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Abstract

Drug-resistant tuberculosis (DR-TB) is difficult to eradicate due to several factors, including insufficient treatment 
and medication side effects. Linezolid is among the medications with serious adverse effects. Linezolid toxicity is 
suspected to be related to the drug's binding to mitochondrial 16s rRNA. Some studies indicate that polymorphisms 
in patients' mtDNA may increase vulnerability to the development of toxic optic neuropathy. This study aims to 
identify a genetic influence on the vulnerability to the occurrence of toxic optic neuropathy side effects in drug-
resistant tuberculosis patients receiving linezolid treatment. This research was conducted at the Faculty of Medicine, 
Universitas Sriwijaya, Palembang, from September to October 2023. Polymerase chain reaction-restriction 
fragment length polymorphism (PCR-RFLP) was undertaken to detect mutations in the G3010A mtDNA of the 
patients. Two patients experiencing toxic optic neuropathy side effects during drug-resistant tuberculosis treatment 
underwent blood sample collection. Blood samples were examined for mutations in the G3010A and A2706G genes 
using the PCR-RFLP method. The PCR-RFLP examination results indicated the presence of mutations in G3010A. 
In conclusion, polymorphism of G3010A mtDNA may contribute to the vulnerability to toxic optic neuropathy 
side effects in drug-resistant tuberculosis patients receiving linezolid. Further research with a larger population is 
needed to prove the involvement of mtDNA polymorphisms in the vulnerability to toxic optic neuropathy.
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Introduction

Tuberculosis (TB) is a disease that has been 
evolving over the last few decades. Disease 
conditions that continue to develop provide 
challenges in eradicating this disease. Cases 
of drug-resistant tuberculosis that continue to 
emerge in the world also raise their problems 
with comprehensive management. Data from the 
Global Tuberculosis Report 2023 indicate that the 
incidence of TB worldwide in 2022 is estimated 
to have reached 10.6 million people. This figure 
continues to increase from the previous year. 
Apart from that, TB is the second-biggest cause 
of death by infectious agents after COVID-19. The 
latest data also show that Indonesia remains in 
second place, after India, and is followed by China 

in third place with 1,060,000 cases. Globally, in 
2022, it is estimated that 410,000 people will 
suffer from drug-resistant tuberculosis (DR-
TB), multidrug-resistant (MDR), and rifampin-
resistant (RR).1 Meanwhile, in Indonesia, there 
are 12,531 patients confirmed as drug-resistant 
TB (MDR/RR), and only 8,089 have started 
treatment.2

The increasing number of cases of DR-TB 
that are currently being discovered presents 
challenges in eradicating TB. It is not only about 
patient compliance in undergoing ongoing 
treatment, but the presence of side effects in the 
treatment itself can reduce patient compliance in 
completing treatment.1,2

In addition to inadequate treatment, the 
presence of side effects to the drugs administered 
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is also a significant constraint in eradicating DR-
TB. One of the drugs with severe side effects is 
linezolid.3 Conditions such as myelosuppression, 
peripheral neuropathy, and toxic optic neuropathy 
are frequently observed side effects of linezolid 
usage.4 Linezolid toxicity is suspected to be 
related to the drug's binding to mitochondrial 16s 
rRNA. Some studies indicate that polymorphisms 
in patients' mtDNA may contribute to the 
vulnerability to toxic optic neuropathy. It has 
been suggested that the G3010A and A2706G 
polymorphisms in mitochondrial DNA play a role 
in toxic optic neuropathy.5–7

Toxic optic neuropathy (TON) is a condition 
where damage to the optic nerve occurs due to 
exposure to harmful substances, such as certain 
drugs.8 One example of a drug known to cause 
TON is linezolid, which is used in the treatment 
of DR-TB. Several cases reported the occurrence 
of severe TON during long-term use of linezolid. 
Symptoms of TON can include decreased visual 
acuity, changes in the visual field, and impaired 
color perception. This condition has been 
associated with abnormalities in mitochondrial 
transport and mitochondrial defects along 
neurons.5–7

The mechanism by which linezolid causes 
TON is still not fully understood, but recent 
data support several hypotheses. Several reports 
suggest that susceptibility to linezolid-induced 
toxic optic neuropathy is related to mitochondrial 
DNA polymorphisms.5–7 This study aims to 
determine the effect of mitochondrial DNA 
polymorphisms on susceptibility to linezolid-
induced toxic optic neuropathy among drug-
resistant tuberculosis.

Methods

This research represents an initial study to 
identify whether there is a genetic influence on 
the vulnerability to toxic optic neuropathy side 
effects in DR-TB patients receiving linezolid 
treatment in Indonesia, especially in Palembang. 
This research was conducted at the Biotechnology 
Laboratory, Faculty of Medicine, Universitas 
Sriwijaya, Palembang, from September to 
October 2023. The study has been approved by the 
Medical and Health Research Ethics Committee 
of the Faculty of Medicine, Universitas Sriwijaya, 
Palembang, for ethical approval with registration 
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number 250-2023.
This study's subjects were DR-TB patients at 

the DR-TB Polyclinic, Dr. Muhammad Hoesin 
General Hospital, Palembang. A total of 145 
patients who received linezolid therapy were 
used as subjects. Data from medical records were 
used to determine the variables of age, gender, 
history of diabetes mellitus, history of HIV, and 
TON complications. The chi-square or Fisher 
exact test was used to analyze the relationship 
between variables.

We also collected blood samples from two 
patients with DR-TB who experienced TON as 
a side effect after undergoing linezolid therapy. 
Mitochondrial DNA was isolated according to 
the protocol of the QIAamp® DNA Mini Kit 
(cat. no. 51304 and 51306). The G3010A and 
A2706G polymorphisms in mitochondrial DNA 
were identified by polymerase chain reaction-
restriction fragment length polymorphisms 
(PCR-RFLP).

Results

The average age of the patients in this study 
was 43 years, ranging from 16 to 79 years. The 
prevalence of TON in this study was 22.8%. 
The results of statistical tests showed that there 
was no relationship between age and HIV with 
the incidence of TON. Still, a relationship was 
observed between age and diabetes mellitus in 
terms of the incidence of TON (Table).

Blood samples were taken from two patients 
who were undergoing treatment for DR-TB 
and had severe optic neuropathy side effects. 
Using the PCR-RFLP technique, blood samples 
were analyzed for mutations in the G3010A and 
A2706G genes. The findings of the PCR-RFLP 
analysis are shown in Figure 1 and Figure 2.

In PCR-RFLP, the G3010A gene shows a 
band of 1074 bp (UC) for the wild type, and the 
A2706G gene shows 237 bp (UC) for the wild 
type. In this study, neither patient (1 or 2) had the 
A2706G gene mutation in their mitochondrial 
DNA. PCR-RFLP results showed only one band 
at 237 bp for both patients (Figure 1). In contrast, 
we identified a mutation in the G3010A gene of 
the mitochondrial DNA in both patients. PCR-
RFLP results showed the presence of two bands, 
namely 96 bp and 978 bp (Figure 2).
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Table Relationship between Age, Sex, Comorbid Diabetes Mellitus, and HIV with the 
Incidence of TON

Variables
TON

Total 
(n=145) p PR (95% CI)Yes 

(n=33)
No 

(n=112)

Age (years)
≤40
>40

8
25

55
57

93
52

0.026a 0.345 (0.143–0.834)

Sex
Male
Female

19
14

74
38

93
52

0.625a 0.751 (0.335–1.681)

Diabetes mellitus
Yes
No

12
21

17
95

29
116

0.012a 3.353 (1.387–8.103)

HIV
Yes
No

0
33

2
110

2
143

1.000b −

Note: TON: toxic optic neuropathy, PR: prevalence ratio, achi-square test, bFisher exact test

Figure 1 PCR-RFLP Bands of the 
A2706G Gene
Note: M: marker, UC: uncut gene, 
1: patient 1, 2: patient 2

Figure 2 PCR-RFLP Bands of the 
G3010A Gene
Note: M: marker, UC: uncut gene,
1: patient 1, 2: patient 2

Discussion

The incidence of tuberculosis is increasing every 
year. The latest data from the WHO Global 
Tuberculosis Report 2023 shows that in 2022, 

an estimated 10.6 million people in the world will 
suffer from tuberculosis. The estimated death toll 
in 2022 will reach 1.3 million people. Apart from 
that, TB is the second-deadliest infectious disease 
after COVID-19. Indonesia itself contributes 
10% of tuberculosis cases in the world. This fact 
makes Indonesia ranked second after India, 
with the most cases of tuberculosis in the world. 
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Meanwhile, for DR-TB cases globally in 2022, it is 
estimated that there will be 410,000 people with 
DR-TB or RR-TB with a treatment success rate 
of 63%.1 In Indonesia alone, the incidence of TB 
MDR/RR will reach 31,000 cases in 2022. Based 
on tuberculosis information system (sistem 
informasi tuberkulosis, SITB) data for the 
province of South Sumatra, as of early December 
2023, 326 cases of DR-TB were recorded, and 89 
new cases were found in the city of Palembang. 
However, only 60 people (67.42%) had started 
DR-TB treatment. One of the obstacles in 
eradicating tuberculosis, especially DR-TB, is 
that the treatment period is quite long compared 
to DR-TB. According to the technical instructions 
for DR-TB treatment issued by the Ministry of 
Health of the Republic of Indonesia in 2020, the 
duration of short–term treatment ranges from 
9 to 11 months, while long-term treatment lasts 
from 18 to 24 months.9 Prolonged exposure to 
drugs carries the risk of drug side effects and drug 
toxicity to the body.

One DR-TB drug that causes side effects is 
linezolid. Linezolid is an antibiotic commonly 
used to treat various bacterial infections. As a 
synthetic antibiotic, linezolid has proven effective 
in treating severe diseases, including pneumonia 
and skin infections caused by resistant bacteria.3  
However, recent studies have raised concerns 
about possible neuro-optical side effects 
associated with linezolid use. These side effects 
can manifest as toxic optic neuropathy, leading to 
progressive vision loss and damage to the optic 
nerve.10–12

In this study, the average age of patients was 
43 years, aged 16 to 79 years. This fairly varied age 
reflects the broad spectrum of DR-TB patients, 
given that this disease can affect populations 
of all ages. This finding is in line with previous 
studies showing that drug resistance in TB can 
occur in older age groups, who may be more 
susceptible to side effects of treatment, including 
TON. Another study also reported that older age 
groups experienced more side effects of second-
line drugs, such as linezolid, which is consistent 
with the age distribution in this study.10,13,14

The prevalence of TON of 22.8% in this study 
is a significant finding. Linezolid is known to be 
one of the effective drugs against DR-TB, but its 
use is often associated with severe side effects, 
including optic neuropathy. The high prevalence 
of TON in this study is worth emphasizing, 
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given that the toxicity of linezolid to the optic 
nerve is one of the important reasons for the 
limited duration of use of this drug. This figure 
is slightly higher than other reports that mention 
a prevalence of between 5% and 15% in DR-TB 
patients receiving linezolid therapy.7,13,15,16

We found that there was no relationship 
between age and HIV with the incidence of TON, 
but there was a relationship between age and 
diabetes mellitus with the incidence of TON. 
Regarding the relationship between age and 
the incidence of toxic optic neuropathy, older 
patients may have a higher risk of developing 
optic neuropathy, given the decreased nerve 
regeneration and increased sensitivity to 
neurotoxic drugs with increasing age. In addition, 
comorbid medical conditions such as diabetes 
mellitus and HIV, which are more common in the 
elderly population, can increase the risk of optic 
neuropathy. Other studies showed that patients 
with older age and a history of metabolic disease 
were at higher risk of developing linezolid-related 
neuropathy. It emphasizes the importance 
of individual risk assessment before starting 
linezolid therapy, especially in patients with 
advanced age or comorbidities.13,16,17

The association between diabetes mellitus 
and TON incidence in this study reinforces the 
importance of evaluating comorbid factors before 
initiating linezolid therapy. Diabetes mellitus, 
which affects nerve vascularization and glucose 
metabolism, is important in worsening the risk 
of optic neuropathy. Therefore, in patients with 
diabetes who require linezolid therapy, close 
monitoring of visual function needs to be carried 
out periodically, and optimal control of blood 
glucose levels should be maintained to minimize 
the risk of nerve complications.13,14,17

Linezolid works by inhibiting the initiation 
of bacterial protein synthesis through a unique 
mechanism of action by binding to the 23S 
RNA peptidyl transferase center (PTC) of the 
50S subunit of prokaryotic ribosomes. On the 
other hand, binding with peptidyl also occurs 
in the mature 70S initiation complex. The result 
prevents the formation of mtDNA, which causes 
a bacteriostatic effect.10,18

TON refers to visual disorders due to damage 
to the optic nerve caused by toxins. This condition 
is characterized by bilateral, usually symmetrical, 
visual loss, destruction of the papillomacular 
bundle, central or cecocentral scotoma, and 
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decreased color vision. This disease is often not 
diagnosed or diagnosed at a stage where recovery 
is difficult.14,16,19

Linezolid can cause toxic optic neuropathy as 
a result of its mitochondrial toxicity.20 The drug's 
mechanism of action involves inhibiting bacterial 
protein synthesis by binding to the bacterial 
ribosome. However, linezolid also has an affinity 
for the mitochondrial ribosomes in human cells, 
which are similar to bacterial ribosomes. It 
can lead to inhibition of mitochondrial protein 
synthesis, which is essential for the function of 
mitochondria and, by extension, the health of 
nerve cells.10,17,19

Mitochondria play a crucial role in energy 
production and are particularly important in 
cells with high energy demands, such as those in 
the optic nerve.18 When mitochondrial protein 
synthesis is impaired, it can lead to a decrease 
in cellular ATP production, resulting in cellular 
dysfunction and, ultimately, cell death. This can 
manifest clinically as optic neuropathy, which 
may present with symptoms such as vision loss 
and changes in visual acuity.10,17,19

The risk of developing toxic optic neuropathy 
from linezolid is associated with both the dose 
and duration of therapy. Prolonged use of 
linezolid, especially beyond the recommended 
duration, increases the risk of this adverse effect. 
Peripheral or optic neuropathy typically develops 
after 2 months of treatment with linezolid, and the 
risk continues to increase with longer durations 
of therapy.10,17,19

Linezolid can disturb human mitochondrial 
DNA at the points where it encodes for the 16S 
ribosomal RNA (rRNA) subunit, which is a critical 
component of the mitochondrial ribosome.18 The 
mitochondrial ribosome is responsible for protein 
synthesis within the mitochondria, and its proper 
function is essential for the synthesis of key 
components of the respiratory chain complexes 
that are involved in oxidative phosphorylation.17,19

Mutations in the mitochondrial DNA that 
affect the 16S rRNA can confer susceptibility to 
linezolid toxicity. For example, single-nucleotide 
polymorphisms (SNPs) such as A2706G and 
G3010A in the 16S rRNA gene have been 
associated with linezolid-induced mitochondrial 
toxicity. These mutations are situated close to the 
PTC of the mitochondrial ribosome, which is the 
primary binding site for linezolid. The A2706G 
mutation, in particular, lies in an exposed 

position on the 16S rRNA that could enhance 
its interaction with linezolid, potentially leading 
to greater inhibition of mitochondrial protein 
synthesis.10,19

The inhibition of mitochondrial protein 
synthesis by linezolid can lead to a reduction in 
the synthesis of key subunits of mitochondrial 
respiratory complexes I, III, IV, and ATP synthase, 
which are translation products of mitochondrial 
ribosomal 16S RNA. This impairment of 
oxidative phosphorylation can result in tissue-
specific dysfunction and clinical phenotypes 
such as myelosuppression, neuropathy, and 
hyperlactatemia.10,19

The results of our pilot study, which included 
two patients, are consistent with earlier 
investigations. These results provide a foundation 
for a more thorough investigation with a larger 
sample size, which would yield better scientific 
evidence, particularly regarding the adverse 
effects of linezolid, such as TON, for which there 
is currently insufficient information in Indonesia.

Several case reports from several countries show 
the incidence of TON in DR-TB patients.7,15,16,21,22 
Palenzuela et al.23 show that linezolid may cause 
lactic acidosis by binding to mitochondrial 16S 
rRNA, with genetic polymorphisms potentially 
contributing to the toxicity in some patients. A 
case report showcasing the occurrence of TON 
following the extended use of linezolid in patients 
with extensively drug-resistant tuberculosis 
(XDR-TB). The incidence of TON was observed 
to be reversible.24 Another study shows that 
long-term use of linezolid in XDR-TB patients 
can cause optic neuropathy, which resolves 
completely when the drug is withdrawn.25 Lee 
et al.26 reported that long-term use of linezolid 
to treat drug-resistant tuberculosis may reverse 
severe optic neuropathy, but not peripheral 
neuropathy.

Conclusions

Several factors may influence the manifestation 
of side effects associated with the use of linezolid. 
However, in this study, TON-induced linezolid 
was influenced by age and the presence of 
comorbid diabetes mellitus. The presence of 
polymorphisms in G3010A mtDNA found 
in these two patients may contribute to the 
vulnerability to toxic optic neuropathy side 
effects in drug-resistant tuberculosis patients 
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receiving linezolid. Further research with a larger 
population is needed to prove the involvement 
of mtDNA polymorphisms in the vulnerability to 
toxic optic neuropathy.
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