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Abstract

Introduction. Multidrug- resistant tuberculosis (MDR- TB) is a major public health problem globally, including in Indonesia. 
Whole- genome sequencing (WGS) analysis has rarely been used for the study of TB and MDR- TB in Indonesia.

Aim. We evaluated the use of WGS for drug- susceptibility testing (DST) and to investigate the population structure of drug- 
resistant Mycobacterium tuberculosis in Java, Indonesia.

Methodology. Thirty suspected MDR- TB isolates were subjected to MGIT 960 system (MGIT)- based DST and to WGS. Phyloge-
netic analysis was done using the WGS data. Results obtained using MGIT- based DST and WGS- based DST were compared.

Results. Agreement between WGS and MGIT was 93.33 % for rifampicin, 83.33 % for isoniazid and 76.67 % for streptomycin but 
only 63.33 % for ethambutol. Moderate WGS–MGIT agreement was found for second- line drugs including amikacin, kanamycin 
and fluoroquinolone (73.33–76.67 %). MDR- TB was more common in isolates of the East Asian Lineage (63.3%). No evidence of 
clonal transmission of DR- TB was found among members of the tested population.

Conclusion. Our study demonstrated the applicability of WGS for DST and molecular epidemiology of DR- TB in Java, Indonesia. 
We found no transmission of DR- TB in Indonesia.

InTRoduCTIon
Tuberculosis (TB) remains in the top ten leading causes of 
death from a single infectious agent [1, 2]. The World Health 
Organization (WHO) estimated that 10.0 million people 
were infected with TB in 2018, with 1.2 million TB deaths 
among human immunodeficiency virus (HIV)- negative 
individuals and an additional 251 000 deaths among HIV- 
positive indviduals worldwide. These numbers have been 
relatively stable in recent years [1]. Around two- thirds of the 
total TB burden occurs in only eight countries, among which 

Indonesia is included (8 %) [1]. Although the last decade 
has seen global progress in TB control, this massive effort 
is constantly threatened by the emergence of drug- resistant 
Mycobacterium tuberculosis (Mtb).

Multidrug- resistant TB (MDR- TB, resistant to at least 
isoniazid and rifampicin), pre- extensively drug- resistant TB 
[pre- XDR- TB, resistant to at least isoniazid, rifampicin, and 
a fluoroquinolone (FQ) or a second- line injectable agent] 
and extensively drug- resistant TB (XDR- TB, resistant to at 
least isoniazid, rifampicin, an FQ and a second- line injectable 

http://jmm.microbiologyresearch.org/content/journal/jmm/
https://www.ncbi.nlm.nih.gov/sra


1014

Tania et al., Journal of Medical Microbiology 2020;69:1013–1019

agent) remains a public health crisis [3]. Infections with 
MDR- TB, pre- XDR- TB and XDR- TB incur higher costs of 
treatment, lower treatment success rates and higher mortality 
rates among TB patients [3, 4].

Indonesia, with a population of 268 million, has high preva-
lences of TB, TB/HIV and MDR- TB. The country has the 
seventh highest burden of MDR- TB globally (24 000 cases). 
Annually, about 12 000 cases of MDR/RR- TB (rifampicin- 
resistant) are reported among notified pulmonary TB cases 
in Indonesia. Unfortunately, only 9038 cases of MDR/RR- TB 
and 80 of XDR- TB were laboratory- confirmed in 2018 [1]. It 
is essential for Indonesia to develop more effective TB diag-
nosis and surveillance strategies.

Drug resistance complicates TB control efforts globally. Drug 
susceptibility testing (DST) is required to guide effective treat-
ment [5]. The gold- standard phenotypic testing method is 
technically laborious, has a long turnaround time of around 
4–6 weeks and has a high rate of contamination causing delays 
in effective treatment [3, 6].

Whole- genome sequencing (WGS) analysis to detect resist-
ance to first- line anti- TB drugs is very promising as a replace-
ment for the conventional phenotypic DST [7]. Genetic 
markers for, as well as mechanisms of, DR- TB for second- line 
anti- TB drugs are still not fully known and require much 
further research for DST. Next- generation sequencing is an 
accurate, cost- effective and high- throughput sequencing 
technology, enabling genomic investigations including WGS 
for epidemiological studies and to detect markers of drug 
resistance and strain diversity [8]. Advances in WGS analysis 
are having a major influence on approaches to TB diagnosis. 
WGS rapidly predicts phenotypic DST and can identify 
the lineage and possible transmission routes of Mtb strains 
[9, 10]. Due to the high capability to detect all possible muta-
tions associated with drug resistance, WGS- based diagnosis 
of TB is becoming increasingly influential and is starting to 
replace conventional diagnostic methods to detect DR- TB in 
high- income countries in Europe and North America [2, 11].

To date, only one study has used WGS- based approaches in 
Indonesia, reporting drug resistance data and lineage classifi-
cation from archived isolates collected in West Java province 
[6]. Here, we aim to compare DST methods of testing TB 
isolates for drug resistance in Indonesia to assess the value of 
WGS analysis in this setting. We also wish to investigate the 
molecular epidemiology of drug- resistant strains using WGS.

METHodoLogy
Setting
Thirty clinical MDR/RR- TB isolates were collected from 
confirmed pulmonary patients between January 2017 and 
January 2018 from four hospitals (20 isolates from M. 
Goenawan Partowidigdo Pulmonary Hospital in Bogor 
Regency; six isolates from Cempaka Putih Islamic Hospital 
in Central Jakarta; two isolates from Mampang Prapatan 
Hospital in South Jakarta; two isolates from Drajat Prawirane-
gara Hospital in Banten Province). Each sputum sample was 

stained for acid- fast bacteria. Each sample was then cultured 
in Mycobacteria Growth Indicator Tube medium (MGIT 
960 System; Becton Dickinson) and Löwenstein–Jensen 
medium using a previously described protocol (World Health 
Organization 2018). The study protocol was approved by the 
Health Research Ethics Committee of the Faculty of Medi-
cine, Universitas Indonesia, Jakarta, Indonesia (Protocol No. 
18-02-0123).

Laboratory testing and dST.
All samples were cultured. Phenotypic DST was assessed using 
MGIT (MGIT 960 SIRE supplement and MGIT 960 SL DST; 
Becton Dickinson) with specified concentrations for isoniazid 
(0.1 µg ml−1), rifampicin (1.0 µg ml−1), ethambutol (5.0 µg ml−1), 
streptomycin (1.0 µg ml−1), ofloxacin (2.0 µg ml−1), amikacin 
(1.0 µg ml−1) and kanamycin (2.5 µg ml−1). Phenotypic DST 
was performed twice to ensure the reproducibility of the 
results [12].

dnA isolation and WgS
Genomic DNA extraction from Mtb clinical isolates was 
carried out using the cetyltrimetyl ammonium bromide 
(CTAB, Molecular Biology Grade; Merck) method [13]. DNA 
samples were sent to Novogene for sequencing. Genomic 
libraries were prepared according to the DNA sample prepa-
ration guidelines with the HiSeq DNA sample preparation 
kit (Illumina). The library pools were subjected to paired- end 
sequencing on a HiSeq X 150PE platform (Illumina) gener-
ating 150 bp read lengths. WGS data of these 30 Mtb isolates 
have been deposited in the Sequence Read Archive (SRA) 
with BioProject accession no. PRJNA633244.

Bioinformatics and data analysis
FastQC v.0.11.7 was used to check the raw sequences. Trim-
momatic (v.0.36) software was used to remove low- quality 
reads, which might affect downstream analysis. High- quality 
paired- end reads were then mapped to M. tuberculosis H37Rv 
(NC000962.3) as a reference genome using BWA- mem 
(v.0.7.1.7). Data in SAM format were converted to BAM 
format, sorted and the BAM files were indexed by SAMtools 
v.0.1.19. Realignment was done using GATK v.4.0.52, gener-
ating coverage statistics and mapping information. GATK 
and SAMtools were used for variant calling and filtration, 
including small indels as well as single nucleotide polymor-
phisms (SNPs). SAMtools mpileup was used to generate 
the combined nucleotide frequency among strains for each 
positional SNP. The multiple sequence alignment CSV file was 
converted to FASTA format. A maximum- likelihood (ML) 
phylogenetic tree was inferred from this alignment using 
mega 7 employing the general time- reversible plus gamma 
(GTR+G) model with 1000 bootstrap replicates. The online 
version of TB- Profiler [5] and the PhyResSE program [14] 
with default parameters were used to predict drug- resistance 
mutations and lineage classification. Isolates differing at 
≤13 SNPs were regarded as belonging to the same cluster. 
This cut- off value was suggested from a previous study [15]. 
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Descriptive statistics were used to describe the results in this 
study.

RESuLTS

Characteristics of TB patient participants
Most of the 30 patients were middle- aged (36.87±13.34 years) 
and 19 (63.3 %) were female. Twenty of the 30 isolates (66.7 %) 
were from M. Goenawan Partowidigdo Pulmonary Hospital 
in Cisarua, Bogor Regency. The MGIT- based DST indicated 
that a majority (n=21, 70.0 %) of the studied strains were 
MDR/pre- XDR- TB (Table 1). The geographical origins of 
patients within Java is shown (Fig. 1). All raw data used in 
this study are given in Table S1 (available in the online version 
of this article).

Comparisons among dST methods for Mtb from 
patients in Indonesia
Phenotypic DST results using MGIT medium were taken 
as the standard for comparisons with WGS analysis of 30 
drug- resistant strains. For the first- line drugs, the agreement 
between MGIT and WGS for rifampicin was highest (93.33 %); 
only two from 30 isolates were discordant. Lower MGIT- WGS 
agreement for isoniazid (76.67 %) and streptomycin (83.3 %) 
was found. Agreement between MGIT- and WGS- based DST 
was lowest for ethambutol (63.33 %) in which 10 susceptible 

isolates based on MGIT were identified as resistant by WGS 
(Table 2). For the second- line drugs, 12 FQ- resistant strains 
were detected by MGIT, but fewer than half of them were 
identified by WGS (n=5, 41.67 %). MGIT- based DST of 
amikacin and kanamycin had moderate agreement rates 
compared to WGS (73.33 and 76.67 %, respectively) (Table 2).

WGS detected mutations associated with anti- TB drug 
resistance in 93.3 % of isolates (28/30) (Fig. 2). Out of 30 
isolates, 28 (93.3 %) were resistant to at least one anti- TB 
drug. Compared to the MGIT- based DST, WGS detected 
more MDR- TB strains [n=14 (46.7 %) versus n=16 (53.3 %)] 
and pre- XDR- TB strains [n=21 (70.0 %) versus n=22 
(73.3 %)]. No XDR- TB isolates were detected by WGS. 
The numbers of mutations detected by TB- Profiler and 
PhyResSE are shown in Fig. 3. katG Ser315Thr and rpoB 
Ser150Leu were the common mutations found in isoniazid- 
and rifampicin- resistant strains, respectively. Various muta-
tions within pncA, but not elsewhere in the genome, were 
found in pyrazinamide- resistant strains.

Lineage distribution and cluster analysis among TB 
patients
The phylogenetic tree based on 7862 SNPs among the 30 
tested strains is shown in Fig. 4. Nineteen strains (63.33 %) 
were from Lineage 2 (East Asian Lineage), among which 
16 isolates (84.21 %) belonged to Lineage 2.2.1. Nine strains 
(30.0 %) were from Lineage 4 (Euro- American) and two 
strains (6.67 %) were from Lineage 1 (Indo- Oceanic) (Fig. 4). 
There were four monophyletic clades with 10, two, two and 16 
isolates per clade, respectively (Fig. 4). No clusters of clonal 
strains (based on the ≤13 SNP cut- off) were found. The most 

Table 1. Demographic characteristics of the TB patients

Characteristic Total (%) (n=30)

Female 19 (63.3 %)

Age (years, mean±sd) 36.87±13.34

Referral hospital

  M.Goenawan Partowidigdo Pulmonary 
Hospital in Cisarua, Bogor

20 (66.7 %)

  Cempaka Putih Islamic Hospital, Jakarta 6 (8.9 %)

  Mampang Prapatan Hospital, Jakarta 2 (6.7 %)

  Drajat Prawiranegara Hospital, Banten 2 (6.7 %)

Type of patient

  New 4 (13.33 %)

  Relapse 14 (46.67 %)

  Default 4 (13.33 %)

  Failure 8 (26.67 %)

Phenotypic drug resistant (MGIT)

  Monoresistant- TB 2 (6.67 %)

  Polyresistant- TB 4 (20.0 %)

  MDR- TB 14 (46.7 %)

  Pre- XDR- TB 7 (23.3 %)

  XDR- TB 3 (10.00 %)

Fig. 1. Distribution of subjects based on city of origin in Java, Indonesia. 
Legend for the cities and list of patient study numbers were as follows: 
A=Central Jakarta (CP12, CP34, CP46, CP49, SL37), B=Depok (SL38), 
C=South Tangerang (CS2212), D=Bogor (CS2385 CS2449, CS2571, 
CS2611, CS2356, CS2511, CS2956, CS2961, CS1983, CS2106, CS2122, 
CS2474, CS2166, CS2329, CS2386, CS2000, CS2474 and CS2166), 
E=Cianjur (CS2340 and CS2056), F=Banten (BA274 and BA158), 
G=Yogyakarta (CP47).
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closely related pair of strains (SL38 and CS2449) differed at 
153 SNPs.

dISCuSSIon
We used MGIT and WGS analysis to obtain drug- susceptibility 
profiles of 30 Mtb isolates and compared the results between 
methods. As part of the WGS analysis, we used both PhyResSE 
and TB- Profiler software to identify mutations associated with 
drug resistance and to determine the lineage to which each 
isolate belonged. We found that TB- Profiler is more sensitive 
than PhyResSE in detecting relevant mutations, in agreement 
with previous studies [5, 14].

For the first- line anti- TB drugs, we found the highest 
total agreement between MGIT- based DST and WGS for 
rifampicin (93.3%). Different DST methods are known to vary 
greatly in their ability to identify ethambutol resistance. This 
creates difficulties in the application of DST for treatment of 
TB patients [16]. We found a low agreement rate (66.33%) 
between MGIT and WGS for ethambutol: the former method 
failed to identify many of the resistant isolates detected by the 
latter. All 15 ethambutol- resistant strains detected by WGS 
had mutations in the embB gene, which is the gene most 
commonly and reliably associated with ethambutol resist-
ance [17]. The WGS result is therefore not likely to be false. 
Alternatively, the critical concentration (CC) of ethambutol 
used might affect the MGIT result. We used the World Health 
Organization (WHO)- recommended CC of ethambutol 

(5.0 µg ml−1). Nonetheless, WHO has recently suggested that 
the critical concentration for ethambutol should be lowered 
[18]. The borderline cutoff of CC might be the factor associ-
ated with the low agreement between WGS and MGIT- based 
DST for ethambutol [19]. Due to limited sample size and 
proportional imbalance between drug- susceptible and drug- 
resistant strains, kappa agreement analysis was not done.

We evaluated DSTs for the second- line anti- TB drugs: oflox-
acin (FQ), amikacin and kanamycin (second- line injectable 
drugs, SLID). The agreement between MGIT- based DST 
and WGS for these second- line drugs was moderate (73.33–
76.67 %). For FQ, we found that the most common mutations 
were at codon 94 followed by codons 90 and 91 in the gyrA 
gene, which is in line with a study in Belarus and Iran [20]. 
Previously, strains with phenotypic susceptibility to FQ but 
genotypic resistance have been reported [21, 22]. Conversely, 
strains have been reported with phenotypic resistance which 
was not identified by genotypic analysis [23, 24]. Our results 
are consistent with the latter scenario: fewer than half of the 
FQ- resistant isolates based on MGIT were also identified as 
resistant by WGS. CC is critical for the interpretation of DST 
for FQ and it varies among FQ drugs. We used the standard 
CC of 2.0 µg ml−1 for MGIT- based DST of ofloxacin. Possibly, 
such high discordance might be derived from an inadequate 
mutation database for the FQ- resistant strains in Indonesia. 
Similarly, moderate agreements between MGIT- based DST 
and WGS for amikacin and kanamycin were found in our 
study. A very low proportion (one or two isolates) of these 
SLID- resistant samples was detected by WGS, compared 
to MGIT (six isolates). The reasons for the low agreement 
rate in our study are unclear. For MGIT, we used the CCs 
for amikacin (1.0 µg ml−1) and kanamycin (2.5 µg ml−1) as 
suggested by WHO [25]. Possibly the mutations associated 
with SLID resistance of Mtb circulating in Indonesia might 
be unique and not yet available in the mutation databases. 
Local Mtb strains in Java may have such mutations outside 
the well- known genes for kanamycin and amikacin resistance, 
rrs and the eis promoter.

Genome analysis of Mtb strains cluster them into seven lineages, 
each associated with specific global geographical locations [26]. 
The common Mtb lineages found in Indonesia vary across the 
archipelago. The Beijing Lineage (Lineage 2) is predominant 
in Java and eastern parts of Indonesia, while the East African- 
Indian Lineage (Lineage 3) predominates in central parts of 
the country [27, 28]. We mostly found Lineage 2.2.1, the East 
Asian (Beijing) Lineage, which is known to be highly mutable 
and highly associated with anti- TB drug resistance [6, 29]. An 
association of the East Asian Lineage with multidrug resistance 
was also found in a previous WGS study in Indonesia, although 
most of the strains resistant to any drug belonged to the Indo- 
Oceanic Lineage (Lineage 1) [6].

In our study, the majority of suspected MDR- TB patients (20) 
were residents of Bogor, a small city in West Java. The strains 
from these patients were collected in January and February 2018. 
The phylogenetic tree indicated that clonal transmission was 
unlikely: no two isolates from Bogor differed at fewer than 153 

Table 2. Comparison between genotypic DST (WGS) and phenotypic 
DST (MGIT)

Anti- TB drugs Genotypic DST Phenotypic DST Total 
agreement

(%)MGIT: R MGIT: S

First- line drugs

  Rifampicin WGS: R 27 1 93.33

WGS: S 1 1

  Isoniazid WGS: R 21 2 76.67

WGS: S 5 2

  Streptomycin WGS: R 10 3 83.33

WGS: S 2 15

  Ethambutol WGS: R 5 10 63.33

WGS: S 1 14

Second- line drugs

  Ofloxacin WGS: R 5 0 76.67

WGS: S 7 18

  Amikacin WGS: R 0 2 73.33

WGS: S 6 22

  Kanamycin WGS: R 0 1 76.67

WGS: S 6 23
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SNPs (out of a total included of 7862 SNPs). When we increased 
the stringency of SNP filtration based on the frequencies of read 
coverage and heterozygous SNPs, we obtained a set of 2386 
SNPs. Using this new set, the most closely related pair of strains 
differed at 34 SNPs. This number is higher than the ≤13 SNP 
cut- off often used to distinguish clonal strains [15]. There are no 
known epidemiological links among the patients providing the 
samples we used, except that the majority of the patients lived 

in Bogor city. Hence, the adjusted analysis confirmed that the 
studied strains were not involved in recent clonal transmission. 
Given that the population of West Java, a geographically small 
province with good transport infrastructure, is over 48 million, 
it is to be expected that TB strains isolated in Bogor might have 
originated from elsewhere. Our sample from Bogor consisted 
of only 20 isolates, probably too few for detection of any trans-
mission chain within 12 months of the isolate’s collection time. 

Fig. 2. Distribution of drug resistance- associated mutations in 28 Mtb isolates with any drug resistance detected by WGS and TB- Profiler 
analysis. Note: PhyResSE results are not shown except for one isolate (*pncA Thr100Pro) that was identified by PhyResSE but not TB- 
Profiler.
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Previous studies in a lightly populated region of Indonesia – 
Jayapura, the city with the highest prevalence of TB – found high 
clustering rates suggesting clonal transmission of TB [30, 31]. A 
study in Madang, in Papua New Guinea adjacent to Jayapura, 
also found much clustering [37]. These two studies used myco-
bacterial interspersed repetitive units- variable tandem repeat 
(MIRU- VNTR) typing with much lower discriminatory power 
than WGS.

In contrast to the one previous report using WGS for investiga-
tion of the genetics of TB in Indonesia [6], we focused only 
on drug- resistant strains, especially M/XDR- TB strains, and 
investigated a greater number of MDR- TB strains. We found 
WGS to be a promising tool for routine diagnostics for TB as 
it provided high coverage of data for several first- and second- 
line drugs. However, the performance of WGS for detection of 
DR- TB in our studied strains for the second- line anti- TB drugs 
was limited compared with the first- line drugs. This is the first 
study to investigate the population structure of MDR- TB strains 
using WGS in Indonesia.

MDR- TB is a great challenge for effective TB control in Indo-
nesia. WGS technology has high applicability for identifying 
these TB strains but has been little used to date in Asian 
countries including Indonesia, which has a high burden of TB, 
MDR- TB and TB- HIV. We have evaluated the performance 
of WGS for DST with Mtb strains causing DR- TB. However, 
a larger sample size would provide a clearer statistical under-
standing of WGS- based DST, especially for the second- line 
drugs. We studied only patients from Java: Indonesia is a large, 
heavily populated country consisting of many islands and many 
cultures. For this reason, Indonesia might be a suitable country 
for investigating the influence of geographical barriers on TB 
transmission. In our study of MDR- TB in Indonesia, we did 
not observe any transmission among patients. However, due 
to the limited sample size, specific geographical region (Java) 
and the short study period, possible transmission of MDR- TB 
in Indonesia cannot be ruled out. Further WGS- based analysis 
of Mtb including large samples from each main island could 
provide new insight into TB transmission and inform control 
efforts.

In conclusion, we have demonstrated the application of WGS 
analysis for determination of drug- resistant TB in Java, Indo-
nesia. We have also demonstrated the population structure 
and frequencies of drug resistance- associated mutations of 
Mtb causing DR- TB in Java, Indonesia. There is no evidence to 
support the clonal transmission of DR- TB in this region based 
on the members of the tested population.
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