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ABSTRACT

Introduction: Recent cross-sectional research
has demonstrated a substantial link between
tuberculosis (TB) and gut microbiota. Never-
theless, the causal impact of the gut microbiota
on TB susceptibility in humans remains
unknown.

Methods: The Mendelian randomization (MR)
method was utilized for investigating the
causality between them. The main method used
for MR analysis was the inverse variance
weighted (IVW) test, with the MR-Egger,
weighted median, weighted mode, and simple
median methods serving as supplements. And
several sensitivity tests were carried out to vali-
date the MR findings.
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Results: The IVW outcomes suggested that
three bacterial traits exhibited associations with
susceptibility to respiratory TB after Bonferroni
correction, namely Lachnospiraceae UCGO010
(odds ratio [OR] 1.73, 95% confidence interval
[CI] 1.17-2.55, P =0.005), Eubacterium (brachy
group) (OR 1.33, 95% CI 1.07-1.65, P = 0.009),
and Ruminococcaceae UCG00S5 (OR 0.71, 95% CI
0.52-0.98, P =0.034). Sensitivity analyses
demonstrated that horizontal pleiotropy and
heterogeneity were absent, thereby guarantee-
ing the reliability of the results.

Conclusion: This research sheds light on the
causal impact of gut microbiota on respiratory
tuberculosis  susceptibility, improving our
knowledge of therapeutic strategies for manag-
ing TB.
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Why carry out this study?

The second-most common infectious
illness worldwide, tuberculosis (TB) poses
a huge burden on global health.

Although some studies have proposed that
gut microbiota may affect TB
susceptibility, a causal relationship has
not yet been demonstrated.

What was learned from this study?

This study is the first to use the Mendelian
randomization (MR) method to prove the
causality between gut microbiota and TB
in humans.

Three bacterial traits—Ruminococcaceae
UCGO00S, Lachnospiraceae UCG010, and
Eubacterium (brachy group)—are associated
with TB susceptibility, which provides a
new perspective on TB prevention.

INTRODUCTION

Tuberculosis (TB), the second most deadly
infectious illness globally, is caused by
Mycobacterium tuberculosis (Mtb) and Kills
approximately 1.4 million human immunode-
ficiency virus-negative individuals each year [1].
In many TB cases, the respiratory system serves
as the primary entrance and is the system most
frequently affected during active TB infections
[2].

Emerging research has demonstrated that a
variety of lung diseases, including cystic fibro-
sis, asthma, and COVID-19, are linked with
dysregulation of the gut microbiota, acting as a
potential contributory factor that impacts their
onset and progression [3-6]. For TB, some ani-
mal experiments have indicated that the gut
microbiota could affect the susceptibility to TB
[7-12]. TB infection can be promoted by broad-
spectrum antibiotics through disrupting the gut

microbiota [7-10], and direct oral administra-
tion of gut bacteria or fecal transplantation
could reduce TB infection in mice [7, 11, 12].
Only a few observational studies have explored
the association between patients with TB and
healthy individuals [13-20]. Besides, those
studies were based on small samples (fewer than
100 cases), do not account for significant con-
founders, and have conflicting findings with
minimal overlap [13-20]. For instance, investi-
gations by Wang et al. and Naidoo et al. found
that Bifidobacterium was abundant in healthy
individuals [9, 19], whereas research by Wip-
perman et al. and Khaliq et al. showed the
opposite [18, 20]. The causal associations have
not been completely investigated in observa-
tional studies in humans [13-20].

A method called Mendelian randomization
(MR) could infer causal relationships between
exposures and outcomes. This method utilizes
genes as instrumental variables (IVs) which are
less susceptible to confounding factors as they
depend on the random distribution of genetic
variation during conception [21, 22]. Several
studies have shown a causal relationship
between the gut microbiota and various diseases
(e.g., COVID-19, major depressive disorder, and
cancer) by MR method [23-25]. But no research
has looked into the causality between gut
microbiota and TB; therefore, this study
employed the MR approach to explore this
relationship.

METHODS

Exposure and Outcome Samples

We selected the human gut microbiota as the
exposure variable from a genome-wide associa-
tion study (GWAS) meta-analysis comprising 24
cohorts with a total of 18,340 participants [26].
Regarding the human gut microbiota, the low-
est level of classification is the genus. Initially,
there were 131 genera, of which 12 were
unknown. After these 12 unknown genera were
excluded, 119 bacterial traits were further
studied. The outcome variable respiratory TB
was obtained from the FinnGen Consortium
and included 341,987 participants. The
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diagnosis of TB relied on the International
Classification of Diseases (ICD) codes, encom-
passing ICD-8, ICD-9, and ICD-10, post hospital
discharge or following mortality. Additionally,
factors such as sex, age, the first ten principal
components, and genotyping batch were
adjusted for all samples. In a two-sample MR
study, the two groups need to come from dif-
ferent populations, and the two populations
have less overlap to ensure higher statistical
power [27, 28].

The data used as part of this study was from
publicly available sources and thus no ethical
approval was needed. All data was de-identified
before use. Ethics committee approval was not
required.

Study Design

The specific MR methodology is illustrated in
Fig. 1. On the basis of three core assumptions,
IVs were chosen: (1) Relevance assumption: the
IVs needed to show a strong association with
gut microbiota (P <1 x 107°) [23, 25]. (2)
Independence assumption: the IVs were not
affected by TB-related confounding factors
(* <0.001; clumping distance = 10,000 kb)
[29]. (3) Exclusion restriction: the IVs impacted
the TB solely via the gut microbiota without any
alternative routes [30]. For TB, diabetes [31],
alcohol consumption [32], smoking [33], low
body mass index [34], and acquired immunod-
eficiency syndrome [35] were considered to be
common risk factors. So, single nucleotide
polymorphisms (SNPs) associated with those
risk factors should be screened via the
Phenoscanner website and excluded prior to MR
analysis. Besides, alleles on the forward strand
were ascertained using allele frequency data for
palindromic SNPs.

The F statistic is an important index of the
statistical strength of [Vs. An F statistic > 10 was
assumed to indicate no weak IV bias [36]. The
formula F = R* (N — K — 1)/K (1 — R?) was used
to obtain the F statistic [37].

Five MR methods were employed: the inverse
variance weighted (IVW) test, MR-Egger,
weighted median, weighted mode, and simple
median. The IVW test served as the primary

technique, which would be impartial if hori-
zontal pleiotropy did not exist, with other
methods serving as supplements [38, 39].

Sensitivity analyses included heterogeneity,
horizontal pleiotropy, and leave-one-out test.
For heterogeneity, Cochrane’s Q test was taken,
and P < 0.05 was regarded as heterogeneous.
The MR-pleiotropy residual sum and outlier
(MR-PRESSO) and MR-Egger methods were
employed to evaluate for horizontal pleiotropy,
with P < 0.05 as evidence of horizontal pleio-
tropy. Furthermore, visual assessment of the
scatter plots and MR-PRESSO can both identify
potential outliers. MR-PRESSO can identify
potential outliers and reassess causal effects.
Lastly, to ensure robustness, the leave-one-out
test was applied.

Taking multiple comparisons into account,
the Bonferroni correction was used to prevent
false-positive results. If P was less than 0.05 but
higher than 4.20 x 10~* (0.05/119), it was
deemed suggestive evidence of causality
between gut microbiota and respiratory TB [40].

All statistical analyses were performed by the
R software. MR analyses were conducted using
the TwoSampleMR and MRPRESSO packages
within R.

RESULTS

IVs Selection

Of the initial 131 bacterial traits, 1379 SNPs
were selected for IVs. After 12 unknown genera
were excluded, 119 bacterial traits and 1235
SNPs remained. Furthermore, our exploration
using the Phenoscanner website did not reveal
any potential IVs associated with the identified
risk factors. The F statistics for SNPs ranged from
14.58 to 88.42, indicating no weak IV bias.
Details of the IVs are given in Supplementary
Table S1.

Causal Effects Between Gut Microbiota
and Respiratory TB

As shown in Fig. 2 and Supplementary Table S2,
the IVW test identified three bacterial traits
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MR analyses depend on three core assumptions:

(DRelevance assumption: The genetic variants associate with exposure.
©@)Independence assumption: There are no unmeasured confounders of the associations between genetic

variants and outcome.

(®Exclusion restriction : The genetic variants affect the TB only through their effect on the exposure.

Fig. 1 Flowchart of Mendelian randomization. Vs instrumental variables, SNPs single-nucleotide polymorphisms, MR
Mendelian randomization, MR-PRESSO MR-pleiotropy residual sum and outlier

significantly associated with respiratory TB.
Among these, two bacterial traits were poten-
tially linked with a higher risk of respiratory TB,
namely genus Lachnospiraceae UCGO10 (odds
ratio [OR] 1.73, 95% confidence interval [CI]
1.17-2.55, P =0.005) and genus Eubacterium
(brachy group) (OR 1.33, 95% CI 1.07-1.65,
P =0.009). In contrast, genus Ruminococcaceae
UCG005 (OR0.71, 95% CI1 0.52-0.98, P = 0.034)
was linked with a lower risk of respiratory TB.
These causal relationships remain significant
even after Bonferroni correction.

Moreover, neither the Cochran Q test nor
the intercept test of the MR-Egger analysis
indicated heterogeneity or horizontal pleio-
tropy for these suggestive significant causal
associations (P > 0.05) (Table1 and Supple-
mentary Tables S3, S4). Visual assessment of the
scatter plots (Fig. 3) identified potential outliers
tor Ruminococcaceae UCGO0S5 (Fig. 3¢). Subse-
quently, MR-PRESSO was conducted, and the

results (Table 1 and Supplementary Table S5)
suggested that there was inadequate evidence of
outliers and horizontal pleiotropy (P > 0.05).
Finally, we conducted a leave-one-out test to
evaluate the robustness of the results (Fig. S4).
The causal impact of Eubacterium (brachy group)
(Fig. S4B) in respiratory TB was not driven by
single SNPs, confirming its robustness. A single
SNP had minimal impact on the overall esti-
mates of the remaining bacterial traits, with no
discernible shift in the significance levels
(Figs. S4A, C).

DISCUSSION

This study utilized the MR method to examine
the causal impact of gut microbiota on respira-
tory TB susceptibility. This finding revealed
significant associations between three bacterial
traits and susceptibility to respiratory TB, and
all associations were significant after Bonferroni
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Exposure MR method OR (95%Cl) pval
genus.Lachnospiraceae UCG010 Inverse variance weighted 1.73 (1.17- 2.55) L — 0.006

MR Egger 1.05 (0.32- 3.45) 0.940
Simple mode 1.21 (0.55- 2.69) @ 0.650
Weighted median 1.31(0.79- 2.15) L 0.300
Weighted mode 1.23 (0.57- 2.62) L 0.610
genus.Eubacterium (brachy group) Inverse variance weighted 1.33 (1.07- 1.65) —@— 0.009
MR Egger 1.00 (0.42- 2.36) L 0.990
Simple mode 1.21 (0.77- 1.90) — 0.420
Weighted median 1.29 (0.99- 1.68) — @ 0.060
Weighted mode 1.22 (0.79- 1.88) — 0.390
genus.Ruminococcaceae UCG005 Inverse variance weighted 0.71 (0.52- 0.98) —@— 0.034
MR Egger 1.09 (0.46- 2.55) L 0.850
Simple mode 0.75 (0.33- 1.69) @ 0.500
Weighted median 0.75 (0.48- 1.17) —@— 0.210
Weighted mode 0.65 (0.29- 1.43) — 0.300
[ — T 1
0.250.5 1 1.5 2

Odds Ratio (95%Cl)

Fig. 2 Causal effects between gut microbiota and respiratory tuberculosis. MR Mendelian randomization, OR odds ratio, CI

confidence interval

correction. Among the three bacterial traits,
Ruminococcaceae UCGO0S exhibited protective

effects against

respiratory  TB,

whereas

Lachnospiraceae UCGO10 and Eubacterium (bra-
chy group) were linked with an increased risk of
respiratory TB.

Table 1 Sensitivity analysis of the association between gut microbiota and respiratory tuberculosis

Exposure MR method Heterogeneity Horizontal pleiotropy
Q_pval Egger_intercept_ MR-
pval PRESSO_Global_test_
pval
genus. Lachnospivaceae Inverse variance 0.452 0.409 0.496
UCGo10 weighted
MR Egger 0.427
genus. Enbacterium (brachy — Inverse variance 0.954 0.517 0.951
group) weighted
MR Egger 0.947
genus. Ruminococcaceae Inverse variance 0.472 0.391 0.505
UCcGoos weighted
MR Egger 0.477

MR Mendelian randomization, MR-PRESSO Mendelian randomization-pleiotropy residual sum and outlier
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Fig. 3 Scatter plots from gut microbiota on respiratory tuberculosis susceptibility. AR Mendelian randomization

In children with pulmonary TB, Ruminococ-
caceae has been found to be reduced compared
with levels in healthy children, which is con-
sistent with our finding [41]. For Ruminococ-
caceae UCGO0S.

Chen et al. demonstrated that it could
reduce insulin resistance and the incidence of
type 2 diabetes [42, 43]. It is interesting to note
that diabetes is one of the key risk factors for
developing TB [44]. In addition, it has been
shown that Ruminococcus UCGOOS is positively
associated with HDL cholesterol but negatively
associated with triglyceride levels [45]. In the
development of TB, host lipids are crucial. For
instance, Mtb can use triglycerides in macro-
phages to help it survive inside the cell [46], and
decreased infection-related mortality risks were
associated with greater baseline cholesterol
levels in patients with TB [47].

Lachnospiraceae  UCGO10 belongs to the
Lachnospiraceae family. The role of Lach-
nospiraceae in TB remains controversial. In a
rhesus macaque model, Lachnospiraceae were
abundant in monkeys that were more prone to
infection Mtb [48]. This result supports the
adverse effect of Lachnospiraceae on TB; how-
ever, observational studies found that Lach-
nospiraceae were enriched in healthy individuals
[17, 49]. In contrast to Ruminococcaceae
UCGO0S, Lachnospiraceae impair glucose meta-
bolism and promote the onset of diabetes
[50, 51].

Maji et al. found higher levels of Eubacterium
in patients with TB than in healthy individuals.
This might be because Eubacterium could pro-
duce a lot of propionate and butyrate, which
affects the immune systems in humans [52].

And Segain et al. demonstrated that butyrate
could reduce the expression of proinflammatory
cytokine mRNA and the generation of tumor
necrosis factor (TNF) [53]. TNF, especially TNFaq,
is crucial for the control of TB infection,
including granuloma formation [54, 55], and
thus their reduction could raise the risk of TB.

This is the first investigation to establish the
causality between gut microbiota and TB in
humans, excluding confounding factors. Addi-
tionally, several sensitivity studies were con-
ducted to validate the MR results [28]. However,
this study has several limitations. First, the
sample sizes for gut microbiota and respiratory
TB, despite being the largest in GWAS to date,
were relatively small. A limited sample size may
lack the sufficient statistical power to detect
variants with low frequency or effect sizes,
resulting in increased false negative results [56].
Besides, gut microbiota was investigated at the
genus level, causing the results to be restricted.
Second, the study participants were predomi-
nantly of European heritage; therefore, it might
be difficult to generalize those findings to other
ethnic groups. Third, our study did not further
explore the specific mechanism of gut micro-
biota affecting TB susceptibility and this has to
be done in future research. Lastly, factors such
as diet and medication can influence gut
microbiome abundance. Consequently, the
proportion of variance attributable to genetics
might diminish.

CONCLUSION

This comprehensive exploration of the poten-
tial causality between gut microbiota and
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respiratory TB suggests that it might represent a
diagnostic marker and a possible therapeutic
target for respiratory TB. Future studies should
validate these findings in humans again and
investigate the wunderlying mechanisms in
greater detail.
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