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Abstract
Background Respiratory microbiota is closely related to tuberculosis (TB) initiation and progression. However, the 
dynamic changes of respiratory microbiota during treatment and its association with TB progression remains unclear.

Methods A total of 16 healthy individuals and 16 TB patients (10 drug-sensitive TB (DS-TB) and 6 drug-resistant TB 
(DR-TB)) were recruited. Sputum samples were collected at baseline for all anticipants and after anti-TB treatment at 
Month-6 for TB patients. High throughput 16 S RNA sequencing was used to characterize the respiratory microbiota 
composition.

Results Compared to the healthy individuals, TB patients exhibited lower respiratory microbiota diversity (p < 0.05). 
This disruption was alleviated after anti-TB treatment, especially for DS-TB patients. Parvimonas spp. numbers 
significantly increased after six months of anti-TB treatment in both DS-TB and DR-TB patients (p < 0.05). Rothia spp. 
increase during treatment was associated with longer sputum-culture conversion time and worse pulmonary lesion 
absorption (p < 0.05). Besides, Moraxella spp. prevalence was associated with longer sputum-culture conversion time, 
while Gemella spp. increase was associated with worsening resolving of pulmonary lesions (p < 0.05).

Conclusion Dynamic changes of respiratory microbiota during anti-TB treatment is closely related to TB progression. 
The involvement of critical microorganisms, such as Parvimonas spp., Rothia spp., Moraxella, and Gemella spp., appears 
to be associated with pulmonary inflammatory conditions, particularly among DR-TB. These microorganisms 
could potentially serve as biomarkers or even as targets for therapeutic intervention to enhance the prognosis of 
tuberculosis patients.
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Introduction
Tuberculosis (TB) is the second leading infectious killer 
after COVID-19, leading to a total of 1.4 million deaths 
in 2022 [1]. Treatment failure is a major contributor to 
TB patients’ death, especially for drug-resistant TB. To 
date, treatment failure is frequent, currently at 12% for 
drug-susceptible TB and 37% for multidrug- or rifam-
picin-resistant tuberculosis (MDR/RR-TB) [2]. While 
many factors such as inadequate compliance and drug 
resistance are involved, they do not explain all the treat-
ment failures. Exploring the factors related to anti-TB 
treatment response is critical for the improvement of 
treatment outcome, particularly for drug-resistant TB 
patients.

Respiratory microbiota is a potential critical factor 
related to anti-TB response since it is involved in the 
TB initiation and immune regulation [3–5]. In healthy 
individuals, the lower respiratory tract is predominantly 
colonized by Prevotella spp., Veillonella spp., and Strep-
tococcus spp. [6]. The decrease of Prevotella spp. was 
reported as the characteristic of sputum smear-positive 
TB patients whereas the genus Streptococcus spp. domi-
nates the lung microbiome of Mycobacterium tuberculo-
sis (MTB) negative individuals [7]. The dysbacteriosis has 
been the main characteristic of TB patients.

Previous study also attempted to connect the respi-
ratory microbiota and TB recurrence and treatment 
response, which mostly focused on pre-treatment micro-
biota characteristics [8]. Yet, the prolonged and intensive 
use of anti-TB antibiotics may lead to significant changes 
in respiratory microbiota [9, 10], which may have more 
implications for anti-TB response. Furthermore, the 
dynamic changes in respiratory microbiota may be more 
prominent in drug-resistant TB patients as the antibiot-
ics recommended for drug-resistant TB, such as levo-
floxacin or moxifloxacin, linezolid, amikacin, imipenem/
cilastatin and meropenem [11], have broad-spectrum 
antibacterial activity. However, the associations between 
the dynamic changes of respiratory microbiota and the 
treatment response in TB patients have not been previ-
ously reported.

In the current study, we investigated the associations 
between changes in respiratory microbiota and anti-TB 
treatment outcome among drug-sensitive TB (DS-TB) 
and drug-resistant TB (DR-TB) patients. These results 
will provide certain guiding significance for anti-TB 
response prediction and clinical medication of TB.

Materials and methods
Participants
A total of 16 TB patients (10 drug-sensitive and 6 drug-
resistant TB patients) and 16 healthy individuals were 
recruited between January to March 2019 in Guangzhou 
Chest Hospital.

To be eligible for the study, TB patients were required 
to meet following criteria: (1) age > 18 years old; (2) spu-
tum culture identified as MTB; (3) without respiratory 
infection induced by non-TB pathogen based on the 
infection indicators in blood (monocyte-to-lyphocyte 
ratio, procalcitonin, C-reactive protein) [12, 13], imag-
ing examination (chest CT) [14], and pathogen detection 
(sputum culture for common non-TB bacterial and fun-
gal, antibody detection for common virus and chlamydia, 
and polymerase chain reaction for virus if necessary) 
[15]; (4) without severe systemic diseases (malignant 
hypertension, myocardial infarction, etc.), diabetes, or 
malignant tumors.

During the same period, 16 healthy medical staff work-
ing in the same hospital and frequency-matched to the 
cases (± 5 years), were recruited. For healthy medical 
workers, detailed inclusion criteria were as follow: (1) 
aged > 18 years old; (2) physical examination and chest 
X-ray showing no abnormalities; (3) without respiratory 
infection based on the pneumonia-related symptoms 
(including fever, cough, expectoration, or chest pain), the 
infection indicators in blood (procalcitonin, C-reactive 
protein), imaging examination (chest CT), and pathogen 
detection (sputum culture for TB and non-TB pathogens, 
antibody detection for common virus and chlamydia, and 
polymerase chain reaction for virus if necessary) [15, 16]; 
(4) without history of chronic respiratory diseases, coro-
nary heart disease, malignant tumors, diabetes, hyper-
thyroidism, malnutrition, and obesity; (5) without history 
of smoking.

The study was approved by the ethics committee of 
Guangzhou Chest Hospital and each participant pro-
vided their informed consent before inclusion in the 
study.

Sputum collection
We adopted the method of ultrasonic atomization-
induced deep sputum collection to collect the samples for 
16  S rRNA sequencing. This method was non-invasive 
and barely collected the samples from upper respiratory 
tract [17]. Furthermore, researches have demonstrated 
that there was no statistically significant difference in the 
sensitivity and specificity of pathogen detection between 
deep sputum samples and bronchoalveolar lavage (BAL) 
samples [18]. For the TB patients who could provide spu-
tum samples spontaneously expectorated, we also per-
formed ultrasonic atomization-induced deep sputum 
collection on them to ensure the samples were compa-
rable by exclude the bias caused by different sputum col-
lection procedures.

Briefly, sputum were induced using a hypertonic saline 
solution with an ultrasonic nebulizer. For healthy indi-
viduals who should not have any sputum at all, bron-
chial secretion was collected. The minimal volume of 
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each collection was 2-5  ml. In cases where this volume 
was not achievable after the induction procedure, we will 
repeated the induction and collected the best sample for 
analysis. The ultrasonic nebulizer was disinfected after 
each use according to standard hospital protocols to pre-
vent cross-contamination. Saline solutions were changed 
for each patient to maintain sterility.

Drug susceptibility definition
In vitro experiments using either molecular or genotypic 
techniques to detect resistance-conferring mutations, or 
phenotypic methods (by BACTEC MGIT 960 System) 
were used to determine the drug susceptibility of MTB, 
as previously described [19]. MTB isolates susceptible 
to all four of the first-line drugs were identified as drug-
sensitive MTB (DS-MTB). MTB isolates resistant to any 
anti-TB medicine were identified as drug-resistant MTB 
(DR-MTB).

Treatment outcome definition
The TB patients receive anti-TB treatments according to 
the principles outlined in the WHO consolidated guide-
lines on tuberculosis [11, 20]. The treatment outcomes 
were defined based on the sputum culture results and 
chest X-rays/CT evaluation [21]. Patients with mark-
edly effective treatment outcome were defined as the 
ones who had two consecutive sputum culture nega-
tive results in the sixth month of treatment at leats 30 
days apart, significant absorption of pulmonary lesions 
(absorbed ≥ 50%), and cavities closure. Patients with 
effective treatment outcome were defined as the ones 
who had two consecutive sputum culture negative results 
in the month 6 of treatment at least 30 days apart, but 
the chest X-rays/CT evaluation results did not meet the 
definition of markedly effective. Patients with treatment 
failure were defined as the ones whose sputum culture 
was positive in the fifth month or later during treatment.

DNA extraction
Sputum samples were liquefied with 4% NaOH and 
buffered in pH 6.8 phosphate buffer. Centrifugation 
was performed and the sediment was retained for DNA 
extraction. The NEB next microbiome DNA enrichment 
Kit (New England Biolabs, Ipswich, MA, US) was used 
to extract microbial community DNA according to the 
manufacturer’s instructions. The extracted DNA was 
quantified using the Qubit® dsDNA BR Assay Kit (Invi-
trogen, USA) and its quality was checked by running 
equal aliquots of the sample on 1% agarose gel.

Library construction
The variable region V1-V3 of bacterial 16  S rRNA 
gene was amplified using degenerate PCR primers 8  F 
(5’-AGAGTTTTGATYMTGGCTCAG-3’) and 518R 

(5’- A T T A C C G C G G C T G C T C G-3’). Both forward and 
reverse primers were tagged with Illumina adapter, pad 
and linker sequences. PCR enrichment was performed in 
a 50 μL reaction containing 30ng template, polymerase 
and PCR master mix. PCR cycling conditions were: 94℃ 
for 3  min, 30 cycles of 94℃ for 30s, 50℃ for 45s, 72℃ 
for 45s and final extension at 72℃ for 10 min. The PCR 
products were purified with AmpureXP beads and eluted 
in Elution buffer. Libraries were qualified by the Agilent 
2100 bioanalyzer (Agilent, USA). The validated libraries 
were used for sequencing on Illumina HiSeq platform 
(BGI, Shenzhen, China) following the standard pipelines 
of Illumina, and generating 2 × 300 bp paired-end reads.

Sequencing and bioinformatics analysis
Raw reads were filtered to remove adapters and low-
quality and ambiguous bases. Then paired-end reads 
were added to tags by the Fast Length Adjustment of 
Short reads program (FLASH, v1.2.11) to get the tags. 
All sequences were aligned and clustered into opera-
tional taxonomic units (OTUs) with 97% similarity using 
UPARSE software (v7.0.0.1090), and chimeric sequences 
were compared with the Gold database using UCHIME 
(v4.2.40) to detect. Then, the OTU representative 
sequences were taxonomically classified using the Ribo-
somal Database Project (RDP) classifier v.2.2, with a min-
imum confidence threshold of 0.6, and processed using 
QIIME (v1.8.0) on the Greengenes database v201305.

The optimized sequences were mapped back to the 
OTU representative sequences using the USEARCH_
global method, and the abundance of OTU sequences 
in each sample was obtained. Alpha diversity were esti-
mated by MOTHUR (v1.31.2) at the OTU level.

Statistical analyses
Statistical analysis comparing non-categorical or ordinal 
variables between groups was performed with Mann-
Whitney U test, while Chi-square test was used to com-
pare categorical variables between groups. To explore the 
difference in microbiota before and after anti-TB treat-
ment, paired. T test was performed. The foldchanges of 
microbiota during anti-TB treatment were calculated, 
which were used to evaluate the associations between 
dynamic changes in microbiota and treatment outcomes. 
All analyses were conducted with a two-sided p-value of 
0.05.

Results
Participant characteristics
A total of 16 healthy individuals and 16 TB patients (10 
drug-sensitive TB patients (DS) and 6 drug-resistant 
TB patients (DR) were included in the current study. As 
shown in Table  1, the median age of healthy individu-
als, DS-TB patients, and DR-TB patients were 37.5, 33, 
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and 39, and no significant difference was observed. The 
patient cohorts and the healthy control group are con-
sist of 11 and 3 males, 5 and 13 females, respectively. The 
patient cohorts and the healthy control group are con-
sist of 4 and 0 current smokers, 2 and 0 ex-smokers, 10 
and 16 no history of smoking, respectively. All the TB 
patients included in the current study achieved effective 
treatment. However, compared to DS-TB patients, the 
treatment outcome of DR-TB patients were less effec-
tive, with poorer resolving of pulmonary lesions and less 
cavity closure. Also, the markedly effective rate of DS-TB 
patients (50%) was higher than that of DR-TB patients 
(14.29%).

Association between respiratory microbiota diversity and 
anti-TB treatment outcome
We analyzed the diversity of respiratory microbiota in 
healthy individuals, pre-treated TB patients and post-
treated TB patients. Compared to the healthy individuals, 
TB patients exhibited lower respiratory tract microbiota 
diversity (Fig.  1A), and the disruption was alleviated 
after anti-TB treatment (Fig.  1B). Notably, the recovery 
of respiratory microbiota diversity was more significant 
in DS-TB patients but not in DR-TB patients (Fig.  1B). 
Such results is consistent with the clinical evidence that 
DR-TB results in severe destruction of lung tissues and 
intense inflammation, leading to more pronounced 

clinical symptoms. Such results suggests that the dysbio-
sis of the respiratory microbiota is a crucial factor influ-
encing the clinical outcomes of patients with pulmonary 
tuberculosis.

Building upon these results, we further explored the 
critical bacterial generas that significantly changed dur-
ing anti-TB treatment and found that Parvimonas spp. 
numbers significantly increased after 6 months of anti-
TB treatment among both DS-TB and DR-TB patients 
(Fig. 1C and D, and 1E). We also found that Megasphaera 
spp. pevalence significantly increased while Streptococ-
cus spp. significantly decreased after anti-TB treatment 
among DS-TB patients. Prevotella spp. occurrence mar-
ginally increased after anti-TB treatment among DR-TB 
patients (Fig. 1E). Given that all the TB patients included 
in the current study achieved favorable treatment out-
come, our results suggested that these genus were indica-
tors of favorable treatment outcome.

Association between dynamic changes of respiratory 
microbiota and sputum-culture conversion
We further explored the roles of respiratory microbiota 
in anti-TB treatment efficacy. Conversion of sputum cul-
tures is one of the key indicators for anti-TB treatment 
efficacy and therefore, its association with the respira-
tory microbiota changes was investigated (Fig.  2A). We 
found that the elevation of Moraxella spp. and Rothia 
spp. were associated with longer sputum-culture con-
version time, while elevation of Kingella spp. and Pepto-
streptococcus spp. were associated with shorter period for 
sputum-culture conversion (Fig.  2B and C). Specific to 
DS-TB patients, only the marginally significant associa-
tion between Moraxella spp. elevation and sputum-cul-
ture conversion time was retained (Fig.  2C). Significant 
association between dynamic changes of microbiota and 
sputum-culture conversion time among DR-TB patients 
was not observed.

Association between dynamic changes of respiratory 
microbiota and resolving of pulmonary lesions
Pulmonary lesion absorption is another key indica-
tors for anti-TB treatment efficacy and the association 
between dynamic changes of respiratory microbiota and 
resolving of pulmonary lesions (Fig. 3A). We found that 
the elevation of Rothia spp., Gemella spp., Alloprevotella 
spp., Saccharibacteria spp., and Corynebacterium spp. 
were associated with worse pulmonary lesion absorp-
tion, while Peptostreptococcaceae_incertae_sedis spp. 
was associated with better pulmonary lesion absorption 
(Fig.  3B). Among the DS-TB patients, the elevation of 
Rothia spp. and Gemella spp. was associated with worse 
resolving of pulmonary lesions. No bacterial genus was 
found to be associated with resolving of pulmonary 
lesions among DR-TB patients.

Table 1 Characteristics of healthy individuals and TB patients
Health DS-TB

n (%)
DR-TB
n (%)

p-
value

Age (median, IQR) 37.5 (14.25) 33 (23.00) 39 (11.75) 0.92
Sex 0.01
Male 3 (18.75) 6 (60.00) 5 (83.33)
Female 13 (81.25) 4 (40.00) 1 (16.67)
Smoking Status 0.08
Current smokers 0 (0.00) 2 (20.00) 2 (33.33)
Ex-smoker 0 (0.00) 1 (10.00) 1 (16.67)
No history of smoking 16 (100.00) 7 (70.00) 3 (50.00)
Sputum-culture 
conversion
Conversion time
(median, IQR)

2 (2.0,3.0) 2 (2.0,3.3) 0.952

>2 months 4 (40.00) 2 (33.33) 0.85
≤ 2 months 6 (60.00) 4 (66.67)
Pulmonary lesion 0.22
Incomplete absorption 5 (50.00) 5 (83.33)
Significant absorption 5 (50.00) 1 (16.67)
Cavity 0.55
Effective 2 (20.00) 2 (33.33)
Closed 3 (30.00) 2 (33.33)
Unavailable 5 (50.00) 2 (33.33)
Clinical outcome 0.22
Effective 5 (50.00) 5 (83.33)
Markedly effective 5 (50.00) 1 (16.67)
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Fig. 1 (See legend on next page.)
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Discussion
Multiple studies have suggested associations between 
dysbiosis and TB occurrence and progression [22–24]. 
The extensive use of antibiotics during anti-TB treatment 
can significantly alter the lung microbiota [25]. However, 
the relationship between these microbial changes and 
the progression of tuberculosis, as well as the efficacy of 
anti-TB therapy, remains unclear. In this study, we inves-
tigated the associations between microbial changes and 
clinical outcomes of TB patients, providing new evidence 
that the lung microbiota may be a key factor influencing 
TB progression. We further revealed significant associa-
tions between various microorganisms, including Par-
vimonas spp., Rothia spp., Moraxella spp. and Gemella 
spp., and clinical outcomes of TB patients. These micro-
organisms may serve as biomarkers or even drug targets 
to improve the prognosis of patients with pulmonary TB.

In our previous research [26], as well as studies con-
ducted by other scholars [22], it has been consistently 
observed that TB patients have lower microbial diversity 
compared to healthy individuals, indicating that dysbio-
sis may be a key factor influencing the occurrence and 
progression of TB. In this study, we further showed that 
the microbial diversity of patients significantly increases 
during the successful anti-TB treatment, suggesting that 
improving dysbiosis may be a clinically feasible strat-
egy to improve the prognosis of TB patients. Notably, 
the recovery of microbial diversity in DR-TB patients is 
not as pronounced as in DR-TB patients. This may be 
attributed to the more severe dysbiosis and the use of 
broad-spectrum antibiotics in DR-TB patients. We also 
supposed that insufficient recovery of microbial diversity 
may contribute to the higher risk of recurrence in DR-TB 
patients. Overall, such findings collectively suggest that 
dysbiosis is a key factor influencing the progression of 
TB, and alleviating the dysbiosis may be a clinically fea-
sible approach to improve the prognosis of TB patients.

Exploring the key microbial that influence the prog-
nosis and treatment efficacy of TB patients will provide 
clues for developing new biomarkers or even therapeu-
tic approaches to improve clinical outcomes. To achieve 
this, we investigated the associations between micro-
bial changes and clinical outcomes in TB patients. Our 
results suggest that Parvimonas may be a key microbial 
influencing TB progression, as its abundance significantly 
increases after successful anti-TB treatment in both DS- 
and DR-TB patients. Previous studies have suggested 
the potential role of Parvimonas spp. in promoting TB 

progression, as its abundance in TB patients is signifi-
cantly higher than in healthy individuals [27]. These find-
ings are inconsistent with our results, and the reasons for 
this discrepancy are still unclear. It has been shown that 
Parvimonas spp. is negatively associated with IL-15 and 
the latter one is a critical cytokine in maintaining T cell 
immunity [28]. We supposed that the elevation of Par-
vimonas spp. reflects the negative feedback of the anti-
TB immunity. Suppressing the excessive anti-TB immune 
response can alleviate tissue damage and is a critical fac-
tor for the recovery of TB patients.

Rothia spp. was another microbiota that might be criti-
cal for TB patients, since its elevation during treatment 
was associated with longer sputum-culture conversion 
time and worse pulmonary lesion absorption. Previ-
ous studies showed that Rothia spp. was enriched in TB 
patients [29], which are consistent with our results and 
suggest the potential role of Rothia spp. in promoting 
TB progression. Rothia spp. is emerging as opportunistic 
pathogens associated with various infections in immuno-
compromised and immunocompetent individuals. Pre-
vious studies also found that Rothia spp. was positively 
associated with IL-10 [28], a cytokine that inhibits the 
immune response. Such results suggest that the elevation 
of Rothia spp. during treatment might contribute to the 
disruption in anti-TB immunity. Additionally, Rothia spp. 
was reported to produce the siderophore enterobactin in 
the human oral niche and the siderophore in lung micro-
environment may be helpful for TB to acquire iron from 
the host and grow [30]. Moreover, Rothia spp. was found 
to be unique to TB patients [31], suggesting that targeting 
Rothia spp. may be an attractive therapy strategy for TB 
patients with low toxicity.

In addition to Parvimonas spp. and Rothia spp., we 
also identified Moraxella spp. and Gemella spp. as criti-
cal microbial that affect sputum-culture conversion and 
pulmonary lesion absorption in TB patients, respec-
tively. Previous studies have suggested that Moraxella 
spp. in the pulmonary microenvironment downregulates 
the expression of epidermal defense genes and thereby 
increasing the risk of tuberculosis and promoting the 
progression of other respiratory diseases [32]. As for 
Gemella spp., it is supposed to influence TB progression 
by modulating the IFN-gamma pathway [28]. Consider-
ing that Moraxella spp. is specifically associated with 
sputum conversion while Gemella spp. is specifically 
related to pulmonary lesion absorption, we supposed 
that there may be more specific mechanisms underlying 

(See figure on previous page.)
Fig. 1 Association between respiratory microbiota diversity and anti-TB treatment outcome. (A) Boxplot showing difference in respiratory microbiota 
diversity between healthy individuals, DS-TB patients, and DR-TB patients. (B) Dynamic changes of microbiota diversity for TB patients, DS-TB patients, and 
DR-TB patients. (C) Heatmap visualization of bacterial generas abundance in TB patients before and after anti-TB treatments. (D) Venn diagram showing 
the number of microbiota generas that significantly changed after anti-TB treatment. (E) Dynamic changes of Parvimonas spp., Megasphaera spp., Strepto-
coccus spp., and Prevotella spp. before and after anti-TB treatment
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Fig. 2 Association between dynamic changes of respiratory microbiota and sputum-culture conversion. (A) Heatmap visualization of foldchanges in 
bacterial generas abundance in TB patients with long and short sputum-culture conversion time. (B) Venn diagram showing the number of microbiota 
generas that were associated with sputum-culture conversion. (C) Boxplot showing the foldchanges in Moraxella spp., Rothia spp., Kingella spp., and Pep-
tostreptococcus spp. among TB patients with long and short sputum-culture conversion time
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Fig. 3 Association between dynamic changes of respiratory microbiota and resolving of pulmonary lesions. (A) Heatmap visualization of foldchanges 
in bacterial generas abundance in TB patients with complete and incomplete resolving of pulmonary lesions. (B) Venn diagram showing the number of 
microbiota generas that were associated with resolving of pulmonary lesions. (C) Boxplot showing the foldchanges in Rothia spp., Gemella spp., Allopre-
votella spp., Saccharibacteria spp., Corynebacterium spp., and Peptostreptococcaceae_incertae_sedis spp. among TB patients with complete and incomplete 
resolving of pulmonary lesions
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the association of Moraxella spp. with sputum conver-
sion and the relationship of Gemella spp. with pulmonary 
lesion absorption, respectively.

Notably, the microbiota dysbiosis may increase the risk 
of secondary pneumonia for TB patients, especially for 
the DR-TB patients, though such comorbidities were not 
observed in the current study due to small sample size. 
Secondary pneumonia is a critical comorbidity, which 
affects the curated efficacy of anti-TB treatment and 
prognosis [33]. The current analyses about the dynamic 
changes of microbiota showed that some TB patients 
might experience anti-pathogen immunity disruption 
and opportunistic pathogens elevation, which might be 
the biological basis for secondary infections. Whether 
targeting the microbiota can prevent or cure second-
ary pneumonia is a clinical issue that is warranted to be 
addressed.

There are some inevitable limitations in this study. First, 
the sample size was relatively small, which restricted us 
from conducting further stratified analysis. In addition, 
the small sample size inevitably led to unbalanced dis-
tribution of sex among healthy individuals, DS-TB, and 
DR-TB patients. Although previous studies showed no 
evidence that the microbiota of the respiratory tract dif-
fered significantly between the sexes [34], further studies 
with larger sample size and more balanced gender dis-
tribution should be conducted to validate our findings. 
Second, the long-term follow-up data was absent, which 
prevented us from investigating the association between 
microbial changes and long-term clinical outcomes of TB 
patients. Future studies will require larger sample sizes 
and longer follow-up data to validate the findings of this 
study. Third, the latent TB infection in healthy individu-
als was not tested in the current study. Although the pri-
mary objective of the current study was to explore the 
associations between the dynamic changes of respiratory 
microbiota and the treatment response in TB patients 
and the information of latent TB infection in healthy 
individuals might not influence the main conclusion, fur-
ther studies that excluding the healthy individuals with 
latent TB infection should be conducted to figure out the 
actual microbiota differences between healthy individu-
als and TB patients. These microbiota differences may be 
involved in the TB progression as well.

In conclusion, the respiratory microbiota diversity 
increased after anti-TB treatment, with certain bacterial 
species becoming enriched or reduced. The findings pro-
vided by this study will help us better understand the role 
of respiratory microbiota and its association with treat-
ment outcomes, which could be used to guide and per-
sonalize anti-TB treatment in the future. The respiratory 
microbiome may serve as a potential biomarker for pre-
dicting TB progression, distinguishing drug resistance, 
and early treatment evaluation. However, due to the 

limited number of cases included in this study, further 
sample size expansion and large-scale multicenter cohort 
studies are needed to verify these findings.
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