1JBB

International Journal of Biotechnology and Biomedicine
Vol. 1 Nol; April 2024 https://doi.org/10.31674/ijbb.2024.v01i01.005

Current Review of the Use of Linezolid in the Treatment of
Multidrug-Resistant Tuberculosis: Effectiveness and Management
of Side Effects

*Nurhamidah Rahman'?, Soo Kuan Meng?, Idris Adewale Ahmed>

'Baiturrahmah D3 Nursing Program
?Lincoln University College

*Corresponding author’s e-mail: nurhamidarahmanl976(@gmail.com
ABSTRACT

In recent years, multi-drug resistant tuberculosis (MDR-TB) sufferers have increased by 10% from
186,883 sufferers in 2018 t0 206,030 in 2019. MDR TB treatment poses its own challenges because
it is a long-term treatment, there are interactions between TB treatment, toxicity problems and
patient compliance. Linezolid has demonstrated high in vitro antibacterial activity against
Mycobacterium tuberculosis and has been used in several programs to treat complications of
MDR-TB. The objective of this study is to assess the effectiveness and management of side effects
from using the drug Linezolid in multidrug-resistant tuberculosis patients. The data sources used
were PubMed, PubMed Central (PMC), and ScienceDirect databases with a literature search
without restrictions on the type of research or year of publication with the keywords "linezolid,
"tuberculosis" and "multi-drug resistance". Linezolid was found to be effective in treating MDR-
TB patients. The side effect experienced by patients from using lizenolide (LZD) in all articles
was peripheral neuropathy in the first three months of LZD use but this could be overcome by
administering B6 at a dose of 200 mg, mecobalamin, reducing the dose of LZD and there was 1
article that stopped giving LZD. Optic neuropathy was also experienced by patients in 4 articles
and could be resolved by stopping LZD use. One article stated that the side effect of using LZD
was diabetic neuropathy with urine protein (+) and the patient's condition returned to normal after
receiving symptomatic treatment. Hematological side effects in the form of neutropenia,
thrombocytopenia, myelosuppression, and mild to severe anemia were also experienced by
patients and could be treated with blood transfusions for severe anemia in 1 article, administration
of erythropoietin in 2 articles to treat anemia. reducing the LZD dose from 1200 mg per day to 600
mg per day and some even stopping LZD. The results of the literature review indicate that linezolid
is effective in treating MDR-TB. However, close monitoring is required regarding the side effects
experienced by patients, especially neurotoxicity effects (peripheral or optic neuropathy).
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1.0 Introduction

According to the World Health Organization (WHO), in 2019, an estimated 10 million (range, 8.9
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— 11 million) people suffered from Tuberculosis (TB). Geographically, the highest TB sufferers
are in Southeast Asia (44%), Africa (25%) and the West Pacific (18%), with smaller percentages
in the Eastern Mediterranean (8.2 %), America (2.9%) and Europe (2.5%). Indonesia ranks second
after India out of eight countries which contribute two-thirds of the total global TB (World Health
Organization, 2020b).

The development of drug-resistant tuberculosis is causing concern worldwide. Globally in 2019,
almost half a million TB sufferers developed TB that was resistant to the drug rifampicin (TB-
RR), of which 78% suffered from TB that was multidrug-resistant or Multidrug-Resistant
Tuberculosis (TB-MDR). In the last few years, RR/MDR TB sufferers have increased by 10%
from 186,883 sufferers in 2018 to 206,030 in 2019. (World Health Organization, 2020b)

Multi Drug Resistant Tuberculosis (MDR-TB) is a strain that is resistant to Isoniazid (INH) and
Rifampicin with or without resistance to other first-line drugs. Monoresistant is resistant to one

OAT. Polyresistance is resistance to more than one OAT, other than the combination of isoniazid
(H) and rifampicin (R). (Guarango, 2022)

The emergence of Mycobacterium tuberculosis (MTB) strains that are resistant to the most
effective drugs is one of the main problems contributing to the slow decline in TB cases, posing a
major threat to global TB control. (Espinosa-Pereiro et al., 2022) . Drug resistance by
Mycobacterium tuberculosis primarily arises due to mutations in chromosomes, genes encoding
drug targets or drug-activating enzymes, in response to antibiotic selection pressure. (Culyba et
al., 2015) (Von Wintersdorff et al., 2016) . Sequential mutations in additional genes can lead to
resistance to other drug targets and the development of multidrug - resistant strains (Palomino &
Martin, 2014) .

Therapy for long-term treatment of MDR-TB, it is recommended to group antituberculosis drugs
(OAT) into Group A, Group B and Group C according to their potency and ensure that treatment
is started with at least four TB agents that are likely to be effective. Linezolid and Bedaquilin are
recommended in combination therapy in the treatment of MDR-TB patients on longer regimens
(strong recommendation, moderate certainty in effect estimates). A total treatment duration of 18-
20 months is recommended for most patients, the duration may be changed according to the
patient's response to therapy. (World Health Organization, 2020)

Linezolid belongs to the oxazolidinone class, a relatively new class of antibiotics used primarily
to treat gram -positive bacterial infections, and is the best-known agent of the oxazolidinone group.
Linezolid has demonstrated high in vitro antibacterial activity against Mycobacterium tuberculosis
and has been used in the treatment of several complications of MDR-TB. (Anger et al., 2010) . In
vitro and pharmacological data suggest that linezolid may be effective in the treatment of
mycobacterial infections, including MDR-TB, although there are no clinical data on safety,
tolerability and efficacy and limited data on the use of linezolid in the treatment of MDR-TB.
(Migliori et al., 2009) .

In Indonesia, linezolid is registered with the Food and Drug Supervisory Agency (BPOM) since
2015. Considering that clinical and potential data regarding the use of linezolid to treat MDR-TB
are limited regarding its safety, tolerability and efficacy, it is necessary to systematically evaluate

90



1JBB

International Journal of Biotechnology and Biomedicine
Vol. 1 Nol; April 2024

all available evidence regarding its effectiveness and effectiveness. the safety of Linezolid as
preparation for a country, especially Indonesia, for the use of linezolid therapy, especially since
Indonesia is ranked second in two-thirds of the total global TB.

This literature review aims to assess the effectiveness and treatment of side effects of using the
drug Linezolid in Multidrug Resistant Tuberculosis (MDR-TB) patients.

2.0 Methodology

Searches for published literature were carried out independently by researchers using the online
databases PubMed, PuMed Central (PMC), Google Scholar and Science Direct without limiting the
type of research and year of publication. The keywords used in the research were "linezolid",
"tuberculosis" and "multi drug resistant". In this systematic search, all articles published from 2010
to 2022 were included in this systematic review. All articles that met the inclusion criteria, even
though they were published more than 10 years after this systematic review, were still used in the
analysis to obtain a comprehensive picture. Data extracted from each research article includes: 1)
article identity (name of researcher, and year of research), 2) country setting of research
implementation, 3) sample size, 4) type of intervention provided, 5) methodology, 6) side effects
7 ) Handling of Side Effects and 8) research outcomes.

The Inclusion criteria were articles that contain: 1) MDR-TB patients, 2) MDR-TB cases with
treatment regimen therapy, 3) linezolid as a replacement/additional drug in MDR-TB combination
therapy, 4) side effects of using linezolid, 5) handling side effects from linezolid therapy. The
exclusion criteria were studies in which MDR-TB was not confirmed by M. tuberculosis culture.
The first step of a systematic review was to apply title/abstract screening. The aim of this step was
to remove all publications that did not discuss linezolid in MDR-TB regimens. A total of 380
articles were found by database searches.

3.0 Results and Discussion

The number of articles identified during the literature search process was 380 articles, and only 5
of them used in the final study came from different countries (Figure 1). Articles included in the
final study are included in Table 1 to make it easier to present the results of the test
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The research studies from the articles taken are generally retrospective studies. In some studies,
linezolid was included in the treatment regimen after failure of previous treatment regimens.
Linezolid is generally given at a minimum daily dose of 300 mg to a maximum dose of 1200 mg.
The duration of treatment ranges from 1 to 24 months. All studies indicated linezolid dosage and
individualized treatment regimens based on resistance test results. Of these 5 studies, four studies
gave linezolid at a dose of 600 mg to 1200 mg per day, only the study by Koh et al. (2012) gave a
linezolid dose of 300 mg every day. Conradie et al. (2022) study provided linezolid therapy of
1200 mg every day for 26 weeks, changing from 600 mg twice a day. Ramirez-Lapausa et al.
(2016) research used a linezolid dose of 1200 mg or 600 mg every day.

Shen-Jie Tang et al. (2011) stated that patients received 600 mg linezolid twice daily for the first
1-2 months, followed by once daily thereafter. Eleven patients (78.6z) showed significant
improvement in clinical symptoms. Chest tomography showed that 10 patients (71.4z) showed
cavity closure. Smear conversion and culture conversion were achieved in all 14 patients (100z)
at a mean of 64 and 63 days respectively. These data suggest that linezolid-containing
chemotherapy for the treatment of TB- MDR can significantly improve clinical symptoms,
increase lesion absorption and cavity closure, and accelerate sputum conversion. (Tang et al.,
2011). The adverse reactions in linezolid therapy were: 1 (one) patient experienced side effects
after undergoing linezolid treatment consisting of diabetic neuropathy with urine protein (+) and
the patient's condition returned to normal after being given symptomatic treatment, 4 (28.6%)
patients experienced gastrointestinal disorders with reactions nausea and after about 2-4 weeks of
treatment with 600 mg LZD twice a day, but this resolved spontaneously after the LZD dose was
administered with 600 mg once a day, 6 patients (42.9%) were hematological with 1 case of
neutropenia, 4 cases of anemia moderate and 1 case of severe anemia in the second week of
treatment with 600 mg LZD twice daily. Bone marrow function in patients with severe anemia
normalized 2 weeks after blood transfusion and discontinuation of LZD. The anemia did not recur
when treatment continued with 600 mg LZD once daily. Three patients (21.4%) experienced
peripheral neuropathy between the 2nd and 3rd months which could be treated with B6 and
mecobalamin. Two patients experienced optic neuropathy at 6 months and recovered completely
after stopping linezolid one month (Tang et al., 2011) .

Meanwhile research by Conradie et al. (2022) states that the toxic effects of linezolid after the first
three months of treatment consist of peripheral neuropathy (occurring in 81% of patients) and
myelosuppression (48%), although common, can be managed requiring dose reduction and/or
discontinuation of use. linezolid. Two patients had optic neuropathy that resolved after
discontinuation of linezolid. Some patients require dose reduction or discontinuation of linezolid
during treatment. 37 (34%) patients completed 26 weeks of linezolid without any interruptions
with dose reductions and 16 (15%) completed 26 weeks with a total daily dose of linezolid 1200
mg without interruptions or dose reductions. The results of research by Conradie F et.al 2022, a
total of 181 participants were registered, 88% of whom suffered from XDR or pre-XDR tuberculosis .
Among participants who received linezolid at a dose of 1200 mg for 26 weeks or 9 weeks or 600
mg for 26 weeks or 9 weeks, 93%, 89%, 91%, and 84%, respectively, had a favorable outcome
(Conradie et al., 2022)
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Research by Schecter et al. (2010) showed that linezolid was well tolerated, had a low
discontinuation rate, and was effective in the treatment of MDR-TB. Of the 30 cases, 29 (97%)
were lung disease, of these 29 people, 21 people (72%) had positive acid fast bacilli smear results,
and 16 people (55%) had cavitation test results. Culture conversion occurred in all pulmonary
cases at a mean of 7 weeks. Based on censored data (31 December 2008), 22 (73%) of 30 patients
had successfully completed treatment. Five people continue to receive treatment. No deaths. Three
patients had poor outcomes, including 2 patients in default and 1 patient in treatment failure.

The side effects of linezolid therapy were 9 patients, 5 patients experienced peripheral neuropathy,
1 of whom had to stop linezolid therapy after 5 months because there was comorbid uncontrolled
diabetes and 4 patients were able to continue linezolid with caution and monitoring of symptoms.
Handling side effects by increasing the dose of vitamin B6 from 150 mg to 200 mg to overcome
neurological complaints but peripheral neuropathy was not resolved in 3 patients. One patient lost
his vision due to optic neuropathy after 10 months of linezolid therapy. This patient also received
rifabutin for 3 months. This patient's condition improved after 3 weeks of discontinuing linezolid
therapy. 7 patients suffered from mild to moderate anemia. 2 patients experienced symptoms of
anemia (HB levels 10.6 and 8.6 g/dl) with dyspnea on exertion and fatigue while receiving
linezolid. The use of erythropoietin was permitted to continue receiving linezolid. One patient
experienced mild thrombocytopenia Despite this toxicity, no patient discontinued linezolid
treatment due to myelosuppression (Schecter et al., 2010)

The research by Koh et al. (2012) found that 14 (27%) patients experienced one major side effect
and discontinued linezolid treatment, among 13 patients (25%) experienced lower extremity
peripheral neuropathy, 1 patient experienced optic neuropathy after a median of 278 days (IQR
174— 412 days). Patients with optic neuropathy recovered completely after lizenolide treatment
was discontinued whereas symptoms of peripheral neuropathy, partially resolved in 8 patients,
became worse in one patient and did not improve in four patients after lizenoid was discontinued.
14 patients who experienced side effects had a longer duration of linezolid treatment and 11
patients had successful treatment (median 314 days; IQR 254-415 days), 3 patients had
unsuccessful treatment (median 156 days; IQR 125-180 days).

From the study, 45 of 51 patients (88%) completed MDR TB treatment. Among the 45 patients,
33 patients recovered and 1 patient completed therapy. One patient died and 10 experienced
treatment failure. From these results it can be concluded that Lizenolid at a dose of 300 mg is
effective against intractable MDR TB and may be associated with fewer neuropathic side effects
than a daily dose of 600 mg or 1200 mg (Koh et al., 2012)

A retrospective study regarding the tolerability and efficacy of linezolid in MDR-TB patients was
conducted in Madrid, Spain by Ramirez-Lapausa et al. (2016), linezolid at a dose of 1200 mg or
600 mg daily was included to complement treatment if no other sensitive drugs were available.
The results of the study showed that 55 MDR-TB patients received treatment. In 21 of these
patients, linezolid was added. Median linezolid administration was 23.9 months (IQT 13.1-24.7).
Patients taking linezolid showed greater resistance to the drug, with a median of 6 (IQR 5-7)
compared with those not using it, with a median of 4 drugs (IQR 3-5) (p < 0.001). The median
time to sputum culture conversion in patients in the linezolid group (73.5 days) was not
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significantly different compared to the non-linezolid group (61 days) (p = 0.29).

It was reported that 81% of patients did not experience side effects while undergoing linezolid
therapy. Only four patients experienced linezolid-induced toxicity. The most serious side effect in
these patients was anemia which was observed in two patients treated with 1200 mg per day. One
of them also experienced moderate paresthesia. Management of side effects in both cases, the dose
of linezolid was reduced to 600 mg per day, with improvement in anemia and paresthesia. The use
of Vitamin B6 is used to reduce toxicity. No patients discontinued linezolid therapy (Ramirez-
Lapausa et al., 2016)

Table 1. Data analysis in the articles used

NO | Author Sample Interve | Study | Dura | Side effects | Handling Results
and Year Size ntion Type | tion side effects
of LZD
Publicati treat
on ment
1 Koh etal. | 51 MDR | 300 mg | Retros | Medi | 14 (27%) | All 14 | Treatment
(2012) TB patients | LZD pectiv | an experience | patients results
used LZD | once e study | 413 d major | discontinued | profitable
Country: | as part of | daily series | days | side effects | LZD  after | (success
South their anti- (IQR | including: 278 days of | treatment or
Korea TB  drug 237- |13 (25%) | LZD use. | still in
regimen 622 | patients Results: treatment
days) | experience | Peripheral after
d peripheral | neuropathy | culture
neuropathy | resolved in 8 | conversion)
affecting patients, achieved at
the lower | worsened in | 40
extremities | 1 patient patients
and And it did | (78%) with
1  patient | not improve | culture
experience | in 4 patients | conversion
d optic | after on
neuropathy | stopping median 55
LZD. So that | days (IQR
LZD 41-91 days)
treatment since
took longer | initiation of
for 11 | LZD therapy
patients with | Conclusion:
successful Linezolid at a
treatment daily dose of
(median 314 | 300 mg is
days  IQR | effective
254-414 against
days), intractable

95




1JBB

International Journal of Biotechnology and Biomedicine
Vol. 1 Nol; April 2024

reducing the
dose and
stopping
LZD

compared to | MDR TB
3 patients | with  fewer
with side effects
unsuccessful | compared to
treatment daily doses of
(median 156 | 600 mg or
days IQR | 1200 mg.
125-180
days)
Action to
reduce the
LZD  dose
from 600
mg/day  to
300 mg/day
to reduce
toxicity
2.0ptic
neuropathy
resolved
after LZD
was stopped
2 Conradie | 181 MDR | LZD NIX For 6 | Peripheral 1. Peripheral | A total of 181
et al. | TB patients | 1200 mg | TB, mont | neuropathy | neuropathy | participants
(2022) daily for | Open | hs 81%  and | with reduced | were
26 Label optic LZD  dose | enrolled,
Country: weeks or | Single neuropathy | and 1 patient | 88% of
600 mg | Group and recovered whom  had
South twice Study myelosuppr | after XDR or pre-
Africa daily for ession 48% | stopping XDR
26 after  the | LZD tuberculosis.
weeks first 302 Optic | Among
months of | neuropathy | participants
LZD use resolved who received
after LZD | linezolid at a
was dose of 1200
discontinued | mg for 26
3. weeks or 9
Myelosuppre | weeks or 600
ssion mg for 26
resolved weeks or 9
after weeks, 93%,

89%, 91%,
and 84%,
respectively,

had a
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favorable
outcome.

3 Shen-Jie
Tang et
al. (2011)

Country :
Shanghai
China

a total of 14
MDR-TB
patients
were
treated with
LZD

The
LZD
dose is
600 mg
twice a
day for
the first
1-2
months
and
followe
d once a
day
thereafte
r

Quanti

tative
Cross-

section

al
study

mont
hs

Peripheral
neuropathy
in 3 (21%)
months 2
and 3.

Two
patients
experience
d optic
neuropathy
at 6 months
patient
One
patient
experience
d diabetic
neuropathy
with urine
protein (+),
4 patients
experience
d
gastrointest
inal
disorders
with nausea
reactions
28.6%
around 2-4
weeks  of
LZD 600
mg twice
daily
treatment, 6
patients
(42.9%
hematology
with 1 case
of
neutropenia
, 4 cases of
moderate
anemia and
1 case of
severe

(1

Peripher
al
neuropat
hy
resolved
with
administ
ration of
methico
balamin
and
Vitamin
B6
Optic
neuropat
hy
resolved
after
discontin
uation of
LZD
treatmen
t
Diabetic
Neuropa
thy urine
protein
(+) can
be cured
with
sympto
matic
treatmen
t

Gastro
intestinal
disorders
can be
treated
by
reducing
the LZD
dose to
600 mg

The patients
received 600
mg linezolid
twice

a day for the
first 1-2
months,
followed by
once a day
thereafter.
Eleven
patients
(78.62)
showed
significant
improvement
in clinical
Symptoms.
Chest
tomography
showed that
10 patients
(71.4z2)
showed
cavity
closure.
Smear
conversion
and culture
conversion
were
achieved in
all 14
patients
(100z) with a
mean
averages 64
and 63 days
respectively
These data
indicate that
chemotherap
y containing
linezolid for
the treatment
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anemia in once of MDR-TB
the 2nd daily can
week of | 5. Bone significantly
LZD 600 marrow | improve
mg function | clinical
treatment in severe | symptoms,
twice a day anemia increase
became | lesion
normal 2 | absorption
weeks and  cavity
after closure, and
blood accelerate
transfusi | sputum
on and | conversion.
LZD Conclusion
cessation | LZD is
and recommende
anemia |d for the
did not | treatment of
recur MDR TB
after
treatmen
t with a
single
dose of
600 mg.

4 Ramirez- | 55 MDR- | LZD, at | Retros | Medi | 4 patients | Vitamin B6 | Treatment
Lapausa | TB patients | adose of | pectiv | an experience | to reduce | outcomes
et al. | received 1200 or | estudy | LZD | d toxicity, | symptoms of | and clinical
(2016) treatment. 600 mg | With | admi | Anemia toxicity and | status at last

21 patients | daily, the nistra | was in both cases | contact were
Country: | had LZD control | tion | observed in | (toxicity and | compared
Spain added. group | was | two patients | anemia) the | between
23.9 | treated with | LZD  dose | patients on
mont | a dose of | was also | LZD-
hs LZD 1200 | reduced to | containing
mg per day | 600 mg per | regimens and
and one of | day and no | those without
them patient Country:
experience | stopped Spain LZD A
d moderate | linezolid daily dose of
paresthesia | therapy 600 mg LZD
was well
tolerated
without
stopping

98




1JBB

International Journal of Biotechnology and Biomedicine
Vol. 1 Nol; April 2024

treatment in
cases.
Treatment
efficacy and
outcomes in

all  groups
were similar
in LZD and
non-LZD
Conclusion:
Daily Dose
of  600mg
Linezolid
was well
tolerated
without
stopping
treatment in
any case.
5 Schecter | 30 MDR | The Retros | 18- 5 patients | 1. Increasing | Results:
et al. | TB patients | linezolid | pectiv | 30 experience | the dose of | During 2003-
(2010) dosage | estudy | mont | d peripheral | Vitamin B6 | 2007, 30
is 600 | Note hs neuropathy | from 150 mg | patients
mg review and one [ to 200 mg | received
Country: daily. patient lost | can linezolid for
California Vitamin vision due | overcome the treatment
(us) B6 at a to optic | neurological | of MDR-TB.
dose of neuropathy, | complaints Patients had
50-100 7 patients | and in 1 case | isolates that
mg suffered stopped LZD | were resistant
every from mild | 2. Patients | to a median
day to moderate | with  optic | of 5 drugs
anemia. 2 | neuropathy (range 2-13
patients improved drugs). Of the
experience | again after 3 | 30 cases, 29
d symptoms | (three) weeks | (97%) were
of anemia | of stopping | pulmonary;
(HB levels | LZD Of the 29
10.6 and | 3. Use of | people, 21
8.6  g/dl) | erythropoieti | people (72%)
with ninanemia | had positive
dyspnea on | to continue | acid-fast
activity and | using LZD bacilli smear
fatigue. results, and
1  patient 16 people
had  mild (55%)

suffered from
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thrombocyt
openia

cavitation
disease.
Culture
conversion
occurred in
all lung cases
ata mean of 7
weeks. Based
on censored

data (31
December
2008), 22

(73%) of 30
patients had
successfully
completed
treatment.
Five people
continue to
receive
treatment. No
deaths. Three
patients had
poor
outcomes,
including 2
patients  in
default and 1

patient in
treatment
failure.
Conclusion:
Linezolid 1is
well
tolerated, has
a low
discontinuati

on rate, and
has efficacy
in the
treatment of
MDR-TB

Conclusion

The safety of using linezolid for the treatment of MDR-TB has side effects including peripheral
neuropathy, optic neuropathy, and myelosuppression from mild to severe anemia. Handling side
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effects given to patients can help minimize the condition of MDR -TB patients regarding side
effects caused by the use of linezolid by administering vitamin B6 at 200 mg, reducing the dose
of linezolid from a dose of 600 mg twice a day to 600 mg once a day, even lowering the dose to
600 mg once a day. who reduced the dose of linezolid to 300 mg/day and stopped using linezolid
and this was proven by the patient's condition returning to normal. Five research articles show that
linezolid therapy is effective in treating MDR-TB with a safe daily dose of 300 mg/day. Monitoring
and supervision of symptoms is needed to overcome the side effects arising from linezolid therapy
so that patients can carry out treatment safely and comfortably.

REFERENCE

Anger, H. A., Dworkin, F., Sharma, S., Munsiff, S. S., Nilsen, D. M., & Ahuja, S. D. (2010).
Linezolid use for treatment of multidrug-resistant and extensively drug-resistant tuberculosis,
New York City, 2000-06. Journal of Antimicrobial Chemotherapy, 65(4), 775-783.
https://doi.org/10.1093/jac/dkq017

Conradie, F., Bagdasaryan, T. R., Borisov, S., Howell, P., Mikiashvili, L., Ngubane, N.,
Samoilova, A., Skornykova, S., Tudor, E., Variava, E., Yablonskiy, P., Everitt, D., Wills, G.
H., Sun, E., Olugbosi, M., Egizi, E., Li, M., Holsta, A., Timm, J., ... Spigelman, M. (2022).
Bedaquiline—Pretomanid—Linezolid Regimens for Drug-Resistant Tuberculosis. 387(9), 810—
823. https://doi.org/10.1056/NEJMoa2119430.Bedaquiline

Culyba , MJ , Mo, CY , & Kohli , RM (2015). Targets for Combating the Evolution of Acquired
Antibiotic Resistance. Biochemistry , 54 (23), 3573-3582.
https://doi.org/10.1021/acs.biochem.5b00109

Espinosa-Pereiro , J. , Sanchez-Montalva , A. , Aznar , M. , & Espiau , M. (2022). MDR
Tuberculosis Treatment. Medicine (Lithuania) , 58 (2), 1-34.
https://doi.org/10.3390/medicine58020188

Guarango, PM (2022). Pola Resistance To Mycobacterium Tuberculosis Terhadap Obat Anti
Tuberculosis Lini Pertama. Journal , 3 (8.5.2017), 2003-2005.

Koh, W. J., Kang, Y. R., Jeon, K., Jung Kwon, O., Lyu, J., Kim, W. S., & Shim, T. S. (2012).
Daily 300 mg dose of linezolid for multidrug-resistant and extensively drug-resistant

tuberculosis: Updated analysis of 51 patients. Journal of Antimicrobial Chemotherapy, 67(6),
1503-1507. https://doi.org/10.1093/jac/dks078

Migliori, G. B., Eker, B., Richardson, M. D., Sotgiu, G., Zellweger, J. P., Skrahina, A., Ortmann,
J., Girardi, E., Hoffmann, H., Besozzi, G., Bevilacqua, N., Kirsten, D., Centis, R., & Lange,
C. (2009). A retrospective TBNET assessment of linezolid safety, tolerability and efficacy in

multidrug-resistant  tuberculosis. European Respiratory Journal, 34(2), 387-393.
https://doi.org/10.1183/09031936.00009509

101



1JBB

International Journal of Biotechnology and Biomedicine
Vol. 1 Nol; April 2024

Palomino, J. C., & Martin, A. (2014). Drug resistance mechanisms in Mycobacterium tuberculosis.
Antibiotics, 3(3), 317-340. https://doi.org/10.3390/antibiotics3030317

Ramirez-Lapausa M et.al. (2016). Retrospective study of tolerability and efficacy of linezolid in
patients with multidrug-resistant tuberculosis (1998-2014)Estudio retrospectivo sobre la

tolerabilidad y eficacia de linezolid en pacientes con tuberculosis multirresistente (1998—
2014).

Schecter, G. F., Scott, C., True, L., Raftery, A., Flood, J., & Mase, S. (2010). Linezolid in the
treatment of multidrug-resistant tuberculosis. Clinical Infectious Diseases, 50(1), 49-55.
https://doi.org/10.1086/648675

Tang, S.J., Zhang, Q., Zeng, L. H., Sun, H., Gu, J., Hao, X. H., Liu, Y. D., Yao, L., & Xiao, H. P.
(2011). Efficacy and safety of linezolid in the treatment of extensively drug-resistant
tuberculosis.  Japanese  Journal of Infectious  Diseases, 64(6), 509-512.
https://doi.org/10.7883/yoken.64.509

Von Wintersdorff, C. J. H., Penders, J., Van Niekerk, J. M., Mills, N. D., Majumder, S., Van
Alphen, L. B., Savelkoul, P. H. M., & Wolffs, P. F. G. (2016). Dissemination of antimicrobial

resistance in microbial ecosystems through horizontal gene transfer. Frontiers in
Microbiology, 7(FEB), 1-10. https://doi.org/10.3389/fmicb.2016.00173

World Health Organization, (WHO). (2020a). Consolidated Guidelines on Drug-Resistant
Tuberculosis. In Who.

World Health Organization, (WHO). (2020b). Global Tuberculosis Report 2020.

102



