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ABSTRACT

Tuberculosis (TB) caused by the pathogenic bacteria Mycobacterium tuberculosis (MTb) remains a highly
prevalent disease, particularly in low and middle-income countries. Due to the bacteria’s atypical cell wall
structure, ability to form granuloma, and capacity to switch between replicating and non-replicating states
in the host lung parenchyma, the fundamental treatment of patients diagnosed with TB involves a 6-month
long daily drug administration. With Indonesia ranking among the nations with the highest TB burden
worldwide, there has been an alarming increase of drug-resistant MTb (DR-MTDb) strains all over the country
in recent years. However, there are currently limited studies available that highlight MTb resistance profiles
across different regions within Indonesia. The major risk factors contributing to the emergence and spread
of TB in Indonesia include health conditions, environmental factors, and socioeconomic status. Furthermore,
short-course therapy, natural compounds found in Indonesia, and drug repurposing can be employed to
combat the further spread of DR-MTb strains across the country, especially in rural regions. Several studies
have studied the potential of natural extracts in treating MTb due to their bioactive components that have
anti-inflammatory and antibacterial properties.
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HIGHLIGHTS

< Mycobacterium tuberculosis infection poses a significant disease burden in low and middle-
income countries such as Indonesia

+» The development of several drug resistant strains of tuberculosis which are unresponsive to both
first- and second-line antituberculosis drugs have been observed in multiple regions of Indonesia

+» There is a significant and unanswered need for alternative of antituberculosis drugs, which may be

answered through the use of natural compounds present in herbal plants endemic to Indonesia,

as well as via drug repurposing

INTRODUCTION

Tuberculosis (TB) is an airborne disease that is caused by the bacillus bacteria, Mycobacterium
tuberculosis (MTb); through the inhalation of nearby aerosol particles. Although it is widely known that TB
cases are synonymous with bacterial infections of lung tissues (pulmonary TB), MTb could also infect other
non-pulmonary body organs such as the brain, bones, muscles, and pleura, resulting in cases of extra-
pulmonary TB (Gopalaswamy et al., 2021). In this review paper, the discussion focuses on pulmonary TB,
hence the term TB hereafter refers to pulmonary TB.
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Up until this time, TB is still one of the deadliest diseases that holds major health, social, and
economic burden around the world, specifically in low and middle-income countries (Delogu et al., 2013).
When an individual’s immune system can inhibit the growth of MTb after inhalation, this may result in the
bacteria turning dormant; causing the condition of latent tuberculosis (Fogel, 2015). Individuals with latent
tuberculosis are in a state of being infected with MTb but they do not show any symptoms and do not
transmit the disease to others; in other words, they are non-infectious. However, some individuals with latent
tuberculosis have the risk of progressing into active tuberculosis (Cruz-Knight & Blake-Gumbs, 2013).

MTb is a successful pathogen that has been causing TB for a long time. It is a rod-like, bacillus obligate
aerobic bacteria that requires oxygen to grow and survive. The virulence factor of MTb is due to the presence
of an atypical cell wall structure that supports strong impermeable barriers towards harmful drugs and
components. According to Delogu et al. (2013), MTb has a cell structure that is similar to gram-negative
bacteria by having an asymmetric lipid bilayer containing mycolic acids on the inner layer and glycolipids and
waxy components on the outer layer. Moreover, between the inner and outer membrane, there is the
presence of thin peptidoglycan that is covalently linked to arabinogalactan and lipoarabinomannan which is
also linked to the mycolic acids.

MTb causes infection in the human body by invading the macrophages, modifying the normal
progression of phagosomes into acidic, hydrolytically active components; concurrently, inhibiting the
activation of immune responses that activate the host cell (Russell, 2001). Following that, the MTb and
infected phagosomes migrate to the lung parenchyma and induce the immune system to form the
granuloma, a state in which the bacteria is reported to enter the logarithmic growth phase (Maison, 2022).
Subsequently, T-helper cells will be activated and give rise to the development of granuloma. The granuloma,
which is a bacterial jail comprised of macrophages and lymphocytes that imprisons MTb (Pai et al., 2016),
imposes a hypoxic environment that may stimulate angiogenesis to the tuberculoma (Krock et al., 2011).

Up until 2019, MTb remained a common infectious agent that causes death from a single pathogen.
It was known that in 2019 alone, 10 million people worldwide are estimated to have developed TB. This has
been a major disease burden in which starting in 1977, the World Health Organization (WHO) published a
Global Tuberculosis report each year. In the report, it was targeted that a reduction in incidence rate by 20%
should be achieved from 2015 until 2020; however, it was disclosed that the reduction was only 9%, with an
annual reduction of only around 2% (Chakaya et al., 2021). According to WHO (2022), Indonesia ranks second
in TB incident cases worldwide in 2021 behind India. Furthermore, Noviyani et al. (2021) mentioned that
there was a rising trend of TB prevalence with age in the Indonesian population, with an estimated
prevalence value of 759.1 per 100,000 population older than 15 years old. In addition, it was found that a
total of around 33,336 cases of TB patients in Indonesia were acquired by children with an incidence rate of
2.52 cases per 1,000 populations by the year 2021 which is similar to the 2019 TB incidence rate in Pekalongan
which reaches 2.21 cases per child population (Irnawati et al., 2022; Kementerian Kesehatan Republik
Indonesia, 2021). It is also worth mentioning that higher TB prevalence was observed in urban areas
compared to rural areas, which may indicate the significance of sociodemographic conditions to TB
prevalence.

The disease burden of TB increases due to the presence of drug-resistant TB (DR-TB); furthermore,
there are various forms of DR-TB, including MDR-TB and XDR-TB. To differentiate between MDR-TB and XDR-
TB, MDR-TB or multidrug-resistant TB is a form of TB that does not respond to isoniazid and rifampicin; while
XDR-TB or extensively drug-resistant TB is an extended form of MDR-TB as it is resistant to both isoniazid and
rifampicin with an additional resistant to any fluoroquinolone and at least one of three injectable second-
line drugs (Sultana et al., 2021). Treating MDR-TB and XDR-TB has a higher complexity compared to normal
TB due to its prolonged treatment period, elevated treatment cost, as well as unexpected complications.
Thus, the presence of both MDR-TB and XDR-TB increases the threat of TB to human health, especially in
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low-income countries (Xi et al., 2022). However, there has not been much study or analysis of DR-TB in
Indonesia.

With the increasing presence of DR-TB, there have been multiple approaches that may become
prospective treatment options as an alternative to available treatments. One option includes natural extracts
obtained from different medicinal plants as there are different biologically active chemicals present in plants
that display powerful antibacterial properties. Historically, numerous plants have been used to treat MTb;
from several reports, the benefits of plant extracts were due to the presence of phytochemicals that helps
prevent bacteria from utilizing multiple drug efflux systems (Mangwani et al., 2020). Nonetheless, there has
not been much study on the effects of natural extracts in treating TB. Considering the aforementioned points,
this paper seeks to provide an overview of the causes of DR-MTb based on Indonesia's current drug therapies,
risk factors, and potential treatment options.

CURRENT TREATMENTS FOR TUBERCULOSIS IN INDONESIA

Based on the Indonesian National Guideline for the Treatment of Tuberculosis (Pedoman Nasional
Pelayanan Kedokteran Tatalaksana Tuberkulosis) (Kementerian Kesehatan Republik Indonesia, 2020), the
treatment period for extrapulmonary TB highly differs from that applied in pulmonary TB, at which it has
been noted that the duration of antituberculosis drug administration can reach up to a minimum of 20
months. This phenomenon occurs due to the distinct infection site that would give rise to separate clinical
symptoms and drug target sites. Thus, as this review focuses on pulmonary TB, this section will strictly
elucidate the treatment plan administered for patients suffering from this lung infection.

First-line drug for tuberculosis

Similar to other countries, in Indonesia, the first line of treatment for tuberculosis include commonly
utilized drugs, such as isoniazid (INH), rifampicin (RIF), ethambutol (EMB), and pyrazinamide (PZA). In patients
infected with drug-susceptible TB strains, two months of treatment using INH, RIF, EMB, and PZA, followed
by four and a half months of only INH and RIF can be given (O’Connor & Brady, 2022; Kementerian Kesehatan
Republik Indonesia, 2020). As previously mentioned, MTb can switch between replicating and non-replicating
states, at which the mycobacteria may become undetectable by antimycobacterial drugs, such as INH and
RIF. Thus, itis imperative to fully eliminate the mycobacteria in TB patients via the administration of sterilizing
drugs, such as PZA, that are accompanied by antimycobacterial drugs to ensure a thorough elimination and
devoid of relapse risk (Getahun et al., 2015). It has been recorded that TB treatment shorter than 4 months
has resulted in 40% of patients experiencing relapse (Goletti et al., 2018). Hence, it is quintessential for TB
patients not to skip and stop the treatment as it may lead to the development of antibiotic resistance and
relapse of MTb infection (Asres et al., 2016).

Isoniazid. Isoniazid (INH) is one of the first-line oral drugs given to TB patients. On its own, INH is
prescribed for 2 months as an initial phase drug followed by either 4- or 7-months prescription as a
continuation (Blumberg et al., 2003). After being activated by the bacterial catalase-peroxidase enzyme KatG
in MTb, INH works by forming isonicotinoyl alcohol (IA). Isonicotinoyl alcohol can form a key chemical adduct
with nicotinamide adenine dinucleotide (INH'NAD*) which can inhibit mycolic acid biosynthesis of the MTb
cell wall resulting in bacterial death, as outlined in Figure 1 (Khan et al., 2019).
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Figure 1. Schematic representation of INH mechanism of action

Rifampicin. Rifampicin (RIF) is a drug commonly used to treat infectious diseases caused by various
mycobacterial and Gram-positive bacteria, such as tuberculosis. This drug is semi-synthetically derived from
rifamycin B commonly produced by Amycolatopsis rifamycinica (Dutta & Karakousis, 2015). Rifampicin acts
on tuberculosis by binding to the B-subunit of the RNA polymerase (RNAP) resulting in the inhibition of DNA-
dependent RNAP which would prevent RNA chain elongation, as illustrated in Figure 2. However. the
mechanism of how RIF causes cell death by transcription interference is still not well understood (Nusrath &
Hanna, 2017). For patients with health conditions such as human immunodeficiency virus (HIV) and who are
co-infected with TB infections, RIF and INH can also be administered as Campbell et al. (2021) found that
these drugs are equally safe and effective in co-infected populations.
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Figure 2. Schematic representation of RIF mechanism of action

Ethambutol. Ethambutol (EMB) is considered a bacteriostatic first-line antituberculosis drug that is
not able to be administered by itself due to its capability to induce optic neuropathy in TB patients that could
lead to blindness (Tang et al., 2014). It is considered to be a bacteriostatic drug as it inhibits mycobacterial
proliferation by disrupting arabinogalactan synthesis and cell wall integrity. This inhibition is possible through
the drug targeting arabinosyl transferase that is essential in producing an arabinogalactan intermediate
called D-arabinofuranosyl-P-decaprenol and is also vital in the arabinogalactan polymerization, as shown in
Figure 3. The drug is synergistically administered along with INH as both drugs target the disruption of the
cell wall, at which INH represses the expression of enoyl-acyl carrier protein reductase that is vital in cell wall
synthesis and EMB binds to TetR transcriptional enhancer that increases INH sensitivity (Lee & Nguyen, 2021;
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Palomino & Martin, 2014; Zhu et al., 2018). Additionally, similar to INH and RIF, it should be noted that EMB
is only capable of inhibiting replicating MTb (Jnawali & Ryoo, 2013).
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Figure 3. Schematic representation of EMB mechanism of action
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Pyrazinamide. Pyrazinamide (PZA) is an anti-tuberculosis drug that shortens the initial 12 months
into the current 6-month treatment duration. The mechanism employed by PZA can be considered unique
compared to other first-line TB drugs as this drug has a sterilizing capability to eliminate non-replicating
persister or dormant variants of the MTb (Gopal et al., 2019; Zhang et al., 2014). However, PZA is solely
consumed during the first 2 months of the 6-month treatment duration as it was discovered that the
administration of PZA exceeding 2 months did not produce any significant benefits for the patient (Zhang et
al., 2014). Moreover, although the drug has been a cornerstone of first-line TB treatment formulation ever
since it was discovered to possess the anti-tuberculosis capability, the mechanism of how PZA specifically
targets and eliminates MTb remains unclear (Mucugi, 2017; Sun et al., 2020). Nonetheless, several pathways
have been postulated to be a part of the PZA mechanism of action. This drug is consumed as a prodrug and
is metabolized into its bioactive form, pyrazinoic acid (POA), during an enzymatic reaction involving
pyrazinamidase at an acidic pH. Moreover, it was paramount for the prodrug to act in an acidic environment
as it was recorded that 99.9% of PZA do not turn into POA in a non-acidic environment, specifically at a pH
level over 5.5 (Santucci et al., 2022). Although not exact, it was found that POA targets ribosomal protein S1
(RpsA), a ribosome-sparing protein that is involved in the trans-translation process in the bacteria, at which
the elimination of RpsA leads to the disruption of protein translation due to stalled ribosomes, as outlined in
Figure 4 (Shiet al., 2011).

pyrazinamidase

Figure 4. Schematic representation of PZA mechanism of action
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Streptomycin. Streptomycin (STM) is an aminocyclitol glycoside antibiotic that kills actively-
replicating MTb, but not the non-replicating and intracellular bacteria (Mitchison, 1985). As illustrated in
Figure 5, the drug’s mechanism is based on its binding to 16S rRNA which disrupts the translation
proofreading and protein expression in the bacteria, resulting in cellular death due to the lack of proteins.
This drug used to be administered as a first-line drug during TB treatment years after its first usage, although
in the last two decades, the drug is relegated as a second-line drug for TB due to the drug’s prolonged
administration that resulted in the emergence of resistance against it and is currently only administered in
limited cases of multidrug-resistance TB (Cohen et al., 2020; Ruiz et al., 2003). The development of acquired
antibiotic resistance against STM was recorded to appear 5 years after its introduction as an antituberculosis
agent in 1944 (Sotgiu et al., 2015). Nevertheless, the drug remains one of the best drugs administered in the
case of unavailability and/or intolerance of INH, EMB, RIF, and PZA supply (Waters & Tadi, 2022).
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Figure 5. Schematic representation of STM mechanism of action

Second-line drug for tuberculosis

Amikacin. Amikacin (AMK) is a second-line injectable antibiotic drug in the aminoglycosides class. As
outlined in Figure 6, the drug mainly disrupts bacterial growth by binding to 16S rRNA composing the 30S
small ribosomal subunit and ultimately preventing protein synthesis in the bacterial cytoplasm (Ramirez &
Tolmasky, 2017; Sowajassatakul et al., 2014). AMK is mostly strictly utilized for the treatment of multidrug-
resistant TB in the case of an inefficacious first-line drug treatment regimen (Modongo et al., 2014). However,
AMK is only administered for a short period and is mostly accompanied by other antituberculosis drugs as a
longer administration could lead to ototoxicity and nephrotoxicity (Sturkenboom et al., 2018).
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Figure 6. Schematic representation of AMK mechanism of action
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Ethionamide. Similar to AMK, ethionamide (ETO) is utilized mainly for the treatment of multidrug-
resistant TB to substitute INH particularly due to ETO being a structural analog of INH. ETO is a thionamide
prodrug that when activated would inhibit InhA, an NADH-specific enoyl-acyl carrier protein reductase, that
is vital in mycolic acid synthesis, as shown in Figure 7 (Ang et al., 2017). This prodrug is activated by a
mycobacterial enzyme called EthA, whose function is still unexact, although it has been hypothesized to be
an adherence factor to mammalian cells as it is composed mycolic acid wall seen in MTb (Ang et al., 2014).
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Figure 7. Schematic representation of ETO mechanism of action

RESISTANCE

The fundamental treatment of patients diagnosed with TB involves a 6-month treatment, in which a
combined regimen of four first-line drugs can be administered during the first 2 months. These drugs include
INH, EMB, RIF, and PZA (Sotgiu et al., 2015; WHO, 2019a). However, the incompleteness or dose insufficiency
of these four-drug regimen treatments may result in drug-resistant TB (DR-TB) (Tiberi et al., 2022), further
posing a threat to reducing the prevalence of TB patients in Indonesia.

Classifications of drug-resistant MTb

As described by WHO (2019a) and Seung et al. (2015), DR-TB can be categorized into mono-,
polydrug-, multidrug- (MDR), rifampicin- (RR), extensive drug- (XDR), and extreme drug-resistant (XXDR)
Tuberculosis (Table 1).

Table 1. The different types of DR-TB

Category of drug-resistance Resistance towards

Monoresistance One first-line drug

More than one first-line drug (not a
Polydrug resistance combination of INH and RIF), commonly
RIF+EMB and INH+EMB

Multidrug resistance (MDR) Both INH and RIH

) o ) RIF (along with the absence or presence of first-
Rifampicin resistance (RR)

line drug resistance)
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RIF, INH, fluoroquinolone, and one or more
Extensive drug resistance (XDR) second-line drugs (amikacin, kanamycin, or

capreomycin)

Extreme drug-resistance (XXDR) All first- and second-line drugs

Mechanism of resistance associated with gene mutations

The presence of DR-TB further increases the urgent demand to find a rapid molecular diagnostic tool,
in order to accurately determine the molecular characteristics of TB drug resistance and its mechanisms. This
can be done through several molecular test platforms to sequence the TB genome in patients for the
detection of genetic mutations. These automated molecular tests include the Xpert MTB/RIF assay
(Sahiratmadja et al., 2020), whole genome sequencing (Maladan et al., 2021), PCR-RFLP (Vera et al., 2018),
multiplex ligation-dependent probe amplification assay (Chaidir et al., 2015), and Genotype MTBDRplus assay
(Choerunisa et al., 2021). The findings of mutations in these studies in Indonesia are similar to the mutation
catalog published by WHO (2021), which summarized the results of whole genome sequencing data on the
collection of multinational M. tuberculosis associated with genetic variants contributing to first- and second-
line drug resistance (Table 2). Understanding mutations and their mechanism contributing to the virulence
of MTb will aid in the accuracy of DR-TB diagnosis, hence facilitating the proper treatment of TB patients.

Table 2. Gene mutations associated with drug resistance in Indonesian TB patients

Gene Normal gene . Mechanism of
Drug . Mutations Reference .
(WT) function resistance
S450L
(Ser4a50Leu)
L430P
(Leu430Pro) Mutated
HA45Y Mycobact?rlum
(His445Tyr)/ tulberculoys RN?
olymerase (MTb-
Encodes for the B H445D Chaidir et al ISNZP) g ( th
. aidir et al. reduces the
subunit of RNA  (His445Asp) - .
) . (2019); Maladan  binding affinity of RIF
Rifampicin polymerase, . .
rpo i Q432K et al. (2021); through the disruption
(RIF) being the target | U tal Fint lecul
mar et al. of intermolecular
of RIF (André et (G1U432Lys)/
Q432P (2020) forces and key

al., 2017)

(Glu432Pro)

D435Y
(Asp435Tyr)/
D435V
(Asp435Val)

1491F
(lled91Phe)

hydrogen bonds, as
well as conformational
flipping (Zhang et al.,
2019).
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Encodes for the

Mutated S12 ribosomal
protein may result in
the instability of the

Chaidir et al.
(2019); Maladan

$12 ribosomal K43R
rpsL . et al. (2021); 16s rRNA structure,
protein (Wang et (Lys43Arg) .
al., 2011) Tania et al. subsequently
N (2020) decreasing STM affinity
(Musser, 1995).
Streptomy c-492t Mutations in
cin (STM) Chaidiretal.  streptomycin binding
c-462t (2019); Tania et site on 16S rRNA may
Encodes for the
al. (2020) cause structural
16s rRNA gene a-514t/ ] o
rrs i alterations, abolishing
(Cuevas-Cordoba a-514c ] )
the interaction
et al., 2013)
between STM and 16s
g-878a
Umaretal.  rRNA (Sreevatsan et al.,
2020 1996
S514R ( ) )
S315T
(Ser315Thr)
S315N
(Ser315Asn) Influence the
Encodes for the interaction between
catalase- G279R INH and the drug
peroxidase (Gly279Arg) Chaidir et al. binding site through
katG enzyme to (2019); Umar et the alteration of pi
activate INH E340Q al. (2020) interaction or the
(Rawat et al., (Glu340Gin) introduction of steric
2003) R373G clashes (2I>()h1e;?n etal.,,
(Arg373Gly)
Isoniazid
(INH) W191R
(Trp191Ar)g
Encodes for the
NADH-dependent . . .
Mutations in this gene
enoyl-ACP
may greatly reduce the
reductase .
catalase-peroxidase
enzyme for the Maladan et al. ] o
. . . enzymatic activity,
inhA synthesis of 121V (lle21Val) (2021); Tania et

mycolic acids.
Activation of INH
inhibits inhA
(Rawat et al.,
2003).

hence reducing the
toxicity of INH (Heym
et al., 1995; Tseng et
al., 2015).

al. (2020)
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Encodes for the
3-oxoacyl-AcpM

mabA and its adjacent
region is altered into

fabG1 reductase for Ist A ¢ .
c- in romoter, causin
(mabA) the biosynthesis P . 8
¢ mvcolic acids the overexpression of
o
(G y_t 2009) inhA (Ando et al., 2014)
urvitz,
Encodes for the
B-ketoacyl Decrease the
th Y production of mycolic
synthases
'nyol edin 63195 acid precursors and
involved i
kasA o decrease the catalytic
mycolic acid (Gly312Ser) o
thesis efficiency (Slayden &
syn
(STayden 2 Barry, 2002)
Barry, 2002)
M306V
(Met306Val)/
M306I h
(Met306lle)/ Chaidir et al. May be due to changes
M306L (2019); Maladan in the cell wall
(Met306Leu) et al. (2021) permeability (Safi et al.,
2008) or increase in
D1024N intracellular DPA
Encodes for the  (Asp1024Asn) pr‘ecursor production
embB arabinosyl . which competes for the
transferases GA406C ethambutol binding
(Gly406Cys)/ sites, maintaining the
essential for the GA06D ! g
. . b gene function
Ethambut biosynthesis of " em
. (Gly406Asp)/ Chaidir et al. after ethambutol
ol (EM8) arabinogalactan, GA406A (2019); Tania et administration (Safi et
a mycobacterial (Gly406Ala) al. (2020)
al., 2013)
cell wall core
component (Amin D354A
etal., 2008) (Asp354Ala)
Still unclear and needs
further studies, since
. mutations in embA
Tania et al. ]
embA c-12t (2020) appears only alongside
other emb gene
mutations (Plinke et al.,
2010)
Encodes for the V139A Reducti
eduction or
Pyrazinam A mycobacterial (Val139Ala) Tania et al. bolishment of Pz
) pnc ] . abolishment of PZase
ide (PZA razinamidase 2020
(PZA) Py Y103H ( ) activity , hindering the

(PZase) required

(Tyr103His )
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for the activation
of PZA into
pyrazinoic acid
(Zhang et al.,
2014)

T100P

(Thr100Pro)

H82R

(His82Arg)

D12A

(Asp12Ala)

L4S (Leu4Ser)

activation of (Tam et
al., 2019)

W119R Maladan et al.
(Trp119Arg) (2021)
Encodes for an c-10t Increases leaderless eis
aminoglycoside mMRNA transcript, thus
transferase to increasing the
acetylate AMK expression of
. containing a aminoglycoside
eis
hydroxyl group in g-14a transferase and
2', important for inactivating AMK
AMK metabolism (Gikalo et al., 2012;
(Sanz-Garcia et Chaidir et al. Zaunbrecher et al.,
Amikacin a|_, 2019) (2019), Maladan 2009)
et al. (2021);
(AMK) Tania et al. Causes methylations in
(2020) the A-site of 16s rRNA
due to the activation of
16s rRNA methylase,
Encodes for the . .
i hence hindering the
rrs 16s rRNA (Kim et a-514c Lo
binding of AMK to the
al., 2021) . .
30S ribosomal subunits
and avoiding protein
synthesis inhibition
(Zzhang et al., 2022)
Encodes for the 3- Still unclear, but may
ketoacyl induce conformational
Ethionami reductase (Parish Tania et al. changes in the ORF1
fabG1 c-15t )
de (ETO) et al., 2007) for (2020) gene of inhA locus,

mycolic acid
synthesis

impairing drug binding
(Abraham et al., 2020)

Mapping MTb drug resistance profiles in Indonesia

A cross-sectional study performed by Dewi (2020) found a total percentage of 8.13% DR-TB in
patients treated in North Maluku. In Bandung, West Java, the whole-genome sequencing done by Chaidir et
al. (2019) detected monoresistance-conferring mutations towards PZA (4.7%), INH (3.1%), STM (0.9%), and
RIF (0.3%). Another study performed in Tangerang, Banten with diverse socioeconomic backgrounds in 2011-
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2014 identified 4.4-8.1% isolates with resistance towards isoniazid, 0-10% towards RIF, 0-10.8% towards
EMB, and 0-2.7% towards STM (Wiwing et al., 2015). In line with these studies, Tania et al. (2020) found that
93.3% of the isolates had at least one anti-TB drug resistance. It is also interesting that the prevalence of
MDR and pre-XDR was as high as 52.5% in previously treated patients at 7 Indonesian hospitals, higher than
the recently diagnosed TB patients in a recent study (Burhan et al., 2022). However, the MDR-TB isolates in
Bandung and Palembang, South Sumatra themselves were only found to be 2.5% (Chaidir et al., 2019) and
1.4% (Tjekyan et al., 2018), respectively. Moreover, Majdawati et al. (2019) demonstrated an MDR-TB
occurrence of only 2.04% in TB-positive patients. The prevalence of polyresistance was also reported to be
low, being only 3.1% in Bandung (Chaidir et al., 2019) and 1.6% in Tangerang (Wiwing et al., 2015). From the
ethnicity perspective, MDR-TB is found to be the most common in East Asian (Beijing) lineage isolates (63.3%)
in Java (Tania et al., 2020) due to the high amounts of mutations correlated with anti-TB drug resistance, but
the correlation between ethnicity and drug resistance is still yet to be determined.

Furthermore, a large retrospective cohort study in West Java found many patients conferring anti-
TB resistance which either remained undiagnosed or encountered treatment delays, in which 10.5% of
presumptive RR-TB were then diagnosed accordingly, 66% were diagnosed with MDR-TB, and 20% were
diagnosed with XDR-TB (Soeroto et al., 2019). As this study highlighted the fact that DR-TB patients did not
receive their drug-susceptibility testing results and had delays in resistance diagnosis, there might be
unreported resistance cases in Indonesia, contributing to the relatively low percentage of DR-TB prevalence
in the aforementioned studies. Additionally, delayed treatments in DR-TB patients may result in impaired
treatment outcomes.

RISK FACTORS CONTRIBUTING TO THE DEVELOPMENT OF PULMONARY TB, DRUG RESISTANCE,
AND IMPAIRED TREATMENT OUTCOME IN INDONESIA

Generally, the emergence of drug-resistant MTb strains in Indonesia is attributed to improper drug
regimen and dose, low drug quality, and limited drug availability. Most TB patients in Indonesia did not
receive adequate information regarding proper drug consumption, and long treatment times led to non-
adherence to TB treatment (Aderita et al., 2016; Nawas, 2010). Furthermore, several risk factors have been
noted to also play a role in exacerbating pulmonary TB infection. The major risk factors can further be
categorized into health conditions, environmental factors, and socioeconomic status.

Health conditions

A retrospective cohort study by Soeroto et al. (2021) assessed the factors affecting successful
treatment outcomes in MDR-TB patients in West Java, Indonesia. A majority of the patients are in their
productive age (18-50), and only 50% of MDR-TB patients experienced successful treatment. Male sex,
normal body mass index (BMI), and no prior tuberculosis treatment were all independently linked to
improved treatment outcomes. In contrast, patients who were suffering from HIV infection, chronic kidney
disease (CKD), and cavitary lesions were found to have an increased risk of developing a severe MDR-TB
infection. Indeed, it has been previously reported that HIV/AIDS patients were ten times more likely to
develop TB infection. Both conditions promote immunological impairment and may result in death (Liberato
et al., 2004; Pawlowski et al., 2012). In Papua, there has been an increasing number of cases of HIV/AIDS with
TB co-infection, reaching 61.1% in Nabire District and 21% in Timika (Kridaningsih, 2021; Pontororing et al.,
2010). Whereas in Banyuwangi and Gresik, East Java, the prevalence of co-infection cases reached 16.93%
and 13.79%, respectively (Fatimatuzzuhro et al., 2020; Gumilang et al., 2022). Additionally, other underlying
immune conditions such as primary immunodeficiency disorders are also key risk factors for pulmonary TB
in children, although this correlation has yet to be recorded in Indonesia (Boisson-Dupuis et al., 2015).
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Furthermore, end-stage CKD patients are also more likely to acquire TB infection through the
disruption of normal immune responses (Ruzangi et al., 2020). This condition leads to defective phagocytic
activity, impaired antigen presentation capability, decreased B-cell and antibodies production, increased
apoptotic rates, and compromised cell-mediated immunity (Cohen & Horl, 2012). CKD and TB co-infections
have been reported in Bandung and Manado, North Sulawesi, with a prevalence of 39.2% and 2.34%,
respectively (Bandiara et al. 2022; Putranto et al., 2018). Moreover, drug resistance and treatment failure
have also been linked with TB pulmonary cavitation, which is formed when the center of granuloma
undergoes necrosis resulting in the destruction of lung parenchyma (Gadkowski & Stout, 2008; Kim et al.,
2010; Stek et al., 2018). Pulmonary cavitation allows exponential growth of MTb, leading to the increased
likelihood of disease transmission and the formation of drug-resistant strains (Kaplan et al., 2013; Urbanowski
et al., 2020). It has been recorded that Ghaesani et al. (2021) examined the characteristics of TB infection in
children aged 1 to 18 years old at dr. Hasan Sadikin General Hospital Bandung, from which the study found
that 7.6% of the subjects had pulmonary cavities through X-ray examination. Comparably, MDR-TB patients
in Persahabatan Hospital, Jakarta were found to have larger chest X-ray lesions and pulmonary cavities in
comparison to drug-susceptible TB (DS-TB) patients (Icksan et al., 2018). A cross-sectional study by Taslim
(2016) found a strong correlation between bacterial load and the occurrence of pulmonary cavities in TB
patients admitted at Persahabatan Hospital, Jakarta. Similarly, cavitary pulmonary had the highest odds ratio
of emerging in MDR-TB patients in West Sumatra (Nindrea et al., 2020). Fortunately, Pradana et al. (2018)
discovered that the development of pulmonary cavities could/can be suppressed through the
implementation of a standardized drug regimen for drug-resistant TB by the Ministry of Health of the
Republic of Indonesia.

In addition, several other risk factors for developing MDR-TB in Indonesia include nutritional status
and diabetes mellitus (Aderita et al., 2016; Kadri et al., 2022; Nindrea et al., 2020). TB is bi-directionally linked
to malnutrition, at which the condition increases the risk of acquiring active TB, while concurrently, TB also
predisposes the patient to malnutrition (Cegielski & McMurray, 2004). Malnutrition causes a decrease in
appetite, nutritional and micronutrient malabsorption, and altered metabolism in TB patients, all of which
consequently lead to secondary immunodeficiency and delayed TB treatment outcomes (Kant et al., 2015).
Moreover, it has been noted that there was a significantly higher prevalence of anemia and decreased retinol
and zinc titers in the plasma collected from TB patients in Jakarta (Karyadi et al., 2000). Additionally, a 16.7-
fold greater risk of acquiring TB was found in TB patients whose body mass index (BMI) was below the normal
range (Tobing et al., 2021). Furthermore, a case study in Medan, North Sumatra revealed that malnutrition
accounts for 31.25% and 36.3% of TB patients suffering from HIV co-infection and those experiencing
treatment failure, respectively (Ritonga, 2020). Among children suffering from TB in Lombok, West Nusa
Tenggara, 63.1% have poor nutritional status and 29.2% experienced malnutrition (Apsari et al., 2020).
Similarly, around 50% and 71.2% of TB and MDR-TB patients in Malang, East Java had malnutrition status
(Cahyani et al., 2021; Kurnia et al., 2020). Another study by Isa et al. (2022) revealed that more than half of
TB patients expressing RIF resistance were undernourished (58.3%), all were anemic (100%), and half (50%)
suffer from hypoalbuminemia. Thus, in order to combat this issue, vitamins and nutrient supplementations
(e.g., Channa striata) have been utilized in Indonesia. This extract-containing supplementation was
discovered to induce an improvement in BMI levels and accelerate recovery in TB patients (Ma’rufi et al.,
2019; Ma'rufi et al., 2020). In Medan, vitamin A and C supplementations in TB patients were also discovered
to improve sputum conversion, meaning that the previously TB-positive sputum has been converted to a TB-
negative smear result (Safitri et al., 2022; Sari et al., 2019).

For TB patients suffering from diabetes mellitus (DM), it is believed that impaired immunity plays a
role in the progression of TB reactivation. Patients with DM respond to TB treatment less effectively than
those without DM, putting them at an increased risk of treatment failure, death, and disease relapse (Baker
et al., 2011; Lonnroth et al., 2014). Out of a total of ten countries with the highest number of DM patients
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worldwide, six countries, including Indonesia, are categorized as high burden for TB, accounting for 80% of
the TB cases worldwide (Restrepo, 2016). In North Semarang, the prevalence of TB and DM reached 16,7%
(Saraswati, 2014). A strong association between TB and DM was also found in two urban clinics in Jakarta
and Bandung, where almost 15% of relatively young, lean TB patients presented with DM (Alisjahbana et al.,
2006). A mathematical modeling analysis study by Awad et al. (2022) found that in 2020, one in five TB cases
and one in four TB-related deaths were attributed to DM. By 2050, it is expected that the proportions will
rise to one in four and one in three, respectively.

Environmental factors

Development of drug-resistant TB has been closely linked with several environmental risk factors,
namely housing conditions, alcohol consumption, and tobacco smoking. Being the fourth most populous
country in the world, the increasing population growth in Indonesia has consequently raised the demand for
housing. This then results in an increase in social problems and a housing environment that does not meet
health requirements, facilitating faster disease transmission. A healthy household should follow the criteria
provided in KEPMENKES RI No.829/Menkes/SK/VI11/1999, involving proper floors, walls, ceilings, windows,
ventilation, lighting, kitchen chimneys, basic sanitation facilities, and occupants' density. A case-control
research in Pamekasan Regency found that a healthy housing condition can reduce the incidence of
pulmonary TB up to 35 times (Wahyudi et al., 2018). Other researches have also assessed the relationship
between the occupants' density, ventilation, air temperature, humidity, and the incidence of pulmonary
TB disease (Marbun, 2022; Musfirah et al., 2022; Siregar et al., 2022; Syamsuddin et al., 2020). Sutomo (2013)
found that dense residential areas, inadequate ventilation, inappropriate air temperature, and the absence
of natural lighting in Banjarmasin, South Kalimantan housing increase the risk of developing pulmonary TB
up to 2.2 times, 14.44 times, 13.14 times, and 17.54 times, respectively. As MTb is an airborne pathogen,
dense housing conditions facilitate MTb transmission in indoor congregate settings (Deol et al., 2022),
whereas improper ventilation increases the accumulation of infectious aerosol due to the lack of air
circulation, which is supposed to reduce the concentration of infectious particles (Du et al., 2020; Escombe
et al., 2019). In addition, milder temperatures generally aid in the growth of MTb and correlate with a higher
incidence of infections, although the range of temperatures differs between countries (Fernandes et al.,
2017). Concurrently, these temperatures are closely related to humidity, in which infectious droplets are able
to evaporate and remain in the air for a relatively long time, easing their entry into susceptible hosts (Xu et
al., 2020). Moreover, low natural light exposure in the form of UV-B relates to vitamin D deficiency, which in
turn interferes with the development of innate immunity (Boere et al., 2017).

Additionally, alcohol consumption has been correlated to an increased TB disease burden due to
disruption in the activity of alveolar macrophages and neutrophils, epithelial barrier dysfunction, and
surfactant secretion (Molina et al., 2010; Rehm et al., 2010; Simet & Sisson, 2015). Sinaga et al. (2018)
discovered that the habitual consumption of alcoholic beverage tuak by people of Batak ethnicity raises their
risk of developing TB. Correspondingly, in Makassar, South Sulawesi, MDR-TB cases were more likely to have
a history of excessive alcohol (Massi et al., 2011). Drinking history also has been proven to have a significant
correlation with TB infection in DM patients (Anwar, 2015). In Minahasa, North Sulawesi, severe alcoholism
increases the risk of developing TB up to 1,133 times (Makalew, 2010).

Indonesia is considered one of the countries with a high tobacco smoking rate, reaching a prevalence
rate of 29% in the population aged 15 years and above (Nurhayati-Wolff, 2022). Although some studies in
Indonesia did not find the significance of tobacco smoking in the prevalence of MDR-TB and DR-TB (Soeroto
et al., 2021; Widiastuti et al., 2017; Windiyaningsih & Badaruddin, 2021), increased amount and duration of
tobacco smoking have been linked to reduced lung macrophages and lymphocytes activity, along with an
increased the likelihood of poor treatment outcome (Burusie et al., 2020; Nijenbandring de Boer et al., 2014).
A study by Cahyani et al. (2021) found that 46.2% of MDR-TB patients fall into the category of active smokers.
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Similarly, Bam et al. (2015) also found a high percentage of TB patients (77.6%) were smokers and 5.3% were
ex-smokers. Furthermore, people with smoking habits are more at risk of developing pulmonary TB and MDR-
TB up to 6 and 7.63 times, respectively (Aristiana & Wartono, 2018; Sianturi, 2014). The proportion of TB
deaths attributed to smoking in Indonesia reached 25.8%, making Indonesia one of the top three countries
with the highest smoking-attributable TB deaths (Amere et al., 2018).

Socioeconomic determinants

TB infection is also associated with poverty; people from low-income households are more likely to
acquire TB infection and are incapable of complying with the high cost of diagnosis and long-term treatment
(Oxlade & Murray, 2012; Siroka et al., 2016). Additionally, poverty contributes to poor living conditions,
thereby increasing the risk of exposure to various TB risk factors, namely HIV, smoking, malnutrition, air
pollution, and alcohol abuse (WHO, 2022). A study by Fuady et al. (2018) revealed that Indonesian
households in urban, suburban, and rural areas affected by TB continue to be at risk for catastrophic costs
and greater poverty. The incidences of total catastrophic costs in all TB-affected households and MDR-TB-
affected households were 36% and 83%, respectively, all of which were affected by poor households, being
a provider for the family, and exposure to previous TB treatment. Working status and level of education have
also been previously attributed to developing TB. Unemployed TB patients had a 1.286 times higher chance
of being undernourished due to difficulties in acquiring nutrient-rich food, which exacerbated their TB
infection (Kurnia et al., 2020). This is evident by the case-control study performed by Wardani (2018) in
Bandar Lampung, Lampung in which household food insecurity represented by decreased food budget and
diversity resulted in a significant increase in TB spread.

In association with working status, occupational exposure to dust and other particulate matter is
associated with a higher risk of developing respiratory disorders and higher pulmonary TB mortality rates
(Muaz, 2014). A case-control study in Asahan Regency, North Sumatra by Gultom et al. (2022) revealed that
construction workers who work more than eight hours and without face masks were 3.1 and seven times
more likely to get pulmonary TB, respectively. In another case-control study examining gold miners in Lebong
District, Bengkulu, drilling mine activity increases the risk of developing pulmonary TB up to 26.3 times, as
the bacteria possesses the ability to survive and remains virulent in soil (Darmawansyah, 2017; Ghodbane et
al., 2014). Another well-studied risk factor for pulmonary TB is pneumoconiosis, which is also one of the most
common occupational lung diseases (Hung et al., 2016; Yang et al., 2022). lkhsan (2019) discovered that
16.7% of industrial and mining workers suffered from pneumoconiosis, where 0.9% of them had pulmonary
TB infiltrates when examined through The International Labor Organization (ILO) chest x-ray readings.

POTENTIAL TREATMENT FOR TB IN INDONESIA

As aforementioned, the current treatment of MTb is given for 6 months which increases the
development of drug-resistance MTb. Similar to other bacterial infections, the introduction and
administration of a new therapeutic agent are most likely to cause a resistant strain toward that drug (Gupta
et al., 2017). In 2014, approximately 480 thousand cases with 190 thousand mortalities were recorded for
MDR MTb and hence, alternative treatment should be considered. One of the alternatives is short-course
therapy through the utilization of adjunct treatment to improve the efficacy of the primary treatments in a
shorter time period, in which its effectiveness has been proven through clinical trials (Spellberg & Rice, 2019).
Other possible treatments could also be done, such as the use of natural extracts (Mourya & Mourya, 2017)
and inhalation therapy via drug repurposing (Mehta et al., 2018). As of today, these treatments have been
extensively studied as a potential cure for MTb patients through in vitro and in vivo studies. Regardless, there
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are limited to no studies mentioning the efficacy of these treatments in clinical trials. Therefore, these could
be used as a future consideration to reduce the risk of MDR MTb in Indonesia.

Short-course therapy

The current treatment utilized worldwide has been noted to significantly decrease efficacy due to
the lack of compliance with drug consumption. This disobedience may stem from the long duration of
potentially-toxic drug administration and in the case of developing countries, the costly drug pricing also
immensely impedes patients’ capability to continuously supply the required drugs (Prasad & Gupta, 2015).
Thus, a shorter drug regimen is established by WHO by replacing RIF with fluoroquinolone drugs, such as
gatifloxacin and clofazimine, and adding kanamycin and prothionamide along with the conventional INH,
PZA, and EMB. As this drug regimen employs fluoroquinolones and injectable second-line anti-tuberculosis
drugs, the implementation of this regimen requires prerequisite antibiotic susceptibility tests to detect
whether the bacteria possess genetic mutations that may hinder the drug from producing therapeutic
effects. Through this short-course regimen, the conventional treatment that can reach up to 2 years can be
immensely shortened to 9-12 months (WHO, 2019b). The effectiveness of this regimen has been proven to
be highly successful in trials in developing countries, namely Bangladesh and Niger, with >80% cure rates (van
Deun et al., 2010; Trébucq et al., 2014).

Natural extract

Medicinal plants have been widely used since ancient times and possess anti-inflammatory and
antimicrobial properties. Specifically, the secondary metabolites produced by the plants, called phenolics,
have been investigated to inhibit drug-resistant MTb as summarized in Table 3 (Mourya & Mourya, 2017).

Table 3. Potential natural extracts against MTb

Plant Extract Mechanism MBC Reference
C. longa Curcumin Regulate the 175 ppm Pakadang et

inflammatory response al. (2021)

A. cordifolia Ursolic acid and Penetrate the MTb cell 250 pg/mL Pitaloka &

Oleanolic acid wall Sukandar
(2018)

K. galanga Ethyl p- Inhibit MTb growth 500 ug/mL  Fauziyah et al.

methoxycinnamate (2017)

P. granatum Epigallocatechin-3- Control vital cellular 100 ppm Rauf et al.
gallate mechanism (2019)

H. sabdariffa Anthocyanins Regulate the 10 mg/mL Djide et al.
inflammatory response (2019)

Curcuma longa. Curcuma longa, also commonly known as turmeric, is a herbal flowering plant which
is commonly grown in tropical climates, including Indonesia. The steam of turmeric has been widely used for
medicinal purposes due to the presence of curcumin, a natural lipophilic polyphenol (Kocaadam & Sanlier,
2017). In Indonesia, curcumin is one of the main ingredients for jamu, a traditional herbal drink, that could
act as an immune booster and immunomodulator, as well as a potential antibacterial substance (Harmayani
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et al., 2019). Being an immunomodulator, curcumin plays a major role in regulating the immune response,
such as the regulation of T-cells and macrophages, during MTb infection. In T-cell regulation, curcumin allows
the production of IFN-y and other pro-inflammatory cytokines to fight the MTb. Concurrently, it prevents the
overproduction of pro-inflammatory cytokines to avoid a cytokine storm which may result in tissue damage.
Furthermore, curcumin promotes the apoptosis of macrophage cells that have phagocytosed MTb, in which
a significant decrease of MTb colonies was observed by the addition of 30 uM of curcumin to the culture
compared to the control (Faisal et al., 2022). Another study conducted by Pakadang et al. (2021) stated that
the minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) of curcumin
towards Mtb H37RV were 50 ppm and 175 ppm, respectively.

Anredera cordifolia. Anredera cordifolia, also known locally as binahong, is a miracle plant that has
been commonly used and trusted for treating chronic infectious diseases like MTb, especially in Indonesia. A
yellow-colored saponin is concentrated on the leaves and stems of this plant, in which the saponin is made
up of triterpenoid and steroids that had been studied to possess anti-inflammatory and analgesic properties
(Astuti et al., 2011). Another study by Pitaloka and Sukandar (2018) mentioned that the binahong leaves
contain ursolic acid (UA) and oleanolic acid (OA) which acts as pentacyclic triterpenes. Based on the result of
their study, the MBCs of n-hexane extract binahong leaves were 250 and 500 pg/mL in Ethambutol-isoniazid
(HE) and rifampicin-streptomycin (RS) resistant MThb strains. The characteristic of the pentacyclic triterpenes
being highly lipophilic is the major possible factor of binahong to be a bactericidal agent. Due to its
lipophilicity properties, this extract could penetrate through the mycobacterium cell wall which has been
mentioned to be a non-toxic approach to killing the bacteria. Furthermore, a synergistic effect of binahong
when combined with other first-line drugs, including INH, RIF, and EMB, has been proven in treating drug-
resistant MTb.

Kaempferia galanga. Kaempferia galanga, commonly known as aromatic ginger or kencur, is an
aromatic plant that has been used for anti-inflammatory treatment in folk medicine, particularly the rhizome
of K. galanga (Yao et al.,, 2018). The main biological active compound of this plant is ethyl p-
methoxycinnamate (EPMC) which possesses antimycobacterial activity even towards MDR strains of MTb
(Umar et al., 2014). According to Fauziyah et al. (2017), the MBCs of K. galanga were 500 and 750 ug/mL
towards RS and HE-resistant MTb strains, respectively. Also, it has a synergistic effect when combined with
RIF to have a lower drug dosage. However, a decrease in the efficacy of K. galanga of around 50% was shown
when synergized with INH and EMB. Another study by Lakshmanan et al. (2011) also found that the MTb
H37Rv strain was inhibited by EPMC extract of K. galanga at a concentration of 0.485 mM. This study also
suggested that the macrophage cells had an IC50 value of 3.8mM towards EPMC and hence the concentration
of EPMC to inhibit DR-MTb was not toxic towards the macrophage cell that acts as a first-line defense during
infection.

Punica granatum. Punica granatum, also known as pomegranate, is a nutritious fruit that possesses
medicinal value for parasitic diseases and diarrhea in Ayurvedic medicine. Several studies have reported the
antioxidant, anti-inflammatory, and antimicrobial properties of pomegranate for treatment, especially in its
juice, peel, and leaves (Dey et al.,, 2015a). The pomegranate contains polyphenolic compounds, called
epigallocatechin-3-gallate (EGCG), which is known for its anti-inflammatory activity. Pomegranate juice and
peel crude extract exhibited a MIC of 128 and 64 ug/mL towards DR-MTb. Meanwhile, a pure EGCG extract
from pomegranate showed a higher potency of inhibiting DR-MTb with an MIC value of 32 ug/mL (Dey et al.,
2015b). In addition, Rauf et al. (2019) examined that the flavonoid contents of pomegranate leaves inhibited
the growth of MTb H37Rv at 100 ppm, in which yellow-colored cords were absent in the Middlebrook 7H9
culture medium. The cord factor is one of the cell wall components that are unique to mycobacterium and
thus, it could be used as an indication of MTb growth.

Hibiscus sabdariffa. Hibiscus sabdariffa, also known as roselle, is a flowering plant that is commonly
found in Indonesia for traditional medicine. The petals of the roselle flower have been investigated to have
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antispasmodic, anthelmintic, and antibacterial properties due to their phenolic content. The main active
phenolic content of this plant is called anthocyanins which include the delphinidin-3-glucoside,
sambubioside, and cyanidin-3-sambubioside (Brown et al., 2019). Furthermore, it has been studied that
rosella calyx extracts showed bactericidal activity towards MTb. It was proven by the study of Djide et al.
(2019) which stated that the MBCs of ethanol-extract roselle petals against MTb was 10 mg/mL. They also
mentioned that 1 mg/mL of the extract could reduce the growth of HE-resistant strains up to 86%. Moreover,
the MIC of the roselle calyx extract was found to be 10 mg/mL against MDR MTb, where water extract of
roselle calyx has higher anthocyanins concentration compared to ethanol extract (Lena et al., 2019; Sartini
et al., 2020).

Inhalation therapy

Drug repurposing is a technique to re-formulate well-established drugs for different delivery routes
of administration. In the case of MTb treatment, the approved oral drug treatment would be designed for
the delivery through pulmonary route (Mehta et al.,, 2018). One of the advantages of the utilization of
inhalation therapy for managing MTb includes the efficiency to deliver a high concentration of the drugs
towards the alveolar macrophages in the lungs which is the main site of the MTb cells. As such, this could
reduce the frequency of dosing which, in turn, lowers the risk of systemic toxicity (Wei et al., 2020). A study
conducted by Boisson et al. (2014) showed that a higher antimicrobial efficacy was observed using inhaled
therapy through aerosol delivery compared to the normal drug administration route with lower dosage
forms, particularly for those suffering from pulmonary infections. Furthermore, they examined that a lower
systemic drug absorption level with a higher level of drug distribution in the lungs would have reduced the
drug toxicity. Hence, from this evidence, inhalation therapy might be a potential alternative treatment for
treating MTb, as well as reducing the risk of MDR- and XDR-MThbs.

CONCLUSION

With the still-increasing prevalence of TB in Indonesia, particularly due to the emergence of
resistance, this burden remains moderately studied. Numerous resistance towards both first- and second-
line antituberculosis drugs were observed and reported to occur in multiple regions of Indonesia through
both genetic and environmental factors. The major risk factors contributing to the emergence and spread of
TB in Indonesia include health conditions, environmental conditions, and socioeconomic status.
Furthermore, one of the potential treatments, which are particularly feasible and plausible treatments that
can be deployed in Indonesia, could be done by implementing short-course therapy to reduce the treatment
period with the addition of fluoroquinolones in the primary treatment. There are also other alternative
treatments for MTb treatments, namely the utilization of natural compounds found epidemically in or near
Indonesia and the repurposing of existing drugs for the treatment of TB. These measures could be applied to
diminish the risk of spreading DR-TB throughout Indonesia, as well as to prevent the current misuse of drug
consumption in Indonesia that could lead to multiple drug resistance.

REFERENCES

Abraham, A. O., Nasiru, A. U., Abdulazeez, A. K., Seun, O. O., & Ogonna, D. W. (2020). Mechanism of Drug
Resistance in Mycobacterium tuberculosis. Am. J. Biomed. Sci. Res, 5, 378-383.
https://doi.org/10.34297/AJBSR.2020.07.001181

Aderita, N. I., Murti, B., Suryani, N. (2016). Risk Factors Affecting Multi-Drug Resistant Tuberculosis in
Surakarta and Ngawi, Indonesia. Journal of Epidemiology and Public Health, 1(2), 86-99.
https://doi.org/jepublichealth.2016.01.02.02

27


http://journal.i3l.ac.id/index.php/IJLS
https://biomedgrid.com/fulltext/volume7/mechanism-of-drug-resistance-in-mycobacterium.001181.php
https://biomedgrid.com/fulltext/volume7/mechanism-of-drug-resistance-in-mycobacterium.001181.php
https://biomedgrid.com/fulltext/volume7/mechanism-of-drug-resistance-in-mycobacterium.001181.php
https://biomedgrid.com/fulltext/volume7/mechanism-of-drug-resistance-in-mycobacterium.001181.php
https://biomedgrid.com/fulltext/volume7/mechanism-of-drug-resistance-in-mycobacterium.001181.php
http://www.jepublichealth.com/index.php?journal=jepublichealth&page=article&op=view&path%5B%5D=13&path%5B%5D=16
http://www.jepublichealth.com/index.php?journal=jepublichealth&page=article&op=view&path%5B%5D=13&path%5B%5D=16
http://www.jepublichealth.com/index.php?journal=jepublichealth&page=article&op=view&path%5B%5D=13&path%5B%5D=16
http://www.jepublichealth.com/index.php?journal=jepublichealth&page=article&op=view&path%5B%5D=13&path%5B%5D=16
http://www.jepublichealth.com/index.php?journal=jepublichealth&page=article&op=view&path%5B%5D=13&path%5B%5D=16
http://www.jepublichealth.com/index.php?journal=jepublichealth&page=article&op=view&path%5B%5D=13&path%5B%5D=16
http://www.jepublichealth.com/index.php?journal=jepublichealth&page=article&op=view&path%5B%5D=13&path%5B%5D=16

Indonesian Journal of Life Sciences Vol. 05 | Number 1 | March 2023

Alisjahbana, B., van Crevel, R., Sahiratmadja, E., den Heijer, M., Maya, A., Istriana, E., ... & van der Meer, J. W.
(2006). Diabetes Mellitus is Strongly Associated with Tuberculosis in Indonesia. The International
Journal of Tuberculosis and Lung Disease: The Official Journal of the International Union against
Tuberculosis and Lung Disease, 10(6), 696—700.

Amere, G. A., Nayak, P., Salindri, A. D., Narayan, K. M. V., & Magee, M. J. (2018). Contribution of Smoking to
Tuberculosis Incidence and Mortality in High-Tuberculosis-Burden Countries. American Journal of
Epidemiology, 187(9), 1846—1855. https://doi.org/10.1093/aje/kwy081

Amin, A. G., Goude, R., Shi, L., Zhang, J., Chatterjee, D., & Parish, T. (2008). embA is an Essential
Arabinosyltransferase  in  Mycobacterium  tuberculosis. ~ Microbiology, = 154(1), 240.
https://doi.org/10.1099/mic.0.2007/012153-0

Ando, H., Miyoshi-Akiyama, T., Watanabe, S., & Kirikae, T. (2014). A Silent Mutation in mabA Confers Isoniazid
Resistance on Mycobacterium tuberculosis. Molecular Microbiology, 91(3), 538-547.
https://doi.org/10.1111/mmi.12476

André, E., Goeminne, L., Cabibbe, A., Beckert, P., Mukadi, B. K., Mathys, V., ... & Cambau, E. (2017). Consensus
Numbering System For The Rifampicin Resistance-Associated rpoB Gene Mutations In Pathogenic
Mycobacteria. Clinical Microbiology and Infection, 23(3), 167-172.
https://doi.org/10.1016/j.cmi.2016.09.006

Ang, M. L. T, Siti, Z. Z. R., Shui, G., Dianiskova, P., Madacki, J., Lin, W., ... & Alonso, S. (2014). An ethA-ethR-
Deficient Mycobacterium bovis BCG Mutant Displays Increased Adherence to Mammalian Cells and
Greater Persistence In Vivo, Which Correlate with Altered Mycolic Acid Composition. Infection and
Immunity, 82(5), 1850-1859. https://doi.org/10.1128/1A1.01332-13

Ang, M. L., Zainul Rahim, S. Z., de Sessions, P. F., Lin, W., Koh, V., Pethe, K., ... & Alonso, S. (2017). EthA/R-
Independent Killing of Mycobacterium tuberculosis by Ethionamide. Frontiers in Microbiology, 8, 710.
https://doi.org/10.3389/fmicb.2017.00710

Anwar, M. S. T. (2015). Association between Smoking and Drinking Alcohol with Prevalence of Tuberculosis
in Patients with Diabetes Mellitus in Jakarta Primary Health Centre. (Bachelor’s thesis). Universitas
Indonesia.

Apsari, P., Afrida, B., Ronaldi, M., & Supadma, I. (2020). Correlation between Tuberculosis and Nutritional
Status among Children in North Lombok, West Nusa Tenggara, Indonesia. The Proceedings of the 1st
Seminar The Emerging of Novel Corona Virus, NCov 2020, 11-12 February 2020, Bali, Indonesia.
https://doi.org/10.4108/eai.11-2-2020.2302038

Aristiana, C. D., & Wartono, M. (2018). Faktor-Faktor yang Mempengaruhi Kejadian Multi Drug Resistance
Tuberkulosis (MDR-TB). Jurnal Biomedika dan Kesehatan, 1(1), 65-74.
https://doi.org/10.18051/jbiomedkes.2018.v1.65-74

Asres, A., Jerene, D., & Deressa, W. (2016). Tuberculosis Treatment Outcomes of Six and Eight Month
Treatment Regimens in Districts of Southwestern Ethiopia: A Comparative Cross-Sectional Study.
BMC Infectious Diseases, 16(1), 1-8. https://doi.org/10.1186/s12879-016-1917-0

Astuti, S. M., Sakinah, M. A., Andayani, R. B., & Risch, A. (2011). Determination of Saponin Compound from
Anredera cordifolia (Ten) Steenis Plant (binahong) to Potential Treatment for Several Diseases.
Journal of Agricultural Science, 3(4), 224. doi: 10.5539/jas.v3n4p224

Awad, S. F., Critchley, J. A, & Abu-Raddad, L. J. (2022). Impact of Diabetes Mellitus on Tuberculosis
Epidemiology in Indonesia: A Mathematical Modeling Analysis. Tuberculosis, 134, 102164.
https://doi.org/10.1016/j.tube.2022.102164.

Baker, M. A., Harries, A. D., Jeon, C. Y., Hart, J. E., Kapur, A., Lonnroth, K., ... & Murray, M. B. (2011). The
Impact of Diabetes on Tuberculosis Treatment Outcomes: A Systematic Review. BMC Medicine, 9,
81. doi: https://doi.org/10.1186/1741-7015-9-81

Bam, T.S., Aditama, T. Y., Chiang, C. Y., Rubaeah, R., & Suhaemi, A. (2015). Smoking Cessation and Smokefree

28


http://journal.i3l.ac.id/index.php/IJLS
https://europepmc.org/article/med/16776459
https://europepmc.org/article/med/16776459
https://europepmc.org/article/med/16776459
https://europepmc.org/article/med/16776459
https://europepmc.org/article/med/16776459
https://europepmc.org/article/med/16776459
https://europepmc.org/article/med/16776459
https://pubmed.ncbi.nlm.nih.gov/29635332/
https://pubmed.ncbi.nlm.nih.gov/29635332/
https://pubmed.ncbi.nlm.nih.gov/29635332/
https://pubmed.ncbi.nlm.nih.gov/29635332/
https://pubmed.ncbi.nlm.nih.gov/29635332/
https://www.microbiologyresearch.org/content/journal/micro/10.1099/mic.0.2007/012153-0
https://www.microbiologyresearch.org/content/journal/micro/10.1099/mic.0.2007/012153-0
https://www.microbiologyresearch.org/content/journal/micro/10.1099/mic.0.2007/012153-0
https://www.microbiologyresearch.org/content/journal/micro/10.1099/mic.0.2007/012153-0
https://www.microbiologyresearch.org/content/journal/micro/10.1099/mic.0.2007/012153-0
https://onlinelibrary.wiley.com/doi/abs/10.1111/mmi.12476
https://onlinelibrary.wiley.com/doi/abs/10.1111/mmi.12476
https://onlinelibrary.wiley.com/doi/abs/10.1111/mmi.12476
https://onlinelibrary.wiley.com/doi/abs/10.1111/mmi.12476
https://onlinelibrary.wiley.com/doi/abs/10.1111/mmi.12476
https://pubmed.ncbi.nlm.nih.gov/27664776/
https://pubmed.ncbi.nlm.nih.gov/27664776/
https://pubmed.ncbi.nlm.nih.gov/27664776/
https://pubmed.ncbi.nlm.nih.gov/27664776/
https://pubmed.ncbi.nlm.nih.gov/27664776/
https://pubmed.ncbi.nlm.nih.gov/27664776/
https://doi.org/10.1128/IAI.01332-13
https://doi.org/10.1128/IAI.01332-13
https://doi.org/10.1128/IAI.01332-13
https://doi.org/10.1128/IAI.01332-13
https://doi.org/10.1128/IAI.01332-13
https://doi.org/10.1128/IAI.01332-13
https://doi.org/10.1128/IAI.01332-13
https://doi.org/10.1128/IAI.01332-13
https://doi.org/10.1128/IAI.01332-13
https://doi.org/10.1128/IAI.01332-13
https://doi.org/10.3389/fmicb.2017.00710
https://doi.org/10.3389/fmicb.2017.00710
https://doi.org/10.3389/fmicb.2017.00710
https://doi.org/10.3389/fmicb.2017.00710
https://doi.org/10.3389/fmicb.2017.00710
https://doi.org/10.3389/fmicb.2017.00710
https://doi.org/10.3389/fmicb.2017.00710
https://doi.org/10.3389/fmicb.2017.00710
https://doi.org/10.3389/fmicb.2017.00710
https://lib.ui.ac.id/detail?id=20421398&lokasi=lokal
https://lib.ui.ac.id/detail?id=20421398&lokasi=lokal
https://lib.ui.ac.id/detail?id=20421398&lokasi=lokal
http://doi.org/10.4108/eai.11-2-2020.2302038
http://doi.org/10.4108/eai.11-2-2020.2302038
http://doi.org/10.4108/eai.11-2-2020.2302038
http://doi.org/10.4108/eai.11-2-2020.2302038
http://doi.org/10.4108/eai.11-2-2020.2302038
http://doi.org/10.4108/eai.11-2-2020.2302038
https://jbiomedkes.org/index.php/jbk/article/view/18
https://jbiomedkes.org/index.php/jbk/article/view/18
https://jbiomedkes.org/index.php/jbk/article/view/18
https://jbiomedkes.org/index.php/jbk/article/view/18
https://jbiomedkes.org/index.php/jbk/article/view/18
https://jbiomedkes.org/index.php/jbk/article/view/18
https://jbiomedkes.org/index.php/jbk/article/view/18
https://jbiomedkes.org/index.php/jbk/article/view/18
https://doi.org/10.1186/s12879-016-1917-0
https://doi.org/10.1186/s12879-016-1917-0
https://doi.org/10.1186/s12879-016-1917-0
https://doi.org/10.1186/s12879-016-1917-0
https://doi.org/10.1186/s12879-016-1917-0
https://doi.org/10.1186/s12879-016-1917-0
https://www.researchgate.net/publication/272922976_Determination_of_Saponin_Compound_from_Anredera_cordifolia_Ten_Steenis_Plant_Binahong_to_Potential_Treatment_for_Several_Diseases
https://www.researchgate.net/publication/272922976_Determination_of_Saponin_Compound_from_Anredera_cordifolia_Ten_Steenis_Plant_Binahong_to_Potential_Treatment_for_Several_Diseases
https://www.researchgate.net/publication/272922976_Determination_of_Saponin_Compound_from_Anredera_cordifolia_Ten_Steenis_Plant_Binahong_to_Potential_Treatment_for_Several_Diseases
https://www.researchgate.net/publication/272922976_Determination_of_Saponin_Compound_from_Anredera_cordifolia_Ten_Steenis_Plant_Binahong_to_Potential_Treatment_for_Several_Diseases
https://www.researchgate.net/publication/272922976_Determination_of_Saponin_Compound_from_Anredera_cordifolia_Ten_Steenis_Plant_Binahong_to_Potential_Treatment_for_Several_Diseases
https://www.researchgate.net/publication/272922976_Determination_of_Saponin_Compound_from_Anredera_cordifolia_Ten_Steenis_Plant_Binahong_to_Potential_Treatment_for_Several_Diseases
https://www.researchgate.net/publication/272922976_Determination_of_Saponin_Compound_from_Anredera_cordifolia_Ten_Steenis_Plant_Binahong_to_Potential_Treatment_for_Several_Diseases
https://www.researchgate.net/publication/272922976_Determination_of_Saponin_Compound_from_Anredera_cordifolia_Ten_Steenis_Plant_Binahong_to_Potential_Treatment_for_Several_Diseases
https://www.researchgate.net/publication/272922976_Determination_of_Saponin_Compound_from_Anredera_cordifolia_Ten_Steenis_Plant_Binahong_to_Potential_Treatment_for_Several_Diseases
https://doi.org/10.1016/j.tube.2022.102164
https://doi.org/10.1016/j.tube.2022.102164
https://doi.org/10.1016/j.tube.2022.102164
https://doi.org/10.1016/j.tube.2022.102164
https://doi.org/10.1016/j.tube.2022.102164
https://pubmed.ncbi.nlm.nih.gov/21722362/
https://pubmed.ncbi.nlm.nih.gov/21722362/
https://pubmed.ncbi.nlm.nih.gov/21722362/
https://pubmed.ncbi.nlm.nih.gov/21722362/
https://pubmed.ncbi.nlm.nih.gov/21722362/
https://pubmed.ncbi.nlm.nih.gov/26133548/

Indonesian Journal of Life Sciences Vol. 05 | Number 1 | March 2023

Environments for Tuberculosis Patients in Indonesia - A Cohort Study. BMC Public Health, 15, 604.
https://doi.org/10.1186/s12889-015-1972-2

Bandiara, R., Indrasari, A., Dewi Rengganis, A., Sukesi, L., Afiatin, A., & Santoso, P. (2022). Risk Factors of
Latent Tuberculosis among Chronic Kidney Disease with Routine Haemodialysis Patients. Journal of
Clinical Tuberculosis and Other Mycobacterial Diseases, 27, 100302.
https://doi.org/10.1016/j.jctube.2022.100302

Blumberg, H. M., Burman, W. J., Chaisson, R. E., Daley, C. L., Etkind, S. C., Friedman, L. N., ... & American
Thoracic Society, Centers for Disease Control and Prevention and the Infectious Diseases Society
(2003). American Thoracic Society/Centers for Disease Control and Prevention/Infectious Diseases
Society of America: Treatment of Tuberculosis. American Journal of Respiratory and Critical Care
Medicine, 167(4), 603—662. https://doi.org/10.1164/rccm.167.4.603

Boere, T. M., Visser, D. H., Van Furth, A. M., Lips, P., & Cobelens, F. G. (2017). Solar Ultraviolet B Exposure
and Global Variation in Tuberculosis Incidence: An Ecological Analysis. European Respiratory Journal,
49(6). https://doi.org/10.1183/13993003.01979-2016

Boisson-Dupuis, S., Bustamante, J., El-Baghdadi, J., Camcioglu, Y., Parvaneh, N., El Azbaoui, S., Agader, A,
Hassani, A., El Hafidi, N., Mrani, N. A., Jouhadi, Z., Ailal, F., Najib, J., Reisli, I., Zamani, A., Yosunkaya,
S., Gulle-Girit, S., Yildiran, A., Cipe, F. E., Torun, S. H., ... Abel, L. (2015). Inherited and acquired
immunodeficiencies underlying tuberculosis in childhood. Immunological Reviews, 264(1), 103-120.
https://doi.org/10.1111/imr.12272

Boisson, M., Jacobs, M., Grégoire, N., Gobin, P., Marchand, S., Couet, W., & Mimoz, O. (2014). Comparison
of Intrapulmonary and Systemic Pharmacokinetics of Colistin Methanesulfonate (CMS) and Colistin
after Aerosol Delivery and Intravenous Administration of CMS in Critically Ill Patients. Antimicrobial
Agents And Chemotherapy, 58(12), 7331-7339. https://doi.org/10.1128/AAC.03510-14

Brown, F., Gonzalez, J., & Monan, M. (2019). Pharmacognostic, Physicochemical and Phytochemical Analysis
of Two Cultivars from Hibiscus sabdariffa L. in Cuba. Open Access Library Journal, 6(12), 1-8.
https://doi.org/10.4236/0alib.1105894

Burhan, E., Karyana, M., Karuniawati, A., Kusmiati, T., Wibisono, B. H., Handayani, D., ... & Siddiqui, S. (2022).
Characteristics of Drug-sensitive and Drug-resistant Tuberculosis Cases Among Adults at Tuberculosis
Referral Hospitals in Indonesia. The American Journal of Tropical Medicine and Hygiene, 107(5), 984-
991. https://doi.org/10.4269/ajtmh.22-0142

Burusie, A., Enquesilassie, F., Addissie, A., Dessalegn, B., & Lamaro, T. (2020). Effect of Smoking on
Tuberculosis Treatment Outcomes: A Systematic Review and Meta-analysis. PLoS ONE, 15(9),
€0239333. https://doi.org/10.1371/journal.pone.0239333

Cahyani, T. D., Rahayu S. R., Jamilatun, F., & Merzistya, A. N. A. (2021). Multi-Drug Resistant Tuberculosis in
Semarang City. Public Health Perspectives Journal, 6(2), 148-158.

Campbell, J. R., Al-Jahdali, H., Bah, B., Belo, M., Cook, V. J., Long, R., ... & Menzies, D. (2021). Safety and
Efficacy of Rifampin or Isoniazid among People with Mycobacterium tuberculosis Infection and Living
with Human Immunodeficiency Virus or Other Health Conditions: Post Hoc Analysis of 2 Randomized
Trials. Clinical Infectious Diseases: An Official Publication of the Infectious Diseases Society of
America, 73(9), e3545—e3554. https://doi.org/10.1093/cid/ciaal169

Cegielski, J. P., & McMurray, D. N. (2004). The Relationship between Malnutrition and Tuberculosis: Evidence
from Studies in Humans and Experimental Animals. The International Journal of Tuberculosis and
Lung Disease: The Official Journal of the International Union against Tuberculosis and Lung Disease,
8(3), 286—298.

Chaidir, L., Sengstake, S., de Beer, J., Krismawati, H., Lestari, F. D., Ayawaila, S., ... & Alisjahbana, B. (2015).
Mycobacterium tuberculosis Genotypic Drug Resistance Patterns and Clustering in Jayapura, Papua,
Indonesia. The International Journal of Tuberculosis and Lung Disease, 19(4), 428-433.

29


http://journal.i3l.ac.id/index.php/IJLS
https://pubmed.ncbi.nlm.nih.gov/26133548/
https://pubmed.ncbi.nlm.nih.gov/26133548/
https://pubmed.ncbi.nlm.nih.gov/26133548/
https://pubmed.ncbi.nlm.nih.gov/26133548/
https://www.sciencedirect.com/science/article/pii/S2405579422000079
https://www.sciencedirect.com/science/article/pii/S2405579422000079
https://www.sciencedirect.com/science/article/pii/S2405579422000079
https://www.sciencedirect.com/science/article/pii/S2405579422000079
,%20100302.%20https:/doi.org/10.1016/j.jctube.2022.100302
,%20100302.%20https:/doi.org/10.1016/j.jctube.2022.100302
https://pubmed.ncbi.nlm.nih.gov/12588714/
https://pubmed.ncbi.nlm.nih.gov/12588714/
https://pubmed.ncbi.nlm.nih.gov/12588714/
https://pubmed.ncbi.nlm.nih.gov/12588714/
https://pubmed.ncbi.nlm.nih.gov/12588714/
https://pubmed.ncbi.nlm.nih.gov/12588714/
https://pubmed.ncbi.nlm.nih.gov/12588714/
https://pubmed.ncbi.nlm.nih.gov/12588714/
https://pubmed.ncbi.nlm.nih.gov/12588714/
https://doi.org/10.1183/13993003.01979-2016
https://doi.org/10.1183/13993003.01979-2016
https://doi.org/10.1183/13993003.01979-2016
https://doi.org/10.1183/13993003.01979-2016
https://doi.org/10.1183/13993003.01979-2016
https://doi.org/10.1111/imr.12272
https://doi.org/10.1111/imr.12272
https://doi.org/10.1111/imr.12272
https://doi.org/10.1111/imr.12272
https://doi.org/10.1111/imr.12272
https://doi.org/10.1111/imr.12272
https://doi.org/10.1111/imr.12272
https://journals.asm.org/doi/abs/10.1128/AAC.03510-14
https://journals.asm.org/doi/abs/10.1128/AAC.03510-14
https://journals.asm.org/doi/abs/10.1128/AAC.03510-14
https://journals.asm.org/doi/abs/10.1128/AAC.03510-14
https://journals.asm.org/doi/abs/10.1128/AAC.03510-14
https://journals.asm.org/doi/abs/10.1128/AAC.03510-14
https://journals.asm.org/doi/abs/10.1128/AAC.03510-14
https://journals.asm.org/doi/abs/10.1128/AAC.03510-14
https://www.oalib.com/articles/5423905
https://www.oalib.com/articles/5423905
https://www.oalib.com/articles/5423905
https://www.oalib.com/articles/5423905
https://www.oalib.com/articles/5423905
https://www.oalib.com/articles/5423905
https://www.oalib.com/articles/5423905
https://www.oalib.com/articles/5423905
https://www.oalib.com/articles/5423905
https://doi.org/10.4269/ajtmh.22-0142
https://doi.org/10.4269/ajtmh.22-0142
https://doi.org/10.4269/ajtmh.22-0142
https://doi.org/10.4269/ajtmh.22-0142
https://doi.org/10.4269/ajtmh.22-0142
https://doi.org/10.4269/ajtmh.22-0142
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0239333
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0239333
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0239333
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0239333
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0239333
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0239333
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0239333
https://journal.unnes.ac.id/nju/index.php/phpj/article/view/27620
https://journal.unnes.ac.id/nju/index.php/phpj/article/view/27620
https://journal.unnes.ac.id/nju/index.php/phpj/article/view/27620
https://journal.unnes.ac.id/nju/index.php/phpj/article/view/27620
https://doi.org/10.1093/cid/ciaa1169
https://doi.org/10.1093/cid/ciaa1169
https://doi.org/10.1093/cid/ciaa1169
https://doi.org/10.1093/cid/ciaa1169
https://doi.org/10.1093/cid/ciaa1169
https://doi.org/10.1093/cid/ciaa1169
https://doi.org/10.1093/cid/ciaa1169
https://doi.org/10.1093/cid/ciaa1169
https://doi.org/10.1093/cid/ciaa1169
https://doi.org/10.1093/cid/ciaa1169
https://doi.org/10.1093/cid/ciaa1169
https://doi.org/10.1093/cid/ciaa1169
https://pubmed.ncbi.nlm.nih.gov/15139466/
https://pubmed.ncbi.nlm.nih.gov/15139466/
https://pubmed.ncbi.nlm.nih.gov/15139466/
https://pubmed.ncbi.nlm.nih.gov/15139466/
https://pubmed.ncbi.nlm.nih.gov/15139466/
https://pubmed.ncbi.nlm.nih.gov/15139466/
https://pubmed.ncbi.nlm.nih.gov/25859998/
https://pubmed.ncbi.nlm.nih.gov/25859998/
https://pubmed.ncbi.nlm.nih.gov/25859998/
https://pubmed.ncbi.nlm.nih.gov/25859998/
https://pubmed.ncbi.nlm.nih.gov/25859998/
https://pubmed.ncbi.nlm.nih.gov/25859998/
https://pubmed.ncbi.nlm.nih.gov/25859998/
https://pubmed.ncbi.nlm.nih.gov/25859998/

Indonesian Journal of Life Sciences Vol. 05 | Number 1 | March 2023

https://doi.org/10.5588/ijtld.14.0350

Chaidir, L., Ruesen, C., Dutilh, B. E., Ganiem, A. R., Andryani, A., Apriani, L., ... & Alisjahbana, B. (2019). Use of
Whole-Genome Sequencing to Predict Mycobacterium tuberculosis Drug Resistance in Indonesia.
Journal of Global Antimicrobial Resistance, 16, 170-177. https://doi.org/10.1016/j.jgar.2018.08.018

Chakaya, J., Khan, M., Ntoumi, F., Aklillu, E., Fatima, R., Mwaba, P., ... & Zumla, A. (2021). Global Tuberculosis
Report 2020 — Reflections on the Global TB Burden, Treatment and Prevention Efforts. International
Journal of Infectious Diseases, 113(1), S7-S12. https://doi.org/10.1016/].ijid.2021.02.107

Choerunisa, T. F., Lismayanti, L., Rostini, T., Bayusantika, R., & Parwati, |. (2021). Comparison of Line Probe
Assay (LPA) and Mycobacterium Growth Indicator Tubes (MGIT) Assay for Second-line TB Drug
Susceptibility Testing. The Indonesian Biomedical Journal, 13(3), 256-60.
https://doi.org/10.18585/inabj.v13i3.1521

Cohen, G., & Horl, W. H. (2012). Immune Dysfunction in Uremia—An Update. Toxins, 4(11), 962—990.
https://doi.org/10.3390/toxins4110962

Cohen, K. A,, Stott, K. E., Munsamy, V., Manson, A. L., Earl, A. M., & Pym, A. S. (2020). Evidence for Expanding
the Role of Streptomycin in the Management of Drug-resistant Mycobacterium tuberculosis.
Antimicrobial Agents and Chemotherapy, 64(9), e00860-20. https://doi.org/10.1128/aac.00860-20

Cruz-Knight, W., & Blake-Gumbs, L. (2013). Tuberculosis: An Overview. Primary Care, 40(3), 743-756.
https://doi.org/10.1016/j.pop.2013.06.003

Cuevas-Cérdoba, B., Cuellar-Sanchez, A., Pasissi-Crivelli, A., Santana-Alvarez, C. A., Hernandez-lllezcas, J., &
Zenteno-Cuevas, R. (2013). rrs and rpsL Mutations in Streptomycin-resistant Isolates of
Mycobacterium tuberculosis from Mexico. Journal of Microbiology, Immunology and Infection, 46(1),
30-34. https://doi.org/10.1016/j.jmii.2012.08.020
Darmawansyah. (2017). Pengeboran Batu Tambang Emas Tradisional Berisiko Terinfeksi Kuman
Mycobacterium Tuberculosis (Studi di Pertambangan Emas Tradisional Kabupaten Lebong,
Bengkulu). Jurnal Kesehatan Pena Medika, 7(2).

Delogu, G., Sali, M., & Fadda, G. (2013). The Biology of Mycobacterium tuberculosis Infection. Mediterranean
Journal of Hematology and Infectious Diseases, 5(1), €2013070.
https://doi.org/10.4084/MJHID.2013.070

Deol, A. K., Shaikh, N., Middelkoop, K., Mohlamonyane, M., White, R. G., & McCreesh, N. (2022). Importance
of Ventilation and Occupancy to Mycobacterium tuberculosis Transmission Rates in Congregate
Settings. BMC Public Health, 22(1), 1-7. https://doi.org/10.1186/s12889-022-14133-5

Dewi, A. P. (2020). Prevalence and Characteristic of Drug-resistant Tuberculosis Patients in South Halmahera
District, Eastern Indonesia. European Respiratory Journal, 56(64), 505.
https://doi.org/10.1183/13993003.congress-2020.505

Dey, D., Ray, R., & Hazra, B. (2015a). Antimicrobial Activity of Pomegranate Fruit Constituents against Drug-
resistant Mycobacterium tuberculosis and [B-Lactamase Producing Klebsiella pneumoniae.
Pharmaceutical Biology, 53(10), 1474-1480. https://doi.org/10.3109/13880209.2014.986687

Dey, D., Ray, R., & Hazra, B. (2015b). Antibacterial and Antitubercular Activity of Selected Plant Products
against Multi-drug Resistant Clinical Isolates. Res, 1021, 1014-21.

Djide, N. J. N., Djide, M. N., Amir, M. N., & Sartini, S. (2019). Aktivitas Antibakteri Ekstrak Kelopak Bunga
Rosella Terenkapsulasi Maltodekstrin dan Sinergitasnya dengan Isoniazida dan Rifampisin Terhadap
Mycobacterium tuberculosis H37rv. Jurnal Farmasi Galenika (Galenika Journal of Pharmacy), 5(2),
117-123. https://doi.org/10.22487/j24428744.2019.v5.i2.12946

Du, C.R., Wang, S. C,, Yu, M. C,, Chiu, T. F., Wang, J. Y., Chuang, P. C., Jou, R., Chan, P. C.,, & Fang, C. T. (2020).
Effect of Ventilation Improvement During a Tuberculosis Outbreak in Underventilated University
Buildings. Indoor Air, 30(3), 422—432. https://doi.org/10.1111/ina.12639

Dutta, N., & Karakousis, P. (2015). Can the Duration of Tuberculosis Treatment be Shortened with Higher

30


http://journal.i3l.ac.id/index.php/IJLS
https://pubmed.ncbi.nlm.nih.gov/25859998/
https://www.sciencedirect.com/science/article/pii/S2213716518301656
https://www.sciencedirect.com/science/article/pii/S2213716518301656
https://www.sciencedirect.com/science/article/pii/S2213716518301656
https://www.sciencedirect.com/science/article/pii/S2213716518301656
https://www.sciencedirect.com/science/article/pii/S2213716518301656
https://www.sciencedirect.com/science/article/pii/S2213716518301656
https://www.sciencedirect.com/science/article/pii/S2213716518301656
https://www.sciencedirect.com/science/article/pii/S2213716518301656
https://pubmed.ncbi.nlm.nih.gov/33716195/
https://pubmed.ncbi.nlm.nih.gov/33716195/
https://pubmed.ncbi.nlm.nih.gov/33716195/
https://pubmed.ncbi.nlm.nih.gov/33716195/
https://pubmed.ncbi.nlm.nih.gov/33716195/
https://inabj.org/index.php/ibj/article/view/1521
https://inabj.org/index.php/ibj/article/view/1521
https://inabj.org/index.php/ibj/article/view/1521
https://inabj.org/index.php/ibj/article/view/1521
https://inabj.org/index.php/ibj/article/view/1521
https://inabj.org/index.php/ibj/article/view/1521
https://inabj.org/index.php/ibj/article/view/1521
https://inabj.org/index.php/ibj/article/view/1521
https://inabj.org/index.php/ibj/article/view/1521
https://pubmed.ncbi.nlm.nih.gov/23202302/
https://pubmed.ncbi.nlm.nih.gov/23202302/
https://pubmed.ncbi.nlm.nih.gov/23202302/
https://pubmed.ncbi.nlm.nih.gov/23202302/
https://doi.org/10.1128/aac.00860-20
https://doi.org/10.1128/aac.00860-20
https://doi.org/10.1128/aac.00860-20
https://doi.org/10.1128/aac.00860-20
https://doi.org/10.1128/aac.00860-20
https://doi.org/10.1128/aac.00860-20
https://doi.org/10.1128/aac.00860-20
https://doi.org/10.1128/aac.00860-20
https://doi.org/10.1128/aac.00860-20
https://doi.org/10.1016/j.pop.2013.06.003
https://doi.org/10.1016/j.pop.2013.06.003
https://doi.org/10.1016/j.pop.2013.06.003
https://doi.org/10.1016/j.pop.2013.06.003
https://www.sciencedirect.com/science/article/pii/S1684118212001818
https://www.sciencedirect.com/science/article/pii/S1684118212001818
https://www.sciencedirect.com/science/article/pii/S1684118212001818
https://www.sciencedirect.com/science/article/pii/S1684118212001818
https://www.sciencedirect.com/science/article/pii/S1684118212001818
https://www.sciencedirect.com/science/article/pii/S1684118212001818
https://www.sciencedirect.com/science/article/pii/S1684118212001818
https://www.sciencedirect.com/science/article/pii/S1684118212001818
https://jurnal.unikal.ac.id/index.php/medika/article/view/587/512
https://jurnal.unikal.ac.id/index.php/medika/article/view/587/512
https://jurnal.unikal.ac.id/index.php/medika/article/view/587/512
https://jurnal.unikal.ac.id/index.php/medika/article/view/587/512
https://jurnal.unikal.ac.id/index.php/medika/article/view/587/512
https://jurnal.unikal.ac.id/index.php/medika/article/view/587/512
https://jurnal.unikal.ac.id/index.php/medika/article/view/587/512
https://jurnal.unikal.ac.id/index.php/medika/article/view/587/512
https://jurnal.unikal.ac.id/index.php/medika/article/view/587/512
https://doi.org/10.4084/MJHID.2013.070
https://doi.org/10.4084/MJHID.2013.070
https://doi.org/10.4084/MJHID.2013.070
https://doi.org/10.4084/MJHID.2013.070
https://doi.org/10.4084/MJHID.2013.070
https://doi.org/10.4084/MJHID.2013.070
https://doi.org/10.4084/MJHID.2013.070
https://doi.org/10.1186/s12889-022-14133-5
https://doi.org/10.1186/s12889-022-14133-5
https://doi.org/10.1186/s12889-022-14133-5
https://doi.org/10.1186/s12889-022-14133-5
https://doi.org/10.1186/s12889-022-14133-5
https://doi.org/10.1186/s12889-022-14133-5
https://doi.org/10.1186/s12889-022-14133-5
https://erj.ersjournals.com/content/56/suppl_64/505
https://erj.ersjournals.com/content/56/suppl_64/505
https://erj.ersjournals.com/content/56/suppl_64/505
https://erj.ersjournals.com/content/56/suppl_64/505
https://erj.ersjournals.com/content/56/suppl_64/505
https://www.tandfonline.com/doi/full/10.3109/13880209.2014.986687
https://www.tandfonline.com/doi/full/10.3109/13880209.2014.986687
https://www.tandfonline.com/doi/full/10.3109/13880209.2014.986687
https://www.tandfonline.com/doi/full/10.3109/13880209.2014.986687
https://www.tandfonline.com/doi/full/10.3109/13880209.2014.986687
https://www.tandfonline.com/doi/full/10.3109/13880209.2014.986687
https://www.tandfonline.com/doi/full/10.3109/13880209.2014.986687
https://www.tandfonline.com/doi/full/10.3109/13880209.2014.986687
https://www.tandfonline.com/doi/full/10.3109/13880209.2014.986687
https://www.tandfonline.com/doi/full/10.3109/13880209.2014.986687
https://www.researchgate.net/profile/Diganta-Dey/publication/303389723_Antibacterial_and_antitubercular_activity_of_selected_plant_products_against_multi-drug_resistant_clinical_isolates/links/57401fee08ae9ace84136d88/Antibacterial-and-antitubercular-activity-of-selected-plant-products-against-multi-drug-resistant-clinical-isolates.pdf
https://www.researchgate.net/profile/Diganta-Dey/publication/303389723_Antibacterial_and_antitubercular_activity_of_selected_plant_products_against_multi-drug_resistant_clinical_isolates/links/57401fee08ae9ace84136d88/Antibacterial-and-antitubercular-activity-of-selected-plant-products-against-multi-drug-resistant-clinical-isolates.pdf
https://www.researchgate.net/profile/Diganta-Dey/publication/303389723_Antibacterial_and_antitubercular_activity_of_selected_plant_products_against_multi-drug_resistant_clinical_isolates/links/57401fee08ae9ace84136d88/Antibacterial-and-antitubercular-activity-of-selected-plant-products-against-multi-drug-resistant-clinical-isolates.pdf
https://www.researchgate.net/profile/Diganta-Dey/publication/303389723_Antibacterial_and_antitubercular_activity_of_selected_plant_products_against_multi-drug_resistant_clinical_isolates/links/57401fee08ae9ace84136d88/Antibacterial-and-antitubercular-activity-of-selected-plant-products-against-multi-drug-resistant-clinical-isolates.pdf
https://www.researchgate.net/profile/Diganta-Dey/publication/303389723_Antibacterial_and_antitubercular_activity_of_selected_plant_products_against_multi-drug_resistant_clinical_isolates/links/57401fee08ae9ace84136d88/Antibacterial-and-antitubercular-activity-of-selected-plant-products-against-multi-drug-resistant-clinical-isolates.pdf
https://www.researchgate.net/profile/Diganta-Dey/publication/303389723_Antibacterial_and_antitubercular_activity_of_selected_plant_products_against_multi-drug_resistant_clinical_isolates/links/57401fee08ae9ace84136d88/Antibacterial-and-antitubercular-activity-of-selected-plant-products-against-multi-drug-resistant-clinical-isolates.pdf
https://bestjournal.untad.ac.id/index.php/Galenika/article/view/12946
https://bestjournal.untad.ac.id/index.php/Galenika/article/view/12946
https://bestjournal.untad.ac.id/index.php/Galenika/article/view/12946
https://bestjournal.untad.ac.id/index.php/Galenika/article/view/12946
https://bestjournal.untad.ac.id/index.php/Galenika/article/view/12946
https://bestjournal.untad.ac.id/index.php/Galenika/article/view/12946
https://bestjournal.untad.ac.id/index.php/Galenika/article/view/12946
https://doi.org/10.1111/ina.12639
https://doi.org/10.1111/ina.12639
https://doi.org/10.1111/ina.12639
https://doi.org/10.1111/ina.12639
https://doi.org/10.1111/ina.12639
https://doi.org/10.3389/fmicb.2015.01117
https://doi.org/10.3389/fmicb.2015.01117

Indonesian Journal of Life Sciences Vol. 05 | Number 1 | March 2023

Dosages of Rifampicin?. Frontiers In Microbiology, 6. https://doi.org/10.3389/fmicb.2015.01117

Escombe, A. R., Ticona, E., Chavez-Pérez, V., Espinoza, M., & Moore, D. A. (2019). Improving Natural
Ventilation in Hospital Waiting and Consulting Rooms to Reduce Nosocomial Tuberculosis
Transmission Risk in a Low Resource Setting. BMC Infectious Diseases, 19, 1-7.
https://doi.org/10.1186/s12879-019-3717-9

Faisal, E. G., Amirah, S., Maulana, S., Komariah, M., & Platini, H. (2022). Role of Curcumin as a Potential
Immunomodulator to Adjunct Tuberculosis Treatment in Indonesia. Open Access Macedonian
Journal of Medical Sciences, 10(F), 326-331. https://doi.org/10.3889/0amjms.2022.8981

Fatimatuzzuhro, Sundari, A. S., & Indriati, D. W. (2020). The Prevalence of Pulmonary Tuberculosis Among
Newly Diagnosed HIV/AIDS Individuals Admitted in Gresik, Indonesia. Malaysian Journal of Medicine
and Health Sciences, 16, 4-8.

Fauziyah, P. N., Sukandar, E. Y., & Ayuningtyas, D. K. (2017). Combination Effect of Antituberculosis Drugs
and Ethanolic Extract of Selected Medicinal Plants against Multi-drug Resistant Mycobacterium
Tuberculosis Isolates. Scientia Pharmaceutica, 85(1), 14. https://doi.org/10.3390/scipharm85010014

Fernandes, F. M. D. C., Martins, E. D. S., Pedrosa, D. M. A. S., & Evangelista, M. D. S. N. (2017). Relationship
between Climatic Factors and Air Quality with Tuberculosis in the Federal District, Brazil, 2003-2012.
Brazilian Journal of Infectious Diseases, 21, 369-375. https://doi.org/10.1016/].bjid.2017.03.017

Fogel, N. (2015). Tuberculosis: A Disease Without Boundaries. Tuberculosis, 95(5), 527-531.
https://doi.org/10.1016/j.tube.2015.05.017

Fuady, A., Houweling, T. A. J., Mansyur, M., & Richardus, J. H. (2018). Catastrophic Total Costs in Tuberculosis-
affected Households and their Determinants since Indonesia's Implementation of Universal Health
Coverage. Infectious Diseases of Poverty, 7(1), 3. https://doi.org/10.1186/s40249-017-0382-3

Gadkowski, L. B., & Stout, J. E. (2008). Cavitary Pulmonary Disease. Clinical Microbiology Reviews, 21(2), 305—
333. https://doi.org/10.1128/CMR.00060-07

Getahun, H., Matteelli, A., Abubakar, I., Aziz, M. A., Baddeley, A., Barreira, D., ... & Raviglione, M. (2015).
Management of latent Mycobacterium tuberculosis infection: WHO guidelines for low tuberculosis
burden countries. European Respiratory Journal, 46(6), 1563-1576.
https://doi.org/10.1183/13993003.01245-2015

Ghaesani, N. M., Effendy, R. R., & Wulandari, D. A. (2021). Radiological Findings Of Pulmonary Tuberculosis
in Children at dr. Hasan Sadikin General Hospital Bandung 2018-2019. Althea Medical Journal, 8(4),
198-203. https://doi.org/10.15850/amj.v8n4.2338

Ghodbane, R., Medie, F. M., Lepidi, H., Nappez, C., & Drancourt, M. (2014). Long-term survival of tuberculosis
complex mycobacteria in soil. Microbiology (Reading, England), 160(Pt 3), 496-501.
https://doi.org/10.1099/mic.0.073379-0

Gikalo, M. B., Nosova, E. Y., Krylova, L. Y., & Moroz, A. M. (2012). The Role of Eis Mutations in the
Development of Kanamycin Resistance in Mycobacterium tuberculosis Isolates from the Moscow
Region. Journal of Antimicrobial Chemotherapy, 67(9), 2107-21089.
https://doi.org/10.1093/jac/dks178

Goletti, D., Lindestam Arlehamn, C. S., Scriba, T. J., Anthony, R., Cirillo, D. M., Alonzi, T., Denkinger, C. M., &
Cobelens, F. (2018). Can We Predict Tuberculosis Cure? What Tools Are Available?. European
Respiratory Journal, 52(5). https://doi.org/10.1183/13993003.01089-2018

Gopal, P., Grlber, G., Dartois, V., & Dick, T. (2019). Pharmacological and Molecular Mechanisms Behind the
Sterilizing Activity of Pyrazinamide. Trends in Pharmacological Sciences, 40(12), 930-940.
https://doi.org/10.1016/j.tips.2019.10.005
Gopalaswamy, R., Dusthackeer, V. N. A., Kannayan, S., & Subbian, S. (2021). Extrapulmonary
Tuberculosis—An Update on the Diagnosis, Treatment and Drug Resistance. Journal of Respiration,
1(2), 141-164. https://doi.org/10.3390/jor1020015

31


http://journal.i3l.ac.id/index.php/IJLS
https://doi.org/10.3389/fmicb.2015.01117
https://doi.org/10.3389/fmicb.2015.01117
https://doi.org/10.3389/fmicb.2015.01117
https://doi.org/10.3389/fmicb.2015.01117
https://doi.org/10.1186/s12879-019-3717-9
https://doi.org/10.1186/s12879-019-3717-9
https://doi.org/10.1186/s12879-019-3717-9
https://doi.org/10.1186/s12879-019-3717-9
https://doi.org/10.1186/s12879-019-3717-9
https://doi.org/10.1186/s12879-019-3717-9
https://oamjms.eu/index.php/mjms/article/view/8981
https://oamjms.eu/index.php/mjms/article/view/8981
https://oamjms.eu/index.php/mjms/article/view/8981
https://oamjms.eu/index.php/mjms/article/view/8981
https://oamjms.eu/index.php/mjms/article/view/8981
https://oamjms.eu/index.php/mjms/article/view/8981
https://oamjms.eu/index.php/mjms/article/view/8981
https://oamjms.eu/index.php/mjms/article/view/8981
https://medic.upm.edu.my/upload/dokumen/2020123012505602_2020_0745.pdf
https://medic.upm.edu.my/upload/dokumen/2020123012505602_2020_0745.pdf
https://medic.upm.edu.my/upload/dokumen/2020123012505602_2020_0745.pdf
https://medic.upm.edu.my/upload/dokumen/2020123012505602_2020_0745.pdf
https://medic.upm.edu.my/upload/dokumen/2020123012505602_2020_0745.pdf
https://www.mdpi.com/2218-0532/85/1/14
https://www.mdpi.com/2218-0532/85/1/14
https://www.mdpi.com/2218-0532/85/1/14
https://www.mdpi.com/2218-0532/85/1/14
https://www.mdpi.com/2218-0532/85/1/14
https://doi.org/10.1016/j.bjid.2017.03.017
https://doi.org/10.1016/j.bjid.2017.03.017
https://doi.org/10.1016/j.bjid.2017.03.017
https://doi.org/10.1016/j.bjid.2017.03.017
https://doi.org/10.1016/j.tube.2015.05.017
https://doi.org/10.1016/j.tube.2015.05.017
https://doi.org/10.1016/j.tube.2015.05.017
https://doi.org/10.1016/j.tube.2015.05.017
https://doi.org/10.1186/s40249-017-0382-3
https://doi.org/10.1186/s40249-017-0382-3
https://doi.org/10.1186/s40249-017-0382-3
https://doi.org/10.1186/s40249-017-0382-3
https://doi.org/10.1186/s40249-017-0382-3
https://doi.org/10.1128/CMR.00060-07
https://doi.org/10.1128/CMR.00060-07
https://doi.org/10.1128/CMR.00060-07
https://doi.org/10.1128/CMR.00060-07
https://doi.org/10.1183/13993003.01245-2015
https://doi.org/10.1183/13993003.01245-2015
https://doi.org/10.1183/13993003.01245-2015
https://doi.org/10.1183/13993003.01245-2015
https://doi.org/10.1183/13993003.01245-2015
https://doi.org/10.1183/13993003.01245-2015
https://doi.org/10.1183/13993003.01245-2015
https://doi.org/10.1183/13993003.01245-2015
https://doi.org/10.1183/13993003.01245-2015
https://doi.org/10.1183/13993003.01245-2015
https://doi.org/10.1183/13993003.01245-2015
http://journal.fk.unpad.ac.id/index.php/amj/article/view/2338
http://journal.fk.unpad.ac.id/index.php/amj/article/view/2338
http://journal.fk.unpad.ac.id/index.php/amj/article/view/2338
http://journal.fk.unpad.ac.id/index.php/amj/article/view/2338
http://journal.fk.unpad.ac.id/index.php/amj/article/view/2338
https://www.microbiologyresearch.org/content/journal/micro/10.1099/mic.0.073379-0#tab2
https://www.microbiologyresearch.org/content/journal/micro/10.1099/mic.0.073379-0#tab2
https://www.microbiologyresearch.org/content/journal/micro/10.1099/mic.0.073379-0#tab2
https://www.microbiologyresearch.org/content/journal/micro/10.1099/mic.0.073379-0#tab2
https://www.microbiologyresearch.org/content/journal/micro/10.1099/mic.0.073379-0#tab2
https://academic.oup.com/jac/article/67/9/2107/875516
https://academic.oup.com/jac/article/67/9/2107/875516
https://academic.oup.com/jac/article/67/9/2107/875516
https://academic.oup.com/jac/article/67/9/2107/875516
https://academic.oup.com/jac/article/67/9/2107/875516
https://academic.oup.com/jac/article/67/9/2107/875516
https://academic.oup.com/jac/article/67/9/2107/875516
https://academic.oup.com/jac/article/67/9/2107/875516
https://doi.org/10.1183/13993003.01089-2018
https://doi.org/10.1183/13993003.01089-2018
https://doi.org/10.1183/13993003.01089-2018
https://doi.org/10.1183/13993003.01089-2018
https://doi.org/10.1183/13993003.01089-2018
https://doi.org/10.1183/13993003.01089-2018
https://doi.org/10.1183/13993003.01089-2018
https://doi.org/10.1016/j.tips.2019.10.005
https://doi.org/10.1016/j.tips.2019.10.005
https://doi.org/10.1016/j.tips.2019.10.005
https://doi.org/10.1016/j.tips.2019.10.005
https://doi.org/10.1016/j.tips.2019.10.005
https://doi.org/10.1016/j.tips.2019.10.005
https://doi.org/10.1016/j.tips.2019.10.005
https://www.mdpi.com/2673-527X/1/2/15
https://www.mdpi.com/2673-527X/1/2/15
https://www.mdpi.com/2673-527X/1/2/15
https://www.mdpi.com/2673-527X/1/2/15
https://www.mdpi.com/2673-527X/1/2/15
https://www.mdpi.com/2673-527X/1/2/15
https://www.mdpi.com/2673-527X/1/2/15

Indonesian Journal of Life Sciences Vol. 05 | Number 1 | March 2023

Gultom, A. M., Nurmaini, N., & Siregar, F. A. (2022). The effect of physical conditions of home and work
environment on the event of pulmonary tuberculosis in construction workers. Jurnal Riset Kesehatan,
11(1), 40-47. https://doi.org/10.31983/jrk.v11i1.8258

Gumilang, R. R,, Indriati, D. W., Diyantoro, D., & Sundari, A. S. (2022). The Occurrence of Tuberculosis
Infection among Newly HIV Diagnosed Patient in Indonesia. Open Access Macedonian Journal of
Medical Sciences, 10(A), 893—896. https://doi.org/10.3889/0amjms.2022.9529

Gupta, V. K., Kumar, M. M., Bisht, D., & Kaushik, A. (2017). Plants in our Combating Strategies against
Mycobacterium tuberculosis: Progress Made and Obstacles Met. Pharmaceutical Biology, 55(1),
1536-1544. https://doi.org/10.1080/13880209.2017.1309440

Gurvitz, A. (2009). The Essential Mycobacterial Genes, fabG1l and fabG4, Encode 3-Oxoacyl-Thioester
Reductases that are Functional in Yeast Mitochondrial Fatty Acid Synthase Type 2. Molecular
Genetics and Genomics: MGG, 282(4), 407-416. https://doi.org/10.1007/s00438-009-0474-2

Harmayani, E., Anal, A. K., Wichienchot, S., Bhat, R., Gardjito, M., Santoso, U., & Payyappallimana, U. (2019).
Healthy Food Traditions of Asia: Exploratory Case Studies from Indonesia, Thailand, Malaysia, and
Nepal. Journal of Ethnic Foods, 6(1), 1-18. https://doi.org/10.1186/s42779-019-0002-x

Heym, B., Alzari, P. M., Honore, N., & Cole, S. T. (1995). Missense Mutations in the Catalase-Peroxidase Gene,
katG, are Associated with Isoniazid Resistance in Mycobacterium tuberculosis. Molecular
Microbiology, 15(2), 235—-245. https://doi.org/10.1111/j.1365-2958.1995.tb02238.x

Hung, C. L., Su, P. L., & Ou, C. Y. (2016). Prognostic effect of tuberculosis on patients with occupational lung
diseases: A 13-year observational study in a nationwide cohort. Medicine, 95(37), e4748.
https://doi.org/10.1097/MD.0000000000004748

Icksan, A. G., Napitupulu, M. R. S., Nawas, M. A., & Nurwidya, F. (2018). Chest X-ray Findings Comparison
between Multi-drug-resistant Tuberculosis and Drug-sensitive Tuberculosis. Journal of Natural
Science, Biology, and Medicine, 9(1), 42—46. https://doi.org/10.4103/jnsbm.JNSBM_79_17

Ikhsan, M. (2019). The Proportion and Radiological Features of Pneumoconiosis inWorkers Exposed to Dust
in The Workplace. Jurnal Respirologi Indonesia, 39(4).

Irnawati, I., Sulisyanto, B. A., Hardini, D. S., Asmita, K. B., & Sansuwito, T. bin. (2022). A Retrospective Study:
Trend in the Incidence of Tuberculosis Among Children in the Pekalongan. Proceedings Series on
Health & Medical Sciences, 2, 59-63. https://doi.org/10.30595/pshms.v2i.223

Isa, M., Nurrasyidah, I., Nikmah, E. H., Rahmawaty, D., Assagaf, A., Haryati, H., & Kusumawardhani, E. (2022).
Nutritional Status of Hospitalized Tuberculosis Patients in South Kalimantan: A Cross-sectional Study.
Mutiara Medika: Jurnal Kedokteran Dan Kesehatan, 22(2).
https://doi.org/10.18196/mmjkk.v22i2.15021

Jnawali, H. N., & Ryoo, S. (2013). First- and Second-line Drugs and Drug Resistance. Tuberculosis-current Issues
in Diagnosis and Management, 20, 163-80. https://doi.org/10.5772/54960

Kadri, A., Machmud, R., Putra, A., & Indrapriyatna, A. S. (2022). Factors Associated of Multidrug-resistance
Tuberculosis among Minangkabau Ethnicity in Indonesia. Open Access Macedonian Journal of
Medical Sciences, 10(B), 1736—1739. https://doi.org/10.3889/0amjms.2022.8980

Kant, S., Gupta, H., & Ahluwalia, S. (2015). Significance of Nutrition in Pulmonary Tuberculosis. Critical
Reviews in Food Science and Nutrition, 55(7), 955-963.
https://doi.org/10.1080/10408398.2012.679500

Kaplan, G., Post, F. A., Moreira, A. L., Wainwright, H., Kreiswirth, B. N., Tanverdi, M., ... & Bekker, L. G. (2003).
Mycobacterium tuberculosis Growth at the Cavity Surface: A Microenvironment with Failed
Immunity. Infection and Immunity, 71(12), 7099-7108. https://doi.org/10.1128/1A1.71.12.7099-
7108.2003

Karyadi, E., Schultink, W., Nelwan, R. H., Gross, R., Amin, Z., Dolmans, W. M., ... West, C. E. (2000). Poor
Micronutrient Status of Active Pulmonary Tuberculosis Patients in Indonesia. The Journal of

32


http://journal.i3l.ac.id/index.php/IJLS
https://ejournal.poltekkes-smg.ac.id/ojs/index.php/jrk/article/view/8258/2617
https://ejournal.poltekkes-smg.ac.id/ojs/index.php/jrk/article/view/8258/2617
https://ejournal.poltekkes-smg.ac.id/ojs/index.php/jrk/article/view/8258/2617
https://ejournal.poltekkes-smg.ac.id/ojs/index.php/jrk/article/view/8258/2617
https://ejournal.poltekkes-smg.ac.id/ojs/index.php/jrk/article/view/8258/2617
https://oamjms.eu/index.php/mjms/article/view/9529
https://oamjms.eu/index.php/mjms/article/view/9529
https://oamjms.eu/index.php/mjms/article/view/9529
https://oamjms.eu/index.php/mjms/article/view/9529
https://oamjms.eu/index.php/mjms/article/view/9529
https://doi.org/10.1080/13880209.2017.1309440
https://doi.org/10.1080/13880209.2017.1309440
https://doi.org/10.1080/13880209.2017.1309440
https://doi.org/10.1080/13880209.2017.1309440
https://doi.org/10.1080/13880209.2017.1309440
https://doi.org/10.1080/13880209.2017.1309440
https://doi.org/10.1080/13880209.2017.1309440
https://pubmed.ncbi.nlm.nih.gov/19685079/
https://pubmed.ncbi.nlm.nih.gov/19685079/
https://pubmed.ncbi.nlm.nih.gov/19685079/
https://pubmed.ncbi.nlm.nih.gov/19685079/
https://pubmed.ncbi.nlm.nih.gov/19685079/
https://journalofethnicfoods.biomedcentral.com/articles/10.1186/s42779-019-0002-x
https://journalofethnicfoods.biomedcentral.com/articles/10.1186/s42779-019-0002-x
https://journalofethnicfoods.biomedcentral.com/articles/10.1186/s42779-019-0002-x
https://journalofethnicfoods.biomedcentral.com/articles/10.1186/s42779-019-0002-x
https://journalofethnicfoods.biomedcentral.com/articles/10.1186/s42779-019-0002-x
https://journalofethnicfoods.biomedcentral.com/articles/10.1186/s42779-019-0002-x
https://journalofethnicfoods.biomedcentral.com/articles/10.1186/s42779-019-0002-x
https://journalofethnicfoods.biomedcentral.com/articles/10.1186/s42779-019-0002-x
https://journalofethnicfoods.biomedcentral.com/articles/10.1186/s42779-019-0002-x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2958.1995.tb02238.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2958.1995.tb02238.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2958.1995.tb02238.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2958.1995.tb02238.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2958.1995.tb02238.x
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5402567/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5402567/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5402567/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5402567/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5402567/
https://pubmed.ncbi.nlm.nih.gov/29456392/
https://pubmed.ncbi.nlm.nih.gov/29456392/
https://pubmed.ncbi.nlm.nih.gov/29456392/
https://pubmed.ncbi.nlm.nih.gov/29456392/
https://pubmed.ncbi.nlm.nih.gov/29456392/
https://jurnalrespirologi.org/index.php/jri/article/view/89/86
https://jurnalrespirologi.org/index.php/jri/article/view/89/86
https://conferenceproceedings.ump.ac.id/index.php/pshms/article/view/223
https://conferenceproceedings.ump.ac.id/index.php/pshms/article/view/223
https://conferenceproceedings.ump.ac.id/index.php/pshms/article/view/223
https://conferenceproceedings.ump.ac.id/index.php/pshms/article/view/223
https://conferenceproceedings.ump.ac.id/index.php/pshms/article/view/223
https://conferenceproceedings.ump.ac.id/index.php/pshms/article/view/223
https://conferenceproceedings.ump.ac.id/index.php/pshms/article/view/223
https://journal.umy.ac.id/index.php/mm/article/view/15021
https://journal.umy.ac.id/index.php/mm/article/view/15021
https://journal.umy.ac.id/index.php/mm/article/view/15021
https://journal.umy.ac.id/index.php/mm/article/view/15021
https://journal.umy.ac.id/index.php/mm/article/view/15021
https://journal.umy.ac.id/index.php/mm/article/view/15021
https://doi.org/10.5772/54960
https://doi.org/10.5772/54960
https://doi.org/10.5772/54960
https://doi.org/10.5772/54960
https://doi.org/10.5772/54960
https://doi.org/10.5772/54960
https://doi.org/10.3889/oamjms.2022.8980
https://doi.org/10.3889/oamjms.2022.8980
https://doi.org/10.3889/oamjms.2022.8980
https://doi.org/10.3889/oamjms.2022.8980
https://doi.org/10.3889/oamjms.2022.8980
https://doi.org/10.1080/10408398.2012.679500
https://doi.org/10.1080/10408398.2012.679500
https://doi.org/10.1080/10408398.2012.679500
https://doi.org/10.1080/10408398.2012.679500
https://doi.org/10.1080/10408398.2012.679500
https://journals.asm.org/doi/10.1128/IAI.71.12.7099-7108.2003
https://journals.asm.org/doi/10.1128/IAI.71.12.7099-7108.2003
https://journals.asm.org/doi/10.1128/IAI.71.12.7099-7108.2003
https://journals.asm.org/doi/10.1128/IAI.71.12.7099-7108.2003
https://journals.asm.org/doi/10.1128/IAI.71.12.7099-7108.2003
https://journals.asm.org/doi/10.1128/IAI.71.12.7099-7108.2003
https://journals.asm.org/doi/10.1128/IAI.71.12.7099-7108.2003
https://journals.asm.org/doi/10.1128/IAI.71.12.7099-7108.2003
https://pubmed.ncbi.nlm.nih.gov/11110853/
https://pubmed.ncbi.nlm.nih.gov/11110853/
https://pubmed.ncbi.nlm.nih.gov/11110853/

Indonesian Journal of Life Sciences Vol. 05 | Number 1 | March 2023

Nutrition, 130(12), 2953-2958. https://doi.org/10.1093/jn/130.12.2953

Kementerian Kesehatan Republik Indonesia. (2020). Pedoman Nasional Pelayanan Kedokteran Tata Laksana
Tuberkulosis. https://tbindonesia.or.id/pustaka_tbc/ pedoman-nasional-pelayanan-kedokteran-
tatalaksana-tuberkulosis/

Kementerian  Kesehatan Republik Indonesia. (2021). TBC |Indonesia  Tuberkulosis.
https://tbindonesia.or.id/

Khan, S. R., Manialawy, Y., & Siraki, A. G. (2019). Isoniazid and Host Immune System Interactions: A Proposal
for a Novel Comprehensive Mode of Action. British Journal of Pharmacology, 176(24), 4599—-4608.
https://doi.org/10.1111/bph.14867

Kim, M. J., Wainwright, H. C., Locketz, M., Bekker, L. G., Walther, G. B., Dittrich, C., ... & Russell, D. G. (2010).
Caseation of Human Tuberculosis Granulomas Correlates with Elevated Host Lipid Metabolism.
EMBO Molecular Medicine, 2(7), 258-274. https://doi.org/10.1002/emmm.201000079

Kim, S. Y., Kim, D. H., Moon, S. M., Song, J. Y., Huh, H. J,, Lee, N. Y,, ... & Jhun, B. W. (2021). Association
between 16S rRNA Gene Mutations and Susceptibility to Amikacin in Mycobacterium avium Complex
and  Mycobacterium  abscessus  Clinical Isolates.  Scientific  Reports, 11(1), 1-8.
https://doi.org/10.1038/s41598-021-85721-5

Kocaadam, B., & Sanlier, N. (2017). Curcumin, an Active Component of Turmeric (Curcuma longa), and its
Effects on Health. Critical Reviews in Food Science and Nutrition, 57(13), 2889-2895.
https://doi.org/10.1080/10408398.2015.1077195

Kridaningsih, T. N., Widiyanti, M., Adiningsih, S., Hutapea, H. M., Fitriana, E., & Natalia, E. I. (2021). Profile of
HIV/AIDS Patients Coinfected with Tuberculosis in Bumi Wonorejo Health Centre and Santo Rafael
Clinic Nabire, Papua. Jurnal Kedokteran Brawijaya, 31(4), 10.
https://doi.org/10.21776/ub.jkb.2021.031.04.10

Krock, B. L., Skuli, N., & Simon, M. C. (2011). Hypoxia-Induced Angiogenesis: Good and Evil. Genes & Cancer,
2(12), 1117-1133. https://doi.org/10.1177/1947601911423654

Kurnia, A. D., Melizza, N., & Masruroh, N. (2020). Factors Related to the Low Nutritional Status among
Tuberculosis Patients. Jurnal Keperawatan Padjadjaran, 8(1).
https://doi.org/10.24198/jkp.v8i1.1294

Lakshmanan, D., Werngren, J., Jose, L., Suja, K. P., Nair, M. S., Varma, R. L., ... & Kumar, R. A. (2011). Ethyl p-
methoxycinnamate Isolated from a Traditional Anti-tuberculosis Medicinal Herb Inhibits Drug
Resistant Strains of Mycobacterium tuberculosis In Vitro. Fitoterapia, 82(5), 757-761.
https://doi.org/10.1016/j.fitote.2011.03.006

Lee, N., & Nguyen, H. (2021). Ethambutol. In StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing.
https://www.ncbi.nlm.nih.gov/books/NBK559050/

Lena, A. P., Eddy Purwoto, B., & Maya, P. G. (2019). Aktifitas Antibakteri Ekstrak Etanol Kaliks Bunga Rosella
Merah (Hibiscus Sabdariffa L.) terhadap Mycobacterium tuberculosis. Journal Archives Pharmacia,
1(1), 5-8.

Liberato, I. R., de Albuquerque, M.deF., Campelo, A. R., & de Melo, H. R. (2004). Characteristics of Pulmonary
Tuberculosis in HIV Seropositive and Seronegative Patients in a Northeastern Region of Brazil. Revista
da Sociedade Brasileira de Medicina Tropical, 37(1), 46-50. https://doi.org/10.1590/s0037-
86822004000100012

Lénnroth, K., Roglic, G., & Harries, A. D. (2014). Improving Tuberculosis Prevention and Care Through
Addressing the Global Diabetes Epidemic: From Evidence to Policy and Practice. The Lancet Diabetes
& Endocrinology, 2(9), 730-739. https://doi.org/10.1016/52213-8587(14)70109-3

Maison, D. P. (2022). Tuberculosis pathophysiology and anti-VEGF intervention. Journal of Clinical
Tuberculosis and Other Mycobacterial Diseases, 27, 100300.
https://doi.org/10.1016/j.jctube.2022.100300

33


http://journal.i3l.ac.id/index.php/IJLS
https://pubmed.ncbi.nlm.nih.gov/11110853/
https://pubmed.ncbi.nlm.nih.gov/11110853/
https://tbindonesia.or.id/pustaka_tbc/pedoman-nasional-pelayanan-kedokteran-tatalaksana-tuberkulosis/
https://tbindonesia.or.id/pustaka_tbc/pedoman-nasional-pelayanan-kedokteran-tatalaksana-tuberkulosis/
https://tbindonesia.or.id/pustaka_tbc/pedoman-nasional-pelayanan-kedokteran-tatalaksana-tuberkulosis/
https://tbindonesia.or.id/pustaka_tbc/pedoman-nasional-pelayanan-kedokteran-tatalaksana-tuberkulosis/
https://tbindonesia.or.id/pustaka_tbc/pedoman-nasional-pelayanan-kedokteran-tatalaksana-tuberkulosis/
https://tbindonesia.or.id/pustaka_tbc/pedoman-nasional-pelayanan-kedokteran-tatalaksana-tuberkulosis/
https://tbindonesia.or.id/
https://tbindonesia.or.id/
https://tbindonesia.or.id/
https://tbindonesia.or.id/
https://doi.org/10.1111/bph.14867
https://doi.org/10.1111/bph.14867
https://doi.org/10.1111/bph.14867
https://doi.org/10.1111/bph.14867
https://doi.org/10.1111/bph.14867
https://doi.org/10.1111/bph.14867
https://doi.org/10.1111/bph.14867
https://www.embopress.org/doi/10.1002/emmm.201000079
https://www.embopress.org/doi/10.1002/emmm.201000079
https://www.embopress.org/doi/10.1002/emmm.201000079
https://www.embopress.org/doi/10.1002/emmm.201000079
https://www.nature.com/articles/s41598-021-85721-5
https://www.nature.com/articles/s41598-021-85721-5
https://www.nature.com/articles/s41598-021-85721-5
https://www.nature.com/articles/s41598-021-85721-5
https://www.nature.com/articles/s41598-021-85721-5
https://www.nature.com/articles/s41598-021-85721-5
https://www.nature.com/articles/s41598-021-85721-5
https://www.nature.com/articles/s41598-021-85721-5
https://www.nature.com/articles/s41598-021-85721-5
https://www.nature.com/articles/s41598-021-85721-5
https://www.nature.com/articles/s41598-021-85721-5
https://www.tandfonline.com/doi/full/10.1080/10408398.2015.1077195
https://www.tandfonline.com/doi/full/10.1080/10408398.2015.1077195
https://www.tandfonline.com/doi/full/10.1080/10408398.2015.1077195
https://www.tandfonline.com/doi/full/10.1080/10408398.2015.1077195
https://www.tandfonline.com/doi/full/10.1080/10408398.2015.1077195
https://www.tandfonline.com/doi/full/10.1080/10408398.2015.1077195
https://www.tandfonline.com/doi/full/10.1080/10408398.2015.1077195
https://www.tandfonline.com/doi/full/10.1080/10408398.2015.1077195
https://www.tandfonline.com/doi/full/10.1080/10408398.2015.1077195
https://jkb.ub.ac.id/index.php/jkb/article/view/2901
https://jkb.ub.ac.id/index.php/jkb/article/view/2901
https://jkb.ub.ac.id/index.php/jkb/article/view/2901
https://jkb.ub.ac.id/index.php/jkb/article/view/2901
https://jkb.ub.ac.id/index.php/jkb/article/view/2901
https://jkb.ub.ac.id/index.php/jkb/article/view/2901
https://doi.org/10.1177/1947601911423654
https://doi.org/10.1177/1947601911423654
https://doi.org/10.1177/1947601911423654
https://doi.org/10.1177/1947601911423654
https://doi.org/10.1177/1947601911423654
https://doi.org/10.1177/1947601911423654
https://doi.org/10.24198/jkp.v8i1.1294
https://doi.org/10.24198/jkp.v8i1.1294
https://doi.org/10.24198/jkp.v8i1.1294
https://doi.org/10.24198/jkp.v8i1.1294
https://doi.org/10.24198/jkp.v8i1.1294
https://pubmed.ncbi.nlm.nih.gov/21459133/
https://pubmed.ncbi.nlm.nih.gov/21459133/
https://pubmed.ncbi.nlm.nih.gov/21459133/
https://pubmed.ncbi.nlm.nih.gov/21459133/
https://pubmed.ncbi.nlm.nih.gov/21459133/
https://pubmed.ncbi.nlm.nih.gov/21459133/
https://pubmed.ncbi.nlm.nih.gov/21459133/
https://pubmed.ncbi.nlm.nih.gov/21459133/
https://www.ncbi.nlm.nih.gov/books/NBK559050/
https://www.ncbi.nlm.nih.gov/books/NBK559050/
https://www.ncbi.nlm.nih.gov/books/NBK559050/
https://www.ncbi.nlm.nih.gov/books/NBK559050/
https://digilib.esaunggul.ac.id/public/UEU-Journal-17816-11_0399.pdf
https://digilib.esaunggul.ac.id/public/UEU-Journal-17816-11_0399.pdf
https://digilib.esaunggul.ac.id/public/UEU-Journal-17816-11_0399.pdf
https://digilib.esaunggul.ac.id/public/UEU-Journal-17816-11_0399.pdf
https://digilib.esaunggul.ac.id/public/UEU-Journal-17816-11_0399.pdf
https://digilib.esaunggul.ac.id/public/UEU-Journal-17816-11_0399.pdf
https://digilib.esaunggul.ac.id/public/UEU-Journal-17816-11_0399.pdf
https://digilib.esaunggul.ac.id/public/UEU-Journal-17816-11_0399.pdf
https://digilib.esaunggul.ac.id/public/UEU-Journal-17816-11_0399.pdf
https://digilib.esaunggul.ac.id/public/UEU-Journal-17816-11_0399.pdf
https://digilib.esaunggul.ac.id/public/UEU-Journal-17816-11_0399.pdf
https://pubmed.ncbi.nlm.nih.gov/15042183/
https://pubmed.ncbi.nlm.nih.gov/15042183/
https://pubmed.ncbi.nlm.nih.gov/15042183/
https://pubmed.ncbi.nlm.nih.gov/15042183/
https://pubmed.ncbi.nlm.nih.gov/15042183/
https://pubmed.ncbi.nlm.nih.gov/15042183/
https://doi.org/10.1016/S2213-8587(14)70109-3
https://doi.org/10.1016/S2213-8587(14)70109-3
https://doi.org/10.1016/S2213-8587(14)70109-3
https://doi.org/10.1016/S2213-8587(14)70109-3
https://doi.org/10.1016/S2213-8587(14)70109-3
https://doi.org/10.1016/j.jctube.2022.100300
https://doi.org/10.1016/j.jctube.2022.100300
https://doi.org/10.1016/j.jctube.2022.100300
https://doi.org/10.1016/j.jctube.2022.100300
https://doi.org/10.1016/j.jctube.2022.100300
https://doi.org/10.1016/j.jctube.2022.100300
https://doi.org/10.1016/j.jctube.2022.100300

Indonesian Journal of Life Sciences Vol. 05 | Number 1 | March 2023

Majdawati, A., Icksan, A. G., & Lolong, D. (2019). Comparison of Chest X-ray Lesion Characteristics of
Multidrug-resistant Tuberculosis and Non-tuberculous Mycobacterial Infection. Polish Journal of
Radiology, 84, e162—e170. https://doi.org/10.5114/pjr.2019.84515

Makalew, L. (2010). Faktor Risiko Alkoholisme terhadap Penderita TB Paru BTA Positif di Puskesmas
Kawangkoan Kabupaten Minahasa. JIK, 5(1).

Maladan, Y., Krismawati, H., Wahyuni, T., Tanjung, R., Awaludin, K., Audah, K. A., & Parikesit, A. A. (2021).
The Whole-Genome Sequencing in Predicting Mycobacterium tuberculosis Drug Susceptibility And
Resistance in Papua, Indonesia. BMC Genomics, 22(1), 1-11. https://doi.org/10.1186/s12864-021-
08139-3

Mangwani, N., Singh, P. K., & Kumar, V. (2020). Medicinal Plants: Adjunct Treatment to Tuberculosis
Chemotherapy to Prevent Hepatic Damage. Journal of Ayurveda and Integrative Medicine, 11(4),
522-528. https://doi.org/10.1016/j.jaim.2019.02.004

Ma’rufi, 1., Ali, K., Sedemen, I. A., Purwanto, P., & Khoiri, A. (2019). Channa striata (ikan gabus) Extract and
the Acceleration of Tuberculosis Treatment: A True Experimental Study. Interdisciplinary Perspectives
on Infectious Diseases, 2019, 1-7. https://doi.org/10.1155/2019/8013959

Ma'rufi, 1., Ali, K., Jati, S. K., Sukmawati, A., Ardiansyah, K., & Ningtyias, F. W. (2020). Improvement of
Nutritional Status among Tuberculosis Patients by Channa striata Supplementation: A True
Experimental Study in Indonesia. BioMed Research International, 2020, 7491702.
https://doi.org/10.1155/2020/7491702

Marbun, R. . (2022). Korelasi Keadaan Rumah dengan Kejadian Penyakit TBC Paru. Jurnal Riset Rumpun limu
Kedokteran, 1(2), 31-37. https://doi.org/10.55606/jurrike.v1i2.410

Massi, M. N., Wahyuni, S., Halik, H., Anita, Yusuf, |., Leong, F. J., ... & Phyu, S. (2011). Drug Resistance among
Tuberculosis Patients Attending Diagnostic and Treatment Centres in Makassar, Indonesia. The
International Journal of Tuberculosis and Lung Disease: The Official Journal of the International Union
against Tuberculosis and Lung Disease, 15(4), 489—495. https://doi.org/10.5588/ijtld.09.0730

Mehta, P., Bothiraja, C., Kadam, S., & Pawar, A. (2018). Potential of Dry Powder Inhalers for Tuberculosis
Therapy: Facts, Fidelity and Future. Artificial Cells, Nanomedicine, and Biotechnology, 46(sup3), S791-
S806. https://doi.org/10.1080/21691401.2018.1513938

Mitchison, D. A. (1985). The Action of Antituberculosis Drugs in Short-Course Chemotherapy. Tubercle, 66(3),
219-225. https://doi.org/10.1016/0041-3879(85)90040-6

Modongo, C., Sobota, R. S., Kesenogile, B., Ncube, R., Sirugo, G., Williams, S. M., & Zetola, N. M. (2014).
Successful MDR-TB Treatment Regimens Including Amikacin are Associated with High Rates of
Hearing Loss. BMC Infectious Diseases, 14(1), 1-9. https://doi.org/10.1186/1471-2334-14-542

Molina, P. E., Happel, K. I., Zhang, P., Kolls, J. K., & Nelson, S. (2010). Focus on: Alcohol and the Immune
System. Alcohol Research & Health: The Journal of the National Institute on Alcohol Abuse and
Alcoholism, 33(1-2), 97-108.

Mourya, N. M. N., & Mourya, R. M. R. (2017). Multidrug-resistant Tuberculosis (MDR-TB). International
Journal of Indigenous Herbs and Drugs, 2(4), 17-23.

Muaz, F. (2014). Faktor-faktor yang Mempengaruhi Kejadian Tuberkulosis Paru BTA Positif di Puskesmas
Wilayah Kecamatan Serang Kota Serang Tahun 2014. (Bachelor’s thesis). Universitas Islam Negeri
Syarif Hidayatullah Jakarta.

Mucugi, N. M. (2017). Molecular Targets and Mechanisms of Action of Pyrazinamide in Mycobacterium
tuberculosis (Doctoral dissertation, COPAS, JKUAT).

Musfirah, M., Nurfita, D., & Rangkuti, A. F. (2022). Analysis of Healthy Housing and TB Prevalence in
Yogyakarta City. Jurnal Kesehatan Masyarakat, 17(3), 405-414.
https://doi.org/10.15294/kemas.v17i3.28692

Musser, J. M. (1995). Antimicrobial Agent Resistance in Mycobacteria: Molecular Genetic Insights. Clinical

34


http://journal.i3l.ac.id/index.php/IJLS
https://doi.org/10.5114/pjr.2019.84515
https://doi.org/10.5114/pjr.2019.84515
https://doi.org/10.5114/pjr.2019.84515
https://doi.org/10.5114/pjr.2019.84515
https://doi.org/10.5114/pjr.2019.84515
https://ejurnal.poltekkes-manado.ac.id/index.php/infokes/article/view/105
https://ejurnal.poltekkes-manado.ac.id/index.php/infokes/article/view/105
https://ejurnal.poltekkes-manado.ac.id/index.php/infokes/article/view/105
https://ejurnal.poltekkes-manado.ac.id/index.php/infokes/article/view/105
https://ejurnal.poltekkes-manado.ac.id/index.php/infokes/article/view/105
https://ejurnal.poltekkes-manado.ac.id/index.php/infokes/article/view/105
https://bmcgenomics.biomedcentral.com/articles/10.1186/s12864-021-08139-3
https://bmcgenomics.biomedcentral.com/articles/10.1186/s12864-021-08139-3
https://bmcgenomics.biomedcentral.com/articles/10.1186/s12864-021-08139-3
https://bmcgenomics.biomedcentral.com/articles/10.1186/s12864-021-08139-3
https://bmcgenomics.biomedcentral.com/articles/10.1186/s12864-021-08139-3
https://bmcgenomics.biomedcentral.com/articles/10.1186/s12864-021-08139-3
https://bmcgenomics.biomedcentral.com/articles/10.1186/s12864-021-08139-3
https://bmcgenomics.biomedcentral.com/articles/10.1186/s12864-021-08139-3
https://doi.org/10.1016/j.jaim.2019.02.004
https://doi.org/10.1016/j.jaim.2019.02.004
https://doi.org/10.1016/j.jaim.2019.02.004
https://doi.org/10.1016/j.jaim.2019.02.004
https://doi.org/10.1016/j.jaim.2019.02.004
https://doi.org/10.1016/j.jaim.2019.02.004
https://doi.org/10.1016/j.jaim.2019.02.004
https://doi.org/10.1155/2019/8013959
https://doi.org/10.1155/2019/8013959
https://doi.org/10.1155/2019/8013959
https://doi.org/10.1155/2019/8013959
https://doi.org/10.1155/2019/8013959
https://doi.org/10.1155/2019/8013959
https://doi.org/10.1155/2019/8013959
https://doi.org/10.1155/2020/7491702
https://doi.org/10.1155/2020/7491702
https://doi.org/10.1155/2020/7491702
https://doi.org/10.1155/2020/7491702
https://doi.org/10.1155/2020/7491702
https://doi.org/10.1155/2020/7491702
https://doi.org/10.1155/2020/7491702
https://doi.org/10.1155/2020/7491702
https://doi.org/10.55606/jurrike.v1i2.410
https://doi.org/10.55606/jurrike.v1i2.410
https://doi.org/10.55606/jurrike.v1i2.410
https://doi.org/10.55606/jurrike.v1i2.410
https://doi.org/10.5588/ijtld.09.0730
https://doi.org/10.5588/ijtld.09.0730
https://doi.org/10.5588/ijtld.09.0730
https://doi.org/10.5588/ijtld.09.0730
https://doi.org/10.5588/ijtld.09.0730
https://doi.org/10.5588/ijtld.09.0730
https://doi.org/10.1080/21691401.2018.1513938
https://doi.org/10.1080/21691401.2018.1513938
https://doi.org/10.1080/21691401.2018.1513938
https://doi.org/10.1080/21691401.2018.1513938
https://doi.org/10.1080/21691401.2018.1513938
https://doi.org/10.1080/21691401.2018.1513938
https://doi.org/10.1080/21691401.2018.1513938
https://doi.org/10.1016/0041-3879(85)90040-6
https://doi.org/10.1016/0041-3879(85)90040-6
https://doi.org/10.1016/0041-3879(85)90040-6
https://doi.org/10.1016/0041-3879(85)90040-6
https://doi.org/10.1016/0041-3879(85)90040-6
https://doi.org/10.1016/0041-3879(85)90040-6
https://doi.org/10.1186/1471-2334-14-542
https://doi.org/10.1186/1471-2334-14-542
https://doi.org/10.1186/1471-2334-14-542
https://doi.org/10.1186/1471-2334-14-542
https://doi.org/10.1186/1471-2334-14-542
https://doi.org/10.1186/1471-2334-14-542
https://doi.org/10.1186/1471-2334-14-542
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3887500/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3887500/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3887500/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3887500/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3887500/
https://www.saap.org.in/journals/index.php/herbsanddrugs/article/view/64
https://www.saap.org.in/journals/index.php/herbsanddrugs/article/view/64
https://www.saap.org.in/journals/index.php/herbsanddrugs/article/view/64
https://www.saap.org.in/journals/index.php/herbsanddrugs/article/view/64
https://www.saap.org.in/journals/index.php/herbsanddrugs/article/view/64
https://www.saap.org.in/journals/index.php/herbsanddrugs/article/view/64
https://www.saap.org.in/journals/index.php/herbsanddrugs/article/view/64
https://repository.uinjkt.ac.id/dspace/handle/123456789/25734
https://repository.uinjkt.ac.id/dspace/handle/123456789/25734
https://repository.uinjkt.ac.id/dspace/handle/123456789/25734
http://ir.jkuat.ac.ke/bitstream/handle/123456789/2822/Moses%20Mucugi%20Njire%20Phd%20Biochemistry%20and%20Molecular%20Biology%202016.pdf?sequence=1&isAllowed=y
http://ir.jkuat.ac.ke/bitstream/handle/123456789/2822/Moses%20Mucugi%20Njire%20Phd%20Biochemistry%20and%20Molecular%20Biology%202016.pdf?sequence=1&isAllowed=y
http://ir.jkuat.ac.ke/bitstream/handle/123456789/2822/Moses%20Mucugi%20Njire%20Phd%20Biochemistry%20and%20Molecular%20Biology%202016.pdf?sequence=1&isAllowed=y
http://ir.jkuat.ac.ke/bitstream/handle/123456789/2822/Moses%20Mucugi%20Njire%20Phd%20Biochemistry%20and%20Molecular%20Biology%202016.pdf?sequence=1&isAllowed=y
https://doi.org/10.15294/kemas.v17i3.28692
https://doi.org/10.15294/kemas.v17i3.28692
https://doi.org/10.15294/kemas.v17i3.28692
https://doi.org/10.15294/kemas.v17i3.28692
https://doi.org/10.15294/kemas.v17i3.28692
https://pubmed.ncbi.nlm.nih.gov/8665467/
https://pubmed.ncbi.nlm.nih.gov/8665467/

Indonesian Journal of Life Sciences Vol. 05 | Number 1 | March 2023

Microbiology Reviews, 8(4), 496-514. https://doi.org/10.1128/CMR.8.4.496

Nawas, A. 2010. Penatalaksanaan TB MDR dan Strategi DOTS Plus. Jurnal Tuberkulosis Indonesia, 7(10), 1-7.

Nijenbandring de Boer, R., Baptista de Oliveira e Souza Filho, J., Cobelens, F., de Paula Ramalho, D., Campino
Miranda, P. F., de Logo, K., ... & Kritski, A. (2014). Delayed Culture Conversion due to Cigarette
Smoking in Active Pulmonary Tuberculosis Patients. Tuberculosis, 94(1), 87-91.
https://doi.org/10.1016/j.tube.2013.10.005

Nindrea, R. D., Sari, N. P., Harahap, W. A., Haryono, S. J., Kusnanto, H., Dwiprahasto, I., ... & Aryandono, T.
(2020). Survey Data of Multidrug-resistant Tuberculosis, Tuberculosis Patients Characteristics and
Stress Resilience during COVID-19 Pandemic in West Sumatera Province, Indonesia. Data in Brief, 32,
106293. https://doi.org/10.1016/j.dib.2020.106293

Noviyani, A., Nopsopon, T., & Pongpirul, K. (2021). Variation of Tuberculosis Prevalence Across Diagnostic
Approaches and Geographical Areas of |Indonesia. PLoS ONE, 16(10), e0258809.
https://doi.org/10.1371/journal.pone.0258809

Nurhayati-Wolff, H. (2022). Share of the Population Aged 15 Years and Above Who Smoked in Indonesia from
2015 to 2021. Statista.com. https://www.statista.com/statistics/955144/indonesia-smoking-rate/

Nusrath Unissa, A., & Hanna, L. (2017). Molecular Mechanisms of Action, Resistance, Detection to the First-
line Anti Tuberculosis Drugs: Rifampicin and Pyrazinamide in the Post Whole Genome Sequencing
Era. Tuberculosis, 105, 96-107. https://doi.org/10.1016/j.tube.2017.04.008

O’Connor, C., & Brady, M. F. (2022). Isoniazid - LiverTox - NCBI Bookshelf. National Library of Medicine.
https://www.ncbi.nlm.nih.gov/books/NBK548754/

Oxlade, O., & Murray, M. (2012). Tuberculosis and Poverty: Why are the Poor at Greater Risk in India? PLoS
ONE, 7(11), e47533. https://doi.org/10.1371/journal.pone.0047533

Pai, M., Behr, M. A., Dowdy, D., Dheda, K., Divangahi, M., Boehme, C. C., ... & Raviglione, M. (2016).
Tuberculosis. Nature Reviews Disease Primers, 2(1). https://doi.org/10.1038/nrdp.2016.76

Pakadang, S. R., Hilaria, M., Dewi, S. T. R., & Sinala, S. (2021). MIC and MKC Analysis of Herbal Medicine in
Indonesia against Mycobacterium tuberculosis. Pharmacognosy  Journal, 13(5).
https://doi.org/10.5530/pj.2021.13.137

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

Parish, T., Roberts, G., Laval, F., Schaeffer, M., Daffé, M., & Duncan, K. (2007). Functional Complementation
of the Essential Gene fabG1 of Mycobacterium tuberculosis by Mycobacterium smegmatis fabG but
Not  Escherichia  coli  fabG.  Journal  of  Bacteriology, 189(10), 3721-3728.
https://doi.org/10.1128/JB.01740-06

Pawlowski, A., Jansson, M., Skold, M., Rottenberg, M. E., & Kallenius, G. (2012). Tuberculosis and HIV Co-
infection. PLoS Pathogens, 8(2), e1002464. https://doi.org/10.1371/journal.ppat.1002464

Phelan, J., Coll, F., McNerney, R., Ascher, D. B., Pires, D. E.,, Furnham, N., ... & Clark, T. G. (2016).
Mycobacterium tuberculosis Whole Genome Sequencing and Protein Structure Modelling Provides
Insights into  Anti-Tuberculosis Drug  Resistance. BMC  Medicine, 14(1), 1-13.
https://doi.org/10.1186/512916-016-0575-9

Pitaloka, D. A. E., & Sukandar, E. Y. (2018). Synergistic Study on n-Hexane Extract of Anredera cordifolia (Ten.)v
Steenis (binahong) Leaves Combined with Antituberculosis Drugs against Drug-sensitive and Drug-
resistant of Mycobacterium tuberculosis. Journal of Applied Pharmaceutical Science, 8(5), 134-138.
https://doi.org/10.7324/JAPS.2018.8518

Plinke, C., Cox, H. S., Zarkua, N., Karimovich, H. A., Braker, K., Diel, R,, ... & Niemann, S. (2010). embCAB
sequence Variation Among Ethambutol-resistant Mycobacterium tuberculosis Isolates without embB
306 Mutation. Journal of  Antimicrobial Chemotherapy, 65(7), 1359-1367.
https://doi.org/10.1093/jac/dkq120

35


http://journal.i3l.ac.id/index.php/IJLS
https://pubmed.ncbi.nlm.nih.gov/8665467/
https://pubmed.ncbi.nlm.nih.gov/8665467/
https://adoc.pub/penatalaksanaan-tb-mdr-dan-strategi-dots-plus.html
https://adoc.pub/penatalaksanaan-tb-mdr-dan-strategi-dots-plus.html
https://adoc.pub/penatalaksanaan-tb-mdr-dan-strategi-dots-plus.html
https://doi.org/10.1016/j.tube.2013.10.005
https://doi.org/10.1016/j.tube.2013.10.005
https://doi.org/10.1016/j.tube.2013.10.005
https://doi.org/10.1016/j.tube.2013.10.005
https://doi.org/10.1016/j.tube.2013.10.005
https://doi.org/10.1016/j.tube.2013.10.005
https://doi.org/10.1016/j.tube.2013.10.005
https://doi.org/10.1016/j.tube.2013.10.005
https://doi.org/10.1016/j.dib.2020.106293
https://doi.org/10.1016/j.dib.2020.106293
https://doi.org/10.1016/j.dib.2020.106293
https://doi.org/10.1016/j.dib.2020.106293
https://doi.org/10.1016/j.dib.2020.106293
https://doi.org/10.1016/j.dib.2020.106293
https://doi.org/10.1371/journal.pone.0258809
https://doi.org/10.1371/journal.pone.0258809
https://doi.org/10.1371/journal.pone.0258809
https://doi.org/10.1371/journal.pone.0258809
https://doi.org/10.1371/journal.pone.0258809
https://www.statista.com/statistics/955144/indonesia-smoking-rate/
https://www.statista.com/statistics/955144/indonesia-smoking-rate/
https://doi.org/10.1016/j.tube.2017.04.008
https://doi.org/10.1016/j.tube.2017.04.008
https://doi.org/10.1016/j.tube.2017.04.008
https://doi.org/10.1016/j.tube.2017.04.008
https://doi.org/10.1016/j.tube.2017.04.008
https://doi.org/10.1016/j.tube.2017.04.008
https://doi.org/10.1016/j.tube.2017.04.008
https://doi.org/10.1016/j.tube.2017.04.008
https://doi.org/10.1016/j.tube.2017.04.008
https://doi.org/10.1016/j.tube.2017.04.008
https://doi.org/10.1016/j.tube.2017.04.008
https://doi.org/10.1016/j.tube.2017.04.008
https://doi.org/10.1016/j.tube.2017.04.008
https://www.ncbi.nlm.nih.gov/books/NBK548754/
https://www.ncbi.nlm.nih.gov/books/NBK548754/
https://www.ncbi.nlm.nih.gov/books/NBK548754/
https://www.ncbi.nlm.nih.gov/books/NBK548754/
https://doi.org/10.1371/journal.pone.0047533
https://doi.org/10.1371/journal.pone.0047533
https://doi.org/10.1371/journal.pone.0047533
https://doi.org/10.1371/journal.pone.0047533
https://doi.org/10.1038/nrdp.2016.76
https://doi.org/10.1038/nrdp.2016.76
https://doi.org/10.1038/nrdp.2016.76
https://doi.org/10.1038/nrdp.2016.76
https://doi.org/10.1038/nrdp.2016.76
https://doi.org/10.1038/nrdp.2016.76
http://dx.doi.org/10.5530/pj.2021.13.137
http://dx.doi.org/10.5530/pj.2021.13.137
http://dx.doi.org/10.5530/pj.2021.13.137
http://dx.doi.org/10.5530/pj.2021.13.137
http://dx.doi.org/10.5530/pj.2021.13.137
http://dx.doi.org/10.5530/pj.2021.13.137
http://dx.doi.org/10.5530/pj.2021.13.137
http://dx.doi.org/10.5530/pj.2021.13.137
http://dx.doi.org/10.5530/pj.2021.13.137
https://doi.org/10.3390/antibiotics3030317
https://doi.org/10.3390/antibiotics3030317
https://doi.org/10.3390/antibiotics3030317
https://doi.org/10.3390/antibiotics3030317
https://doi.org/10.3390/antibiotics3030317
https://doi.org/10.3390/antibiotics3030317
https://doi.org/10.3390/antibiotics3030317
https://doi.org/10.3390/antibiotics3030317
https://journals.asm.org/doi/10.1128/JB.01740-06
https://journals.asm.org/doi/10.1128/JB.01740-06
https://journals.asm.org/doi/10.1128/JB.01740-06
https://journals.asm.org/doi/10.1128/JB.01740-06
https://journals.asm.org/doi/10.1128/JB.01740-06
https://journals.asm.org/doi/10.1128/JB.01740-06
https://journals.asm.org/doi/10.1128/JB.01740-06
https://journals.asm.org/doi/10.1128/JB.01740-06
https://journals.asm.org/doi/10.1128/JB.01740-06
https://journals.asm.org/doi/10.1128/JB.01740-06
https://journals.asm.org/doi/10.1128/JB.01740-06
https://journals.asm.org/doi/10.1128/JB.01740-06
https://doi.org/10.1371/journal.ppat.1002464
https://doi.org/10.1371/journal.ppat.1002464
https://doi.org/10.1371/journal.ppat.1002464
https://doi.org/10.1371/journal.ppat.1002464
https://doi.org/10.1371/journal.ppat.1002464
https://doi.org/10.1371/journal.ppat.1002464
https://doi.org/10.1371/journal.ppat.1002464
https://bmcmedicine.biomedcentral.com/articles/10.1186/s12916-016-0575-9
https://bmcmedicine.biomedcentral.com/articles/10.1186/s12916-016-0575-9
https://bmcmedicine.biomedcentral.com/articles/10.1186/s12916-016-0575-9
https://bmcmedicine.biomedcentral.com/articles/10.1186/s12916-016-0575-9
https://bmcmedicine.biomedcentral.com/articles/10.1186/s12916-016-0575-9
https://bmcmedicine.biomedcentral.com/articles/10.1186/s12916-016-0575-9
https://bmcmedicine.biomedcentral.com/articles/10.1186/s12916-016-0575-9
https://bmcmedicine.biomedcentral.com/articles/10.1186/s12916-016-0575-9
https://doi.org/10.7324/JAPS.2018.8518
https://doi.org/10.7324/JAPS.2018.8518
https://doi.org/10.7324/JAPS.2018.8518
https://doi.org/10.7324/JAPS.2018.8518
https://doi.org/10.7324/JAPS.2018.8518
https://doi.org/10.7324/JAPS.2018.8518
https://doi.org/10.7324/JAPS.2018.8518
https://doi.org/10.7324/JAPS.2018.8518
https://doi.org/10.7324/JAPS.2018.8518
https://doi.org/10.7324/JAPS.2018.8518
https://doi.org/10.7324/JAPS.2018.8518
https://doi.org/10.7324/JAPS.2018.8518
https://academic.oup.com/jac/article/65/7/1359/787351
https://academic.oup.com/jac/article/65/7/1359/787351
https://academic.oup.com/jac/article/65/7/1359/787351
https://academic.oup.com/jac/article/65/7/1359/787351
https://academic.oup.com/jac/article/65/7/1359/787351
https://academic.oup.com/jac/article/65/7/1359/787351
https://academic.oup.com/jac/article/65/7/1359/787351
https://academic.oup.com/jac/article/65/7/1359/787351

Indonesian Journal of Life Sciences Vol. 05 | Number 1 | March 2023

Pontororing, G. J., Kenangalem, E., Lolong, D. B., Waramori, G., Sandjaja, Tjitra, E., ... & Ralph, A. P. (2010).
The Burden and Treatment of HIV in Tuberculosis Patients in Papua Province, Indonesia: A
Prospective Observational Study. BMC Infectious Diseases, 10, 362. https://doi.org/10.1186/1471-
2334-10-362

Pradana, R. F., Nawawi, Y., & Satoto, B. (2018). Chest X-ray Evaluation of Cavitary Lesions among Pulmonary
MDR-TB Patients in Kariadi Hospital, Semarang, Indonesia. EJournal Kedokteran Indonesia, 6(2).
https://doi.org/10.23886/ejki.6.8468

Prasad, R., & Gupta, N. (2015). MDR & XDR Tuberculosis (1st ed., pp. 92-111). New Delhi, India: Jaypee
Brothers Medical Publishers (P). https://doi.org/10.5005/jp/books/12516

Putranto, M., Wongkar, M. C., & Sugeng, C. (2018). Profil Pasien Tuberkulosis Paru dengan Penyakit Ginjal
Kronik yang Dirawat di RSUP Prof. dr. R. D. Kandou Manado Periode Oktober 2017 — Oktober 2018.
E-CliniC, 6(2). https://doi.org/10.35790/ecl.6.2.2018.22113

Ramirez, M. S., & Tolmasky, M. E. (2017). Amikacin: Uses, Resistance, and Prospects for Inhibition. Molecules,
22(12), 2267. https://doi.org/10.3390/molecules22122267

Rauf, A., Tahar, N., & Resnia, R. (2019). Aktivitas Penghambatan Fraksi Daun Delima (Punica granatum L.)
terhadap Bakteri Mycobacterium tuberculosis. Jurnal Kesehatan, 70-76.
https://doi.org/10.24252/kesehatan.v0i0.18044

Rawat, R., Whitty, A., & Tonge, P. J. (2003). The Isoniazid-NAD Adduct is a Slow, Tight-Binding Inhibitor of
InhA, the Mycobacterium tuberculosis Enoyl Reductase: Adduct Affinity and Drug Resistance.
Proceedings of the  National Academy of Sciences, 100(24), 13881-13886.
https://doi.org/10.1073/pnas.2235848100

Rehm, J., Baliunas, D., Borges, G. L., Graham, K., Irving, H., Kehoe, T., ... & Taylor, B. (2010). The Relation
between Different Dimensions of Alcohol Consumption and Burden of Disease: An Overview.
Addiction, 105(5), 817-843. https://doi.org/ 10.1111/j.1360-0443.2010.02899.x

Restrepo, B. ||. (2016). Diabetes and Tuberculosis. Microbiology Spectrum, 4(6), 595-606.
https://doi.org/10.1128/microbiolspec. TNMI7-0023-2016

Ritonga, . (2020). Malnutrition Risk Factors In TBC: A Case Study in Medan, Indonesia. Jurnal Aisyah: Jurnal
lImu Kesehatan, 5(1), 107-111. https://doi.org/10.30604/jika.v5i1.539

Ruiz, P., Rodriguez-Cano, F., Zerolo, F. J., & Casal, M. (2003). Streptomycin as Second-line Chemotherapy for
Tuberculosis. Revista Espanola de Quimioterapia: Publicacion Oficial de la Sociedad Espanola de
Quimioterapia, 16(2), 188-194.

Russell D. G. (2001). Mycobacterium tuberculosis: Here Today, and Here Tomorrow. Nature Reviews
Molecular Cell Biology, 2(8), 569—-577. https://doi.org/10.1038/35085034

Ruzangi, J., lwagami, M., Smeeth, L., Mangtani, P., & Nitsch, D. (2020). The Association between Chronic
Kidney Disease and Tuberculosis: A Comparative Cohort Study in England. BMC Nephrology, 21(1),
420. https://doi.org/10.1186/s12882-020-02065-4

Safi, H., Sayers, B., Hazbdn, M. H., & Alland, D. (2008). Transfer of embB Codon 306 Mutations into Clinical
Mycobacterium tuberculosis Strains Alters Susceptibility to Ethambutol, Isoniazid, And Rifampin.
Antimicrobial Agents and Chemotherapy, 52(6), 2027—-2034. https://doi.org/10.1128/AAC.01486-07

Safi, H., Lingaraju, S., Amin, A., Kim, S., Jones, M., Holmes, M., ... & Alland, D. (2013). Evolution of High-Level
Ethambutol-resistant Tuberculosis Through Interacting Mutations in Decaprenylphosphoryl-B-D-
arabinose Biosynthetic and Utilization Pathway Genes. Nature Genetics, 45(10), 1190-1197.
https://doi.org/10.1038/ng.2743

Safitri, E. A., Siagian, P., Sinaga, B. Y., & Eyanoer, P. C. (2022). Vitamin C Supplementation Improves Pulmonary
Tuberculosis Patients' Sputum Conversion during Intensive Phase Category | Treatment in Medan.
Respiratory Science, 2(2), 72-77. https://doi.org/10.36497/respirsci.v2i2.30

Sahiratmadja, E., Mega, G.S., Andriyoko, B., & Parwati, |. (2020). Performance of Xpert® MTB/RIF in Detecting

36


http://journal.i3l.ac.id/index.php/IJLS
https://doi.org/10.1186/1471-2334-10-362
https://doi.org/10.1186/1471-2334-10-362
https://doi.org/10.1186/1471-2334-10-362
https://doi.org/10.1186/1471-2334-10-362
https://doi.org/10.1186/1471-2334-10-362
https://doi.org/10.1186/1471-2334-10-362
https://doi.org/10.1186/1471-2334-10-362
https://www.neliti.com/publications/261436/chest-x-ray-evaluation-of-cavitary-lesions-among-pulmonary-mdr-tb-patients-in-ka
https://www.neliti.com/publications/261436/chest-x-ray-evaluation-of-cavitary-lesions-among-pulmonary-mdr-tb-patients-in-ka
https://www.neliti.com/publications/261436/chest-x-ray-evaluation-of-cavitary-lesions-among-pulmonary-mdr-tb-patients-in-ka
https://www.neliti.com/publications/261436/chest-x-ray-evaluation-of-cavitary-lesions-among-pulmonary-mdr-tb-patients-in-ka
https://www.neliti.com/publications/261436/chest-x-ray-evaluation-of-cavitary-lesions-among-pulmonary-mdr-tb-patients-in-ka
https://doi.org/10.5005/jp/books/12516
https://doi.org/10.5005/jp/books/12516
https://doi.org/10.5005/jp/books/12516
https://doi.org/10.5005/jp/books/12516
https://doi.org/10.35790/ecl.6.2.2018.22113
https://doi.org/10.35790/ecl.6.2.2018.22113
https://doi.org/10.35790/ecl.6.2.2018.22113
https://doi.org/10.35790/ecl.6.2.2018.22113
https://doi.org/10.3390/molecules22122267
https://doi.org/10.3390/molecules22122267
https://doi.org/10.3390/molecules22122267
https://doi.org/10.3390/molecules22122267
https://doi.org/10.3390/molecules22122267
https://doi.org/10.3390/molecules22122267
https://journal.uin-alauddin.ac.id/index.php/kesehatan/article/view/18044
https://journal.uin-alauddin.ac.id/index.php/kesehatan/article/view/18044
https://journal.uin-alauddin.ac.id/index.php/kesehatan/article/view/18044
https://journal.uin-alauddin.ac.id/index.php/kesehatan/article/view/18044
https://journal.uin-alauddin.ac.id/index.php/kesehatan/article/view/18044
https://journal.uin-alauddin.ac.id/index.php/kesehatan/article/view/18044
https://journal.uin-alauddin.ac.id/index.php/kesehatan/article/view/18044
https://journal.uin-alauddin.ac.id/index.php/kesehatan/article/view/18044
https://journal.uin-alauddin.ac.id/index.php/kesehatan/article/view/18044
https://pubmed.ncbi.nlm.nih.gov/14623976/
https://pubmed.ncbi.nlm.nih.gov/14623976/
https://pubmed.ncbi.nlm.nih.gov/14623976/
https://pubmed.ncbi.nlm.nih.gov/14623976/
https://pubmed.ncbi.nlm.nih.gov/14623976/
https://pubmed.ncbi.nlm.nih.gov/14623976/
https://pubmed.ncbi.nlm.nih.gov/14623976/
https://pubmed.ncbi.nlm.nih.gov/14623976/
https://doi.org/10.1111/j.1360-0443.2010.02899.x
https://doi.org/10.1111/j.1360-0443.2010.02899.x
https://doi.org/10.1111/j.1360-0443.2010.02899.x
5),%20817–843.%20
https://doi.org/10.1111/j.1360-0443.2010.02899.x
https://doi.org/10.1111/j.1360-0443.2010.02899.x
https://doi.org/10.1128/microbiolspec.TNMI7-0023-2016
https://doi.org/10.1128/microbiolspec.TNMI7-0023-2016
https://doi.org/10.1128/microbiolspec.TNMI7-0023-2016
https://doi.org/10.1128/microbiolspec.TNMI7-0023-2016
https://doi.org/10.30604/jika.v5i1.539
https://doi.org/10.30604/jika.v5i1.539
https://doi.org/10.30604/jika.v5i1.539
https://doi.org/10.30604/jika.v5i1.539
http://www.seq.es/seq/0214-3429/16/2/188.pdf
http://www.seq.es/seq/0214-3429/16/2/188.pdf
http://www.seq.es/seq/0214-3429/16/2/188.pdf
http://www.seq.es/seq/0214-3429/16/2/188.pdf
http://www.seq.es/seq/0214-3429/16/2/188.pdf
http://www.seq.es/seq/0214-3429/16/2/188.pdf
http://www.seq.es/seq/0214-3429/16/2/188.pdf
https://doi.org/10.1038/35085034
https://doi.org/10.1038/35085034
https://doi.org/10.1038/35085034
https://doi.org/10.1038/35085034
https://doi.org/10.1038/35085034
https://doi.org/10.1038/35085034
https://doi.org/10.1186/s12882-020-02065-4
https://doi.org/10.1186/s12882-020-02065-4
https://doi.org/10.1186/s12882-020-02065-4
https://doi.org/10.1186/s12882-020-02065-4
https://doi.org/10.1186/s12882-020-02065-4
https://doi.org/10.1186/s12882-020-02065-4
https://journals.asm.org/doi/10.1128/AAC.01486-07
https://journals.asm.org/doi/10.1128/AAC.01486-07
https://journals.asm.org/doi/10.1128/AAC.01486-07
https://journals.asm.org/doi/10.1128/AAC.01486-07
https://journals.asm.org/doi/10.1128/AAC.01486-07
https://journals.asm.org/doi/10.1128/AAC.01486-07
https://journals.asm.org/doi/10.1128/AAC.01486-07
https://www.nature.com/articles/ng.2743
https://www.nature.com/articles/ng.2743
https://www.nature.com/articles/ng.2743
https://www.nature.com/articles/ng.2743
https://www.nature.com/articles/ng.2743
https://www.nature.com/articles/ng.2743
https://www.nature.com/articles/ng.2743
https://www.nature.com/articles/ng.2743
https://doi.org/10.36497/respirsci.v2i2.30
https://doi.org/10.36497/respirsci.v2i2.30
https://doi.org/10.36497/respirsci.v2i2.30
https://doi.org/10.36497/respirsci.v2i2.30
http://journal.fk.unpad.ac.id/index.php/mkb/article/view/1966

Indonesian Journal of Life Sciences Vol. 05 | Number 1 | March 2023

Multidrug-Resistance Tuberculosis in West Java, Indonesia. Majalah Kedokteran Bandung, 52(2), 99-
106. https://doi.org/10.15395/mkb.v52n2.1966

Santucci, P., Aylan, B., Botella, L., Bernard, E. M., Bussi, C., Pellegrino, E., ... & Gutierrez, M. G. (2022).
Visualizing Pyrazinamide Action by Live Single-cell Imaging of Phagosome Acidification and
Mycobacterium tuberculosis pH Homeostasis. mBio, 13(2), e00117-22.
https://doi.org/10.1101/2021.12.20.473466

Sanz-Garcia, F., Anoz-Carbonell, E., Pérez-Herran, E., Martin, C., Lucia, A., Rodrigues, L., & Ainsa, J. A. (2019).
Mycobacterial Aminoglycoside Acetyltransferases: A Little of Drug Resistance, and a Lot of Other
Roles. Frontiers in Microbiology, 10, 46. https://doi.org/10.3389/fmicb.2019.00046

Saraswati, L. (2014). Prevalens Diabetes Mellitus dan Tuberkulosis Paru. KEMAS: Jurnal Kesehatan
Masyarakat, 9(2), 206-2010. https://doi.org/10.15294/kemas.v9i2.2850

Sari, D. K., Marpaung, A. P., Siagian, P., & Arrasyid, N. K. (2019). Vitamin A Supplementation in Pulmonary
Tuberculosis Patients on Acceleration of Sputum Conversion in Medan City. Open Access Macedonian
Journal of Medical Sciences, 7(20), 3505-3508. https://doi.org/10.3889/0amjms.2019.688

Sartini, S., Djide, M. N., Gemini Alam, A. A, & Djide, N. J. N. (2020). In Vitro Antioxidant and Anti-
Mycobacterial Activities of Roselle (Hibiscus sabdariffa L.) Calyx Extract against Clinical Isolate of
Multidrug Resistant Mycobacterium tuberculosis. Systematic Reviews in Pharmacy, 11(5), 36-39.

Seung, K. J., Keshavjee, S., & Rich, M. L. (2015). Multidrug-resistant Tuberculosis and Extensively Drug-
resistant Tuberculosis. Cold Spring Harbor Perspectives in Medicine, 5(9), a017863.
https://doi.org/10.1101/cshperspect.a017863

Shi, W., Zhang, X., Jiang, X., Yuan, H., Lee, J. S., Barry, C. E., ... & Zhang, Y. (2011). Pyrazinamide Inhibits Trans-
translation in Mycobacterium tuberculosis. Science, 333(6049), 1630-1632.
https://doi.org/10.1126/science.1208813

Sianturi, R. (2014). Analisis Faktor yang Berhubungan dengan Kekambuhan TB Paru (Studi Kasus di BKPM
Semarang Tahun 2013). Unnes Journal of Public Health, 3(1).
https://doi.org/10.15294/ujph.v3i1.3157

Simet, S. M., & Sisson, J. H. (2015). Alcohol's Effects on Lung Health and Immunity. Alcohol Research: Current
Reviews, 37(2), 199-208.

Sinaga, B. Y., Siregar, Y., Amin, M., & Sarumpaet, S. (2018). Effect of Smoking and Alcohol Consumption on
Pulmonary Tuberculosis among Batak Ethnic Population in Medan, Indonesia. IOP Conference Series:
Earth and Environmental Science, 125, 012139. https://doi.org/10.1088/1755-1315/125/1/012139

Siregar, R. J., Yusuf, S. F., & Fernaldy, D. (2022). The Relationship between Physical Conditions of the House
and the Incidence of Tuberculosis. International Journal of Public Health Excellence (IJPHE), 1(1), 01-
05. https://doi.org/10.55299/ijphe.v1i1.2

Siroka, A., Law, |., Macinko, J., Floyd, K., Banda, R. P., Hoa, N. B., ... & Ponce, N. A. (2016). The Effect of
Household Poverty on Tuberculosis. The International Journal of Tuberculosis and Lung Disease: The
Official Journal of the International Union against Tuberculosis and Lung Disease, 20(12), 1603-1608.
https://doi.org/10.5588/ijtld.16.0386

Slayden, R. A., & Barry, C. E. (2002). The Role of KasA and KasB in the Biosynthesis of Meromycolic Acids and
Isoniazid Resistance in Mpycobacterium tuberculosis. Tuberculosis, 82(4-5), 149-160.
https://doi.org/10.1054/tube.2002.0333

Soeroto, A. Y., Lestari, B. W., Santoso, P., Chaidir, L., Andriyoko, B., Alisjahbana, B., ... & Hill, P. C. (2019).
Evaluation of Xpert MTB-RIF Guided Diagnosis and Treatment of Rifampicin-resistant Tuberculosis in
Indonesia: A Retrospective Cohort Study. PLoS ONE, 14(2), e0213017.
https://doi.org/10.1371/journal.pone.0213017

Soeroto, A. Y., Pratiwi, C., Santoso, P., & Lestari, B. W. (2021). Factors Affecting Outcome of Longer Regimen
Multidrug-resistant Tuberculosis Treatment in West Java Indonesia: A Retrospective Cohort Study.

37


http://journal.i3l.ac.id/index.php/IJLS
http://journal.fk.unpad.ac.id/index.php/mkb/article/view/1966
http://journal.fk.unpad.ac.id/index.php/mkb/article/view/1966
http://journal.fk.unpad.ac.id/index.php/mkb/article/view/1966
http://journal.fk.unpad.ac.id/index.php/mkb/article/view/1966
https://doi.org/10.1101/2021.12.20.473466
https://doi.org/10.1101/2021.12.20.473466
https://doi.org/10.1101/2021.12.20.473466
https://doi.org/10.1101/2021.12.20.473466
https://doi.org/10.1101/2021.12.20.473466
https://doi.org/10.1101/2021.12.20.473466
https://doi.org/10.1101/2021.12.20.473466
https://doi.org/10.1101/2021.12.20.473466
https://doi.org/10.1101/2021.12.20.473466
https://doi.org/10.1101/2021.12.20.473466
https://www.frontiersin.org/articles/10.3389/fmicb.2019.00046/full
https://www.frontiersin.org/articles/10.3389/fmicb.2019.00046/full
https://www.frontiersin.org/articles/10.3389/fmicb.2019.00046/full
https://www.frontiersin.org/articles/10.3389/fmicb.2019.00046/full
https://www.frontiersin.org/articles/10.3389/fmicb.2019.00046/full
https://www.frontiersin.org/articles/10.3389/fmicb.2019.00046/full
https://www.frontiersin.org/articles/10.3389/fmicb.2019.00046/full
https://journal.unnes.ac.id/nju/index.php/kemas/article/view/2850
https://journal.unnes.ac.id/nju/index.php/kemas/article/view/2850
https://journal.unnes.ac.id/nju/index.php/kemas/article/view/2850
https://journal.unnes.ac.id/nju/index.php/kemas/article/view/2850
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6980813/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6980813/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6980813/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6980813/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6980813/
https://www.sysrevpharm.org/articles/in-vitro-antioxidant-and-antimycobacterial-activities-of-roselle-hibiscus-sabdariffa-l-calyx-extract-against-clinical-is.pdf
https://www.sysrevpharm.org/articles/in-vitro-antioxidant-and-antimycobacterial-activities-of-roselle-hibiscus-sabdariffa-l-calyx-extract-against-clinical-is.pdf
https://www.sysrevpharm.org/articles/in-vitro-antioxidant-and-antimycobacterial-activities-of-roselle-hibiscus-sabdariffa-l-calyx-extract-against-clinical-is.pdf
https://www.sysrevpharm.org/articles/in-vitro-antioxidant-and-antimycobacterial-activities-of-roselle-hibiscus-sabdariffa-l-calyx-extract-against-clinical-is.pdf
https://www.sysrevpharm.org/articles/in-vitro-antioxidant-and-antimycobacterial-activities-of-roselle-hibiscus-sabdariffa-l-calyx-extract-against-clinical-is.pdf
https://www.sysrevpharm.org/articles/in-vitro-antioxidant-and-antimycobacterial-activities-of-roselle-hibiscus-sabdariffa-l-calyx-extract-against-clinical-is.pdf
https://www.sysrevpharm.org/articles/in-vitro-antioxidant-and-antimycobacterial-activities-of-roselle-hibiscus-sabdariffa-l-calyx-extract-against-clinical-is.pdf
https://www.sysrevpharm.org/articles/in-vitro-antioxidant-and-antimycobacterial-activities-of-roselle-hibiscus-sabdariffa-l-calyx-extract-against-clinical-is.pdf
https://www.sysrevpharm.org/articles/in-vitro-antioxidant-and-antimycobacterial-activities-of-roselle-hibiscus-sabdariffa-l-calyx-extract-against-clinical-is.pdf
https://pubmed.ncbi.nlm.nih.gov/25918181/
https://pubmed.ncbi.nlm.nih.gov/25918181/
https://pubmed.ncbi.nlm.nih.gov/25918181/
https://pubmed.ncbi.nlm.nih.gov/25918181/
https://pubmed.ncbi.nlm.nih.gov/25918181/
https://doi.org/10.1126/science.1208813
https://doi.org/10.1126/science.1208813
https://doi.org/10.1126/science.1208813
https://doi.org/10.1126/science.1208813
https://doi.org/10.1126/science.1208813
https://doi.org/10.1126/science.1208813
https://doi.org/10.1126/science.1208813
https://doi.org/10.1126/science.1208813
https://doi.org/10.1126/science.1208813
https://doi.org/10.1126/science.1208813
https://journal.unnes.ac.id/sju/index.php/ujph/article/view/3157
https://journal.unnes.ac.id/sju/index.php/ujph/article/view/3157
https://journal.unnes.ac.id/sju/index.php/ujph/article/view/3157
https://journal.unnes.ac.id/sju/index.php/ujph/article/view/3157
https://journal.unnes.ac.id/sju/index.php/ujph/article/view/3157
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4590617/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4590617/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4590617/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4590617/
https://doi.org/10.1088/1755-1315/125/1/012139
https://doi.org/10.1088/1755-1315/125/1/012139
https://doi.org/10.1088/1755-1315/125/1/012139
https://doi.org/10.1088/1755-1315/125/1/012139
https://doi.org/10.1088/1755-1315/125/1/012139
https://doi.org/10.55299/ijphe.v1i1.2
https://doi.org/10.55299/ijphe.v1i1.2
https://doi.org/10.55299/ijphe.v1i1.2
https://doi.org/10.55299/ijphe.v1i1.2
https://doi.org/10.55299/ijphe.v1i1.2
https://doi.org/10.5588/ijtld.16.0386
https://doi.org/10.5588/ijtld.16.0386
https://doi.org/10.5588/ijtld.16.0386
https://doi.org/10.5588/ijtld.16.0386
(12),%201603–1608.%20
(12),%201603–1608.%20
https://doi.org/10.5588/ijtld.16.0386
https://pubmed.ncbi.nlm.nih.gov/12464486/
https://pubmed.ncbi.nlm.nih.gov/12464486/
https://pubmed.ncbi.nlm.nih.gov/12464486/
https://pubmed.ncbi.nlm.nih.gov/12464486/
https://pubmed.ncbi.nlm.nih.gov/12464486/
https://doi.org/10.1371/journal.pone.0213017
https://doi.org/10.1371/journal.pone.0213017
https://doi.org/10.1371/journal.pone.0213017
https://doi.org/10.1371/journal.pone.0213017
https://doi.org/10.1371/journal.pone.0213017
https://doi.org/10.1371/journal.pone.0213017
https://doi.org/10.1371/journal.pone.0246284
https://doi.org/10.1371/journal.pone.0246284

Indonesian Journal of Life Sciences Vol. 05 | Number 1 | March 2023

PLoS ONE, 16(2), e0246284. https://doi.org/10.1371/journal.pone.0246284

Sotgiu, G., Centis, R., D'ambrosio, L., & Migliori, G. B. (2015). Tuberculosis Treatment and Drug Regimens.
Cold Spring Harbor Perspectives in Medicine, 5(5), a017822.
https://doi.org/10.1101/cshperspect.a017822

Sowajassatakul, A., Prammananan, T., Chaiprasert, A., & Phunpruch, S. (2014). Molecular Characterization of
Amikacin, Kanamycin and Capreomycin Resistance in M/XDR-TB Strains Isolated in Thailand. BMC
Microbiology, 14(1), 1-7. https://doi.org/10.1186/1471-2180-14-165

Spellberg, B., & Rice, L. B. (2019). Duration of Antibiotic Therapy: Shorter is Better. Annals of Internal
Medicine, 171(3), 210-211. https://doi.org/10.7326/M19-1509

Sreevatsan, S., Pan, X., Stockbauer, K. E., Williams, D. L., Kreiswirth, B. N., & Musser, J. M. (1996).
Characterization of rpsL and rrs Mutations in Streptomycin-resistant Mycobacterium tuberculosis
Isolates from Diverse Geographic Localities. Antimicrobial Agents and Chemotherapy, 40(4), 1024-
1026. https://doi.org/10.1128/aac.40.4.1024

Stek, C., Allwood, B., Walker, N. F., Wilkinson, R. J., Lynen, L., & Meintjes, G. (2018). The Imnmune Mechanisms
of Lung Parenchymal Damage in Tuberculosis and the Role of Host-Directed Therapy. Frontiers in
Microbiology, 9, 2603. https://doi.org/10.3389/fmicb.2018.02603

Sturkenboom, M. G., Simbar, N., Akkerman, O. W., Ghimire, S., Bolhuis, M. S., & Alffenaar, J. W. C. (2018).
Amikacin Dosing for MDR Tuberculosis: A Systematic Review to Establish or Revise the Current
Recommended Dose for Tuberculosis Treatment. Clinical Infectious Diseases, 67(suppl_3), S303-
$307. https://doi.org/10.1093/cid/ciy613

Sultana, Z. Z., Hoque, F. U., Beyene, J., Islam, M. A. U., Khan, M. H. R., Ahmed, S., ... & Hossain, A. (2021). HIV
Infection and Multidrug Resistant Tuberculosis: A Systematic Review and Meta-analysis. BMC
Infectious Diseases, 21(51). https://doi.org/10.1186/s12879-020-05749-2

Sun, Q., Li, X., Perez, L. M., Shi, W., Zhang, Y., & Sacchettini, J. C. (2020). The Molecular Basis of Pyrazinamide
Activity on Mycobacterium tuberculosis PanD. Nature Communications, 11(1), 1-7.
https://doi.org/10.1038/s41467-019-14238-3

Sutomo, A. H. (2013). Risk Factors of the Incidence of Pulmonary Tuberculosis in Banjarmasin City,
Kalimantan, Indonesia. International Journal of Public Health, 2(1), 1-6.

Syamsuddin, S., Askar, M., Lestari, |. D., Sahani, W., & Ahmad, H. (2020). The Relationship between Housing
Condition and Pulmonary Tuberculosis Disease in Baraya Village, Bontoala Makassar, Indonesia.
Indian Journal of Forensic Medicine & Toxicology, 14(4), 3517-3523.
https://doi.org/10.37506/ijfmt.v14i4.12172

Tam, K. K., Leung, K. S., Siu, G. K., Chang, K. C., Wong, S. S., Ho, P. L., ... & Yam, W. C. (2019). Direct Detection
of Pyrazinamide Resistance in Mycobacterium tuberculosis by Use of pncA PCR Sequencing. Journal
of Clinical Microbiology, 57(8), e00145-19. https://doi.org/10.1128/ICM.00145-19

Tang, R. A., Schiffman, J., Cruz, R. A., & Corsi, G. (2014). Ethambutol: Friend or foe?. Expert Review of
Ophthalmology, 9(2), 59-61. https://doi.org/10.1586/17469899.2014.898564

Tania, T., Sudarmono, P., Kusumawati, R. L., Rukmana, A., Pratama, W. A,, Regmi, S. M., ... & Faksri, K. (2020).
Whole-Genome Sequencing Analysis of Multidrug-resistant Mycobacterium tuberculosis from Java,
Indonesia. Journal of Medical Microbiology, 69(7), 1013-1019.
https://doi.org/10.1099/jmm.0.001221

Taslim, |. (2016). Association of Bacterial Load Degree with Cavity in TB Patient in Persahabatan Hospital.
(Bachelor’s thesis). Universitas Indonesia.

Tiberi, S., Utjesanovic, N., Galvin, J., Centis, R., D’Ambrosio, L., van den Boom, M., ... & Migliori, G. B. (2022).
Drug Resistant TB — Latest Developments in Epidemiology, Diagnostics and Management.
International Journal of Infectious Diseases, 124, S20-S25. https://doi.org/10.1016/].ijid.2022.03.026

Tjekyan, S., Novita, E., & Ismah, Z. (2018). Multidrug-resistant Tuberculosis (MDR-TB): Incidence Rate in

38


http://journal.i3l.ac.id/index.php/IJLS
https://doi.org/10.1371/journal.pone.0246284
(2),%20e0246284.%20
https://doi.org/10.1371/journal.pone.0246284
https://doi.org/10.1101/cshperspect.a017822
https://doi.org/10.1101/cshperspect.a017822
https://doi.org/10.1101/cshperspect.a017822
https://doi.org/10.1101/cshperspect.a017822
https://doi.org/10.1101/cshperspect.a017822
https://doi.org/10.1101/cshperspect.a017822
https://doi.org/10.1186/1471-2180-14-165
https://doi.org/10.1186/1471-2180-14-165
https://doi.org/10.1186/1471-2180-14-165
https://doi.org/10.1186/1471-2180-14-165
https://doi.org/10.1186/1471-2180-14-165
https://doi.org/10.1186/1471-2180-14-165
https://doi.org/10.1186/1471-2180-14-165
https://doi.org/10.7326/M19-1509
https://doi.org/10.7326/M19-1509
https://doi.org/10.7326/M19-1509
https://doi.org/10.7326/M19-1509
https://doi.org/10.7326/M19-1509
https://doi.org/10.7326/M19-1509
https://pubmed.ncbi.nlm.nih.gov/8849220/
https://pubmed.ncbi.nlm.nih.gov/8849220/
https://pubmed.ncbi.nlm.nih.gov/8849220/
https://pubmed.ncbi.nlm.nih.gov/8849220/
https://pubmed.ncbi.nlm.nih.gov/8849220/
https://pubmed.ncbi.nlm.nih.gov/8849220/
https://pubmed.ncbi.nlm.nih.gov/8849220/
https://pubmed.ncbi.nlm.nih.gov/8849220/
https://doi.org/10.3389/fmicb.2018.02603
https://doi.org/10.3389/fmicb.2018.02603
https://doi.org/10.3389/fmicb.2018.02603
https://doi.org/10.3389/fmicb.2018.02603
https://doi.org/10.3389/fmicb.2018.02603
https://doi.org/10.1093/cid/ciy613
https://doi.org/10.1093/cid/ciy613
https://doi.org/10.1093/cid/ciy613
https://doi.org/10.1093/cid/ciy613
https://doi.org/10.1093/cid/ciy613
https://doi.org/10.1093/cid/ciy613
https://doi.org/10.1093/cid/ciy613
https://doi.org/10.1093/cid/ciy613
https://bmcinfectdis.biomedcentral.com/articles/10.1186/s12879-020-05749-2
https://bmcinfectdis.biomedcentral.com/articles/10.1186/s12879-020-05749-2
https://bmcinfectdis.biomedcentral.com/articles/10.1186/s12879-020-05749-2
https://bmcinfectdis.biomedcentral.com/articles/10.1186/s12879-020-05749-2
https://bmcinfectdis.biomedcentral.com/articles/10.1186/s12879-020-05749-2
https://doi.org/10.1038/s41467-019-14238-3
https://doi.org/10.1038/s41467-019-14238-3
https://doi.org/10.1038/s41467-019-14238-3
https://doi.org/10.1038/s41467-019-14238-3
https://doi.org/10.1038/s41467-019-14238-3
https://doi.org/10.1038/s41467-019-14238-3
https://doi.org/10.1038/s41467-019-14238-3
https://doi.org/10.1038/s41467-019-14238-3
https://doi.org/10.1038/s41467-019-14238-3
https://ijphs.iaescore.com/index.php/IJPHS/article/view/4594
https://ijphs.iaescore.com/index.php/IJPHS/article/view/4594
https://medicopublication.com/index.php/ijfmt/article/view/12172
https://medicopublication.com/index.php/ijfmt/article/view/12172
https://medicopublication.com/index.php/ijfmt/article/view/12172
https://medicopublication.com/index.php/ijfmt/article/view/12172
https://medicopublication.com/index.php/ijfmt/article/view/12172
https://medicopublication.com/index.php/ijfmt/article/view/12172
https://medicopublication.com/index.php/ijfmt/article/view/12172
https://medicopublication.com/index.php/ijfmt/article/view/12172
https://medicopublication.com/index.php/ijfmt/article/view/12172
https://journals.asm.org/doi/10.1128/JCM.00145-19
https://journals.asm.org/doi/10.1128/JCM.00145-19
https://journals.asm.org/doi/10.1128/JCM.00145-19
https://journals.asm.org/doi/10.1128/JCM.00145-19
https://journals.asm.org/doi/10.1128/JCM.00145-19
https://journals.asm.org/doi/10.1128/JCM.00145-19
https://journals.asm.org/doi/10.1128/JCM.00145-19
https://doi.org/10.1586/17469899.2014.898564
https://doi.org/10.1586/17469899.2014.898564
https://doi.org/10.1586/17469899.2014.898564
https://doi.org/10.1586/17469899.2014.898564
https://doi.org/10.1586/17469899.2014.898564
https://doi.org/10.1586/17469899.2014.898564
https://www.microbiologyresearch.org/content/journal/jmm/10.1099/jmm.0.001221
https://www.microbiologyresearch.org/content/journal/jmm/10.1099/jmm.0.001221
https://www.microbiologyresearch.org/content/journal/jmm/10.1099/jmm.0.001221
https://www.microbiologyresearch.org/content/journal/jmm/10.1099/jmm.0.001221
https://www.microbiologyresearch.org/content/journal/jmm/10.1099/jmm.0.001221
https://www.microbiologyresearch.org/content/journal/jmm/10.1099/jmm.0.001221
https://www.microbiologyresearch.org/content/journal/jmm/10.1099/jmm.0.001221
https://www.microbiologyresearch.org/content/journal/jmm/10.1099/jmm.0.001221
https://www.microbiologyresearch.org/content/journal/jmm/10.1099/jmm.0.001221
https://www.microbiologyresearch.org/content/journal/jmm/10.1099/jmm.0.001221
https://www.microbiologyresearch.org/content/journal/jmm/10.1099/jmm.0.001221
https://library.fk.ui.ac.id/index.php?p=show_detail&id=21829&keywords=&title=hubungan-tingkat-bacterial-load-dengan-kavitas-pada-pasien-t-b-di-rumah-sakit-persahabatan-association-of-bacterial-load-degree-with-cavity-in-tb-patient-in-pershabatan-hospital-
https://library.fk.ui.ac.id/index.php?p=show_detail&id=21829&keywords=&title=hubungan-tingkat-bacterial-load-dengan-kavitas-pada-pasien-t-b-di-rumah-sakit-persahabatan-association-of-bacterial-load-degree-with-cavity-in-tb-patient-in-pershabatan-hospital-
https://doi.org/10.1016/j.ijid.2022.03.026
https://doi.org/10.1016/j.ijid.2022.03.026
https://doi.org/10.1016/j.ijid.2022.03.026
https://doi.org/10.1016/j.ijid.2022.03.026
https://doi.org/10.1016/j.ijid.2022.03.026
https://doi.org/10.1016/j.ijid.2022.03.026
https://doi.org/10.1016/j.ijid.2022.03.026
https://ejournal2.litbang.kemkes.go.id/index.php/jbmi/article/view/1566

Indonesian Journal of Life Sciences Vol. 05 | Number 1 | March 2023

Palembang City, South Sumatra, Indonesia. Jurnal Biotek Medisiana Indonesia, 7(1), 19-25.
https://doi.org/10.22435/jbmi.v7i1.1566

Tobing, K. L., Nainggolan, O., Rachmawati, F., Manalu, H. S., Sagala, R. D., & Kusrini, |. (2021). The Relationship
between Malnutrition and Tuberculosis (TB) at the Age Group More Than 18 Years Old in Indonesia
(Analysis of the Basic Health Research 2018). International Journal of Innovation, Creativity and
Change, 332-348. https://doi.org/10.53333/ijicc2013/15941

Trébucq, A., Schwoebel, V., Kuaban, C., Kashongwe Munogolo, Z., Fikouma, V., & Bakayoko, A. (2014).
Expanding Shortened MDR-TB Treatment: The West African Experience. International Journal of
Tuberculosis and Lung Disease, 18(Suppl 1), S15.

Tseng,S.T., Tai, C. H., Li, C.R,, Lin, C. F., & Shi, Z. Y. (2015). The Mutations of katG and inhA Genes of Isoniazid-
resistant Mycobacterium tuberculosis |solates in Taiwan. Journal of Microbiology, Immunology and
Infection, 48(3), 249-255. https://doi.org/10.1016/j.jmii.2013.08.018

Umar, M. |, Asmawi, M. Z., Sadikun, A., Majid, A. M. S. A,, Al-Suede, F. S. R., Hassan, L. E. A,, ... & Ahamed,
M. B. K. (2014). Ethyl-p-methoxycinnamate Isolated from Kaempferia galanga Inhibits Inflammation
by Suppressing Interleukin-1, Tumor Necrosis Factor-a, and Angiogenesis by Blocking Endothelial
Functions. Clinics, 69, 134-144. https://doi.org/10.6061/clinics/2014(02)10

Umar, F. F., Husain, D. R., Hatta, M. M., Natzir, R. R., Sjahril, R. S., Dwiyanti, R. R., Junita, A. R., & Primaguna,
M. R. (2020). Molecular Characterisation of Mutations Associated with Resistance to First- and
Second-line Drugs among Indonesian Patients with Tuberculosis. Journal of Taibah University Medical
Sciences, 15(1), 54-58. https://doi.org/10.1016/j.jtumed.2019.12.003

Urbanowski, M. E., Ordonez, A. A,, Ruiz-Bedoya, C. A., Jain, S. K., & Bishai, W. R. (2020). Cavitary Tuberculosis:
The Gateway of Disease Transmission. The Lancet Infectious Diseases, 20(6), el117-e128.
https://doi.org/10.1016/5S1473-3099(20)30148-1

van Deun, A., Maug, A. K. J., Salim, M. A. H,, Das, P. K., Sarker, M. R., Daru, P., & Rieder, H. L. (2010). Short,
Highly Effective, and Inexpensive Standardized Treatment of Multidrug-resistant Tuberculosis.
American Journal of Respiratory and Critical Care Medicine, 182(5), 684-692.
https://doi.org/10.1164/rccm.201001-00770C

Vera, Y., Sinaga, B. Y., Ardinata, D., & Siregar, Y. (2018). The Effect of pncA Gene Mutation of Mycobacterium
tuberculosis to Rransaminase and Uric Acid Serum in MDR-TB Patients. Jurnal Respirologi Indonesia,
38(3), 150-157. https://doi.org/10.36497/jri.v38i3.4

Wahyudi, A. S., Raufuddin, & Suarilah, I. (2018). The Relationship between Healthy Housing Conditions and
Pulmonary Tuberculosis. Proceedings of the 9th International Nursing Conference.
https://doi.org/10.5220/0008330506570663

Wang, F., Shen, H., Guan, M., Wang, Y., Feng, Y., Weng, X,, ... & Zhang, W. (2011). High-resolution Melting
Facilitates Mutation Screening of rpsL Gene Associated with Streptomycin Resistance in
Mycobacterium tuberculosis. Microbiological Research, 166(2), 121-128.
https://doi.org/10.1016/j.micres.2010.02.001

Wardani, D. S. R. (2018). Social Determinants and Risk Factors for Tuberculosis Patients: A Case Control Study
at Health Services Applying Directly Observed Treatment Shortcourse (DOTS) in Bandar Lampung,
Indonesia. KnE Life Sciences, 522-531. doi:10.18502/kls.v4i4.2314

Waters, M., & Tadi, P. (2020). Streptomycin. PubMed; StatPearls Publishing.
https://www.ncbi.nlm.nih.gov/books/NBK555886/

Wei, M., Zhao, Y., Qian, Z., Yang, B., Xi, J., Wei, J., & Tang, B. (2020). Pneumonia Caused by Mycobacterium
tuberculosis. Microbes and Infection, 22(6-7), 278-284. https://doi.org/10.1016/j.micinf.2020.05.020

Widiastuti, E. N., Subronto, Y. W., & Promono, D. (2017). Determinan Kejadian Multi-drug Resistant
Tuberculosis di  RSUP dr. Sardjito. Berita Kedokteran Masyarakat, 33(7), 325.
https://doi.org/10.22146/bkm.18290

39


http://journal.i3l.ac.id/index.php/IJLS
https://ejournal2.litbang.kemkes.go.id/index.php/jbmi/article/view/1566
https://ejournal2.litbang.kemkes.go.id/index.php/jbmi/article/view/1566
https://ejournal2.litbang.kemkes.go.id/index.php/jbmi/article/view/1566
https://ejournal2.litbang.kemkes.go.id/index.php/jbmi/article/view/1566
https://doi.org/10.53333/ijicc2013/15941
https://doi.org/10.53333/ijicc2013/15941
https://doi.org/10.53333/ijicc2013/15941
https://doi.org/10.53333/ijicc2013/15941
https://doi.org/10.53333/ijicc2013/15941
https://doi.org/10.53333/ijicc2013/15941
https://scholar.google.com/scholar_lookup?title=Expanding%20shortened%20MDR-TB%20treatment%3A%20the%20West%20African%20experience&author=A%20Tr%C3%A9bucq&author=V%20Schwoebel&author=C%20Kuaban&publication_year=2014&journal=Int%20J%20Tuberc%20Lung%20Dis&volume=18&pages=S15
https://scholar.google.com/scholar_lookup?title=Expanding%20shortened%20MDR-TB%20treatment%3A%20the%20West%20African%20experience&author=A%20Tr%C3%A9bucq&author=V%20Schwoebel&author=C%20Kuaban&publication_year=2014&journal=Int%20J%20Tuberc%20Lung%20Dis&volume=18&pages=S15
https://scholar.google.com/scholar_lookup?title=Expanding%20shortened%20MDR-TB%20treatment%3A%20the%20West%20African%20experience&author=A%20Tr%C3%A9bucq&author=V%20Schwoebel&author=C%20Kuaban&publication_year=2014&journal=Int%20J%20Tuberc%20Lung%20Dis&volume=18&pages=S15
https://scholar.google.com/scholar_lookup?title=Expanding%20shortened%20MDR-TB%20treatment%3A%20the%20West%20African%20experience&author=A%20Tr%C3%A9bucq&author=V%20Schwoebel&author=C%20Kuaban&publication_year=2014&journal=Int%20J%20Tuberc%20Lung%20Dis&volume=18&pages=S15
https://scholar.google.com/scholar_lookup?title=Expanding%20shortened%20MDR-TB%20treatment%3A%20the%20West%20African%20experience&author=A%20Tr%C3%A9bucq&author=V%20Schwoebel&author=C%20Kuaban&publication_year=2014&journal=Int%20J%20Tuberc%20Lung%20Dis&volume=18&pages=S15
https://doi.org/10.1016/j.jmii.2013.08.018
https://doi.org/10.1016/j.jmii.2013.08.018
https://doi.org/10.1016/j.jmii.2013.08.018
https://doi.org/10.1016/j.jmii.2013.08.018
https://doi.org/10.1016/j.jmii.2013.08.018
https://doi.org/10.1016/j.jmii.2013.08.018
https://doi.org/10.1016/j.jmii.2013.08.018
https://www.sciencedirect.com/science/article/pii/S1807593222009553
https://www.sciencedirect.com/science/article/pii/S1807593222009553
https://www.sciencedirect.com/science/article/pii/S1807593222009553
https://www.sciencedirect.com/science/article/pii/S1807593222009553
https://www.sciencedirect.com/science/article/pii/S1807593222009553
https://www.sciencedirect.com/science/article/pii/S1807593222009553
https://www.sciencedirect.com/science/article/pii/S1807593222009553
https://www.sciencedirect.com/science/article/pii/S1807593222009553
https://doi.org/10.1016/j.jtumed.2019.12.003
https://doi.org/10.1016/j.jtumed.2019.12.003
https://doi.org/10.1016/j.jtumed.2019.12.003
https://doi.org/10.1016/j.jtumed.2019.12.003
https://doi.org/10.1016/j.jtumed.2019.12.003
https://doi.org/10.1016/j.jtumed.2019.12.003
https://doi.org/10.1016/S1473-3099(20)30148-1
https://doi.org/10.1016/S1473-3099(20)30148-1
https://doi.org/10.1016/S1473-3099(20)30148-1
https://doi.org/10.1016/S1473-3099(20)30148-1
https://doi.org/10.1016/S1473-3099(20)30148-1
https://doi.org/10.1016/S1473-3099(20)30148-1
https://doi.org/10.1016/S1473-3099(20)30148-1
https://www.atsjournals.org/doi/full/10.1164/rccm.201001-0077OC
https://www.atsjournals.org/doi/full/10.1164/rccm.201001-0077OC
https://www.atsjournals.org/doi/full/10.1164/rccm.201001-0077OC
https://www.atsjournals.org/doi/full/10.1164/rccm.201001-0077OC
https://www.atsjournals.org/doi/full/10.1164/rccm.201001-0077OC
https://www.atsjournals.org/doi/full/10.1164/rccm.201001-0077OC
https://www.atsjournals.org/doi/full/10.1164/rccm.201001-0077OC
https://www.atsjournals.org/doi/full/10.1164/rccm.201001-0077OC
https://doi.org/10.36497/jri.v38i3.4
https://doi.org/10.36497/jri.v38i3.4
https://doi.org/10.36497/jri.v38i3.4
https://doi.org/10.36497/jri.v38i3.4
https://doi.org/10.36497/jri.v38i3.4
https://doi.org/10.36497/jri.v38i3.4
https://doi.org/10.36497/jri.v38i3.4
https://doi.org/10.36497/jri.v38i3.4
https://doi.org/10.36497/jri.v38i3.4
https://doi.org/10.5220/0008330506570663
https://doi.org/10.5220/0008330506570663
https://doi.org/10.5220/0008330506570663
https://doi.org/10.5220/0008330506570663
https://doi.org/10.5220/0008330506570663
https://doi.org/10.1016/j.micres.2010.02.001
https://doi.org/10.1016/j.micres.2010.02.001
https://doi.org/10.1016/j.micres.2010.02.001
https://doi.org/10.1016/j.micres.2010.02.001
https://doi.org/10.1016/j.micres.2010.02.001
https://www.researchgate.net/publication/326260255_Social_Determinants_and_Risk_Factors_for_Tuberculosis_Patients_A_Case_Control_Study_at_Health_Services_Applying_Directly_Observed_Treatment_Shortcourse_DOTS_in_Bandar_Lampung_Indonesia
https://www.researchgate.net/publication/326260255_Social_Determinants_and_Risk_Factors_for_Tuberculosis_Patients_A_Case_Control_Study_at_Health_Services_Applying_Directly_Observed_Treatment_Shortcourse_DOTS_in_Bandar_Lampung_Indonesia
https://www.researchgate.net/publication/326260255_Social_Determinants_and_Risk_Factors_for_Tuberculosis_Patients_A_Case_Control_Study_at_Health_Services_Applying_Directly_Observed_Treatment_Shortcourse_DOTS_in_Bandar_Lampung_Indonesia
https://www.researchgate.net/publication/326260255_Social_Determinants_and_Risk_Factors_for_Tuberculosis_Patients_A_Case_Control_Study_at_Health_Services_Applying_Directly_Observed_Treatment_Shortcourse_DOTS_in_Bandar_Lampung_Indonesia
https://www.researchgate.net/publication/326260255_Social_Determinants_and_Risk_Factors_for_Tuberculosis_Patients_A_Case_Control_Study_at_Health_Services_Applying_Directly_Observed_Treatment_Shortcourse_DOTS_in_Bandar_Lampung_Indonesia
https://www.ncbi.nlm.nih.gov/books/NBK555886/
https://www.ncbi.nlm.nih.gov/books/NBK555886/
https://doi.org/10.1016/j.micinf.2020.05.020
https://doi.org/10.1016/j.micinf.2020.05.020
https://doi.org/10.1016/j.micinf.2020.05.020
https://doi.org/10.1016/j.micinf.2020.05.020
https://doi.org/10.1016/j.micinf.2020.05.020
https://doi.org/10.1016/j.micinf.2020.05.020
https://doi.org/10.1016/j.micinf.2020.05.020
(6-7),%20278-284.%20https:/doi.org/10.1016/j.micinf.2020.05.020
https://doi.org/10.22146/bkm.18290
https://doi.org/10.22146/bkm.18290
https://doi.org/10.22146/bkm.18290
https://doi.org/10.22146/bkm.18290
https://doi.org/10.22146/bkm.18290
https://doi.org/10.22146/bkm.18290
https://doi.org/10.22146/bkm.18290

Indonesian Journal of Life Sciences Vol. 05 | Number 1 | March 2023

Windiyaningsih, C., & Badaruddin, H. (2021). Factors Influenced of Drug-Resistant Tuberculosis and Non-
Drug-resistant Tuberculosis Patients in Pulmonary Hospital dr. M. Goenawan Partowidigdo, Bogor
District. Tarumanagara Medical Journal, 3(2), 238-248. https://doi.org/10.24912/tmj.v4i1.13714

Wiwing, V., Widysanto, A., & Lugito, N. P. H. (2015). Mycobacterium tuberculosis Resistance Pattern Against
First-line Drugs in Patients from Urban Area. International Journal of Mycobacteriology, 4(4), 302-
305. https://doi.org/10.1016/j.ijmyco.2015.08.002

World Health Organization. (2019a). Global Tuberculosis Report 2019. Geneva: WHO.

World Health Organization. (2019b). WHO consolidated guidelines on drug-resistant tuberculosis treatment
(No. WHO/CDS/TB/2019.7). Geneva: WHO.

World Health Organization. (2021). Catalogue of Mutations in Mycobacterium tuberculosis Complex and Their
Association with Drug Resistance. Geneva: WHO

World Health Organization. (2022). Global Tuberculosis Report 2022. Geneva: WHO.

Xi, Y., Zhang, W., Qiao, R. J., & Tang, J. (2022). Risk Factors for Multidrug-resistant Tuberculosis: A Worldwide
Systematic Review and Meta-analysis. PLoS ONE, 17(6), e€2070003.
https://doi.org/10.1371/journal.pone.0270003

Xu, M., Li, Y., Liu, B., Chen, R,, Sheng, L., Yan, S., ... & Hu, P. (2020). Temperature and Humidity Associated
with Increases in Tuberculosis Notifications: A Time-series Study in Hong Kong. Epidemiology and
Infection, 149, e8. https://doi.org/10.1017/50950268820003040

Yang, Q., Lin, M., He, Z., Liu, X., Xu, Y., Wu, J., Sun, F., Jiang, T., Gao, Y., Huang, X., Zhang, W., Ruan, Q., &
Shao, L. (2022). Mycobacterium tuberculosis Infection among 1,659 Silicosis Patients in Zhejiang
Province, China. Microbiology Spectrum, 10(6), €0145122. https://doi.org/10.1128/spectrum.01451-
22

Yao, F., Huang, Y., Wang, Y., & He, X. (2018). Anti-inflammatory Diarylheptanoids and Phenolics from the
Rhizomes of Kencur (Kaempferia galanga L.). Industrial Crops and Products, 125, 454-461.
https://doi.org/10.1016/j.indcrop.2018.09.026
Zaunbrecher, M. A,, Sikes Jr, R. D., Metchock, B., Shinnick, T. M., & Posey, J. E. (2009). Overexpression
of the Chromosomally Encoded Aminoglycoside Acetyltransferase Eis Confers Kanamycin Resistance
in Mycobacterium tuberculosis. Proceedings of the National Academy of Sciences, 106(47), 20004-
20009. https://doi.org/10.1073/pnas.0907925106

Zhang, Y., Shi, W., Zhang, W., & Mitchison, D. (2014). Mechanisms of Pyrazinamide Action and Resistance.
Microbiology Spectrum, 2(4), 2-4. https://doi.org/10.1128/microbiolspec. MGM2-0023-2013

Zhang, Q., An, X,, Liu, H., Wang, S., Xiao, T., & Liu, H. (2019). Uncovering the Resistance Mechanism of
Mycobacterium tuberculosis to Rifampicin due to RNA Polymerase H451D/Y/R Mutations from
Computational Perspective. Frontiers in Chemistry, 7, 819.
https://doi.org/10.3389/fchem.2019.00819

Zhang, Z.,, Wang, W., Wang, Y., Xue, Z,, Li, S., & Pang, Y. (2022). Inducible Resistance to Amikacin in
Mycobacterium abscessus lsolated in Beijing, China. Infection and Drug Resistance, 15, 2287.
https://doi.org/10.2147/idr.s357887

Zhu, C,, Liu, Y., Hu, L., Yang, M., & He, Z. G. (2018). Molecular Mechanism of the Synergistic Activity of
Ethambutol and Isoniazid against Mycobacterium tuberculosis. Journal of Biological Chemistry,
293(43), 16741-16750. https://doi.org/10.1074/jbc.RA118.002693

40


http://journal.i3l.ac.id/index.php/IJLS
https://doi.org/10.24912/tmj.v4i1.13714
https://doi.org/10.24912/tmj.v4i1.13714
https://doi.org/10.24912/tmj.v4i1.13714
https://doi.org/10.24912/tmj.v4i1.13714
https://doi.org/10.24912/tmj.v4i1.13714
https://doi.org/10.1016/j.ijmyco.2015.08.002
https://doi.org/10.1016/j.ijmyco.2015.08.002
https://doi.org/10.1016/j.ijmyco.2015.08.002
https://doi.org/10.1016/j.ijmyco.2015.08.002
https://doi.org/10.1016/j.ijmyco.2015.08.002
https://doi.org/10.1016/j.ijmyco.2015.08.002
(4),%20302-305.%20https:/doi.org/10.1016/j.ijmyco.2015.08.002
(4),%20302-305.%20https:/doi.org/10.1016/j.ijmyco.2015.08.002
https://www.who.int/teams/global-tuberculosis-programme/tb-reports/global-tuberculosis-report-2019
https://www.who.int/teams/global-tuberculosis-programme/tb-reports/global-tuberculosis-report-2019
https://www.who.int/teams/global-tuberculosis-programme/tb-reports/global-tuberculosis-report-2019
https://www.who.int/publications/i/item/9789240028173
https://www.who.int/publications/i/item/9789240028173
https://www.who.int/publications/i/item/9789240028173
https://www.who.int/publications/i/item/9789240028173
https://www.who.int/teams/global-tuberculosis-programme/tb-reports/global-tuberculosis-report-2022
https://www.who.int/teams/global-tuberculosis-programme/tb-reports/global-tuberculosis-report-2022
https://www.who.int/teams/global-tuberculosis-programme/tb-reports/global-tuberculosis-report-2022
https://doi.org/10.1371/journal.pone.0270003
https://doi.org/10.1371/journal.pone.0270003
https://doi.org/10.1371/journal.pone.0270003
https://doi.org/10.1371/journal.pone.0270003
https://doi.org/10.1371/journal.pone.0270003
https://doi.org/10.1017/S0950268820003040
https://doi.org/10.1017/S0950268820003040
https://doi.org/10.1017/S0950268820003040
https://doi.org/10.1017/S0950268820003040
https://doi.org/10.1017/S0950268820003040
https://journals.asm.org/doi/10.1128/spectrum.01451-22
https://journals.asm.org/doi/10.1128/spectrum.01451-22
https://journals.asm.org/doi/10.1128/spectrum.01451-22
https://journals.asm.org/doi/10.1128/spectrum.01451-22
https://journals.asm.org/doi/10.1128/spectrum.01451-22
https://journals.asm.org/doi/10.1128/spectrum.01451-22
https://doi.org/10.1016/j.indcrop.2018.09.026
https://doi.org/10.1016/j.indcrop.2018.09.026
https://doi.org/10.1016/j.indcrop.2018.09.026
https://doi.org/10.1016/j.indcrop.2018.09.026
https://doi.org/10.1016/j.indcrop.2018.09.026
https://doi.org/10.1016/j.indcrop.2018.09.026
https://doi.org/10.1016/j.indcrop.2018.09.026
https://doi.org/10.1073/pnas.0907925106
https://doi.org/10.1073/pnas.0907925106
https://doi.org/10.1073/pnas.0907925106
https://doi.org/10.1073/pnas.0907925106
https://doi.org/10.1073/pnas.0907925106
https://doi.org/10.1073/pnas.0907925106
https://doi.org/10.1128/microbiolspec.MGM2-0023-2013
https://doi.org/10.1128/microbiolspec.MGM2-0023-2013
https://doi.org/10.1128/microbiolspec.MGM2-0023-2013
https://doi.org/10.1128/microbiolspec.MGM2-0023-2013
https://doi.org/10.1128/microbiolspec.MGM2-0023-2013
https://doi.org/10.1128/microbiolspec.MGM2-0023-2013
https://doi.org/10.3389/fchem.2019.00819
https://doi.org/10.3389/fchem.2019.00819
https://doi.org/10.3389/fchem.2019.00819
https://doi.org/10.3389/fchem.2019.00819
https://doi.org/10.3389/fchem.2019.00819
https://doi.org/10.3389/fchem.2019.00819
https://doi.org/10.3389/fchem.2019.00819
https://doi.org/10.3389/fchem.2019.00819
https://doi.org/10.2147/idr.s357887
https://doi.org/10.2147/idr.s357887
https://doi.org/10.2147/idr.s357887
https://doi.org/10.2147/idr.s357887
https://doi.org/10.2147/idr.s357887
https://doi.org/10.2147/idr.s357887
https://doi.org/10.2147/idr.s357887
https://doi.org/10.1074/jbc.RA118.002693
https://doi.org/10.1074/jbc.RA118.002693
https://doi.org/10.1074/jbc.RA118.002693
https://doi.org/10.1074/jbc.RA118.002693
https://doi.org/10.1074/jbc.RA118.002693
https://doi.org/10.1074/jbc.RA118.002693
https://doi.org/10.1074/jbc.RA118.002693
https://doi.org/10.1074/jbc.RA118.002693
https://doi.org/10.1074/jbc.RA118.002693

