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ABSTRACT

Background: Linezolid is a synthetic oxazolidinone antimicrobial drug. It is indicated for gram-positive infections and approved 
for the treatment of other conditions. Myelosuppression is a condition in which bone marrow activity decreases, resulting in fewer 
red blood cells, white blood cells, and platelets. Pancytopenia is not a disease but a manifestation of other underlying conditions.

Methodology: A systematic review was carried out through various databases, such as PubMed, Scielo and ScienceDirect; The 
search and selection of articles was carried out in indexed journals in English.

Results: Linezolid is used as an effective antibiotic against bacteria belonging to the gram-positive group. At high doses up to 
1,000 mg/kg/day, reversible myelosuppression occurred. This antibiotic also presents other adverse reactions to take into account 
such as serotonin syndrome, hypoglycemia, among others.

Conclusion: This review offers up-to-date and detailed information on the adverse effects and hematological effects of Linezolid 
in order to identify its correct use as well as its prognosis.
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INTRODUCTION

Linezolid is a synthetic oxazolidinone antimicrobial drug. 
It is indicated for gram-positive infections and approved for  

 
the treatment of bacterial pneumonia, skin and skin structure 
infections, and vancomycin-resistant enterococcal infections, 
including infections complicated by bacteremia [1,2]. Linezolid 

https://dx.doi.org/10.38125/OAJBS.000545
https://biomedscis.com/


                    Jhon Edison Meneses Sanchez

       2023 Open Access Journal of Biomedical Science   Open Acc J Bio Sci. January-February- 5(1): 2374-2378C

Research Article

2375

is not yet approved for the treatment of catheter-site infections, 
catheter-related bloodstream infections, and gram-negative 
infections. Linezolid’s primary locus of therapy is as an alternative 
to vancomycin in inpatient settings [3]. Vancomycin remains a 
standard treatment for methicillin-resistant Staphylococcus aureus 
infection. It has been seen and documented that there are bacteria 
such as Staphylococcus aureus that are resistant to vancomycin, so 
the use of Linezolid would be indicated, but it must be taken into 
account that inappropriate use of Linezolid can lead to resistance 
to this drug.

Linezolid is a recommended empiric therapy option for 
methicillin-resistant Staphylococcus aureus in hospitalized adult 
and pediatric patients with complicated skin and soft tissue 
infection, for methicillin-resistant Staphylococcus aureus-associated 
skin and soft tissue infection in the community, and Purulent 
and non-purulent cellulitis associated with methicillin-resistant 
Staphylococcus aureus [4]. Linezolid has been reported to be the first 
available oxazolidinone that inhibits bacterial protein synthesis by 
interfering with translation. Linezolid binds to a site on the bacterial 
23S ribosomal RNA in the 50S subunit, preventing the formation 
of a functional 70S initiation complex. This is in order to prevent 
the bacteria from multiplying by inhibiting its protein production 
[5]. Linezolid is bactericidal against most strains of streptococci 
and bacteriostatic against staphylococci and enterococci; this 
makes linezolid a poor choice for immunosuppressed patients. 
Myelosuppression is a condition in which bone marrow activity 
decreases, resulting in fewer red blood cells, white blood cells, and 
platelets. Pancytopenia is a hematologic condition characterized by 
a decrease in all three peripheral blood cell lines. It is characterized 
by hemoglobin less than 12 g/dL in women and 13 g/dL in men, 
platelets less than 150,000 per mcL, and white blood cells less than 
4,000 per mL (or absolute neutrophil count less than 1,800 per 
mL), [6].

Leukopenia is primarily seen as neutropenia since neutrophils 
make up the majority of leukocytes. Pancytopenia is not a 
disease but a manifestation of other underlying conditions [7]. 
So the importance of periodic evaluations and blood tests should 
be explained to a patient if they started medications such as 
methotrexate or linezolid [8]. Given that Linezolid is gaining great 
importance due to the resistance that some bacteria present to 
vancomycin, it is convenient to carry out this work, in order to 
provide updated and accurate information on the adverse and 
hematological effects of Linezolid and thus be able to identify its 
correctness. use as well as its forecast.

MATERIALS AND METHODS
A systematic review was carried out, the databases used were 

PubMed, Scielo and ScienceDirect. Articles indexed in English-
language journals were chosen. In this review, 92 original and 
review publications related to the topic studied were identified, of 
which 25 articles met the specified inclusion requirements, such 
as being full-text articles and reporting on the topic. As exclusion 
criteria, it was taken into account that the articles did not have 
sufficient information and that they did not present the full text at 
the time of their review.

RESULTS
Linezolid and Myelosuppression

Linezolid is used as an effective antibiotic against bacteria 
belonging to the gram-positive group. This antibiotic has been 

associated with reversible myelosuppression. Myelosuppression 
has been reported to be dependent on the time and dose of 
instituting linezolid [9]. At high doses up to 1,000 mg/kg/day 
reversible myelosuppression occurred, and at low doses up to 10 
to 40 mg/kg/day hematologic findings involved erythrocytes and 
reticulocytes, but mild effects on white blood cell and count were 
observed. of platelets [10].

Given linezolid’s efficacy for the treatment of severe gram-
positive infections, activity against resistant pathogens, and 
equivalent intravenous to oral formulations, the benefits of 
linezolid treatment may outweigh the potential risk of reversible 
myelosuppression [11]. It should be noted that pediatric patients 
are not excluded from the side effects of linezolid. Although 
antibiotic resistant infections constitute a significant part of 
serious childhood infections. In infections caused by enterococci, 
staphylococci, and pneumococci, a gradual increase in resistance 
and difficulty of treatment is observed. So, Linezolid is one of the 
new antibiotics that has recently been introduced for clinical use 
with gram positive efficacy [12]. Linezolid is the first introduced 
antibiotic of the oxazolidinone group. Linezolid was approved by 
the Food and Drug Administration for use in children. Linezolid 
stops bacterial growth by inhibiting protein synthesis. It is 
effective against microorganisms including vancomycin-resistant 
Enterococcus faecium and Enterococcus faecalis, methicillin-
resistant staphylococci, and penicillin-resistant pneumococci [13].

Linezolid and Central Nervous System Infections

In the absence of meningeal involvement, the level of linezolid 
in cerebrospinal fluid (CSF) is 70% of the plasma level. It is used 
in children because it is highly penetrating into the CSF and has 
few side effects [14]. It is preferred in the treatment of resistant 
gram-positive bacterial infections, especially in the treatment of 
vancomycin-resistant enterococcal infections in childhood [10]. 
Healthcare-associated central nervous system infections constitute 
0.4% of all nosocomial infections. Health care-associated central 
nervous system infections have a high morbidity and mortality rate 
[9].

Risk factors include interventions directed at the brain, 
prolonged surgical time, intracerebral hemorrhage, CSF leak, and 
the presence of another source of infection in the body. The most 
common pathogens in healthcare-associated central nervous 
system infections include Staphylococcus aureus, Staphylococcus 
epidermidis, Enterococcus spp., Pseudomonas aeruginosa, and E. coli. 
Over time resistance is gradually increasing among enterococci. 
Especially, the number of vancomycin-resistant pediatric cases is 
gradually increasing [15]. In comparative studies conducted with 
vancomycin, linezolid was found to be as effective and safe as 
vancomycin. Linezolid is the most appropriate treatment option 
in the treatment of infections caused by vancomycin-resistant 
enterococci [16]. The most important factor in nosocomial 
infections of the central nervous system is the selection of the 
appropriate antibiotic. Linezolid has been approved for use in the 
treatment of community-acquired and nosocomial pneumonia and 
skin and soft tissue infections. In Figure 1 we can identify the main 
indications for linezolid [17,18].

Other Adverse Reactions Caused by Linezolid

The main side effect associated with this drug is the decrease 
in platelets, hemoglobin and white blood cell counts, we can also 
find a series of non-specific but associated symptoms such as 
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headache, nausea, diarrhea, elevated pancreatic enzymes, elevated 
liver function tests. and neuropathy. Table 1 shows other frequent 

reactions in patients who use the antibiotic linezolid for a long time 
and at a high dose [18-20]. 

Figure 1: Main indications of linezolid approved by the FDA.

Table 1:

Reaction Synthesis

Serotonin Syndrome

Serotonin syndrome, also known as serotonin toxicity, is caused by excessive levels of circulating 
serotonin in the central and peripheral nervous system. The syndrome is characterized by mental 

status changes, autonomic hyperactivity, and neuromuscular abnormalities that can range in severity 
from negligible to fatal [20].

Mild serotonin toxicity may manifest as tachycardia, chills, sweating, mydriasis, tremors, myoclonus, 
restlessness or inability to sit still, or hyperreflexia. When the syndrome is moderately severe, signs 

and symptoms include hypertension, hyperthermia, overactive bowel signs, inducible extremity clonus, 
ocular clonus, agitation, hypervigilance, and pressured speech. The recommended management for 
this syndrome is the suspension of linezolid with subsequent administration of cyproheptadine and 

supportive measures [21].

Hypoglycemia

Linezolid has monoamine oxidase (MAO) inhibitory properties, and MAO inhibitors have been reported 
to contribute to hypoglycemia. The use of linezolid in older diabetic patients, especially those patients 

already taking agents with the potential to cause hypoglycemia, represents an area of concern. The 
increase in comorbidities and polypharmacy in geriatric patients adds to this concern [15,23]

Seizures For seizures, give IV benzodiazepines; barbiturates or Propofol may be an option if seizures persist or 
recur. Airway control may be necessary for patients with severe seizures [18].

Lactic Acidosis
Mortality from linezolid-induced lactic acidosis is considered relatively high. Duration of linezolid 

use and age may not be risk factors. But gender (specifically, male) could be related to mortality from 
linezolid-induced lactic acidosis [22]. 

Irreversible Optic and Peripheral Neuropathy 
when Used for 28 Days or More

Toxic optic neuropathies are characterized by gradual, progressive, painless, and bilaterally 
symmetric visual loss that affects central vision and results in a central or Centro cecal scotoma. 

Long-term linezolid interferes with bacterial ribosomes as well as mammalian ribosomes, impairing 
mitochondrial oxidative phosphorylation and protein synthesis [12].

Divya et al, report on a clinical case of development of optic neuropathy associated with linezolid. This 
case presented with progressive and painless deterioration of vision in both eyes, with edema of the 
optic disc in the ocular fundus examination. Discontinuation of linezolid was reported to result in a 

marked improvement in vision [16].

Other Adverse Reactions Associated with 
Linezolid

Fungal or bacterial infection (Clostridioides difficile-associated diarrhea (CDAD) and 
pseudomembranous colitis); [18].

Reaction Synthesis

serotonin syndrome Serotonin syndrome, also known as 
serotonin toxicity, is caused by excessive levels of circulating 
serotonin in the central and peripheral nervous system. The 
syndrome is characterized by mental status changes, autonomic 

hyperactivity, and neuromuscular abnormalities that can range 
in severity from negligible to fatal [20]. Mild serotonin toxicity 
may manifest as tachycardia, chills, sweating, mydriasis, tremors, 
myoclonus, restlessness or inability to sit still, or hyperreflexia. 
When the syndrome is moderately severe, signs and symptoms 
include hypertension, hyperthermia, overactive bowel signs, 
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inducible extremity clonus, ocular clonus, agitation, hypervigilance, 
and pressured speech. The recommended management for 
this syndrome is the suspension of linezolid with subsequent 
administration of cyproheptadine and supportive measures [21]. 
Hypoglycemia Linezolid has monoamine oxidase (MAO) inhibitory 
properties, and MAO inhibitors have been reported to contribute 
to hypoglycemia. The use of linezolid in older diabetic patients, 
especially those patients already taking agents with the potential to 
cause hypoglycemia, represents an area of concern. The increase in 
comorbidities and polypharmacy in geriatric patients adds to this 
concern [15,22].

Seizures for seizures, give IV benzodiazepines; barbiturates 
or Propofol may be an option if seizures persist or recur. Airway 
control may be necessary for patients with severe seizures. 
Lactic acidosis Mortality from linezolid-induced lactic acidosis is 
considered relatively high. Duration of linezolid use and age may 
not be risk factors. But gender (specifically, male) could be related 
to mortality from linezolid-induced lactic acidosis [23].

Irreversible optic and peripheral neuropathy when used for 
28 days or more toxic optic neuropathies are characterized by 
gradual, progressive, painless, and bilaterally symmetric visual loss 
that affects central vision and results in a central or centro cecal 
scotoma. Long-term linezolid interferes with bacterial ribosomes as 
well as mammalian ribosomes, impairing mitochondrial oxidative 
phosphorylation and protein synthesis.

Divya et al. [22] report on a clinical case of development of 
optic neuropathy associated with linezolid. This case presented 
with progressive and painless deterioration of vision in both eyes, 
with edema of the optic disc in the ocular fundus examination. 
Discontinuation of linezolid was reported to result in a marked 
improvement in vision. Other adverse reactions associated with 
linezolid Fungal or bacterial infection (Clostridioides difficile-
associated diarrhea (CDAD) and pseudomembranous colitis).

DISCUSSION
Linezolid is a new broad-spectrum oxazolidinone antibiotic 

that primarily targets Gram-positive bacteria, with particularly 
desirable coverage of increasingly prevalent resistant organisms, 
including methicillin-resistant Staphylococcus aureus and 
vancomycin-resistant enterococci. The most common side effects 
of this drug include gastrointestinal and hematological. Sanjana 
et al. [16] informs us of a case of a 72-year-old male patient, who 
was hospitalized with shortness of breath for 10 days, fatigue, and 
generalized weakness for seven days. The patient had undergone 
bilateral total knee replacement surgery for osteoarthritis of the 
knee two months prior to the current admission. At the orthopedic 
check-up one month after surgery, the patient complained of 
pain and swelling in the right knee. Culture of a synovial fluid 
aspirate from the affected knee revealed methicillin-resistant 
Staphylococcus aureus, sensitive to vancomycin and linezolid, for 
which she received linezolid. After four weeks of treatment, he 
went for a check-up, showing pancytopenia, for which this drug was 
discontinued. packed red blood cells were transfused and there was 
a significant improvement in dyspnea. The prescription of Linezolid 
will increase exponentially due to the ubiquity of these organisms. 
Therefore, linezolid prescriptions must be followed with due 
caution and control of any adverse event [24].

Another study carried out by Hideo et al, in which they carry out 
a systematic review of the effects of linezolid in pediatric patients, 

reaching the conclusion that the incidence of myelosuppression 
induced by linezolid in pediatric patients is less than 10%. Treatment 
duration of more than 14 days was also reported to be one of the 
risk factors associated with linezolid-induced myelosuppression. 
Therefore, careful follow-up is necessary in these patients [25]. 
There are many studies that affirm the hematological effects of 
Linezolid, as well as warn of the possible risks and precautions to 
take into account when implementing this drug, so it is necessary 
to establish a follow-up in all patients who use this drug. A strength 
of the current study is the methodology implemented, regarding 
the literature search, and steps in the selection of relevant articles, 
quality assessment, and data extraction. However, this study has 
several limitations, which should be taken into account before 
reaching a conclusion, among these are the few studies that 
explain or report the pathophysiological mechanisms by which 
linezolid produces myelosuppression, and thus be able to know and 
adequately treat these adverse effects, so more studies are needed 
to answer these questions.

CONCLUSION
Linezolid is used as an effective antibiotic against bacteria 

belonging to the gram-positive group. This antibiotic has been 
associated with reversible myelosuppression. At high doses up to 
1,000 mg/kg/day reversible myelosuppression occurred, and at 
low doses up to 10 to 40 mg/kg/day hematologic findings involved 
erythrocytes and reticulocytes, but mild effects on white blood cell 
and count were observed. of platelets. In the absence of meningeal 
involvement, the level of linezolid in cerebrospinal fluid (CSF) is 
70% of the plasma level. It is used in children because it is highly 
penetrating into the CSF and has few side effects. In comparative 
studies conducted with vancomycin, linezolid was found to be as 
effective and safe as vancomycin. This antibiotic also presents other 
adverse reactions to take into account such as serotonin syndrome, 
hypoglycemia, among other conditions reported in Table 1.
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