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Linezolid and Serotonin Syndrome

Davin K. Quinn, MD, and Theodore A. Stern, MD

H ave you ever wondered if problems might arise when a patient tak-
ing an antidepressant needs linezolid for treatment of methicillin-

resistant Staphylococcus aureus (MRSA) or vancomycin-resistant En-
terococcus (VRE) infection? Have you wondered what complications
might follow such coadministration? Have you been apprehensive when
deciding whether a washout interval is needed before or after use of
linezolid and a serotonergic antidepressant? If so, then the following ques-
tions and answers should stimulate discussion and provide much needed
information.

DEFINITION OF THE PROBLEM

Linezolid is an oxazolidinone antibiotic that is widely used in general
hospitals. Originally discovered as a psychotropic agent with antidepres-
sant effects through mild reversible nonselective inhibition of monoamine
oxidase (MAO), it was also found to have antibiotic efficacy against drug-
resistant gram-positive cocci (eg, MRSA and VRE).1 In patients taking
linezolid along with serotonin agonists, there is a small but documented
risk for serotonin syndrome (Table 1 provides a list of serotonin agonists).
On the basis of this risk, clinicians often have to decide whether to dis-
continue either linezolid or a selective serotonin reuptake inhibitor (SSRI)
in situations in which both medications are present. Some authors sug-
gest applying the same stringent guidelines to linezolid regarding MAO-
inhibiting antidepressants and their interactions with serotonergic agents,
although it is unclear whether the risk of serotonin syndrome is high
enough to warrant this.

WHAT IS THE SEROTONIN SYNDROME,
AND HOW IS IT DIAGNOSED?

Serotonin syndrome, also known as serotonin toxicity, is caused by
excessive levels of circulating serotonin in the central nervous system
(CNS) and the periphery.2 The syndrome is characterized by mental status
changes, autonomic hyperactivity, and neuromuscular abnormalities that
may range in severity from almost imperceptible to lethal.3 The majority
of cases develop within 6 hours of initiation of medication or a change in
medication that increases serotonin levels. Table 2 lists the spectrum of
signs, symptoms, and states found in cases of serotonin toxicity.3

Mild serotonin toxicity may be manifested by tachycardia, shivering,
diaphoresis, mydriasis, tremor, myoclonus, restlessness or an inability to
sit still, or hyperreflexia. When the syndrome is moderately severe, signs
and symptoms include the above-mentioned features, as well as hyperten-
sion, hyperthermia, hyperactive bowel signs, inducible clonus of the ex-
tremities, ocular clonus, agitation, hypervigilance, and pressured speech.3

Severe cases of serotonin syndrome also involve autonomic instability
(leading to shock), delirium, and muscular rigidity. Other consequences
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of severe serotonin syndrome include metabolic acido-
sis, rhabdomyolysis, creatinine and aminotransferase el-
evations, seizures, renal failure, and disseminated in-
travascular coagulation.3  Unfortunately, there are no
laboratory tests that confirm a diagnosis of serotonin
syndrome.

While no tests confirm the diagnosis of serotonin syn-
drome, 2 criteria sets have been developed to identify
the presence of serotonin toxicity (Table 3). Sternbach’s
criteria require at least 3 of the following to be present
in the absence of neuroleptic use and other explanatory
etiologies: mental status changes, agitation, myoclonus,
hyperreflexia, diaphoresis, shivering, tremor, diarrhea,
incoordination, and fever.2 Boyer’s criteria require any
of the following, with a serotonergic agent being ad-
ministered in the preceding 5 weeks: tremor and hyper-
reflexia, spontaneous clonus, muscle rigidity and tem-
perature > 38°C and either ocular clonus or inducible
clonus, ocular clonus and either diaphoresis or agitation,
and inducible clonus and either diaphoresis or agitation.3

It has been noted that Boyer’s criteria are more specific
for serotonin toxicity than are Sternbach’s criteria.4

WHAT IS THE MECHANISM OF AND
TREATMENT FOR SEROTONIN SYNDROME?

While the mechanism of serotonin toxicity is not fully
known, it is believed to involve an excess of agonism of
5-HT receptors in the CNS and peripheral tissues through
elevated synaptic concentrations of serotonin.3 Drugs in
the MAO-inhibitor class—for example, linezolid—cause
increases in synaptic concentrations of biogenic amines
(eg, dopamine, norepinephrine, and serotonin). When
these agents are combined with proserotonergic agents,
synaptic concentrations of serotonin rise to toxic levels
and precipitate the syndrome.

The treatment of serotonin toxicity includes removal
of the offending agent(s), control of agitation, adminis-
tration of 5-HT2a antagonists, and autonomic stabiliza-
tion.5 Cases usually resolve within 24 hours of initiation
of therapy but may take longer depending on the half-life
of the offending agent(s).

WHAT IS THE PREVALENCE OF
LINEZOLID-INDUCED SEROTONIN TOXICITY?

No randomized controlled trials or prospective cohort
studies have examined the rate of serotonin toxicity in pa-
tients receiving linezolid and serotonergic agents. In US

Table 2. Spectrum of Signs, Symptoms, and States in
Serotonin Syndromea

Moderate (mild Severe (moderate
Mild symptoms and …) symptoms and …)

Tachycardia Hypertension Autonomic instability
Shivering Hyperthermia Agitated delirium
Diaphoresis Hyperactive bowel Muscular rigidity

sounds
Mydriasis Inducible clonus Metabolic acidosis
Intermittent tremor Ocular clonus Rhabdomyolysis
Myoclonus Agitation Kidney failure
Akathisia Hypervigilance Seizures
Hyperreflexia Pressured speech Disseminated intravascular

coagulation
aBased on Boyer and Shannon.3

Table 3. Sternbach’s and Boyer’s Criteria for Serotonin
Syndrome
Sternbach’s Criteria2 Boyer’s Criteria3

At least 3 of the following required: Any 1 of the following required:
Mental status changes Tremor and hyperreflexia
Agitation Spontaneous clonus
Myoclonus Muscle rigidity, temperature
Hyperreflexia > 38°C, and ocular
Diaphoresis or inducible clonus
Shivering Ocular clonus and diaphoresis
Tremor or agitation
Diarrhea Inducible clonus and
Incoordination diaphoresis or agitation
Fever

Table 1. Some Drugs That May Increase Serotonin Levels and
Interact With Linezolid
Antidepressants Analgesics
SSRIs Tramadol

Paroxetine Meperidine
Sertraline Methadone
Fluoxetine Dextromethorphan
Fluvoxamine Dextropropoxyphene
Citalopram Pentazocine
Escitalopram Antituberculosis

SNRIs Isoniazid
Venlafaxine Anxiolytics
Duloxetine Buspirone
Mirtazapine Hypnotics

Tricyclic antidepressants L-tryptophan
Amitriptyline Migraine
Clomipramine Sumatriptan and other triptans
Desipramine Stimulants
Doxepin Amphetamine and derivatives
Imipramine Antineoplastic
Nortriptyline Procarbazine
Protriptyline Dopamine agonists

NRIs Bromocriptine
Trazodone Illicit psychotropics
Nefazodone Cocaine

MAOIs Lysergic acid diethylamide
Tranylcypromine Ecstasy
Phenelzine Methylenedioxyamphetamine
Selegiline N-methyldiethanolamine

Herbals 3,4-Methylenedioxymethamphetamine
St. John’s Wort

(Hypericum perforatum)
Ginseng (Panax ginseng)

Abbreviations: MAOI = monoamine oxidase inhibitor,
NRI = norepinephrine reuptake inhibitor, SNRI = serotonin-
norepinephrine reuptake inhibitor, SSRI = selective serotonin
reuptake inhibitor.
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Food and Drug Administration (FDA) Phase III trials
of linezolid, among 52 patients concurrently taking line-
zolid and SSRIs, no cases of serotonin syndrome were
reported.6 Lawrence and colleagues7 examined 2,222
documented cases of serotonergic poisoning reported to
the FDA’s Adverse Event Reporting System and found
29 cases of linezolid-associated serotonin toxicity; 13 of
these required hospitalization.7 The most frequently oc-
curring concurrent drugs in these cases were SSRIs.7

Since linezolid was approved by the FDA for use, there
have been 17 published case reports documenting the oc-
currence of symptoms of serotonin toxicity in patients re-
ceiving linezolid and SSRIs. Taylor and colleagues,4 in
a retrospective chart review of cases at the Mayo Clinic
(Rochester, Minnesota), found an incidence of serotonin
toxicity of 3% in patients taking SSRIs and linezolid.
Table 4 lists the case reports found in the literature.8–21

Time to onset of symptoms ranged from < 24 hours
to 3 weeks, while time to resolution of symptoms once 1
or both of the drugs were discontinued ranged from 1 to
5 days. All but 2 of the case reports involve coadminis-
tration of a proserotonergic agent and linezolid, in which
linezolid is added to a regimen already containing an
SSRI. The 2 cases of nonoverlapping administration had
washout periods of 3 days and 18 days.8,17

WHEN MAY SSRIS AND LINEZOLID BE USED
IN RELATION TO EACH OTHER?

The clinical indications for use of linezolid and SSRIs
concurrently or within close temporal relation to one an-

other are prevalent, as resistant nosocomial infections
and depressive disorder associated with medical illnesses
are both common in US hospitals. Serotonin toxicity re-
sulting from an adverse interaction between linezolid
and SSRIs is a rare but potentially fatal iatrogenic com-
plication, which is treated supportively and by removing
the offending agent(s) from the drug regimen. The avail-
able case reports represent valuable but extremely lim-
ited information about the phenomenon; more empirical
evidence concerning the true prevalence of and predis-
posing factors for serotonin syndrome will guide future
recommendations for drug therapy.

Current recommendations for use of linezolid and
SSRIs are based on risk-management heuristics, not
clinical necessity and judgment. Guidelines promulgated
by Micromedex (Micromedex Healthcare Series [Inter-
net database], Thomson Reuters [Healthcare] Inc, Green-
wood Village, Colorado) correspond to guidelines for use
of MAO-inhibiting antidepressants (which have a much
higher rate of serotonin toxicity when combined with
SSRIs) and recommend separating administration of
linezolid from SSRIs by 2 weeks (in the case of fluox-
etine, the recommendation is 5 weeks, owing to its ex-
tremely long half-life). However, infection with a resis-
tant organism is a serious illness, requiring prompt
initiation of antibiotic therapy. Given its status as a weak
MAO inhibitor with powerful antibiotic efficacy, for
which a special tyramine-depleted diet is not needed,
linezolid’s use with SSRIs should be dictated by in-
formed clinical judgment. We propose that if a patient is
taking an SSRI and requires linezolid for a new infection,

Table 4. Case Reports of Serotonin Syndrome Resulting From SSRIs + Linezolid
Age of Washout Time to Time to

Study Patient (y) Serotonergic Agent Diagnosis Period (d)  Onset Resolution

Wigen and Goetz, 20028 56 Paroxetine Surgical abscess, cirrhosis 3 < 24 h 48 h
Thomas et al, 20049 4 Fluoxetine Burns 0 1 h 48 h

Fentanyl
DeBellis et al, 200510 56 Citalopram, mirtazapine Urinary tract infection 0 4 d 48 h
Jones et al, 200411 85 Venlafaxine Infected prosthesis 0 20 d 48 h
Bergeron et al, 200512 38 Venlafaxine Cystic fibrosis 0 4 d 24 h
Bergeron et al, 200512 37 Citalopram Cellulitis, multiple myeloma 0 3 d 5 d
Bernard et al, 200313 81 Citalopram Osteomyelitis 0 3 wk NA
Tahir, 200414 85 Citalopram Staph bacteremia 0 < 24 h 3 d
Hachem et al, 200315 56 Citalopram Acute myelogenous leukemia, 0 2 d 9 d

congestive heart failure
Hachem et al, 200315 36 Sertraline Chronic lymphocytic leukemia 0 5 d 24 h
Lavery et al, 200116 45 Sertraline Sacral decubitus ulcer 0 10 d 48 h
Morales and 39 Fluoxetine Delirium, aspiration 18 < 24 h 48 h

Vermette, 200517

Taylor et al, 200618 30 Sertraline, fentanyl Pancreatic pseudocyst 0 < 24 h 24 h
Taylor et al, 200618 81 Venlafaxine, citalopram, Urinary tract infection 0 < 24 h 48 h

fentanyl
Clark et al, 200619 47 Sertraline Necrotic wound 0 5 d/8 d 4 d/4 d
Steinberg and 23 Fluoxetine Acute myelogenous leukemia 0 9 h 48 h

Morin, 200720

Strouse et al, 200621 55 Duloxetine, fentanyl Metastatic sarcoma 0 3 h 36 h

Abbreviations: NA = not applicable, SSRI = selective serotonin reuptake inhibitor.
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the initiation of linezolid should not be delayed to washout
the SSRI.

The SSRI-treated patient who is newly started on line-
zolid should be observed for emerging signs and symp-
toms of serotonin toxicity for at least 3 weeks. While there
are no case reports of toxicity occurring after periods of
concurrent use longer than 3 weeks, instances of linezolid
being used beyond 3 weeks are not common. A patient who
continues taking SSRIs and linezolid beyond that time pe-
riod should be closely observed for emergence of symp-
toms of toxicity. Every patient should also have a thorough
vetting of their medication regimen for other lesser-known
proserotonergic agents (eg, meperidine and tramadol).

The question of whether to stop the SSRI when line-
zolid is administered, or leave it in the patient’s medication
regimen, must be decided according to cost-benefit analy-
sis of the clinical situation. Is the risk of serotonin syn-
drome greater than the risk of recurrent mood or anxiety
disorder? At one extreme, if a patient is intubated, sedated,
paralyzed, and critically ill, continuing the antidepressant
would be a lesser clinical priority than avoiding a rare but
consequential episode of drug toxicity that could exacer-
bate the critical illness or hasten the failure of multiple
organ systems.

At the other extreme, in a chronically mentally ill out-
patient with osteomyelitis who needs oral linezolid for an
indefinite period of time, the risk and consequence of an
exacerbation of a brittle mental illness may be far greater
than the rare risk of serotonin syndrome. This patient may
be maintained on linezolid and a serotonergic agent con-
currently, with frequent clinical follow-up to monitor for
serotonin toxicity, especially during the first month of
treatment. Because the incidence of serotonin toxicity is so
low, there are no data regarding specific dosages of SSRIs
that may increase the risk of serotonin toxicity; clinicians
should use medication dosages as part of their cost-benefit
analysis.

When may an SSRI be started if a patient is receiving
linezolid and is found to have a depressive disorder?
Again, a cost-benefit analysis of the situation determines
the therapy. Delaying the initiation of the SSRI until 2
weeks after the discontinuation of linezolid is a conserva-
tive maneuver in accordance with the guidelines for MAO-
inhibiting antidepressants and may be done in patients
for whom the serious consequences of a rare drug interac-
tion far outweigh the consequences of untreated mental
illness, such as in critically ill patients. The half-life of
linezolid is approximately 5 hours. Initiating an SSRI less
than 2 weeks after treatment with linezolid should be con-
sidered for patients whose clinical status would likely suf-
fer without timely administration of the treatment, as in se-
vere mood disorders with suicidal or homicidal ideation,
psychosis, or debilitating neurovegetative symptoms (eg,
inanition).

CONCLUSION

In sum, based on the overall low incidence of serotonin
syndrome when linezolid and SSRIs are simultaneously
administered, the effectiveness of treatment for serotonin
syndrome, and the paucity of prospective data on the phe-
nomenon, we assert that decisions regarding cessation or
initiation of SSRIs with linezolid may be based on risk-
benefit analyses, rather than risk-management heuristics.
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