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Abstract. Disseminated nontuberculous mycobacterial (NTM) infection is the 
most common feature in patients positive for anti-interferon-gamma autoantibody 
(IFN-γ Ab).  The condition is a form of anticytokine autoantibody syndrome. It 
is difficult to treat because of multiple drug resistance in mycobacteria. Line-
zolid is active against NTM in vitro; however clinical experience using this drug 
against NTM is limited. We report our experience using linezolid as part of an 
antimycobacterial regimen for treatment of 16 refractory cases of disseminated 
NTM at Srinagarind University Hospital, Khon Kaen, between September 2008 
and December 2012. Complete resolution of signs and symptoms was seen in 
eight patients (50%) on linezolid therapy. Partial or no improvement was seen 
in a further four (25%) and three (19%) cases, respectively. Five (31%) patients 
developed an adverse reaction to linezolid; three of whom received 600 mg of 
linezolid twice daily. The study demonstrated the modest efficacy of linezolid 
for treating patients with a protracted course of disseminated-NTM; however, 
adverse effects were significant, especially for those on the high-dosage regimen. 
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skin diseases (Chetchotisakd et al, 2000; 
2007). Subsequent study demonstrated 
that most of the patients tested positive 
for anti-interferon-gamma autoantibo- 
dies (IFN-γ Ab), resulting in adult-onset 
immunodeficiency (Browne et al, 2012b). 
These patients were difficult to treat as 
they required prolonged courses of com-
binations of oral antimicrobial therapy.  
Some patients had persistent infections 
with repeated positive cultures despite 
such treatment.

Treatment of infections due to NTM 
remains difficult, in part because they are 
resistant to many anti-tuberculous drugs 

INTRODUCTION

The previously unrecognized clinical 
entity of disseminated nontuberculous 
mycobacterial (NTM) infection in non-
HIV infected patients has been reported 
in Thailand since 2000 (Chetchotisakd  
et al, 2000). It is characterized by chronic 
generalized lymphadenitis with other 
opportunistic co-infections and reactive 
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and also because few other antimicrobial 
agents are available for treatment. Line-
zolid–an oxazolidinone–is approved for 
treatment of gram-positive bacterial infec-
tions. Its mechanism of action is inhibition 
of protein synthesis at an early stage of 
the life cycle (Leach et al, 2011). Although 
linezolid has shown good activity against 
many strains of NTM–both rapidly grow-
ing mycobacteria (RGM) and slowly 
growing mycobacteria (SGM) (Cavusoglu 
et al, 2007; Brown-Elliott et al, 2003)–we 
found only a few case reports on treatment 
of NTM using linezolid (Brown-Elliott  
et al, 2001; Nannini et al, 2002; Morales  
et al, 2007; Furuya et al, 2008). Essentially, 
clinical experience with linezolid for 
treatment of disseminated-NTM has been 
limited by small sample sizes. Herein, 
we report a large case series, which may 
clarify the role of linezolid in treating 
disseminated-NTM.

MATERIALS AND METHODS

This was a retrospective study at 
Srinagarind University Hospital, in Khon 
Kaen, northeastern Thailand, between 
1 September 2008 and 31 December 
2012. All disseminated NTM cases who 
received linezolid as part of their anti-
mycobacterial regimen were recruited. 
Data were censored on 31 December 2012. 
The medical records of all study patients 
were reviewed; information on patient 
demographic characteristics, underlying 
diseases, clinical details of organ involve-
ment, radiographic and microbiological 
results, treatment regimens, durations, 
clinical outcomes, and regimen toxici-
ties and tolerability were recorded. The 
safety and tolerability of linezolid were 
determined by reviewing, monthly to bi-
monthly, complete blood counts, alanine 
aminotransferase (ALT) levels, aspartate 

aminotransferase (AST) levels, and inqui-
ries regarding neuropathy. 

The treatment outcome of linezolid-
containing regimens was assessed in 
two phases: outcomes during linezolid 
treatment and after its discontinuation. 
Treatment outcomes (at the end of treat-
ment or during treatment) were: (a) a 
complete response–complete resolution 
of clinical signs and symptoms; (b) a 
partial response–incomplete resolution 
of clinical signs and symptoms; and, (c) 
not improved–no clinical improvement 
or worsened clinical status. After discon-
tinuation, outcomes were: (a) a complete 
response–complete resolution of clinical 
signs and symptoms; (b) relapsed–initial 
response but recurrence of clinical signs 
and symptoms or a positive culture for 
NTM; or (c) persistent–no clinical im-
provement or partial improvement with 
need of continued antimicrobial treat-
ment.

Diagnosis of NTM infection among 
these patients was confirmed by isolation 
of the pathogens from sterile site clinical 
specimens (ie, lymph node, blood, ascites) 
and classified as as RGM and SGM. Since 
our laboratory does not perform species 
identification, some of the isolates were 
sent to the Microbiology Laboratory at 
the National Institute of Allergy and In-
fectious Diseases, National Institutes of 
Health, Department of Health and Human 
Services, Bethesda, Maryland, USA. 

All but one of the patients were en-
rolled in the adult onset immunodeficien-
cy syndrome study and tested positive for 
IFN-γ Ab (Browne et al, 2012b).

Linezolid was administered orally at 
a dose of 600 mg twice daily in the first 
five cases. In light of the evolving data 
that lower doses were still effective in 
mycobacteria, the dosage of linezolid was 
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decreased to 600 mg daily and continued 
at that level throughout the treatment. 
The study protocol was reviewed and ap-
proved by the Institutional Review Board 
of Khon Kaen University (HE561015).

RESULTS

There were 16 cases of disseminated-
NTM who received linezolid as part of 
their salvage treatment regimens during 
the study period (Table 1). All of the pa-
tients had multiple lymphadenitis and 
75% (12/16) had other organ involvement. 
Most (15/16; 93.8%) had some type of reac-
tive skin disease (viz, Sweet’s syndrome, 
acute generalized erythematous pustulo-
sis, erythema nodosum or leukocytoclas-
tic vasculitis). Most of the patients (14/16) 
had co-infections with other intracellular 
pathogens. These co-infections (whether 
antecedent or concurrent) were success-
fully treated with specific antimicrobial 
therapies. Four cases had more than one 
NTM infection. Mycobacterium abscessus 
was the most common pathogen. Fifteen 
cases were tested for IFN-γ Ab and all of 
them tested positive. We also included 
case No.1–who was not tested for IFN-γ 
Ab–but she had a similar clinical entity of 
adult onset immunodeficiency condition 
and presented with disseminated NTM 
with Sweet’s syndrome (Chetchotisakd 
et al, 2007). 

Patients received multiple regimens 
of antimicrobial treatment for NTM with 
the median (range) number of previous 
regimens being 3.5 (1-8) and the median 
(range) duration of previous treatment 
being 24.5 (4-121) months. Five (31%) 
patients developed adverse reactions to 
the linezolid. Among these, three were 
in-patients who received a high dosage 
of linezolid (viz, 600 mg/twice a day). 
Two of these cases had anemia (one with 

thrombocytopenia); one developed rash 
and one refused to continue the linezolid. 
Of the two other cases who were started 
on 600 mg linezolid /day, one had nausea, 
vomiting and myalgia until the dosage 
was reduced to 300 mg/day, while the 
other had numbness of the tongue. In the 
latter case, linezolid was discontinued 
because of a lack of any clinical response. 
The median (range) duration of linezolid 
treatment was 6 (0.25-44.5) months.

The respective clinical outcome dur-
ing or at the end of linezolid therapy for 
a complete response, a partial response 
and not improved was 8 (50%), 4 (25%) 
and 3 (19%) cases. One patient died one 
week after taking medication, the cause 
of death was unknown. On the date for 
data censoring, one additional patient (#9) 
died from a fungal brain abscess. Only 
three patients continued taking linezolid. 
The outcomes of the 14 surviving patients 
were: 4 relapsed, 5 persistent and 5 com-
plete response.

DISCUSSION

The clinical manifestations in these 
patients were similar to those in our pre-
vious reports (Chetchotisakd et al, 2000; 
2007): NTM lymphadenitis with other in-
tracellular co-infections and reactive skin 
diseases. These manifestations reflect im-
munodeficiency due to IFN-γ Ab (Browne 
et al, 2012b). This clinical syndrome is 
prevalent in Asian populations with 
genetic associations (Chetchotisakd et al, 
2000; 2007; Browne et al, 2012b; Tanaka  
et al, 2007; Koya et al, 2009; Chi et al, 2013; 
Wongkulab et al, 2013). Our patients had 
prolonged courses of NTM infection 
with the median duration of  previous 
treatment being 24.5 months. Most of the 
pathogens were resistant to several oral 
antimicrobial agents, resulting in intermit-
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tent hospitalization for rescue administra-
tion of imipenem or cefoxitin. 

There were significant adverse ef-
fects (31%) related to linezolid in these 
patients, especially for those taking a 
high dose (1,200 mg of linezolid/day) as 
also reported when linezolid was used 
for treatment of extensive drug-resistant 
tuberculosis (XDR-TB) (Anger et al, 2010). 
Low-dose linezolid (300 mg/day) has been 
studied in XDR-TB with promising results 
(Lee et al, 2012). The outcomes at the end 
of linezolid treatment in our patients were 
modest: 12 cases (75%) had complete or 
partial responses to the regimen but most 
experienced a persistent or relapsed infec-
tion. The reasons for the poor outcomes 
might be the short duration of treatment 
or development of resistance to the line-
zolid. We could not determine any corre-
lation between the quantity of IFN-γ Ab 
and active NTM disease or response to 
linezolid treatment since only one random 
serum sample was tested for IFN-γ Ab 
in each patient during the course of the 
NTM infection.  But we consider that the 
most likely culprit–based on the associ-
ated evidence–is the presence of IFN-γ 
Ab. In a recent study, use of rituximab, 
anti-CD20, was reported as an adjunctive 
immunotherapy for treating four cases of 
adult-onset acquired immunodeficiency 
syndrome with refractory disseminated 
nontuberculous mycobacteria and the 
presence of high-titer IFN-γ Ab (Browne 
et al, 2012a). This is promising evidence of 
a clinical response, which correlates with 
autoantibody titer reduction and amelio-
ration of plasma-mediated IFN-γ signal-
ing inhibition. This evidence supports 
the role of adjunctive immunotherapy 
for control of underlying acquired immu-
nodeficiency and improving the clinical 
outcome of NTM infections. 

In conclusion, linezolid is useful 

for the treatment of disseminated-NTM 
infection, particularly in those with lim-
ited choices for oral therapy. Low-dose 
linezolid can be safe and effective. The 
efficacy of combinations of antimicrobial 
treatment with other adjunctive therapies 
for diminishing autoantibodies in patients 
with IFN-γ Ab with NTM infection–espe-
cially refractory cases–should be further 
investigated.
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