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ABSTRACT 

Multidrug-resistant tuberculosis (MDR-TB) is the resistance of Mycobacterium tuberculosis 

to at least two tuberculosis (TB) drugs, rifampicin and isoniazid. The disease requires a long 

treatment duration with several second-line drugs. This leads to a globally low success rate 
of approximately 56% for MDR-TB treatment.  Studies have reported that adverse drug 

reactions (ADRs) contribute to high rates of non-compliance, treatment discontinuation, and 

failure. This narrative review aimed to provide information about MDR-TB treatment 
modalities, various ADRs, challenges encountered in MDR-TB treatment, and instances of 

ADRs that can impact treatment success. This narrative review study was conducted by 

searching for scientific information from the primary electronic databases PubMed and 

Google Scholar, covering 2012-2022. Based on the literature search results, 14 studies were 
identified, demonstrating challenges in TB and MDR-TB treatment, along with 6 ADRs that 

can influence treatment success in MDR-TB patients. ADRs during MDR-TB treatment can 

affect patients’ physical, mental, and social well-being as well as their beliefs and behaviors 
related to treatment. Comprehensive support from families, communities, and healthcare 

providers is essential to assist patients in addressing treatment challenges and adverse ADRs. 

Rapid identification and strategies for monitoring and managing treatment challenges and 
ADRs can improve compliance and success of MDR-TB treatment. 

Keywords: Adverse Drug Reactions, Drug Side Effects, Multi Drug-Resistant Tuberculosis 
(MDR-TB), Treatment Success 

INTRODUCTION 

Multiple-drug resistant tuberculosis (MDR-TB) is a disease caused by Mycobacterium 
tuberculosis strains of bacteria that are resistant to at least two anti-tuberculosis drugs, 

isoniazid and rifampicin. According to World Health Organization (WHO) data in 2021, the 

number of people diagnosed with TB globally has increased to 10.6 million cases. Cases that 
have been reported and undergoing treatment are 6.4 million (60.3%) people and cases that 

have not been reported and discovered/diagnosed are 4.2 million (39.7%) (WHO, 2022). 

The distribution of MDR-TB cases in developing countries makes it challenging to 

control and successfully eradicate TB. Despite all the efforts made by the WHO 
worldwide, the success rate of MDR-TB treatment remains low. The WHO targets the 

treatment success rate for MDR-TB patients to reach at least 80%; however, the latest 
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data show that the treatment success rate is currently approximately 59% (Baluku et al., 

2021; Yang et al., 2017).  
MDR-TB risk factors include human immunodeficiency virus (HIV) infection, low 

socioeconomic status, poverty, alcoholism, homelessness, crowded living conditions, and 

diseases that damage the immune system. Ineffective anti-TB drugs can prolong and worsen 

the disease and increase mortality, the spread of the disease, and the likelihood of developing 
resistance to treatment. These consequences significantly influence the financial impact on 

individuals and the healthcare system (Tola et al., 2015). 

Based on WHO policy, there are currently several treatment regimens used for MDR-
TB patients, namely BpaLM and BpaL regimens for 6 months, short-term regimens (STR) 

for 9−11 months, and individual long-term regimens (LTR) for 18–24 months. The MDR-

TB treatment regimen is expensive, prolonged, and complex, and tends to cause unwanted 

drug reactions (ADRs). ADRs play an important role in treatment discontinuation, resulting 
in a high rate of treatment failure and non-adherence to treatment (Pradipta et al., 2018). A 

high rate of treatment failure has the potential to increase MDR-TB transmission in the 

community (Khan et al., 2022).  
Indonesia is one of the countries with a high TB burden. One study in Indonesia stated 

that medication non-adherence is a complex picture of the patient's personality and attitudes, 

as well as the ability of health services, especially in Indonesia, where the quality of health 
services is not evenly distributed. Patients who come from outside the city may have 

additional indirect health costs, such as transportation and accommodation costs. Patients 

living in rural areas are also more likely to have a delayed diagnosis and treatment. Poverty, 

lack of access to health services, low education, and the absence of a support system (e.g., 
family) can delay patients from undergoing further treatment, thereby causing treatment 

failure. The stigma experienced by society can also result in loss of motivation (Soeroto et 

al., 2022). 
Comprehensive management of MDR-TB that involves a multidisciplinary approach 

is very important. Some of them include providing financial support to patients so that they 

can undergo treatment to completion. The impact of MDR-TB treatment can be classified 
into three categories: costs associated with medical expenses (such as drug costs, 

examinations, doctor, and nurse services), direct nonmedical costs (including transportation 

to the hospital, food, and drink), and indirect costs (such as loss of income). ADRs from 

drugs used by MDR-TB patients include nausea, vomiting, hyperuricemia, allergies, fever, 
and many other effects. Treatment and ADRs problems experienced by MDR-TB patients 

require comprehensive identification of problems that will affect the success of treatment 

(Nimah et al., 2023).  
Several national TB programs have attempted to increase the treatment success. Some 

of them include providing financial support to patients so that they can undergo treatment to 

completion. Treatment and ADRs problems experienced by MDR-TB patients require 

comprehensive identification of the problems that will affect the success of treatment.  
ADRs have also been identified as contributing to patient noncompliance, resulting in 

poor treatment outcomes. Noncompliance with tuberculosis treatment can lead to prolonged 

transmission time, recurrence, emergence of drug resistance, and increased morbidity and 
mortality. The ADRs experienced by patients with MDR-TB are mostly mild or moderate 

and can be treated with additional treatment. In some cases, ADRs disappear with time and 

the patient tries to tolerate them until the effects subside (Khan et al., 2022). ADRs are 
potentially life-threatening and require temporary discontinuation of the offending drug or 

dose modification or drug change. 
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Based on this description, it is necessary to understand the problems associated with 

ADRs in the success of MDR-TB treatment. Therefore, this study aimed to describe the 
types of MDR-TB treatment, problems with MDR-TB treatment types, and the incidence of 

ADRs, which can influence the success of treatment in MDR-TB patients. This narrative 

review study aims to provide scientific information on MDR-TB treatment problems and 

ADRs events in MDR-TB patients as an important modality in patient-centered care to 
increase compliance and success of MDR-TB treatment. 

RESEARCH METHODS 
A literature search was conducted using the electronic databases PubMed and Google 

Scholar, covering the period from 2012 to 2022. In the article search process, the keywords 

used were "adverse drug reactions,” "multidrug-resistant tuberculosis,” "adherence,” 
"medication compliance,” and "barriers.” The inclusion criteria were data from MDR-TB 

research articles on selected adult patients. A study was conducted on the type of MDR-TB 

treatment, ADRs, MDR-TB treatment problems, and ADRs events that could influence the 

success of treatment in MDR-TB patients. The exclusion criterion for the study was research 
article data with a period earlier than 2012. 

RESULTS AND DISCUSSION  

Types of Treatment for MultiDrug-Resistant Tuberculosis (MDR-TB) 

A high incidence of MDR-TB is a health problem currently being faced. Drug 

resistance can be caused by incorrect management of TB treatment, the use of antimicrobial 
drugs and inappropriate formulations, non-compliance with treatment, and early 

discontinuation of treatment. Resistance of M. tuberculosis bacteria to anti-tuberculosis 

drugs (OAT) is a condition where the bacteria are so resistant that they can no longer be 

killed by anti-tuberculosis drugs. Drug resistance in TB is caused by several factors, 
including health workers, inappropriate diagnosis and treatment, inadequate treatment 

duration, and inadequate patient education. Patients can also develop drug resistance by not 

following health recommendations, irregularly taking medication, prematurely discontinuing 
treatment, and experiencing impaired drug absorption. The drug resistance factor is also 

caused by tuberculosis control programs, namely insufficient drug supplies and the low 

quality of anti-tuberculosis drugs provided (Kemenkes, 2020). The cure rate for drug-

resistant tuberculosis is much lower than that for drug-sensitive tuberculosis. Additionally, 
MDR-TB treatment is more expensive, and many patients experience side effects during 

treatment (Soeroto et al., 2022). Table I and Table II present treatment recommendations for 

MDR-TB and TB RR as well as the grouping of drugs in determining the treatment mix for 
MDR-TB patients based on the criteria and condition of the patient.  

Table I. Short-Term and Long-Term Treatment Recommendations for MDR-TB and 
TB-RR (WHO, 2020) 

Regimen Composition  Duration          Monitoring 

 

 

 
 

 

 
Short Term MDR-TB 

4–6 Bdq (6m)-Lfx/Mfx-Cfz-

Z-E-Hh-Eto/5 Lfx/Mfx-Cfz-Z-

E 
Initial phase: 4–6 Bdq (6m)-

Lfx/Mfx-Cfz-Z-E-Hh-Eto 

Continuation phase: 5 
Lfx/Mfx-Cfz-Z-E 

(Ethionamide variation) 

9–11 Response to treatment 

was monitored by 

monthly sputum 
microscopy and culture 

and routine clinical 

assessment of signs and 
symptoms of disease 

4–6Bdq(6m)-Lzd(2m)-

Lfx/Mfx-Cfz-Z-E-Hh/5 
Lfx/Mfx-Cfz-Z-E  

Initial phase: 4–6 Bdq (6m)- 

Lzd(2m)-Lfx/Mfx-Cfz-Z-E-

9–11 Linezolid is only given 

for the first 2 months of 
treatment. Clinical and 

hematological 

monitoring is essential 
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Hh 

Continuation phase: 5 

Lfx/Mfx-Cfz-Z-E (linezolid 
variation) 

 

for early detection of 

linezolid-related side 

effects, especially 
hematological events 

(sudden or significant 

decrease in 
hemoglobin, 

neutrophils, or 

platelets). 

Long term MDR-TB Starting with 5 drugs from 
Group A/B/C, continue with 

3-4 drugs after Bdq is stopped 

18–24 * Monthly sputum 
microscopic 

examination, sputum 

culture test results, 
clinical response to 

treatment 

Information: Bdq: Bedaquilin, Am: Amikacin, In: Delamanid, Mfx: Moxifloxacin, Cfz: 

Clofazimine, Eto: Ethionamide, Z: Pyrazinamide, E: Ethambutol, Hh: isoniazid high dose, 
TB: tuberculosis, HIV: human immunodeficiency virus, Lzd: linezolid. * Children with non-

severe disease can be treated for 9–12 months, while children with severe disease require 

12–18 months. ** Bdq and Dlm can be considered for use beyond 6 months. 

Table II. Grouping of Drugs Recommended in The Long-Term Regimen MDR-TB 
(WHO, 2020) 

Treatment Group Type of Medicine 
Drug 

Abbreviation 

Group A 
Select all (three) drugs 

Levofloxacin/Moxifloxacin 
Bedaquiline 

Linezolid 

Lfx/Mfx 
Bdq 

Lzd 

Group B 

Select all (two) drugs 

Clofazimine 

Cycloserine or 
Terizidone 

Cfz 

Cs 
Trd 

Group C 

If the number of drugs from groups 

A+B is not sufficient for 5 types of 
drugs, then add 1 or more drugs from 

group C to complete the treatment 

mix 

Ethambutol 

Delamanid 

Pyrazinamide 
Imipenem–Cilastatin 

Meropenem 

Amikacin or 
Streptomycin 

Ethionamide or 

Prothionamide 
p-aminosalicylic acid 

E 

Dlm 

Z 
Ipm-Cln 

Mpm 

Amk 
S 

Eto 

Pto 
PAS 

 

Short-term treatment regimens (STR) with a duration of Bdq 9−11 months (used for 6 

months), levofloxacin/moxifloxacin, ethionamide, ethambutol, isoniazid high-dose, 
pyrazinamide, and clofazimine for 4 months (possibly extended to 6 months if the patient 

remained BTA positive at the end of 4 months), followed by 5 months of treatment with 

levofloxacin, moxifloxacin, clofazimine, ethambutol, and pyrazinamide. Ethionamide can be 
replaced within 2 months with linezolid (600 mg daily) (Tack et al., 2021). 
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Long-term treatment regimens of 18–24 months consisted of a Group A agent (Bdq, 

levofloxacin/moxifloxacin, and Lzd) and at least one Group B agent (cycloserine and Cfz). 
This choice of regimen was made to ensure that at least four TB agents were likely to be 

effective, and that at least three agents were included for the remainder of the treatment if 

Bdq was discontinued. Group B agents must be included if only one or two Group A agents 

are used. If these two regimens are not effective, then Group C agents (ethambutol, 
delamanid, pyrazinamide, imipenem-cilastatin, meropenem, amikacin (or streptomycin), 

ethionamide or prothionamide, and p-aminosalicylic acid) are used to complete MDR-TB 

treatment (WHO, 2020).  
Based on the WHO policy, there is currently one regimen that can be used in addition 

to the short-term and long-term regimens in MDR-TB patients. The latest WHO 

recommendations suggest the use of a 6 month duration BPaLM and BPaL treatment 

regimen consisting of 100 mg bedaquiline, 200 mg pretomanid, 600 mg linezolid, and 400 
mg moxifloxacin, rather than a 9 month or more regimen (18 months) in MDR-TB patients 

(WHO, 2022). Key factors determining the choice of treatment regimen include drug 

resistance profile, previous exposure to TB drugs, patient history, drug resistance profile of 
close contacts, patient age, extent of pulmonary TB disease, and localization of 

extrapulmonary TB lesions (WHO, 2022). Health workers must ensure that patients with 

confirmed MDR-TB can access treatment according to standards and quality quickly and 

precisely as an important strategy in the treatment of MDR-TB patients (WHO, 2020).  

BPaL Regimen (Bedaquiline, Pretomanid and Linezolid, and Moxifloxacin) 

A treatment regimen lasting 6–9 months, consisting of bedaquiline (Bdq), pretomanid 

(Pa), linezolid (Lzd), and moxifloxacin, can be used in MDR-TB patients with 
fluoroquinolone-resistant TB, who have never been previously exposed to bedaquiline and 

linezolid, pretomanid, or delamanid for more than 1 month. All components of the BpaLM 

regimen have bactericidal activity, making them effective mycobacterial drugs when used in 
combination. Bedaquiline, a diarylquinoline that inhibits the synthesis of adenosine 

triphosphate (ATP), is a nitroimidazole that inhibits cell wall biosynthesis; linezolid is an 

oxazolidinone that inhibits protein synthesis; and moxifloxacin is a fluoroquinolone that 
inhibits mycobacterial topoisomerase (WHO, 2022). 

Dosage modifications with bedaquiline, moxifloxacin, and pretomanid were not 

permitted. Therefore, it is preferable to continue linezolid at a full dose for the entire 

duration. The linezolid dose may be reduced to 300 mg or discontinued (and restarted if 
possible) if there is significant toxicity (depending on the severity of the specific side effect 

or serious side effects) associated with linezolid, including optic neuritis, peripheral 

neuropathy, or myelosuppression (WHO, 2022). Figure 1 and Table III present the latest 
treatment recommendations for MDR-TB and RR-TB, as well as the drug doses for the 

BpaLM and BpaL regimens based on various criteria and patient conditions.  

 

 

 

 
Figure 1. Recommended treatment regimen for BPaLM (WHO, 2022) 

Table III. Drug Dosage for Adults and Adolescents (Aged 14 Years) for The BPaLM 

Regimen (WHO, 2022) 

Drug Dose 

 

 

Bedaquiline (Bdq) 100 mg tablets 

 

400 mg (1x4 tablets) every day for the first two (2) 

weeks; 

continued 200 mg (1x2 tablets), 3x a week for 24 
weeks thereafter or 

200 mg daily for 8 weeks, then 100 mg 

Pretomanid (Pa) 200 mg tablets 200 mg (1 x 1 tablet) every day 

BPaLM regimen: 6–9 Bdq- Pa-Lzd-Mfx 
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Linezolid (Lzd) 600 mg tablets 600 mg (1x 1 tablet) every day  

Moxifloxacin (Mfx) 400 mg tablets 400 mg (1x 1 tablet) every day  

 

 

 

 

 

 

 

BPaL Regimen (Bedaquiline, Pretomanid, and Linezolid) 
The BPaL regimen may be prescribed for patients resistant to fluoroquinolones. In 

cases of possible fluoroquinolone resistance (e.g., history of fluoroquinolone use >4 weeks 

or close contact with a person infected with a fluoroquinolone-resistant strain), it is best to 
use the BPaLM regimen until a DST for a fluoroquinolone is available to decide whether 

moxifloxacin should be continued. If DST results are delayed, BPaLM can be initiated, and 

moxifloxacin can be discontinued from the regimen once fluoroquinolone resistance is 

confirmed. The BPaL regimen used the same doses of pretomanid, bedaquiline, and linezolid 
as the BPaLM regimen. If fluoroquinolone resistance is acquired while a person is on a 

BPaLM regimen, moxifloxacin can be omitted and BPaL should be continued in the absence 

of evidence of acquired resistance to other drugs, as there is no additional benefit to 
continuing an ineffective drug that may be toxic. If resistance to bedaquiline, linezolid, or 

pretomanid is confirmed or suspected, treatment is considered a failure, and the individual 

should be referred to a longer individualized regimen (WHO, 2022).  

Types of Adverse Drug Reactions in MDR-TB Treatment 
Adverse drug reactions (ADRs) are defined as “an undesirable and dangerous reaction 

occurring at normal doses used for prophylaxis, diagnosis, therapy of a disease, and 

improvement of the physiological system (Sant´Anna et al., 2022). Management of MDR-TB 
using the LTR regimen is almost always associated with higher rates of ADRs, and requires 

effective and timely management of ADRs. ADRs can hinder therapeutic success by causing 

non-compliance among patients with MDR-TB. ADRs are classified as minor reactions that 
do not result in immediate modification of the standard treatment regimen, and major 

reactions that result in a change or even discontinuation of the treatment regimen. ADRs in 

MDR-TB patients can occur in minor and major categories (clinically more severe), resulting 

in increased morbidity and a longer duration of treatment (Baluku et al., 2021).  
A study reported that approximately 64% of MDR-TB patients experienced ADRs, 

and most cases were manageable with doctor intervention, preventing permanent regimen 

discontinuation (Atif et al., 2022). Two studies from Pakistan reported that 72.3−77% of 
patients with MDR-TB experienced at least one side effect during treatment (Nafees et al., 

2016; Javaid et al., 2018). Several countries have reported a low frequency of ADRs, 

including India (46.9 %) (Prasad et al., 2016), Ethiopia (51 %) (Merid et al., 2019), and 
Nigeria (44 %) (Avong et al., 2015). The rate of frequency of ADRs resulting in differences 

is due to differences in health system and patient factors, the ability of physicians to detect 

ADRs, attitudes and practices of health workers regarding ADRs, patterns of drug use, 

variations in dosing regimens of antituberculosis drugs, and timely administration of 
antituberculosis drugs and additional drugs to reduce adverse drug reactions (Atif et al., 

2022). 

The most significant ADRs occurring in the majority of patients was psychiatric 
disorders (depression, 33%; psychosis, 7.3%). Other ADRs were musculoskeletal pain 

(arthralgia = 27.4%), dyspnea, peripheral neuropathy, headache, dizziness and vertigo, rash, 

pruritus, and visual disturbances, although this was rare (Atif et al., 2022). Treatment 

outcomes in patients who reported ADRs tended to be better than those in patients with 
MDR-TB who did not report ADRs. A possible cause is that when a patient experiences 

ADRs, the patient is given more intensive care and supervision so that adverse events 
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experienced by the patient can be prevented. Pharmacist-led patient-centered care is 

necessary because pharmacists have the skills to provide effective counseling and 
information regarding MDR-TB treatment and management of ADRs (Atif et al., 2022).  

ADRs management strategies vary based on patient needs, including 

nonpharmacological and pharmacological interventions. Non-pharmacological interventions 

include counseling, whereas pharmacological interventions include adding symptomatic 
treatment, reducing the dose, or temporarily stopping the drug that causes ADRs. In the 

initial stage of MDR-TB treatment, the patient will be examined for symptoms that have 

occurred previously. All patients were evaluated monthly by doctors and psychologists. 
Patients who do not report their ADRs symptoms will be identified for evaluation based on 

the doctor's assessment, laboratory results, and/or the patient self-reporting the symptoms 

they are experiencing. Experience with and knowledge of ADRs are necessary to identify 

ADRs and provide appropriate care to patients (Nafees et al., 2016). Table IV shows the 
identification of ADRs during MDR-TB treatment. 

 

Table IV. Types of Adverse Drug Reactions when Using MDR-TB Drugs (Nafees et al., 
2016; Akshata et al., 2015; Atif et al., 2022; Zhang et al., 2017) 

Adverse Drug 

Reactions 
Signs and Symptoms 

Hepatotoxicity  Increased serum transaminases more than 3 times the upper limit 
of normal with symptoms; 

increased serum bilirubin more than 2 times the upper limit of 

normal with symptoms; 
increased serum transaminase or serum bilirubin more than 5 

times the upper limit of normal with or without symptom  

Nephrotoxicity  Symptoms of hyperkalemia and an increase in at least one serum 

creatinine value greater than 1.3 mg/dL 

Ototoxicity Tinnitus, hearing loss confirmed by physical examination or 

audiometry, presence of imbalance, persistent ringing in the ears 

based on patient report  

Peripheral neuropathy Numbness, weakness, tingling, burning/pain in the extremities 
as diagnosed by a doctor or electromyography 

Central nervous system 

disorders 

Headache, dizziness, and seizure activity as reported by the 

patient or witness and documented by the physician 

Psychiatric disorders Presence of depression, anxiety, psychosis, suicidality, 
nightmares, and seizures as diagnosed by a doctor 

Dermatological disorders Skin changes include rash, itching, bronzing, black 

pigmentation, and photosensitivity reactions as reported by the 
patient and documented by the physician 

Arthralgia Pain in the joints as reported by the patient and documented by 

the doctor with or without the presence of arthritis and an 

increase in uric acid >7 mg/dL* 

Gastrointestinal 

disorders 

Presence of nausea, vomiting, anorexia, abdominal pain, 

diarrhea, epigastric discomfort, hematemesis, melena, positive 

endoscopic findings, as reported by the patient and documented 

by the physician 

Hypothyroidism At least one serum thyroid-stimulating hormone measurement is 

greater than the upper limit of normal, as documented by a 

physician 

Hypokalemia Weakness and fatigue, at least one serum potassium value < 3.5 
mmol/L, as reported by the patient and documented by the 

physician 

Fever Fever fluctuates with a high temperature of 37,2 C in the 
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Adverse Drug 

Reactions 
Signs and Symptoms 

afternoon and evening accompanied by sweat 

Dyspnea Respiratory frequency increases if damage to the lung 

parenchyma is widespread or accompanied by pleural effusion, 

pneumothorax, anemia, and others. 

Hematological disorders Decrease in the number of hemoglobin, leukocytes, or platelets 
to less than the lower limit of normal 

*Normal range: SGOT= 5−40 IU/L; SGPT = 7−56 IU/L; total bilirubin = up to 1 mg/dL; 

serum creatinine = 0,6−1,3 mg/dL; uric acid = 2.5–7 mg/dL. 

 
To prevent and manage ADRs, it is crucial to identify drugs responsible for these 

reactions. ADRs that occurred during MDR-TB treatment had at least one unannounced and 

unreported event due to a minor or low-frequency reaction (Valadares et al., 2020) Table V 

presents an explanation of ADRs and drugs suspected of causing ADRs.  

Table V. Adverse Drug Reactions Leading to Permanent Discontinuation of The Drug 

in The Treatment of Patients with MDR-TB (Lan et al., 2021) 

Drug Incident Frequency of Adverse Drug Reactions 

Levofloxacin 1.3% Musculoskeletal (64%), peripheral neuropathy (14%), 

rash (14%) 

Clofazimine 1.6% Hyperpigmentation (42%), cardiovascular (33%), rash 

(17%), gastrointestinal (8%) 

Bedaquiline 1.7% Cardiovascular (56%), hepatotoxicity (22%), CNS 

Toxicity (11%), musculoskeletal (11%) 

Ethambutol 1.8% Visual disturbances (70%), gastrointestinal (17%), 

musculoskeletal (3%), rash (3%) 

Moxifloxacin 2.9% Cardiovascular (21%), hepatotoxicity (17%), 

gastrointestinal (13%), peripheral neuropathy (13%), 
musculoskeletal (8%) 

Imipenem, 

Meropenem 

4.9% Hepatotoxicity (50%), rash (17%), fatigue (17%) 

Pyrazinamide 5.1% Musculoskeletal (33%), gastrointestinal (23%), 

hepatotoxicity (20%), rash (13%), hyperuricemia (6%) 

Cycloserine, 

Terizidone 

5.7% Psychiatric (66%), CNS toxicity (25%), 

gastrointestinal (4%) 

Ethionamide, 

Prothionamide 

6.5% Gastrointestinal (48%), hepatotoxicity (22%), 

psychiatry (6%), gynecomastia (5%), musculoskeletal 

(5%) 

Kanamycin 7.5% Ototoxicity (75%), musculoskeletal (5%), CNS 
toxicity (4%), gastrointestinal (4%), hypotension (4%) 

Capreomycin 8.2% Nephrotoxicity (51%), ototoxicity (17%), rash (11%), 

gastrointestinal (7%), hypotension (3%) 

Amikacin 10.2% Ototoxicity (87%), nephrotoxicity (10%) 

Para-aminosalicylic 

acid 

11.6% Gastrointestinal (79%), hypothyroidism (5%), 

hepatotoxicity (4%), rash (4%), nephrotoxicity (3%) 

Linezolid 14.1% Peripheral neuropathy (64%), myelosuppression 

(22%), optic neuritis (5%) 

 

The incidence of ADRs for MDR-TB treatment in Indonesia according to Minister of 

Health Regulation Number 67 is as follows: peripheral neuropathy (peripheral nerve 

disorders), toxic psychosis, liver disorders, seizures and digestive tract disorders, liver 
function disorders, anemia, gouty arthritis, vision problems (Dinkes Surabaya, 2017).  
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Meanwhile, according to the type of Drug-Resistant TB, the 2020 Ministry of Health 

Technical Guidelines, ADRs that may occur include teratogenicity, heart problems, 
peripheral neuropathy, hearing loss, depression, hypothyroidism, sleep disorders, digestive 

disorders, liver, functional disorders, kidney function disorders, optic neuritis, arthralgia 

arthritis, skin discoloration, tendinopathy, tendon rupture, hematological disorders, lactic 

acidosis, seizures, vestibular disorders (Kemkes, 2020).  
A study in Indonesia found that 281 patients experienced ADRs (79.2%), 33.2% 

experienced drug withdrawal, and 74 patients (20.84%) experienced side effects and drug 

withdrawal. Common ADRs reported by patients undergoing treatment include nausea, 
dizziness, hearing loss, blurred vision, vomiting and hallucinations. (Windiyaningsih et al., 

2021). The second study in Indonesia found that of the total characteristics of ADRs that 

occurred, 83 cases, the majority of ADRs that occurred were hyperuricemia (52.5%), 

gastrointestinal (GI) disorders (40%), ototoxicity (37.5%), and hypokalemia (27.5%). The 
less frequently reported ADRs were arthralgia (12.5%), rash (12.5%), headache (10%), 

psychiatric disorders (7.5%), visual disturbances (5%), and nephrotoxicity (2.5%). 

Management of ADRs plays a very important role, requiring all professional health workers, 
especially in the TB department, to be aware of the adverse effects of ADRs that can be life-

threatening, such as hypokalemia and nephrotoxicity. ADRs are one of the most important 

factors causing MDR-TB patient dropout (Nilamsari et al., 2021).  

MDR-TB Treatment Problems 

ADRs play a significant role in treatment noncompliance, affecting the success of 

MDR-TB treatment. Patients with ADRs may undergo symptomatic treatment, necessitating 

adjustments to the MDR-TB treatment regimen. Most patients undergo dose reduction, 
changes in drug administration, or temporary discontinuation of the causative drug or 

treatment (Zhang et al., 2017). Apart from the impact of ADRs on MDR-TB treatment, other 

problems have been found, such as financial problems, health care, treatment burden 
(including the number of drugs taken), social problems, and lifestyle changes (Ridgeway et 

al., 2014). Prolonged duration of MDR-TB treatment significantly affects the lives of 

patients. Problems during MDR-TB treatment may lead to boredom, depression, a lack of 
self-confidence, and self-acceptance issues among patients. These problems may persist from 

the onset of treatment until completion. Effective management of ADRs in MDR-TB 

patients is crucial for enhancing treatment success and minimizing the impact on their daily 

lives (Ting et al., 2020).   
ADRs during MDR-TB treatment significantly impact the daily routines of patients, 

hindering socialization and causing physical and psychological burden. The influence of 

ADRs and perceptions on physiological problems is noteworthy, especially considering the 
potential psychiatric effects of treatments, such as high-dose isoniazid, ethambutol, 

fluoroquinolones, and cycloserine. Patient knowledge plays a crucial role in managing 

physiological problems, excluding ADRs (Pradipta et al., 2021). 

In Indonesia, the majority of MDR-TB patients have a history of TB treatment. MDR-
TB treatment involves the use of second-line OAT, although more complex, and is 

associated with more severe side effects than first-line OAT, contributing to a higher dropout 

rate (Farihatun et al., 2018). A research study in Indonesia indicated a 91.1% compliance rate 
influenced by patient-related factors, condition-related factors, and treatment-related factors, 

including ADRs, socio-economic factors, and health service system factors (Yani et al., 

2022).  
Another tuberculosis study in Bengkulu, Indonesia, found that problems in TB 

treatment were directly and positively influenced by factors such as age, gender, education, 

income, knowledge, the role of the medication supervisor, drug accessibility, and family 

support. These factors have a direct and beneficial impact on adherence to anti-TB treatment. 
Conversely, the presence of drug side effects, long distances to the nearest health facility, 

and work commitments have negative effects (Hamidi et al., 2019). Qualitative research in 

Surabaya also identified problems in MDR-TB treatment related to the outcomes of 
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interactions between healthcare providers and patients, shortage of human resources, and 

inadequate health service facilities. Patient satisfaction with health services has emerged as a 
crucial factor for MDR-TB treatment. The role of health workers in comprehending patients' 

challenges is vital to enhancing patient satisfaction in delivering health services, particularly 

concerning ADRs (Nimah et al., 2023). 

In urban areas of Indonesia, significant declines and delays in the MDR-TB service 
chain have been identified. Only 57% of the patients who initiated treatment successfully 

completed it, aligning with the global MDR-TB treatment success rate of 59%. ADRs lack 

financial and/or social support, initial comorbidities with increased pill counts, early 
discontinuation of treatment after symptoms disappear, long distance to health facilities, and 

other factors that may impede the success of MDR treatment (Lestari et al., 2023).  

However, the success rate of TB treatment in Indonesia has not yet met the national 

target. Of the 90% target, treatment success is projected to reach 73% by 2021. A qualitative 
study conducted in Indonesia revealed several factual problems faced by patients with TB in 

Indonesia, leading to treatment failure. The three factors that influence TB treatment failure 

in Indonesia are Socio-Demographic and Economic Factors, Understanding and Perception 
Factors, and TB Treatment Effect Factors. Full support is essential for successful recovery 

from disease (Pradipta et al., 2021).  

Several studies have shown that ADRs are one of the reasons for problems in TB 
treatment and MDR-TB. MDR-TB patients reported discontinuing treatment due to ADRs, 

while others did not receive information about ADRs or what to do about them. In some 

cases, patients received no communication from providers regarding the ADRs. Other 

research has also shown that health workers do not pay attention when patients report ADRs. 
The research studies in Table VI summarize the problems of TB treatment and MDR-TB. In 

this study summary, 14 studies were identified, highlighting problems with TB and MDR-TB 

treatment conducted in various regions between 2012 and 2022. The factors causing 

problems in MDR-TB treatment are shown in Figure 2. 

Table VI. Research Study on TB Treatment Problems and MDR-TB 

Researcher Region 
Study 

Design 

Total 

Subject 
Population 

TB and MDR-TB 

Treatment Problems 

(Woimo et 

al., 2017) 

Ethiopia Cross-

sectional 

study 

261 Active TB 

patient 

1. Insufficient knowledge 

about TB and its 

treatment 
2. Health information at 

each medication refill 

visit 

3. Long distance from 
health facilities (more 

than 10 km) 

4. Transportation costs 
5. Cost of drugs other than 

anti-TB 

(Gugssa 

Boru et al., 
2017) 

Ethiopia Qualitative 

study 

22 Active TB 

patient 

1. Lack of adequate food 

2. Poor communication 
between healthcare 

providers and patients  

3. Belief in traditional 
medicine 

4. Unavailability of nearby 

health services 

5. Adverse drug reactions 
6. Pill Burden  

7. Stigma 
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Researcher Region 
Study 

Design 

Total 

Subject 
Population 

TB and MDR-TB 

Treatment Problems 

8. Discrimination 

(Ayele et al., 

2017) 

Amhara Cross-

sectional 

study 

154 Latent TB-

HIV 

patients 

1. Lack of information 

about isoniazid 

preventive therapy 

(IPT) 
2. Adverse drug reactions 

(Daksa et al., 

2016) 
 

Oromia Cross-

sectional 
study 

67 Active TB 

patient 

1. Lack of family support 

2. Health facilities are far 
away 

3. Adverse drug reactions 

4. Feel better 

5. Level of education, 
6. HIV positive 

(van den Hof 

et al., 2016) 

Ethiopia, 

Indonesia, 
and 

Kazakhsta

n 

Cross-

sectional 
study 

406 TB Patients 

and MDR-
TB Patients 

1. High socio-economic 

impact  
2. Job Loss due to MDR-

TB treatment 

(Sanchez-

Padilla et al., 

2014) 

Armenia  Cohort and 

qualitative 

retrospective 
studies 

381 MDR-TB 

patients 

1. Adverse drug reactions 

2. Poor patient response 

Respon  
3. Ineffective treatment 

4. Less specific 

information 

5. Duration of treatment 
6. Social problem 

(Gualano et 

al., 2019) 

Italy Retrospecti

ve cohort 
study 

74 MDR-TB 

patients 

1. Adverse drug reactions  

2. Patient education about 
drug side effects  

(Santos et al., 

2021) 

Brazil  Qualitative 

study 

7 MDR-TB 

patients 

1. The impact of social 

determinant  

2. Barriers to accessing 
services  

3. Adverse Drug Reactions 

(Deshmukh 

et al., 2015) 

India  Qualitative 

study 

20 MDR-TB 

patients 

1. Adverse Drug Reactions  

2. Lack of provider 
support 

3. Social support 

4. Economic support 
5. Pill burden  

6. Motivational counseling 

7. Social stigma 
8. Treatment service time  

(Bhering et 

al., 2021) 

Portugal  Qualitative 

study 

8 MDR-TB 

patients 

1. Depression 

2. Social discrimination 

3. Adverse Drug Reactions 
4. Emotional support 

5. Treatment monitoring  
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Researcher Region 
Study 

Design 

Total 

Subject 
Population 

TB and MDR-TB 

Treatment Problems 

(Mpagama et 
al., 2020) 

Tanzania  Qualitative 
study 

40 MDR-TB 
patients 

1. Different patients 
understanding of MDR- 

TB 

2. Socioeconomic 
difficulties 

3. Availability of MDR-

TB diagnostic center 

4. Lack of knowledge of 
health care providers  

(Gebreweld 

et al., 2018) 

Asmara Qualitative 

study 

12 Active TB 

patient 

1. Lack of patient 

knowledge regarding 
TB treatment 

2. Access services  

3. Social support 

4. Stigma 
5. Adverse Drug Reactions   

6. Duration of treatment 

(Schacht et 
al., 2019) 

Manica 
and 

Sofala  

Qualitative 
study 

51 Patients 
with DS-

TB, 

TB/HIV 

and MDR-
TB 

1. Delay in diagnosis 
2. Stigma related to 

diagnosis and treatment 

3. Long wait at the health 

facility  
4. No nutritional support 

5. There is no 

comprehensive 
psychosocial support 

program 

6. Overall lack of 

knowledge about TB or 
resistant TB 

(Nigam et al., 

2021) 

Saharia Qualitative 

study 

16 XDR/MDR

-TB 
patients 

1. Lack of education and 

awareness  
2. Poor living conditions  

3. Lack of health facilities 

4. Poor access to health 

facilities 
5. High pill burden  

6. Drug side effects 

7. Longer duration of 
treatment  

8. Financial burden 
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Figure 2. Chart of MDR-TB treatment problems (Deshmukh et al., 2015; Gugssa Boru et 

al., 2017; Nigam et al., 2021; Sanchez-Padilla et al., 2014; Schacht et al., 2019; Woimo et 
al., 2017) 

ADRs can influence treatment adherence in MDR-TB patients. Frequently reported 

ADRs, such as vomiting, severe headache, vertigo, restlessness, and psychiatric conditions, 
are important reasons for discontinuing treatment (Deshmukh et al., 2015). ADRs can affect 

treatment adherence in patients with MDR-TB Commonly reported symptoms, including 

vomiting, severe headaches, vertigo, restlessness, and psychiatric conditions, are significant 
factors for treatment discontinuation (Morris et al., 2013). Perceived barriers arise when 

patients believe that taking TB drugs requires effort, time, effort, and money owing to ADRs. 

Patients with poor physical health may face more obstacles during the completion of the 
MDR-TB treatment regimen, affecting their lives conceptually, both directly and indirectly 

(Tola et al., 2017).  
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This review also identified another factor associated with non-adherence related to 

adverse drug reactions: the healthcare system. Poor healthcare provider relationships with 
communication gaps, disrespect for patients, and a lack of professional commitment affect 

the success of tuberculosis treatment. The perceived quality of health services and patient 

satisfaction also influence noncompliance with MDR-TB treatment. Patients lacking health 

information/education about treatment and ADRs are more likely to be noncompliant 
(Mpagama et al., 2020).  

The problem of providing better health services and access was also perceived as 

lacking. When patients experience ADRs, those in need of additional medication to alleviate 
the ADR face difficulties due to distant service access, leading them to self-administer 

treatment at home. Healthcare providers should provide access to health services, especially 

ADR issues, and enhance patient education (prior to treatment initiation) regarding the 

potential impact of MDR-TB treatment on their daily lives (Ting et al., 2020).  
ADRs are exacerbated by the large number of drugs used for an extended period 

during MDR-TB treatment, making treatment completion challenging for patients. A large 

amount of medication is a factor in non-adherence to MDR-TB treatment, often associated 
with potential damage to the body and a higher risk of not tolerating medication (Deshmukh 

et al., 2018; Nigam et al., 2021; Ting et al., 2020). The average patient took 10 tablets per 

daily dose. The high number of tablets combined with an unpleasant taste creates difficulties 
for drug administration. The development of strategies for shorter treatment regimens can 

reduce ADRs, thereby enhancing treatment efficacy. Providing health information on MDR-

TB, its treatment, and side effects can contribute to treatment success in patients with MDR-

TB (Deshmukh et al., 2018).  
The impact of ADRs also affects financial burden, including meeting nutritional 

needs, transportation costs, and medical expenses beyond antituberculosis drugs during 

MDR-TB treatment (Morris et al., 2013). Most patients believe that inadequate dietary intake 
is associated with more severe side effects and difficulty in tolerating the drug. Insufficient 

food intake can pose a treatment problem, especially for patients with insufficient income. 

ADRs can affect the success of treatment, leading to patients being unable to work optimally, 
resulting in income loss, and becoming the primary obstacle to treatment (Deshmukh et al., 

2018; Nigam et al., 2021).   

Social stigma and discrimination act as obstacles to completing treatment for MDR-

TB patients. Many patients are unable to engage in social activities because they feel too 
weak to socialize. The effects of ADRs on MDR-TB treatment can make them feel 

embarrassed, they cannot do household work well, and they are isolated from friends and 

family. Psychosocial problems, including real or perceived stigma, hospital anxiety, loss of 
income, and isolation from family and friends, require further monitoring of treatment 

policies and creating the best strategy to increase the success of treatment for MDR-TB 

patients (Oladimeji et al., 2016). 

One reason for discontinuing treatment was that the patient felt cured. Healthcare 
providers must be trained and motivated to provide appropriate counseling before and during 

MDR-TB treatment (Gebreweld et al. 2018). Lack of awareness about MDR-TB and its 

treatment can affect treatment, because lack of awareness often leads patients to stop 
treatment and fail to complete the treatment. 
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The Incidence of ROTD Affects the Success of MDR-TB Treatment 
Extended MDR-TB treatment often leads to ADRs. If these drug reactions are not 

managed optimally, poor treatment outcomes can be achieved. Most ADRs associated with 

this treatment are mild or moderate, and can be effectively addressed with adequate 

supervision and monitoring. MDR-TB patients with comorbidities undergoing treatment may 
experience interactions with anti-TB drugs, necessitating dose modifications or changes. 

Ensuring patient compliance and appropriate handling of side effects and drug interactions 

by health workers is crucial for favorable TB treatment outcomes (Gupta et al., 2020).  The 
summary of research studies in Table VII highlights the incidence of ADRs, which can affect 

the success of MDR-TB treatment. This study identified 6 studies conducted in various 

regions between 2012 and 2022. 

 

Table VII. The Incidence of ROTD Affects the Success of MDR-TB Treatment 

Researcher Region 
Design 

Studies 

Total 

Subject 
Population Adverse Drug Reaction 

(Akshata et 
al., 2015) 

India  Retrospective 
cohort study 

607  MDR-TB 1. Gastritis (71.7%), 
2. Visual impairment 

(0.2%) 

(Dela et al., 
2017) 

Rajkot Retrospective 
study 

147 MDR-TB 1. Gastrointestinal 
(24.5%) 

2. Weakness (21.23%) 

3. Psychological 

(14.38%) 
4. Joint pain (14.38%) 

(Ngoc et al., 

2021) 

Vietnam  Prospective 

cohort study 

659 MDR-TB 1. Gastrointestinal 

(38.5%)  
2. Arthralgia (34.7%) 

3. Psychiatric disorders 

(30.0%) 

4. Nephrotoxicity 
(7.4%) 

5. Hearing loss (15.2%) 

(Wang et 
al., 2019) 

China  Retrospective 
study 

316 MDR-TB 1. Hyperuricemia 
(31.9%), 

2. Hepatotoxicity (26.3 

%) 

3. Kidney damage 
(8.3%) 

4. Psychiatric 

symptoms (4.3%) 

(Massud et 

al., 2022) 

Pakistan Prospective 

observational 

study 

271 MDR-TB 1. Gastrointestinal 

(66.7%) 

2. Nervous system 

disorders (59.4%) 
3. Electrolyte disorders 

(55.7%) 

4. Artralgia (49.1%) 
5. Ototoxicity (24%) 

6. Pruritic reaction/rash 

(12.9%) 
7. Dyspnea (12.5%) 

8. Tinnitus (8.8%) 
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Researcher Region 
Design 

Studies 

Total 

Subject 
Population Adverse Drug Reaction 

(Gualano et 
al., 2019) 

Italy  Retrospective 
cohort study 

74 MDR-TB 1. Gastrointestinal 
(32.8%) 

2. Ototoxicity (11.5%)  

3. Central nervous 
system disorders 

(8.6%) 

4. Liver disorders 

(8.1%) 

 

ADRs are an obstacle to completing treatment and can adversely affect treatment 

outcomes. Documenting, assessing, and managing ADRs are crucial for achieving better 
patient compliance and improving treatment outcomes (Shean et al., 2013). Patient education 

about ADRs and a standardized approach to each clinical evaluation can help complete 

treatment successfully and reduce the risk of severe ADR events. Patients must understand 

MDR-TB treatment and the possibility of ADRs occurring frequently during MDR-TB 
treatment. One of our goals is to promptly address ADR incidents and guide patients on 

appropriate actions where they occur (Gualano et al., 2019).  

Monitoring and managing ADRs, particularly severe ones, are useful for providing 
appropriate clinical decisions and improving patient care. Active pharmacovigilance is an 

effective approach for detecting ADRs during MDR-TB treatment (Ngoc et al., 2021). ADRs 

significantly influenced adherence to MDR-TB treatment. The management of ADRs, along 

with additional treatment costs, plays a crucial role in improving the success rate of MDR-
TB treatments. Treatment outcomes demonstrate a significant improvement in patients who 

experience ADRs (Dela et al., 2017). TB providers prioritize patients with ADRs, increasing 

treatment adherence and the likelihood of positive treatment outcomes. Symptom-based 
ADR management includes adjusting the dose of the causative drug or temporary 

discontinuation if an alternative drug replacement is necessary (Dela et al., 2017). 

The target success rate for MDR-TB treatment in Indonesia in 2021 has not yet 
reached 75%. Health workers involved in the National TB program require experience and 

expertise in finding and contact tracing active cases. They serve as a reference source for 

providing information, knowledge, and support, including technical and logistical support, to 

ensure drug availability to address ADRs in MDR-TB treatment. Electronic treatment 
monitoring, conducted through non-face-to-face methods via video call facilities from 

mobile applications, has proven effective in assisting patients in completing MDR-TB 

treatments (Depkes, 2022).  
One of the results of research in Surakarta, Indonesia, revealed that counseling efforts 

enhance ADR monitoring and increase TB treatment compliance. This provides an 

opportunity for pharmacists to provide beneficial clinical services that leverage pharmacists' 
strengths and guarantee positive therapeutic outcomes for patients. One of the pharmacist's 

services is to provide education about TB drugs. Additional media such as leaflets were used 

to enhance patient compliance. Increasing treatment success requires good cooperation 

between fellow patients, the government, health workers, the community, and the patient's 
family to achieve therapeutic goals (Karuniawati et al., 2019). 

Early detection of side effects during treatment is crucial because the sooner they are 

identified and addressed, the better their prognosis. Health workers should consistently 
monitor the emergence of ADRs and provide treatment as soon as possible. In Indonesia, 

monitoring and managing ADRs are conducted in all MDR-TB health-service facilities. The 

collection and reporting of ADR monitoring data are performed by health workers available 

in all health service facilities using the Tuberculosis Information System (SITB) (Kemkes, 
2020).  
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CONCLUSIONS 

The MDR-TB treatment regimen requires a relatively long duration, necessitating 
daily medication and substantial effort and expense from public health support services to 

ensure treatment adherence. The success of MDR-TB treatment depends on the level of 

treatment compliance: in the event of failure, the risk of treatment failure, relapse, and 

increased drug resistance. There are 3 factors that influence TB treatment failure in 
Indonesia: Socio-Demographic and Economic Factors, Understanding and Perception 

Factors, and TB Treatment Effect Factors. Full support is imperative for successful recovery 

from the disease. 
ADRs are a significant factor influencing treatment compliance, alongside social and 

economic factors, and have a considerable psychological impact on the lives of MDR-TB 

patients. Identifying ADR issues in designing patient-centered care and treatment is expected 

to enhance compliance and treatment success. Nonadherence to treatment for any reason has 
a negative impact on treatment outcomes. The management of ADRs and the additional 

treatment costs to address them are crucial components that need consideration as they affect 

the success rate of MDR-TB treatment. Rapid identification and strategies for monitoring 
and managing ADRs are key to successful treatment outcomes, enabling appropriate clinical 

decisions, and improving the care of MDR-TB patients. 

Monitoring the occurrence of drug side effects during MDR-TB treatment is crucial. 
Therefore, health workers must consistently monitor their side effects. Good and adequate 

management of the side effects is paramount for successful treatment. Clinical pharmacy 

services are offered as additional services to enhance the TB care programs. Treatment 

adherence interventions such as patient education, counseling, patient support (material or 
psychological), and digital technology improve TB treatment outcomes. Drug information or 

patient counseling is the most frequently carried out activity in clinical pharmacy services to 

influence and change patient knowledge about TB, support patient-centered care practices, 
and increase the success of MDR-TB treatment. 
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