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Abstract

Background: Tuberculosis (TB) continues to be a significant public health concern among children
and adolescents in high-burden countries, including China. However, there is a paucity of literature
concerning the clinical features and epidemiological characteristics of childhood TB in Xinjiang, the
region with the highest TB burden in China. Methods: A retrospective analysis was conducted of
children and adolescents aged 0-17 years who were hospitalized with TB between January 2020 and
December 2022. A comprehensive analysis of demographic, clinical and laboratory data on different
types of TB was conducted, and risk factors for extrapulmonary tuberculosis (EPTB) and severe TB
were explored. Results: Among the 253 children and adolescents, 55.3% had pulmonary TB (PTB)
and 45.1% had EPTB. The younger children (0-5 years) were more affected by EPTB (78.3%). The most
prevalent clinical symptoms were fever (82.2%), cough (79.4%), fatigue (66.4%), and night sweats
(562.6%). Tuberculous meningitis (TBM) was the predominant form of EPTB, accounting for 40.4% of
cases. Younger age and rural residence were significant risk factors for both EPTB and severe TB.
Laboratory results demonstrated high positivity rates for tuberculin skin tests (96.1%) and interferon-
v release assays (84.5%) in all patients, with lower rates of positive smear microscopy and GeneXpert
results in EPTB cases. Conclusion: The epidemiology of childhood TB in Xinjiang is characterized by
a high incidence of EPTB, with a particularly high prevalence of TBM among younger children. The
improvement of early diagnosis of TB in children and adolescents is of critical importance for the
enhancement of disease outcomes.

Keywords: clinical; risk factors of tuberculosis; children; adolescents

1. Introduction

Tuberculosis (TB), caused by Mycobacterium tuberculosis (MTB), remains a major global health
threat, significantly affecting the lives and development of millions of children and adolescents. In
2023, TB regained its status as the leading cause of death from a single infectious agent, with 10.8
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million cases developing worldwide. Children and adolescents under 15 years of age accounted for
approximately 12% of all TB cases [1]. TB in children and adolescents accounts for a significant
proportion of the total estimated number of cases in low-income countries compared to high-income
countries. This has resulted in a significant number of underdiagnoses of childhood TB in low-income
areas. The underlying factors contributing to this phenomenon include inadequate staffing levels,
limited expertise in the diagnosis of childhood TB, and the suboptimal quality of diagnostic tools for
TB [2,3]. In instances where the healthcare team lacks expertise in TB or encounters a disease that can
be easily confused with other illnesses, the diagnosis and treatment of TB may be delayed [4].
Moreover, unregulated treatment frequently results in the emergence of drug-resistant TB. This has
been identified as a significant contributing factor to the physical sequelae and long-term financial
burden experienced by families of sick children [5].

China is one of the countries with a high burden of TB, accounting for approximately 6.8% of
the global total. The Xinjiang Uygur Autonomous Region, situated in the northwestern region of
China, has been identified as a region with a high prevalence of TB. As demonstrated by the reported
incidence data for pulmonary tuberculosis from the Chinese Tuberculosis Information Management
System between 2009 and 2018, the Xinjiang Uygur Autonomous Region exhibited the highest
average reported incidence rate of pulmonary tuberculosis (155 per 100,000) [6]. However, data
concerning the prevalence of TB in children and adolescents within this region remains limited.
Spatial clustering of childhood TB cases serves as a practical indicator of localized uncontrolled TB
transmission [7]. Furthermore, it plays an important role in the future epidemiological landscape of
TB.

The present study employed a retrospective design to investigate the clinical characteristics of
pediatric TB patients admitted to a regional referral hospital of Xinjiang Uygur Autonomous Region
for infectious diseases. The aim of this study was to provide a comprehensive description of the
clinical features of children and adolescents diagnosed with TB, with a particular focus on identifying
risk factors associated with severe forms of the disease.

2. Methods

2.1. Study Population

This study was conducted between January 2020 and December 2022 at the Infectious Disease
Hospital of the Xinjiang Uygur Autonomous Region. The study population comprised children and
adolescents aged 0-17 years who had been diagnosed with TB and admitted to the pediatric TB wards.
For patients who have been hospitalized multiple times, only the information from the first admission
is included in the analysis. The demographic and clinical data of the patients were retrieved from
their respective medical records. A clinical information Survey was completed for each patient (Table
S1). The study was conducted in accordance with the principles of the Declaration of Helsinki. The
research protocol was reviewed and approved by the The Infectious Disease Hospital of Xinjiang
Uygur Autonomous Region (No. 2024-018). All patient data were anonymized and de-identified to
protect patient privacy. The study adhered to the relevant national and institutional guidelines for
the ethical conduct of research involving human participants.

2.2. Diagnosis of TB

The diagnosis of TB was made in accordance with the Chinese Pulmonary Diagnosis Criteria
WS288-2017 [8]. TB cases were categorized as follows: (1) Confirmed case: A biological specimen that
has been identified as positive by smear microscopy, culture, molecular methods, or
histopathological examination. (2) Clinically diagnosed case: Radiographic evidence was found to be
consistent with TB, and at least one of the following was present: TB symptoms, positive tuberculin
skin test (TST) or interferon-y release assay (IGRA) results, histopathological findings, or
bronchoscopy evidence consistent with TB. (3) Non-TB: An alternative diagnosis is established, with
clinical resolution without anti-TB treatment.
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2.3. Laboratory Tests

The TB-related laboratory tests performed included TST, IGRA, smear microscopy, culture, and
molecular detection. The commonly used specimens for pathogen detection (smear microscopy, MTB
culture, and Gene Xpert) included sputum (including induced sputum), lavage fluid, and gastric
aspirate in most patients with PTB. Patients with EPTB were provided with tissue biopsy specimens.

2.4. TB Classification

TB classification followed Chinese criteria WS196-2017 [9]:

Pulmonary TB (PTB): TB confined to the lungs, trachea, bronchi, or pleura.

Extrapulmonary TB (EPTB): TB affecting organs or tissues other than the lungs (e.g., lymph
nodes, abdomen, genitourinary tract, skin, joints and bones, meninges). Patients presenting with both
PTB and EPTB were exclusively categorized in the EPTB group.

Disseminated TB (DTB): TB involving >2 noncontiguous sites [10].

Severe TB: Includes DTB, or tuberculosis meningitis (TBM) [10].

2.5. Statistical Analysis

Descriptive statistics were employed, including frequency analysis for categorical variables.
Subsequently, comparative analyses between subgroups were conducted, with consideration given
to factors such as gender, age, residence, Time from onset of symptoms to hospital visit and contact
history. The patients were divided into three age groups for the purposes of the study: 0-5 years (pre-
school age), 6-12 years (school age), and 13-17 years (adolescence). The time interval from the onset
of symptoms to the patient’s hospital visit was categorized into the following intervals: 0-30, 31-60,
61-90, and <90.

The Modified Poisson Regression was employed to calculate crude and adjusted relative risk
(RR) using univariable and multivariable analysis. Statistical analyses were conducted utilizing SPSS
27.0, with a two-sided P value of less than 0.05 being considered statistically significant. E value was
calculated using online E-value calculator (https://www.evalue-calculator.com/evalue/) [11,12].
Population Attributable Fraction (PAF) was calculated using the formula: PAF=Peases*(RR-1)/RR,
while Peases indicates the prevalence of exposure among cases [32].

3. Results

3.1. Demographic and Clinical Data

A total of 253 children and adolescents diagnosed with TB were enrolled in the study between
January 2020 and December 2022. As demonstrated in Table 1, 39.9% (101/253) of the participants
were male. The distribution by age and gender revealed a higher proportion of males in the 0-5 years
age group (56.5%, 13/23), which decreased to 40.0% (52/130) in the 6-12 years group and 36.0%
(36/100) in the 13-17 years group. In other words, the proportion of male patients decreased with
increasing age.

Table 1. The demographic characteristics of pediatric patients with TB.

Characteristics n (%)
Gender
Male 101 (39.9)
Female 152 (60.1)
Age group, y
0-5 23(9.1)
6-12 130 (51.4)
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13-17 100 (39.5)
Residence
City 58 (22.9)
County 52 (20.6)
Rural 143 (56.5)
BCG vaccination
Yes 108 (42.7)
No 9(3.6)
Unknown 136 (53.7)
Time from onset of symptoms to hospital visit, d
0-30 138 (54.5)
31-60 35 (13.8)
61-90 12 (4.7)
>90 68 (26.9)
TB type
PTB 139 (54.9)
EPTB 114 (45.1)
Tuberculous meningitis 46/114 (40.4)
Lymphatic TB 31/114 (27.2)
Osteoarticular TB 28/114 (24.6)
Abdominal TB 6/114 (5.3)
Intestinal TB 6/114 (5.3)
Contact history
Yes 49 (19.4)
No 93 (36.7)
Unknown 111 (43.9)
Severity of TB
Severe 79 (31.2)
Non-severe 174 (68.8)
Clinical manifestations
Fever 141 (55.7)
Cough 169 (66.8)
Sputum production 125 (49.4)
Fatigue 154 (60.9)
Loss of appetite 116 (45.8)
No weight gain or loss 86 (34.0)
Night sweats 131 (51.8)

Note: TB: Tuberculosis; PTB: Pulmonary tuberculosis; EPTB: Extrapulmonary tuberculosis.

The median age of the enrolled children and adolescents was 12 years (interquartile range 8-14
years), with an age range of 7 months to 17 years. The majority of subjects were in the 6-12 years age
group (51.4%, 130/253). Most patients (56.5%, 143/253) were from rural areas. The Bacillus Calmette-
Guérin (BCG) vaccination rate was found to be comparatively low, with 42.7% (108/253) of children
and adolescents having confirmed vaccination status, due to incomplete vaccination records. For
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more than half of the patients (54.5%, 138/253), an accurate diagnosis was made within 30 days of the
onset of symptoms.

Close contact with active TB patients was reported by 19.4% (49/253) of children and adolescents.
Of those with known exposure, 30.4% (7/23) were aged 0-5 years, 18.5% (24/130) were aged 6-12 years,
and 18.0% (18/100) were aged 13-17 years.

The incidence of PTB was found to be higher among the enrolled children and adolescents
(55.3%, 140/253). Among EPTB cases, the most prevalent form was TBM (40.4%, 46/114), followed by
lymphatic TB (TBL) (27.2%, 31/114) and osteoarticular TB (24.6%, 28/114). Severe TB was observed in
31.2% (79/253) of cases.

3.2. Distribution of TB Types by Age

The distribution of TB types across different age groups was analyzed. As shown in Figure 1a,
the 0-5 years age group was predominantly affected by EPTB, with the proportion of PTB cases
increasing with age. In the 13-17 years age group, the most prevalent form was PTB. Further analysis
of the EPTB types revealed that TBM was the most prevalent, followed by TBL and osteoarticular TB

(Figure 1b).
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Figure 1. Classification of TB types stratified by age group. (a) The prevalence of pulmonary and extrapulmonary
tuberculosis in different age groups. (b)The prevalence of distinct forms of extrapulmonary tuberculosis across
age groups.

3.3. Clinical Symptoms by TB Type

The most frequently observed clinical manifestations in the pediatric TB patients were fever,
cough, fatigue, and night sweats. Figure 2 compares the clinical symptoms observed in patients with
PTB and EPTB. Patients with PTB were more likely to present with a significant cough (84.2% vs.
45.6%, P <0.001) and sputum production (70.5% vs. 23.7%, P <0.001). In contrast, patients with EPTB
were more likely to present with loss of appetite (53.5% vs. 39.6%, P = 0.027). Furthermore, a higher
prevalence of no weight gain or weight loss (39.5% vs. 29.5%) and night sweats (56.1% vs. 48.2%) was
observed in EPTB cases, though these differences were not statistically significant.
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Figure 2. Comparison of clinical symptoms in PTB and EPTB cases.

3.4. Risk Factors Associated with EPTB or Severe TB

Subsequent analysis identified risk factors associated with EPTB and severe TB. As
demonstrated in Table 2 and S2, a higher prevalence of EPTB and severe TB was observed in younger
children (aged 0-5 years). The relative risk for these conditions demonstrated a decline with
increasing age. Furthermore, children and adolescents residing in urban areas exhibited a reduced
likelihood of developing EPTB or severe TB in comparison to those residing in rural or town areas,
thereby indicating a heightened risk in the latter group.

Table 2. Risk factors for extrapulmonary tuberculosis in this study.

Characteri  Total PTB EPTB Crude RR 1\37a1u Adjusted RR f/alu anl 11:
stics (n=253) (n=139) (n=114)  (95% CI) o (95% CI) e F
Age
groups, y
0-5 23 5(217) 18(78.3) 1.00 Ref.  1.00 Ref.
29 -
68 0.609 (0.460- <0.00 0.557 (0.429- <0.00
6-12 130 (52.3) 62 (47.7) 0.807) 1 0.724) 1 ? 30'
66 0.434 (0.307- <0.00 0.413 (0.298 <0.00 2 -
13-17 100 (66.0) 34 (340 0.615) 1 0.571) 1 8 26'
Gender
Male 101 >7 44 (43.6)  1.00 Ref
(56.4) ' ' '
82 1.057 (0.798-
Female 152 (53.9) 70 (46.1) 1.400) 0.698
Residence
Cit 58 40 18 (31.0) 1.00 Ref 1.00 Ref
v (69.0) . . . . .
25 1.673 (1.052- 1.732 (1.115- 2.8
County 52 (48.1) 27 (51.9) 2.662) 0.030 2.691) 0.014 6 8.7
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74 1.555 (1.022- 1.666 (1.102- 27 22
Rural 143 (51.7) 69 (48.3) 2.365) 0.039 2519) 0.016 2 6
BCG
vaccinated
63
Y 1 45 (41.7 1. Ref. 1. Ref.
es 08 (58.3) 5 (41.7) 00 e 00 e
1.867 (1.233- 1.727 (1.164- 2.8
. . . .007 1.
No 9 2(222) 7(77.8) 2.825) 0.003 2.561) 0.00 5 5
74 1.094 (0.820- 1.115 (0.843- 1.4
Unknown 136 (54.4) 62 (45.6) 1.461) 0.542 1.477) 0.446 - 5.5
Time from onset of symptoms to hospital visit, d
77
- 1 1(44.2 1. Ref.
0-30 38 (55.8) 61 (44.2) 00 e
20 0.970 (0.633-
1- 15 (42. .887
31-60 35 57.1) 5(42.9) 1.485) 0.88
0.943 (0.470-
61-90 12 7(58.3) 5(417) 1.889) 0.868
35 1.098 (0.807-
>90 68 (515) 33 (48.5) 1.494) 0.553
Contact history
26
Y 4 23 (46. 1. Ref.
es 9 (53.1) 3 (46.9) 00 e
51 0.962 (0.663-
No 93 (54.8) 42 (45.2) 1.396) 0.839
Unkno 62 0.940 (0.654-
wn 111 (55.9) 49 (44.1) 1.353) 0.741

Note: PTB: Pulmonary tuberculosis; EPTB: Extrapulmonary tuberculosis; BCG: Bacillus Calmette-Guérin; RR:
relative risk; PAF: population attributed fraction.

A stratified analysis was conducted by age and gender. However, due to limitations in the
sample size, we conducted EPTB risk factor-related analyses exclusively for the 6-12 age group (Table
S3) and girls (Table S4). The risk factors for EPTB in girls were found to be comparable to those
observed in the overall cases, and the 6-12 age group exhibited a similar trend; however, the majority
of the observed differences were not statistically significant.

3.5. Laboratory Results

As demonstrated in Table 3, laboratory testing revealed that 96.1% (99/103) of children and
adolescents tested positive for the TST, while 84.5% (196/232) tested positive for the IGRA. The
prevalence of positive TST (92.3% vs. 98.4%) and IGRA (85.6% vs. 83.6%) results was similar between
EPTB and PTB patients. Of the diagnostic tests performed, smear microscopy yielded a positive result
in 35 children and adolescents, MTB culture in 59 children and adolescents, and GeneXpert in 82
children and adolescents. Patients with EPTB exhibited a significantly lower proportion of positive
smear microscopy (6.3% vs. 22.3%, P = 0.001) and GeneXpert tests (31.4% vs. 53.1%, P = 0.004)
compared to patients with PTB.

Table 3. Laboratory test results for PTB and EPTB cases.

Diagnostic Test Total (n=253) PTB (n=139) EPTB (n=114) P value
TST (positive) 99/103 (96.1%) 63/64 (98.4%) 36/39 (92.3%) 0.151
IGRA (positive) 196/232 (84.5%)  107/128 (83.6%)  89/104 (85.6%) 0.678
Smear microscopy (positive)  35/225 (15.6%) 29/130 (22.3%) 6/95 (6.3%) 0.001
MTB culture (positive) 59/176 (33.5%) 38/100 (38%) 21/76 (27.6%) 0.149
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Gene Xpert (positive) 82/183 (44.8%)  60/113(53.1%)  22/70 (31.4%) 0.004

Note: PTB: Pulmonary tuberculosis; EPTB: Extrapulmonary tuberculosis; IGRA: Interferon-y release assay; TST:

Positive tuberculin skin test; MTB: Mycobacterium tuberculosis.

4. Discussion

This study aimed to examine the clinical and epidemiological characteristics of TB in children
and adolescents from Xinjiang, a region of China that has highest burden of TB [6]. To the best of our
knowledge, this is the first report focusing on pediatric TB in this region, which underscores the
significance of understanding local TB trends, particularly among children and adolescents. The
findings provide valuable insights into the distribution, clinical manifestations, and risk factors
associated with TB, offering a foundation for improving early detection and management strategies
for pediatric TB in the area.

The findings of the present study indicated that the majority of children and adolescents
hospitalized with TB were from rural areas (56.5%), thus highlighting a significant urban-rural
disparity in terms of TB burden. This finding is consistent with those from other regions, where rural
areas often face challenges such as limited access to healthcare, higher rates of malnutrition, and poor
living conditions. These factors contribute to increased TB transmission and disease progression [13—
15]. This finding emphasizes the need for targeted TB control programs in rural regions to mitigate
the growing burden of childhood TB.

The gender distribution in our study showed a predominance of females (60.1%), which is in
contrast to the male-dominated prevalence observed in some previous studies [10,16,17]. Notably,
we observed that the proportion of males was higher among children aged 0-5 years (56.5%), whereas
it decreased to 38.3% in those older than five years. This shift in gender disparity aligns with findings
from studies in South Africa, Uganda, and India, where adolescent girls were found to be more
susceptible to TB [18-20]. This discrepancy may be attributable to a number of factors. Firstly, the
influence of hormonal levels. Hormonal changes during puberty have been hypothesized to affect
the incidence of active tuberculosis in children and adolescents. It has been demonstrated that, in the
case of female subjects, androgen levels increase prior to estrogen levels during the process of
puberty. Estrogen has been demonstrated to promote TH1-mediated immune responses, while
androgens have been shown to inhibit these responses [21]. Secondly, the nutritional status. Surveys
have indicated that the level of 25-hydroxyvitamin D in female subjects aged between 12 and 19 years
is significantly lower than in male subjects [22]. Furthermore, the incidence of anemia is higher in
female subjects aged between 12 and 15 years [23]. These factors might contribute to the higher
prevalence of tuberculosis in adolescent females. Consequently, in the prevention and control of
tuberculosis among children and adolescents, there is a need to strengthen screening of adolescents
and to pay particular attention to improving the nutritional status of adolescents, especially females.

In the present study, EPTB was identified as a prevalent form in pediatric TB patients,
accounting for 45.1% of the observed cases. This prevalence is lower than that reported by Beijing
Children’s Hospital (54%) [10] and Syria (73.6%) [24], but higher than in adults (37.4%) [25]. The high
incidence of EPTB in younger children, particularly those under five years old, can be attributed to
their immature immune systems, which render them more susceptible to extrapulmonary spread. In
the present study, the incidence of EPTB in children under five years was 78.3%, in comparison to
34% in those aged 13-17 years. The decline in the prevalence of EPTB with increasing age, as
evidenced by both this study and a previous investigation [10], lends further support to the notion
that age constitutes a significant risk factor for EPTB.

Among the EPTB cases, TBM was the most prevalent form, accounting for 40.4%, followed by
lymphatic TB (27.2%) and osteoarticular TB (24.6%). These results are consistent with those from
other studies, including those conducted at Beijing Children’s Hospital (38.8%) and across mainland
China (34.18%) [10,26]. However, some studies have reported lymphatic TB as the most common
form of EPTB [24,27]. This discrepancy may be explained by the fact that the patients included in our
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study were primarily hospitalized with severe cases of TB, which may have delayed their diagnosis,
leading to a higher prevalence of severe forms such as TBM. The necessity for early recognition and
prompt intervention to prevent complications is emphasized.

The most prevalent clinical symptoms in this cohort were fever, cough, fatigue, and night sweats.
Furthermore, the presence of cough and sputum production was observed in cases of EPTB, with
51.8% of cases exhibiting concurrent PTB. Patients with PTB were more likely to exhibit significant
coughing and sputum production compared to EPTB cases, who were more likely to present with
loss of appetite and no weight gain or loss. These findings are consistent with the extant literature,
which suggests that weight loss and loss of appetite are more pronounced in EPTB cases, particularly
in TBM and other severe forms of EPTB [27,28]. The association of TB with wasting syndrome,
particularly in cases of EPTB, calls attention to the need for comprehensive nutritional support and
careful monitoring of weight changes in pediatric TB patients.

The present study identified several risk factors that have been demonstrated to be associated
with an increased likelihood of developing EPTB or severe forms of TB. The findings of this study
indicate that younger age and residing in a rural area were significant independent risk factors for
both EPTB and severe TB. It is noteworthy that 66.7% of the EPTB cases were classified as severe,
indicating an overlap between the factors that predispose children and adolescents to EPTB and those
that result in more severe forms of TB. It is evident that younger children, particularly those in the 0-
5 years age group, were at an elevated risk of both EPTB and severe TB. The result aligns with
previous studies, which have indicated that children under five years old are particularly vulnerable
to progressing to severe forms of TB, including TBM and disseminated TB, due to their
underdeveloped immune systems [10]. Additionally, living in rural areas was found to be a
significant risk factor for both EPTB and severe TB, further emphasizing the need for targeted
interventions in these regions. Children and adolescents residing in rural areas frequently encounter
delayed diagnosis, a consequence of constrained access to healthcare. This predicament can lead to
the manifestation of more severe forms of TB by the time these children and adolescents are
identified.

In order to assess the potential impact of unmeasured confounders, the E-value was calculated.
The E-values for all potential risk factors with significant differences were above 2.5. For instance, the
risk of EPTB in children aged 13-17 years was found to be significantly reduced (RR = 0.413, 95% CI:
0.298-0.571), with a corresponding E-value of 4.28. This finding suggests that a high degree of
unmeasured confounding would be necessary to fully explain the observed results, thereby
indicating the reliability of the study’s conclusions. Furthermore, the PAF of risk factors was
calculated (Table 2, S2-54). The findings of the present study indicated that 27.6% (95% CI: 21.3%—
34.1%) of EPTB cases within the study population could be attributed to rural residence. This suggests
that, in the hypothetical scenario of the complete eradication of the excess risk associated with rural
living, approximately one in four EPTB cases could be averted. It is therefore vital that the national
strategy to end TB prioritizes the reduction of the urban-rural gap.

The BCG vaccine is extensively utilized for the prevention of TB, particularly in pediatric
populations. In the present study, data pertaining to the BCG vaccination status of children and
adolescents was accessible for only 46.2% of the sample. Despite this, it is well-established that BCG
vaccination significantly reduces the risk of developing severe forms of TB, including EPTB [29,30].
The findings of this study suggest that BCG vaccination plays a crucial role in preventing severe TB
in children and adolescents, underscoring the importance of ensuring full vaccination coverage.

Contact history with TB patients is a well-documented risk factor for developing severe TB [10].
In the present study, 19.3% of children and adolescents had close contact with active TB patients, a
figure similar to the 20.9% observed in Liao Q’s study. While contact history was associated with a
higher proportion of severe TB cases, the difference was not statistically significant. This observation
underscores the complex interplay of factors that contribute to TB transmission and disease severity
in children and adolescents.
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The challenges associated with diagnosing pediatric TB have been extensively documented, and
this study further corroborates the difficulties involved in diagnosing TB in children and adolescents,
particularly in the context of EPTB. While immunological diagnostic methods, such as the TST and
IGRA, demonstrated high positivity rates in both PTB and EPTB patients, the sensitivity of
pathogenetic diagnostic methods, including smear microscopy, culture, and GeneXpert, was lower
than anticipated. EPTB patients exhibited significantly lower rates of positive smear microscopy and
GeneXpert testing in comparison to PTB patients, thereby underscoring the diagnostic limitations
inherent to extrapulmonary disease, where MTB is frequently present in low numbers and in
inaccessible body sites.

Furthermore, previous studies have noted the high false-positive rates of IGRA in non-TB
populations, which may limit its utility in active TB diagnosis in regions with a high TB burden [31].
The relatively low sensitivity of smear microscopy and MTB culture underscores the need for
improved diagnostic techniques, including the use of advanced molecular assays, to facilitate early
and accurate diagnosis in children and adolescents, particularly those with EPTB. Additionally, the
utilization of the GeneXpert test has demonstrated potential in the diagnosis of TB in pediatric cases,
however, its sensitivity remains a constraining factor, particularly in the context of non-pulmonary
forms of the disease.

5. Limitations

It is imperative to acknowledge the limitations of this study when interpreting the results.
Firstly, the retrospective nature of the study meant that data collection was dependent on the
accuracy and completeness of medical records, which may have introduced bias. Secondly, some risk
factors (such as BCG vaccination, contact history, etc.) were defined based on self-reported data, and
misclassification of risk factors may impact the performance metrics (either RR or PAF). Thirdly,
while this study provides important insights into the epidemiology of pediatric TB in Xinjiang, it is
important to note that the findings may not be generalizable to other parts of China or low-income
countries. It is evident that further multicenter prospective studies are required in order to both
confirm these findings and explore additional risk factors.

6. Conclusions

The present study draws attention to the burden of both pulmonary and extrapulmonary TB
among hospitalized children and adolescents in Xinjiang. The findings demonstrated a higher
prevalence of EPTB in younger children, particularly those under five years old, with TBM being the
most prevalent form. Key risk factors for EPTB and severe TB included younger age and residence in
rural areas, both of which have been shown to be associated with delayed diagnosis and advanced
disease. These findings emphasized the necessity for early detection, enhanced diagnostic capacity,
and targeted TB control interventions, particularly in rural areas and among younger children. In
view of the fact that cases of TBM in children under five years of age are so prevalent, it is
recommended that lumbar puncture and CNS imaging be considered in cases of febrile children
exposed to TB or who are unresponsive to antibiotics in rural clinics. The access for molecular
detection assays (such as GeneXpert) should be expanded to township hospitals, paired with
specimen transport networks. Further research into the molecular and immunological mechanisms
underlying pediatric TB in this high-burden region is needed to improve outcomes and reduce the
overall burden of disease.
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