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a b s t r a c t
Objectives: To identify the clinical determinants of fever in clozapine users and their impact on management of
clozapine treatment.
Methods: Articles published in English or French identiﬁed with a MEDLINE, Web of Sciences, Cochrane Library
and PsycINFO search, from inception through February 2019, using the term “clozapine” in combination with
“fever” OR “hyperthermia” OR “body temperature” OR “pyrexia” OR “febrile” OR “heat” OR “thermoregulation”.
Information extracted for each medical condition were frequency, time to onset after initiation of clozapine treatment, characteristics of fever, associated symptoms, laboratory tests used for diagnosis, course, lethality, discontinuation of clozapine. Data were synthesized narratively.
Results: Our search yielded 394 unique hits published from 1993 to 2018. We included 73 articles in the review:
two meta-analyses, 14 reviews, six epidemiological studies, 11 clinical studies and 40 case reports. During clozapine initiation, fever is most frequently benign and transient but should be closely monitored as it may be the ﬁrst
stage of potentially life-threatening adverse drug reactions (ADR) (agranulocytosis, neuroleptic malignant syndrome myocarditis, hepatitis, pancreatitis, nephritis, colitis, etc.). Other ADR associated with fever are independent of duration of exposure to clozapine (heat stroke, pneumonia, pulmonary embolism, necrotizing colitis).
If fever is due to intercurrent infection, therapeutic drug monitoring is recommended to adjust clozapine daily
dosage.
Conclusion: Benign causes of fever are much more frequent than life-threatening ADR during clozapine treatment. Discontinuation should not be considered as automatic in the event of fever, especially during the early
phase of clozapine initiation.
© 2019 Elsevier B.V. All rights reserved.

1. Introduction
Fever is a rise in body temperature above of 38 °C (100.4 °F) or
greater due to an elevated thermoregulation set-point (Roge et al.,
2012; Thompson, 2005). The occurrence of fever in a patient treated
by antipsychotics is often a source of concern, as it may be the warning
symptom of an incipient life-threatening complication of antipsychotics
(Belvederi Murri et al., 2015; Stroup and Gray, 2018). In clinical practice,
a key issue is to decide whether antipsychotics should be immediately
discontinued or not. This clinical dilemma is particularly complex in
the period of clozapine initiation. Short episodes of benign fever may
be frequent in this period (Lowe et al., 2007; Rohde et al., 2018), but a
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range of rare but potentially lethal adverse drug reactions (ADR) associated with fever may also occur (Knoph et al., 2018; Myles et al., 2018;
Nielsen et al., 2013; Rohde et al., 2018). The decision to discontinue clozapine or not may have more dramatic short- and long-term consequences than with other antipsychotics, as the patient may lose the
chance of beneﬁting from the sole treatment efﬁcient for his/her disease
(Nielsen et al., 2011, 2013; Verdoux and Pambrun, 2014).
Under-prescription or premature discontinuation of clozapine in
persons with treatment-resistant schizophrenia is often due to inadequate knowledge about managing ADR, as well as to overestimation of
the frequency of life-threatening events (Bachmann et al., 2017;
Cohen, 2014; Nielsen et al., 2010; Verdoux et al., 2016, 2018). Since
these factors may contribute to prescribers' view of clozapine as a
“risky” drug, increasing knowledge about the actual beneﬁt-risk balance
of clozapine is essential to promote its use (Carruthers et al., 2016;
Netherlands Clozapine Collaboration Group, 2019).
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2. Materials and methods

exposed to clozapine). The literature on the frequency of fever as the
ﬁrst symptom of agranulocytosis during treatment initiation is very limited (Manfredi and Sabbatani, 2007). During chronic clozapine treatment and after close WBC monitoring has been stopped, the risk of
agranulocytosis becomes very low but never disappears (Raja and
Raja, 2014). Thus, WBC is required in case of fever with immediate clozapine discontinuation if agranulocytosis is diagnosed (Nielsen et al.,
2013). Regarding other blood abnormalities, pancytopenia has been diagnosed in the ﬁrst month of clozapine treatment in two patients admitted for fever leading to clozapine discontinuation (Pushpakumara
et al., 2015; Ziegenbein et al., 2003).

2.1. Search strategy

3.3. Impaired thermoregulation

This review was conducted according to the guidelines of the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement (Moher et al., 2009). A protocol was published in
the PROSPERO database (CRD42019123890). We performed a
MEDLINE, Web of Sciences, Cochrane Library and PsycINFO search
from inception through February 2019 using the term “clozapine” in
combination with “fever” OR “hyperthermia” OR “body temperature”
OR “pyrexia” OR “febrile” OR “heat” OR “thermoregulation”. We examined related references of selected papers as well as systematic reviews
and meta-analyses on ADR induced by clozapine. We considered articles published in English or French in peer-reviewed journals on medical conditions associated with fever in clozapine users. For each
condition, the most recent meta-analyses and systematic reviews, if
any, were given precedence over other articles: case reports or case series already included in prior reviews were not considered unless they
provided important ﬁndings not detailed in those prior reviews.
Titles and abstracts of retrieved citations were screened, selected
full-text articles were assessed for eligibility and data were extracted independently by two researchers (HV and CQ); disagreement was resolved by discussion. We extracted the following information:
(i) reference: ﬁrst author's name, journal, year of publication, (ii)
study type: meta-analysis, systematic review, review, epidemiological
study, clinical study, case report; (iii) medical condition associated
with fever: frequency, time to onset after initiation of clozapine treatment, characteristics of fever, associated symptoms, laboratory tests
and other exams used for diagnosis, course, lethality, discontinuation
of clozapine. As this review was focused on the diagnostic strategies
and practical management of clozapine treatment in the event of
fever, we did not collect information on (i) pathophysiological hypotheses; (ii) management of the speciﬁc medical conditions associated
with fever; (iii) clozapine rechallenge strategies. The data were synthesized narratively, since the literature on fever in clozapine users mostly
includes cases reports or chart reviews on heterogeneous medical conditions associated with fever, with few quantitative information.

3.3.1. Neuroleptic malignant syndrome (NMS)
The incidence of clozapine-induced NMS is very low (0.2%) during
treatment initiation (Rohde et al., 2018). Fever is reported in 50%
(Trollor et al., 2012) to 90% (Belvederi Murri et al., 2015) of cases, a frequency comparable to that found in NMS induced by other secondgeneration antipsychotics (SGA). Characteristics also shared with
other SGA include duration (10 days) and fatal outcomes (7%). Differential characteristics for clozapine-induced NMS include early occurrence
of fever (2.2 days before NMS diagnosis), low frequency of rigidity (68%)
and tremor (44%), delayed elevation of serum creatine-kinase (CK) concentrations (85%), lower severity and higher frequency of history of
prior NMS (50%) (Belvederi Murri et al., 2015). If the diagnosis of NMS
is conﬁrmed, clozapine must be discontinued immediately (Nielsen
et al., 2013).

Fever is an early ubiquitous symptom associated with a wide range
of clinical conditions in clozapine users. Hence, it is of interest to have
a comprehensive view of the causes needing to be considered in clinical
practice, in order to systematize and optimize clinical decision making.
The last systematic review on fever during clozapine treatment was
published in 2007 (Lowe et al., 2007) and mainly concerned
clozapine-induced fever. The aim of the present narrative review was
to identify the clinical determinants of fever in clozapine users and
their impact on management of clozapine treatment.

3. Results
3.1. Literature search
Fig. 1 presents a ﬂow chart of the eligibility process for this review.
Ultimately, 73 articles published from 1993 to 2018 were included:
two meta-analyses, 11 systematic reviews, three reviews, six epidemiological studies, 11 clinical studies and 40 case reports (Table 1).
3.2. Clozapine-induced blood dyscrasias
In all countries, weekly white blood count (WBC) is required to prevent clozapine-induced agranulocytosis (Nielsen et al., 2016). The incidence of severe neutropenia (absolute neutrophil count b500 cells/mm)
is equal to 0.9% (Myles et al., 2018) with more than one third (38%) occurring within the ﬁrst month of treatment and 89% within the ﬁrst
year. Death from neutropenia is a very rare event (one per 7700 persons

3.3.2. Heat stroke
Heat stroke during clozapine treatment is probably exceptional and/
or underdiagnosed as there are only two published cases (Hoffmann
et al., 2016; Kerwin et al., 2004). Both occurred during a heatwave,
this ﬁtting with the typical presentation of heat stroke as a major hyperthermia (N40 °C) occurring during or after exposure to high ambient
temperature or intense physical exertion. Fever is most often associated
with central nervous system symptoms (impaired consciousness,
drowsiness, convulsion, or coma), the skin is hot and dry, and
dysautonomic symptoms may be observed (tachycardia, hypotension).
Both patients showed elevated serum CK concentrations and one patient presented with multiple organ failures. In both cases, clozapine
was discontinued at least temporarily and patients survived.
3.4. Concurrent infection
A growing body of evidence suggests that the risk of infection in general (Nielsen et al., 2009; Landry et al., 2003; Ponsford et al., 2018), and
of pneumonia in particular, is increased in users of clozapine compared
to persons not exposed to antipsychotics or users of other antipsychotics. Pharmacoepidemiological studies showed that current users
of clozapine were two times more likely to develop pneumonia than
persons not currently exposed (adjusted Risk Ratio, RR = 2.05), especially during the ﬁrst month of exposure (RR = 9.57). Of all antipsychotics, clozapine exposure was associated with the highest risk of
pneumonia, followed by olanzapine (Kuo et al., 2013). In patients with
bipolar disorder, this ranking was reversed, olanzapine being associated
with the highest risk of pneumonia (RR = 2.97) followed by clozapine
(RR = 2.59) (Yang et al., 2013). Patients with schizophrenia exposed
to clozapine are also at increased risk of recurrent pneumonia (RR =
1.4) (Hung et al., 2016). A clinical study found that the incidence of
pneumonia was higher in clozapine users compared to the general hospital population (adjusted Odds Ratio, OR = 4.1) and to risperidone
users (OR = 3.2) (Stoecker et al., 2017). A meta-analysis of studies published up to June 2014 conﬁrmed that the increased risk of pneumonia
in SGA users in general (OR = 1.98) is especially marked in clozapine
users (OR = 3.11) (Nose et al., 2015).
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Articles identified through
database searching
(n = 596)a

3

Additional full text articles
identified by hand search
(n = 32)

Articles after duplicates
removed
(n = 394)

Title/abstract screened
(n = 394)

Articles excluded
(n = 233)

Full-text articles assessed
for eligibility
(n = 161)

Full-text articles excludedb
(n = 88)

Studies included in
qualitative synthesis
(n = 73)
Fig. 1. Study selection. a. MEDLINE n = 225; Web of Sciences n = 208, PsycINFO n = 163; Cochrane Library n = 0. b. Exclusion reasons: case reports included in systematic reviews or not
providing new evidence that was already contained in prior reviews (n = 59); oldest reviews or chart series on clozapine or other antipsychotics (n = 17); other unrelated issues (n = 12).

The high frequency of pneumonia in clozapine users is probably related to the increased risk of aspiration pneumonia due to the combination of sedation, hypersalivation and swallowing impairment and coprescription of benzodiazepines (Cicala et al., 2019; Clark et al., 2018;
Schmidinger and Hofer, 2014). Pneumonia may be considered as the
most frequent and potentially lethal infectious complication associated
with clozapine exposure (Rohde et al., 2018; Ruan and de Leon, 2019;
Taylor et al., 2009). The increased mortality of pneumonia in patients
using clozapine versus other SGA may be due to inhibition of clozapine
metabolism by cytokines released during infection (de Leon and Diaz,
2003; Ruan et al., 2017). Increased of serum clozapine levels may lead
to intoxication characterized by sedation, tremor, dizziness, gait disturbance, dysarthria and delirium. Misdiagnosis may occur as these symptoms may be viewed as being due to the pneumonia rather than to
clozapine intoxication.
Chest X-ray and urinalysis should be performed in clozapine users
presenting without identiﬁed cause of fever. Clozapine may be continued in the event of intercurrent infection, with adjustment of dosage
by Therapeutic Drug Monitoring (TDM). If TDM is not available, a safe
practice is to halve the dosage to prevent clozapine intoxication, particularly when obvious signs of inﬂammation are present (elevated CRP)
(Ruan and de Leon, 2019).
3.5. Clozapine-induced inﬂammation
We present in a single chapter a wide range of clinical conditions
that (i) are not explained by prior described ADR or (ii) any concurrent
infection and (iii) are characterized by the presence of an inﬂammatory
process appearing to be directly induced by clozapine (Roge et al.,
2012). These conditions can be categorized as presenting with
(i) systemic inﬂammatory process: clozapine-induced fever (3.5.1),
fever with isolated CRP elevation (3.5.2), and clozapine-induced lupus
(3.5.3); and (ii) localized signs of inﬂammation: myocarditis (3.5.4),

serositis (3.5.5), pneumonitis/alveolitis (3.5.6), hepatitis (3.5.7), pancreatitis (3.5.8), nephritis (3.5.9), colitis (3.5.10) and dermatological
disorders (3.5.11). We are aware that this classiﬁcation is somewhat arbitrary since these disorders may lie on a continuum with no clear-cut
boundary between them, and that several conditions may co-occur.
3.5.1. Clozapine-induced fever
Clozapine-induced fever is a deﬁned-by-default condition, i.e. when
fever is the single clinical symptom with no other detectable etiology
than clozapine exposure. The ﬁrst case was published in 1997
(Tremeau et al., 1997). The estimation of its frequency (0.5–50%) is difﬁcult due to the lack of a clear-cut deﬁnition of temperature threshold
(Jeong et al., 2002; Roge et al., 2012). The frequency of clozapineinduced fever during clozapine initiation varied from 14% to 50% in retrospective chart reviews (Lowe et al., 2007; Chung et al., 2008).
Clozapine-induced fever is characterized by mild-to high-grade
fever appearing between 5 and 15 days after clozapine initiation and
lasting 3–5 days. This diagnosis should be considered only if fever occurs
within the ﬁrst month of clozapine exposure (Lowe et al., 2007; Roge
et al., 2012). Mild ﬂu-like or gastro-intestinal symptoms may sometimes be present and do not preclude this diagnosis (Lowe et al.,
2007). All laboratory tests should be normal (see Fig. 2), except the
presence of eosinophilia, which is compatible with a diagnosis of
clozapine-induced fever.
Clozapine-induced fever may motivate treatment interruption
(Davis et al., 2014; Legge et al., 2016; Pai and Vella, 2012). However,
there is a relative consensus regarding the fact that it is a benign condition and that clozapine should not be discontinued if this diagnosis is
conﬁrmed by the negativity of clinical and laboratory exams (Lowe
et al., 2007; Nielsen et al., 2013; Roge et al., 2012; Tham and Dickson,
2002). The safety of this strategy has been conﬁrmed by several recently
published case reports (Bruno et al., 2015; Driver et al., 2014; Martin
and Williams, 2013). As rapid titration may be a risk factor for
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Table 1
Articles included in the review.
Topic
Blood dyscrasia
Agranulocytosis

Authors, year

Type of articlesa

Myles et al. (2018)
Manfredi and Sabbatani (2007)
Ziegenbein et al. (2003) Pushpakumara et al. (2015)

Meta-analysis of incidence studies (up to 2018): 101 samples n = 452,774
Case report: n = 1
Case reports: n = 2

Pancytopenia
Impaired
thermoregulation
Neuroleptic malignant Belvederi Murri et al. (2015)
syndrome
Trollor et al. (2012)
Rohde et al. (2018)
Heat stroke
Concurrent infection

Kerwin et al. (2004), Hoffmann et al. (2016)
Nose et al. (2015)
Clark et al. (2018)
Cicala et al. (2019)
Nielsen et al. (2009)

Kuo et al. (2013)
Yang et al. (2013)
Hung et al. (2016)
Landry et al. (2003)
Ponsford et al. (2018)
Stoecker et al. (2017)

de Leon and Diaz (2003), Ruan et al. (2017), Ruan et al. (2019),
Ruan and de Leon (2019)
Clozapine-induced
inﬂammation
Clozapine-induced
fever

Isolated elevation of
CRP

Lupus
Myocarditis

Lowe et al. (2007)
Jeong et al. (2002)
Tham and Dickson (2002)
Chung et al. (2008)
Tremeau et al. (1997), Martin and Williams (2013), Driver et al.
(2014), Bruno et al. (2015)
Roge et al. (2012)
Kohen et al. (2009), Stuhec (2013), Buist and Schauer (2016),
Davey et al. (2016)
Wickert et al. (1994), Wolf et al. (2004), Rami et al. (2006),
Buzina and Eterović (2016)
Ronaldson et al. (2015)
Bellissima et al. (2018)
Knoph et al. (2018)

Rohde et al. (2018)

Serositis

Ronaldson et al. (2010)
Bandelow et al. (1995), Chopra and de Leon (2016)
Mouaffak et al. (2009)

Crews et al. (2010), De Berardis et al. (2018)
Pneumonitis/alveolitis Benning (1998), Aldridge et al. (2013), Hashimoto et al. (2015)
Hepatitis, pancreatitis, Lally et al. (2018)
nephritis
Colitis
Druss and Mazure (1993), Friedberg et al. (1995), Ginsberg
(2005), Karmacharya et al. (2005), Pelizza and Melegari (2007),
Marchel et al. (2017)
Dermatological
Bosonnet et al. (1997), Lai et al. (2012), Wu et al. (2015)
disorders
Pulmonary
Sarvaiya et al. (2018)
thrombo-embolism
Schmidinger and Hofer (2014)
Necrotizing colitis
Cohen (2017)
Leong et al. (2007)
General articles on
Nielsen et al. (2013)
adverse drug effects

Systematic review of case reports (up to 2013): n = 36
Population-based survey on the Australian Adverse Drug Reaction Advisory
Committee database (1994–2010): n = 76
Population-based survey on Danish registers (1996–2015): n = 7 among 7932
outpatients initiating clozapine
Case reports: n = 2
Meta-analysis on pneumonia risk in antipsychotic users (up to 2014): 8
observational studies, n = 16,629 cases with pneumonia and n = 14,030 controls
Systematic review of case reports of elevated clozapine levels associated with
infection (up to 2016): n = 40
Review on swallowing difﬁculties and dysphagia associated with antipsychotics
Population-based studies on antibiotic use in clozapine users on Danish registers
(1996–2005): n = 3374
Population-based studies on the risk of pneumonia in antipsychotics users on the
National Health Insurance Research Database in Taiwan
Schizophrenia patients (2000–2008): n = 1739 cases with pneumonia and n =
6949 controls
Patients with bipolar disorder (1998–2006): n = 494 cases with pneumonia
and n = 1438 controls
Schizophrenia patients (2000–2008): n = 1739 cases with recurrent pneumonia
and n = 6949 controls
Chart review of antibiotic use in schizophrenia patients using clozapine: n = 41
Clinical study on antibiotic use in schizophrenia patients: n = 123 clozapine users
and n = 113 users of other antipsychotics
Retrospective clinical study on pneumonia risk in patients admitted to medecine
units: n = 155 clozapine users, n = 155 risperidone users and n = 155 not using
antipsychotics
Case reports of severe infections in clozapine users: n = 6

Systematic review (up to 2007): 4 clinical studies n = 453 and case reports n = 7
Chart review of new clozapine users n = 98
Chart review of new clozapine users n = 93
Chart review of new clozapine users n = 227
Case reports n = 4
Systematic review (up to 2012) of in vitro and in vivo immunomodulatory effects of
clozapine
Case reports n = 4
Case reports n = 4
Systematic review of case reports (up to 2014): n = 250
Systematic review of case reports (up to 2016): n = 359
Systematic review (up to 2017): 144 publications on myocarditis or
cardiomyopathy (review articles n = 27, research reports n = 31, letters n = 8,
cases or case series n = 78 including n = 95 cases)
Population-based survey on Danish registers (1996–2015): one case among
7932 outpatients initiating clozapine
Chart review of clozapine users with myocarditis n = 38 and without n = 47
Case report n = 2
Systematic review of case reports (up to 2008): n = 22 (pericarditis n = 6, pleuritis
n = 4, polyserositis n = 12)
Case reports n = 2
Case reports n = 3
Systematic review of case reports (up to 2017): hepatitis n = 20, pancreatitis n = 11,
nephritis n = 11
Case reports n = 10

Case reports n = 3
Systematic review of case reports (up to 2016): n = 23
Case report n = 1
Review on clozapine and gastrointestinal hypomotility
Case report n = 1
Systematic review (up to 2012): 81 studies on clozapine adverse effects and
grounds for or against clozapine discontinuation

Author's Personal Copy
H. Verdoux et al. / Schizophrenia Research 211 (2019) 1–9

5

Table 1 (continued)
Topic

Authors, year

Type of articlesa

Raja and Raja (2014)

Review on clozapine safety
Clinical studies on reasons for clozapine discontinuation
Chart review of clozapine users n = 529 and long-acting risperidone users n = 250
Chart review of clozapine users discontinuing clozapine n = 151
Chart review of clozapine users n = 320
Chart review of clozapine users n = 316

Taylor et al. (2009)
Pai and Vella (2012)
Davis et al. (2014)
Legge et al. (2016)
a

Case reports including reviews of prior published cases were categorized as case reports.

clozapine-induced fever, clozapine may be temporarily withdrawn and
restarted with a slower titration (Chung et al., 2008).

(Wolf et al., 2004). If clozapine is continued, close monitoring of renal
function is recommended.

3.5.2. Fever with isolated elevation of C-reactive protein
Clozapine may induce a generalized inﬂammatory response in the
ﬁrst two weeks of treatment characterized by elevation of proinﬂammatory cytokines and CRP (Buist and Schauer, 2016; Davey
et al., 2016; Kohen et al., 2009; Roge et al., 2012; Stuhec, 2013). Isolated
CRP elevation without associated symptoms should not lead to treatment discontinuation but to close monitoring for other signs of inﬂammation, measuring clozapine TDM and considering the slowing of
clozapine titration.

3.5.4. Myocarditis
The ﬁrst case of clozapine-induced myocarditis was described in a
patient titrated extremely fast to 500 mg/day within one week
(Bandelow et al., 1995). The highest incidence of clozapine-induced
myocarditis has been reported in Australia (around 3%) (Ronaldson
et al., 2010, 2015), while a much lower incidence (b0.1%) is found in
most other countries. For instance one case (0.03%) of myocarditis
was identiﬁed in a Danish population-based study carried out on 7932
outpatients initiating clozapine (Rohde et al., 2018). Rapid titration
might be a contributing factor for clozapine-induced myocarditis in general and for the differences between Australia and other countries in
particular (Chopra and de Leon, 2016; Rohde et al., 2018; Ronaldson
et al., 2015).
The onset of myocarditis is typically within the ﬁrst three weeks
after clozapine initiation, with 87% of cases occurring within 30 days
(Bellissima et al., 2018). Fever, the most frequent symptom of myocarditis, is reported in at least two out of three patients. It may be the single
symptom before the emergence of more speciﬁc symptoms of cardiac
lesion (tachycardia, dyspnea, chest-pain, hypotension, narrowed pulse

3.5.3. Clozapine-induced lupus
Clozapine-induced lupus occurs within the ﬁrst weeks of treatment
(Buzina and Eterović, 2016; Rami et al., 2006; Wickert et al., 1994; Wolf
et al., 2004). The clinical picture of drug-induced lupus is characterized
by fever, generalized arthralgia and myalgia. The most speciﬁc marker is
positive antinuclear antibodies titer, associated with elevation of
markers of inﬂammation (CRP). Clozapine was discontinued in three
cases. In one case, the beneﬁt/risk ratio of clozapine was considered as
greater than discontinuation in spite of the persistence of arthralgia

Fever

ANC < 500

Agranulocytosis

Stop CLOZ

Troponin & CRP
elevation

Myocarditis
confirmed by
echocardiography /
cardiac MRI

Stop CLOZ

CK elevation and
hyperleucocytosis

If dysautonomia
and/or altered
consciousness,
probable NMS

Stop CLOZ

Hepatitis,
pancreatitis,
nephritis, serositis,
alveolitis, colitis

Stop CLOZ

Intercurrent
pneumonia
or other infection

Continue CLOZ
Adapt dosage with
TDM or reduce by
half

Thrombo-embolism

Continue CLOZ
except if recurrent

All normal : benign
inflammatory
reaction

Continue CLOZ &
slow titration
Close monitoring of
CRP & troponin

CLOZ-induced fever

Continue CLOZ &
slow titration
Close monitoring of
CRP & troponin

Always check WBC,
CRP, troponin, CK

CRP elevation
and/or eosinophilia

All normal

Check LFTs, renal
function, lipase,
chest X-ray,
urinalysis, D-dimer

Fig. 2. Main medical causes of fever occurring within the ﬁrst months of clozapine (CLOZ) treatment: synthesis of practical clinical guidelines. WBC: white blood count; CRP C-reactive
protein; CK: creatine-kinase; ANC: absolute neutrophil count; MRI: magnetic resonance imaging; NMS: neuroleptic malignant syndrome; LFTs: liver function test; TDM: Therapeutic
Drug Monitoring.
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pressure or peripheral edema) (Bellissima et al., 2018; Knoph et al.,
2018; Rohde et al., 2018; Ronaldson et al., 2010, 2015). Other unspeciﬁc
symptoms may be present (fatigue, malaise, ﬂu-like symptoms, diarrhea or neck pain). Elevation of both CRP and troponin is a highly sensitive indicator of myocarditis (Knoph et al., 2018; Raja and Raja, 2014;
Ronaldson et al., 2010). ECG changes and eosinophil count are not
speciﬁc enough to be helpful in clinical practice: myocarditis is conﬁrmed by echocardiography, cardiac magnetic resonance imaging or
endomyocardial biopsy (Bellissima et al., 2018; Knoph et al., 2018;
Raja and Raja, 2014). Myocarditis is associated with a high mortality
rate (15–24%) (Bellissima et al., 2018; Rohde et al., 2018). If this diagnosis is suspected based on CRP and troponin elevation, clozapine
must be discontinued immediately (Nielsen et al., 2013; Rohde et al.,
2018; Ronaldson et al., 2015).
3.5.5. Serositis
Serositis is deﬁned as the inﬂammation of serous membranes (pericarditis, pleuritis, and ascites) (Crews et al., 2010; De Berardis et al.,
2018; Mouaffak et al., 2009). The incidence of clozapine-induced
serositis seems to be very low. A population-based study carried out
on 7932 outpatients initiating clozapine did not ﬁnd any case of pericarditis (Rohde et al., 2018). In most reported cases, the onset took place
shortly (8 to 70 days) after clozapine initiation. Fever or ﬂu-like symptoms were frequently observed (32%) (Mouaffak et al., 2009). Associated symptoms varied according to the site of serositis: dyspnea,
tachycardia, fatigue, precordial pain, and diarrhea. Inﬂammation of
other organs (pancreatitis, hepatitis, colitis, lupus-like syndrome) is
often reported (41%) (Mouaffak et al., 2009). The most frequent laboratory abnormalities were elevation of CRP and eosinophilia with a diagnosis conﬁrmed by echography. No death was reported. Clozapine
was discontinued in 20 of 22 patients; the symptoms remitted in one
patient and were “tolerated” in the last one.
3.5.6. Pneumonitis/alveolitis
In all reported cases, the symptoms of clozapine-induced
pneumonitis/alveolitis appeared within the ﬁrst three weeks of
treatment (Aldridge et al., 2013; Benning, 1998; Hashimoto et al.,
2015). Fever was associated with tachycardia, cough, dyspnea or
fatigue. Laboratory tests showed elevation of CRP, leukocytosis, eosinophilia. The diagnosis was conﬁrmed by Chest X-ray or highresolution computed tomography. The symptoms always disappeared after discontinuation of clozapine.
3.5.7. Hepatitis
In the reported cases of clozapine-induced hepatitis (Lally et al.,
2018), the mean time to onset after clozapine initiation was 34 days
and all but three cases occurred over the ﬁrst 8 weeks of clozapine treatment. Fever was present in 89% of cases, associated with unspeciﬁc
symptoms (abdominal pain, nausea, lethargy). Jaundice was less frequent (22%). CRP and transaminase levels were always signiﬁcantly elevated (N3-fold above the upper limit). Hypereosinophilia (100%) and
elevation of serum bilirubin (50%) were also observed. Three deaths
were reported. Moderate elevation of transaminases (up to twice the
upper limit) is frequent during clozapine treatment (Nielsen et al.,
2013; Raja and Raja, 2014) and clozapine may be continued with close
monitoring of other hepatitis symptoms, transaminases levels and
WBC. If the diagnosis of clozapine-induced hepatitis clozapine is conﬁrmed, clozapine must be discontinued immediately (Nielsen et al.,
2013).
3.5.8. Pancreatitis
The mean delay between initiation of clozapine and onset of pancreatitis was 18 days with all cases occurring within 5 weeks (Lally
et al., 2018). Fever, present in 75% of cases, was associated with unspeciﬁc symptoms (abdominal pain or distension, nausea, vomiting).
All cases showed elevated CRP, serum amylase and/or lipase levels,

and eosinophilia was present in 60% of cases. No fatal outcome was
reported. As elevation of serum lipase or amylase levels may be delayed, imaging is useful to rule out the diagnosis of pancreatitis
(transabdominal or endoscopic ultrasound, magnetic resonance
cholangiopancreatography) (Lally et al., 2018). Sodium valproate
may increase the risk of clozapine-induced pancreatitis through
drug-drug interactions (Lally et al., 2018; Raja and Raja, 2014).
Only one patient was co-prescribed valproate among the 11 cases
identiﬁed in the systematic review. As only 2% of pancreatitis cases
are drug-induced, other risk factors should be seriously considered
such as alcohol misuse, hyperglycemia and hypertriglyceridemia.
Clozapine must be discontinued immediately if the diagnosis of
clozapine-induced pancreatitis is conﬁrmed.
3.5.9. Nephritis
The mean delay between initiation of clozapine and onset of nephritis was 28 days and within 3 weeks in 73% of cases (Lally et al., 2018).
Fever was always present and associated with unspeciﬁc symptoms
like tachycardia, nausea, vomiting, and diarrhea, and less frequently
with urinary difﬁculties. Elevated CRP and creatinine were always present, eosinophilia in 86% and proteinuria in 73%. Rash, a classical symptom of nephritis, was never observed. No fatal outcome was reported.
Clozapine must be discontinued immediately if the diagnosis of
clozapine-induced nephritis is conﬁrmed.
3.5.10. Colitis
The typical clinical picture of inﬂammatory colitis associates spiking fever, intense watery or bloody diarrhea and abdominal pain
(Druss and Mazure, 1993; Friedberg et al., 1995; Ginsberg, 2005;
Karmacharya et al., 2005; Marchel et al., 2017; Patterson and
Jennings, 1993; Pelizza and Melegari, 2007). Most cases occurred
within the ﬁrst month after initiation of clozapine. In some cases,
fever was absent (Marchel et al., 2017) or not reported (Friedberg
et al., 1995). Elevation of WBC and hypereosinophilia were reported
in most cases. The diagnosis is conﬁrmed by biopsy of colon showing
eosinophilic inﬁltrates (Karmacharya et al., 2005; Marchel et al., 2017)
or lymphocytic inﬁltrates (Pelizza and Melegari, 2007). Clozapine should
be stopped if the diagnosis of clozapine-induced colitis is conﬁrmed.
3.5.11. Dermatological disorders
There are a few reports of fever associated with dermatological lesions in the literature. They are limited by their heterogeneity and in
several cases, by the lack of clearly established imputation of the disorder to clozapine. Serositis may be associated with dermatological disorders (Mouaffak et al., 2009). In three cases, dermatological lesions
associated with fever were the most prominent symptoms (Bosonnet
et al., 1997; Lai et al., 2012; Wu et al., 2015). The diagnoses were:
(i) acute generalized exanthematic pustulosis with erythematopustular
skin reaction six weeks after the initiation of clozapine; (ii) StevensJohnson syndrome/toxic epidermal necrosis with multiple mucous ulcers and erythematous skin rashes over the entire body and extremities,
CRP elevation and leukocytosis occurring two years after the initiation
of clozapine; and (iii) pityriasis rosea-like eruption conﬁrmed by histopathological examination with generalized skin rashes 4 weeks after the
onset of clozapine. Clozapine was discontinued in all the cases.
3.6. Pulmonary thrombo-embolism
More than half (58%) of the published cases occurred within the ﬁrst
month of treatment (5 days to 4 years) (Sarvaiya et al., 2018;
Schmidinger and Hofer, 2014). Fever may be associated with other unspeciﬁc symptoms such as tachycardia, fatigue or elevated C-reactive
protein (CRP). The frequency of fever was not speciﬁed in the systematic review. More speciﬁc symptoms are dyspnea, chest pain or hemoptysis. The diagnosis is based upon determination of ﬁbrin D-dimer level
and chest X-ray, and conﬁrmed by computed tomography pulmonary
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angiography. A fatal outcome was reported in 25% of cases. Clozapine
discontinuation may be justiﬁed if thrombo-embolism recurs (Nielsen
et al., 2013).
3.7. Necrotizing colitis
Fever associated with abdominal pain and distension may reveal ischemic bowel necrosis (Raja and Raja, 2014), a complication of severe
constipation induced by the anticholinergic properties of clozapine
(Cohen, 2017). We identiﬁed one case report occurring after 4 months
of clozapine treatment: the diagnosis was conﬁrmed by abdominal radiography showing large bowel dilatation (Leong et al., 2007). Partial
colectomy may be required and clozapine should be discontinued at
least temporarily.
4. Discussion
4.1. Fever occurring within the ﬁrst two months of treatment
Practical guidelines synthesizing the principles of the clinical management of fever occurring during the ﬁrst month of treatment and clozapine treatment are presented in Fig. 2. If fever occurs in the weeks
following treatment initiation, the priority is to eliminate agranulocytosis, NMS and myocarditis. Irrespective of the clinical picture, laboratory
tests should at least include WBC, CRP, troponin and CK. As fever may be
the single symptom in the early course of clozapine-NMS, other clinical
(altered consciousness, autonomic instability) and laboratory (CK,
WBC) indicators of NMS should be monitored repeatedly. Clinical
(tachycardia, dyspnea, chest pain) and laboratory (CRP, troponin) indicators of myocarditis should also be monitored repeatedly (Knoph et al.,
2018). Slow titration of clozapine is recommended to prevent myocarditis, especially in East Asians, in patients taking inhibitors and in poor
metabolizers who can be identiﬁed by weekly assessment of clozapine
TDM during titration (Ruan et al., 2019).
In the presence of dyspnea, tachycardia, chest pain or cough, several
diagnoses other than myocarditis should be considered including pericarditis (diagnosed by echocardiography), pulmonary embolism (Ddimer level, chest X-ray, computed tomography pulmonary angiography) or alveolitis (chest X-ray, high-resolution computed tomography).
In the presence of gastro-intestinal signs and/or increased CRP or eosinophilia, a low threshold should be used for initiating checks of liver
function tests, renal function and serum lipase, in order to rule out hepatitis, pancreatitis or nephritis (Lally et al., 2018). Intense diarrhea may
be due to inﬂammatory colitis, this diagnosis being conﬁrmed by a colon
biopsy.
If no cause of fever is identiﬁed, a diagnosis of clozapine-induced
fever can be considered (Nielsen et al., 2013; Roge et al., 2012). Although eosinophilia and elevated CRP may be important warning
signs of severe ADR, they have little speciﬁcity and may be transient
signs of the immunomodulatory effects of clozapine. In this event,
more speciﬁc markers and clozapine TDM should be closely monitored.
Waiting to increase clozapine dosage until of the abnormalities have
normalized may be recommended.
4.2. Fever occurring during maintenance treatment
The risk of inﬂammatory ADR may be considered as negligible after
treatment initiation. NMS and agranulocytosis are also much more frequent at treatment initiation but may occur anytime over the course
of treatment (Belvederi Murri et al., 2015; Raja and Raja, 2014). As the
risk of pneumonia does not decrease over time in clozapine users
(Kuo et al., 2013), fever should alert clinicians about the possibility of
potentially-lethal pneumonia. Clozapine users should be warned
about this risk and should consult in the event of fever in order to rule
out pneumonia and to adapt clozapine dosage. Other conditions associated with fever are also independent from duration of exposure to
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clozapine: pulmonary embolism, heat stroke or necrotizing colitis may
occur anytime during the course the clozapine treatment. If fever occurs
during clozapine maintenance treatment, it is necessary to systematically monitor WBC, CRP and CK, and depending on the associated
signs to perform the relevant exams: abdominal radiography, urinalysis,
abdominal or chest X-ray, ﬁbrin D-dimer level or computed tomography pulmonary.
4.3. Methodological limitations
The ﬁndings of the present systematic review should be considered
in the light of potential limitations. First, this review should not be considered as exhaustive regarding the possible causes of fever in clozapine
users as we cannot exclude that our search may have missed some articles, or that other causes of fever in clozapine users, if any, may have
been observed but not published. Second, the management strategies
were drawn from empirical clinical practices proposed by experienced
clinicians and are not evidence-based. Third, standardized criteria and
scales to assess the clozapine causality of ADR are rarely mentioned in
the articles included in the review. Hence, some of these cases of ADR
associated with fever may have not been caused by clozapine exposure.
4.4. Conclusion
Three key points with concrete implications for clinical practice
emerged from this narrative review on medical conditions associated
with fever during clozapine treatment. First, most life-threatening
ADR associated with fever occur at initiation of clozapine. Second, ADR
induced by immunomodulation lie on a continuum of severity ranging
from the most benign condition i.e. clozapine-induced fever, to lifethreatening complications such as myocarditis. If there is the possibility
of a life-threatening ADR, even if uncommon, cessation is most often appropriate. However, as benign causes of fever are much more frequent
than life-threatening ADR, discontinuation should not be considered
as automatic in the event of intercurrent fever during clozapine treatment during the phase of clozapine initiation. Third, even if fever is
not attributable to clozapine exposure, it may lead to clozapine intoxication. TDM is recommended to adjust clozapine daily dosage, especially
in the event of pneumonia.
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