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Abstract
In the context of COVID-19 concerns related to the potential interactions between clozapine and vaccination arose. With the 
ultimate goal of deriving recommendations for clinical practice, we systematically reviewed the current evidence regarding 
altered vaccine effectiveness in clozapine-treated patients and safety aspects of vaccination, such as haematological changes 
and the impact of vaccines on clozapine blood levels, in clozapine-treated patients. A systematic PRISMA-conform literature 
search of four databases (PubMed, PsycINFO, EMBASE and Cochrane Library) complemented by a case-by-case analysis 
of the Vaccine Adverse Event Reporting System (VAERS) database was performed. We then systematically appraised the 
joint evidence and tried to derive recommendations for clinical practice. 14 records were included in this analysis. These 
records consisted of 5 original articles and 9 case reports. Among the original articles, two studies provided data on the 
association between clozapine use and antibody responses to vaccination, both indicating that clozapine use in schizophrenia 
may be associated with reduced levels of immunoglobulins. Additionally, three studies examined vaccine safety in clozapine-
treated patients, with no clinically significant adverse effects directly attributable to the interplay between vaccinations and 
clozapine. VAERS Analysis encompassed 137 reports and showed no consistent evidence of an increased risk for clozapine 
blood level increases or adverse events. We found no evidence indicating that clozapine impairs the effectiveness of vaccines. 
Moreover, no serious safety concerns seem to apply when patients on clozapine are receiving vaccines. However, it is crucial 
to acknowledge that data on the interaction between clozapine and vaccines remain limited.

Keywords Clozapine · Vaccination · Immunization · Blood levels · Safety · Therapeutic drug monitoring (TDM)

Introduction

Clozapine (CLZ) is the only licensed antipsychotic mono-
therapy for treatment-resistant schizophrenia (TRS), which 
affects approximately 30% of individuals with schizophrenia 
[1]. Due to its unique side effect profile with rare, but poten-
tially life-threatening complications, such as agranulocytosis 
or myocarditis, clozapine remains a third-line antipsychotic 
treatment and its use warrants regular haematological moni-
toring. Furthermore, therapeutic drug monitoring of clozap-
ine blood levels is recommended in clinical practice, not 
only since adequate blood levels are associated with higher 
response rates [2] but also because blood levels above the 
therapeutic threshold may bring a higher risk for potentially 
severe side effects, such as epileptic seizures [3]. This is 
particularly relevant in clinical practice, given that numer-
ous factors have been demonstrated to substantially impact 
clozapine blood levels. These factors include changes in 
(tobacco) smoking habits [4], ancestry [5], age, gender [6], 
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caffeine consumption [7], concomitant medication with clin-
ically relevant Cytochrome P450 (CYP) 1A2 interaction [8] 
and infections [9].

During the SARS-CoV-2 (COVID-19) pandemic, it was 
shown that individuals with schizophrenia were at a greater 
risk for COVID-19 infection [10, 11], as well as hospitaliza-
tion and mortality due to COVID-19, even after controlling 
for sociodemographic and clinical risk factors [12]. It was 
also suggested that an increased risk for infections in general 
[13] and a specific risk for SARS-CoV-2 might be associ-
ated with clozapine use [14]. Thus, vaccinations against not 
only the SARS-CoV-2 but also influenza and pneumococ-
cal diseases are currently recommended to prevent unfa-
vourable somatic outcomes in clozapine-treated patients 
[15–17]. The recently published Treatment Response and 
Resistance in Psychosis Working Group (TRRIP) consensus 
recommendations confirm this strategy [18]. However, in 
this context experts have proposed that bidirectional interac-
tions between vaccines and drugs may occur [19]. Vaccines 
may interfere with drug metabolism, most likely via inter-
feron γ overproduction, which might promote a decrease in 
specific CYP activity. This may result in substantial altera-
tions in serum concentrations of specific drugs in the after-
math of a vaccination [20–23]. Several immunosuppressive 
compounds such as those licensed for multiple sclerosis, 
systemic lupus erythematosus and rheumatoid arthritis are 
suggested to affect vaccine response [24–27]. Clozapine’s 
potential immunosuppressive and pro-inflammatory effects 
have been observed during clozapine initiation and in long-
term clozapine users, leading to suggestions that clozapine 
may undermine the capacity of the immune system to fight 
infection. Clozapine was also associated with disruption to 
adaptive immunity through the suppression of white blood 
cells and by an increase in pro-inflammatory cytokine lev-
els [13, 28], especially in interleukin-6 (IL-6) [29]. It was 
also associated with secondary antibody deficiency and a 
decrease in B cells [13].

Currently, in the scientific literature and in the Vaccine 
Adverse Event Reporting System (VAERS) database [30], 
there is a growing number of reports for adverse events 
occurring following the administration of vaccines in clo-
zapine-treated patients. Established over three decades ago 
and co-managed by the Centers for Disease Control and 
Prevention (CDC) and the United States Food and Drug 
Administration (FDA), VAERS collects information about 
adverse events following the administration of vaccines 
throughout the United States. Hence, it represents one of 
the largest available data sets for the passive surveillance 
of vaccine interactions and potential vaccine-related side 
effects. Since data regarding medication are also collected 
and presented in the reports, they also serve as a valuable 
source for the evaluation of adverse events following vac-
cination in patients receiving clozapine. Case report data 

from VAERS are freely accessible, which renders it a user-
friendly tool for clinicians and other healthcare profession-
als. Due to these special properties, we intended to add an 
additional layer of insight to the existing literature by add-
ing a case-by-case analysis of the VAERS database to our 
systematic review of the available literature, focusing on 
the possible adverse events that may indicate an associa-
tion between increased clozapine blood levels following the 
administration of vaccines.

With access to the VAERS database and in light of sev-
eral recent publications concerning the interaction of clo-
zapine and COVID-19 vaccines, this article represents a 
timely effort aimed at exploring the current evidence sur-
rounding altered vaccine effectiveness and safety of vaccines 
in patients being treated with clozapine. Understanding how 
clozapine might influence vaccine responses and whether 
any adverse interactions occur is crucial for ensuring the 
optimal immune protection of these patients. Also, given 
clozapine's narrow therapeutic range and the potential for 
pharmacokinetic interactions with other medications, our 
approach intended to examine the potential effects of vac-
cination on clozapine serum levels and whether vaccines 
cause an increase in clozapine-related adverse events. 
Timely research into the interactions between clozapine 
and vaccines is necessary to provide informed guidance to 
healthcare providers and patients in order to ensure optimal 
safety for both groups. This investigation can aid in making 
well-informed decisions about vaccination strategies, poten-
tially improving overall public health outcomes within this 
specific population.

Methods

Methods overview

First, a systematic literature review was carried out to 
explore the current evidence concerning altered vaccine 
effectiveness and safety of vaccines within the context of 
clozapine-treated patients. Subsequently, our focus extended 
to investigate whether vaccines may be associated elevated 
clozapine blood levels; therefore, our review approach was 
expanded with a case-by-case analysis of VAERS database.

Systematic review

This systematic review was conducted adhering to the 
PRISMA (Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses) guidelines [31]. We thus searched elec-
tronic databases PubMed/MEDLINE, EMBASE, PsycINFO 
and Cochrane Library using the search string (vaccin*) AND 
(clozapin* OR clozaril OR leponex). We conducted the 
search and extracted our data between 30 July 2022, and 1 



                                                          

December 2022. The abstracts and titles of articles identified 
through electronic searches were reviewed independently 
by two authors (AA and JL). Disagreements were solved by 
consultation of a third author (EW, WS and AH). Publica-
tions in all languages were considered for inclusion. Refer-
ences of included studies and recent reviews were searched 
to identify additional studies. The approach was pre-regis-
tered on PROSPERO (CRD42022342070).

Inclusion and exclusion criteria

Observational case reports, case series, observational studies 
(case–control studies, cohort studies, cross-sectional stud-
ies), and interventional studies were considered eligible 
for inclusion, if they examined the effects of vaccination 
on clozapine-related adverse events or if they evaluated the 
impacts of clozapine use on vaccination effectiveness. Only 
studies with English or German language were included.

Quality assessment

Included articles were reviewed and their methodological 
quality was assessed independently by two authors (AA and 
JL) using the SIGN criteria [32]. Studies were rated between 
1 +  + (high-quality meta-analyses, systematic reviews of 
RCTs, or RCTs with a very low risk of bias) and 4 (expert 
opinion) (see Tables 1, 2 for further information).

Data synthesis

There was heterogeneity in the specific research questions, 
in the study groups, interventions, comparisons, outcome 
measures and outcomes of included studies. Consequently, 
a descriptive data synthesis was performed to provide a sum-
mary of the characteristics and results from included studies 
in table form and to address the review questions.

VAERS analysis

A case-by-case analysis was performed from 4 August 
2022 to 1 December 2022 using the Vaccine Adverse Event 
Reporting System (VAERS) [30]. Searches on VAERS data-
base was conducted using the freely accessible CDC Wonder 
online tool with the search terms “clozapine” and “clozaril” 
as concomitant medication at the time of vaccination. After 
identifying reports in which individuals were concomitantly 
exposed to a vaccine of any kind and clozapine, we per-
formed a case-by-case analysis. We extracted data about age 
and sex of the vaccine recipient, the vaccine manufacturer 
and vaccine dose, concomitant medication at the time of 
vaccination, time from vaccination until symptom onset, 
year of symptom onset, categorization as serious adverse 
event and incidences which led to hospitalization or death. 

Classification of adverse events was performed based on 
the Ontology of Adverse Events (OAE) [33]. Some reports 
included tests or unspecific events such as “symptom recur-
rence” or “echocardiogram normal”. These were trimmed 
out in the classification of symptoms and our analysis 
focused on the medically relevant adverse events.

To examine whether vaccines can cause elevated clozap-
ine blood levels, we followed a multistep process. Our main 
methodological approach based on the hypothesis that the 
VAERS records of patients presenting with clozapine intoxi-
cation symptoms following vaccinations might be linked to 
the usage of concomitant medication known to elevate clo-
zapine blood levels.

To investigate this, in the first step, case descriptions were 
evaluated for each report separately. We identified cases 
presenting symptoms suggestive of clozapine toxicity, such 
as sedation, lethargy, hypersalivation, ataxia, convulsions, 
tachycardia, hypotension, delirium, respiratory depression or 
failure, cardiac arrhythmias, or seizures. Here, we assessed 
the occurrence of symptoms case-by-case considering fur-
ther data such as time to onset, symptom duration and the 
presence of reasonable alternative causes for the event. In the 
next step, reports which were identified to present a symp-
tom occurrence pattern likely to indicate clozapine intoxica-
tion were extracted. Cases, where the symptoms cannot be 
clearly associated with clozapine intoxication were resolved 
by discussion with a senior co-author (WS) and controversial 
cases, were labelled as unlikely. For instance, the case of 
a 78-year-old patient, who presented with lethargy, harsh 
breath sounds, hypoxia and agitation with a positive COVID 
test was considered unlikely to be associated with a clozap-
ine intoxication, since the symptom onset was after 305 days 
following the administration of the COVID-19 vaccination 
and the symptomatology was likelier to explain with a 
COVID pneumonia. At the end of this process, we had two 
labelling categories, one regarding the presence of clozapine 
intoxication symptoms (0 = none, 1 = clozapine intoxication 
symptoms present) and after examining the cases labelled 
with “1” in this category, we performed another label-
ling considering the consistency of clozapine intoxication 
symptoms with symptom onset (0 = no, 1 = symptom onset 
in consistent with clozapine intoxication). These data are 
represented in Supplementary Information.

It is well known that concomitant medication may affect 
levels in clozapine patients. In some cases, toxic levels can 
be reached. According to our hypothesis described above, 
we investigated the concomitant medication in all cases in 
our next methodological step. The identification of con-
comitant medication potentially causing relevant increases 
in clozapine levels was performed using the drug interac-
tion screening program MediQ [34]. So, we created another 
labelling category regarding to the presence of concomitant 
medication with drugs known to cause relevant increase in 
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clozapine plasma level (0 = no, 1 = yes). In the next step, 
descriptive analysis was used to examine distribution of 
incidences of adverse events possibly related to clozapine 
toxicity in the group of individuals concomitantly exposed 
to medications known to cause increased clozapine blood 
levels. Finally, to investigate the causality assessment for a 
clozapine–vaccine interaction, we used the Drug Interaction 
Probability Scale (DIPS), a 10-item tool specifically devel-
oped to assess the likelihood of drug–drug interactions [35].

Results

Literature search

Included studies and case reports

In total, 40 records were independently screened on title/
abstract level and 26 records on full-text level. 12 records 
were excluded after full-text screening, resulting in 14 
records deemed eligible for inclusion which comprised five 
original articles and nine case reports. Please see Fig. 1 for 
the PRISMA flow diagram.

Quality of included studies and case reports

According to SIGN criteria, the only controlled study was 
rated as “2 + ”, all other included studies as “2 –” and all 
case reports as “3” in their methodological quality [36].

Characteristics of included studies

In total the number of studies was low (n = 5) and studies dif-
fered with respect to research questions, two studies explor-
ing the association between clozapine use and antibody 
responses to vaccination, whereas three studies explored 
safety aspects of vaccines in clozapine users. Thereby, our 
data composition was heterogeneous.

Two studies providing data on the association between 
clozapine use and antibody responses to vaccination 
included one cross-sectional study [15] and one retrospective 
case review [37] investigating immunodeficiency with meas-
urements of serum total immunoglobulins (immunoglobulin 
(Ig)G, IgA, IgM) and specific IgG antibodies to haemophi-
lus influenza type b, tetanus and pneumococcal polysac-
charide vaccines in clozapine-treated patients. An overview 
and findings of both studies are presented in Table 2. The 
association between clozapine use in schizophrenia and 
hypogammaglobulinaemia, presented by the cross-sectional 
study [15], was consistent with the findings from the second 
study [37] and the hypogammaglobulinaemia was suggested 
to be reversible on drug cessation.Ta
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Two prospective cohort studies examined the associa-
tion between clozapine use and safety aspects of COVID-
19 vaccines [36, 38]. Veerman et al. [36] investigated these 
aspects in cases of different COVID-19 vaccines (Mod-
erna, BioNTech–Pfizer, AstraZeneca, Johnson & Johnson). 
They reported that there was a significant increase in clo-
zapine blood levels compared to baseline after the second 

COVID-19 vaccination. Clinically relevant increases in clo-
zapine blood levels were observed in around 22% and 29% 
of patients during the first and second phases, respectively. 
Clozapine alert levels were triggered in a small percentage 
of patients after each dose. Mild changes in white blood 
cell counts, including granulocytopenia and leukocytope-
nia, were noted without requiring additional monitoring per 

Fig. 1  PRISMA diagram



                                                          

guidelines. Alterations in caffeine and tobacco consumption 
was monitored, as well as the concurrent use of medica-
tions that could impact CYP1A2 activity during the interval 
between the baseline and the second COVID-19 vaccination. 
However, this study did not provide additional details on 
the specific medications involved. The study by Lim et al. 
[38] examined adverse events and haematological changes 
following BioNTech–Pfizer COVID-19 vaccine. They pre-
sented no statistically significant difference in the frequency 
of adverse events between the first and second vaccine dose. 
Here, data concerning co-medication were not provided. The 
study by Raaska et al. [39] focused on the effects of influ-
enza vaccination on CRP and clozapine serum concentra-
tions, finding no statistically significant changes. Authors 
reported that four of the subjects were exclusively on clo-
zapine monotherapy, while the remaining subjects were 
concurrently taking one to six other concomitant drugs. An 
overview of the studies exploring the safety aspects of vac-
cines in clozapine users are presented in Table 1. In sum-
mary, the studies collectively suggest that adverse events 
following vaccinations generally included mild symptoms. 
In some patients taking clozapine, the second COVID-19 
vaccination led to a significant increase in clozapine blood 
levels. Changes in white blood cell counts were generally 
mild and did not require extra monitoring. Most patients did 
not show significant changes in serum clozapine and CRP 
levels after vaccination.

Characteristics of case reports

Nine case reports comprising eleven cases with administra-
tion of COVID-19 vaccines were retrieved [40–48]. Eight 
patients received the BioNTech–Pfizer COVID-19 vac-
cine, one patient the Moderna COVID-19 vaccine and two 
patients the Johnson & Johnson COVID-19 vaccine. Eight 
case reports provided clinical and haematological data on 
various adverse events occurring after the vaccine exposure 
in subjects treated with clozapine. One case report provided 
data on Anti-SARS-CoV-2 IgG levels after the exposure to 
COVID-19 vaccine. In two cases, symptoms occurred only 
after the administration of first dose of the BioNTech–Pfizer 
COVID-19 vaccine. In another case, symptoms occurred 
after receiving the first dose of the BioNTech–Pfizer 
COVID-19 vaccine and were worsened after the second 
dose. In another case, symptoms were observed both fol-
lowing the first and second dose of the BioNTech–Pfizer 
COVID-19 vaccine, both with spontaneous resolution in 
between. In another two cases, symptom onset was reported 
only in context of the administration of the second dose of 
the BioNTech–Pfizer COVID-19 vaccine. Further, in case 
of the Moderna vaccine, symptoms started following the 
second dose. Finally, in one case following Johnson & John-
son vaccination, symptoms started after the administration 

of the first dose of the COVID-19 vaccine. Only one case 
report regarding influenza vaccination was retrieved con-
cerning a presentation with a clinical serious adverse event 
with late onset of sudden agranulocytosis following an 
influenza vaccine [40]. Three cases (3.64%) presented with 
serious adverse events: two patients with delirium (1.82%) 
[42, 47], one with myocarditis (1.1%) [42] and one with 
a tonic–clonic seizure (1.1) [43]. Six cases showed blood 
count abnormalities (5.45%). Four of the 11 cases provided 
data regarding post-vaccinal plasma clozapine concentra-
tions. 50% showed relevant increases of clozapine concen-
trations: both presenting with delirium [42, 47] showed a 
relevant increase in clozapine levels, both after receiving 
COVID-19 vaccines. Two cases (50%) showed no eleva-
tion of clozapine levels. In sum, the clinical presentation of 
symptoms and the collected data was heterogeneous between 
cases as detailed in Table 3.

VAERS analysis

In total, 156 reports were obtained from the VAERS data-
base, of which 7 were duplicates, 11 reported no adverse 
events, but rather interchange of vaccine products, adminis-
tered extra doses or inappropriate administration schedules, 
or did in 1 case not specify the type of the vaccine. These 
respective 19 reports were removed. In the remaining 137 
reports, 112 patients were exposed to COVID-19 vaccines 
(81.8%), 12 patients to influenza vaccines (8.8%) and 13 
patients to other vaccines (9.5%). The median age of the 
patients was 54 years and median days to symptom onset 
was 4. There were 81 female (59.1%) and 55 male (40.1%) 
patients. Serious adverse events were reported in 38% of the 
cases (2 in 12 patients who received an influenza vaccine, 
48 of 112 patients who received a COVID-19 vaccine and 
2 of 13 other vaccines). Further characteristics regarding 
other variables are presented in the Supplementary Infor-
mation. By the case-by-case examination, we identified 16 
cases with concomitant use of medication potentially caus-
ing relevant increases in clozapine levels using the drug 
interaction screening program MediQ [34]. Additionally, 
we evaluated all 137 reports for descriptions of possible 
clozapine toxicity symptoms, which obtained a total of 13 
reports. 5 of these reports were excluded due to the interval 
until symptom onset consistent with time-dependent nature 
of CYP inhibition. 2 of the remaining 8 reports required hos-
pitalization. Adverse events showed marked heterogeneity. 
Most frequently reported adverse events were behavioural 
adverse events (n = 91, 66.4%). See Supplementary Informa-
tion for further information. None of the 8 reports of patients 
displaying symptoms compatible with clozapine intoxication 
received concomitant medication known to potentially cause 
relevant increases in clozapine blood levels.
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Next, we performed a general assessment of the VAERS 
reports regarding the likelihood of vaccine–drug interaction 
using the DIPS scale [35]. Here, vaccines were considered as 
the potential “precipitant drug”, whereas clozapine was regarded 
as the “object drug” on the DIPS. Upon the initial evaluation of 
VAERS records using the DIPS scale, it became evident that 
due to insufficient pre-existing data regarding vaccine–clozapine 
interactions, the ultimate summary score for all VAERS reports 
could attain a maximum of 2 points on the DIPS grading sys-
tem. A maximum score of 2 indicates a “possible” interaction. 
Since this would not be sufficient to provide recommendations 
for the clinical practice, we opted against a detailed case-by-case 
analysis of the reports using DIPS score. Table 4 illustrates the 
evaluation of VAERS records using the DIPS.

Discussion

To our knowledge this is the first study to systematically 
review the literature concerning the connections between 
vaccinations and clozapine use. We intended to evaluate 

both the available scientific literature and the VAERS data-
base regarding vaccine effectiveness and safety aspects of 
vaccination, such as haematological changes or the impact 
of vaccines on clozapine blood levels in clozapine-treated 
patients.

A recent systematic review included a literature over-
view of current evidence regarding haematological effects 
of COVID-19 vaccines on clozapine [49]. In our study, 
we intended to pursue a broader approach and explore the 
current evidence regarding effectiveness and safety of all 
vaccines in patients using clozapine. It seemed crucial to 
explore the clozapine–vaccine interaction further, consid-
ering the importance of infection prevention and the cur-
rent TRRIP consensus recommendations for a vaccination 
against, e.g. SARS-CoV-2 and influenza in clozapine-treated 
patients [18]. Compared to the review of Bonkat et al. [50], 
we focused on all aspects of the clozapine–vaccination inter-
action and we extended our approach to an evaluation of the 
VAERS database. Since representative studies are lacking, 
we aimed to consolidate currently published literature by 
including nine case reports, since, in the absence of higher 

Fig. 2  Recommendations for 
clinical practice if vaccination 
considered in a patient treated 
with clozapine



                                                         

quality evidence, a synthesis of lower forms of evidence can 
be clinically helpful and has historically served to advance 
medical knowledge [51]. We complemented the review 
with an assessment and analysis of the VAERS database, 
focusing on the possible adverse events that may indicate 
an association between increased clozapine blood levels fol-
lowing the administration of vaccines. The review identified, 
as expected, a highly heterogeneous literature. No original 
study fulfilled the criteria for a SIGN rating of 1 +  + /1 + or 
1 − , showing a significant risk of bias. It was not possible to 
perform a quantitative analysis due to the low number (n = 5) 
and heterogeneity of the included studies (2/5 exploring the 
association between clozapine use and antibody responses 
to vaccination and 3/5 the safety aspects of the vaccination 
in clozapine users).

We did not find robust evidence showing altered vac-
cine effectiveness in patients treated with clozapine. Our 
literature search resulted in two studies investigating asso-
ciations between clozapine use and antibody responses to 
vaccination [15, 37]. The first study retrospectively assessed 
1791 patients referred with antibody deficiency and found 
that clozapine was the single most prescribed antipsychotic 
(17/23) in the study group. It was shown that patients on 
clozapine displayed clinically significant panhypogamma-
globulinaemia, impaired vaccine responses and disturbed 
B-cell maturation. One patient showed gradual recovery of 
IgG serum level with clozapine discontinuation [37]. The 
second study, designed as a cross-sectional case–control and 
comprising a sample size of 123 patients on clozapine com-
pared with clozapine naïve group with n = 111, presented 
data on the effects of clozapine on adaptive immunity. This 
was demonstrated by a decrease levels of serum immuno-
globulins IgG, IgA and IgM below the reference range in 
8.5%, 13.8% and 34% of patients, respectively. The study 
also presented a decrease of specific IgG antibodies to hae-
mophilus influenza type b, tetanus and pneumococcal poly-
saccharide vaccines in clozapine-treated patients compared 
with those on other antipsychotics [15]. These findings may 
indicate that a possible cause for susceptibility to infection 
seen in clozapine-treated patients may be due to a second-
ary antibody deficiency, especially in patients with long-
term clozapine use, which might have diagnostic, monitor-
ing and treatment implications. One of the identified case 
reports presented low COVID-19 immunoglobulin G titres 
following Johnson & Johnson vaccination and breakthrough 
infections in patients taking clozapine. They suggested that 
clozapine may blunt the immune response to (non-mRNA) 
vaccination against SARS-CoV-2, as well as post-illness 
antibody protection [48]. The VAERS database search pro-
vided no specific data regarding an altered vaccine effec-
tiveness in clozapine-treated patients. In sum, substantial 
information on post-vaccine immune response in patients 

receiving clozapine is not available at present; rather, the 
current evidence is limited on only two studies and requires 
further exploration. Immune responses to vaccination are 
complex and can be influenced by multiple factors. Comor-
bidities, such as diabetes mellitus, chronic kidney and liver 
disease, as well as poor lifestyle choices such as smoking 
and sleep deficit, can negatively affect antibody formation 
after vaccination [41]. The fact that all of these elements 
are found at a higher rate in individuals with severe mental 
illness [52–54] could also in part explain the lower antibody 
levels in these individuals.

Investigating safety aspects of vaccination and the impact 
of vaccines on clozapine blood levels, we found that there 
is currently limited evidence regarding the influence of vac-
cines on clozapine levels or pharmacodynamic aspects of 
clozapine metabolism. There was only one original research 
study with a prospective cohort design on a small group of 
patients (n = 16) which demonstrated that influenza vaccina-
tion using conventional trivalent influenza vaccine did not 
have any statistically significant increases in serum concen-
trations of clozapine and CRP following influenza vaccina-
tion [39]. With respect to COVID vaccines, we identified 
two original studies [36, 38] examining their effect on hae-
matological parameters. One of the studies also assessed the 
effects on clozapine plasma concentrations [36] in clozap-
ine-treated patients. This prospective, observational study 
by Veerman et al. [36], was performed on a sample size 
of 133 patients on clozapine vaccinated with four differ-
ent mRNA vaccines (n = 133 pre-vaccination and one dose, 
n = 56 after 2 doses). Clinically relevant increases in clo-
zapine blood levels occurred in 20/92 patients (22%) and 
in 16/56 patients (29%) during the first and second phases, 
respectively. Clozapine alert levels developed in one patient 
(1%) following the first dose and in three patients (5%) after 
the second dose. These effects were, however, not clinically 
significantly relevant after the exclusion of people vac-
cinated with the Johnson & Johnson vaccine. Alert level 
increases in patients with pre-existing upper limit higher 
plasma concentrations could, however, not be ruled out. In 
general, the authors of this study came to the conclusion that 
based on their data COVID-19 vaccination seems to be safe 
with changes in white blood cells (WBC) limited to mild 
granulocytopenia (3% and 5%), moderate granulocytopenia 
(1% and 0%) and leukocytopenia (2% and 3%) without cause 
for extra monitoring. The study by Lim et al. [38] presented 
no statistically significant difference in the frequency of 
adverse events or major haematological changes between 
the first and second vaccine dose in their prospective cohort 
study on patients receiving two doses of BioNTech–Pfizer 
vaccines. In this study, top three adverse events were tran-
sient low-grade fever (n = 13), mild injection site reactions 
(n = 10) and behavioural disturbances (n = 5) that were con-
sidered unrelated to the vaccine. One (0.8%) and two cases 



                                                          

(1.7%) of asymptomatic mild neutropenia after the first and 
second dose, respectively, with spontaneous recovery, and 
all three cases had a history of granulocytopenia. To sum-
marize, the results of vaccination studies showed no major 
adverse events following vaccination in patients on clozap-
ine, whereas case reports display another picture. The case 
reports related to safety aspects of vaccines in clozapine-
treated patients showed great heterogeneity regarding the 
observed adverse events following vaccination ranging from 
haematological changes such as agranulocytosis or drops in 
WBC counts to generalized tonic clonic seizures or myocar-
ditis. Four of nine case reports provided data on clozapine 
levels, which showed an increase in only 2 cases. In these 
cases, although the provided data regarding smoking status, 
comorbidities and concomitant medication helps us rule out 
some possible effects of other factors other than the vac-
cines, data regarding infection are lacking. Hence, an asso-
ciative link between vaccination and potential increases in 
clozapine concentration cannot be confirmed or ruled out. 
The complementary VAERS analysis showed no consist-
ent evidence of an increased risk for clozapine blood level 
increases or adverse events. According to our search, only 
1 VAERS record provided data regarding clozapine levels 
which was within the normal range. Taken together, there are 
some findings from case reports suggesting that COVID-19 
vaccines may lead to an increase in clozapine blood concen-
trations, but the evidence is extremely limited and requires 
larger cohorts or trials [36].

In clinical practice, combining clozapine with other antip-
sychotic drugs is used as a strategy in case of unmanageable 
side effects due to clozapine treatment as well as in case 
of insufficient response to clozapine monotherapy to man-
age treatment-resistant schizophrenia. As this combination 
approach is considered associated with an increased risk of 
adverse events, one could speculate that risks of vaccination 
could also be more pronounced in this subgroup of patients. 
Upon detailed examination of the three original studies 
we obtained, which focused on vaccine safety in patients 
treated with clozapine, we were able to obtain—albeit lim-
ited—information regarding prescribed co-medication (see 
Table 1). Similarly, both the extracted case reports and 
VAERS database entries indicated a significant number of 
patients using clozapine alongside various other neuroac-
tive medications (see Table 3 and supplements). Nonethe-
less, we were not able to provide subgroup analyses due to 
the large heterogeneity of combined neuroactive drugs, but 
from a clinical perspective it may be concluded that combi-
nation treatments involving clozapine have a high risk for 
vaccination-related complications. Hence, the findings of 
this review must be considered with caution and in light of 
this limitation. An additional limitation of this review poses 
the few numbers and lower quality of studies available for 
the outlined research questions. Further, the obtained studies 

lacked control groups and stemmed from a few numbers of 
countries, thus limiting the generalisability of their findings. 
However, by combining a systematic review approach with 
a VAERS database search, we were able to compile the cur-
rently available medical data on the relevant topics of this 
review and gain further insight regarding the review ques-
tions. At the same time, it is also important to note that there 
are limitations of a VAERS assessment. VAERS is passive 
reporting system which cannot completely capture all poten-
tial adverse events since data are restricted to individuals 
and clinicians who voluntarily enter information and since 
reports may include incomplete, inaccurate, coincidental 
and unverified information [30]. In addition, reliable causal 
link between the observed adverse events and vaccination 
let alone the triangular association between concomitant 
medication, vaccination and adverse events are often lack-
ing, making it difficult to discern if other factors may have 
caused the adverse event. Moreover, case reports are at risk 
for a publication bias as it is unlikely that cases with no 
complications after vaccination are published.

In sum, based on our findings, no serious safety concerns 
seem to apply when patients on clozapine are receiving vac-
cines. However, it is important to note that due to the limited 
evidence, it could be premature to draw conclusions about 
altered vaccine effectiveness, an increased risk regarding 
clozapine intoxication or for adverse events following vac-
cine administration in clozapine-treated patients. For the 
clinical practice it may be important to mention that accord-
ing to the TRRIP consensus published in 2023 a vaccination 
against, e.g. SARS-CoV-2 and influenza, in patients receiv-
ing clozapine and to aim for a low threshold for vaccina-
tions in general is recommended [18], which takes increased 
rates of pneumonia among patients treated with clozapine 
compared to other antipsychotics into account [28]. Moreo-
ver, patients with schizophrenia are at a high risk of severe 
somatic comorbidities [55], and thus, the risk–benefit 
evaluation is in favour of a vaccination despite a potential 
increased risk of side effects when receiving clozapine. After 
vaccinations, clozapine levels, WBC and other signs of an 
intoxication with clozapine should be evaluated. In addi-
tion, if indicated, a dose reduction as much as by half when 
a clinically relevant increase is suspected or in patients with 
risk factors including patients with clozapine blood levels 
approaching the upper limit of the therapeutic range seems 
to be plausible [36]. Educating patients or caregivers about 
possible symptoms of clozapine intoxication, being aware of 
potential interactions of clozapine can help ensure the safety.

In this regard, the studies we reviewed provided no evi-
dence regarding safety aspects of vaccination in clozapine-
treated patients in case of comorbidities such as substance 
use disorders or other somatic disorders. Notably, recent 
research has indicated a higher incidence of myocarditis 
or pericarditis following COVID-19 vaccination [56]. As a 



                                                         

result, individuals receiving clozapine treatment, especially 
those with a higher risk of myocarditis or cardiomyopathy, 
such as those concurrently using valproate sodium, on higher 
cumulative clozapine doses, undergoing rapid titration, or 
exposed to illicit substances [57], may require more rigorous 
cardiac monitoring. In general, when dealing with patients 
who have comorbid conditions, it is recommended to per-
form a comprehensive evaluation of the condition's sever-
ity, taking potential risks into consideration. Moreover, it 
is crucial to establish closer monitoring of specific risks if 
necessary. Involving a multidisciplinary healthcare team to 
effectively manage these comorbid conditions may be neces-
sary. Additionally, educating both patients and their caregiv-
ers about the potential risks is recommended to ensure their 
well-being.

Figure 2 illustrates the clinical recommendations for the 
patients treated with clozapine receiving a vaccination.

Future studies could usefully evaluate the potential asso-
ciation between clozapine and vaccines in more detail to 
ensure a better understanding of the nature of this interac-
tion, using broader and prospective data sets and focus on 
intrinsic factors such as age, gender, genetic polymorphisms, 
comorbidities, antipsychotic combination therapies or con-
comitant neuroactive medication, type of vaccine, dosage 
and the duration of clozapine use, since the impact of the 
interaction may vary depending on various factors. Since 
a co-existing infection during the time of vaccination may 
also effect drug metabolism, ruling out an infection may also 
be important before drawing conclusions on vaccine–drug 
interactions [46].
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