 
AEs are resolved within 7 days; allergic reactions and 
hospital admissions were uncommon.

Table 1 Relevant adverse event rates in patients with immune-mediated diseases and controls after SARS-CoV-2 vaccination. Table 
showing percentages of relevant adverse events (rAEs; defined as any systemic AE higher than grade 1 or any systemic AE of grade 1 
lasting more than 2 days), systemic AEs at day 7 following vaccination and local AEs higher than grade 1. Percentages are shown with 
their 95% confidence interval (95% CI) and separately for patients and controls, first, second and third vaccination and individuals with 
or without a preceding SARS-CoV-2 infection

Data are shown in percentage (95% CI; n/N)
a For the secondary analyses of systemic rAEs at day 7 and local AEs, in total 5454 vaccination moments were included (as compared to 5207 vaccinations observed for 
the primary analysis)

Patients Controls

First vaccination
 rAEs 57.3 (54.8–59.8902/1574) 49.7 (41.8–57.6; 81/163)

  rAEs, SARS-CoV-2 naive 56.4 (53.7–58.9;807/1432) 45.9 (36.9–55.1; 56/122)

  rAEs, with preceding SARS-CoV-2 66.9 (58.4–74.4;95/142) 61.0 (44.5–75.4; 25/41)

 Systemic AE>1 at day  7a 7.6 (6.3–9.1; 112/1481) 6.3 (3.2–11.6; 10/159)

 Local AE>1a 15.6 (14.8–18.4; 275/1664) 18.8 (13.4–25.7; 32/170)

Second vaccination
 rAEs 61.5 (59.2–63.7;1129/1836) 59.0 (50.8–66.7; 92/156)

  rAEs, SARS-CoV-2 naive 60.8 (58.5–63.2; 1038/1706) 58.3 (49.2–66.8; 74/127)

  rAEs, with preceding SARS-CoV-2 70.0 (61.2–77.6; 91/130) 62.1 (42.4–78.7; 18/29)

 Systemic AE>1 at day  7a 7.4 (6.2–8.7; 121/1647) 4.1 (1.7–9.1; 6/146)

 Any local AE>1a 21.4 (19.6–23.3; 400/1870) 27.2 (20.6–35.0; 43/158)

Third vaccination
 rAEs 58.0 (55.3–60.6; 801/1381) 51.5 (41.2–61.7; 50/97)

 Systemic AE>1 at day  7a 6.8 (5.4–8.3; 83/1229) 2.2 (0.4–8.4; 2/92)

 Any local AE>1a 19.6 (17.6–21.7; 281/1437) 12.9 (7.3–21.4; 13/101)
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We found that the risk of adverse events modestly 
increased from the first to second vaccination but did 
not increase further after a third vaccination; this sug-
gests that repeated vaccination therefore does not lead 
to incremental adverse events. Our findings may be 
interpreted as reassuring for short-term safety for third 
and potentially more SARS-CoV-2 vaccinations in IMID 
patients. We identified also a preceding SARS-CoV-2 
infection as an independent risk factor, whereas other 
smaller studies did not report increased AEs after a sec-
ond vaccination in individuals with a preceding SARS-
CoV-2 infection [5, 7]. Similar to earlier studies, we 
confirm that female sex, younger age and the CX-024414 
vaccine are risk factors for AEs, when compared to 
BNT162b2 [8–10]. In addition, we found that IMID 
patients may be slightly more at risk for developing AEs 
after SARS-CoV-2 vaccination compared to controls.

Despite the large sample size with selected patients 
and controls and a high overall response rate, the self-
reporting character of this study could be considered as 
a limitation. In addition, we only accounted for SARS-
CoV-2 infections before the first vaccination in our 

analysis. Furthermore, we found allergic reactions and 
hospital admission to be uncommon in IMID patients, 
but this study is not large enough to detect rare (seri-
ous) adverse events. Lastly, most participants received 
mRNA vaccines; hence, our results cannot be translated 
to other vaccines.

Conclusion
A third SARS-CoV-2 vaccination was not associated with 
an increased risk on short-term AEs in patients with 
IMIDs when compared to a second vaccination.

Abbreviations
ARR : Adjusted relative risk; AE: Adverse event; CI: Confidence interval; IMID: 
Immune-mediated inflammatory disease; rAE: Relevant adverse event.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12916- 022- 02310-7.

Additional file 1. Adverse events questionnaire.

Fig. 1 Relative risks for adverse events after SARS-CoV-2 vaccination. Figure showing the adjusted relative risk, including 95% confidence interval, 
for relevant systemic adverse events after first and third vaccination versus second vaccination, IMID versus no IMID, BNT162b2 and ChAdOx1 
nCoV-19 vaccine versus CX-024414, IMID patients versus healthy controls, preceding SARS-CoV-2 infection before first vaccination versus no 
preceding SARS-CoV-2 infection, age below 50 years versus age above 50 and female versus male sex
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Additional file 2: Table S1. Demographics. Figure S1. Study flowchart. 
Figure S2. Adverse events in patients with IMIDs after SARS-CoV-2 vacci-
nation. Figure S3. Adverse events after SARS-CoV-2 vaccination per IMID.
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