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 Purpose: This is the first study to attempt microbiome diversity using metagenomic full-length 16S rRNA from 

respiratory specimens suspected of chronic pulmonary TB patients. 

Materials and methods: A 33 patients with suspected chronic pulmonary TB were included. Sputum specimens 

were cultured to detect mycobacterium sp. and extracted using QiAmp DNA mini kit modification and 16S rRNA 

metagenomic sequencing by nanopore grid ion sequencer. Microbiome analysis was performed using Pavian and 

Krona tools. 

Results: 9 patients were diagnosed with TB based on GeneXpert MTB/RIF assay, and 3 patients were detected with 

NTM pulmonary infection.The common genera identified from TB culture positive patients were streptococcus sp., 

prevotella sp., and veilonella sp. However, less was detected in two NTM infection patients. Metagenomic analysis 

revealed community bacteria species, including mycobacterium tuberculosis and NTM species, with the lowest 

number of unique reads. The abundance of streptococcus sp. were less than 30% in 4 patient with comorbid 

diabetes mellitus. 

Conclusions: Metagenomic targeted 16SrRNA full-length sequencing in the clinical respiratory specimen can 

provide diagnostic insight beyond standard microbiologic cultures and detailed profiling of microbial 

communities at the species level. 
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INTRODUCTION 

A major hazard to international health, mycobacterium 

tuberculosis (MTB) is the infectious disease known as 

tuberculosis (TB). Based on the global WHO report 2020, 

Indonesia has the second highest TB burden in the world after 

India. Country data reported that number of estimated TB 

cases remained steady at 969,000 in 2022 and 2021. However, 

confirmed TB cases increased from 443,235 to 713,184 

between 2021 to 2022 [1]. In Indonesia’s East Java Province, Dr. 

Soetomo Hospital serves as a referral hospital; on the other 

hand, East Java is a TB endemic area which has a high 

incidence rate, especially Surabaya City, with the highest TB 

cases (4,475) in 2021 [2]. In endemic TB areas, the pulmonary 

TB patient with chronic lower respiratory tract infection has the 

risk factor of repeating infection (recurrent TB) [3] or infection 

from another microbe in the environment. 

On the other hand, nontuberculous mycobacteria (NTM) 

infections have increased in recent decades owing to the 

increasing prevalence of HIV infection and considerable 

advancements in laboratory procedures and diagnostic tools 

[4]. According to a previous systematic review, the five-year 

mortality rates of infection NTM in Europe were 27%, 35% in 

the United States, and 33% in Asia [5]. All drugs used to treat TB 

and NTM diseases have been linked to resistance, particularly 

those that are multidrug resistant (MDR) and extensively drug 

resistant (XDR) [6]. There is a need for better detection tools to 

help patients choose the best course of treatment as a result of 

the emergence and spread of MTB and NTM infections, 

particularly MDR and XDR strains. 

In complex ecological communities, members of the 

regular flora or atypical bacteria that also contribute to 

illnesses are typically ignored [7]. Microbial community 

dynamics, interaction, and functionality are thought to be 

essential for maintaining ecological harmony and life. The 

bacterium in the body is one newly discovered host component 

that could contribute to TB. The microbiota is the aggregate 

name for the bacteria, viruses, and fungi that live inside the 

human body. They take part in many cellular processes and are 

essential parts of various organ systems. Processes, 

metabolism, and disease development are all impacted. The 
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immune system’s operation, the abnormal metabolism that 

causes chronic inflammation, and cellular transformation are 

all modulated by different populations of microorganisms that 

reside in various cellular compartments. Yet, the microbiota’s 

contribution to respiratory disease is unclear [8]. Several 

research have looked into the microbiome of sputum, the 

respiratory system, and the lungs in relation to cystic fibrosis or 

TB in recent years [9, 10]. 

Human microbiome research is currently making use of 

high-throughput next generation sequencing (NGS) 

technologies to investigate the bacterial communities that live 

inside humans. The gold standard for investigating microbial 

diversity nowadays is 16S rRNA sequence sequencing, which 

allows for precise taxonomic profiling of the prokaryotic 

genome [11, 12]. These techniques allow for the direct analysis 

of the microbiota of various human body organs utilizing DNA 

isolated from samples without using culture procedures [13]. 

NGS is a cost-effective technique for genotyping a large 

number of MTB isolates [14]. Metagenomic sequencing and 

targeted amplicon sequencing, which involve selectively 

amplifying a particular genetic area of interest, like 16S rRNA in 

bacteria, and untargeted amplification of all genomic DNA, are 

the two main categories of contemporary high-throughput 

sequencing technology [11, 15, 16]. Theoretically, mNGS can 

identify every pathogen present in a clinical sample, making it 

particularly useful for complex and chronic infection disease 

disorders [17, 18]. This study purposes to investigate the 

microbiome diversity in sputum patients suspected chronic 

pulmonary TB by metagenomic targeted 16S rRNA method, 

and compare to clinically sign, symptom also culture of 

mycobacteria result. Comparing the quantity and diversity of 

microorganisms in each patient with chronic suspected may 

lead to improve understanding of the etiologic diagnosis of 

pulmonary TB for the good management of patients. 

MATERIALS AND METHODS 

The Patient Samples  

Patients with suspected chronic pulmonary TB who 

attended Dr. Soetomo Academic Hospital as a referral hospital 

in East Java Province in Indonesia between November 2021-

January 2022 were eligible. Patients who fulfilled the inclusion 

criteria were given an explanation by the investigators of the 

study’s purpose and methodology. Upon arrival, medical 

history and informed written consent were taken. Patients with 

suspected chronic pulmonary TB were recruited. The 

demographic information data, i.e., age and sex, and the 

clinical data, i.e., signs, symptoms, radiological profile, and 

comorbid were recorded from the medical record. 

The Sputum Samples  

The sputum was gathered from suspected chronic 

pulmonary TB patients. The samples were immediately sent for 

culture method, Xpert MTB/RIF and metagenomic next-

generation sequencing (mNGS). The isolation of bacteria and 

mycobacterium identification detected were processed in the 

Lowenstein Jensen medium. Samples for Xpert were processed 

following the manufacturer’s instructions. 

The Extraction of DNA  

The QiAamp DNA Kit, a commercially available kit, was 

used to extract DNA from all sputum samples in accordance 

with the modified methodology provided by the manufacturer. 

A sample of sputum was moved to an Eppendorf tube and 

stored on dry ice. About one milliliter of sputum sample was 

decontaminated with Mycoprep attentively up until the point 

of homogeneity [19]. Qubit1 2.0 Fluorometer and NanoDrop 

spectrophotometer (Invitrogen, Eugene, OR, USA) were used to 

measure the concentration of DNA. Metagenomic technique 

was used to process the ideal DNA amount and quality. The 

optimal DNA quantity and quality were processed to 

metagenomic procedure. 

Rapid attachment chemistry for the 16S primer was used to 

ramp up the genomic DNA, and universal primers (27F and 

1429R) were used in PCR to amplify the entire 16S rRNA gene. 

Using the Bioline, BIO-25048 My Taq HS read mix for PCR 

amplification. 2µL PCR product were assessed by 

electrophoresis with 0.8% TSB agarose. After the attachment of 

rapid ID sequencing adapters, the next step were primed and 

loaded gDNA at GridIon sequencer. Oxford Nanopore 

Technology kits were used for the production of the libraries 

[20]. The MinKNOW software version 20.06.9 was used to 

operate the sequencing at GridION (ONT, Oxford, UK). High 

precision mode was used when performing base calling with 

Guppy version 4.0.11. We used NanoPlot to visualize the quality 

of the FASTQ files [21]. The Centrifuge classifier was used to 

classify the filtered readings [22]. Downloaded from the 

centrifuge website was the Bacteria and Archa. Pavian was 

utilized to conduct downstream analysis and visualizations 

and Krona Tools. 

Ethical Approval 

The Declaration of Helsinki and the ethical committee 

guidelines (number 0918/122/4/IX/2021) of Dr. Soetomo 

General Academic Hospital Ethic Committee were followed in 

conducting this study. Informed consents were signed by 

patients or surrogates. 

RESULTS 

We enrolled 33 patients at the X referral hospital in 

Surabaya, Indonesia, from November 2021 to January 2022 

who were suspected of having chronic pulmonary TB. The 

demographic data is presented in Table 1. 

Table 1. Demographic patient suspected TB 

Variable  N P (%) 

Sex 
Female 11 33.3 

Male 22 66.7 

Age 

< 20 2 6.06 

20-30 4 12.1 

31-40 1 3.03 

41-50 6 18.1 

51-60 7 21.2 

> 60 13 39.3 

GeneXpert 
MTB/RIF 

assay 

Negative 24 72.7 

MTB detected rifampicin sensitive 4 12.1 

MTB detected rifampicin resistance 5 15.1 

Comorbid 
Diabetes mellitus 11 33.3 

HIV 2 6.06 

Culture 

mycobacteria 

result 

Negative 22 66.7 

MTB detected 8 24.2 

NTM 3 9.09 

Previous TB history 6 18.8 

Note. P: Percentage 
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After the process for DNA extraction, there were only 10 

sputum processed because of the good quantity and quality of 

DNA results, and for the genomic DNA examined for 

Metagenomic procedure. The clinical signs and symptoms of 

ten patient that were recruited in these study listed in Table 2, 

mentioned cough was chief of complain of the patient. The 

radiology appearance of 8/10 patients showed several infiltrate 

in pulmonary and comorbid diabetes mellitus was detected in 

5/10 patients. 

NGS was used to examine sputum samples using bacterial-

specific cultivated mycobacteria. According to the results of 

the mycobacteria culture, the samples were classified as NTM 

positive, MTB negative, and MTB positive. Mycobacteria 

sequences were found in the NGS 5/10 cases, with specific 

species recognized, such as mycobacterium TB and M. 

branderi. These results from the mycobacteria culture were 

similar to the NGS results (in amount of number unique reads 

Table 3).There was no significance differentiation between 

mycobacteria culture detected or negative and result mNGS for 

sequence of mycobacteria (Table 3). 

The sputum microbiome was analyzed using NGS, which 

showed that a variety of microorganisms dominated the 

sample. The sputum samples contained fifteen main genera in 

total (Figure 1). Taxonomic composition of sputum samples 

6/10 (60%) were detected genus Streptococcus with various 

percentage of abundance. Patients that detected 

Streptococcus in these cases are detected in patients with 

negative culture of MTB, but also detected in (1/10) MTB 

cultured positive and (1/10) NTM positive. Interestingly, 

abundance of streptococcus were less than 30% abundance in 

4 patient with diabetes mellitus (Table 2). 

Streptococcus and veillonella accounted for the majority of 

cases in the suspected TB patients with culture-positive TB 

Table 2. The clinical, radiologic, and culture mycobacteria characteristic of suspected PTB patients 

SN 
Clinically 

performance 
Sex Age Radiology appearance Comorbid 

GeneXpert 
MTB/RIF assay 

History TB 

Culture 

mycobacteria 
result 

3DB 
Cough, fever, & 

night sweat 
M 57 

Fibroinfiltrat parahilar LL, multiple 

cavitas parahilar RL, & LL 
DM 

MTB rifampicine 

sensitive 

Drop out TB 

treatment 
Positive MTB 

4DB 
Cough & night 

sweat 
M 37 Normal 

Langerhans cell 

hystocytosis 
Negative No history TB Negative MTB 

5DB 
Cough & 

hemoptysis 
F 63 Fibroinfiltrat URL DM Negative Previous TB Negative MTB 

6DB 
Cough, dyspnea, & 

hemoptysis 
F 68 

Fibroinfiltrat LL and RL, multiple 
cavitas parahilar RL, & LL 

No comorbid Negative Previous TB NTM positive 

7DB Cough & dyspnea M 48 
Fibroinfiltrat LL & RL, multiple cavitas 

RL, LL, consolidation RL, & LL 
DM 

MTB + rifampicine 

resistance 
No history TB Negative MTB 

8Db Cough & dyspnea M 53 Infiltrat LL and RL 
Carcinoma 

nasopharynx 
Negative No history TB Negative MTB 

9DB Cough & dyspnea M 58 
Bronchiectasis, effusion pleura R, & 

paracardial R 
DM 

MTB + rifampicine 

sensitive 
No history TB Positive MTB 

10DB Cough & dyspnea M 62 Infiltrat RL & effusion pleura R minimal DM Negative No history TB Negative MTB 

11DB Cough & dyspnea F 69 
Infiltrat RL, LL, & tree bud lobus 

superior 
No comorbid Negative No history TB NTM positive 

12DB Cough & dyspnea F 65 Fibro infiltrat suprahilar RL & LL COPD Negative No history TB NTM positive 

Note. SN: Sample number; M: Male; F: Female; RL: Right lung; LL: Left lung; DM: Diabetes mellitus; NTM: Non-tuberculous mycobacteria; PTB: 

Pulmonary TB patient; & MTB: Mycobacterium tuberculosis 

Table 3. Result number reads unique of mycobacteria detected in metagenomic NGS 

Sample number Species of mycobacteria detected Genome size Num unique reads 

3DB 
M.tuberculosis 5,853,101 14 

M.branderi 5,979,623 1 

4DB M.tuberculosis 5,853,101 1 

6DB M.branderi 5,979,623 8 

9DB 

M.tuberculosis 5,853,101 46 

M.marinum 685,533 4 

M.shinjukuense 4,504,020 2 

M.parmense 5,952,912 2 

M.dioxanotrophicus 8,080,416 1 

12DB M.tuberculosis 5,853,101 1 
 

 

Figure 1. Percentage of abundance bacteria detected from 

suspected TB patients (Source: Authors’ own elaboration, from 

sputum specimen) 
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detection. In the negative cultured patient group, cases were 

dominated by streptococcus. Other genera, such rothia, were 

more common in TB patients, while actinobacillus was more 

common in normal people.  

Patients with non-TB Mycobacteria positive cultures had 

similar bacterial compositions at the genus level, with a 

noticeable predominance of the gram-negative genus 

pseudomonas (sample 11 DB) and escherichia coli (sample 12 

DB), which together make up over 80% of the bacterial 

community without dominating streptococcus sp. (Figure 2). 

One sample detected with acinetobacter (up to 50%) from top 

ten these genus phyla comprised of the total bacterial 

community with negative culture mycobacteria. 

DISCUSSION 

This research provides the first report from patients with 

chronic pulmonary TB at referral facility of hospital (Surabaya) 

in the Indonesian Province of East Java. It also serves as a pilot 

study to assess using 16S nanopore sequencing to investigate 

the sputum microbiome metagenomically. We chose to adopt 

nanopore sequencing technology because it can assist 

overcome the shortcomings of existing diagnostic testing and 

potentially deliver quick, low-cost, real-time identification of 

causal microorganisms in a hospital context [23, 24]. As a first 

step toward improving our knowledge of the makeup of 

microbes and their role in identifying the likelihood that 

complex microbial interactions in the respiratory tract and 

lung tissue will give rise to disease phenotypes, high-

throughput DNA sequencing of the V1-V9 region of the 16S 

rRNA full length gene sequence has been undertaken. The 

highest level of taxonomic and phylogenetic resolution for the 

identification of bacteria is provided by the full-length 16S 

rRNA sequences [11, 25]. Environmental microbiology and 

clinical sample analysis have long employed the method of 

measuring bacterial diversity through sequencing of 16S 

ribosomal RNA (16S rRNA) genes, especially with the 

introduction of high-throughput sequencing technologies[26]. 

The lungs frequently had a varied microbiome with low 

microbial biomass before it was recognized as a sterile 

environment. This microbiome included the prevotella, 

streptococcus, veilonella, fusobacterium, and haemophilus 

species. The composition of the lung microbiome is 

determined by the balance between the adaptive immune 

system and microbial migration from the upper respiratory 

tract and mouth cavity. Representation of Dickson’s initial 

model. The equilibrium between immigration (micro-

aspiration) and elimination (cough, mucociliary clearance, and 

immunological defenses) determines the microbial 

community in the lungs of healthy humans [27]. 

In this study, nearly half of the sputum of suspected 

pulmonary TB patient samples had strains of the streptococcus 

bacteria, and in agreement with previous studies [28]. Two 

samples from our study detected dominated anaerobic genus 

bacteria, veilonella. The lungs contain the majority of the 

anaerobic microbiome, not the mouth cavity. Numerous 

investigations have shown that people with chronic chest 

lesions have substantial amounts of harmful anaerobic 

bacteria in their lungs when cultured [29]. The result of 

anerobic bacteria, such as veilonella, in several studies from 

sputum patient [30] was similar with studies in CF patient. 

In the study [31], the results of sequencing sputum from 

120 TB patients in Uganda who had not yet received treatment 

were mentioned. Additionally, the study examined alterations 

in the microbiome of thirty patients whose follow-up samples 

showed therapy response. All things considered, structural 

changes and microbiological abundance were associated with 

anti-TB drugs and HIV status. The most common genera 

throughout time were fusobacterium, gemella, rothia, 

haemophilus, neisseria, alloprevotella, veillonella, and 

streptococcus [30]. These findings are consistent with our 

analysis, which found that two samples had positive cultures of 

the two major taxa. Haemophylus and streptococcus were 

mycobacteria. 

In the other published study [32], sixteen sputum samples 

were successfully sequenced, and Haemophilus was found in 

the sputum of newly diagnosed and recurring TB patients, 

respectively, in amounts of 50% and 22.2%, whereas it was not 

present in the sputum of healthy controls. It was specifically 

observed haemophilus influenzae and streptococcus 

pneumoniae in the sputum of patients with recurrent TB, but 

only neisseria flavescens and haemophilus influenzae in 

patients with new cases of TB [32]. 

 

Figure 2. Correlation between result culture mycobacteria detected and the abundance microbiota genus and class among 

suspected TB patient (MTBC positive: Culture MTBC in LJ medium detected; NTM positive: Culture NTM in LJ medium detected; & 

Negative: Not growth) (Source: Authors’ own elaboration, from sputum specimen) 
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Research in [33] mentioned the findings demonstrated that 

12 of the 36 TB cases were missed by mNGS. The majority of the 

twelve examples of false negatives (7.50%, 9/12) were 

extrapulmonary instances. The fact that Mtb, one of the 

internal bacteria, releases relatively fewer external nucleic 

acids may ultimately make it more challenging to identify Mtb 

using mNGS [18, 33]. In our investigation, just one patient had 

a false-positive TB test result (7DB). Contrary to the mNGS 

result, patient number 7DB’s culture and PCR results showed 

that MTB was not present in that patient. The diagnostic 

performance of mNGS was further constrained by the 

discovery of non-pathogenic microbes. The inability of MTB to 

release enough genomic DNA may possibly contribute to the 

mNGS false-negative outcome. Furthermore, because clinical 

samples’ MTB content was insufficient and below the analytical 

mNGS concentration. The inherent shortcomings of culture-

based microbiology can be mitigated by molecular-based 

diagnostic techniques, which also offer a more detailed 

description of the complete bacterial community at a 

particular anatomical location [34]. The other study mentioned 

the 16S method is not the most effective strategy to research 

the TB-associated microbiome since it underrepresents 

mycobacterium [10]. 

Exposure to NTM occurs often since they are environmental 

organisms; nevertheless, very few exposed people become 

infected or develop fulminant lung illness. This suggests that a 

wide range of host variables, including structural lung 

abnormalities, immunological or genetic problems that 

predispose to disease, hallmarks of connective tissue disease, 

and the absence of any clear predisposing circumstances, can 

be responsible for NTM disease, frequently with a preference in 

frail older women [4]. In this study were detected several NTM 

species such as mycobacterium branderi, mycobacterium 

marinum, and mycobacterium shinjukuense by mNGS method, 

although in limited number unique reads. Another identified 

source of human illness is the slow-growing, non-pigmented, 

NTM referred to as mycobacterium branderi [35]. However NTM 

species from culture were detected 3/33 in our investigation. 

Hence, NTM infection diagnosis molecular utilizing [36].  

Our study has certain limitations. Firstly, the study’s 

findings and hypothesis were based on a small sample size. 

Second, because the study was retrospective and single-

centered, it lacked some clinical data, such as treatment 

information prior to sample collection. A prospective, multi-

centered study with a larger sample size is required for 

additional inquiry and increased credibility. 

Finally, sputum microbiota identification at the genus level 

was made possible using the NGS technique, Suspected 

chronic pulmonary TB patients’ sputum microbiome was 

discovered to be highly diversified and noticeably distinct. All 

taxonomic levels–phylum, genus, and species–reflected 

diversity. Overall, these results point to the possibility that the 

accessory microbiota may also be significantly influencing the 

dynamics of the sputum microbiota, however it is unclear what 

this means in terms of pathobiology. The complexity of the 

microbiota should be influenced by geographic, ecological, 

and socioeconomic factors, underscoring the significance of 

comprehensive approaches and methods for TB diagnosis, 

control, and prevention. Moreover, these findings could 

facilitate the creation of antimicrobial therapy guidelines, 

particularly for patients with suspected pulmonary TB, in order 

to guarantee successful treatment plans for patients harboring 

both the pathogen and colonizing bacteria. 
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