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Summary

Clozapine is one of the most effective antipsychotic drugs, but its use is limited due to
the possibility of severe side effects, such as neutropenia and agranulocytosis. The risk of
these complications is the highest at the beginning of the treatment, but they can occur later,
particularly when additional risk factors are present. In the described case, either COVID-19
vaccination or the infection itself led to severe neutropenia, which recurred during subsequent
independent trials of other antipsychotic drugs. The paper presents the case of a 23-year-old
woman diagnosed with early-onset, treatment-resistant schizophrenia who had been under-
going clozapine treatment with satisfying outcome for over 10 years. A week after the first
dose of an mRNA vaccine against COVID-19, the patient developed a severe SARS-CoV-2
infection and experienced an extreme neutropenia, followed by a change of treatment. Al-
though the patient fully recovered from the infection, the re-stabilization of her mental state
remained unsatisfactory. The introduction of various newly implemented antipsychotic drugs
led to partial improvement or another decline in the neutrophil count, despite discontinuing
the use of clozapine.

The authors discuss a few possible pathomechanisms. Based on our current knowledge,
this is the first reported case of persistent neutropenia triggered by various antipsychotic drugs
following exposure to SARS-CoV-2 antigens.
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Introduction

The utilization of antipsychotic drugs marked the beginning of modern psychiatry.
Their effectiveness in the treatment of a wide spectrum of psychiatric disorders has
enabled millions of people around the world to recover and function in all areas of
life. However, some patients present symptoms that are refractory to treatment with
first-line antipsychotics. Then the drug that is characterized by the highest effective-
ness among neuroleptic drugs is used — clozapine.

Clozapine is an atypical antipsychotic drug, which is used in treatment of schizo-
phrenia due to its superior efficacy, as nearly a third of patients who did not respond
to the first lines of treatment satisfactorily, reported improvement in experienced
symptoms after clozapine introduction. Initially clozapine was considered to be the
best therapeutic option for patients, however, when in 1977 de la Chapelle et al. [1]
described first case of severe agranulocytosis as a result of clozapine and in 1975 nine
deaths due to clozapine-induced agranulocytosis were reported in Finland, its safety
was significantly undermined. However, further studies have proven that with care-
ful monitoring of neutrophil count and blood morphology, clozapine proves to be an
efficient and safe therapeutic option [2, 3]. It is currently considered as highly effec-
tive medication, implemented in patients who have not shown improvement in their
mental state with first-line medications. However, the initiation and continuation of
therapy are carried out under strict monitoring of morphology due to the possibility
of serious side effects.

Neutropenia occurs when an absolute neutrophil count (ANC) is less than
1,500/ul. When the ANC is lower than 500/ul, it is classified as severe neutropenia
or agranulocytosis [4]. The occurrence of neutropenia associated with clozapine
treatment is reported in 3.8% of patients [5], while agranulocytosis is ten times less
likely, with a presence in 0.4% of patients treated with clozapine [6]. Agranulocy-
tosis usually occurs within the first 18 weeks of treatment and presents with fever,
sore throat and mouth ulcers. The acute phase lasts around 12 days and may be
shortened by the use of granulocyte colony stimulating factor. Probable risk factors
are female gender, older age and Asian ethnicity. In the literature there are reports
available suggesting that the risk of neutropenia and agranulocytosis consecutive to
clozapine utilization has a genetic background. In this regard, several different genes
are proposed, above all an intronic single nucleotide polymorphism 6672G>C of the
DQBI1 gene, as well as inter alia intronic polymorphisms of two hepatic transporter
genes (SLCO1B3 and SLCO1B7). The pathogenesis remains unclear, but latest re-
search on the clozapine metabolites, N-desmethylclozapine and N-oxide clozapine,
found that N-desmethylclozapine was toxic to granulocyte progenitors (CFU-GM)
at concentrations 3—6-fold higher than those normally achieved during treatment [7].
Another studies highlight the role of intermediate metabolite, nitronium ion, which
is one of the reactive oxygen species, as being the particular factor that damages
the progenitors [8].
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Antipsychotic drugs are among a broad range of factors causing reduction in the
white blood cells count. One of them is also SARS-CoV-2 virus. Studies conducted at
the beginning of the COVID-19 pandemic indicated that leucopenia is more common
than neutropenia [9]. However, with the growing body of literature a transitory drop in
ANC was noticed in the population of patients undergoing stable and long-lasting clo-
zapine treatment before the infection [10]. The reason for this occurrence is not known.
In one of the studies it was suggested that clozapine may affect immune response, for
example, causing a drop in immunoglobulins, and that it may be broadened to granu-
locytes as well [11]. Furthermore, together with the introduction of the SARS-CoV-2
vaccine, concerns about its interaction with clozapine and higher risk of post-vaccine
neutropenia were raised. In Japan, where clozapine-related blood monitoring schemes
are among the most thorough, one patient presented with a noticeable drop in ANC
on the third day after receiving the vaccine, with gradual improvement up to starting
values around the seventh day. Both doses followed the similar pattern [12]. Somewhat
similar effect was noticed in a study by Veerman et al. 2022, where 20 people after the
first dose and in 16 people after the second one developed blood count abnormalities.
There was a significant decrease in leukocyte levels after both doses and a decrease in
neutrophil count after the second dose of the vaccine. Interestingly, this phenomenon
was correlated with a significant increase in serum clozapine concentration following
vaccination despite no change in dosage [13].

The aim of this case study article is to is to analyse the possible causes of severe
neutropenia after contact with SARS-CoV-2 virus antigens in a patient receiving long-
term clozapine treatment, as well as to draw attention to the pathomechanisms of this
phenomenon, its clinical presentation and possible treatment patterns in response to
its occurrence.

Case study

The patient was a 23-years-old woman with treatment-resistant schizophrenia
and autism spectrum disorder. She has been treated with clozapine for 10 years,
after unsuccessful attempts at treatment with olanzapine, aripiprazole, haloperidol,
zuclopenthixol, and risperidone. The patient was undergoing regular blood tests that
always presented no deviation from the norms considering white blood cells. Prior to
COVID-19 infection, she used clozapine in a daily dose of 225 mg.

In 2022, the patient was administered with the first dose of mRNA vaccination
against SARS-CoV-2 virus. A week later, she was admitted to the emergency unit with
severe respiratory symptoms and fever. Quick antigen test confirmed the COVID-19
infection, and CT chest scan revealed pneumonia with diffuse inflammatory changes
in both lungs, corresponding to a typical clinical presentation. However, doctors were
particularly concerned about the sudden decrease in granulocyte count observed in
blood counts. In the test performed three weeks earlier, it was normal, while in the
emergency unit a level of 200/ul was observed. Due to her somatic condition, the pa-
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tient was admitted to the department of internal medicine, where she was administered
granulocyte growth factor. Clozapine was discontinued, and aripiprazole was started
due to deteriorating mental state.

After successful treatment of COVID-10 infection, the patient was discharged
from the internal medicine department in satisfying somatic state, but insufficient
improvement in her mental state, as the change of antipsychotic medication led to
an exacerbation of psychotic symptoms. Due to the limited possibility of the psychiatric
services provided in internal medicine ward, the patient was referred again to psychiat-
ric outpatient care. During the consultation electroshock treatment was suggested, but
the patient refused to undergo such procedure and upheld the refusal throughout the
whole time of exacerbation of psychotic symptoms. As a result, decision was made to
add quetiapine to aripiprazole. The blood test showed an ANC of 750/ul and a white
blood cell (WBC) count of 2.62 x 109/1. The patient was consulted haematologically.
A decrease in the neutrophils and white blood cells values was observed in control blood
counts, so quetiapine was discontinued and risperidone was added, however, not only
did it not improve the blood picture, but caused it to deteriorate further. The patient
was re-consulted haematologically. The haematologist stated that “the whole picture
points to the infectious neutropenia, although the influence of long-term antipsychotic
treatment cannot be ruled out. Despite the neutropenia, there are no symptoms of
infection, there are no indications for the administration of granulocyte growth fac-
tor — this drug should be reserved only for severe infections. Currently, the patient
only requires periodic blood count control. Antipsychotic drugs with the least impact
on blood counts should be utilized. Currently, there are no indications for extending
haematological diagnostics”.

Due to a further decrease in neutrophil levels (380/ul), risperidone was discon-
tinued and lurasidone was initiated. After modification of treatment, blood results
improved (WBC 3.03 x 109/1, ANC 1,700/ ul), however, the patient’s mental state was
deteriorating, so the dose of lurasidone was increased to 111 mg. Unfortunately, the
patient began to present severe extrapyramidal symptoms and required introduction
of biperiden with mediocre results. Further progression of side effects in the patient
led to admission to a psychiatric ward outside of the place of the residence. During
hospitalization, an attempt was made to reduce the doses, but the psychotic symptoms
exacerbated. This led to a switch to amisulpride, which resulted in a drastic drop in
ANC followed by infection. Finally, a decision was made to reintroduce lurasidone,
but this time with a worse clinical effect. The patient was discharged from the hospital
in a stable somatic condition and partially improved mental state in order to further
stabilization in outpatient care. The information regarding diagnostic decisions is
limited to those described in the discharge summary.

The last contact of the patient with the attending physician occurred in December
2022. During a telephone conversation, the patient presented moderately exacerbated
psychotic symptoms and fleeting thought disorders. Since then, the further fate of the
patient is unknown.
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Table 1. The timeline of the presented case

Date Event
The beginning of the illness, unsatisfying treatment,
2012 ; ! R
implementation of clozapine with good effect.
2012 - 2022 Satisfying clozapine treatment, regular blood count monitoring.
02.2022 Vaccination against SARS-CoV-2.

02.2022 (a week after the vaccination)

Severe COVID-19 infection, neutropenia 200/ul, discontinuation
of clozapine, implementation of aripiprazole.

03.2022 Decline of the mental state, implementation of quetiapine
Further decline of the mental state, haematological consultation,
04.2022 o o
change of treatment from quetiapine to risperidone
05.2022 Further decline of the mental state
06.2022 Haematological re-consultation
Discontinuation of risperidone and implementation of lurasidone,
07.2022 X AR
improvement in white blood counts
Persisting improvement in white blood counts, unsatisfying
08.2022 . . . .
improvement in mental state, increase of lurasidone dose
Appearance of severe extrapyramidal symptoms, introduction
09.2022 7
of biperiden
Further increase in side effects of treatment, admission
10.2022 o
to the psychiatric ward
An attempt of dose reduction in inpatient care, leading
to an increase of psychotic symptoms. Switch to amisulpride,
11.2022 resulting in a decline in ANC, followed by infection. Reintroduction
' of lurasidone with unsatisfying result. Discharge from the hospital
in a stable somatic condition and only partially improved
mental state.
12.2022 Last contact with patient via telephone conversation.

Discussion and conclusions

Due to wide range of symptoms and length of treatment, it is often problematic to
distinguish between side effect secondary to the utilized treatment and those result-
ing from infections or developing somatic diseases. In this case, there is no evident
explanation as to what the direct cause of persistent severe neutropenia could be, so
each possibility should be analysed thoroughly.

Methodological considerations should begin with an explanation of the specificity
of treating this particular patient. The management of schizophrenia started with the
introduction and stabilisation of treatment by a child psychiatrist specialist since the
patient was a minor, but at the beginning of the events described in the case, she was
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still under his care. Due to the experience gained from the patient’s limited response to
treatment during her adolescent years, in the described situation, the decision was made
to treat clozapine intolerance similarly to its ineffectiveness (the decision was based
on guidelines for clozapine-resistant schizophrenia) [14]. Therefore, it was decided
to introduce a previously unused medication, namely quetiapine, and then return to
the previously best-tolerated medication, risperidone. Following a similar principle,
lurasidone was used when significant neutropenia occurred as a side effect of risperi-
done. During treatment, medications with the highest potential for causing neutrope-
nia and agranulocytosis, such as clozapine (1.57%o) and perazine (0.52%o), were not
considered useful. Monotherapy was preferred in the pharmacotherapy approach, as
polypharmacotherapy is considered a risk factor for haematologic complications [15].

Subsequent steps in the patient’s care, including her stay in the internal medicine
ward, psychiatric hospital and current care, were managed by other specialists. There-
fore, it is not possible to present the patient’s treatment based on their experience.

Even though leukopenia and drop in absolute neutrophil count is usually associ-
ated with clozapine, this is not the only substance that may result in a similar outcome.
Individual cases of neutropenia or agranulocytosis were described for risperidone [16],
amisulpride [17], lurasidone [18], olanzapine [19], aripiprazole [20], and quetiapine
[21, 22]. The pathophysiology of this side effect is currently unclear. Usually immu-
nological causes are proposed, as in some patients with higher risk of drug-induced
agranulocytosis particular human leukocyte antigens are being observed [17]. How-
ever, this explanation may not be fully applicable for the presented case, as the most
unusual issue is persistent and recurring neutropenia caused by various antipsychotic
drugs. It has not been reported before, as in the articles cited above, describing vari-
ous medications, the drop in ANC was usually transient and mediocre [18] and in
one of the described cases leukopenia appeared only when drug was used together
with clozapine [16]. Differently, in the presented case, neutropenia and leukopenia
were present with various severity for over six months, with periodical deterioration
associated with changes in treatment, and clozapine was not re-implemented during
that time. There is one potentially similar case report from 2011, where the patient
developed neutropenia with independent sequential trials of quetiapine, olanzapine and
aripiprazole, but said side effects appeared within first initiation of treatment. In that
particular case of drug-induced neutropenia in the patient, large genetic component
involving clozapine metabolites targeting predominantly peripheral blood neutrophils
was suggested as a pathomechanism [23].

Nevertheless, it is important to notice that the patient’ mental health and blood
results had been stable on clozapine for 10 years. Health condition of the described
patient declined after a particular moment — the vaccination and following COVID-19
infection, and those are the factors that should be taken into consideration while search-
ing for possible explanations. There is no evidence of leukopenia or neutropenia during
COVID-19 infection that happened in patients using other antipsychotic drugs than
clozapine, so analysis is based on the studies considering clozapine only.
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The process of full immunization lasts for 2 to 4 weeks after the administered dose
of vaccine (WHO Q&A as for 17" May 2022). It is possible that the presented patient
contracted a virus while being in serological window period and the infection led to
significant drop in absolute neutrophil count. Psychiatric societies were aware of the
possible impact of SARS-CoV-2 virus on morphology of clozapine-treated patients.
In the described patient’s case, neutropenia appeared in connection with a severe
COVID-19 infection. Infection itself, especially of the respiratory tract, is a condition
in which the activity of CYP450 1A2 is reduced, which increases the risk of clozapine
accumulation and adverse effects associated with its use [24]. In this regard, appropriate
recommendations have been proposed. Initially, as the pandemic began, the continuation
of clozapine treatment was recommended, as sudden disruption in therapy could lead
to relapse and have dramatic outcomes in patients with psychotic disorders. In case of
infection, reduction of the dosage was suggested [25]. Three years later, in everyday
practice this recommendation is mostly limited to cases where clozapine blood level
or ANC start reaching abnormal values, as recent studies show that clozapine itself
is not a factor responsible for a more severe course of COVID-19 infection [26]. Ad-
ditionally, the incidence of COVID-19-related neutropenia is not very common, as
the percentile presented in studies ranges from 5 to 10%. Severe neutropenia risk is
around 0.8% and is more common in people who initially had lower ANC throughout
the clozapine treatment. The dose itself did not influence the risk of severe neutropenia
[27, 28]. Another risk factor was short treatment time, as drops in ANC were more
serious in patients at the beginning of therapy [29] rather than in patients with long-
term use of clozapine, but also some exceptions were reported — one case of severe
agranulocytosis occurred in patient that had started clozapine treatment in 2007 [30].
The changes in all cell counts generally occur at the beginning of the infection, and
usually get back to normal in around a fortnight [11]. Nevertheless, in cited cases
neutropenia was either mild or transient and ANC improved with time, reduction of
the dose or, in worst cases, after change of medication.

On the other hand, the drop in absolute neutrophil count could be caused directly by
the vaccination itself. First reports of the neutropenia following the vaccination against
SARS-CoV-2 virus in clozapine-treated patients described the changes in ANC after
the second dose of the vaccine [31, 32], but the same effect could also be noticed after
the first dose [12]. Most of the reports came from Japan, as this is the country with the
strictest regulations considering clozapine treatment, with biweekly blood monitoring
in long-term use patients and implementation of said drug during mandatory inpatient
care [33]. Similarly, in all the reports more pronounced ANC drops occurred in patients
at the beginning of the treatment. The study conducted on a bigger group of patients
revealed that a slight group of patients encountered mild granulocytopenia — 3% after
the first dose and 5% after the second one. The changes in treatment and monitoring
scheme were not necessary. More concerning was the increase in serum blood level
of clozapine without the change of the dosage, which was present in 22% of patients
after the first dose and 29% of patients after the second one [13]. In one of the referred
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cases, the increase was significant enough to cause toxicity symptoms, such as leth-
argy, excessive salivation, head drop, and sedation [34]. The observed increase may
be explained by the inhibition of P450 1A2 cytochrome caused by the vaccination, as
this cytochrome is also responsible for clozapine metabolism [35]. This is one of the
reasons that could explain the mechanism of neutropenia.

Finally, in one of the lately published case reports the lower effectiveness of vac-
cination was reported in two patients using clozapine. Both of them received Johnson
& Johnson one-dose vaccines without booster, and their level of IgG antibodies was
unexpectedly low, suggesting the suppression of immunization caused by the antipsy-
chotic drug [36]. However, the only available systematic review on the topic concluded
that even though lower neutrophil count appears in clozapine-using patients that had
contracted COVID-19, neither the vulnerability to the illness nor more serious clinical
outcomes appear in this group [37].

The grounds for the persistent neutropenia in the case presented above is not known.
Supposedly, in the presented case the reason for leukopenia and neutropenia were the
same as suggested for other cited cases, but the changes caused by the vaccination or
the infection itself were not transient for some reason, differently than in other described
patients. It is also possible that the cited cases would present similarly under longer ob-
servation. The most probable explanations are synergic side effects of used medication,
changes in cytochrome metabolism and the damages induced by the infection itself,
that altogether led to prolonged, incorrect reaction for medications other than clozapine.

In conclusion, the presented case of severe absolute neutrophil count drop should
be considered as an anomaly rather than a usual occurrence. It is possible that few of
the quoted reasons might have caused a synergic reaction resulting in a more dramatic
outcome. As an endpoint, it is important to continue the clozapine treatment in times
of global COVID-19 pandemic, bearing in mind possible side effects and staying alert
to necessary changes in treatment or monitoring scheme.

References

1. Chapelle de la A, Kari C, Nurminen M, Hernberg S. Clozapine-induced agranulocytosis.
A genetic and epidemiologic study. Hum. Genet. 1977; 37(2): 183—194. https://pubmed.ncbi.
nlm.nih.gov/885538/.

2. Essali A, Al-Haj Haasan N, Li C, Rathbone J. Clozapine versus typical neuroleptic medication
for schizophrenia. Cochrane Database Syst. Rev. 2009; 2009(1): CD000059. https://www.
cochranelibrary.com/cdsr/doi/10.1002/14651858.CD000059. pub2/full.

3. Kiripke C. Clozapine vs. other atypical anti psychotics for schizophrenia. Am. Fam. Physi-
cian 2011; 83(3): 260-261. https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.
CD006633.pub2/full.

4. Hsieh MM, Everhart JE, Byrd-Holt DD, Tisdale JF, Rodgers GP. Prevalence of neutropenia in

the U.S. population: Age, sex, smoking status, and ethnic differences. Ann. Intern. Med. 2007;
146(7): 486-492.



First onset of persistent neutropenia in patient undergoing long-term clozapine treatment 85

10.

I1.

12.

13.

20.

Myles N, Myles H, Xia S, Large M, Kisely S, Galletly C et al. Meta-analysis examining the
epidemiology of clozapine-associated neutropenia. Acta Psychiatr. Scand. 2018; 138(2):
101-109. https://pubmed.ncbi.nlm.nih.gov/29786829/.

Li X-H, Zhong X-M, Lu L, Zheng W, Wang S-B, Rao W-W et al. Psychological medicine the
prevalence of agranulocytosis and related death in clozapine-treated patients: A comprehen-
sive meta-analysis of observational studies. Psychol. Med. 2020; 50(4): 583-594. https://doi.
org/10.1017/S0033291719000369.

Mijovic A, MacCabe JH. Clozapine-induced agranulocytosis. Ann. Hematol. 2020; 99(11):
2477-2482. https://pubmed.ncbi.nlm.nih.gov/32815018/.

Wicinski M, Weclewicz MM. Clozapine-induced agranulocytosis/granulocytopenia: Mecha-
nisms and monitoring. Curr. Opin. Hematol. 2018; 25(1): 22-28. https://journals.lww.com/
co-hematology/Fulltext/2018/01000/Clozapine_induced. 6.aspx.

Chen N, Zhou M, Dong X, QuJ, Gong F, Han Y et al. Epidemiological and clinical character-
istics of 99 cases of 2019 novel coronavirus pneumonia in Wuhan, China: A descriptive study.
Lancet 2020; 395(10223): 507-513. http://www.thelancet.com/article/S0140673620302117/
fulltext.

Bonaccorso S, Ricciardi A, Ouabbou S, Theleritis C, Ross-Michaelides A, Metastasio A et al.
Clozapine, neutropenia and Covid-19: Should clinicians be concerned? 3 months report. Brain
Behav. Immun. Health 2021; 13: 100212.

Gee S, Taylor D. COVID-19 infection causes a reduction in neutrophil counts in patients tak-
ing clozapine. J. Psychiatry Neurosci. 2021; 46(2): E232-237. https://pubmed.ncbi.nlm.nih.
gov/33703870/.

Takaki M, Yada Y, Sakamoto S, Fujiwara M, Okahisa Y, Yamada N. 4 decrease of neutrophils
after COVID-19 vaccination in a treatment-resistant patient with schizophrenia taking clozapine.
J. Clin. Psychopharmacol. 2022; 42(3): 324. /pmc/articles/PMC9042211/.

Veerman SRT, Moscou T, Bogers JPAM, Cohen D, Schulte PFJ. Clozapine and COVID-19 vac-
cination: Effects on blood levels and leukocytes. An observational cohort study. Acta Psychiatr.
Scand. 2022; 146(2): 168—178. https://pubmed.ncbi.nlm.nih.gov/35322409/.

Kerwin RW, Bolonna A. Management of clozapine-resistant schizophrenia. Adv. Psychiatr.
Treat. 2005; 11(2): 101-106. https://www.cambridge.org/core/journals/advances-in-psychiatric-
treatment/article/management-of-clozapineresistant schizophrenia/050D25874D35C3C8DCO
3301621D56F99.

Glocker C, Grohmann R, Burkhardt G, Seifert J, Bleich S, Held T et al. Antipsychotic drug-
induced neutropenia: Results from the AMSP drug surveillance program between 1993 and
2016.]. Neural. Transm. 2023; 130(2): 153—163. https://pubmed.ncbi.nlm.nih. gov/36653686/.
Finkel B, Lerner AG, Oyffe I, Sigal M. Risperidone-associated agranulocytosis [2]. Am. J.
Psychiatry 1998; 155(6): 855-856.

Pickard L, Fordham N, Koh M. Amisulpride induced agranulocytosis: A case report. Ann.
Hematol. 2016; 95(7): 1193—1195. https://link.springer.com/article/10.1007/s00277-016-2656-4.
Singh S, Ahmad H, John AP. Lurasidone associated neutropenia. Aust. N. Z. J. Psychiatry 2017,
51(10): 1055. https://journals.sagepub.com/doi/10.1177/0004867417708869? url_ver=739.88-
2003&rfr_id=ori%3Arid%3Acrossref.org&rfr dat=cr pub++0 pubmed.

Naumann R, Felber W, Heilemann H, Reuster T. Olanzapine-induced agranulocytosis. Lancet
1999; 354(9178): 566-567.

Felin T, Naveed S, Chaudhary AM. Aripiprazole-induced neutropenia: Case report and literature
review. J. Psychosoc. Nurs. Ment. Health Serv. 2018; 56(5): 21-24.



86

Alicja Kawalec et al.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Glocker C, Grohmann R, Schulz H. Fatal agranulocytosis associated with quetiapine in
monotherapy. J. Clin. Psychopharmacol. 2017; 37(5): 625-627. https://journals.lww.com/
psychopharmacology/Fulltext/2017/10000/Fatal Agranulocytosis_Associated With Que-
tiapine.27.aspx.

Somani A, Sharma M, Singh SM. Neutropenia associated with quetiapine and sertraline: A case
report and review of literature. Asian J. Psychiatr. 2017; 26: 129—130.

Lander M, Bastiampillai T. Neutropenia associated with quetiapine, olanzapine, and aripipra-
zole. Aust. N. Z. J. Psychiatry 2011; 45(1): 89. https://journals.sagepub.com/doi/10.3109/000
48674.2010.524624.

Siwek M. Potencjalna toksycznosé¢ klozapiny wynikajgca z interakcji. Psychiatr. Psychol.
Klin.2015; 15(2): 86-91.
Siskind D, Honer WG, Clark S, Correll CU, Hasan A, Howes O et al. Consensus statement

on the use of clozapine during the COVID-19 pandemic. J. Psychiatry Neurosci. 2020; 45(3):
222-223. https://pubmed.ncbi.nlm.nih.gov/32297722/.

Ohlis A, Sérberg Wallin A, Sarafis A, Sjoqvist H, MacCabe JH, Ahlen J et al. Clozapine treat-
ment and risk of severe COVID-19 infection. Acta Psychiatr. Scand. 2022; 145(1): 79-85.
https://pubmed.ncbi.nlm.nih.gov/34676888/.

Goldani AAS, Rabelo-Da-ponte FD, Feiten JG, Lobato MIR, Belmonte-De-abreu PS, Gama
CS. Risk of neutropenia among clozapine users and non-users: Results from 5,847 patients.
Rev. Bras. Psiquiatr. 2022; 44(1): 21-25. https://pubmed.ncbi.nlm.nih.gov/34730717/.

Moga S, Teodorescu A, Ifteni P, Petric PS, Miron AA. Clozapine and neutropenia in patients
with schizophrenia and SARS-CoV-2 infection. Neuropsychiatr. Dis. Treat. 2022; 18: 977-983.
https://pubmed.ncbi.nlm.nih.gov/35547265/.

Ramli FF, Ali A, Syed Hashim SA, Kamisah Y, Ibrahim N. Reduction in absolute neutrophil
counts in patient on clozapine infected with covid-19. Int. J. Environ. Res. Public Health. 2021;
18(21): 11289.

Pereira VC, Stefani de DZ, Braga AGO, Domingues JFR, Santos-Junior dos A, Dalgalarrondo P
et al. Severe granulocytopenia in a patient on long-term use of clozapine and with COVID-19.
Psychiatry Res. 2021; 305: 114171. /pmc/articles/PMC8364139/.

Imai T, Ochiai S, Ishimaru T, Daitoku H, Miyagawa Y, Fukuhara R et al. 4 case report:
Clozapine-induced leukopenia and neutropenia after mRNA COVID-19 vaccination. Neu-
ropsychopharmacol. Rep. 2022; 42(2): 238-240. https://pubmed.ncbi.nlm.nih.gov/35166466/.

Tomita T, Sakamoto Y, Saito M, Hashimoto K, Ono Y, Nakamura K. Two patients with schizo-
phrenia treated with clozapine developed neutropenia after receiving a COVID-19 vaccine. Int.
Med. Case Rep. J. 2022; 15: 29-33. https://pubmed.ncbi.nlm.nih.gov/35115846/.

Nielsen J, Young C, Ifteni P, Kishimoto T, Xiang YT, Schulte PFJ et al. Worldwide differences
in regulations of clozapine use. CNS Drugs. 2016; 30(2): 149—-161. https://pubmed.ncbi.nlm.
nih.gov/26884144/.

Chengappa KNR, Thomas J, Kahn CE, Clinebell K, Mullen KK, Arbutiski L et al. COVID-19
infection, fluctuations in the clozapine/norclozapine levels and metabolic ratio and clozapine
toxicity: An illustrative case-report. Schizophr. Res. 2022; 244: 66. /pmc/articles/PMC9117158/.
Thompson D, Delorme CM, White RF, Honer WG. Elevated clozapine levels and toxic effects
after SARS-CoV-2 vaccination. J. Psychiatry Neurosci. 2021; 46(2): E210-211. https://pubmed.
ncbi.nlm.nih.gov/33667055/.

Fournier O, Sanders E, Fetter JC. Low COVID-19 immunoglobulin G titers following vacci-
nation and breakthrough infection in patients taking clozapine. Prim. Care Companion CNS



First onset of persistent neutropenia in patient undergoing long-term clozapine treatment

87

37.

Disord. 2022; 24(6): 43911. https://www.psychiatrist.com/pcc/covid-19/low-covid-19-immu-
noglobuling-titers-following-vaccination-breakthrough-infection-patients-taking-clozapine.
Giles G, Varghese S, Shymko G, Nguyen T, Waters F. Clozapine therapy and COVID-19:
A systematic review of the prevalence rates, health outcomes, hematological markers, and
patient perspectives. Schizophr. Bull. 2023; 49(1): 53. /pmc/articles/PMC9620749/.

Address: Alicja Kawalec
Department of Psychiatry and Psychotherapy of Developmental Age,

Medical University of Silesia, Katowice, Poland
e-mail: alicja.d.kawalec@gmail.com



