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Purpose: Early recognition and treatment of latent tuberculosis infection(LTBI) is key to tuberculosis(TB) prevention. However, the 
emergence of LTBI is influenced by a combination of factors, of which the role of individual immune cytokines remains controversial. 
The aim of this study is to explore the influencing factors of LTBI and their effects with cytokines on LTBI.
Patients and Methods: Close contacts of tuberculosis in Urumqi City from 2021 to 2022 were selected for the study to conduct 
a field survey. It used logistic regression model to analyse the influencing factors of LTBI, principal component analysis to extract 
a composite indicators of cytokines, and structural equation modelling to explore the direct and indirect effects of cytokines and 
influencing factors on LTBI.
Results: LTBI infection rate of 33.3% among 288 TB close contacts. A multifactorial Logistic model showed that factors influencing 
LTBI included education, daily contact hours, eating animal liver, and drinking coffee (P<0.05); After controlling for confounding 
factors and extracting composite indicators of cytokines using principal component analysis, CXCL5 and IFN-γ is a protective factor 
for LTBI(OR=0.572, P=0.047), IL-10 and TNF-α is a risk factor for LTBI(OR=2.119, P=0.010); Structural equation modelling shows 
drinking coffee, eating animal liver, daily contact hours, and IL-10 and TNF-α had direct effects on LTBI and educations had indirect 
effects on LTBI(P<0.05).
Conclusion: IL-10 and TNF-α are involved in the immune response and are directly related to LTBI. By monitoring the cytokine 
levels of TB close contacts and paying attention to their dietary habits and exposure, we can detect and intervene in LTBI at an early 
stage and control their progression to TB.
Keywords: close contacts, latent tuberculosis infection, cytokines, structural equation modelling, association studies

Introduction
Latent tuberculosis infection (LTBI) is a state of persistent infection in which the body is infected with Mycobacterium 
tuberculosis (Mtb) and produces a sustained immune response without any gross clinical signs. The World Health 
Organisation (WHO) estimates1 that one quarter of the global population is infected with Mtb, that LTBI can develop into 
active Tuberculosis(TB) disease following alterations in the immune status of the organism. The LTBI population, as 
a potential reservoir of TB, has a 5–10% lifetime risk of developing active TB. According to the WHO End TB Strategy, 
the early, rapid and accurate diagnosis of LTBI for precision treatment is key to the global TB elimination.

The WHO advocates the detection and preventive treatment of LTBI in high-risk groups, especially close contacts of 
TB patients, who are at high risk of infection and disease due to long-term exposure to Mtb and are a priority group for 
intervention.1 However, the diagnosis of LTBI lacks a gold standard test.2 The tuberculin skin test (TST) is affected by 
BCG vaccination, non-tuberculous mycobacterial infection, and immune status of the organism; there is wide variation in 
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the specificity and sensitivity of the interferon gamma release assays (IGRA) in different regions and populations. 
Emerging TB antigen-based skin tests and advanced versions of IGRAs may offer some advantages but the problem 
remains.3

Furthermore, not all contacts of pulmonary TB patients acquire Mtb infection.4 Exposure to Mtb can result in either 
infection or possible clearance, The mechanism of its occurrence is complex and depends not only on the ability of the 
bacteria to replicate the infection, but also on immune response of the host.5 Although protective immunity against Mtb is 
not fully understood, it is known that Mtb infection is controlled by both innate and adaptive immunity mechanisms.6 

After Mtb invasion into the human body, macrophages first gather to the infection site to phagocytose and kill Mtb 
through innate immunity. Peptides degraded by Mtb in the phagosomes of alveolar macrophages stimulate the activation 
and proliferation of CD4+ T lymphocytes, as the predominant effector T cells in the adaptive immune response, inducing 
Th1 and Th2 differentiation.7 Activated Th1 cells can fully activate alveolar macrophages through the secretion of 
interferon (IFN)-γ, tumour necrosis factor(TNF)-α and interleukin, etc., and promote their effective killing effect on 
Mycobacterium tuberculosis.8 IFN-γ induces the production of multiple chemokines to activate cellular immunity to 
contain infection and prevent the spread of Mtb.9 While abundant studies may exist in literature regarding exploring 
potential biomarkers for identifying TB from LTBI, and analysing the role of inflammatory factors10–12 and 
chemokines13,14 in TB, few studies have focused on immune differences between LTBI and healthy populations and 
the role they play in LTBI. Most of them were either cell-line15 or animal studies,16 and only few studies used human 
peripheral blood monocytes for experiments. But, the results are controversial, with previous studies proposing that 
elevated CXCL8 and reduced TNF-α and IFN-γ are associated with LTBI.17 However, Feria et al suggested that 
compared to non-LTBI patients, those with LTBI had elevated ratios of IL-6, TNF-α,18 Essone et al suggested that 
IFN-γ and TNF-α secretion was significantly enhanced in healthcare workers with latent infection19 and Li et al 
suggested that IL-4 levels were significantly lower in IGRA-positive compared to IGRA-negative individuals.20 In 
addition, there may be a correlation between cytokines, and LTBI is also influenced by numerous factors such as 
individual factors, patient condition, exposure to the environment, etc., and previous studies have neglected the 
correlations and interrelationships between factors.

Thus, the study conducted a field survey of close contacts of high-risk groups for tuberculosis in Urumqi to 
investigate and analyse the current status of LTBI in close contacts and the factors affecting them. It used logistic 
regression model to analyse the influencing factors of LTBI, principal component analysis to extract a composite 
indicators of cytokines, and structural equation modelling to explore the direct and indirect effects of cytokines and 
influencing factors on LTBI, in order to comprehensively analyse the influence of various factors on LTBI and their 
mechanisms of action, so as to provide a scientific basis for early detection of LTBI and accurate prevention and control 
of tuberculosis.

Materials and Methods
Study Design
This study investigated contacts of TB at the time of diagnosis from January 2021 through August 2022 in Urumqi, 
Xinjiang. TB was diagnosed on the basis of positive mycobacterial culture and/or GeneXpert MTB/RIF with supportive 
symptoms and radiological evidence. After identifying TB cases, we searched for their close contacts for investigation. 
Close contacts were defined as persons who had shared air space with an individual with TB in the household or other 
indoor setting for >15 hours weekly or >180 hours total during an infectious period, defined as the interval from 3 months 
prior to diagnosis of TB in the indicated case to 14 days after the initiation of treatment.21 Cases of TB among close 
contacts were excluded from this study. The overall flow of this study is illustrated in Figure 1.

Questionnaire Survey
Face-to-face surveys were conducted by trained and qualified enumerators using self-designed questionnaires. The 
questionnaire covered demographics, lifestyle and living environment. In detail, these included situation of gender, 
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age, marital status, education, Job, BMI level, daily ventilation time, daily contact hours, growing potted plants, using 
activated carbon, smoking, drinking, exercise amount, eating animal liver and drinking coffee.

Diagnosis of LTBI
LTBI is defined as a state of persistent immune response to stimulation by Mtb antigens with no evidence of clinically 
manifested active TB.2 In this study, we diagnosed LTBI on the basis of positive TST results in close contacts of TB, 
without any symptoms of TB and without any chest radiographic abnormalities. For the LTBI diagnosis, TST test was 
performed and a chest X-ray was taken by a specialised clinician at the same time. A positive TST result was defined as 
TST screening result >5 mm in those without a history of BCG vaccination; or TST result ≥15 mm in those who had been 
vaccinated with BCG.21

Detection of Cytokines
Venous blood was collected from the elbows of the study subjects using 5 mL EDTA vacutainer tubes. The blood was 
allowed to clot naturally for 30 minutes at room temperature and centrifuged at 1000×g for about 15 minutes using 
a centrifuge. Serum was harvested aliquoted, and frozen at −80°C until use. The levels of IL-10, TNF-α, IFN-γ and 
CXCL5 were determined by using enzyme-linked immunosorbent assay (ELISA). The TNF-α, IFN-γ, IL-10 and CXCL5 
kits produced by Bioswamp Wuhan Biotechnology Co., Ltd are available under item numbers HM10001, HM10115, 
HM10203 and HM11244.

Statistical Analysis
SPSS version 26.0 was used for data collection, description and analysis. Categorical variables were expressed as 
frequencies and percentages and continuous variables of non-normally distributed variables were expressed as medians 
and interquartile ranges. The categorical variables were tested using a univariate chi-square test. This study used 

Figure 1 The overall flow of the study.
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a principal component analysis to transform cytokines into aggregated indicators in order to eliminate the correlation 
between factors, the criterion of principal component analysis was based on the Kaiser-Meyer-Olkin statistic ≥ 0.7 and 
Bartlett’s test result of P< 0.05 as the selection of appropriate indices, and using eigenvalues ≥1 considered as the cut-off 
for factor retention. By logistic regression model and then analysis of cytokine and influencing factors associations of 
LTBI in close household contacts. Structural equation modelling of the association between LTBI and cytokines and 
other factors was constructed using AMOS 24.0 software, and parameter estimation was performed by maximum 
likelihood method. P-value,0.05 was considered statistically significant.

Results
Population Characteristics
A total of 288 close contacts of 143 cases of active tuberculosis were included in this study, of which 192 were TST 
negative (<5mm) and 96 were positive (≥5mm), with an LTBI infection rate of 33.3%. The demographic, lifestyle and 
living environment variables of the individuals are summarized in Table 1.

Table 1 Demographics, Living Environment and Lifestyle of the LTBI and HC Groups

Variables Group Total LTBI HC χ2 P-value

Demographic Gender Female 115(39.93) 33(28.70) 82(71.30) 2.453 0.293

Male 173(60.07) 63(36.42) 110(63.58)

Age(year) ≤18 59(20.49) 11(18.64) 48(81.36) 7.717 0.046

18~ 90(31.25) 35(38.89) 55(61.11)

45~ 82(28.47) 31(37.80) 51(62.20)

60~ 57(19.79) 19(33.33) 38(66.67)

Marital status Married 84(29.17) 18(21.43) 66(78.57) 8.499 0.014

Unmarried 190(65.97) 71(37.37) 119(62.63)

Other 14(4.86) 7(50.00) 7(50.00)

Education ≤Primary 83(28.82) 16(19.28) 67(80.72) 12.380 0.006

Secondary 81(28.13) 33(40.74) 48(59.26)

High/polytechnic 46(15.97) 14(30.43) 32(69.56)

≥Junior college 78(27.08) 33(42.31) 45(57.69)

Job Category a 51(17.71) 26(50.98) 25(49.02) 12.230 0.007

Category b 33(11.46) 11(33.33) 22(66.67)

Category c 147(51.04) 48(32.65) 99(67.35)

Student 57(19.79) 11(19.30) 46(80.70)

BMI level Thin 37(12.85) 9(24.32) 28(75.68) 1.558 0.459

Normal 125(43.40) 43(34.40) 82(65.60)

Overweight/Obesity 126(43.75) 44(34.92) 82(65.08)

(Continued)
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Association Between LTBI and Demographic, Lifestyle and Living Environment
Univariate analysis showed that the LTBI group was statistically different from the HC group in terms of age, marital 
status, job, education, daily ventilation time, daily contact hour, as well as planting of potted plants, using of activated 
charcoal, eating animal liver, and drinking coffee (P<0.05, Table 1). Further multifactorial analyses were performed: 
education, daily contact hours, eating animal liver, and drinking coffee remained statistically significant (P<0.05, 
Table 2).

Association Between LTBI and Cytokines
The data of four cytokines, IL-10, TNF-α, IFN-γ, and CXCL5, showed a skewed distribution and were therefore analysed 
using the median to classify them into low and high levels. The results in Table 3 show that there was a statistically 
significant difference in the detection rate of LTBI at different levels of TNF-α (P<0.05), while the other three cytokines 
were not statistically significant (P>0.05). Cytokines were included in a multifactorial logistic regression model after 
adjusting for age, education, daily contact hours, eating animal liver, and drinking coffee. The results showed that none of 
the IL, TNF-α, IFN-γ, and CXCL5 were associated with LTBI (P>0.05, Table 4).

Table 1 (Continued). 

Variables Group Total LTBI HC χ2 P-value

Living environment Daily ventilation time(minutes) <30 185(64.24) 70(37.84) 115(62.16) 4.723 0.030

≥30 103(35.76) 26(25.24) 77(74.76)

Growing potted plants No 50(17.36) 24(48.00) 26(52.00) 5.857 0.016

Yes 238(82.64) 72(30.25) 166(69.75)

Using activated carbon No 237(82.29) 85(35.86) 152(64.14) 3.860 0.049

Yes 51(17.71) 11(21.57) 40(78.43)

Daily contact hours(h) <8 174(60.42) 50(28.74) 124(71.26) 4.181 0.041

≥8 114(39.58) 46(40.35) 68(59.65)

Lifestyle Smoke No 244(84.72) 79(32.38) 165(67.62) 0.657 0.418

Yes 44(15.28) 17(38.64) 27(61.36)

Drink No 233(80.90) 77(33.05) 156(66.95) 0.045 0.832

Yes 55(19.10) 19(34.55) 36(65.45)

Exercise Amount Little 257(89.24) 86(33.46) 171(66.54) 0.812 0.666

Medium 22(7.64) 6(27.27) 16(72.73)

Large 9(3.12) 2(22.22) 7(77.78)

Eating animal liver Weekly 13(4.51) 2(15.38) 11(84.62) 8.219 0.016

Monthly 125(43.40) 33(26.40) 92(73.60)

Never 150(52.09) 61(40.67) 89(59.33)

Drinking coffee Everyday 8(2.78) 7(87.50) 1(12.50) 11.084 0.004

Often 43(14.93) 15(34.88) 28(65.12)

Never 237(82.29) 74(31.22) 163(68.78)

Abbreviations: LTBI, latent tuberculosis infection; HC, healthy control; Body mass index, BMI.
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Association of Cytokines with LTBI Based on Principal Component Analysis
This study examined the correlation between the four cytokines, and the results showed strong correlations between 
every two cytokines (P<0.001). Then we conducted the principal component analysis with four cytokines and the results 
are shown in Table 5. The two common factors with a cumulative variance contribution rate of 83.410% were extracted 

Table 2 Multifactorial Analysis of LTBI in Close Contacts

Variables B SE Wald χ2 OR(95% CI) P-value

Age(year) 0.327 0.955

18~ 0.123 0.707 0.030 1.131(0.283, 4.521) 0.862

45~ 0.021 0.720 0.001 1.021(0.249, 4.190) 0.977

60~ 0.247 0.722 0.118 1.281(0.311, 5.269) 0.732

Education 10.478 0.015

Secondary 1.032 0.375 7.567 2.807(1.345, 5.856) 0.006

High/polytechnic 0.513 0.443 1.341 1.671(0.701, 3.982) 0.247

≥Junior college 1.084 0.380 8.128 2.957(1.403, 6.230) 0.004

Daily contact hours

≥8 0.622 0.286 4.746 1.863(1.064, 3.260) 0.029

Eating animal liver 11.003 0.004

Monthly −1.834 0.930 3.886 0.16(0.026, 0.990) 0.049

Never −0.844 0.293 8.300 0.430(0.242, 0.763) 0.004

Drinking coffee 6.508 0.039

Often 0.266 0.408 0.426 1.305(0.587, 2.903) 0.514

Never 2.813 1.122 6.281 16.663(1.846, 150.37) 0.012

Note: the reference of age, education, daily contact hours, eating animal liver, drinking coffee were ≤18 years, ≤primary, <8 hours, 
weekly, everyday. 
Abbreviations: LTBI, latent tuberculosis infection; OR, odds ratio; CI, confidence intervals; SE, standard error.

Table 3 Comparison of Detection Rates of LTBI with Different Levels of Cytokines

Cytokine(pg/mL) Group M (P25, P75) LTBI(n) Detection Rate (%) χ2 P-value

TNF-α ≤333.6 193.7(134.2, 270.5) 39 27.08 5.063 0.024

>333.6 469.4(399.3, 601.4) 57 39.58

IFN-γ ≤156.3 88.2(59.1, 118.6) 53 36.81 1.563 0.211

>156.3 304.0(231.2, 410.3) 43 29.86

IL-10 ≤18.6 11.4(7.7,15.5) 41 28.47 3.063 0.080

>18.6 26.3(21.2,33.3) 55 38.19

CXCL5 ≤621.4 358.8(302.9, 439.1) 53 36.81 1.563 0.211

>621.4 1083.7(845.8, 1445.5) 43 29.86

Abbreviations: LTBI, latent tuberculosis infection; TNF-α, tumor necrosis factor-α; IFN-γ, Interferon-γ; IL-10, interleukin-10; CXCL5, C-X-C motif 
chemokine ligand 5.
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in the study. Thus, two variables were generated: FI, characterized by CXCL5 and IFN-γ, F2, characterized by IL-10 and 
TNF-α.

Principal component regression analyses were performed to assess the association between LTBI (the dependent 
variable) and two common factors of cytokines (the independent variable). Our data showed that after adjusting for 
confounders, F1 and F2 were statistically significant (P < 0.05), suggesting that the F1 is a protective factor for LTBI 
(OR=0.572, P=0.047) and F2 is a risk factor for LTBI(OR=2.119, P=0.010), as shown in Table 4.

Factors Influencing of LTBI Based on Structural Equation Modelling
The results indicated that all path coefficients reached statistical significance except for F1(Figure 2, Table 6). According 
to the goodness-of-fit indicators, RMSEA = 0.048 (<0.05), GFI, AGFI, IFI, CFI, TLI were 0.970, 0.944, 0.962, 
0.961,0.942 (all >0.90) respectively, which had meant that the constructed structural equation model might be better.

Table 4 Analysis the Association of Cytokines with LTBI

Variables Model 1 Model 2

OR(95% CI) P-value OR(95% CI) P-value

CXCL5 0.802(0.340, 1.894) 0.615 - -

IL-10 1.508(0.778, 2.922) 0.224 - -

IFN-γ 0.698(0.291, 1.674) 0.420 - -

TNF-α 1.316(0.667, 2.597) 0.429 - -

F1 - - 0.572(0.329, 0.993) 0.047

F2 - - 2.119(1.195, 3.755) 0.010

Note: Moled1: logistic regression model with four cytokines as independent variables and the occurrence of 
LTBI as dependent variable; Moldel2: principal component regression analysis with two common factors of 
cytokines as independent variables and the occurrence of LTBI as dependent variable. Both models adjusted for 
age, education, daily contact hours, eating animal liver, and drinking coffee. F1 reflects CXCL5 and IFN-γ, F2 
reflects IL-10 and TNF-α. 
Abbreviations: LTBI, latent tuberculosis infection; TNF-α, tumor necrosis factor-α; IFN-γ, Interferon-γ; IL-10, 
interleukin-10; CXCL5, C-X-C motif chemokine ligand 5.

Table 5 Coefficient of Factor Loading and Total 
Variance Explained in Principal Component Analysis

Variables F1 F2

CXCL5 0.953 0.038

IL-10 −0.061 0.873

IFN-γ 0.954 0.065

TNF-α 0.162 0.848

Eigenvalues 1.926 1.410

Cumulative (%) 48.149 83.410

Notes: F1 reflects CXCL5 and IFN-γ, F2 reflects IL-10 and TNF-α. 
Abbreviations: TNF-α, tumor necrosis factor-α; IFN-γ, 
Interferon-γ; IL-10, interleukin-10; CXCL5, C-X-C motif chemo-
kine ligand 5.
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Drinking coffee, eating animal liver, daily contact hours, and F2 had direct effects on LTBI, with path coefficients of 
−0.139, 0.203, 0.128, and 0.156, respectively, and Educations could have indirect effects on LTBI through F2 and daily 
contact hours, with path coefficients of 0.034, and F1 was not associated with LTBI (P>0.05) as shown in Table 6.

Table 6 Direct and Indirect Effects and Standardized Path Coefficient of Each Path on LTBI

Path Direct Effect Indirect Effect Total Effect

Drinking coffee→LTBI −0.139b – −0.139b

Eating animal liver→LTBI 0.203a – 0.203a

Daily contact hours→LTBI 0.128b – 0.128b

Educations→F2, daily contact hours→LTBI – 0.034a 0.034a

F1→LTBI 0.156b 0.156b

F2→LTBI −0.105 −0.105

Note: aP<0.001, bP<0.05. F1 reflects CXCL5 and IFN-γ, F2 reflects IL-10 and TNF-α. 
Abbreviation: LTBI, latent tuberculosis infection.

Figure 2 Structural equation modeling determinants of LTBI. 
Notes: Arrows indicate the associations and directions between variables.
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Discussion
Mtb infection in close contacts of TB is the result of multifactorial interactions related not only to individual immune 
resistance but also to the intensity and frequency of exposure to Mtb. The Xinjiang region is the hardest-hit area in China 
in terms of tuberculosis epidemics, with “three highs and one low” in terms of high infection rate, high prevalence rate, 
high rural outbreaks, and low annual decline rate.22 Scientific screening of high-risk groups in high-epidemic areas for 
early detection and early intervention of LTBI, and timely control of close contacts developing into patients is of great 
significance in reducing and controlling the burden of tuberculosis in the region. Thus, we investigated the LTBI of close 
contacts of TB through the TST, analyzed the relevant influencing factors, and explored the existence of associations with 
cytokines.

Of the 288 close contacts of TB in this survey, 96 were LTBI and the detection rate was 33.33%, which is close to the 
results of studies on the prevalence of LTBI(30~45%) in close contacts.23–25 This population, as one of the most exposed 
high-risk groups, still has a high risk of TB infection and morbidity. It is recommended that early screening for TB should be 
carried out in order to shift from a reactive to active screening, to detect patients at an early stage, to continuously strengthen 
the dissemination of core knowledge among patients and close contacts, and to enhance the awareness and behaviour of 
close contacts in terms of personal protection, so as to reduce the rate of infection and morbidity in this group.26

The results of logistic regression and structural equation modelling are the influencing factors of LTBI include 
education, daily contact hours, eating animal liver, and drinking coffee, of which daily contact hours, eating animal liver, 
drinking coffee had direct effects on LTBI and education had indirect effects on LTBI. TB is an airborne transmission of 
germs from an infectious agent, and close contacts are exposed to an environment that provides favourable conditions for 
the survival of the germs, with the time of day spent in contact with the patient determining the degree of exposure to 
Mtb. The longer the duration of contact with the patient, the higher the chance of exposure to Mtb, thus the higher the 
chance of infection and morbidity in close contacts.27 Animal liver is rich in high quality protein and various 
micronutrients. Studies have shown that adequate protein plays an inhibitory role in the development of TB,28 and 
micronutrients and vitamins not only influence treatment of TB,29 but also inhibit the growth of Mtb in macrophages.30 

However, daily coffee drinkers have a higher rate of LTBI, possibly because the fact that coffee affects the binding of 
antidiuretic hormone to the receptor, leading to an increased loss of calcium from the body and, with prolonged 
consumption, causes abnormalities in glucose metabolism, which affect the body’s immunity.31 In addition, people 
with low literacy may have weak awareness and knowledge of TB prevention and control. Therefore, this would suggest 
that close contacts need to enhance personal protection awareness and protective behaviours to reduce the possibility of 
Mtb survival, and work together to create a healthy living environment, develop healthy dietary and lifestyle habits, and 
gradually enhance the body’s immune resistance to the spread of Mtb.

After principal component regression modelling, controlling for the original variables, IFN-γ and CXCL5 were found 
to be negatively correlated with LTBI, which may be due to macrophage/autophagy activation, which promotes the anti- 
Mtb response by activating receptor α via peroxisome proliferators.32 IFN-γ is a key component of the protective anti-TB 
immune response produced by Th1 cells,33 which initiates the immune response function through macrophages during 
LTBI and improves bactericidal capacity,34 and thus the concentration increases to act as a protective agent. CXCL5, 
a pro-inflammatory member of the CXC subfamily of chemokines, has a strong chemotactic effect on neutrophils. It has 
been shown that Toll-like receptor 2 controls neutrophil-driven immunopathology during infection with Mycobacterium 
tuberculosis by reducing the production of CXCL5.35 Thus, in turn, may lead to a protective effect of high levels of 
CXCL5.

The results of principal component regression modelling and structural equation modelling showed that IL-10 and 
TNF-α are risk factors that promote the development of LTBI, and the association may be related to macrophage 
expression. TNF-α is an important immunomodulatory and inflammatory mediator produced by activated macrophages. 
In a mouse model of Mtb infection, TNF-α receptor-deficient or TNF-neutralized mice show great sensitivity to Mtb.36 

When Mtb invades the organism, TNF-α promotes the formation of granulomas, leading to tissue necrosis and the 
formation of cavities, and in moderate amounts it has an immunomodulatory effect on the organism, but in excess it can 
produce immune damage.37 Previous study have shown that serum levels of TNF-α are higher in TB patients than in the 
healthy population, and that TNF-α levels in patients with effective treatment are lower than those in patients without 
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treatment.38 IL-10 is a multicellular source, multifunctional cytokine with the ability to regulate cell growth and 
differentiation, participate in the body’s inflammatory and immune responses, and is currently recognized as an inhibitory 
factor. It will directly affect the body’s anti-TB immune ability, impede the clearance of MTB, and is closely related to 
the immune escape of Mtb and the generation of LTBI.39 Although there is some consistency between the results of 
logistic regression and structural equation modelling, logistic regression models are not very accurate, and structural 
equation modelling estimates parameters more accurately because they do not need to take into account control variables, 
and they can incorporate measurement error into the study, identify complex relationships between variables, and explain 
the processes by which variables interact with each other.40 The present study suggests that increased levels of cytokine 
TNF-α and IL-10 concentrations in the organism are somewhat indicative of the risk of LTBI. In recent years, high 
expectations have also been placed on biomarkers of tuberculosis with a view to early intervention by tracking the course 
of the disease.

There are some limitations in the study: conveniently implemented TST tests are susceptible to BCG vaccination;so 
≥15 mm was chosen as a positive diagnostic criterion for BCG-vaccinated individuals. In future studies, we consider 
selecting tests with higher specificity to diagnose LTBI. The study obtained the conclusion that there is an association 
between IL-10, TNF-α and LTBI, in addition to cytokines affecting LTBI, there may also be changes in cytokine 
concentrations caused by the occurrence of LTBI, and the specific cause and effect associations need to be further 
verified; there are too few children and the elderly in the study population, and they were not categorized for the 
discussion. In the follow-up study, we will expand the sample size, consider different age groups, through longitudinal 
follow-up studies, the correlation between more cytokines and the development of latent TB infection or even active TB 
will be further observed under the premise of controlling more confounding factors, so as to explore the risk factors and 
immune mechanisms affecting the progression of TB, and to provide a more targeted reference for TB prevention and 
control.

Conclusion
IL-10 and TNF-α are involved in the immune response that directly influences and promotes the development of LTBI in 
close contacts of TB. It is recommended that cytokine levels of at-risk individuals should be monitored and values of 
TNF-α 333.6 pg/mL and IL 18.6 pg/mL should be considered as thresholds to determine if there is a risk of LTBI, in 
addition to their dietary habits and exposures for early detection and intervention to control the progression of Mtb 
infection.

Abbreviations
LTBI, latent tuberculosis infection; Mtb, mycobacterium tuberculosis; TB, tuberculosis; HC, healthy control, TNF-α, 
tumor necrosis factor-α; IFN-γ, Interferon-γ; IL-10, interleukin-10; CXCL5, C-X-C motif chemokine ligand 5; BMI, 
Body mass index; OR, odds ratio; CI, confidence intervals; SE, standard error.
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