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Background.    Treatment options for nontuberculous 
mycobacteria (NTM) infections are limited by the pathogen’s 
intrinsic resistance profile and toxicities. Tedizolid and linezolid 
display in vitro activity against NTM species. However, safety 
data and treatment outcomes are limited in the solid organ 
transplant (SOT) population.

Methods.    This was a single-center retrospective cohort 
study of adult SOT recipients receiving linezolid or tedizolid for 
an NTM infection from January 1, 2010, to August 31, 2019. 
The primary outcome compared the hematologic safety profiles 
of tedizolid vs linezolid. We also described nonhematological 
adverse drug events (ADEs) and therapy discontinuation rates. 
In an exploratory analysis, we assessed symptomatic micro-
biologic and clinical outcomes in those receiving tedizolid or 
linezolid for at least 4 weeks.

Results.    Twenty-four patients were included (15 
tedizolid, 9 linezolid). No differences were identified com-
paring the effects of tedizolid vs linezolid on platelet counts, ab-
solute neutrophil counts (ANCs), and hemoglobin over 7 weeks 
using mixed-effects analysis of variance models. ANC was sig-
nificantly decreased in both groups after 7 weeks of therapy 
(P = .04). Approximately 20% of patients in each arm discon-
tinued therapy due to an ADE. Seven of 12 (58%) and 2 of 3 
(67%) patients were cured or clinically cured with tedizolid- 
and linezolid-containing regimens, respectively.

Conclusions.    This study suggests no significant safety 
benefit of tedizolid over linezolid for the treatment of NTM 
infections in SOT recipients. Tedizolid or linezolid-containing 
regimens demonstrated a potential benefit in symptomatic and 

microbiologic improvement. Larger cohorts are needed to fur-
ther delineate the comparative role of linezolid and tedizolid for 
the treatment of NTM infections in SOT recipients.

Keywords.    linezolid; Mycobacterium abscessus; 
nontuberculous mycobacteria; tedizolid.

Solid organ transplant (SOT) recipients are at an increased 
risk for nontuberculous mycobacteria infection due to im-
paired cell-mediated immunity. Approximately 25 out of 
140 nontuberculous mycobacteria (NTM) species identi-
fied have been reported to cause infection in SOT patients 
[1]. These infections are frequently manifested as cutaneous, 
pleuropulmonary, or disseminated diseases and are often de-
pendent on type of transplant [2]. Although infections caused 
by NTM are rare, less than half of SOT recipients achieve com-
plete resolution of the infection [3]. Depending on source and 
species, a triad of interventions, including surgical resection, 
antimicrobial therapy, and reduction of immunosuppression, 
may be needed to optimize outcomes [4].

Antimicrobial options for NTM bacteria are limited due to 
the inherent resistance mechanisms present in these organisms. 
Furthermore, patients often require several months of treat-
ment, which introduces higher risks for adverse drug events 
(ADEs). Limited well-designed studies exist to guide optimal 
therapy for NTM infections; therefore, current guidelines base 
the selection and length of antimicrobials for SOT recipients on 
case series and case reports [4].

The oxazolidinones linezolid and tedizolid have in vitro ac-
tivity against many NTM species [5–7]. The use of these agents 
is often limited by time-dependent intolerances. Known ADEs 
of linezolid associated with prolonged durations (>2 weeks) in-
clude thrombocytopenia, anemia, neutropenia, and peripheral 
neuropathy [8, 9]. Tedizolid, approved by the Food and Drug 
Administration (FDA) 4 years after linezolid’s approval, appears 
to have a lower incidence rate of hematological (1.3% vs 3.7% 
for thrombocytopenia, 0.5% vs 0.6% for neutropenia, and 3.1% 
vs 3.7% for anemia) and neurological toxicities and fewer drug–
drug interactions based on initial studies [10–14]. However, 
tedizolid was initially studied for infections requiring short 
durations of therapy; therefore, the toxicity associated with pro-
longed exposures is not well defined. Recent data suggest that 
the rates of thrombocytopenia in patients taking tedizolid or 
linezolid were similar (2.4% to 2.7%) based on the FDA adverse 
event reporting system [15].

With the increasing incidence of NTM infections, it is im-
portant to optimize patient tolerability and adherence to 
therapy [16]. Evaluating the risks vs benefits of linezolid com-
pared with tedizolid for prolonged durations of therapy, espe-
cially in a population possessing baseline risks for cytopenias, 
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will help guide safe antimicrobial therapy [17]. The purpose of 
the study was to compare the safety and tolerability of tedizolid 
and linezolid throughout the treatment course and to describe 
the microbiological and clinical outcomes of tedizolid- or 
linezolid-containing regimens for the treatment of NTM in 
SOT recipients.

METHODS

This was a single-center, retrospective cohort study in adult 
SOT recipients (≥18 years of age) who received at least 1 dose 
of tedizolid or linezolid as part of a multidrug regimen for the 
treatment of an NTM infection from January 1, 2010, to August 
31, 2019. Study subjects were identified using an electronic 
health record registry [18, 19]. Patients with the following cri-
teria were excluded from the study: absence of at least 1 com-
plete blood count during receipt of tedizolid or linezolid, prior 
documentation of serious bleeding complications or dissem-
inated intravascular coagulation within 90 days of tedizolid or 
linezolid initiation, or >72 hours of documented therapy inter-
ruption due to medication nonadherence. The study was ap-
proved by the University of Texas Southwestern Institutional 
Review Board.

The primary outcome was the hematologic effects of 
tedizolid and linezolid from initiation to week 7 of therapy. 
The time period was chosen based on the median duration of 
tedizolid therapy. Comparisons of baseline characteristics be-
tween tedizolid and linezolid were performed using the Fisher 
exact test for categorical variables and the Mann-Whitney 
U test for continuous variables. A  mixed-effects analysis of 
variance (ANOVA) model was used to assess the effects of 
tedizolid and linezolid on platelet counts (PLT), absolute neu-
trophil counts (ANC), and hemoglobin (Hgb) across time. The 
weekly median value was entered, and subjects were treated as 
a random effect. The documented nonhematological-related 
ADEs and oxazolidinone discontinuation rates were recorded. 
Nonhematological-related ADEs included peripheral neu-
ropathy, serotonin syndrome, and gastrointestinal side effects. 
A 2-sided value of P <  .05 was considered significant. All sta-
tistical analyses were performed using SAS, version 9.4 (SAS, 
Cary, NC, USA).

In exploratory analysis, we described the symptomatic, mi-
crobiologic, and clinical outcomes of patients who met the 
American Thoracic Society/Infectious Diseases Society of 
America criteria for NTM infection and were treated with a 
tedizolid- or linezolid-containing regimen for at least 4 weeks 
[20]. These outcomes were compared from the initiation of the 
tedizolid- or linezolid-containing regimen to the end of any 
NTM treatment. The symptomatic, microbiologic, and clin-
ical outcomes were adjudicated by 3 independent reviewers 
(R.M.L., M.L.M., Y.K.P.) using providers’ documentation, 
microbiology collected as part of routine medical care, and 

imaging; discrepancies were resolved by consensus. Cases with 
microbiologic cultures that were considered contaminants were 
excluded from the exploratory analysis. Disseminated disease 
was defined as NTM isolation in blood culture and another 
independent culture site. Antimicrobial susceptibility testing 
was performed at Mayo Clinic Laboratories (Rochester, MN, 
USA). Macrolides underwent inducible resistance screening. 
Symptomatic improvement was defined as either decreased 
cough or sputum production for pulmonary infections and de-
crease in size of the primary lesion for skin and soft tissue or 
surgical site infections [21–23]. The criteria for a microbiologic 
response was ≥ 1 negative culture from the site of infection and 
culture negativity sustained until the end of treatment. Clinical 
cure was defined as improvement of symptoms without proven 
negative cultures during and through the end of treatment 
[24]. A  patient was considered cured if both symptomatic (if 
applicable) and microbiologic (if applicable) criteria were ful-
filled [24]. Treatment failure was considered if the criteria for 
clinical cure or cure were not met. Recurrence was defined as 
emergence of positive cultures with the same strain of causa-
tive pathogen during treatment. Death due to any reason during 
M. abscessus treatment was recorded [24].

RESULTS

Twenty-four patients were included in the analysis (15 tedizolid, 
9 linezolid). Table 1 shows the baseline characteristics of the 2 
groups. Mycobacterium abscessus abscessus and Mycobacterium 
abscessus species were the most common isolates for the 
tedizolid and linezolid groups, respectively. Pulmonary was the 
most common source of infection. The tedizolid group had a 
higher proportion of patients with diabetes (P = .04) and a higher 
body mass index (P = .04); otherwise, there were no statistically 
significant differences in baseline characteristics between the 
2 groups. The majority of patients in the tedizolid group were 
initiated and continued on a dose of 200 mg daily (14/15, 93%). 
All patients in the linezolid group received 600 mg daily or less 
for the majority of the treatment duration. Five of 9 (56%) pa-
tients initiated linezolid with a total daily dose of 1200 mg, and 
1 of these patients only received 3 days of therapy. Four patients 
had dose reduction for linezolid ranging from 4 to 22 days after 
therapy initiation.

In the mixed-effects ANOVA, the ANC decreased in both 
groups after 7 weeks of therapy (P = .04). Otherwise, no sig-
nificant effects for week, treatment group, or interaction be-
tween week and treatment group were found (Figure 1). 
Nonhematologic ADEs occurred in only 1 patient; this patient 
experienced gastrointestinal side effects while on a multidrug 
regimen that included tedizolid. Approximately one-fifth of pa-
tients in each group discontinued the medication due to ADEs 
(Table 2). Two patients discontinued linezolid due to ADEs 
on days 3 (concern for cytopenia) and 19 (thrombocypetnia), 
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respectively. Three patients discontinued tedizolid on days 12 
(nausea/vomiting), 25 (cytopenia), and 41 (cytopenia), re-
spectively. Two patients in each group discontinued the med-
ication due to non-ADEs, including cost, hospital shortage, 
and resistance pattern of the causative pathogen. One patient 
was lost to follow-up in the linezolid group after 19  days of 
therapy.

Twelve and 3 cases with at least 4 weeks of tedizolid and 
linezolid therapy, respectively, were assessed for microbiolog-
ical and clinical outcomes. Table 3 summarizes the baseline 
characteristics, comorbidities, microbiology, site of infection, 
and outcomes data. Mycobacterium abscessus abscessus (7/12, 
58%) and M.  abscessus species (2/3, 67%) were the most 
common subspecies in patients receiving a tedizolid- or 

Table 1.    Baseline Characteristics

Treatment Group Linezolid (n = 9) Tedizolid (n = 15) P Value

Age, median (IQR), y 66 (61–72) 64 (49–71) .34

Male, No. (%) 8 (89) 9 (60) .19

Race, No. (%) .35

  White 8 (89) 10 (67) -

  Other 1 (11) 5 (33) -

BMI, median (IQR), kg/m2 23 (22–26) 27 (25–30) .04

Lung transplant, No. (%) 9 (100) 14 (93) >.99

Days since transplant, median (IQR) 361 (162–669) 200 (88–412) .28

Comorbidities, No. (%)

  Cancer 1 (11) 1 (7) >.99

  CHF 1 (11) 0 .37

  COPD 4 (44) 1 (7) .05

  CrCl,a median (IQR), mL/min 67 (49–83) 63 (56–97) .90

  Cystic fibrosis 0 2 (13.3) .51

  Diabetes 3 (33) 12 (80) .04

  ESRD 1 (11) 1 (7) >.99

  Hypertension 6 (67) 11 (73) >.99

  Liver disease 0 (0) 1 (7) >.99

  Stroke 0 (0) 1 (7) >.99

Site of infection, No. (%) -

  Bacteremia 1 (11) 4 (27) -

  Disseminatedb 1 (11) 4 (27) -

  Osteomyelitis 0 2 (13) -

  Pulmonary 7 (78) 12 (80) -

  Skin and soft tissue 2 (22) 3 (20) -

  Surgical site 0 4 (27) -

Species isolated, No. (%) -

  M. chelonae 1 (11) 1 (7) -

  M. abscessus complex 5 (56) 4 (27) -

  M. abscessus abscessus 2 (22) 6 (40) -

  M. abscessus bolleti 2 (22) 2 (13) -

  M. abscessus massiliense 0 4 -

Days of therapy, median (IQR) 24 (19–79) 48 (25–211) .31

Baseline platelet count, median (IQR), /µL 220 (156–253) 181 (93–304) .91

Baseline absolute neutrophil count, median (IQR), /µL 5 (3–8) 4 (2–5) .36

Baseline hemoglobin, median (IQR), g/dL 10 (9–10) 9 (8–10) .24

Initial daily linezolid dose, No. (%) -

  300 mg 1 (11) - -

  600 mg 3 (33) - -

  1200 mg 5 (56) - -

Initial daily tedizolid dose, No. (%) -

  200 mg - 14 (93) -

  400 mg - 1 (7) -

Abbreviations: BMI, body mass index; CHF, chronic heart failure; COPD, chronic obstructive pulmonary disease; CrCl, creatinine clearance; ESRD, end-stage renal disease; IQR, interquartile 
range.
aDefined by Cockcroft-Gault equation.
bReported NTM isolate from blood culture and another site.
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linezolid-containing regimen, respectively. In patients receiving 
a tedizolid-containing regimen, the distribution of infections 
was as follows: 5 (42%) disseminated infections, 5 (42%) pul-
monary infections, 5 (42%) surgical site infections, and 4 (33%) 
skin and soft tissue infections (SSTIs). In patients receiving a 
linezolid-containing regimen, 2 (67%) patients had pulmonary 

infection and 1 (33%) had an SSTI. A  bilateral lung trans-
plant recipient (case 7)  with M.  abscessus abscessus infection 
pretransplant had treatment failure for both the pretransplant 
pulmonary infection and lung allograft pulmonary infection. 
The post-transplant course was complicated by M.  abscessus 
abscessus surgical site/sternal osteomyelitis and lung allograft 
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Figure 1.    Effects of linezolid vs tedizolid during the initial 7 weeks of therapy using a mixed-effects analysis of variance model: (a) platelet counts, (b) absolute neutrophil 
counts, and (c) hemoglobin.
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infection. The patient achieved clinical cure for the surgical site 
infection. A 78-year-old single-lung transplant recipient (case 
12) with disseminated M. abscessus abscessus infection had re-
currence with new skin lesions ~26 days after therapy initiation. 
Seven patients receiving a tedizolid-containing regimen were 
cured or clinically cured for all sites of infection (58%), and 3 
patients died (25%) from various causes. In the 3 patients who 
received a linezolid-containing regimen, 2 patients were cured 
or clinically cured (67%) and 1 patient (33%) died.

DISCUSSION

In our study, no significant differences were found comparing 
the effects of tedizolid vs linezolid for PLT, ANC, and Hgb 
using mixed-effects ANOVA models over 7 weeks of therapy. 
However, a significant effect was observed between week of 
therapy and ANC, suggesting that both agents carry risks of 
ANC reduction over time. Tedizolid or linezolid-containing re-
gimens demonstrated a potential benefit, resulting in sympto-
matic and microbiologic improvement in SOT recipients with 
an M. abscessus infection.

In vitro data support the use of oxazolidinones for NTM in-
fections. Against Mycobacterium abscessus complex, the MIC50 
and MIC90 of tedizolid across 3 studies were 1–4 mcg/mL and 
4–8 mcg/mL, respectively, several dilutions lower than linezolid 
[5]. Similar in vitro susceptibility was observed for other rapid 
growers (Table 4) [6]. The pharmacokinetics of these agents 
are favorable as they demonstrate excellent oral bioavailability, 
making them appealing treatment options for NTM infections. 
Compared with linezolid, tedizolid’s protein binding is higher 
(70%–90% vs 31%) and its elimination half-life is longer (~12 
hours vs ~5 hours), allowing for once-daily dosing. Linezolid 
is traditionally administered twice daily, but is often reduced to 
once daily for prolonged durations of therapy as an attempt to 
reduce the risk of cytopenias [4].

A retrospective study evaluated the tolerability of linezolid 
in 102 NTM-infected patients. Forty-five percent of patients 
experienced linezolid-attributable ADEs, and 87% of them 
discontinued the therapy over an average of 20 weeks [25]. 
Most patients (79%) took 600 mg linezolid once daily, and the 
median linezolid therapy duration was 21.4 weeks. Compared 
with non-SOT patients, SOT patients who received linezolid 
had a higher incidence of thrombocytopenia, perhaps due to 
concurrent bone marrow–suppressive pharmaceuticals [26]. 
In a retrospective review of prolonged tedizolid use by Kim 
et al., 24 patients received tedizolid for NTM infections, with 
a median duration (range) of 101 (15–369) days, and experi-
enced ADEs including peripheral neuropathy (21%), nausea/
vomiting (13%), thrombocytopenia (4%), and anemia (4%) 
[27]. The median therapy duration in our study was shorter 
compared with the above studies [24, 27]. The discontinua-
tion rate due to ADEs was 20% and 22% for the tedizolid and 
linezolid groups, respectively. A lower percentage of patients 
in our study experienced nonhematologic ADEs compared 
with the Kim et al. study [27]. We did not identify a signif-
icant safety benefit of tedizolid over linezolid at 7 weeks of 
therapy.

There are limited data evaluating treatment outcomes of 
tedizolid- or linezolid-containing regimen for NTM infections, 
specifically M. abscessus. The majority of our patients had mul-
tiple sites of infection, and treatment required combination 
antimicrobial therapy and appropriate surgical management. 
There is no consensus on the definition of cure for M. abscessus 
infections except for pulmonary infection. Given the difficulty 
of eradicating M. abscessus complex, treatment goals may vary 
depending on the treating physician and patient. In this small 
cohort, tedizolid- or linezolid-containing regimens demon-
strated a potential benefit in the majority of patients, resulting 
in symptomatic and microbiologic improvement in SOT recipi-
ents with M. abscessus infection.

Our study highlights a cohort of SOT recipients treated 
for NTM with oxazolidinones and the effects of tedizolid vs 
linezolid on PLT, ANC, and Hgb using mixed-effects ANOVA 
models. The limitations of the study include (1) its retrospec-
tive single-center study design, (2) that the study duration was 
a 9-year period and treatment strategies for M. abscessus infec-
tion changed over time, (3) that not all M. abscessus complex 
subspecies were identified, (4) the short duration of treatment 
follow-up, and (5) the lack of control for variables associated 
with the outcomes due to sample size.

Based on the in vitro data, the pharmacokinetics of tedizolid 
and linezolid, and the results of our study, the comparative 
safety of these 2 oxazolidinones remains unclear. Our study 
found no benefit of tedizolid over linezolid. Treatment regi-
mens including tedizolid or linezolid for M. abscessus infection 
are associated with symptomatic and microbiologic improve-
ment with appropriate surgical interventions. Larger cohort 

Table 2.    Nonhematological Adverse Effects and Discontinuation of 
Therapy

Treatment Group Linezolid (n = 9) Tedizolid (n = 15)

Nonhematological adverse 
effects, No. (%)

0 (0) 1 (7)

  Gastrointestinal effects 
(nausea and/or vomiting)

0 (0) 1 (7)

  Peripheral neuropathy 0 (0) 0 (0)

  Serotonin syndrome 0 (0) 0 (0)

Discontinuation of therapy, 
No. (%)

4 (44) 5 (33)

  Discontinuation due to 
ADEs

2 (22) 3 (20)

  Discontinuation due to 
non-ADEs

2 (22) 2 (13)

  Deceased 0 (0) 1 (7)

  Loss to follow-up 1 (11) 0 (0)

Abbreviations: ADEs, adverse drug events; ANC, absolute neutrophil count; Hgb, hemo-
globin; PLT, platelet.
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studies are required to compare the hematologic adverse effect 
profile and efficacy of oxazolidinones for the treatment of NTM 
infections in SOT recipients.
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Table 4.    In Vitro Oxazolidinone Activity Against Rapidly Growing 
Mycobacteria

Organism

Oxazolidinone  
MIC50, MIC90, µg/mL  
(No. of Isolates)

ReferenceTedizolid Linezolid

M. abscessus 1, 4 (43) 8, >32 (43) [5]

4, 8 (81) 16, 32 (81) [6]

2, 8 (15) 8, 64 (15) [7]

M. bolletii 4, 4 (5) 32, >32 (5) [5]

2, 4 (14) 16, 32 (14) [7]

M. massiliense 1, 4 (82) 8, >32 (82) [5]

2, 4 (12) 8, 32 (12) [6]

4, 8 (15) 16, 32 (15) [7]

M. chelonae 1, 2 (22) 8, 16 (22) [6]

M. mucogenicum group 1, NA (9) 1, NA (9) [6]

M. immunogenum 1, NA (9) 8, NA (9) [6]

M. fortuitum 1, 2 (20) 2, 4 (20) [6]

Abbreviation: MIC, minimal inhibitory concentration.


