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ABSTRACT

The Dutch Clozapine Collaboration Group is frequently asked
for advice about the management of clozapine-treated pa-
tients when infected with or vaccinated against SARS-CoV-2.
We provide state of the artinformation about the risks of SARS-
CoV-2 infection for patients on clozapine and we give advice
on measures to be taken, especially in regard to the monitoring
of clozapine plasma levels, WBC count and differentiation du-
ring COVID-19 and after vaccination. We present an overview
of relevant editorials, observational studies, and case studies,
in which COVID-19 was reported in patients on clozapine. Pa-
tients using clozapine may have a higher risk of infection than
patients with schizophrenia spectrum disorders (SSD) using
other antipsychotics. SARS-CoV-2 infection can resultin a dan-
gerous increase of clozapine plasma levels, and granulocyto-
penia and lymphocytopenia (generally mild and short-term)
may also occur, usually not as a result of clozapine treatment.
Clozapine intoxication, pneumonia and delirium are the main
complications of COVID-19 in patients on clozapine. In order
to prevent clozapine intoxication, reduction of the original dose
by half is generally recommended in clozapine users who con-
tract COVID-19. When a cytokine storm is suspected in an ad-
vanced stage of COVID-19, reduction by three quarters seems
more appropriate. If COVID-19 patients on clozapine develop
granulocytopenia, SARS-CoV-2, rather than clozapine, should
be considered as the cause. Schizophrenia patients in general
and clozapine users in particular belong to a high-risk group
that warrants early vaccination on a medical indication.

Introduction

In recent months, patients, relatives, nurses, and especially psychia-
trists have asked a strikingly large number of questions regarding
the combination of clozapine, the coronavirus disease 2019
(COVID-19), and its vaccination through the question-and-answer
service of the website of the Dutch Clozapine Collaboration Group
(www.clozapinepluswerkgroep.nl). In this article, we summarize
the currently available literature on COVID-19 and clozapine, which
we use for evidence-based recommendations for monitoring prac-
tice in patients on clozapine who contract a severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2) infection or who are
being vaccinated against COVID-19.

Method

We systematically searched PubMed, PsycINFO, and Embase data-
bases, using the combination of MeSH search terms “COVID-19”
AND “clozapine” (date 4 June 2021). We included articles in Eng-
lish and Dutch that reported on clozapine treatment with COVID-
19. Two authors independently screened all potentially relevant
abstracts and after studying full texts extracted relevant data.

The reference lists of the selected articles were checked for rele-
vant publications. We also included personal communications to the
collaboration group and added general information on clozapine or
schizophrenia where appropriate.
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Results

The initial search yielded 141 articles from the 3 databases. After
selection based on title and abstract, 16 relevant publications
about COVID-19in patients on clozapine remained. Most of the ex-
cluded articles did not report on risks, complications, or monito-
ring of SARS-CoV-2 infection in patients on clozapine. We aimed
toinclude original reports as much as possible. After a review of full
texts, 3 reports were excluded (> Table 1). No other relevant arti-
cles were found in the reference lists. One case reportin press and
3 unpublished case reports, which had been brought to the atten-
tion of the collaboration group by clozapine specialist R. Laitman
from New York, were added. Therefore 15 reports were included
in this review. Details of the selection process are shown in a flow-
chart (> Fig. 1).

Risk of COVID-19

In a UK study, patients taking clozapine were found to have a high-
er risk of a SARS-CoV-2 infection compared with patients with
schizophrenia spectrum disorders who were on other antipsycho-
tics (hazard ratio 2.62) [1]. After adjustment for gender, age, eth-
nicity, body mass index, smoking, and use of the mental health ser-
vices, the risk for patients on clozapine was still significantly higher
(hazard ratio 1.76). Clozapine in itself is associated with increased
general infection risk [2]. In general, studies in patients with schizo-
phrenia have found an increased risk for infection with SARS-COV-2
[3.4], for hospitalization with COVID-19 [3, 5, 6], and for mortality
with a factor 1.3 up to 3.3 [4, 5, 7] but not for mood disorders [7].

Risk of clozapine intoxication

Afew cases have been published about clozapine users with COVID-
19 and clozapine toxicity [8-10], Laitman, 2021, personal commu-
nication] (see » Table 2). The authors point out that cytokines such
asinterleukin-6 (IL-6) and I-1, which are increased in inflammation,
inhibit the clozapine-metabolizing CYP1A2 enzyme of the cy-
tochrome P450 system and thus may lead to elevated clozapine
blood levels or intoxication with symptoms such as sedation, hy-
persalivation, ataxia, and orthostasis. This is a well-known mecha-
nism that may be aggravated by reduction and/or cessation of
smoking during respiratory infections and/or during hospital ad-
mission [11, 12]. Dotson et al. (2020) observed seizures, ileus, and
delirium as possible complications of elevated clozapine levels [9].
Therefore, aninternational consensus statement on the use of clo-
zapine during the COVID-19 pandemic recommends that in the
event of fever, flu-like symptoms, and the emergence of signs and
symptoms of clozapine toxicity, the dose of clozapine should be re-
duced by as much as half until the patient has been fever-free for 3
days [13]. Thereafter, the dose can be increased in a stepwise man-
ner to the pre-fever dose. Two case descriptions do confirm that
halving the dose of clozapine when COVID-19-induced clozapine
toxicity occurred was enough to lower the clozapine level sufficient-
ly [14], Laitman, 2021, personal communication]. However, in an-
other case of COVID-19 and clozapine intoxication, the clozapine
level turned out to be 3 times as high as usual, and clozapine thera-
py had to be stopped altogether [10]. Interestingly, the clozapine
level was even much higher than during earlier respiratory infec-
tions in the same patient, which can be explained by a strongerin-

> Table 1 Literature review on COVID-19 in clozapine users.

Author(s), Obser- Case Edito- Inclusion
publication year vational report(s) rial
(PMID) cohort
study

Boland & Dratcu, X yes
2020
(327022242

Bonaccorso et al., X yes
2021
(33527097)'8

Butler et al., 2020 X yes
(32974002)20

Cranshaw & X yes
Harikumar, 2020
(32435811)8

Dotson et al., 2020 X yes
(32593477)9

Gee et al., 2020 X no
(32542111) *

Gee et al., 2021 X yes
(33703870)16

Gee & Taylor, X yes
2020
(32728419)17

Govind et al., 2020 X yes
(32713374)"

Laitman, 2021 X yes
(personal
communication)

Llesuy & Sidelnik, X yes
2020
(32706942)2'

Remington & X no
Powell, 2020
(32584527) *

Silva et al., 2020 X yes
(32718376)%°

Siskind et al., X yes
2020
(32242646)'3

Siskind et al., X no
2020
(32584530) *

Smits et al., 2021 X yes
(Accepted in
Dutch Journal of
Psychiatry)'4

Thompson et al., X yes
2021

(33667055)22

Tio et al., 2021 X yes

(33517757)10

* Editorials that did not add relevant information to the data of
original reports were excluded. Only 2 relevant editorials were
included that reported on advice on clozapine treatment with
COVID-19 and vaccination in clozapine users.
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Records identified from databases
n=141
PubMed: n=47
Embase: n=81
PsycINFO: n=13

Records screened
n=81

Additional records
Case report in press: n=1
Personal communication: n=1

Records removed before

screening

Duplicate records: n=55

Other languages: n=5

Records excluded based on

title and abstract

Not relevant or review without

Reports retrieved and assessed
for eligibility
n=16

Studies included in review
n=13

additional information:
n=65

Reports excluded
Editorials: n=3

Total studies|reports included in review

n=15

> Fig. 1 Systematic review flowchart.

> Table 2 Case reports of clozapine intoxication in COVID-19.

Study N M[F Clinical symptoms Lymphocytes Granulocytes Clozapine plasma levels (pg/L)
(x10°]1) (x10°]L)
Baseline co- Post-
VID-19 infection
Cranshaw 20208 1 1/0 hypersalivation 0.76 " 1.26™ NM 730 NM
drowsiness, myoclonus
Dotson 2020° 3 1/2 confusion, delirium, NM 1.10* 106 1360 NM
ileus
NM 14.97 NM 1060 NM
2.20 458 2154 NM
Laitman 2021 2 11 unconsciousness NM 0.99 600 950 620" *
no symptoms NM 0.60 <50 NM <50* **
Smits 202114 1 0/1 fever, chills, headache 0.8* 2.0 449 830 527* *
coughing, sore throat
Tio 202110 1 1/0 ataxia, tremor, NM NM 553 1813 583
lethargy, echolalia
Abbreviations: N: total number; M/F: male/female ratio; NM: not mentioned. * Lymphocytopenia (<1.5% 109/L) and granulocytopenia (<2.0x 109/L)
were transient. * * After halving the dose of clozapine. * * * After restarting with half a dose of clozapine.

flammatory response (cytokine storm) in COVID-19. Cron (2021)
suggests that cytokine-targeted treatments of COVID-19 are cru-
cial to save lives because a cytokine storm syndrome in patients
admitted with COVID-19 pneumonia causes high mortality rates
[15]. Patients on clozapine may particularly benefit from IL-6 and
IL-1 inhibitors to prevent a severe course of COVID-19 complicated
by clozapine intoxication.

Lymphocytopenia and granulocytopenia in COVID-19

At the beginning of the SARS-CoV-2 pandemic, region-specific li-
mits on outings and clinical resource constraints created challen-

ges for patients to access routine clozapine-associated care, includ-
ing the white blood cell testing required for dispensing. The above-
mentioned international consensus statement suggested reducing
the test frequency (if necessary) to every 3 months in patients with
a low risk for agranulocytosis, for example, in patients who have
had continuous clozapine treatment for more than 1 year [13].

A few small cohort studies and case reports of clozapine users
who had tested positive for COVID-19 have investigated white
blood cell, granulocyte, and lymphocyte counts before, during, and
after the SARS-CoV-2 infection (see » Table 3) [14, 16-18]. When
COVID-19-induced granulocytopenia (<2.0x 10%/L) and lympho-
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cytopenia (<1.5x%109/L) occurred, they were mild and transient,
with the counts returning to normal values within a few days, as
generally occurs in COVID-19. In the Gee and Taylor studies, in 2
patients, clozapine treatment was continued with mild granulocy-
topenia (1.5-2.0x109/L) [16, 17]. However, in 4 patients, cloza-
pine treatment was withdrawn because of the moderate granulo-
cytopenia (1.0-1.5x10%/L) that had developed. A striking finding
was that 3 of these 4 patients had been on clozapine for more than
6 months without previously developing granulocytopenia. In these
3 patients, neutrophil counts were restored within 3 weeks of tes-
ting positive for COVID-19, and clozapine could be given again
without reoccurring granulocytopenia. One patient who had only
been taking clozapine for 67 days developed severe granulocyto-
penia (0.5 % 10°/L), which was identified as being a side effect of
clozapine. After recovery, clozapine was not prescribed again. An-
other clozapine user with COVID-19 developed severe granulocy-
topenia (0.99 x 10%/L), but clozapine treatment was continued
under close monitoring of blood counts and with the addition of
lithium 300 mg daily [Laitman, 2021, personal communication].
After 3 days, the granulocyte count was completely back to nor-
mal, and lithium was stopped. In a second case with an even lower
granulocyte count (0.6 x 10%/L), clozapine treatment was discon-
tinued, and 450 mg lithium was started. After 10 days, the granu-
locyte count had returned to 3.0 x 109/L, and clozapine was cau-
tiously restarted with half of the original dosage, while 450 mg
lithium was continued.

The results of these observational studies indicate that (mostly
mild) granulocytopenia may occur in the acute phase of a SARS-
CoV-2 infection as is the case with other viral infections and that
clozapine may be continued without the development of agranu-
locytosis [19].

Pneumonia

At present, little is known about the morbidity and mortality asso-
ciated with COVID-19in clozapine users. It is thought that with clo-
zapine there may be a higher risk of aspiration pneumonia due to
an impaired swallowing reflex, sedation, and hypersalivation, par-
ticularly if the SARS-CoV-2 infection causes a toxic clozapine level
[12]. An unreplicated comparative cohort study showed that clo-
zapine is associated with a substantial reduction in serum immu-
noglobulins [2]. This secondary antibody deficiency (SAD) may ex-
plain the increased vulnerability to infection with COVID-19[1] and
the increased risk of pneumonia in patients on clozapine [12]. Pneu-
monia seriously exacerbates the patient’s condition in COVID-19.
In a retrospective case series of 8 clozapine users, 4 patients deve-
loped pneumonia, and in 2 of 3 deaths, the cause of death was
COVID-19 pneumonia (see » Table 4) [20]. Another case report of
a clozapine user seeking medical attention only after 2 weeks of
flu-like symptoms involves a 50-year-old woman with pneumonia
and hypoxia who was admitted to the intensive care unit. Cloza-
pine was continued without monitoring blood levels, and she died
after 6 days of a pulmonary embolism [21].

Delirium

Delirium is a common complication after a SARS-CoV-2 infection
in a clozapine user; it occurred in no fewer than 6 of the 8 clozapine

users with COVID-19 described by Butler et al. (2020) (see » Table
4)[21].

Risk of COVID-19 vaccination

Thereis currently only 1 case report describing complications after
COVID-19 vaccination in a clozapine user [22]. Four days after ad-
ministration of the BioNTech/Pfizer vaccine, a delirious clozapine
intoxication and a mild, transient decrease in lymphocytes oc-
curred. This seems reassuring in the light of the hundreds of clo-
zapine users who have been vaccinated in the meantime.

Recommendations for monitoring during the
COVID-19 pandemic

Recommendations in the event of fever, flu-like symptoms, or sus-
picion of COVID-19 are provided in » Fig. 2. During the COVID-19
pandemic, the granulocyte count can be monitored in the same
way as before the pandemic. Moreover, it is considered safe to re-
duce the test frequency to every 3 months in patients with a low
risk for agranulocytosis [ 13]. The symptoms of infection due to clo-
zapine-induced agranulocytosis, such as fever, coughing, muscle
pain, fatigue, and shortness of breath, are difficult to distinguish
from those associated with a SARS-CoV-2 infection. Because leu-
kocytopenia and granulocytopenia may be a reason to stop cloza-
pine treatment immediately, it is important for the treating psychia-
trist to consider the cause of the leukocytopenia/granulocytopenia
carefully, since stopping clozapine may result in a psychotic relapse
or withdrawal delirium, both dangerous complications when ade-
quate physical treatment has to be provided in a general hospital.
To avoid unnecessary cessation of clozapine, it is imperative to con-
sider that clozapine-induced agranulocytosis is rare, especially in
long-term clozapine treatment [23]. Dependent upon the country
and cohort studied, the risk of agranulocytosis after the first 6
months of clozapine treatment is between 0.37 and 0.70/1000 pa-
tient-years and, after the first year, 0.11 and 0.59/1000 patient-
years. > Figures. 3 and 4 show step-by-step plans in the event of a
decreased neutrophil count in patients on clozapine with a SARS-
CoV-2 infection and a rise in clozapine levels due to infection and
fever, respectively. Our recommendations are largely consistent
with the international consensus statement on the reduction of
clozapine dosage in patients who contract SARS-CoV-2 [13]. In ge-
neral, we recommend reducing the original clozapine dose by half.
Because a COVID-19-induced cytokine storm causes clozapine to
increase to higher levels compared to other infections, we recom-
mend reducing the original dose by 3 quarters instead of half when
an advanced stage of COVID-19 is suspected with the presence of
highly elevated proinflammatory cytokines [15].

In the absence of intoxication symptoms, it is possible to con-
tinue clozapine treatment safely with the monitoring of blood le-
vels and the clinical picture in case of a SARS-CoV-2 infection
[13,14,24].

Recommendations regarding COVID-19 vaccination

Due to the aforementioned additional risks of COVID-19 for clo-
zapine users, as well as the risk of possible clozapine-related hy-
pogammaglobinaemia causing an impaired immune response fol-
lowing a SARS-CoV-2 infection [2], we believe that clozapine users
have a particularly strong and urgent indication for vaccination

Veerman SRT et al. Review on COVID-19 and Clozapine.... Pharmacopsychiatry | © 2021. Thieme. All rights reserved.
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COVID-19 pandemic

regular monitoring

WBC + granulocytes
clozapine level

fever
flu-like symptoms
suspicion of COVID-19

COVID-19 test negative

cave

follow guideline for clozapine pr&ee::::nrlla
usage lymphocytopenia

in case of granulocytopenia
follow step-by-stap
plan Figure 3

in case of clozapine level
elevation follow step-by-step
plan Figure 4

» Fig. 2 Step-by-step plan in the event of a fever, flu-like symptoms, or suspicion of COVID-19 during the COVID-19 pandemic.

against SARS-CoV-2 [25]. Vaccination against COVID-19 seems no
more dangerous for patients with schizophrenia spectrum dis-
orders in general or clozapine users in particular than for the ge-
neral population. Extensive experience with the influenza vaccine
shows no effect on blood levels or the metabolites of clozapine [26].
There is also no evidence that vaccination changes the clozapine
blood level by inflammation processes or increases the risk of granu-
locytopenia [27]. Although SAD has not been affirmed by follow-up
research, clozapine-induced immunoglobulin deficiency could be
an additional reason to protect this vulnerable patient group from
infection [2]. In any case, there are no indications that SAD results
in a failed immune response following COVID-19 vaccination. Ad-
ditional monitoring of the white blood cell count (WBC) and differ-
ential and of clozapine levels after administration of the vaccine is
therefore not indicated. » Figure 5 shows how only in particularly
vulnerable patients, additional monitoring of blood count, clozap-
ine levels, and C-reactive protein can be considered after vaccina-
tion against COVID-19. While viral agents such as SARS-CoV-2 may
produce autoantibodies and features of subclinical systemic lupus
erythematosus (SLE) [28], clozapine can also potentiate or accel-
erate autoimmunity, for instance, in clozapine-induced SLE [29].
Because a chronic proinflammatory state, reduced ability to mount
an effective immune defense, and a possible higher risk of autoim-
mune disorders increase with age [30], elderly patients on clozap-
ine might benefit from extra monitoring following COVID-19 vac-
cination. Moreover, as immune competence decreases with age,

the response to COVID-19 vaccination is possibly lessened in elder-
ly patients, while clozapine may compromise the immune response
to infections due to antibody deficiency [2].

Conclusion

Based on a limited number of observational studies and case re-
ports, our literature review allows for several conclusions and re-
commendations. Firstly, clozapine users with a SARS-CoV-2 infec-
tion have an increased risk of a (mostly transient) lymphocytope-
nia and granulocytopenia of viral origin. Secondly, COVID-19
infection results, probably due to the accompanying cytokine
storm, in a more severe increase of clozapine plasma levels and clo-
zapine intoxication. Pneumonia is another common complication
of COVID-19 in patients on clozapine. Vaccination against COVID-
19 does not seem to influence WBC, granulocyte count, or cloza-
pine level. Vaccination can be of vital importance to clozapine users
given the additional health risks with COVID-19 for this very vul-
nerable group. We, therefore, urge that patients on clozapine be
prioritized for vaccination against COVID-19.
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mild granulocytopenia moderate granulocytopenia
1.5-2.0x10°/L 1.0<1.5x10%/L
A4 \L
consult with psychiatrist consult with psychiatrist
A4 \L
monitor WBC and granulocytes monitor WBC and granulocytes
2 x|week 2 x|week
(preferably at end of afternoon*) (preferably at end of afternoon*)

! d

consult with psychiatrist
and internist/haematologist

! d

continue clozapine®* continue clozapine* *

consult with psychiatrist

agranulocytosis
<0.5x10°/L
stop clozapine
internist/haematologist
as co-treating physician
with clozapine reachallenge
start G-CSF (filgrastim)

> Fig. 3 Step-by-step plan in the event of a decreased granulocyte count in patients on clozapine with a SARS-CoV-2 infection. *Due to daytime
fluctuations white blood cell counts are the lowest in the morning and highest at the end of the afternoon. ** Granulocytopenia is not dose-depen-
dent and is therefore not positively affected by dose reduction. Please note: 1. Although the neutrophil count is sufficient to estimate the risk of
agranulocytosis, the European Medicines Evaluation Agency (EMEA) text also requires a complete WBC. 2. There is another problem associated with
COVID-19: the lymphocytopenia often accompanies the viral infection, and causes a reduction in the number of leukocytes, and sometimes a de-
crease in the neutrophil count occurs, which is usually slight. 3. Benign ethnic neutropenia should be excluded. 4. The step-by-step plan focuses
exclusively on the number of granulocytes, the only type of white blood cell that is relevant to clozapine. 5. The step-by-step plan according to the
EMEA text indicates the threshold value of the granulocyte count at which clozapine must be stopped at <1.5 x 10°/L, whereas according to this
step-by-step plan clozapine can still be continued. Because this plan deviates from the registration text, this is an off-label use of clozapine.

-
—

> Fig.4 A step-by-step plan for increased clozapine plasma levels caused by infection and/or fever.

symptoms of clozapine toxicity
(delirium, seizures,
unconsciousness,
hypothermia, severe hypotension,
myoclonus, muscle rigidity or
ataxia)

clozapine level the same
or slight rise
(no symptoms)

|

continue clozapine dose

stop clozapine

titrate clozapine step-by-step
back to original dose
after 3 fever-free days
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vaccination against COVID-19

in clozapine users

education of symptoms
of clozapine intoxication

elderly
epilepsy
use of valproic acid/carbamazepine|
metamizole*

monitor
WBC + granulocytes
clozapine level and CRP
5 days after vaccination

other clozapine users

no extra monitoring of
WBC + granulocytes
and clozapine level

> Fig. 5 Advice on post-vaccination monitoring against COVID-19 in clozapine use. *Valproic acid, carbamazepine, and metamizole can induce

leukocytopenia or granulocytopenia.
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