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Abstract

Background: Extensively drug-resistant (XDR) tuberculosis (TB) and multidrug resistant (MDR)-TB with additional
resistance to injectable agents or fluoroquinolones are challenging to treat due to lack of available, effective drugs.
Linezolid is one of the few drugs that has shown promise in treating these conditions. Long-term linezolid use is
associated with toxicities such as peripheral and optic neuropathies. Diabetes mellitus (DM), especially when
uncontrolled, can also result in peripheral neuropathy. The global burden of DM is increasing, and DM has been
associated with a three-fold increased risk of developing TB disease. TB and DM can be a challenging combination
to treat. DM can inhibit the host immune response to tuberculosis infection; and TB and some anti-TB drugs can
worsen glycaemic control. A child experiencing neuropathy that is a possible complication of both DM and
linezolid used to treat TB has not been reported previously. We report peripheral neuropathy in a 15-year-old boy
with type 1 DM, diagnosed with MDR-TB and additional resistance to injectable TB medications.

Case presentation: The boy was treated with a linezolid-based regimen, but after 8 months developed peripheral
neuropathy. It was unclear whether the neuropathy was caused by the DM or the linezolid therapy. He had clinical
improvement following cessation of linezolid and was declared cured following 21 months of treatment. Following
completion of treatment, nerve conduction studies demonstrated significant improvement in neuropathy.

Conclusions: To the best of our knowledge, this is the first case of peripheral neuropathy reported in a diabetic
child on long-term linezolid therapy for tuberculosis. This case study underlines the importance of stringent follow-
up for side effects of linezolid, especially when associated with co-morbidity such as DM that increases the chances
of adverse effects. The presence of both DM and TB should alert a physician to strive for optimal glycaemic control
to minimize the risk of complications as well as optimizing the chances of recovery from TB. Our case report shows
the need for close and frequent monitoring for neuropathy to enable early intervention and thereby a favourable
outcome in children who may otherwise suffer a long-lasting, debilitating, and painful neuropathy.
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Background

Multidrug-resistant (MDR) tuberculosis (TB) is defined as
TB with resistance to isoniazid and rifampicin, while ex-
tensively drug-resistant (XDR)-TB is defined as MDR-TB
with additional resistance to at least one injectable agent
and a fluoroquinolone. Anti-TB drugs of unclear efficacy
(categorised as group 5) can be used to construct treat-
ment regimens in children with advanced drug resistance.
In this group, the oxazolidinone linezolid appears to be ef-
fective. However, linezolid is associated with considerable
adverse effects, especially when used at a high dosage for a
long duration. The recent World Health Organisation
MDR-TB guidelines moving linezolid to group C will
likely lead to greater use of Linezolid in MDR-TB treat-
ment, and with increasing DM co-morbidity the manage-
ment of peripheral neuropathy in this patient group is
likely to occur more frequently [1].

The management of diabetes mellitus (DM) requires a
combination of lifestyle interventions, dietary modifica-
tions, and anti-diabetic medications, with subcutaneous
injections of insulin required for type 1 DM. Glycaemic
control can be challenging to sustain in children, and
more so when DM is associated with co-morbidities
(such as TB) that may further hamper control. In
addition, inflammation associated with active tubercu-
losis can cause insulin resistance [2]. As a result, chil-
dren are at risk of complications such as neuropathy.

Here we present a case of a child with type 1 DM, di-
agnosed with MDR-TB and additional resistance to in-
jectable TB medications, who developed peripheral
neuropathy after 8 months of treatment with a linezolid-
based regimen.
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Case presentation

A 15-year-old boy, weighing 50 kg, presented to an
urban clinic in Dushanbe, Tajikistan, with clinical fea-
tures of TB disease. He had been diagnosed with type 1
DM 5 vyears earlier, and had been treated with insulin.
However, the monitoring of his blood sugar levels had
been erratic and his glycaemic control had not been op-
timal. A sputum sample was culture-positive for Myco-
bacterium tuberculosis, with a drug susceptibility test
(DST) profile demonstrating resistance to isoniazid, ri-
fampicin, streptomycin, kanamycin, capreomycin, and
amikacin and susceptibility to pyrazinamide, ethambutol,
and ofloxacin. He was started on a regimen of pyrazina-
mide, ethambutol, capreomycin, moxifloxacin, prothio-
namide, cycloserine, linezolid, amoxicillin/clavulanate,
and clofazimine. Linezolid was initially started at a dose
of 600 mg once daily (Fig. 1). Treatment included initial
hospitalisation with attention to blood sugar manage-
ment, and after discharge, logistical support for sugar
monitoring and regular endocrinologist follow up were
instituted.

After 6 months, the boy showed a good clinical and
bacteriological response and, in light of the risk of ad-
verse effects, the dose of linezolid was reduced to
450 mg once daily. During the eighth month of treat-
ment he developed peripheral neuropathy (paraesthesia
and mild intermittent pain) in both feet. There was no
objective clinical evidence of cranial or peripheral nerve
palsies; sensory perception, muscle tone, power, and
deep tendon reflexes were normal. Ishihara tests per-
formed each month did not show any abnormalities in-
dicative of optic neuritis. Detailed examination by an
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ophthalmologist was normal. Diabetes control was opti-
mized with increasing insulin requirements. The dose of
linezolid was further reduced to 300 mg once daily and
pyridoxine increased from 150 mg to 200 mg once daily.
Although there was transient improvement in pain,
nerve conduction and electromyography studies demon-
strated sensory and motor peripheral nerve damage in
both lower limbs with more severe involvement of the
right-sided motor components. Colour duplex ultrason-
ography of the lower limb arteries did not reveal any ab-
normalities. Linezolid was stopped with the rest of the
regimen continuing.

The boy showed clinical improvement following cessa-
tion of linezolid and was declared cured following a total
of 21 months of treatment. Nerve conduction studies
were repeated 10 months after the initial evaluation. A
significant improvement in motor nerve function on the
right side was seen. The amplitude of M response im-
proved between the two evaluations: markedly in right
tibial nerve from 0.12 to 6.38 mV (normal: 13 mV); and
marginally in right peroneal nerve from 0.1 to 0.3 mV
(normal: 12 mV). The area of M response also improved:
right tibial nerve from 1.2 to 18.2 mV ms (normal:
34.8 mV ms); and right peroneal nerve 1.2 to 4.2 mV ms
(normal: 8.12 mV ms). Although sensory impairment
was clinically less prominent than motor impairment,
the amplitude of the action potential in the right sural
nerve improved from 4 to 7 pV (normal: 11.4 uV). The
boy also developed a transient thrombocytopenia after
6 months of therapy, which resolved prior to any dose
reduction.

Discussion

This case report demonstrates the development of per-
ipheral neuropathy potentially caused by DM and/or li-
nezolid treatment, and its resolution following early
detection and appropriate management. The global bur-
den of DM is increasing, and DM has been associated
with a three-fold increased risk of developing tubercu-
losis disease [3]. With increasing use of linezolid for
XDR-TB, the management of peripheral neuropathy in
settings with a high prevalence of drug-resistant TB is
likely to be a frequent occurrence. The improvement in
motor and sensory neuropathy following cessation of li-
nezolid in our patient is encouraging. Linezolid is emer-
ging as an important anti-TB drug in the management
of MDR-TB with or without associated resistance to in-
jectable agents or fluoroquinolones.

Our patient had been treated for type 1 DM with insu-
lin injections for 5 years, however, his follow-up had
been irregular due to limited availability of an endocrin-
ologist and a lack of reliable laboratory facilities close to
his home. Although DM-related neuropathy is not usu-
ally seen until a number of decades following the
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diagnosis of DM, poor glycaemic control may have ac-
celerated the contribution of DM to neuropathy in this
boy. Several mechanisms of diabetic neuropathy have
been postulated. Chronic hyperglycaemia [4] with lack
of insulin and C-peptide seem to be triggers. This can
lead to activation of the polyol pathway and protein kin-
ase C, with increased advanced glycosylation end prod-
ucts and subsequent activation of transcription factor-
KB. This can lead in turn to pro-inflammatory gene ex-
pression, functional deficits of nitric oxide, and alter-
ations in endothelial derived relaxing factor, which can
result in microvascular reactivity and structural micro-
angiopathy. These pathological processes culminate in
axonal atrophy with progressive demyelination, and
neuronal apoptosis with decreased fibre regeneration. It
is also possible that endoplasmic reticulum stress might
contribute to diabetic peripheral neuropathy [5].

A systematic review and meta analysis [6] that looked
into 23 studies conducted in 14 countries comprising
507 patients reported a combined proportion of 29.92%
for neuropathy in DRTB patients treated with linezolid.
The incidence of neuropathy leading to permanent dis-
continuation of linezolid showed no significance upon
dose comparisons (<600 mg vs >600 mg).

A retrospective review [7] of 16 patients with MDR
TB (including 10 XDR-TB) patients in New York re-
vealed that seven of them developed neuropathy (periph-
eral and/or optic). Discontinuation of linezolid was
required in three patients. While optic neuropathy re-
solved in one patient with discontinuation of linezolid,
none of the patients with peripheral neuropathy had
resolution despite stopping the drug.

A retrospective review [8] of seven children on
linezolid-containing regimens for DR-TB in South Africa
showed that neuropathy occurred in one child, who was
coinfected with HIV, after 24 months of linezolid ther-
apy. However, she was continued on linezolid at a re-
duced dosage and the dose of pyridoxine was increased.
Her symptoms (burning sensation in soles of feet) sub-
sided without any sensory deficit.

Rho PJ et al. reported an elderly patient with well con-
trolled diabetes who underwent total knee arthroplasty
and was subsequently treated for a chronic infection,
who suffered peripheral neuropathy after 10 months of
linezolid therapy. Features of neuropathy resolved after
stopping linezolid [9]. Reversal of linezolid induced
neuropathy after drug cessation has previously been re-
ported in an adult treated for DRTB [10]. To the best of
our knowledge, there have not been any case reports
highlighting the occurrence of peripheral neuropathy in
a child with diabetes on long-term treatment with
linezolid.

Our patient had received linezolid for 8 months prior
to developing features of peripheral neuropathy. When
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used for this duration, linezolid can act on mitochon-
drial DNA and affect protein synthesis. This can result
in respiratory chain dysfunction. In animal experiments,
linezolid induces a dose- and time-dependent decrease
in the activity of respiratory chain complexes containing
mtDNA-encoded subunits with a decreased amount of
protein of these complexes. The amount of mtDNA re-
mains normal [11]. Peripheral neuropathy usually begins
in the lower limbs and is usually of sensory-motor
axonal type. Common symptoms include pain, numb-
ness, tingling, burning, and allodynia, usually occurring
in a glove- and stocking-like distribution. While optic
neuritis due to linezolid has been shown to be reversible
in many instances, reversibility of peripheral neur-
opathy has been described as limited. In addition, our
patient had a transient haematological abnormality
(thrombocytopenia) not requiring intervention. As is
evident from other case reports, this discordance of
haematological and neurological abnormalities due to
linezolid is well recognized [12-14]. Haematological
and neurological side effects are less common in chil-
dren than in adults. This difference may partly be
accounted for by a reduced susceptibility of children
to mitochondrial toxicity and a less frequent need for
long-term treatments [15].

Our patient also received ethambutol due to evidence
of susceptibility in the DST result; this drug has also
been reported to cause peripheral neuropathy rarely
[16]. Peripheral neuropathy has also been mentioned as
a rare but possible adverse effect of two other drugs he
received: cycloserine [17] and prothionamide [18].

In addition to the potential for adverse events, TB and
DM can be a challenging combination to treat. DM can
inhibit the host immune response to M. tuberculosis by
decreasing T lymphocyte and neutrophil counts, de-
creasing Thl cytokine response, and inhibiting macro-
phage function. In addition, TB, and some anti-TB
drugs, can worsen glycaemic control, making complica-
tions like neuropathy more likely and diabetic manage-
ment difficult [19, 20]. Enhanced glucose control is
more effective at preventing neuropathy in patients with
type 1 than in those with type 2 DM [21]. A well-
coordinated multi-disciplinary approach is necessary to
optimally manage the two conditions. The link between
DM and TB and the implementation of the collaborative
framework for care and control have the potential to
stimulate and strengthen the scale-up of non-
communicable disease care and prevention programmes,
which may help in reducing not only the global burden
of DM but also that of TB [22].

Conclusion
The presence of both DM and TB should alert a phys-
ician to strive for optimal glycaemic control to minimize
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the risk of complications as well as optimizing the
chances of recovery from TB. In addition, regular moni-
toring for the adverse effects of linezolid, especially in
patients with DM and when the drug is used over a long
period of time, is essential to enable early detection and
appropriate management to avoid chronic painful neur-
opathy. In this case, the neuropathy improved with ces-
sation of linezolid.
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