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ABSTRACT
Introduction: Linezolid may cause adverse
effects such as thrombocytopenia, which were
found to be dependent on receiving linezolid for
longer than 2 weeks. There are limited studies
concerning the safety and timing of linezolidrelated adverse effects in children. Objective
of this study was to evaluate the incidence of
adverse effects associated with linezolid, with
especially focusing on the time of occurrence.
Population and Methods: All children (≤18 years
of age) who received ≥3 days of linezolid therapy
were included in this study. Adverse effects
attributed to linezolid and time of occurrence
of side effects was evaluated.
Results: A total of 179 children were enrolled
to the study. The patients’ median age was 4
years (6 days to 17 years). During linezolid
treatment, 36 (20.1%) patients experienced
adverse effects. The most common adverse
effect was thrombocytopenia that was detected
in 26 patients (14.5%). Other adverse effects
were as following; elevated liver enzymes in 4
patients, leucopenia and anemia in 2 patients,
renal function impairment in one patient, and
serious skin reactions in 3 patients. Adverse
effects were detected within median 7.5 days of
therapy (ranging from 4 to 18 days). Among 36
patients, 26 (72.2%) patients had adverse effect
on the first 10 days of therapy.
Conclusions: Transient adverse effects were
detected in 20.1% of the patients during linezolid
therapy. These adverse effects may be detected
earlier than ten days of treatment. Linezolid
should be prescribed safely in children with
monitoring adverse effects especially platelet
count and level of liver enzymes.
Key words: Linezolid, adverse effects, child,
thrombocytopenia.
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INTRODUCTION
Linezolid is the first antibiotic in the
oxazolidinone class to be approved and
used in children, including premature
neonates.1,2 It has an excellent activity
against most methicillin-sensitive
and methicillin-resistant Grampositive bacteria. 3 Linezolid was
originally approved by Food and Drug
Administration of United States for
pediatric use in 2002, for treatment
indicated infections, such as skin and
skin structure infections, communityacquired and nosocomial pneumonia,
and infections with vancomycinresistant Enterococcus faecium. 4 The
advantages of linezolid compared
to glycopeptide antibiotics include
clinical and microbiological efficacy,
excellent tissue penetration and lack
of requirement for therapeutic drug
monitoring.5 It has a low adverse effect
profile compared with glycopeptide
antibiotics. However, linezolid has
been reported to cause serious adverse
effects such as neuropathy, elevated
liver enzymes, and myelosuppresion,
including thrombocytopenia and
leucopenia.6
Data on the adverse effects of
linezolid is mainly based on adult
reports. Currently, there are limited
studies concerning the safety of
linezolid in pediatric patients.
Therefore, the objective of this
study was to evaluate the incidence
of adverse effects associated with
linezolid, with especially focusing on
the time of occurrence.
MATERIALS AND METHODS
This retrospective study was
conducted between June 2010 to
June 2015 at Dr. BehçetUz Children’s
Hospital, a referral center for pediatric
infectious diseases in the Aegean
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Region of Turkey. All children (≤18 years of
age) who received ≥3 days of linezolid therapy
as a part of suspected or proven Gram-positive
infections were included in the study. Any patient
with an abnormal platelet count (<150 x 109/L)
prior to therapy was excluded.
Data of the patients was collected from medical
records including information on demographic
characteristics (age, gender, prematurity, medical
history); underlying diseases or co-morbidities;
length of hospital stay; type of microbiological
and infection data; dosage and duration of
linezolid therapy; outcome of linezolid therapy.
Linezolid was administered intravenously at a
dosage of 10 mg/kg three times daily in children
aged 0 to 11 years and 10 mg/kg (maximum dose,
600 mg) twice daily in older children.
The laboratory findings such as hematologic
properties (white blood cell count, hemoglobin
value, platelet count), routine biochemical tests,
hepatic and renal functions were recorded from
medical records. Side effects attributed to linezolid
were also evaluated. Adverse effects were defined
as events which occurred during linezolid use
but were unexplainable by the natural clinical
course of the underlying diseases or other drugs.
For this purpose, hematological effects included
leucopenia, thrombocytopenia, anemia; hepatic
impairment included hyperbilirubinemia,
elevation in hepatic transaminase levels (alanine
aminotransferase elevation more than 3 times the
upper limit of normal); gastrointestinal effects
included nausea, vomiting, pancreatitis, and
diarrhea; nephrotoxicity included acute renal

impairment (rise in creatinine of ≥50% from its
baseline value and/or a fall in the glomerular
filtration rate by ≥25%, and/or a decrease in
urine output below 0.5 ml/kg/h for 6 hour or
more); skin effects included rash and itching;
and neurological impairment were all evaluated.
Thrombocytopenia was defined as either a
platelet count of <150 x 109/L or 50% reduction
in platelet count from baseline level at initiation
of linezolid therapy.7
Outcomes of the patients based on the
response to linezolid treatment were defined as
cure, improved or failed. Cure was defined as the
resolution of clinical and laboratory findings of
infection for which linezolid were administered.
Persistence or progression of the signs of infection
or lack of microbiological eradication indicated
failure outcome. Improved course was defined as
any situation between cure and failure outcome.
Mortality was defined as deaths during treatment
and follow-up period.
Statistical analysis was analyzed using SPSS
software version 20.0 (IBM Corp., Somers, NY).
Categorical variables were analyzed using a chisquare or Fisher exact test. Continuous variables
were analyzed using Student’s t test or the MannWhitney U test. A P value of <0.05 denoted
statistical significance.
RESULTS
During the study period, data of 211 linezolid
treatment courses were evaluated. Of these,
24 patients were excluded due to the inadequate
data. Eight patients who had died on the first

Table 1. Clinical and demographic characteristics of 179 patients enrolled to the study
Characteristics and underlying medical conditions
Number of patients
Age (years), median
Prematurity
Gestational age < 28 weeks, N (%)
Gestational age 28 – 32 weeks, N (%)
Gestational age > 32 – 36 weeks, N (%)
Male, N (%)
Treatment duration, days (range)
Patients’ admitted unit
Pediatric intensive care unit, N (%)
Hematology – Oncology unit, N (%)
Neonatal intensive unit, N (%)
General pediatric unit, N (%)
Pediatric intensive surgery care unit, N (%)
Outcome,
Cured, N (%)
Clinical improvement, N (%)
Mortality, N (%)

Value
179
4 (6 days – 17 years)
3 (1.6)
8 (4.4)
5 (2.7)
106 (59.2)
13 (4 – 31 days)
69 (38.5)
68 (37.9)
21 (11.7)
12 (6.7)
9 (5.5)
128 (71.5)
33 (18.4)
18 (10.0)
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three days of linezolid treatment were also
excluded. A total of 179 children were enrolled
to the study. The patients’ median age at
admission was 4 years (6 days to 17 years), of
whom 106 (59.2%) were males and 73 (40.8%)
were females. Sixteen patients were preterm
infants; 3 (1.6%) of them born with <28 weeks’
gestational age, 8 (4.4%) with 28-32 weeks, and
5 (2.7%) of them with 32-36 weeks’ gestational
age. The median duration of linezolid therapy
was 12 days (ranging from 4 to 31 days). Baseline
characteristics are listed in Table 1.
Among the treatment courses, 69 (38.5%) were
administered to patients in pediatric intensive
care unit, 68 (37.9%) to pediatric hematologyoncology patients, 21 (11.7%) to neonatal patients,
12 (6.7%) to patients with immunodeficiency, and
the remaining 9 (5.5%) to patients in pediatric
surgery intensive care unit. Table 2 shows the
number and proportions of the patients with
underlying diseases and co-morbidities.
In all children linezolid was administered
as second-line treatment except the patients
that vancomycin resistant Enterococcus (VRE)
or vancomycin resistant Staphylococci were
documented as pathogen. Linezolid was
mainly administered due to the clinical failure
of the patients while receiving glycopeptide
therapy (85/179 cases, 47.4%). Target based
therapy according to the microbiologically
documented diagnosis were administered in
94 (52.5%) children. Of these patients, the most
commonly isolated pathogen was coagulase
negative Staphylococci (53 cases, 29.6%), followed

by VRE (39 cases, 21.7%), and methicillin resistant
Staphylococcus aureus (2 cases, 1.1%). All isolates
were susceptible to linezolid (MIC ≤2 mg/L)
according to the Clinical and Laboratories
Standards Institute (CLSI) guidelines.8
The sites of infections which clinically and
microbiologically confirmed were as follows; in
134 patients (74.9%) bloodstream infections, in
19 patients (10.6%) urinary tract infections, in
10 patients (5.6%) central nervous infections, in
9 patients (5.0%) ventilator associated pneumonia,
in 6 patients(3.3%) soft tissue abscess, and in one
patient peritonitis.
During linezolid treatment, 36 (20.1%) patients
experienced adverse effects. The main adverse
effect of linezolid therapy was thrombocytopenia.
Linezolid-induced thrombocytopenia
was detected in 26 patients (14.5%). Final
platelet counts of <50 x 10 9/L were detected
in 11 patients (6.1%), of whom two patients
required thrombocyte transfusions. Platelet count
decreases of more than 50% of initial count with
the count of <150 x 10 9/L was determined in
remainder 15 patients (8.3%). Leucopenia and
anemia was found in 2 (1.1%) patients. We did
not observe neutropenia in cases during therapy.
The other adverse effects were as following;
transiently elevated liver enzymes in 4 (2.2%)
patients, renal function impairment in one patient,
and serious skin reactions with exanthema and
itching were found in 3 (1.6%) patients. All of
these abnormalities were reversible. Adverse
effects associated with linezolid therapy were
listed in Table 3.

Table 2. Clinical indications of linezolid therapy for 179 patients
Site of infections

Bloodstream infection
Urinary tract infection
Central nervous infection
Ventilator associated pneumonia
Soft tissue infection
Peritonitis
Total

Number of patients

Percentage (%)

179

100

134
19
10
9
6
1

74.9
10.6
5.6
5.0
3.3
0.6

Table 3. Adverse effects associated with linezolid therapy (36/179 patients, 20.1%)
Adverse effect

Thrombocytopenia
Leucopenia and anemia
Elevated liver enzymes
Renal function impairment
Skin reactions

Number of patients
26
2
4
1
3

Percentage (%)
14.5
1.1
2.2
0.6
1.6
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One hundred twenty-eight patients (71.5%)
were considered as to be cured and 33 patients
(18.4%) had clinical improvement. Mortality
rates were found as 10.0 % (18/179 patients)
during the therapy due to the severe septic shock
and respiratory failure mostly attributed to the
underlying diseases.
The correlation of adverse effects with
duration of linezolid
The median duration of linezolid therapy was
13 days (ranging from 4 to 31 days) in children
with no adverse effects with linezolid group, and
12 days (ranging from 5 to 28 days) in children
with adverse effects, and no significant difference
was present between these two groups by means
of linezolid duration (p= 0,297). The patients
under linezolid therapy had experienced the
adverse effects with a median of 7.5 days of
therapy (ranging from 4 to 18 days). Among 36
patients, 26 (72.2%) patients had adverse effect on
the first 10 days, while the remaining (27.8%) had
adverse effects after the first 10 days of therapy
(Data shown in Figure 1). Thrombocytopenia
which was the most common adverse effect
was observed in 17 (77.2%) patients on the
first period, while in 5 (22.7%) of the patients
thrombocytopenia had developed after the first
10 days of therapy.

DISCUSSION
Linezolid has antibacterial activity against
Gram-positive bacteria. The safety and efficacy
of linezolid in adults have been evaluated in
large clinical trials. This report includes one of
the largest pediatric populations who received
linezolid therapy. The current study points out
that adverse effects associated with linezolid are
not common and may be detected in the earlier
course of the therapy.
Most of the study population received
linezolid as the target based therapy according
to the microbiologically documented diagnosis
and the overall outcomes were favorable,
with high cure rates and improved courses in
90% of patients. This success rates are similar
with the study conducted by Garazzino et al.9
Although linezolid is generally well tolerated,
some concerns have been raised regarding
hematologic toxicity, including neutropenia
and thrombocytopenia, which was found to be
dependent on dose and duration of therapy. 10
Thrombocytopenia is a common adverse effect
in adult patients and the incidence of linezolidrelated thrombocytopenia has been reported
about 15–50%. 7,11,12 The other common drugrelated side effects reported with linezolid therapy
were diarrhea, nausea, headache, neuropathy,

Figure 1. Cumulative adverse effects through the linezolid treatment days, most patients accumulated in the first 10 days
period of the linezolid treatment (77.2% versus 22.78%)
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and abnormal liver function tests.13 These adverse
effects were mostly detected in patients receiving
linezolid for longer than 2 weeks.13
Despite its increasing use, clinical data with
linezolid in the pediatric population is limited. In
some pediatric studies, 18.8% to 25.6% of children
were documented to have experienced adverse
effects associated with linezolid therapy, most
notably liver function alterations, hematological
and gastrointestinal disturbances. 9 In the
current study, thrombocytopenia was the most
frequent adverse effect associated with linezolid
compatible with literature. Although this adverse
effect were usually mild and reversible, two
of the thrombocytopenia detected patients
required platelet infusion, thus close monitoring
of hematological parameters is crucial. Reversible
elevated liver enzymes, skin reactions, leucopenia,
anemia and renal function impairment were the
other adverse effects detected in our population.
Contrary to the literature, none of the patients
had neutropenia, or neuropathy which was
also been associated with the children treated
with linezolid. 14,15 Adverse effects associated
with gastrointestinal disturbances were also not
detected in this study, probably of using only
intravenous formula of linezolid.
In adults, the long-term use of linezolid has
been reported to be associated with adverse
effects, especially thrombocytopenia owing to
myelosuppression.5 In general, adverse effects
are reported less in linezolid treated children than
adults, possibly due to reduced susceptibility
of children to mitochondrial toxicity, and fewer
cases of long-term treatment. 9,16 The exact
mechanism of thrombocytopenia is unknown,
but an immune-mediated phenomenon has
been proposed.6 Data from clinical trials suggest
that myelosuppression is associated with longterm therapy.17 Thrombocytopenia and a slight
increased risk for anemia were evident in patients
who had linezolid treatment exceeding 2 weeks’
duration. 5 Studies in adults suggest a slight
risk of thrombocytopenia that is increased with
longer duration of linezolid, but reversible
with drug cessation. 18 However, pediatric
data from clinical trials of shorter duration of
linezolid therapy may also cause mild reversible
thrombocytopenia in children.19 Opposite to the
most of data, most of the patients in the present
study had experienced the adverse effects within
the first ten days of therapy. Thrombocytopenia
was the most common adverse effect on the first
10-days period. Similarly, shorter duration of

courses associated with adverse effects, especially
thrombocytopenia, were also reported. Zhang
et al. reported that the duration of 7 days of
linezolid therapy had been associated with
thrombocytopenia and concluded that shorter
therapies than two weeks may also cause adverse
effects.18 Orrick et al. proposed that the risk of
thrombocytopenia may occur earlier than the
14-day course of linezolid.20 In a study including
108 pediatric patients also revealed that the
duration of linezolid treatment did not correlate
with the adverse effects. 14 Lactic acidosis is an
uncommon adverse effect of linezolid therapy
that occurs in adult patients with longer duration
of linezolid.21 However, linezolid-related lactic
acidosis in children tends to develop earlier than
adults that in two reports, lactic acidosis had
been detected on the first two days of linezolid
administrations.22,23 Thus, it can be assumed that
adverse effects in children may occur earlier than
adults due to differences in pharmacokinetics
and toxicodynamics of linezolid in pediatric
population.
In the present study, 21 (11.7%) patients were
newborn infants, and of these, 16 patients were
preterm neonates. Transient adverse effects were
detected in only three patients; while two patients
were experiencing thrombocytopenia; one patient
had elevated liver enzymes. The linezolid therapy
was safe and effective in the neonatal period
similar with the literature.2,14
Several considerations should be noted
when interpreting the results. Firstly, this
was a retrospective study, which has inherent
limitations when compared to randomized
clinical trials. Secondly, this study includes all
children with different underlying diseases
and co-morbidities. Third, some effects such as
neuropathy are so difficult to identify in pediatric
population, so that the observational adverse
effects might be undetected. However, we must
emphasize that the present study includes one
of the largest pediatric population treated with
linezolid. Based on data, linezolid should be
prescribed safely in pediatric patients with
monitoring adverse effects especially platelet
count and level of liver enzymes.
In conclusion, in the present study transient
adverse effect were detected in 20.1% of the
patients during linezolid therapy. Adverse
effects may be detected earlier than ten days
of treatment. Use of linezolid in children must
be evaluated by prospective and randomized
controlled studies to support our data. n
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