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Abstract

Objective: To investigate whether patients with clozapine treatment are at an
increased risk of a more severe COVID-19 infection as compared with patients on
other antipsychotic drugs.

Methods: In this register-based cohort study, all residents (age 18 or older) in the
Stockholm Region with a psychotic disorder diagnosis and antipsychotic treat-
ment were included (N = 8 233) and followed from 1 March 2020 to 14 January
2021. The exposure was defined as clozapine treatment and the outcome meas-
ures (indicating a more severe COVID-19 infection) were: inpatient care, care
within intensive care unit or death due to COVID-19 infection. Differences in
outcome rates between exposed (n = 966) and unexposed (other antipsychotics;
n = 7 267) were examined using Cox proportional hazards models and expressed
as hazard ratios (HR) with 95% confidence intervals (CI).

Results: No statistically significant differences in outcome rates were found be-
tween the two groups of patients after adjusting for age, sex and residence in
retirement homes. The adjusted HR for the exposed compared to the unexposed
was 0.96 (95% CI: 0.54, 1.70) for inpatient care; 1.69 (0.48, 5.93) for care in inten-
sive care unit (ICU); and 0.86 (0.26, 2.80) for death. Regarding inpatient care,
additional adjusting for country of birth, living in socioeconomically vulnerable
areas, number of care visits during the previous year, and comorbid medical ill-
nesses did not alter the results.

Conclusions: Our results may add support to the present guidelines, recom-
mending sustained clozapine treatment during the current COVID-19 pandemic
with careful monitoring and readiness to alter drug doses as needed.
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1 | INTRODUCTION dose and duration), which occurs in up to one third of
patients with schizophrenia.' Clozapine has been shown
to reduce violent offences,’ hospitalisation and all-cause
morta.lityf"5 including risk of suicide.®® However, clo-

zapine may affect the innate immune system, which may

Clozapine is the only evidence-based antipsychotic for
treatment-refractory schizophrenia (ie not responding to
two or more trials of antipsychotic treatment in adequate

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any
medium, provided the original work is properly cited and is not used for commercial purposes.
© 2021 The Authors. Acta Psychiatrica Scandinavica published by John Wiley & Sons Ltd.

Acta Psychiatr Scand. 2022;145:79-85. wileyonlinelibrary.com/journal/acps 79


www.wileyonlinelibrary.com/journal/acps
mailto:﻿
https://orcid.org/0000-0001-9046-5773
https://orcid.org/0000-0002-8804-095X
https://orcid.org/0000-0002-6754-1018
https://orcid.org/0000-0003-1415-2200
mailto:Anna.ohlis@ki.se
http://creativecommons.org/licenses/by-nc/4.0/

OHLIS ET AL.

80
—I—Wl LEY—. Acta Psychiatrica Scandinay i«'u}

increase the risk of developing neutropenia and agranulo-
cytosis.” As a result of these serious side effects, clozapine
treatment requires close blood monitoring. Furthermore,
concomitant viral infection may contribute to neutrope-
nia in clozapine-treated patients.'® Recent findings by
Ponsford et al. suggest that clozapine may also affect the
adaptive immune system, as clozapine treatment has been
found to be associated with reduced levels of immuno-
globins, specifically IgG, IgA and IgM."'™"

Patients with schizophrenia tend to adopt a lifestyle
that increase the risk of infections and of excess mor-
tality, such as poor diet, inactivity, tobacco smoking and
substance use.'*'® Clozapine patients seem to have a
higher risk of infections, such as pneumonia, as com-
pared with patients treated with other antipsychotics,'” ™
and pneumonia seems to be highly lethal in clozapine
patients.””*! The underlying mechanisms remain poorly
understood but could be due to side effects of the drug,
such as hypersalivation, and the treatment's adverse ef-
fects on the immune system.'** However, this increased
infection risk may partly be due to confounding by indica-
tion since clozapine is prescribed to treatment-refractory
patients who are likely to have more severe and chronic
psychosis, and greater comorbidities.”>** In fact, it has
been suggested that behavioural and biological factors as-
sociated with treatment-refractory schizophrenia, such as
higher smoking prevalence, lack of treatment adherence
and medical comorbidities, may have a larger impact on a
patient's pneumonia risk than their clozapine treatment.*

The majority of COVID-19 infected individuals show
mild symptoms, but in severe cases the infection can
cause pneumonia, acute respiratory distress syndrome
and death. Since clozapine patients are more susceptible
to viral infection and pneumonia, they may in theory be
more susceptible to either increased risk of COVID-19
infection or severe outcomes.*® In addition, clozapine pa-
tients tend to be older and are at greater risk of diabetes
and cardiovascular diseases compared to patients treated
with other antipsychotics. Notably, older age, diabetes and
cardiovascular diseases are considered risk factors for a se-
vere COVID-19 infection.**

Attempts have been made to better understand if
clozapine treatment is associated with a greater risk for
COVID-19 infection and severe outcomes. In a study of
6 309 patients of which 102 tested positive for COVID-19,
Govind and colleagues found that clozapine patients had
a higher risk for COVID-19 infection compared to patients
on other antipsychotics.”> However, a closer monitoring
among clozapine patients may have led to increased test-
ing for COVID-19, resulting in higher reports of COVID-19
infection among clozapine patients.*” Thus, as the authors
put forward, further studies in larger samples are needed.

Significant outcomes

« Patients on clozapine treatment were not found
to be at an increased risk of a more severe
COVID-19 infection as compared with patients
on treatment with other antipsychotics.

« Our results support present guidelines to sus-
tain clozapine treatment during the current
COVID-19 pandemic.

Limitations

« The number of cases was small and the statisti-
cal power to detect risk differences was there-
fore low.

» Misclassification is a possibility as we lack in-
formation on treatment adherence and treat-
ment given within psychiatric inpatient care,
and only included patients with prescribed and
dispensed antipsychotics in 2020.

Notably, in an internal outbreak of COVID-19 at a psy-
chiatric clinic, 20 out of 46 patients with schizophrenia
and COVID-19 were on clozapine treatment. No clozap-
ine toxicity was reported. Four patients required hospital
treatment for pneumonia - all of whom were on clozapine
treatment. All patients recovered, and no patient needed
intensive care unit (ICU) treatment. Clozapine treatments
were sustained throughout the infection.?

Research is continuing to emerge on the interactions
between clozapine use and COVID-19 infection. Albeit
Rendon-Quintero and colleagues’ study in which pa-
tients on clozapine developed pneumonia upon an in-
ternal COVID-19 outbreak within a psychiatric clinic,?
and therefore, may indicate an increased susceptibil-
ity among clozapine patients, no previous study has
as far as we know examined whether clozapine treat-
ment is associated with increased risk of a more severe
COVID-19 infection as compared with other antipsy-
chotic drugs.

1.1 | Aims of the study

The aim of this study is to examine whether patients on
clozapine treatment are at increased risk of a more se-
vere COVID-19 infection as indicated by inpatient treat-
ment, intensive care or death following infection with
COVID-19 as compared with patients on treatment with
other antipsychotics.
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2 | MATERIAL AND METHODS

21 | Setting

Within this cohort study, we utilised data from a re-
gional health care register (VAL-databaserna) within the
Stockholm Region, which is a metropolitan area with ap-
proximately 2 million inhabitants. The register holds data
on all out- and inpatient care, diagnoses according to the
International Classification of Disease [ICD] version 10,
prescribed and dispensed drugs. From Statistics Sweden,*
data on demographics and social factors were collected.
Ethical approval was granted by the Swedish Ethical
Review Authority (original approval: Dnr 2020-03122,
and update: Dnr 2021-00810).

2.2 | Study cohort

Included in this study were all residents in the Stockholm
Region who were of age 18 and older by 1 March 2020
and fulfilled the following two inclusion criteria: (1) a
psychotic disorder diagnosis (ICD-10, F20-29) registered
between 1 January 2019 and 29 February 2020 and (2) pre-
scribed and dispensed antipsychotics (see Supplement for
included drugs) at any time during year 2020.

2.3 | Exposure

Exposure was defined as treatment with clozapine (ie having
been prescribed and dispensed clozapine at any time during
2020). Those who had been prescribed and dispensed other
antipsychotics (see Supplement for included drugs), not in-
cluding clozapine, at any time during 2020 constituted the
unexposed group (ie the comparison group).

2.4 | Main outcomes

The main outcome measures included: (1) inpatient care
with diagnosed COVID-19 (ICD-10 U07.1-07.2), (2) care
in intensive care unit (ICU) with diagnosed COVID-19
(ICD-10 U07.1-07.2) or (3) death due to COVID-19 (ICD-
10 U07.1-07.2) according to the Cause of Death Register*’
at any time during the follow-up period between 1 March
2020 and 14 January 2021.

2.5 | Covariates

The possible confounding effect of age, sex and residence
in retirement homes were considered in all analyses.
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Regarding the outcome measure inpatient care with
COVID-19, the analyses were further adjusted for the po-
tential effect of: country of birth (divided into three op-
tions: (a) Sweden, (b) Denmark, Finland or Norway and
(c) other countries including unknown origin); living in
a socioeconomically vulnerable area (ie about 10% of 68
areas in Stockholm Region, characterised by high rates of
unemployment, social benefits and benefits for sickness
and disability); number of care visits (0, 1-9, 10-19 or >20)
from the study baseline to censoring, not including vis-
its <5 days before outcome event or visits with diagnosed
COVID-19, and any or several comorbid medical illnesses
(ie diabetes, ICD-10: E10-14; cardiac disease/failure, ICD-
10: 120-25, 142-43, 150; chronic renal failure, ICD-10: N18;
cancer ICD-10: C00-07) registered between 1 January
2018 and 29 February 2020.

2.6 | Statistical analysis

Data were analysed using SAS 9.4. Differences in outcome
rates between the exposed (ie clozapine treatment) and the
unexposed (ie other antipsychotics) were analysed. The
hazard ratio (HR) with 95% confidence intervals (CI) for
each outcome were estimated with Cox proportional haz-
ards model, starting 1 March 2020, with moving outside of
the Stockholm Region (ie last day in month before moving
date) or death due to any cause during follow-up or the
end of follow-up as censoring time (ie 14 January 2021).
The proportional hazard assumption was not violated in
any analyses, tested by using Kaplan-Meier curves.

3 | RESULTS

Sample characteristics and distribution of confounding
variables among the patients are described in Table 1.
Between 1 January 2019 and 29 February 2020, a total of 8
233 inhabitants age 18 and older (M = 51.3 years, SD 16.2)
in the Stockholm County had been diagnosed with a psy-
chotic disorder and received antipsychotic drugs during
2020, of them 966 (12%) had received clozapine treatment.
Only a small number of individuals on antipsychotic drugs
needed inpatient or ICU care, or died due to COVID-19 in-
fection between 1 March 2020 and 14 January 2021. The
HRs of inpatient care (HR, 0.96 [95% CI: 0.54, 1.70]), ICU
care (1.69 [0.48, 5.93]) or death (0.86 [0.26, 2.8]) due to
COVID-19, for clozapine patients as compared to patients
on other antipsychotic drugs, after adjusting for age, sex
and residence in retirement homes, showed no altered
risks for the outcomes. Further adjustments for country of
birth, living in a socioeconomically vulnerable area, num-
ber of care visits and comorbid medical illnesses for the
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TABLE 1 Sample characteristics and distribution of
confounding variables among patients with clozapine treatment
and patients treated with other antipsychotics

Other
Clozapine antipsychotics
(n = 966) (n = 7266)
n (%) n (%)
Gender
Female 375 (39) 3479 (48)
Male 591 (61) 3788 (52)
AgeT
18-49 468 (48) 3181 (44)
50-69 445 (46) 2971 (41)
70+ 53(5) 1078 (15)
Residency”
Retirement home 34(4) 473 (7)
Socioeconomically 165 (17) 1263(17)
vulnerable area
Country of birth
Sweden 731 (76) 4717 (65)
Denmark, Finland, 36 (4) 326 (5)
Norway
Other countries 199 (21) 2,187 (30)
Number of care contacts
0 105 (11) 823 (11)
1-9 529 (55) 4284 (59)
10-19 190 (20) 1348 (19)
20+ 142 (15) 775 (11)
Medical illnesses®
Cardiovascular 29 (3) 367 (5)
Diabetes 184 (19) 1188 (16)
Cancer 29 (3) 299 (4)
Renal failure 26 (3) 287 (4)

Age is entered as a continuous variable in the statistical model but
categorised in the table to show the distribution between the groups.

“The subcategories under the variables residency and medical illnesses,
respectively, were not exclusive categorisations thus capturing individuals
who had multiple comorbidities as well as individuals who met multiple
residential categorisations.

outcome measure, inpatient care, did not alter the results.
See Table 2.

4 | DISCUSSION

In this study, we examined whether patients on clozap-
ine treatment have an increased risk of severe COVID-19
infection as indicated by inpatient care, care at ICU or
death related to COVID-19 infection, as compared with

patients on treatment with other antipsychotics. We
found no indication of a more severe course of the in-
fection in terms of these outcomes among patients on
clozapine treatment after adjusting for age, sex and
residence in retirement home. Regarding inpatient care,
additional adjusting for country of birth, living in soci-
oeconomically vulnerable areas, number of care visits
during follow-up, and comorbid medical illnesses did
not alter the results. However, the number of cases was
small and the statistical power to detect risk differences
was consequently low.

Previous studies have described the course of
COVID-19 in clozapine-treated patients, as well as pos-
sible mediators of a more severe COVID-19 infection or
other complications during clozapine treatment and si-
multaneous COVID-19 in order to guide whether there
are special risks associated with clozapine during the
pandemic. To the best of our knowledge, five cases of sus-
pected clozapine toxicity have occurred in patients with
a concurrent COVID-19 infection and furthermore, a sin-
gle case of elevated clozapine levels was described after
a COVID-19 vaccination,?®3'whilst others have reported
no such findings.*® In addition, previous case series have
reported no identified increased risks associated with
COVID-19 infection and concurrent clozapine treatment
indicated by a significant reduction in neutrophil counts,
which can forebode agranulocytosis,**** or by additional
complications associated with clozapine treatment when
having mild symptoms of COVID-19 infection.** Our
findings are in line with these previous studies in that no
increased risk for a more severe COVID-19 infection in
terms of inpatient care, ICU or death were found among
clozapine patients as compared with patients on other an-
tipsychotic drugs.

The comprehensive measures within our study allowed
for many potential risks to be covered, such as number of
care visits, comorbid medical illnesses and all additional
risks leading to the need for inpatient care, care within
an ICU or death despite lacking data on specific risk fac-
tors associated with infection and clozapine treatment.
However, our results are based on a small number of
cases and need to be interpreted with great caution. Given
our sample size, we had an 80% power to detect a HR of
1.58 for inpatient care, 3.97 for care in ICU and 2.23 for
death. That is, the risk of type II error is high. We included
only patients with a dispensed antipsychotic in 2020 and
made the assumption that this was similar to treatment
adherence. In addition, misclassification is a possibility.
Furthermore, there was potential for medications that
were received within psychiatric inpatient care to be an-
tipsychotics, however since data on medications delivered
within psychiatric inpatient care was unavailable, it was
not included as dispensed or prescribed antipsychotics.
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TABLE 2 Number of patients with clozapine treatment or other antipsychotic treatment receiving inpatient care, or care at an intensive
care unit, or death related to COVID-19 infection and risk estimates for COVID-19 related inpatient care, treatment in ICU or death between
1 March and 14 January 2021, among patients with Clozapine treatment as compared to treatment with other antipsychotics

Clozapine versus other antipsychotics®

Full sample N (%) Clozapine n (%)
Individuals 8233 (100) 966 (12)
Number with COVID—19 related inpatient care, ICU or death
Inpatient care 147 (1.8) 13 (1.3)
ICU 17 (0.2) 3(0.3)
Death 53 (0.6) 3(0.3)

Other antipsych. n HR (95% CI)

(%)
Adjusted? Adjusted”
7267 (88) - -
134 (1.8) 0.96 (0.54, 1.70) 0.94 (0.53, 1.67)
14 (0.2) 1.69 (0.48, 5.93) n/a
50 (0.7) 0.86 (0.26, 2.80) n/a

“Adjusted for age, sex, residence in retirement homes, country of birth, living in a socioeconomically vulnerable area, number of care visits and comorbid

medical illnesses (ie diabetes; cardiac disease/failure; chronic renal failure; cancer).

$See supplement for included drugs.

IAdjusted for age, sex and residence in retirement homes.

Moreover, we lacked information on treatment length
or whether treatment was terminated as the patient
tested positive for COVID-19 infection. Information on
treatment length may be of importance since clozapine-
induced neutropenia and agranulocytosis mainly occurs
at the initiation of treatment, with the risk diminishing
greatly over time.'® Consequently, it is possible that a
potential increased risk of neutropenia associated with
clozapine treatment and a concurrent COVID-19 infec-
tion is dependent on whether the patient recently initiated
treatment. In addition, we cannot reject the possibility
that clozapine or other antipsychotics were withheld upon
a positive COVID-19 test or earlier as a precaution due to
the pandemic outbreak. Yet, it is plausible to surmise that
due to the potential drawback of drug withdrawal, treat-
ment termination prior to developing more severe symp-
toms, which require inpatient or ICU care or cause death,
is less likely.

Despite this study's substantial limitations, our results
may add support to the present guidelines, recommend-
ing sustained clozapine treatment during the current
COVID-19 pandemic with adapted monitoring and read-
iness to alter drug doses as needed in case of infection, or
treatment cessation if neutrophil counts are significantly
decreasing.”**> Further case reports and larger studies
regarding COVID-19 infection and concurrent clozapine
treatment are needed. To the best of our knowledge, no
findings have so far supported the termination of ongo-
ing clozapine treatment albeit theoretical risks. The likely
relapse of psychotic symptoms in patients who discon-
tinued clozapine could, in addition to the distress caused
to the patient and their relatives, make both controlling
the spread of the virus in this psychiatric population as
well as delivering life-saving COVID-19 treatment to this
population difficult.** Overall, it is our opinion that the

dangers of discontinuing clozapine treatment likely out-
weigh the risks of continued clozapine treatment under
careful monitoring.

ACKNOWLEDGEMENTS

This study was supported by the Center for Epidemiology
and Community medicine, within the ALF-agreement,
Health Care Services Stockholm County.

CONFLICT OF INTEREST
None.

PEER REVIEW
The peer review history for this article is available at
https://publons.com/publon/10.1111/acps.13379.

DATA AVAILABILITY STATEMENT
Derived data supporting the findings of this study are
available from the corresponding author on request.

ORCID

Anna Ohlis (© https://orcid.org/0000-0001-9046-5773
Alma Sorberg Wallin © https://orcid.
org/0000-0002-8804-095X

James H. MacCabe © https://orcid.org/0000-0002-6754-1018
Johan Ahlen © https://orcid.org/0000-0003-1415-2200

REFERENCES

1. Lally J, Gaughran F, Timms P, Curran SR. Treatment-resistant
schizophrenia: current insights on the pharmacogenomics of
antipsychotics. Pharmgenomics Pers Med. 2016;9:117-129.
10.2147/PGPM.S115741

2. Bhavsar V, Kosidou K, Widman L, et al. Clozapine treatment
and offending: a within-subject study of patients with psychotic
disorders in Sweden. Schizophr Bull. 2020;46(2):303-310.
10.1093/schbul/sbz055


https://publons.com/publon/10.1111/acps.13379
https://orcid.org/0000-0001-9046-5773
https://orcid.org/0000-0001-9046-5773
https://orcid.org/0000-0002-8804-095X
https://orcid.org/0000-0002-8804-095X
https://orcid.org/0000-0002-8804-095X
https://orcid.org/0000-0002-6754-1018
https://orcid.org/0000-0002-6754-1018
https://orcid.org/0000-0003-1415-2200
https://orcid.org/0000-0003-1415-2200
https://doi.org/10.2147/PGPM.S115741
https://doi.org/10.1093/schbul/sbz055

84
—I—Wl LEY—. Acta Psychiatrica Scandinay im}

3.

10.
11.
12.

13.

14.

15.

16.

17.

OHLIS ET AL.

LandR, Siskind D, McArdle P, Kisely S, Winckel K, Hollingworth
SA. The impact of clozapine on hospital use: a systematic re-
view and meta-analysis. Acta Psychiatr Scand. 2017;135(4):296-
309. 10.1111/acps.12700

Vermeulen JM, van Rooijen G, van de Kerkhof MPJ, Sutterland
AL, Correll CU, de Haan L. Clozapine and long-term mortal-
ity risk in patients with schizophrenia: a systematic review and
meta-analysis of studies lasting 1.1-12.5 years. Schizophr Bull.
2019;45(2):315-329. 10.1093/schbul/sby052

Stroup TS, Gerhard T, Crystal S, Huang C, Olfson M.
Comparative effectiveness of clozapine and standard antipsy-
chotic treatment in adults with schizophrenia. Am J Psychiatry.
2016;173(2):166-173. 10.1176/appi.ajp.2015.15030332

Meltzer HY, Alphs L, Green Al, et al. Clozapine treatment for
suicidality in schizophrenia: International Suicide Prevention
Trial (InterSePT). Arch Gen Psychiatry. 2003;60(1):82-91.
10.1001/archpsyc.60.1.82

van der Zalm Y, Foldager L, Termorshuizen F, Sommer IE,
Nielsen J, Selten JP. Clozapine and mortality: a comparison
with other antipsychotics in a nationwide Danish cohort
study. Acta Psychiatr Scand. 2021;143(3):216-226. 10.1111/
acps.13267

Wimberley T, MacCabe JH, Laursen TM, et al. Mortality
and self-harm in association with clozapine in treatment-
resistant schizophrenia. The American journal of psychiatry.
2017;174(10):990-998. 10.1176/appi.ajp.2017.16091097

Li XH, Zhong XM, Lu L, et al. The prevalence of agranulocyto-
sis and related death in clozapine-treated patients: a compre-
hensive meta-analysis of observational studies. Psychol Med.
2020;50(4):583-594. 10.1017/S0033291719000369

Mijovic A, MacCabe JH. Clozapine-induced agranulocytosis.
Ann Hematol. 2020;99(11):2477-2482. 10.1007/s00277-020-
04215-y

Ponsford M, Castle D, Tahir T, et al. Clozapine is associated with
secondary antibody deficiency. The British Journal of Psychiatry.
2019;214(2):83-89. http://dx.doi.org/10.1192/bjp.2018.152
Ponsford MJ, Pecoraro A, Jolles S. Clozapine-associated sec-
ondary antibody deficiency. Curr Opin Allergy Clin Immunol.
2019;19(6):553-562. 10.1097/ACI.0000000000000592

Ponsford MJ, Steven R, Brambhall K, et al. Clinical and labora-
tory characteristics of clozapine-treated patients with schizo-
phrenia referred to a national immunodeficiency clinic reveals
a B-cell signature resembling common variable immunodefi-
ciency (CVID). J Clin Pathol. 2020;73(9):587-592. 10.1136/jclin
path-2019-206235

Liu NH, Daumit GL, Dua T, et al. Excess mortality in persons
with severe mental disorders: a multilevel intervention frame-
work and priorities for clinical practice, policy and research agen-
das. World Psychiatry. 2017;16(1):30-40. 10.1002/wps.20384
Fang Y, Wang W, Zhu C, et al. Use of tobacco in schizophre-
nia: A double-edged sword. Brain Behav. 2019;9(11):e01433.
10.1002/brb3.1433

Mayerova M, Ustohal L, Jarkovsky J, Pivnicka J, Kasparek T,
Ceskova E. Influence of dose, gender, and cigarette smoking
on clozapine plasma concentrations. Neuropsychiatr Dis Treat.
2018;14:1535-1543. 10.2147/NDT.S163839

Hung GC, Liu HC, Yang SY, et al. Antipsychotic reexposure
and recurrent pneumonia in schizophrenia: a nested case-
control study. J Clin Psychiatry. 2016;77(01):60-66. 10.4088/
JCP.14m09301

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Kuo CJ, Yang SY, Liao YT, et al. Second-generation antipsy-
chotic medications and risk of pneumonia in schizophre-
nia. Schizophr Bull. 2013;39(3):648-657. 10.1093/schbul/
sbr202

Stoecker ZR, George WT, O'Brien JB, Jancik J, Colon E,
Rasimas JJ. Clozapine usage increases the incidence of pneu-
monia compared with risperidone and the general population:
a retrospective comparison of clozapine, risperidone, and the
general population in a single hospital over 25 months. Int
Clin Psychopharmacol. 2017;32(3):155-160. 10.1097/YIC.00000
00000000162

De Leon J, Ruan CJ, Verdoux H, Wang C. Clozapine is
strongly associated with the risk of pneumonia and inflam-
mation. Gen Psychiatr. 2020;33(2):e100183. 10.1136/gpsyc
h-2019-100183

De Leon J, Sanz EJ, De las Cuevas C. Data from the world
health organization's pharmacovigilance database supports
the prominent role of pneumonia in mortality associated with
clozapine adverse drug reactions. Schizophr Bull. 2020;46(1):1-
3.10.1093/schbul/sbz093

Govind R, Fonseca de Freitas D, Pritchard M, Hayes RD,
MacCabe JH. Clozapine treatment and risk of COVID-19 in-
fection: retrospective cohort study. The British Journal of
Psychiatry. 2021;219(1):368-374. http://dx.doi.org/10.1192/
bjp.2020.151

Villasante-Tezanos AG, Rohde C, Nielsen J, de Leon J.
Pneumonia risk: approximately one-third is due to clozap-
ine and two-thirds is due to treatment-resistant schizo-
phrenia. Acta Psychiatr Scand. 2020;142(1):66-67. 10.1111/
acps.13184

Gee S, Gaughran F, MacCabe J, Shergill S, Whiskey E, Taylor D.
Management of clozapine treatment during the COVID-19 pan-
demic. Ther Adv Psychopharmacol. 2020;10:2045125320928167.
10.1177/2045125320928167

Rendon-Quintero E, Ortiz K, Vallejo SA. SCHIZOPHRENIA
in the midst of a COVID-19 outbreak in a psychiatric hospital
in Colombia. Psychiatry Res. 2021;298:113785. 10.1016/j.psych
res.2021.113785

About Statistics Sweden. Statistics Sweden. 2021. https://www.
scb.se/en/About-us/. Accessed January 18, 2021.

Brooke HL, Talbdck M, Hérnblad J, et al. The Swedish cause
of death register. Eur J Epidemiol. 2017;32(9):765-773. 10.1007/
$10654-017-0316-1

Cranshaw T, Harikumar T. COVID-19 infection may cause
clozapine intoxication: case report and discussion. Schizophr
Bull. 07 2020;46(4):751. 10.1093/schbul/sbaa070

Dotson S, Hartvigsen N, Wesner T, Carbary TJ, Fricchione
G, Freudenreich O. Clozapine toxicity in the setting of
COVID-19. Psychosomatics. 2020;61(5):577-578. 10.1016/j.
psym.2020.05.025

Tio N, Schulte PFJ, Martens HIM. Clozapine intoxication in
COVID-19. Am J Psychiatry. 2021;178(2):123-127. 10.1176/
appi.ajp.2020.20071039

Thompson D, Delorme CM, White RF, Honer WG. Elevated
clozapine levels and toxic effects after SARS-CoV-2 vaccina-
tion. J Psychiatry Neurosci. 2021;46(2):E210-e211. 10.1503/
jpn.210027

Gee S, Taylor D. The effect of COVID-19 on absolute neutrophil
countsin patients taking clozapine. Ther Adv Psychopharmacol.
2020;10:2045125320940935. 10.1177/2045125320940935


https://doi.org/10.1111/acps.12700
https://doi.org/10.1093/schbul/sby052
https://doi.org/10.1176/appi.ajp.2015.15030332
https://doi.org/10.1001/archpsyc.60.1.82
https://doi.org/10.1111/acps.13267
https://doi.org/10.1111/acps.13267
https://doi.org/10.1176/appi.ajp.2017.16091097
https://doi.org/10.1017/S0033291719000369
https://doi.org/10.1007/s00277-020-04215-y
https://doi.org/10.1007/s00277-020-04215-y
http://dx.doi.org/10.1192/bjp.2018.152
https://doi.org/10.1097/ACI.0000000000000592
https://doi.org/10.1136/jclinpath-2019-206235
https://doi.org/10.1136/jclinpath-2019-206235
https://doi.org/10.1002/wps.20384
https://doi.org/10.1002/brb3.1433
https://doi.org/10.2147/NDT.S163839
https://doi.org/10.4088/JCP.14m09301
https://doi.org/10.4088/JCP.14m09301
https://doi.org/10.1093/schbul/sbr202
https://doi.org/10.1093/schbul/sbr202
https://doi.org/10.1097/YIC.0000000000000162
https://doi.org/10.1097/YIC.0000000000000162
https://doi.org/10.1136/gpsych-2019-100183
https://doi.org/10.1136/gpsych-2019-100183
https://doi.org/10.1093/schbul/sbz093
http://dx.doi.org/10.1192/bjp.2020.151
http://dx.doi.org/10.1192/bjp.2020.151
https://doi.org/10.1111/acps.13184
https://doi.org/10.1111/acps.13184
https://doi.org/10.1177/2045125320928167
https://doi.org/10.1016/j.psychres.2021.113785
https://doi.org/10.1016/j.psychres.2021.113785
https://www.scb.se/en/About 10us/
https://www.scb.se/en/About 10us/
https://doi.org/10.1007/s10654-017-0316-1
https://doi.org/10.1007/s10654-017-0316-1
https://doi.org/10.1093/schbul/sbaa070
https://doi.org/10.1016/j.psym.2020.05.025
https://doi.org/10.1016/j.psym.2020.05.025
https://doi.org/10.1176/appi.ajp.2020.20071039
https://doi.org/10.1176/appi.ajp.2020.20071039
https://doi.org/10.1503/jpn.210027
https://doi.org/10.1503/jpn.210027
https://doi.org/10.1177/2045125320940935

OHLIS ET AL.

33.

34.

35.

Butler M, Bano F, Calcia M, et al. Clozapine prescribing in
COVID-19 positive medical inpatients: a case series. Ther Adv
Psychopharmacol. 2020;10:2045125320959560. 10.1177/20451
25320959560

Boland X, Dratcu L. Clozapine in the time of COVID-19. Clin
Psychopharmacol Neurosci. 2020;18(3):450-453. 10.9758/
cpn.2020.18.3.450

Siskind D, Honer WG, Clark S, et al. Consensus statement
on the use of clozapine during the COVID-19 pandemic. J
Psychiatry Neurosci. 2020;45(3):222-223. 10.1503/jpn.200061

85
l Acta Psychiatrica Srundinmim%Wl LEYJ—

SUPPORTING INFORMATION
Additional supporting information may be found in the
online version of the article at the publisher’s website.

How to cite this article: Ohlis A, Sérberg Wallin A,
Sarafis A, et al. Clozapine treatment and risk of severe
COVID-19 infection. Acta Psychiatr Scand.
2022;145:79-85. doi:10.1111/acps.13379



https://doi.org/10.1177/2045125320959560
https://doi.org/10.1177/2045125320959560
https://doi.org/10.9758/cpn.2020.18.3.450
https://doi.org/10.9758/cpn.2020.18.3.450
https://doi.org/10.1503/jpn.200061
https://doi.org/10.1111/acps.13379

