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Abstract
Background Severe tuberculosis constitutes a significant menace to human safety and well-being, with a 
considerable mortality rate. The severity of tuberculosis can be impacted by genetic variations in host genes, 
particularly single nucleotide polymorphisms (SNPs).

Methods A case‒control study was undertaken, encompassing a cohort of 1137 tuberculosis patients (558 with 
severe tuberculosis and 579 with mild tuberculosis), alongside 581 healthy controls within the age range of fifteen 
to forty-five years. Whole blood DNA was extracted from all participants, and three tag polymorphisms (rs1884444, 
rs7518660, rs7539625) of the IL23R gene were selectively identified and genotyped.

Results No significant correlation was observed between the IL23R gene polymorphisms (rs1884444, rs7518660, 
and rs7539625) and tuberculosis. Upon comparing the tuberculosis group with the healthy control group, the mild 
tuberculosis group with the healthy control group, and the severe tuberculosis group with the healthy control group, 
the obtained P-values were> 0.05. However, in the comparison between severe tuberculosis and mild tuberculosis, 
the presence of rs1884444 G alleles exhibited a significantly increased risk of severe tuberculosis after adjusting 
for age and sex (ORa: 1.199, 95% CI: 1.009–1.424; Pa=0.039, respectively). In subgroup analysis, after accounting for 
confounding factors, including age and sex, rs1884444 G alleles continued to demonstrate a significantly heightened 
risk of severe tuberculosis. Nonetheless, the comparison between the multisystemic tuberculosis group and the 
mild tuberculosis group was no significant difference. Notably, rs1884444 of the IL23R gene exhibited a noteworthy 
association with the risk of severe tuberculosis in the comparison between severe tuberculosis and mild tuberculosis 
before and after adjusting for age and sex (ORa: 1.301, 95% CI: 1.030–1.643; Pa=0.027, respectively). Furthermore, the 
presence of the rs1884444 G allele exhibited a significantly increased risk of severe tuberculosis after adjusting for age 
and sex in the comparison between tuberculous meningitis and mild tuberculosis (ORa: 1.646, 95% CI: 1.100-2.461; 
Pa=0.015, respectively).
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Tuberculosis (TB) represents a significant global public 
health dilemma and stands as one of the foremost causes 
of mortality worldwide. In 2021, the global count of newly 
reported TB cases amounted to 10.6 million, with China 
contributing 780,000 cases, ranking third among the 30 
nations facing a substantial TB burden, falling behind 
only Indonesia and India [1]. Global TB fatalities in 2021 
reached 1.6 million, yielding a TB fatality rate of 15%, sur-
passing the figures for both 2020 (1.5 million) and 2019 
(1.4 million), effectively returning to levels last observed 
in 2017 [1]. Despite the rapid advancements in TB diag-
nostic and therapeutic technology, there are still exist 
patients who develop severe TB due to various factors, 
resulting in imminent respiratory failure and dysfunction 
of extrapulmonary organs, thereby gravely endangering 
the lives of afflicted individuals [2]. Consequently, com-
bating severe TB assumes paramount significance as a 
public health initiative, aligning with the objective of the 
World Health Organization’s “Stop TB” campaign, slated 
for achievement by 2035.

SNPs are widely acknowledged as the primary well-
spring of human genetic variation. Recent years have wit-
nessed the emergence of compelling evidence, derived 
from comprehensive genome-wide linkage analysis stud-
ies, candidate gene association studies, and genome-wide 
association analyses, substantiating the notion that host 
gene polymorphisms can exert a profound impact on the 
onset, progression, and clinical outcome of TB [3]. Host 
gene SNPs have the potential to modulate an individual’s 
susceptibility and the severity of TB manifestations. At 
present, severe TB confronts several challenges. Firstly, 
the lack of unified definitions, standards, and guidelines 
results in divergent interpretations among researchers. 
Secondly, the mortality rate associated with severe TB 
remains alarmingly high. Thirdly, clinical practitioners 
often fail to accord adequate attention to severe TB cases. 
Fourthly, the intricate pathogenesis of severe TB involves 
numerous genetic mechanisms that remain elusive. 
Consequently, the objective of our study centers around 
delving deeper into the influence exerted by host gene 
polymorphisms on TB susceptibility and severity within 
the Chinese Han population.

Methods
Ethics statement
The present investigation received the ethical endorse-
ment of the ethics committee of West China Hospi-
tal of Sichuan University [Approval No.: 932 (2019)]. 

All methodologies were conducted in strict adherence 
to pertinent guidelines and regulations. The current 
research was conducted in accordance with the guiding 
principles of the Declaration of Helsinki. The participants 
were adequately informed about the study’s purpose and 
implementation strategy, after which they provided their 
informed consent by signing consent forms. In cases 
where the participant was under the age of eighteen, 
the consent forms were signed by the legal guardian. 
Similarly, if a participant lacked the capacity to provide 
consent due to illness, the consent forms were signed by 
their representative.

Study design
The study followed a case‒control design and comprised 
a total of 1137  TB patients at West China Hospital of 
Sichuan University between January 2013 and Decem-
ber 2020. Among them, 558 patients were afflicted with 
severe TB, while 579 patients exhibited mild TB symp-
toms. Healthy controls were recruited from the People’s 
Hospital of DeYang City in Sichuan Province for annual 
physical examination. All participants belonged to the 
Han Chinese ethnic group.

Study population
The criteria for patient inclusion were as follows: 1) 
signed written consent; 2) ≥ 15 years old and ≤ 45 years 
old; and 3). Tuberculosis group included both clinical 
diagnosis and bacteriologically confirmed patients. The 
clinical diagnosis of TB is defined as the high suspicion 
of TB based on the patient’s symptoms, signs, laboratory 
examination, imaging examination, etc., excluding tumor, 
non-tuberculosis mycobacterium and fungal infection. 
These patients improved after anti-tuberculosis therapy. 
Bacteriologically confirmed is defined as confirmation by 
TB DNA, gene Xpert, TB culture or histopathology [4, 5]. 
Patients outside the age range of 15 to 45 were excluded 
from the study. Additionally, patients with hepatitis B, 
cirrhosis, tumors, HIV, immune system disorders, pneu-
moconiosis, renal insufficiency, or who had undergone 
organ transplantation was also excluded. If the partici-
pants are related, they will be excluded. Currently, there 
is a paucity of relevant definitions, standards, and guide-
lines pertaining to severe tuberculosis. In this study, we 
have operationalized severe tuberculosis as encompass-
ing any of the following clinical presentations, as identi-
fied in pertinent literature [2, 6–9]: (1) pulmonary lesions 
affecting more than two-thirds of the lung as determined 

Conclusions The present study suggests that there is no significant association between IL23R gene polymorphism 
and tuberculosis susceptibility in the Chinese Han population. However, it does indicate a potential link between 
IL23R polymorphism and an increased risk of developing severe tuberculosis.
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by imaging, (2) the presence of a cavity exceeding 4 cm in 
size, (3) hematogenous disseminated pulmonary tubercu-
losis, (4) the diagnosis of tuberculous meningitis, and (5) 
involvement of multiple systems (two or more systems). 
Conversely, individuals failing to meet these specified cri-
teria are classified as having mild TB.

Genotyping
We utilized the NCBI 1000 Genomes Project (https://
www.ncbi.nlm.nih.gov/) to select haplotype-tagged SNPs 
from the CHB (Han Chinese in Beijing) population. Spe-
cifically, we focused on a specific region within the IL23R 
gene located on chromosome 1p31.3. The selection of 
tagged SNPs was carried out with a linkage disequilib-
rium r2 cutoff of 0.8 and a minor allele frequency (MAF) 
of ≥ 5%. Three tag SNPs, namely rs1884444, rs7518660, 
and rs7539625, were chosen within the IL23R region. 
DNA was extracted by TianGen kit (Tiangen Biotech Bei-
jing, Co., Ltd, China) and then stored in a -80 °C freezer 
for further study. SNPscanTM was used for multiple 
SNP typing. SNPs genotyping were performed utilizing 
SNPscanTM Kit(Cat#: G0104K, Genesky Inc. Shanghai, 
China).The basic principle of this technique is to rec-
ognize alleles at SNP sites with high specificity of ligase 
binding reactions [10].

Statistical analyses
Data analysis was performed using SPSS 27.0 statistical 
software (SPSS, Chicago, IL, USA). The comparison of 
baseline data characteristics between the TB group and 
control group employed Student’s t-test for continuous 
variables, while chi-square tests and Fisher’s exact proba-
bility were utilized for categorical variables. To assess the 
deviation from Hardy-Weinberg equilibrium, a χ2 test 
was conducted to compare observed and expected geno-
type frequencies in the tuberculosis and control groups. 
A significance level of P < 0.05 was considered statisti-
cally significant. Furthermore, P values, odds ratios (OR) 
and 95% confidence intervals (95% CI) of the association 
between SNPs and TB susceptibility or severity were cal-
culated using binary logistic regression. This analysis was 
performed for allele, genotype, and three genetic models 
(dominant, recessive, and additive models), with adjust-
ments made for age and sex. In addition to comparing 
the TB group with the healthy control group, a subgroup 
analysis was conducted. To evaluate the linkage disequi-
librium (LD) and perform haplotype analysis between 
SNPs, the SHEsis online software platform was utilized 
[11].

Results
Characteristics of TB patients and controls
Our study encompassed a case‒control design, enrolling 
a total of 1137 TB patients and 581 healthy controls. The 

TB group had a mean age of 27.92 ± 8.254 years, while the 
healthy control group had a mean age of 27.97 ± 6.093 
years. In the TB group, there were 606 males (53.3%) and 
531 females (46.7%), whereas the healthy control group 
consisted of 302 males (52%) and 279 females (48%). 
No significant differences were observed in terms of age 
(P = 0.889) or sex (P = 0.604) between the two groups. 
Based on our previous definition, TB patients were cate-
gorized as severe TB (558 cases) and mild TB (579 cases). 
Among the 558 cases of severe TB, there were 219 cases 
of severe pulmonary tuberculosis (PTB), 286 cases of 
multisystem TB, and 53 cases of tuberculous meningitis 
(Supplementary Table  1). The sample qualification rate 
was 98.47%, and the success rate ranged from 99.23 to 
100%. Additionally, no deviations from the Hardy-Wein-
berg equilibrium were observed in the control group 
(P > 0.05).

Association between IL23R SNPs and TB susceptibility
Table 1 presents the association between IL23R SNPs and 
TB susceptibility. Our findings revealed no statistically 
significant differences in allele frequencies or genotype 
distribution frequencies among the two groups. More-
over, the genetic models analyzed including dominant, 
recessive, and additive models, no statistically signifi-
cant differences were identified. We further conducted 
comparisons between the mild tuberculosis group and 
the healthy control group, as well as the severe tubercu-
losis group and the healthy control group. However, no 
statistically significant differences in allele frequencies, 
genotypic distribution frequencies, or other genetic mod-
els analyzed were observed in these comparisons either. 
Therefore, we did not observe any association between 
the selected IL23R SNPs and susceptibility to TB. Supple-
mentary Table 2 displays the gene distribution frequen-
cies of the mild TB group versus the healthy control 
group and the severe TB group versus the healthy control 
group.

Association between IL23R SNPs and TB severity
Table  2 presents the comparison between 558 cases of 
severe TB and 579 cases of mild TB in terms of allelic, 
genotypic frequencies, and genetic model analyzed. We 
observed a significant association between the minor 
allele G of rs1884444 and an increased risk of severe 
TB when compared to allele T (OR: 1.201, 95% CI: 
1.013–1.424; P = 0.035). This association remained sig-
nificant after adjusting for age and sex (ORa: 1.199, 95% 
CI: 1.009–1.424; Pa = 0.039). The rs1884444 also exhib-
ited a significant association with an increased risk of 
severe TB in additive models (ORa: 1.194, 95% CI: 1.009–
1.412; Pa: 0.039). The association remained statistically 
significant after adjusting for age and sex (ORa: 1.192, 
95% CI: 1.006–1.412; Pa=0.043). However, no significant 
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differences were observed in other genetic model ana-
lyzed, including the dominant and recessive models, 
between severe and mild TB, with P values >0.05 after 
adjusting for age and sex.Regarding the distribution fre-
quencies of alleles, genotypes, and genetic models (addi-
tive model, dominant model, and recessive model) of 
rs7518660 and rs7539625, no significant differences were 
found between severe and mild TB, with P values >0.05 
after adjusting for age and sex.

Association between IL23R SNPs and TB severity subgroup 
analysis
To further investigate the association between IL23R 
polymorphisms and TB severity, subgroup analyses were 
conducted comparing severe TB versus mild TB, multi-
system TB versus mild TB, and tuberculous meningitis 
versus mild TB. Table  2 presents the results regarding 
allelic, genotypic frequencies, and genetic models ana-
lyzed between severe and mild TB. In the case of severe 
pulmonary tuberculosis (PTB) versus mild TB, the minor 
allele G of rs1884444 exhibited a significant association 
with an increased risk of severe PTB compared to allele 
T after adjusting for age and sex (ORa: 1.301, 95% CI: 
1.030–1.643; Pa=0.027, respectively). The rs1884444 GG 
genotype also showed a significant association with an 
increased risk of severe PTB compared to the TT geno-
type after adjusting for age and sex (ORa: 1.738, 95% CI: 
1.104–2.737; Pa = 0.017). In the genetic model analysis, 
rs1884444 demonstrated a significant association with 
an increased risk of severe PTB in additive models (ORa: 
1.276, 95% CI: 1.022–1.592; Pa: 0.032, respectively). How-
ever, no significant differences were observed in the 
distribution frequencies of alleles, genotypes, and gene 
models (additive model, dominant model, and recessive 
model) of rs7518660 and rs7539625 between severe PTB 
and mild TB, with P values exceeding 0.05 after adjusting 
for age and sex.

Regarding multisystem TB versus mild TB, as well as 
tuberculous meningitis versus mild TB, no significant 
differences were found in the distribution frequencies of 
alleles, genotypes, and genentic models (additive model, 
dominant model, and recessive model) of rs1884444, 
rs7518660, and rs7539625 after adjusting for age and 
sex, with P values exceeding 0.05. However, the minor 
allele G of rs1884444 showed a significant association 
with an increased risk of severe TB compared to allele 
T in the tubercular meningitis group versus the mild TB 
group after adjusting for age and sex (ORa: 1.646, 95% CI: 
1.100-2.461; Pa=0.015, respectively). The rs1884444 GG 
genotype also showed a significant association with an 
increased risk of tubercular meningitis compared to the 
TT genotype after adjusting for age and sex (ORa: 2.653, 
95% CI: 1.173–5.922; Pa = 0.019). In the genetic model 
analysis, rs1884444 displayed a significant association SN

Ps
G

en
et

ic
 

m
od

el
s

A
lle

le
/

G
en

ot
yp

e
TB

 g
ro

up
N

(%
)

H
ea

lth
y 

co
nt

ro
l

gr
ou

p
N

(%
)

O
R(

95
%

CI
)

P
O

Ra (9
5%

 
CI

)
Pa

M
ild

 T
B 

gr
ou

p 
vs

. H
ea

lth
y 

co
nt

ro
l 

gr
ou

p
Se

ve
re

 T
B 

gr
ou

p 
vs

. H
ea

lth
y 

co
nt

ro
l 

gr
ou

p
O

R(
95

%
CI

)
P

O
Ra (9

5%
 

CI
)

Pa
O

R(
95

%
CI

)
P

O
Ra (9

5%
 

CI
)

Pa

G
11

16
(4

9.
1)

54
1(

46
.6

)
1.

10
6(

0.
96

0–
1.

27
4)

0.
16

2
1.

10
3(

0.
95

7–
1.

27
1)

0.
17

4
1.

08
6(

0.
92

3–
1.

27
8)

0.
32

0
1.

08
0(

0.
91

7–
1.

27
2)

0.
35

6
1.

12
7(

0.
95

6–
1.

32
9)

0.
15

3
1.

13
4(

0.
96

1–
1.

33
7)

0.
13

7

A
A

30
6(

26
.9

)
17

0
(2

9.
3)

1
Re

fe
re

nc
e

1
Re

f-
er

-
en

ce

1
Re

f-
er

-
en

ce

1
Re

f-
er

-
en

ce

1
Re

f-
er

-
en

ce

1
Re

f-
er

-
en

ce

G
A

54
6(

48
.0

)
28

1(
48

.4
)

1.
07

9(
0.

85
2–

1.
36

7)
0.

52
6

1.
07

2(
0.

84
6–

1.
35

9)
0.

56
3

1.
04

0(
0.

79
2–

1.
36

6)
0.

77
9

1.
03

5(
0.

78
8–

1.
36

0)
0.

80
5

1.
12

3(
0.

85
1–

1.
48

1)
0.

41
2

1.
11

2(
0.

84
2–

1.
46

9)
0.

45
4

G
G

28
5(

25
.1

)
13

0(
22

.4
)

1.
21

8(
0.

92
1–

1.
61

1)
0.

16
7

1.
21

2(
0.

91
6–

1.
60

4)
0.

17
8

1.
17

7(
0.

85
4–

1.
62

2)
0.

31
9

1.
16

4(
0.

84
4–

1.
60

6)
0.

35
4

1.
26

3(
0.

91
2–

1.
74

8)
0.

15
9

1.
27

8(
0.

92
2–

1.
77

1)
0.

14
1

A
dd

iti
ve

2G
G

 +
 G

A
vs

A
A

1.
10

2(
0.

95
9–

1.
26

7)
0.

17
0

1.
10

0(
0.

95
6–

1.
26

4)
0.

18
2

1.
08

3(
0.

92
3–

1.
27

1)
0.

33
0

1.
07

7(
0.

91
7–

1.
26

4)
0.

36
5

1.
12

4(
0.

95
5–

1.
33

2)
0.

15
9

1.
13

0(
0.

96
0–

1.
33

0)
0.

14
3

D
om

in
an

t
G

G
 +

 G
A

vs
A

A
1.

12
3(

0.
90

0-
1.

40
2)

0.
30

4
1.

11
6(

0.
89

4–
1.

39
4)

0.
33

1
1.

08
3(

0.
83

9–
1.

39
8)

0.
53

9
1.

07
6(

0.
83

3–
1.

39
0)

0.
57

5
1.

16
7(

0.
90

0-
1.

51
4)

0.
24

4
1.

16
4(

0.
89

7–
1.

51
1)

0.
25

4

Re
ce

ss
iv

e
G

G
vs

G
A

 +
 A

A
1.

01
0(

0.
93

6–
1.

08
9)

0.
80

5
1.

00
8(

0.
93

4–
1.

08
7)

0.
84

6
0.

99
9(

0.
91

6–
1.

09
0)

0.
98

8
0.

99
9(

0.
91

5–
1.

09
0)

0.
97

7
1.

02
0(

0.
93

4–
1.

11
4)

0.
65

4
1.

01
6(

0.
93

0–
1.

11
0)

0.
73

0

A
bb

re
vi

at
io

n:
 T

B 
tu

be
rc

ul
os

is
; S

N
Ps

 s
in

gl
e 

nu
cl

eo
tid

e 
po

ly
m

or
ph

is
m

s;
 O

R 
od

ds
 ra

tio
; C

I c
on

fid
en

ce
 in

te
rv

al
; a , a

dj
us

te
d 

fo
r a

ge
 a

nd
 g

en
de

r

Ta
bl

e 
1 

(c
on

tin
ue

d)

 



Page 6 of 10Zhang et al. BMC Pulmonary Medicine          (2023) 23:265 

with an increased risk of severe TB in additive models 
(ORa: 1.627, 95% CI: 1.090–2.427; Pa: 0.017) and domi-
nant models (ORa: 1.884, 95% CI: 1.010–3.511; Pa: 0.046). 
Additionally, in the rs7539625 gene model analysis, the 
recessive models showed significance in the compari-
son between tuberculous meningitis and mild TB (ORa: 
1.261, 95% CI: 1.006–1.582; Pa: 0.045). No significant dif-
ferences were observed in the distribution frequencies of 
alleles, genotypes, and genetic models (additive model, 
dominant model and recessive model) of rs7518660. For 
detailed gene distribution frequencies of the subgroup 
analyses, please refer to Supplementary Table 2.

LD and haplotype analysis
Supplementary Fig.  1 presents the LD analysis between 
the tagSNPs of the IL23R gene. The R2 between rs7518660 
and rs1884444 was 0.141, indicating a moderate level of 
LD. The R2 value between rs1884444 and rs7539625 was 
0.403, indicating a relatively stronger level of LD. Finally, 
the R2 between rs7518660 and rs7539625 was 0.314, indi-
cating a moderate level of LD as well. Haplotypes with 
frequencies below 0.03 were excluded from the analysis. 
Table 3 presents the results of the haplotype analysis. Six 
haplotypes were identified, namely GAG, GGA, GGG, 
TAG, TGA, and TGG. Among these haplotypes, it was 
found that haplotype TGGs were significantly associated 
with a reduced risk of severe tuberculosis (ORa: 0.715, 
95% CI: 0.526–0.973; Pa=0.032). However, no significant 
associations were observed for the other three haplotypes 
(GAG, GGA, GGG, TAG and TGA).

Discussion
Cellular immunity plays a crucial role in the body’s immune 
system, and the pathogenesis of tuberculosis is closely asso-
ciated with the immune function of the body. Cytokines, 
which are small molecular proteins secreted by cells, play 
essential mediatory and regulatory roles in various interac-
tions between immune cells. The level of cytokines deter-
mines the immune function of the body [12]. The IL-12 
family, comprising IL-12, IL-23, IL-27, and IL-35, plays 
a regulatory role in the immune system’s ability to com-
bat infectious diseases, autoimmune diseases, and tumors 
[13]. IL-23, as a major member of the IL-12 family, is pri-
marily produced by activated CD4 + T cells, dendritic cells, 
macrophages, B cells, and endothelial cells. It consists of 
two subunits, IL-23 P19 and IL-12 P40, corresponding to 
the receptors IL23R and IL-12Rβ1, respectively. Research 
indicates that IL-23 is a pivotal cytokine in the activa-
tion, proliferation, and differentiation of CD4 + T cells, and 
it can induce their proliferation. Additionally, IL-23 can 
enhance the activity of antigen-presenting cells such as den-
dritic cells and promote immune responses [14, 15]. IL-23 
directly induces the secretion of interferon-γ (IFN-γ) and 
interleukin-12 (IL-12) by dendritic cells, suggesting that it 

activates antigen-presenting cells and enhances the activity 
of helper T cells (Th1). This activation, in turn, strengthens 
the phagocytic capabilities of macrophages, the cytotoxic-
ity of natural killer cells, and the inflammatory response of 
tissues [16]. IL-12, a crucial factor in the Th1 cell immune 
response, promotes the secretion of IFN-γ by Th1 cells and 
NK cells. Since Mycobacterium tuberculosis is an intracel-
lular bacterium residing within macrophages, IFN-γ effec-
tively enhances macrophage activity against Mycobacterium 
tuberculosis. Some studies suggest that IL-12 production 
may be dependent on IL-23, indicating the significant role of 
IL-23 in the immune response to tuberculosis [17].

IL23R polymorphism is associated with a variety of 
diseases, such as autoimmune diseases, chronic dis-
eases, and infectious diseases, among which IL23R 
polymorphism has been unequivocally established to 
exhibit associations with a plethora of ailments encom-
passing autoimmune disorders, chronic conditions, and 
infectious diseases [14–16]. Notably, the investigation 
of IL23R polymorphism primarily gained momentum 
within the realm of autoimmune diseases [18–23]. In 
the context of Crohn’s disease, a comprehensive analy-
sis revealed that rs7517847 and rs11209026 exerted a 
protective effect, whereas rs10889677, rs1004819, and 
rs1495965 did not exhibit a statistically significant corre-
lation with the aforementioned disorder [24]. Moreover, 
investigations have indicated that rs6682925 is linked to 
malignant neoplasms and coronary heart disease [21, 23]. 
Pertaining to infectious diseases, IL23R polymorphisms 
have been reported in association with viral infections, 
leprosy, and related manifestations. A genome-wide asso-
ciation study by Zhang identified rs3762318 as a protec-
tive factor for leprosy [25].

While the presence of IL23R gene polymorphisms has 
been associated with a wide array of diseases, its relation-
ship with tuberculosis remains comparatively limited. Only 
three articles documented the association between IL23R 
gene polymorphisms and tuberculosis, focusing specifi-
cally on Chinese and Tunisian populations. Ben-Selma W 
conducted a study involving 150 healthy controls and 168 
patients with pulmonary tuberculosis in Tunisia, elucidating 
the association of rs11209026 with susceptibility and sever-
ity of pulmonary tuberculosis [26]. In the Uygur population 
of China, Jiang DB identified the AA genotype at rs7518660 
as a potential risk factor for TB (P < 0.0001, OR: 6.25, 95% 
CI: 3.85-10), while the GG genotype appeared to confere 
a protective effect against PTB (P < 0.0001, OR: 0.21, 95% 
CI: 0.13–0.32). Furthermore, the rs10889677 C allele and 
CC genotype were suggested to be potential risk factors 
for TB (P = 0.0446, OR: 1.53, 95% CI: 1.01–2.31), whereas 
the AA genotype exhibits a protective effect [27].Further-
more, in the Chinese Uygur population, a noteworthy asso-
ciation was established between rs1884444 and cavitary 
lesions (GG + GT vs. TT, OR = 3.61, 95% CI: 1.90–6.85). 
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Additional investigations have revealed that IL23R gene 
polymorphisms are implicated in osteoarticular tuberculo-
sis among the Guangxi Zhuang population. The presence of 
the C allele of rs10489629 may act as a susceptibility factor 
for osteoarticular tuberculosis (OR = 0.657, 95% CI: 0.446–
0.969), while the A allele of rs10889675 may also confer 
susceptibility to osteoarticular tuberculosis (OR = 0.6248, 
95% CI: 0.4154–0.9397). Moreover, the CA genotype may 
be associated with susceptibility to osteoarticular tubercu-
losis [28]. Based on the aforementioned studies, it is evident 
that IL23R gene polymorphisms are associated with tuber-
culosis susceptibility and severity; however, the number of 
investigations conducted in this field remains limited, with 
a lack of studies specifically focusing on the Chinese Han 
population. Considering the crucial role played by IL23 in 
the immune response against tuberculosis, we aimed to 
further explore the potential association between IL23R 
polymorphisms and the susceptibility as well as sever-
ity of tuberculosis. Within our study, we did not observe a 
significant association between the IL23R gene polymor-
phisms rs1884444, rs7518660, rs7539625 and tuberculosis. 
Notably, rs7518660 was previously implicated in tubercu-
losis susceptibility among the Uygur population in China. 
Discrepancies between our findings and those reported in 
the literature may be attributed to variations in ethnic back-
grounds. Nonetheless, in the comparison between severe 
tuberculosis and mild tuberculosis, the G allele of rs1884444 
and the additive genetic model demonstrated a significantly 
increased risk of severe tuberculosis after adjusting for age 
and sex (ORa: 1.199, 95% CI: 1.009–1.424; Pa=0.039, respec-
tively). Subgroup analysis, accounting for confounding fac-
tors such as age and sex, also indicated that the, rs1884444 
G allele was associated with an elevated risk of severe pul-
monary tuberculosis and tuberculous meningitis.

The rs1884444 is located on exon 2 of IL23R and the 
non-synonymous SNP results in amino acid change in 
codon 3 (His3Gln). Therefore, it may affect the specific-
ity and affinity of the ligand receptor, regulating the pro-
inflammatory effect of Th17 cells and influencing the 
host immune response to tuberculosis. Previous stud-
ies have shown that mutations in this site may interfere 
with binding of an exonic splicing enhancer leading to 
exon skipping, malformation or alternative splicing [29]. 
Consequently, our investigation unveils that IL23R gene 
polymorphisms do not appear to be associated with 
tuberculosis susceptibility in the Chinese Han popula-
tion. However, it does indicate a potential association 
between IL23R gene polymorphism and an elevated risk 
of severe tuberculosis.

To the best of our current knowledge, limited studies have 
identified an association between IL23R gene polymor-
phisms and the severity of tuberculosis. One such associa-
tion involves the rs11209026 polymorphism, which has been 
linked to the severity of active tuberculosis in the Tunisian SN
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population. Another association involves the rs1884444 
polymorphism, which has shown a significant correlation 
with cavitary lesions in Chinese Uygurs. In our study, we 
categorized severe tuberculosis into three subgroups: severe 
PTB, multisystemic TB, and tuberculous meningitis. Within 
the Han Chinese population, we observed that the IL23R 
polymorphism rs1884444 was associated with an increased 
risk of severe tuberculosis and tuberculous meningitis. 
These findings align with previous research conducted on 
the Chinese Uyghur population [27]. However, we did not 
find an association between rs1884444 and the risk of mul-
tisystemic TB, which warrants further investigation. It is 
important to note that the severity of tuberculosis can be 
influenced by the strain of Mycobacterium tuberculosis. In 
our study, we mainly focused on tuberculosis patients from 
Sichuan Province, where the predominant strain is the Bei-
jing type, accounting for approximately 76% [30]. Therefore, 
we made efforts to minimize the impact of Mycobacterium 
tuberculosis strains on the severity of tuberculosis as much 
as possible.

Despite advancements in TB diagnostic technology, the 
number of TB-related deaths remains high. According to 
the 2022 Global TB data report, it is estimated that China 
alone has 30,000 TB-related deaths, with a TB mortality rate 
of 2.1 per 100,000 population and a case fatality rate of 4% 
[1]. Severe TB stands as the primary cause of mortality, with 
the mortality rate for TB alone ranging from 22.4 to 68.2% 
between the 1970s and 2011 [31]. Given the high mortal-
ity rate associated with severe TB, the lack of standardized 
definitions, guidelines, and comprehensive understanding 
of the complex pathogenesis underlying severe TB, numer-
ous genetic mechanisms remain unexplained. Hence, our 
aim was to delve deeper into the influence of host gene sin-
gle nucleotide polymorphisms on severe TB. Through our 
study, we have identified a noteworthy association between 
IL23R gene polymorphisms and the risk of severe TB.

Our study has several limitations that should be acknowl-
edged. Firstly, the lack of standardized criteria and guide-
lines for defining severe tuberculosis posed a challenge in 
our study. We relied on partial guidelines and clinical exper-
tise to define severe tuberculosis, which may have intro-
duced variability in the inclusion criteria and potentially 

influenced our results. Secondly, our investigation focused 
only on three specific tagSNP loci (rs1884444, rs7518660 
and rs7539625), which may not represent the full spec-
trum of genetic variations in the IL23R gene. Thirdly, the 
susceptibility and severity of tuberculosis are influenced 
by multiple factors, including genetic, environmental, and 
gene-environment interactions. We did not account for 
important environmental factors such as smoking and alco-
hol consumption, which may have influenced the outcomes. 
Fourthly, our study was limited to the Chinese Han popula-
tion aged between 15 and 45 years old, and further valida-
tion in other populations is necessary. It is crucial to exercise 
caution when generalizing these findings to other ethnic 
groups. Fifthly, our study focused solely on the impact of 
IL23R gene single nucleotide polymorphisms on tuberculo-
sis susceptibility and severity. Further functional investiga-
tions are required to confirm our conclusions. Additionally, 
the statistical significance may be compromised by multiple 
comparisons adjustment considering the number of SNPs 
and subgroups analyzed. Future studies with larger sample 
sizes are warranted to address these limitations.

Despite these limitations, our research has made a 
significant contribution by revealing that IL23R gene 
polymorphism may not be associated with tuberculosis 
susceptibility in the Chinese Han population but may 
confer an increased risk of severe tuberculosis.
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