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Gut Microbiome in Probable Intestinal Tuberculosis
and Changes following Anti-Tuberculosis Treatment
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Purpose: Information on the gut microbiome in patients with intestinal tuberculosis (ITB) and changes therein following anti-tu-
berculosis treatment (ATT) is lacking. We aimed to elucidate differences in stool microbiome between ITB patients and controls
and to evaluate stool microbiome changes after ATT.

Materials and Methods: Eleven patients with probable ITB underwent ATT for 6 months, with stool samples collected at 0, 2, and
6 months. We performed next-generation sequencing of 16S rRNA genes in stool bacteria and compared the gut microbiome.
Results: Initially, the relative abundance of Verrucomicrobia was higher (5.0% vs. <1%) and that of Proteobacteria was lower (<1%
vs. 6.6%) in ITB patients than in controls. Higher numbers of butyrate-producing bacteria (Blautia and Roseburia) were noted in
ITB patients. The alpha-diversity of stool microbiome of ITB patients was lower than that in controls (p=0.045). There was a signifi-
cant difference in beta-diversity between the groups (p=0.001). At 6 months, the proportion of Verrucomicrobia decreased to <1%,
while the proportion of Proteobacteria remained at <1%.

Conclusion: There were no significant differences in alpha- and beta-diversity in the stool microbiome at 0, 2, and 6 months after
ATT. The stool microbiome composition of probable ITB patients was different from that of controls, and 6 months of ATT did not

significantly affect it.
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INTRODUCTION

Mycobacterium tuberculosis (M. tuberculosis) infection is one
of the most common infections in humans worldwide.! Al-
though it usually presents as pulmonary tuberculosis, it can
also involve the gastrointestinal tract. Intestinal tuberculosis
usually occurs in immune-suppressed persons, such as patients
with a human immunodeficiency virus infection. However, it
can also develop in healthy people, especially in countries where
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M. tuberculosis infection is still common. In intermediately de-
veloped countries, differentiating it from Crohn’s disease is
sometimes challenging.?

With the development of next-generation sequencing tech-
nology, many studies have evaluated the characteristics of the
gut microbiome in various diseases. In the field of M. tubercu-
losis infections, a few studies have recently reported analyses
of stool microbiome in patients with pulmonary tuberculosis
and any changes after anti-tuberculosis treatment."** Hu, et
al.’ reported that pulmonary tuberculosis and anti-tuberculo-
sis treatment cause a distinct dysbiosis of the gut microbiome.
Maji, et al.° showed that some butyrate-producing bacteria
were significantly enriched in patients with pulmonary tuber-
culosis. However, little is known about the composition of the
gut microbiome in patients with intestinal tuberculosis and its
change following anti-tuberculosis treatment.

Therefore, we aimed to elucidate the differences in stool mi-
crobiome between patients with intestinal tuberculosis and
healthy controls. In addition, we aimed to evaluate changes in
the stool microbiome after anti-tuberculosis treatment.
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MATERIALS AND METHODS

Subjects

Consecutive patients suspected of having intestinal tuberculo-
sis who were referred to our clinic were prospectively enrolled.
Inclusion criteria were as follows: 1) patients whose colono-
scopic findings suggested intestinal tuberculosis, but a defi-
nite diagnosis could not be made because none of the follow-
ing criteria were positive, including caseating granuloma on
mucosal biopsy, tissue acid-fast bacilli staining, and tissue cul-
ture of M. tuberculosis;” 2) patients who did not receive any
treatment for intestinal tuberculosis; and 3) patients who were
at least 18 years old. Patients who were definitively diagnosed
with Crohn’s disease after careful review, and patients who
had taken any antibiotics, probiotics, or non-steroidal anti-in-
flammatory drugs within 3 months before enrollment were ex-
cluded. All patients provided informed consent, and the study
was approved by the Institutional Review Board of Seoul Na-
tional University Bundang Hospital (B-1608-359-301).

For each patient, clinical data, including endoscopic find-
ings and histologic results, were collected using a standard-
ized case report form. An additional colonoscopy was per-
formed in cases where the image quality of the endoscopic
pictures was poor, such that adequate evaluation could not be
performed. Baseline stool samples were collected at least 2
weeks after performing the colonoscopy procedures. We used a
uniform protocol for stool collection, wherein a research nurse
educated patients on how to collect their stool and submit it.
Specifically, the day before patients were supposed to visit the
outpatient clinic, they were instructed to collect 5 grams of
stool sample in a small plastic container and to immediately
freeze it at -20°C in a freezer. On the day of the hospital visit,
they were instructed to bring the sample in a bag with an ice
pack, which was provided at enrollment.

Intestinal tuberculosis is no longer a common disease in
South Korea. Therefore, we expected that it would not be easy
to enroll many patients in this study. Given that roughly one
patient per month is referred to our clinic for suspicion of in-
testinal tuberculosis and that the minimum number of sam-
ples suitable for non-parametric analysis is about 20-30 sam-
ples, we determined the sample size of our study group to be
20 patients. Data of age- and sex-matched healthy subjects at
a ratio of 1:1 were randomly extracted from the Korean gut
microbiome bank study (B-1701-380-304), whose purpose is
to collect stool samples from healthy Korean adults and ana-
lyze their gut microbiome. Their microbiome data were used
as controls in this study.

Anti-tuberculosis treatment and follow-up

Anti-tuberculosis medication (isoniazid 300 mg/d, rifampicin
600 mg/d, ethambutol 800 mg/d, and pyrazinamide 1500 mg/d)
was administered to patients for 2 months. Compliance was
checked by a physician at each visit to the clinic. Afterward,
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we collected follow-up stool samples and performed an en-
doscopy. Patients who showed endoscopic healing were ten-
tatively diagnosed with intestinal tuberculosis and continued
anti-tuberculosis medication for another 4 months, with the
exception of pyrazinamide.® The final stool samples were col-
lected at the end of the treatment. The final diagnosis of prob-
able intestinal tuberculosis was made when a patient fulfilled
the criteria of clinical and endoscopic remission after empiric
anti-tuberculosis treatment with the following findings: char-
acteristic colonoscopy findings, suspected histology of tuber-
culosis, positive polymerase chain reaction (PCR) test results
for M. tuberculosis DNA in tissue samples, positive interferon
gamma release assay, chest X-ray finding suggestive of active
or inactive tuberculosis, and previous history of tuberculosis.”

Microbiome analysis

Total DNA was extracted from stool samples, and PCR ampli-
fication was performed for the V3-V4 regions of the 16S rRNA
gene. Sequencing was performed using an Illumina MiSeq Se-
quencing system (Illumina, San Diego, CA, USA). Basic micro-
biome analyses were conducted according to previously de-
scribed procedures.”! Since the 16S rRNA copy number varies
greatly among bacteria, the abundance of operational taxo-
nomic units was normalized to a read count of 10000. For anal-
ysis of alpha-diversity, the Simpson diversity index was calcu-
lated. For analysis of beta-diversity, the overall phylogenetic
distance between communities was estimated and visualized
using Jensen-Shannon-based principal coordinates analysis.
PERMANOVA was used for evaluating set differences between
groups. We performed Linear discriminant analysis effect size
(LEfSe) was conducted to determine the features that most
likely explained the differences between groups by coupling
standard tests for statistical significance with additional tests en-
coding biological consistency and effect relevance.'? All micro-
biome analyses were performed using non-parametric meth-
ods, and results were considered statistically significant when p
values were<0.05.

RESULTS

Baseline characteristics of the patients with intestinal
tuberculosis

The schematic flow of the study is outlined in Fig. 1. Between
October 2016 and December 2018, 20 patients were enrolled.
After the initial evaluation, three patients definitively diag-
nosed with Crohn’s disease were excluded, and the remaining
17 were administered anti-tuberculosis drugs. Among 15 pa-
tients who underwent follow-up colonoscopy after 2 months,
three patients did not show endoscopic improvement. Given
the fact that multi-drug resistant tuberculosis in extrapulmo-
nary tuberculosis is very low, these patients were classified as
isolated terminal ileitis,'* and anti-tuberculosis treatment was
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Fig. 1. Schematic flow of the study.

stopped. Twelve patients completed anti-tuberculosis treatment
for 6 months. In one patient, the final diagnosis was changed to
Crohn’s disease since mucosal healing was not achieved at 6
months upon follow-up endoscopy. Other information, in-
cluding cross-sectional images, also contributed to the change
of diagnosis. Finally, 11 patients were confirmed as having
probable intestinal tuberculosis, and their stool microbiomes
were compared with that of age- and sex- matched controls.

The clinical and endoscopic characteristics of patients with
intestinal tuberculosis are presented in Table 1. The median
age was 47 years, and 55% patients were asymptomatic. Twen-
ty-seven percent of the patients showed inactive tuberculosis
on chest X-ray, and 91% were seropositive by the interferon
gamma release assay. Fecal calprotectin levels were a median
of 55 mcg/g (range 29-308) at baseline and decreased during
and after treatment to a median of 19.3 mcg/g (range 11.5-51.4)
at 2 months and a median of 18.5 mcg/g (range 11.5-129.7) at
6 months. Regarding endoscopic findings, the most commonly
involved segment was the ascending colon, including the ce-
cum. All patients had ileocecal involvement. In contrast, the
left colon or rectum was not involved in any of the patients.
Transverse ulcers, which are characteristic findings of intesti-
nal tuberculosis, were found in 45% of patients. Granuloma
was found in 36%, but without accompanying caseous necro-
sis. PCR for M. tuberculosis DNA in tissue samples was posi-
tive in 18% of cases.

Comparison of stool microbiomes between patients
with intestinal tuberculosis and healthy controls

At enrollment, the relative abundances of the phyla Firmicutes,
Bacteroidetes, and Actinobacteria were 62.4%, 22.5%, and 9.1%,
respectively (Fig. 2). The relative abundance of Verrucomicro-
bia was higher (5.0% vs. <1%) and that of Proteobacteria was
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Table 1. Baseline Characteristics of the Patients with Intestinal Tubercu-
losis

Variable Value
Sex, male 6 (55)
Age (yr), median (range) 47 (30-65)
Symptom
None 6 (55)
Hematochezia 2(18)
Urgency for defecation 1(9)
Constipation 1(9)
Weight loss and anorexia 1(9)
Involved segments on endoscopy™
Terminal ileum 4(36)
Ascending colon (including cecum) 7(64)
Transverse colon 2(18)
Transverse ulcers on endoscopy 5(45)
Patulous ileocecal valve on endoscopy 2(18)
Scar or pseudopolyps on endoscopy 6 (55)
Non-caseating granuloma on histology 4(36)
Positive PCR for Mycobacteria tuberculosis in tissue samples 2 (18)
History of pulmonary tuberculosis 1(9)
Inactive tuberculosis on chest X-ray scan 3(27)
Positive interferon gamma release assay in serum 10(91)
Positive anti—Saccharomyces cerevisiae antibody in serum 1(9)

Fecal calprotectin (microgram/g), median (range) 55 (29-308)

PCR, polymerase chain reaction.
Data are presented as n (%).
*Each segment was independently calculated.

lower (<1% vs. 6.6%) in patients with intestinal tuberculosis
than in controls. M. tuberculosis was not found in any sample.
The alpha-diversity of stool microbiomes in patients with intes-
tinal tuberculosis was lower than that in controls (Simpson in-
dex: p=0.045) (Fig. 3A). There was a significant difference in
the beta-diversity of species between patients with intestinal tu-
berculosis and controls (PERMANOVA: p=0.001) (Fig. 3B). LEfSe
analysis showed that the abundance of the Blautia and Rose-
buria genus was significantly increased in patients with intesti-
nal tuberculosis (Fig. 4A). Cladogram data extracted from LEfSe
analysis showed a relatively lower abundance of the Mega-
sphaera genus, which was the main determinant differentiat-
ing patients with intestinal tuberculosis from controls (Fig. 4B).

Changes in stool microbiome in patients with intestinal
tuberculosis after anti-tuberculosis treatment

Six months after starting anti-tuberculosis treatment, the rela-
tive abundances of the phyla Firmicutes, Bacteroidetes, and Acti-
nobacteria were 58.4%, 27.3%, and 12.4%, respectively (Fig. 5).
The proportion of Verrucomicrobia decreased to <1%, while
the proportion of Proteobacteria was still <1%. There were no
significant differences in alpha- and beta-diversity among stool
microbiomes at 0, 2, and 6 months after anti-tuberculosis treat-
ment (Fig. 6).
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Fig. 2. Taxonomic composition of stool microbiome of patients with intestinal tuberculosis and age- and sex-matched healthy controls (outer circle:

genus level, inner circle: phylum level).
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Fig. 3. Alpha- and beta-diversity of stool microbiome of patients with intestinal tuberculosis and age- and sex-matched healthy controls. (A) Simpson
index. (B) Jensen-Shannon-based principal coordinates analysis at the species level. 0TU, operational taxonomic unit; PC, principal component.

DISCUSSION

In this study, we found that the alpha-diversity of stool micro-
biomes in patients with intestinal tuberculosis decreased rela-
tive to that in healthy controls. The beta-diversity of the stool
microbiomes also differed from that in controls. The decreased
diversity of the stool microbiomes in patients with intestinal
tuberculosis corresponds with results in previous studies per-
formed in animal models and patients with pulmonary tuber-
culosis.>"** The fact that the relative abundances of Blautia and
Roseburia, which belong to the family Lachnospiraceae and are
typical butyrate-producing bacteria, were higher in patients

https://doi.org/10.3349/ym;.2022.63.1.34

with intestinal tuberculosis is especially interesting. A few stud-
ies have reported that butyrate-producing bacteria are increased
in patients with pulmonary tuberculosis.®'® Butyrate is known
to induce the anti-inflammatory cytokine interleukin-10 and
to activate regulatory T cells.””*® In fact, butyrate increases the
production of interleukin-10 and decreases M. fuberculosis-in-
duced proinflammatory cytokine responses.® These findings
suggest that crosstalk between microbiota and the mucosal im-
mune system is modified by an M. tuberculosis infection and
that butyrate might play a role in the pathogenesis of pulmonary
and intestinal tuberculosis.

In contrary to patients with intestinal tuberculosis in our
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sis medication.

study, patients with Crohn’s disease are known exhibit fewer
butyrate-producing bacteria.**** Although we could not direct-
ly compare gut microbiomes between patients with intestinal
tuberculosis and those with Crohn’s disease, we expect that
analysis of butyrate-producing bacteria in stool samples could
help differentiate intestinal tuberculosis from Crohn’s disease
in difficult cases, before trying empirical anti-tuberculosis treat-
ments. In contrast, the genus Megasphaera, which decreased in
patients with intestinal tuberculosis, is a type of lactic acid-
producing bacteria. This bacterium is usually reported as be-
ing related to bacterial vaginosis,*** and we could not find any
reports on its association with tuberculosis. Therefore, further
studies are required to elucidate the link between Megasphaera
and the pathogenesis of intestinal tuberculosis.

In this study, the unique bacterial composition of patients
with intestinal tuberculosis was not significantly affected by
anti-tuberculosis treatment. Although mucosal healing was
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achieved after treatment, initial dysbiosis was neither aggra-
vated nor recovered, and this was represented as lower alpha-
diversity than that in controls. The use of anti-tuberculosis drugs
has caused concern about gut dysbiosis since it includes ri-
fampin, which is active against a broad spectrum of both gram-
positive and gram-negative bacteria.”® However, there are
contradictory reports regarding changes in the gut microbi-
ome after anti-tuberculosis treatment in patients with pulmo-
nary tuberculosis. Hu, et al.® reported that anti-tuberculosis
treatment causes dysbiosis, while Wipperman, et al.”® report-
ed that this treatment appeared to have little overall effect on
bacterial diversity in the gut. Since the intestine itself is the in-
fection site in intestinal tuberculosis, translating the results of
gut microbiome analysis after anti-tuberculosis treatment in
this form of tuberculosis is more complicated than that in pul-
monary tuberculosis. Dysbiosis induced by antibiotics could
be offset by decreasing inflammation after the resolution of

https://doi.org/10.3349/ym;.2022.63.1.34
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tuberculosis. Our study suggests that despite 6 months of anti-
biotic treatment, gut dysbiosis is not severe in patients with
intestinal tuberculosis. This could partly explain why the inci-
dence of Clostridioides difficile infection is exceptionally low
(0.3%) among patients who take anti-tuberculosis drugs.”” Long-
term follow-up studies are required to evaluate the final effects
of anti-tuberculosis treatment on the gut microbiome in pa-
tients with intestinal tuberculosis.

The proportion of Verrucomicrobia, which was higher in pa-
tients with intestinal tuberculosis than in controls, decreased
after anti-tuberculosis treatment. However, Akkermansia mu-
ciniphila (A. muciniphila), which is the only genus from the
phylum Verrucomicrobia in the intestinal microbiota, was not
a significant determinant in LEfSe analysis. Therefore, we
were unable to determine the significance of the changes in
Verrucomicrobia. Studies regarding the relationship between
A. muciniphila and M. tuberculosis are very scarce. Only one
study has reported that unfavorable lipid profiles after long-
term treatment of multidrug-resistant tuberculosis was nega-
tively associated with Verrucomicrobia and A. muciniphila.®®

Our study has several strengths. First, to the best of our knowl-
edge, this is the first study to have evaluated the gut microbi-
ome in patients with intestinal tuberculosis. Although a few
mechanisms have been suggested,** the detailed pathogen-
esis of intestinal tuberculosis is still unclear. Microbial analysis
using next-generation sequencing technology will shed some
light on this. Second, we prospectively enrolled the study pa-
tients and serially collected their stool for up to 6 months.

However, our study also has some limitations. First, the pa-
tients included in the final analysis comprised those diag-
nosed with probable intestinal tuberculosis. Among patients
with suspected intestinal tuberculosis, the proportion that is
definitively diagnosed is low.* Thus, empirical anti-tuberculo-

https://doi.org/10.3349/ym|.2022.63.1.34

sis treatment is performed in most of these patients; this was
the impetus for our concerns. Therefore, we set out to evaluate
stool microbiome in these patients and designed our study to
exclude patients with a definite diagnosis from the start. To
compensate for this, every component of the criteria for prob-
able intestinal tuberculosis was carefully reviewed in each pa-
tient. The interferon gamma release assay was seropositive in
more than 90% of the patients, and endoscopic findings were
also indicative for intestinal tuberculosis. Mucosal healing af-
ter anti-tuberculosis treatment was confirmed in all patients.
Second, the small sample size is another limitation of our study.
Intestinal tuberculosis is not a common disease, and it was not
easy to persuade patients to try empirical antibiotics first and
to collect stool samples serially. Therefore, it was difficult to
enroll patients despite our institution being a tertiary hospital.
Due to the small sample size, we could not perform microbi-
ome analysis according to the endoscopic findings of the pa-
tients. In the future, multicenter research would be optimal to
increase the sample size. Third, we could not collect long-term
follow-up stool samples after completing anti-tuberculosis
treatment for the same reasons as mentioned above. Lastly, we
could not evaluate immunologic alterations related to tuber-
culosis infection and resolution. Our results suggest butyrate
might play a role in the immune response and regulation of
the pathogenesis of intestinal tuberculosis. However, because
we did not measure metabolites or cytokines, such as interleu-
kin-10, we could not prove this hypothesis. Further studies are
needed to confirm our findings.

In conclusion, the composition of the stool microbiome in
patients with probable intestinal tuberculosis differs from that
of healthy controls; however, anti-tuberculosis treatment over
6 months did not appear to significantly change the stool mi-
crobiome.
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