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Abstract
Background  The safety profile of COVID-19 vaccines in immunocompromised patients has not been comprehensively 
evaluated.
Aim  To measure the frequency of patient-reported adverse drug reactions (ADRs) related to the first/second/booster dose 
of COVID-19 vaccine in immunocompromised subject versus matched cohort. As a secondary objective, the time course, 
evaluated as time to onset (TTO) and time to recovery (TTR), of COVID-19 vaccine-related ADRs was explored.
Methods  A prospective cohort study, based on electronic questionnaires filled by vaccinees from 11 European countries 
in the period February 2021 to February 2023 was conducted. All immunocompromised vaccinees who provided informed 
consent and registered to the project’s web-app within 48 h after first/booster vaccine dose administration of any EMA-
authorised COVID-19 vaccine were recruited. Participants filled baseline and up to six follow-up questionnaires (FU-Qs) 
over 6 months from vaccination, collecting information on suspected COVID-19 vaccine-related ADRs. As a control group, 
non-immunocompromised vaccinees from the same source population were 1:4 matched by sex, age, vaccine dose, and brand. 
A descriptive analysis of demographic/clinical characteristics of vaccinees was conducted. Heatmaps of the frequency of 
solicited ADRs, stratified by gender and vaccine brand, were generated. Median TTO/TTR of reported ADRs were visualised 
using violin/box-plots.
Results  A total of 773 immunocompromised vaccines were included in the analyses. Most participants were females (F/M 
ratio: 2.1 and 1.6) with a median age of 56 (43–74) and 51 (41–60) years, at the first vaccination cycle and booster dose, 
respectively. Injection-site pain and fatigue were the most frequently reported ADRs in immunocompromised vaccinees with 
higher frequency than matched control, especially after the first dose (41.2% vs 37.8% and 38.2% vs 32.9%, respectively). 
For both cohorts, all solicited ADRs were more frequently reported in females than males, and in those who had received a 
first dose of the Vaxzevria vaccine. Dizziness was the most frequently reported unsolicited ADR after the first dose in both 
groups (immunocompromised subjects: 2.5% and matched controls: 2.1%). At the booster dose, lymphadenopathy (3.9%) 
and lymphadenitis (1.8%) were the most reported unsolicited ADRs for immunocompromised subjects and matched controls, 
respectively. A very low number of subjects reported adverse event of special interest (AESI) (2 immunocompromised, 3 
matched controls) and serious ADRs (5 immunocompromised, 5 matched controls). A statistically significant difference 
among study cohorts was observed for median TTO after the booster dose, and for median TTR after the first vaccination 
cycle and booster dose (p < 0.001).
Conclusion  The overall safety profile of COVID-19 vaccines in immunocompromised people was favourable, with minor dif-
ferences as compared to non-immunocompromised vaccinees. Participants mostly experienced mild ADRs, mainly reported 
after the first dose of Vaxzevria and Jcovden vaccines. Serious ADRs and AESI were rare.
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Key Points 
of COVID-19 vaccines in immunocompromised patients 
require additional investigation.

Active surveillance systems play a crucial role in ensuring 
safety, maintaining trust, and informing policy, especially in 
the context of a COVID-19 pandemic. In particular, active 
cohort event monitoring systems provide the ability to moni-
tor vaccine safety in special cohorts in real time and gener-
ate rates with a well-defined denominator. For this reason, 
the European Medicines Agency (EMA) funded the “Covid 
Vaccine Monitor” (CVM) active surveillance project, estab-
lishing a comprehensive cohort event monitoring of COVID-
19 vaccinees from different European countries, belonging 
to the general population as well as “frail patient” categories 
[10]. In the context of the CVM project, published studies 
have explored several relevant research questions, focusing 
on special populations like children/adolescents or people 
with prior SARS-CoV-2 infection [11–13]. In the current 
study, the aim was to describe the patient-reported adverse 
drug reactions (ADRs) following the first COVID-19 vac-
cination cycle as well as the booster dose of different vaccine 
brands with a focus on immunocompromised patients, as 
compared to matched controls with no immunosuppression 
derived from the same source population.

2 � Methods

2.1 � Setting and Study Population

This was a prospective cohort study that was based on elec-
tronic questionnaires collecting vaccinee-reported outcomes 
from 11 European countries (Belgium, France, Italy, Ire-
land, Portugal, Romania, Slovakia, Spain, Switzerland, the 
Netherlands, and the UK, in the period February 2021 to 
February 2023.

All vaccinees aged ≥ 18 years recruited in the CVM pro-
ject and who were reported to be immunocompromised, pro-
vided informed consent, and registered to the project’s web-
app within 48 h of receiving the first dose or booster dose 
of any EMA-authorised COVID-19 vaccine, were included 
in the study.

In addition, as control group, applying the same inclusion 
criteria, we selected a random sample of vaccinees partici-
pating in the CVM project who did not report being immu-
nocompromised who were matched to immunocompromised 
vaccinees. The matching was constructed based on a 1:4 
ratio using the propensity score values. In particular, the 
exact matching was applied for gender, dose, and vaccine 
brand, whereas the nearest neighbour procedure was used 
for the age variable.

In each country the study protocol was approved by the 
respective Ethical Committee and the study was carried out 

This study provides a comprehensive evaluation of 
COVID-19 vaccine safety in immunocompromised sub-
jects versus controls.

COVID-19 vaccines showed a favourable safety profile 
in immunocompromised people.

1  Introduction

Immunocompromised patients are at high risk of develop-
ing severe infections, including COVID-19 [1–3]. For this 
reason, during the initial phases of the COVID-19 vaccina-
tion campaign, immunocompromised patients, such as organ 
transplant recipients, HIV patients, and individuals with 
autoimmune diseases receiving immunosuppressant treat-
ments, were prioritised. In addition, public health agencies 
proposed more aggressive vaccination strategies in immuno-
compromised patients with a three-dose schedule (instead of 
two) at the first vaccination cycle for first marketed vaccines 
[4, 5].

However, pivotal clinical trials of COVID-19 vaccines 
did not include vulnerable populations such as immunocom-
promised patients [6]. Due to impaired immune response to 
vaccines, concerns about the efficacy of COVID-19 vaccines 
in these patients have been primarily raised. After COVID-
19 vaccine marketing, a few trials were conducted to assess 
COVID-19 vaccine immunogenicity in people with pri-
mary/secondary immunosuppressive disorders [7, 8]. These 
studies documented that after the third dose, most patients 
showed a strong serological response, despite a substantial 
proportion of patients with specific primary immunodefi-
ciencies or with immunosuppressive medication being weak 
responders to the vaccines (Supplementary Table 1).

Several observational studies exploring the COVID-19 
vaccine benefit-risk profile in immunocompromised patients 
in real-world settings were carried out later on. Findings 
from these studies showed that immunocompromised peo-
ple experience mild and transient adverse reactions (e.g., 
fatigue, myalgia, injection site pain), few vaccine-related 
symptom exacerbations, and worsening disease following 
COVID-19 vaccinations [9].

However, overall, those studies primarily investigated the 
vaccine effectiveness in this vulnerable population, while 
its safety has not been comprehensively evaluated due 
to small sample size, selection of immunocompromised 
patients, and limited study duration, which allowed moni-
toring of vaccinees only during the first weeks following 
vaccination (Supplementary Table 1). Therefore, the short-/
long-term safety of the first cycle, as well as booster doses, 
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in line with the General Data Protection Regulation (GDPR) 
and the Data protection impact assessment (DPIA). The 
study protocol is published in the HMA-EMA Catalogue of 
real-world studies (EUPAS42504) [10].

2.2 � Data Collection

Participants from 11 European countries were included and 
questionnaires were translated into local language [10].

When possible, associations of rheumatic patients were 
involved to help recruiting specifically immunocompromised 
patients at the time of vaccination.

Participants could register via a project-specific web-app 
from February 2021 to November 2022. After registering 
and providing informed consent, participants were invited 
via e-mail to fill in the baseline questionnaire, using any 
of two ad hoc developed and fully harmonised web-based 
apps: the LAREB-managed Intensive Monitoring (LIM) and 
Research Online (RO). In particular, the LIM web-app was 
already developed by the Dutch pharmacovigilance centre 
Lareb and implemented for the CVM study but could not 
support additional changes (i.e., to include the booster dose). 
Therefore, the RO platform was developed by the Univer-
sity Medical Centre Utrecht (UMCU) in the Netherlands, to 
allow the collection of information for the booster dose. Data 
from each web-app were converted into a unique common 
data model and analysed all together.

In the baseline questionnaire, information on vaccinee’s 
characteristics, including demographics, medical history, 
concomitant drug use, and administered COVID-19 vaccine 
brand was collected. Specifically, for immunocompromised 
vaccinees, detailed information on the cause of immunosup-
pression in the medical history section was collected (e.g., 
HIV, transplantation leukaemia/lymphoma, autoimmune 
disease treated with immunosuppressant drugs).

Thereafter, vaccinees completed six follow-up question-
naires (FU-Qs) over 6 months starting from the first dose 
of COVID-19 vaccine, and 5 follow-up questionnaires 
over a 3-month period for those who were recruited at the 
booster dose. The end of the recruitment period was sched-
uled to have the last FU-Qs completed at latest by Febru-
ary 2023, for both the first and booster doses. Follow-up 
questionnaires collected information on patient-reported 
short-/medium-/long-term adverse reaction following the 
COVID-19 vaccines. Specifically, FU-Qs collected informa-
tion on solicited local (injection site haematoma, induration, 
inflammation, pain, pruritus, swelling, and warmth) and sys-
temic ADRs (arthralgia, chills, fatigue, headache, malaise, 
myalgia, nausea, and fever), based on the most frequently 
reported adverse events in pivotal trials [14–16]. Informa-
tion on unsolicited ADRs, adverse events of special interest 
(AESIs), and serious ADRs were also collected. Adverse 
events of special interest were defined according to a list 

provided by the Brighton Collaboration (Supplementary 
Table 2) [17]. Serious ADRs were assessed according to 
the Council for International Organizations of Medical Sci-
ences (CIOMS) criteria [18]. All patient-reported adverse 
reactions were coded using the MedDRA coding system 
(version 24.0) [19].

For each ADR, information on time to onset (TTO), out-
come, duration of symptoms (if recovered), severity/impact 
of the symptoms (including medical assistance & hospitali-
sation) was collected [20].

2.3 � Data Analysis

For all the analyses, we included subjects who filled the 
baseline questionnaire along with at least the first FU-Q (i.e., 
Q1). A flowchart of recruited vaccinees and filled question-
naires was reported.

First, a descriptive analysis on demographics and clinical 
characteristics (e.g., use of any medication, use of painkillers 
or fever treatment before vaccination, medical history of car-
diovascular disorder, diabetes mellitus, hypertension, liver 
disorder, lung disorder, mental disorder, malignant tumour, 
nervous system disorder and renal disorder) of immunocom-
promised vaccinees versus controls was conducted.

Second, the frequency of local and systemic solicited 
ADRs reported following the first, second and booster dose 
of any COVID-19 vaccine for both immunocompromised 
people and controls was measured. Furthermore, the pro-
portion of subjects with at least one ADR overall, and spe-
cifically solicited/unsolicited/serious ADR or AESI across 
different vaccine doses was also evaluated, using as denomi-
nator the total number of recruited vaccinees receiving the 
first, second, or booster dose of any vaccine and who filled 
the baseline questionnaire and at least the FU-Q1.

Heatmaps of the frequency of vaccinee-reported local and 
systemic solicited ADRs, stratified by gender and vaccine 
brand, were also generated.

The median (along with 1st quartile and 3rd quartile) 
TTO and time to recovery (TTR) of all reported ADRs in 
immunocompromised versus non-immunocompromised 
vaccinees were computed and visualised using violin plots 
and box-plots. As participants could report the TTO and 
the TTR as seconds, minutes, hours, days, weeks, months 
or indicating a specific calendar date, TTO and TTR were 
standardised as hours. For this analysis, we included only 
ADRs for which both TTO and TTR values were available.

Categorical variables were reported as absolute fre-
quencies and percentages, while continuous variables 
were reported as median (and interquartile range [IQR]) 
or mean, as appropriate. A Chi-square test or Fisher’s 
exact test was performed to compare categorical variables 
as appropriate. A p value < 0.05 denoted the statistical 
significance.
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All analyses were performed using R statistical soft-
ware (version 4.3.1). For heatmaps, violin plot and box-
plot, the ggplot2 R package was used.

3 � Results

Overall, a total of 946 recruited immunocompromised vac-
cinees completed the baseline questionnaire at either first 
vaccination cycle (653, 69.0%) or booster dose (293, 31.0%). 
Of these, only 773 (81.7%) (N = 566, 73.2% at the first dose, 
N = 207, 26.8% at the booster dose) filled also at least the 
first FU-Q and therefore were finally included in the analy-
sis. Those vaccinees were matched 1:4 to 3092 non-immu-
nocompromised vaccinees by age, gender, dose, and vaccine 
brand (N = 2264, 73.2% at the first dose; N = 828, 26.8% at 
the booster dose) from the same source population.

Considering vaccinees recruited at the first vaccination 
cycle, 59.0% of the immunocompromised subjects and 
61.9% of the matched controls completed all six question-
naires; instead, at the booster dose, only 41.5% of the immu-
nocompromised vaccinees versus 48.3% of the matched con-
trols completed all the five questionnaires (Fig. 1).

3.1 � Demographic and Clinical Characteristics

As shown in Table 1, at the first vaccination cycle, the major-
ity of vaccinees were female (68.0%), and the median age 
was 56 (IQR: 43–74) years. Regarding vaccine brand, 29.2% 
of vaccinees included in the study received the Vaxzevria 
vaccine, 49.1% Comirnaty vaccine, 17.7% Spikevax vaccine 
and 3.7% Jcovden vaccine.

As for the booster dose, 61.8% of recruited vaccinees 
were female, and the median age was 51 (IQR: 41–60) years. 
Almost all the vaccinees received Comirnaty (62.8%) or the 
Spikevax vaccine (36.2%).

The main cause of immunosuppression reported was 
immunosuppression due to autoimmune disorder (N = 111, 
53.6%). Other causes of immunosuppression reported were 
related to malignant tumour (13.5%), infection (5.3%), and 
rheumatic disease (2.9%). In addition, 12.2% of patients did 
not report this information.

Furthermore, almost half of the subjects enrolled 
(48.8%) indicated a current use of medications that affect 
the immune system, particularly the use of immunosup-
pressants (32.9%) like TNF-alpha inhibitors and selective 
immunosuppressants.

Fig. 1   Flowchart including the number of questionnaires filled by immunocompromised vaccinees and matched control, at the first vaccination 
cycle and the booster dose
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3.2 � Descriptive Analyses of ADR Frequencies

The frequency of immunocompromised people and matched 
controls reporting at least one ADR in FU-Qs was similar. 
After the first vaccination cycle and the booster dose, most 
subjects reported at least one ADR after the FU-Q1 (first 
vaccination cycle: immunocompromised subjects: 71.4%, 
matched controls: 65.5%; booster dose: immunocompro-
mised subjects: 57.0%, matched controls: 57.6%) (Supple-
mentary Table 3).

Overall, after all doses, higher frequencies of at least 
one ADR in the immunocompromised versus matched con-
trols were reported (Table 2). The frequency of vaccinees 
reporting at least one ADR was higher after the first dose of 
any COVID-19 vaccine (immunocompromised vaccinees: 
82.0%; matched control: 76.1%), as compared to the sec-
ond (80.7% and 74.0%) and the booster (61.8% and 59.7%) 
doses.

Overall, when compared to the matched controls, the 
immunocompromised cohort showed a higher frequency 
of solicited ADRs after all doses. A statistically significant 
difference was especially observed for nausea after the first 
dose (p = 0.003), and for nausea (p = 0.005) and arthralgia 
(p = 0.005) after the booster dose (Supplementary Table 4).

Injection-site pain was the most frequently reported 
local solicited ADR following all doses for both groups 
(immunocompromised subjects vs matched controls: first 
dose: 41.2% vs 37.8%, second dose: 25.3% vs 24.7%, 
booster dose: 40.1% vs 35.7%). As for systemic solic-
ited ADR, fatigue was reported most commonly after all 
doses, for both immunocompromised vaccinees (first dose: 
38.2%, second dose: 25.3%, booster dose: 32.9%) and the 
matched control (first dose: 32.9%, second dose: 23.6%, 
booster dose: 29,8%) (Supplementary Table 4).

All solicited ADRs were more frequently reported 
in females, as compared to males, across all doses and 
study cohorts. Specifically, immunocompromised females 
showed higher frequencies of local solicited reaction injec-
tion-site pain following the first dose (48% vs 27%) as 
well as the booster dose (52% vs 20%) when compared to 
males. Additionally, increased frequencies of the systemic 
solicited reaction fatigue were observed in immunocom-
promised females vs males (first dose: 47% vs 20%, second 
dose: 30% vs 17%, booster dose: 38% vs 24%) (Fig. 2 and 
Supplementary Table 5).

Systemic solicited ADRs were most frequently experi-
enced by participants after the first dose of the Vaxzevria 
vaccine and the Jcovden vaccine and after the second dose 
of the Spikevax vaccine. In detail, after the Vaxzevria vac-
cine, headache was the most reported systemic solicited 
ADR in both groups (immunocompromised subjects: 57% 
vs matched control: 60%). Fatigue (67%) was the most 
frequently reported reaction after the administration of 

the Jcovden vaccine in immunocompromised vaccinees, 
while malaise (52%) in the matched control. Regarding 
the second dose, for immunocompromised vaccinees and 
matched controls, fatigue (53% vs 46%) and malaise (51% 
vs 58%), respectively, were the most frequently reported 
ADRs after receiving the Spikevax vaccine. At the booster 
dose, the highest frequency was observed for fatigue (37% 
and 31%) after the Spikevax vaccine for both study groups 
(Fig. 3 and Supplementary Tables 6, 7, 8).

The frequency of vaccinees reporting at least one unso-
licited ADR was highest after the first dose of COVID-19 
in both groups (immunocompromised subjects vs matched 
controls: first dose: 34.8% vs 30.7%, second dose: 23.1% 
vs 20.3%, booster dose: 17.4% vs 14.0%). Dizziness was 
the most frequently reported unsolicited ADR after the first 
dose of COVID-19 vaccines in both groups (immunocom-
promised subjects: 2.5% and matched controls: 2.1%) and 
after the second dose in matched controls (1.0%), while 
immunocompromised people indicated extensive swelling 
of the vaccinated limb (1.4%) after the second dose. At the 
booster dose, lymphadenopathy (3.9%) and lymphadenitis 
(1.8%) were the most reported unsolicited ADRs for immu-
nocompromised subjects and matched controls, respectively.

Of note, after the first dose, 3 (0.5%) immunocompro-
mised subjects indicated “condition aggravated” and 1 
(0.2%) “Crohn’s disease”. At the booster dose, 2 (1.0%) 
immunocompromised subjects reported “rheumatoid 
arthritis”, 1 (0.5%) “ankylosing spondylitis”, 1 (0.5%) 
“polymyalgia rheumatica”, and 1 (0.5%) “psoriasis” (Sup-
plementary Table 9).

For each study cohort, only 1 AESI was reported 
after the administration of the first dose of any COVID-
19 manufacturers. In particular, in the FU-Q1, 1 (0.2%) 
immunocompromised vaccinee reported “epilepsy”, while 
1 (< 0.1%) matched control “facial paralysis”, both with 
Vaxzevria vaccine.

After the second dose, in the FU-Q3, 1 (0.2%) immuno-
compromised subject indicated “platelet count decreased” 
after the administration of Spikevax, while 1 (0.1%) 
“hypersensitivity” (FU-Q3, Comirnaty) and 1 (0.1%) 
“facial paralysis” (FU-Q3, Spikevax) were reported for 
matched controls. No AESIs were reported after the 
booster dose in either group (Supplementary Table 10).

With regard to serious ADRs, at the first dose, only 
3 (0.5%) immunocompromised subjects and 3 (0.1%) 
matched controls reported at least one serious ADR. At the 
second dose, only 2 (0.5%) immunocompromised subjects 
reported serious ADRs, while at the booster dose, serious 
ADRs were reported by only 2 (0.2%) matched controls. 
Supplementary Table 10 provides a comprehensive list of 
reported serious ADRs.
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Table 1   Demographic and clinical characteristics of immunocompromised people versus matched controls, following the administration of the 
first dose and the booster dose of any vaccine

MedDRA Medical Dictionary for Regulatory Activities, N number, PT preferred term, y years
*Statistically significant
a Immediately before vaccination
b For the first vaccination cycle, it was not possible to collect this information because the LIM web-app did not include this specific information. 
This information was later included in the RO web-app at the booster dose

First vaccination cycle Booster dose

Immuno-com-
promised
N = 566 (%)

Matched control
N = 2264 (%)

p value Immuno-com-
promised
N = 207 (%)

Matched control
N = 828 (%)

p value

Gender, N (%)
 Female 385 (68.0) 1540 (68.0) Matching factor 128 (61.8) 512 (61.8) Matching factor
 M 181 (32.0) 724 (32.0) 79 (38.2) 316 (38.2)

Median age, years (IQR) 56 (43–74) 56 (43–74) 51 (41–60) 51 (41–60)
Age categories (y), N (%)
 < 18 6 (1.0) 24 (1.1) Matching factor 2 (1.0) 8 (1.0) Matching factor
 18–49 202 (35.7) 807 (35.6) 89 (43.0) 358 (43.2)
 50–79 301 (53.2) 1205 (53.2) 114 (55.0) 458 (55.3)
 ≥ 80 57 (10.1) 228 (10.1) 2 (1.0) 4 (0.5)

Medication use, N (%)
 Use of any medication 522 (92.2) 1257 (55.5) < 0.001* 171 (82.6) 368 (44.4) < 0.001*
 Use of painkillersa 99 (17.6) 321 (14.2) 0.055 32 (15.5) 223 (26.9) < 0.001*

Current use of any medication that affect 
immune systemb

– – – 101 (48.8) – –

 ATC 3rd Level
  Intestinal inflammatory agents – – – 7 (3.4) – –
  Immunosuppressant – – – 68 (32.9) – –
  Monoclonal antibodies and antibody drug 

conjugates
– – – 5 (2.4) – –

  Antimalarials – – – 9 (4.3) – –
  Corticosteroids for systemic use – – – 18 (8.7) – –
  Otherc – – – 28 (13.5) – –

Medical history (MedDRA PT), N (%)
 Cardiovascular disorder 66 (11.7) 213 (9.4) 0.126 8 (3.9) 25 (3.0) 0.691
 Diabetes mellitus 39 (6.9) 96 (4.3) 0.011* 17 (8.2) 18 (2.2) < 0.001*
 Liver disorder 14 (2.5) 8 (0.4) < 0.001* 4 (1.9) 2 (0.2) 0.019*
 Lung disorder 97 (17.2) 203 (9.0) < 0.001* 19 (9.2) 50 (0.6) 0.143
 Mental disorder 32 (5.7) 78 (3.4) 0.02* 8 (3.9) 30 (3.6) 1.000
 Malignant tumour 34 (6.0) 32 (1.4) < 0.001* 19 (9.2) 7 (0.8) < 0.001*
 Nervous system disorder 33 (5.9) 32 (1.4) < 0.001* 9 (4.3) 4 (0.5) < 0.001*
 Renal disorder 23 (4.1) 37 (1.6) < 0.001* 8 (3.9) 3 (0.4) < 0.001*

Immunosuppression (main cause)b 566 (100) – – 207 (100) – –
 Autoimmune disorder 111 (53.6) – –
 Malignant tumour 28 (13.5) – –
 Rheumatic disease 6 (2.9)
 Inflammatory bowel disease 4 (1.9)
 Infection 11 (5.3) – –
 Otherd 22 (10.6) – –
 Not reported – – – 25 (12.1) – –

Vaccine manufacturer, N (%)
 Vaxzevria 165 (29.2) 660 (29.2) Matching factor 1 (0.5) 4 (0.5) Matching factor
 Comirnaty 278 (49.1) 1112 (49.1) 130 (62.8) 520 (62.8)
 Spikevax 100 (17.7) 400 (17.7) 75 (36.2) 300 (36.2)
 Othere 23 (4.0) 92 (4.0) 1 (0.5) 4 (0.5)
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3.3 � Analyses of Time‑to‑Onset and Duration 
of Events

Overall, after both the first vaccination cycle and the booster 
dose, participants showed a median TTO within one day. In 
particular, the median TTO of reported ADRs in the first 
vaccination cycle was equal to 20.9 h and 17.9 h for immu-
nocompromised vaccinees and matched control, respectively 
(p = 0.424). For the booster dose, the median TTO for the 
immunocompromised vaccinees and matched controls was 
slightly shorter (13.7 h vs 15.4 h, p < 0.001) (Fig. 4).

A statistically significant difference was observed in the 
median TTR in immunocompromised vaccinees versus 
matched controls (first vaccination cycle: 40.9 h vs 37.7 h, p 
< 0.001; booster dose: 40.8 h vs 38.4 h, p < 0.001) (Fig. 4).

4 � Discussion

To our knowledge, this is the first active surveillance study 
from multiple European countries that explored the safety 
of COVID-19 vaccines among immunocompromised indi-
viduals, as compared to matched non-immunocompromised 

controls, using patient-reported outcomes collected via elec-
tronic questionnaires.

Findings from this study showed that, across different 
vaccine doses and brands, COVID-19 vaccines in immu-
nocompromised people were overall well tolerated, in line 
with evidence from the general population. Mild ADRs 
were only marginally increased in the immunocompromised 
cohort relative to healthy controls. Specifically, injection-site 
pain and fatigue were the most reported local and systemic 
solicited ADRs in both cohorts, which is consistent with 
evidence from the literature and in line with those reported 
in the Summary of Product Characteristics and RCTs (Sup-
plementary Table 1) [9, 21–27].

A statistically significant difference was observed for 
arthralgia in immunocompromised subjects when compared 
to matched controls. In addition, some unsolicited ADRs, 
like condition aggravated (0.5%), Crohn’s disease (0.2%), 
rheumatoid arthritis (0.5%), or psoriasis (0.5%), were 
reported by immunocompromised subjects. Based on these 
observations, such ADRs could be related to flares of under-
lying diseases, thus supporting the low frequency of flares 
after COVID-19 vaccination, as already described [28, 29].

c Include sulphonamides and trimethoprim, amphenicols, antimetabolites, hormone antagonists and related agents, immunostimulants, other anti-
neoplastic agents, protein kinase inhibitors, anti-inflammatory and antirheumatic products non-steroids
d  Including respiratory, endocrine and dermatologic disease
e Include Janssen and unknown vaccine brand

Table 1   (continued)

Table 2   Frequency of immunocompromised people and matched controls reporting at least one ADR, at least one solicited/unsolicited/serious 
ADR and at least one AESI, following the administration of the first dose and the booster dose of any vaccine

ADR adverse drug reaction, AESI adverse events of special interest, n number, PT preferred term
*Statistically significant

First dose Second dose Booster dose

Immuno-
compromised
N = 566 (%)

Matched control
N = 2264 (%)

p value Immuno-
compromised
N = 415 (%)

Matched control
N = 1652 (%)

p value Immuno-
compromised
N = 207 (%)

Matched control
N = 828 (%)

p value

At least one 
ADR, N (%)

464 (82.0) 1724 (76.1) 0.004* 335 (80.7) 1222 (74.0) 0.005* 128 (61.8) 494 (59.7) 0.623

At least one 
solicited 
ADR, N (%)

402 (71.0) 1438 (63.5) 0.001* 210 (50.6) 811 (49.1) 0.620 125 (60.4) 468 (56.5) 0.354

At least one 
unsolicited 
ADR, N (%)

197 (34.8) 695 (30.7) 0.067 96 (23.1) 335 (20.3) 0.226 36 (17.4) 116 (14.0) 0.263

At least one 
AESI, N (%)

1 (0.2) 1 (< 0.1) 0.360 1 (0.2) 2 (0.1) 0.490 0 (0.0) 0 (0.0) –

At least one 
serious ADR, 
N (%)

3 (0.5) 3 (0.1) 0.099 2 (0.5) 0 (0.0) 0.040* 0 (0.0) 2 (0.2) 1.000
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Furthermore, by stratifying analyses per vaccine manu-
facturer, our study showed that immunocompromised par-
ticipants, as well as matched controls, who received the first 
dose of the Vaxzevria or Janssen vaccine, experienced the 
highest frequency of solicited ADRs. This confirms already 
published evidence, in which the Vaxzevria vaccine resulted 
in higher reactogenicity compared to the other vaccines in a 
cohort of HIV patients [30].

Interestingly, in line with broader studies involving the 
general population, immunocompromised female vaccinees 
showed an increased frequency of solicited ADRs as com-
pared to male vaccinees. Differences in response to vaccina-
tion between the sexes are widely recognised, with several 
studies reporting a significantly higher incidence of reported 
ADRs after COVID-19 vaccination in females than males 
[31–33].

Upon assessing a longer follow-up period compared to 
published studies, our data suggest a favourable long-term 
safety profile of COVID-19 vaccines and a minimal risk of 
delayed ADRs. Notably, despite the long follow-up period 
available, the majority of ADRs were reported in the FU-Q1 
for both study cohorts, as already documented in previous 
studies [12]. With regard to the timing of ADRs to COVID-
19 vaccines, overall, a median TTO of symptoms within one 

day of vaccination and a TTR within 2 days was observed. 
Moreover, a slightly longer time to recovery was reported in 
the immunocompromised cohort when compared with the 
matched cohort. Knowledge regarding long-term ADRs of 
COVID-19 vaccines in immunocompromised individuals is 
sparse. In a prospective observational study with a longer 
follow-up period than other published studies, in 139 peo-
ple with HIV, ADRs were mild and resolved spontaneously 
within 7 days, and until the end of follow-up, no new ADRs 
occurred [34].

Concerning serious ADRs and AESI, we found a very low 
rate in both immunocompromised vaccinees and matched 
controls, following the first vaccination cycle and the booster 
dose, suggesting that vaccines are safe and reliable. These 
results appear concordant with previous studies on the safety 
of the COVID-19 vaccine in immunocompromised subjects, 
which have reported either no or very low rates of severe 
adverse reactions after vaccination [21, 35].

Strengths of this study included the international collabo-
ration involving multiple European countries with a com-
mon protocol and a common data model to analyse data on 
individual patient levels in a real-life setting.

The large number of subjects enrolled in this Euro-
pean project allowed us to find four controls for each 

Fig. 2   Heatmap for vaccinee-reported local and systemic solicited ADRs following the first, the second and the booster dose of any vaccine, in 
immunocompromised people and matched controls, stratified by gender
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immunocompromised subject to determine whether there 
might be relevant differences. Furthermore, another addi-
tional value was the possibility to compare different vac-
cine brands and doses in the same study. Finally, this active 
surveillance study made it possible to assess the frequency 
of ADRs due to the presence of a denominator.

Several study limitations warrant a cautious interpretation 
of the findings. The initial vaccination cycle was expanded 
for immunocompromised people with an additional third 
dose administered at least 28 days after the second dose [4]. 
We could not collect information on the first vaccination 
cycle’s third dose as the tools we used did not include this 
information. As such, for the immunocompromised cohort, 
some ADRs reported in the FU-Q4, 5, and 6 could be related 
to this additional dose, possibly overestimating the results. 
However, by exploring the frequencies of at least one ADR 
per questionnaire, we observed that the trend of the immuno-
compromised and non-immunocompromised cohorts is very 
similar, suggesting no marginal influence of the additional 
third dose on the estimated rates of ADR in immunocom-
promised vaccinees. Moreover, although study populations 
were matched using propensity score matching, residual 
confounding could not be entirely ruled out. Furthermore, 
stratifying the analyses by type of immunosuppression, or 

type of immunosuppressive therapy, was not feasible due 
to the limited number of subjects who provided this infor-
mation. In addition, the frequency of serious ADRs could 
have been underestimated due to the exclusion of patients 
who were unable to return the follow-up questionnaires. 
Nevertheless, research on surveillance of post-vaccination 
ADRs reveals that self-reported data document more serious 
events than those reported by health care professionals [36]. 
Finally, rare ADRs may not have been captured due to the 
limited number of participants enrolled.

5 � Conclusion

This study documented that the overall safety profile of 
COVID-19 vaccines in immunocompromised people was 
favourable, with minor differences in the frequency of 
ADRs as compared to non-immunocompromised vac-
cinees. Immunocompromised vaccinees experienced 
mostly mild and transient adverse reactions, with a 
median time to onset of symptoms within one day after 
vaccination and a recovery time of up to 2 days. Vac-
cinee-reported ADRs were more frequent among females, 
and the frequency of serious ADRs was extremely low 

Fig. 3   Heatmap for reported local and systemic solicited ADRs following the first, the second and the booster dose of any vaccine, in immuno-
compromised people and matched controls, stratified by vaccine brand
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among both groups. Systemic solicited ADRs were most 
often experienced by participants receiving the first dose 
of the Vaxzevria and the Janssen vaccines, and the second 
dose of Spikevax vaccine in both study cohorts.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s40264-​024-​01449-x.
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