
Linezolid induces ring sideroblasts

Linezolid, an oxazolidinone antibiotic approved for the
treatment of respiratory tract and skin infection caused by
Gram-positive bacteria, is known to have mitochondrial
toxicity.1 Mitochondrial toxicity is explained by linezolid’s
specific binding to mitochondrial ribosomes, leading to
inhibition of mitochondrial protein synthesis.2

Ring sideroblasts (RS) are erythroid precursors with
mitochondrial iron accumulation appearing as perinuclear
granules on bone marrow (BM) smears after staining with
Prussian blue. Ring sideroblasts are mainly observed in
myelodysplastic syndromes (MDS) particularly refractory
anemia with ring sideroblasts (RARS) and less often in sev-
eral types of inherited sideroblastic anemia.3 RARS is
defined by both the presence of dyserythropoiesis and
15% or more RS among the erythroid precursors.4

Molecular mechanisms leading to RS in RARS are not well
understood.5 Recently, mutations of SF3B1, a gene impli-
cated in the spliceosome machinery, were found in up to
60-75% of RARS.6 Altered function of SF3B1 protein
seems responsible for the phenotype observed in RARS.7

Several drugs induce reversible sideroblastic anemia,
including isoniazid and chloramphenicol. Linezolid is
known to have hematologic toxicity, including anemia and
thrombocytopenia. Pre-clinical studies with linezolid in
dogs have shown the presence of ring sideroblasts on bone
marrow (BM) smears.8 Clinical cases of linezolid-induced

and reversible sideroblastic anemia have been reported.9-13

To establish the incidence of induced ring sideroblasts
and sideroblastic anemia on linezolid therapy, we retro-
spectively analyzed BM smears of patients who were
treated by linezolid in our center over a period of one year.
Approval of this study was obtained from the
Institutionnal Review Board of CHRU of Lille (N.
CSTMT101).
All medical prescriptions of linezolid made in the

University Hospital of Lille, France, in 2011 were
reviewed. Overall, 921 patients received the drug for at
least one day. Seventy-three patients had at least one BM
smear in the three months following treatment, resulting
in a total of 94 BM smears as some patients were treated
several times). Most patients (55 of 73) had a history of
hematologic malignancy; this fact could be explained by
the large use of BM aspirates in the diagnostic procedure
and follow up of these diseases. 
After excluding 2 patients with no smear available for

blue Prussian staining, 92 BM smears from 71 patients
were stained. Counting of ring sideroblasts (RS) was per-
formed by 2 separate morphologists. In case of discrepan-
cy, a third count was made by another morphologist. BM
smears with less than 5% erythroblasts were excluded (13
BM smears corresponding to 5 patients). Thus, 79 BM
smears (66 patients) were finally analyzed. 
Among the 66 patients, 48 had a history of hematologic

malignancy (acute myeloid leukemia (AML) in 39
patients). No patient had a history of MDS. BM examina-
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Table 1. Characteristics of patients with induced sideroblastosis on linezolid therapy.

1 M 74 − 13 3 11 10.1 89.6 64 4.7 No 38 NA 0 / NA NA
2 M 58 AML with normal 9 0 12 10.8 97.6 154 10.4 Yes 38 Normal 0 / 0 WT

karyotype and 
CEBPA mutation

3 F 74 − 15 2 13 8.8 91 28 3.7 No 32 NA NA / NA NA
4 M 39 − 14 0 31 8.4 96.7 355 6.3 No 30 NA NA / NA NA
5 M 74 − 10 0 22 8.5 97.1 376 2.7 Yes 60.5 NA NA / NA NA
6 F 59 − 11 2 8 8.1 86.5 23 5 Yes 78.5 NA 0 / NA NA
7 M 63 AML with normal 15 0 16 12.5 93.7 41 1.7 No 43.5 Normal 1 / NA WT

karyotype and 
CEBPA mutation

8 M 78 − 29 15 14 9,9 85.1 55 16.8 Yes 82 NA NA / NA NA
9 M 63 − 15 0 16 10 84.2 57 5.1 Yes 72.5 NA NA / NA WT
10 M 26 Post-transplant 12 3 9 8 86.6 47 5.9 Yes 78.5 Normal 0/0 WT

lymphoproliferative 
disease

AML: acute myeloid leukemia; BM: bone marrow; MCV: mean corpuscular volume, NA: not assessable; WT: wild-type.
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tion was realized systematically for underlying hematolog-
ic malignancies and for unexplained cytopenia(s). No
patient was treated with drugs known to induce siderob-
lastic anemia (isoniazid, chloramphenicol).
Ten BM smears (10 of 66 patients, i.e. 15.1% of the final

cohort) presented 15% or more RS of erythroid precursors
(Table 1 and Figure 1). All patients were treated with line-
zolid 600 mg twice a day. Bone marrow was examined to
explore cytopenia(s) in 8 patients with suspected linezolid
toxicity. Median age was 63 years. Two patients (2 of 10)
had a previous history of AML and one patient had history
of post-transplant lymphoproliferative disease (1 of 10).
No hematologic malignancy was known in the other
patients. At the time of BM aspiration, 9 of 10 patients pre-
sented sideroblastic anemia (median hemoglobin 9.35
g/dL) with a median mean corpuscular volume (MCV) of
90.3 fL, 7 of 10 were thrombocytopenic (median platelet
count 56 x 109/L) and none neutropenic (median neu-
trophil count 5.05 x 109/L). Dyserythropoiesis was
observed in 6 of 10 patients and considered as “MDS-like”
in 2 patients. Median percentage of RS was 52% (range
30-78.5%) of the number of erythroblasts. Median time of
linezolid exposure was 13.5 days (range 8-31), median
delay of BM aspiration after linezolid introduction was
13.5 days (range 8-29) and median delay between last
intake and BM evaluation was one day (range 0-15).
In patients with RS over 15% of erythroblasts, BM

smears before and/or after therapy were analyzed to deter-
mine the reversibility of RS. BM smears were available for
Prussian blue staining in 5 of 10 patients before therapy
and in 2 of 10 after therapy. Morphological evaluation did
not reveal any RS (including patients with previous history
of AML). Blood count was available in 5 patients far from
therapy (median time between bone marrow aspiration on
linezolid therapy and best blood count evaluation 9.9
months). All but one had normalization of hemoglobin
(median hemoglobin 12 g/dL) while platelet count was
normal in all 5 patients (median platelet count 284x109/L).
BM karyotype and screening of SF3B1 exons 13 to 16
mutations by PCR and Sanger sequencing were also per-

formed to exclude MDS diagnosis. BM karyotype was nor-
mal when available (3 of 10). BM samples were available
for molecular analysis in 4 patients and reveal no SF3B1
mutations.
Linezolid induces anemia and thrombocytopenia mainly

after two weeks of exposure. To our knowledge, there are
only a few cases reported of sideroblastic anemia induced
by linezolid. Our retrospective study is the first to assess
the incidence of RS on BM smears in a large cohort of
patients treated with linezolid. RS 15% or over of ery-
throblasts was seen in approximately 15% of patients who
required BM evaluation after a median exposure to treat-
ment of 13.5 days. Nine patients presented sideroblastic
anemia. 
The acquired and reversible features of induced RS on

linezolid therapy were suggested by evaluation of sequen-
tial BM smears, normalization of blood count far from
therapy, karyotypes and absence of SF3B1 mutations.
Unfortunately, those data were not always available. No
specific feature was associated with induced RS in the 10
patients except a very high percentage of RS (median per-
centage 52%).
Some drugs, such as isoniazid, penicillamine, chloram-

phenicol and busulfan, are known to induce reversible
sideroblastic anemia by different mechanisms.14,15

Linezolid’s toxicity seems similar to that of chlorampheni-
col (inhibition of mitochondrial translation, induction of
reversible sideroblastic anemia after a median exposure of
2 weeks).
Considering these results and the large use of linezolid,

hematologists should avoid overdiagnosing MDS as RARS
in case of recent or concomitant linezolid treatment.
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Figure 1. Ring sideroblasts observed on
linezolid treatment (arrows); bone marrow
aspirate. Prussian blue staining x1000.
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