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Background: An improved understanding of the gut microbiota could lead to better strategies for the 

diagnosis, therapy and prophylaxis of tuberculosis (TB). The impact of both Mycobacterium tuberculosis 

(Mtb) infection and anti-TB treatment on the gut microbiota has rarely been studied. 

Methods: We characterized the diversity and composition of the gut microbiota in pulmonary TB patients 

as well as the effects of anti-TB drugs on the gut microbiota. 

Results: Pulmonary Mtb infection led to a minor decrease in the α diversity of the gut microbiota when 

compared to healthy controls, which mainly resulted from changes in the relative abundance of the mem- 

bers of genus Bacteroides . Anti-TB therapy caused a rapid, significant alteration in the community struc- 

ture. The relative abundance of members of genus Clostridiales of the phylum Firmicutes significantly 

decreased during anti-TB treatment, while many members of genus Bacteroides , including Bacteroides 

OTU230 and Bacteroides fragilis , were among the taxa that increased. OTU8 and OTU2972 assigned to 

family Erysipelotrichaceae of the phylum Firmicutes showed a dramatic increase 1 week after the start of 

therapy, while the other members of this family decreased. 

Conclusions: Pulmonary TB and anti-TB treatment caused a distinct dysbiosis of the gut microbiota. Our 

study contributes valuable information implying potential links between the gut microbiota and TB. 

© 2018 The British Infection Association. Published by Elsevier Ltd. All rights reserved. 
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Tuberculosis (TB), caused by the Mycobacterium tuberculosis

Mtb) complex, is one of the oldest illnesses in history and remains

 major health problem worldwide. 1 In 2016, the WHO estimated a
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hird of the global population to be latently infected with Mycobac-

erium tuberculosis (Mtb), with 10.4 million active TB cases and

.7 million deaths annually. An estimated 53 million lives were

aved through TB diagnosis and treatment between 20 0 0 and

016. 2 

The microbiota plays an important role in human health and

isease, which is involved in energy harvest and storage as well as

 variety of metabolic functions, and even more importantly, the

ut microbiota interacts with the immune system, providing sig-

als to promote the maturation of immune cells and the normal

evelopment of immune functions. 3,4 Immunomodulatory roles of

he gut microbiota may prove to be critical in the host response

gainst TB, including preventing TB infection, reducing progression

rom latency, mitigating disease severity, and lowering the inci-

ence of drug resistance and co-infections. 5 
eserved. 
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Table 1 

Characteristics of the enrolled study patients. Data are divided into the study groups described in the text. HCs are IGRA − ; people with LTBI are 

IGRA + . 1 means active TB patients receiving 1-week anti-TB therapy, while 2 means active TB patients receiving 2-week anti-TB therapy. Active 

pulmonary TB was finally confirmed by positive examinations for Mtb in sputum or BAL samples. 

Group Healthy control 

(HC, n = 13) 

Active TB 

(TB, n = 28) 

Latent TB 

(LTBI, n = 10) 

TB 1 

(T1, n = 13) 

TB 2 

(T2, n = 10) 

TB cured 

(Tc, n = 10) 

Female, n (%) 6 (46) 15 (54) 6 (60) 5 (38) 6 (60) 5 (50) 

Age, mean ± SD, yr 37.6 ± 2.6 41.3 ± 3.7 42.6 ± 4.8 42.6 ± 1.3 39.2 ± 6.7 40.1 ± 5.3 

Anti-TB duration / Naïve / 1 week 2 weeks 6 months 

No. of reads 61621 ± 12598 67762 ± 10536 70577 ± 7548 72380 ± 5210 70571 ± 7484 72334 ± 6615 

No. of OTUs 414 ± 69 391 ± 52 377 ± 72 352 ± 38 315 ± 34 305 ± 28 

Diagnosis Mtb-/IGRA − Mtb + Mtb-/IGRA + – – –
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In the lung, resistance to multiple bacterial and viral pathogens

is enhanced by the gut microbiota, which has been reported to

protect against respiratory infection by Streptococcus pneumoniae

or Klebsiella pneumoniae via GM-CSF signalling. 6 In addition, pul-

monary infection with influenza virus can significantly alter the

intestinal microbiota profile through a mechanism dependent on

type I interferons, 7,8 However, knowledge about whether and how

TB induces changes in the gut microbiota is limited, given that the

intestinal tract is not the primary site of infection for Mtb. 9 In

addition, isoniazid (INH), rifampin (RIF), pyrazinamide (PZA), and

ethambutol (EMB) are the four drugs in the first-line antimicro-

bial regimen used clinically to treat drug-susceptible TB. While

INH, PZA, and EMB are thought to specifically target mycobacte-

ria, RIF is a broad-spectrum antibiotic with potency against many

gram-positive and gram-negative bacteria. 2 Effective treatment of

drug-susceptible TB requires at least 6 months of daily therapy

with multiple orally administered antibiotics. Thus, the standard

multidrug TB treatment with so long a duration may have a wide

range of effects on the gut microbiota, as has been documented

with other antibiotic treatments. 10 However, little is known about

the effects of first-line TB antibiotics on the intestinal microbiome.

In this study, we performed a cross-sectional study, which in-

cluded five groups of active TB patients (TB group), latent TB pa-

tients (LTBI group), active TB patients with a 1-week (T1 group) or

2-week (T2 group) treatment and cured TB patients (Tc group), to

characterize the intestinal microbiota changes in response to Mtb

infection (including active and latent infection) and anti-TB therapy

in people from China. 

Materials and methods 

Study design and ethics statement 

We recruited five groups of individuals for a cross-sectional

research study designed to characterize the gut microbiomes as-

sociated with TB patients from China. Active pulmonary TB was

suspected in patients with one or more of the following clini-

cal symptoms as described previously: persistent fever and cough,

haemoptysis, weight loss, night sweats, poor appetite, fatigue and a

chest radiograph showing unilateral upper zone infiltrates. 11 A di-

agnosis of active TB was finally confirmed by positive examinations

for Mtb on all initial samples, including sputum and bronchoalve-

olar lavage (BAL) samples. 11 A diagnosis of LTBI was made if an

individual had no symptoms but had a positive interferon gamma

release assay (IGRA) test. 

The five groups of individuals consisted of 13 healthy controls

(HCs, IGRA-), 10 patients with LTBI (LTBI, IGRA + ), 28 active TB pa-

tients (TB group), 13 TB patients with 1-week anti-TB therapy, in-

cluding INH, RIF, EMB, and PZA (T1 group), 10 TB patients with 2-

week anti-TB therapy (T2 group), and 10 patients who were cured

of active TB (Tc group). All subjects were HIV negative. Clinical

characteristics of the study population are depicted in Table 1 .
enerally, the age and sex were not significantly different among

he groups. 

tool processing and DNA isolation 

Stool samples were collected from the recruited subjects, im-

ediately refrigerated, and transported to the laboratory, where

hey remained in the refrigerator until processing for storage

t −80 °C. Metagenomic DNA was extracted from an aliquot of

100 mg from each stool sample using a PowerSoil DNA Isolation

it (Mo Bio Laboratories, Inc., USA) following the manufacturer’s

rotocol, with modifications as outlined in the Earth Microbiome

roject (version 4_13). DNA samples were stored at − 20 °C until

urther processing. 

6S rRNA amplification and deep sequencing 

The V4 hypervariable regions of the bacterial 16S rRNA gene, a

mall and highly conserved locus of the bacterial genome that per-

its genus- and species-level identification, were amplified from

ach sample using the 515F (5 ′ -GTGCCAGCMGCCGCGGTAA-3 ′ ) and

06R (5 ′ -GGACTACHVGGGTWTCTAAT-3 ′ ) primers as previously de-

cribed prior to sequencing. 12 AccuPrime High-Fidelity Taq DNA

olymerase (Invitrogen, USA) was used for PCR. The following pri-

ary PCR cycling conditions were used: (1) initial denaturation

t 95 °C for 2 min; (2) 20 cycles of touchdown PCR at 95 °C for

0 s, 60 °C for 20 s (decreasing by 0.3 °C each cycle), and 72 °C
or 5 min; (3) 20 cycles of standard PCR at 95 °C for 20 s, 55 °C
or 15 s, and 72 °C for 5 min; and (4) a final extension at 72 °C for

0 min. Barcoded libraries for multiplex high-throughput sequenc-

ng were constructed to identify the reads from different samples

fter sequencing. Deep sequencing was performed by using the

iSeq 2500 platform and the HiSeq Reagent Kit V2 (500 cycles;

llumina, San Diego, CA) according to the manufacturer’s instruc-

ions. 

ata analysis 

The sequencing data were processed as described previously

sing mothur v.1.36.1 software (Schloss Laboratory, University of

ichigan, Ann Arbor, MI) according to the standard operating pro-

edures for HiSeq sequencing data, using a minimum sequence

ength of 250 base pairs. A shared community file and a phylo-

yped (genus-level grouping) file were generated by using opera-

ional taxonomic units (OTUs) (“species”) binned at 97% identity.

he OTU numbers were assigned during the binning process, and

he classification was performed by using the mothur implemen-

ation in the Ribosomal Database Project Classifier and the Riboso-

al Database Project taxonomy training set. 

All statistical analyses were performed using packages ‘vegan’

2.4-1 and ‘ggplot2’ v2.2.1 in R 3.4.1 ( https://www.r-project.org/ )

nd GraphPad Prism 7 (GraphPad Software, Inc., La Jolla, CA). The

nsupervised ordination data-visualization technique (nonmetric

https://www.r-project.org/
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ultidimensional scaling, NMDS) was used to compare the over-

ll structure of the gut microbiome of subjects among different

roups. This method can identify the “average” of a given speci-

en type as its centroid and provide a 2-dimensional visualization

f the differences among the members of a population, with sim-

lar members grouping together. Significant differences in commu-

ity composition were determined by using permutational ANOVA

PERMANOVA), specifically running the adonis function in vegan

ith 10 0 0 permutations. We compared the means by using an un-

aired t-test, using Tukey’s multiple-comparisons test when appro-

riate. 

esults 

A total of 84 stool samples were collected and sequenced from

Cs ( n = 13), LTBI patients ( n = 10), active TB patients (TB, n = 28),

B patients with 1-week front-line anti-TB therapy (T1, n = 13), TB

atients with 2-week anti-TB therapy (T2, n = 10), and cured TB pa-

ients (Tc, n = 10). Across all of the gut samples, a total of 5774, 193

igh-quality 16S rRNA V4 gene sequences were obtained and clas-

ified into 1,581 OTUs (excluding singletons), of which 120 OTUs

ere supported by > 10 0 0 reads each. The number of reads per

ample was 68,740 ± 9848 (mean ± SD). The number of reads and

TUs in each group are listed in Table 1 . 

ulmonary Mtb infection induces minor changes in the gut 

icrobiota 

To determine whether and how the intestinal microbiota

hange in response to pulmonary Mtb infection, we performed a

ross-sectional analysis of 16S rRNA (V4 region) in three groups of

ubjects, those with active pulmonary TB (TB, n = 28 ), those with

atent TB (LTBI, IGRA + , n = 10 ) and HCs ( n = 13 ), to analyse the

omposition of the gut microbiota. 

A minor decrease in α diversity was observed in patients with

tb infection compared with that in HCs, as assessed by the ob-

erved number of OTUs, Shannon index and Pielou’s evenness in-

ex ( Fig. 1 A), which measure the total number of OTUs and, in

he case of the Shannon index and Pielou’s evenness index (J),

he richness, abundance, and evenness of the OTU distribution.

he value of J ′ ranges from 0 to 1, with larger values represent-

ng more even distributions in abundance among OTUs. We then

sed NMDS to compare groups of samples based on phylogenetic

r count-based distance metrics. The clustering driven by active

nd latent Mtb infections was not statistically significant based on

MDS ( Fig. 1 B). 

We next compared the composition of the microbiome to iden-

ify bacterial taxa that differed among the three groups. We ob-

erved trends in differential relative abundance mainly in mem-

ers of the genus Bacteroides of the phylum Bacteroidetes and cer-

ain members of the phylum Firmicutes among the three groups,

amely, TB, LTBI and HC ( Fig. 1 C). However, none of these differ-

nces were significant. Together, these findings above revealed that

tb infection, regardless of active or latent status, caused only mi-

or changes in the composition of the gut microbiota, in line with

revious studies on murines. 10,13 

nti-TB treatment causes a significant alteration in the gut 

icrobiota 

Next, we examined the effects of anti-TB therapy on gut mi-

robiota in active Mtb-infected patients in a four-way compari-

on of the TB, TB with 1-week front-line TB antibiotics (INH, RIF,

ZA, and EMB, T1), TB with 2-week front-line TB antibiotics (T2)

nd TB cured (Tc) groups using the same methodology described

bove. 
The observed number of OTUs, the Shannon index and the

ielou’s evenness index were significantly reduced in TB patients

ith anti-TB treatment, especially with a more than 2-week du-

ation of therapy, versus the active TB controls, which demon-

trated that the loss of microbial diversity was significant after

ne week of treatment. When the groups of T1, T2 and Tc were

ompared with each other, we found that the observed number

f OTUs in the T1 group was statistically greater than that in

he T2 and Tc groups, but the Shannon index and Pielou’s even-

ess index were not. There were no significant differences between

he T2 and Tc groups in terms of the observed number of OTUs,

he Shannon index and Pielou’s evenness index. The results indi-

ated that the anti-TB therapy could result in a diversity imbal-

nce within two weeks ( Fig. 2 A). We next compared the over-

ll community structure and composition of the microbiota in the

aïve and treatment TB groups. NMDS analyses revealed a highly

eparated clustering of samples collected from TB patients from

hose of both TB patients receiving therapy and cured TB patients

 Fig. 2 B). 

Further, we wanted to determine which taxa were signifi-

antly affected by anti-TB therapy. A significant decrease was ob-

erved in the treatment group in the relative abundances of Ru-

inococcus sp. 39BFAA, Ruminococcus gnavus , and Faecalibacterium

OTU 15), all belonging to genus Clostridiales of the phylum Firmi-

utes ( Fig. 2 C). In contrast, the relative abundances of Bacteroides

OTU230), Bacteroides (OTU 1513), Bacteroides fragilis, Bacteroides

lebeius, Bacteroides caccae, Bacteroides coprophilus, and Parabac-

eroides distasonis , which all belong to genus Bacteroides of the

hylum Bacteroidetes, were significantly enriched in the treatment

roup. In addition, OTU8 and OTU2972 assigned to the family

rysipelotrichaceae and Enterococcus in family Enterococcaceae of

he phylum Firmicutes were significantly enriched in TB patients

ith 1 week front-line TB antibiotics, while other members of this

amily, such as Erysipelatoclostridium ramosum , were reduced com-

ared to those in naïve TB patients. The genus Bifidobacterium was

ignificantly reduced in the T1 group but significantly enriched in

he Tc group when compared with the TB group. The alterations

n the bacterial community structure and composition induced by

ntibiotic treatment were comparable in the T1, T2 and Tc groups.

ogether, these observations revealed that treatment with conven-

ional anti-TB drugs may cause a significant alteration in the di-

ersity and the community structure and composition of the gut

icrobiota. 

iscussion 

Studies of the microbiota are altering the way that we think

bout human diseases. There is a vital cross-talk between the mu-

osal tissues of our body, as exemplified by intestinal complica-

ions during respiratory disease and vice versa. 6,14 The dysbiosis

f gut microbiota during Mtb infection or anti-TB treatment may

lay an important role in TB pathophysiological processes. This

tudy examined the gut microbiota of active pulmonary TB, latent

ulmonary TB and healthy subjects using Illumina HiSeq analy-

is of 16S rRNA-encoding genes. Further, we determined the effect

f anti-TB treatment on the gut microbiota. The results showed

hat both active and latent Mtb infections induced only minor

hanges in the intestinal microbiota, while anti-TB therapy led to

 rapid alteration in the microbiota as quickly as one week after

reatment. The gut microbial α diversity was significantly reduced,

nd the overall structure of the gut microbiota composition was

ignificantly distinct before and after anti-TB therapy. Our study

ontributes valuable information about the gut microbiota in pul-

onary TB patients. These observations may imply potential links

etween gut microbiota changes and TB, and such changes may
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Fig. 1. Gut microbiota richness and diversity associated with pulmonary TB infection. (A) Alpha diversity was calculated by the number of observed genera, the Shannon 

index and Pielou’s evenness index, which all revealed significant differences among the active TB (TB), latent TB (LTBI) and healthy controls (HC) groups. ∗P < 0.05; ∗∗P < 0.01; 
∗∗∗P < 0.001. (B) Beta diversity using the ordination of gut bacterial communities. (1) Unsupervised ordination (nonmetric multidimensional scaling, NMDS) from TB speci- 

mens versus HC specimens. The analysis is based on OTUs from the sequences of the V4 regions of the 16S rRNA. NMDS analysis demonstrated differences in OTUs among 

active TB, LTBI and healthy subjects ( P < 0.072). (C) Relative abundances of the most common organizational taxonomic units identified in stool samples from TB, LTBI and 

HC subjects. OTUs were compared by the Holm–Sidak method t- test for all OTUs, with average relative abundances of greater than 1% across all samples, and significant dif- 

ferences are demonstrated by asterisks ( ∗P < 0.05; ∗∗P < 0.01; ∗∗∗P < 0.001). Some genus designations appear more than once because multiple OTUs have the same consensus 

taxonomy. 
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constitute a risk factor for the progression and prognosis of pul-

monary TB. 

In agreement with previous studies using mouse models, 10 

we found that pulmonary infection with Mtb causes alterations

largely focused in the members of genus Bacteroides of phylum

Bacteroidetes and the members of genus Clostridiales of phylum

Firmicutes. However, these changes were minor in α or β diver-

sity when active TB patients, latent TB patients and HCs were

compared with one another. The minor changes induced by Mtb

infection in the gut microbiota are not surprising given that the in-

testinal tract is not the primary site of infection for this pathogen.

Pulmonary influenza infections can significantly alter the intestinal

microbiota profile through a mechanism dependent on type I

interferons (IFN-Is) produced in the lungs. 7,8 Moreover, many

studies have suggested important roles for chemokines, including

IFN α/IFN β/IFN- γ , in host defence, 15,16 and it is possible that these

cytokines in TB act as IFN-Is in pulmonary influenza infection. 

Furthermore, in a mouse model, aerosol Mtb infection caused a

rapid loss of diversity in the gut microbiota as rapidly as 6 days

following lung infection. 9 Another longitudinal comparison of the

microbiota of mice infected with Mtb by aerosol inhalation showed

a slight but significant decrease in diversity that was evident un-

til week 12 after infection. 10 In a cross-sectional study, researchers

demonstrated that active and latent TB had no detectable effect on
he intestinal microbiome composition. The number of observed

TUs was significantly lower in the treatment group when com-

ared to the Mtb uninfected controls. This result may be due to

nti-TB therapy but not TB infection. 17 The TB-associated gut mi-

robiota show a greater diversity and richness of species compared

ith those of healthy household controls. 18 In another investiga-

ion, the differences in the gut microbiota among new TB, recur-

ent TB and healthy controls were characterized. There were no

ignificant differences among the groups in terms of the Simpson

nd Shannon indexes. 13 In our study, no significant changes in al-

ha diversity were found. As described previously, 5,19 several vari-

bles, such as sampling time, number of samples, DNA extraction

echniques, regions of 16S rRNA, sequencing methods, and analysis,

an affect the evaluation of the gut microbiota, and no one stan-

ard method exists, which may underlie some of the differences

etween these studies. 

Another important part of the present study was to observe

he effects of the anti-TB drugs administered during pulmonary TB

n the gut microbiota. Despite a number of studies describing the

mpact of antibiotics on the gut microbiota, 20 to the best of our

nowledge, the effects of the front-line drugs used in anti-TB treat-

ent have been rarely described. 10,17 Effective treatment of drug-

usceptible TB requires at least 6 months of daily therapy, mak-

ng it one of the longest courses of antibiotic therapy required to
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Fig. 2. Gut microbiota richness and diversity associated with anti-TB therapy (A) Alpha diversity was calculated by the number of observed genera, the Shannon index and 

Pielou’s evenness index, which all revealed significant differences among the naïve active TB (TB), TB treated for 1 week (T1), TB treated for 2 weeks (T2) and cured TB 

(Tc) groups. ∗P < 0.05; ∗∗P < 0.01; ∗∗∗P < 0.001. (B) Beta diversity using the ordination of gut bacterial communities. Unsupervised ordination (nonmetric multidimensional 

scaling, NMDS) from the naïve active TB (TB), TB treated for 1 week (T1), TB treated for 2 weeks (T2) and cured TB (Tc) groups. The analysis is based on OTUs from the 

sequences of the V4 regions of the 16S rRNA. NMDS analysis demonstrated significant differences in OTUs among different groups ( P < 0.05). (C) Relative abundances of the 

most common organizational taxonomic units identified in stool samples from TB, T1, T2 and Tc subjects. OTUs were compared by the Holm-Sidak method t- test for all OTUs 

with average relative abundances of greater than 1% across all samples, and significant differences are demonstrated by asterisks ( ∗P < 0.05; ∗∗P < 0.01; ∗∗∗P < 0.001). Some 

genus designations appear more than once because multiple OTUs have the same consensus taxonomy. 
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reat an infectious disease. This long treatment duration sets the

tage for dysbiosis of the gut microbiota. Indeed, our study demon-

trated that anti-TB antibiotics caused a significant alteration in

he diversity and the community structure and composition of the

ut microbiota. Although dysbiosis after the cessation of TB ther-

py was not investigated in this study, the alterations induced by

nti-TB drugs likely lasted for a long time, as described by other

tudies. 10,15 

In conclusion, the gut microbiota sampled by stool in naïve and

reated TB patients were analysed, and the gut bacterial communi-

ies significantly differed depending on the TB infection and anti-

B therapy. These data serve as a basis for further investigations

nto the role of the gut microbiome in TB treatments and out-

omes. 
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