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We conducted a retrospective study to investigate risk factors for tuberculosis care-seeking delay

and diagnostic delays among pediatric pulmonary tuberculosis cases in Zhejiang Province from 2013
to 2022. Among 1274 cases, 49.61% experienced tuberculosis care-seeking delays (> 14 days from
symptom onset to first hospital visit) and 14.91% faced diagnostic delays (> 14 days from initial
consultation to diagnosis). The proportion of care-seeking delays ranged from 37.42 to 64.89%,

while diagnostic delay fluctuated from 6.11 to 21.02%. Urban residence (OR=0.78, 95% Cl 0.62-0.98,
P =0.030), first visiting a municipal-level hospital (OR=0.57, 95% Cl 0.45-0.72, P<0.001), and
diagnostic method (OR=0.66, 95%CI 0.52-0.84, P <0.001) were associated with tuberculosis care-
seeking delay, whereas first visiting a municipal-level hospital (OR=2.05, 95% Cl 1.49-2.80, P<0.001)
was linked to diagnostic delay. Further analysis using a 28-day cutoff point revealed that children aged
0-4 years, those from migrant populations, laboratory-confirmed patients, and those who first visited
a county-level hospital were more likely to experience delays in seeking tuberculosis care. Thus,
society should pay more attention to the health of rural, migrant, and 0-4-year-old children, as they
are at higher risk of experiencing tuberculosis care-seeking delays.
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AIDS Acquired immune deficiency syndrome
IQR Interquartile ranges

SD Standard deviation

OR Odds ratio

95% CI 95% Confidence interval
TB-NAAT Tuberculosis nucleic acid amplification technology

Tuberculosis (TB) is a chronic infectious disease caused by Mycobacterium tuberculosis (MTB). According to
the Global Tuberculosis Report 2023, 10.6 million TB cases were estimated in 2022, maintaining the trend from
2021 and indicating a continued increase compared to 2020'. Among these TB cases, China accounts for 7.1%.
TB accounts for a staggering 1.3 million deaths globally, making it the second leading cause of mortality after
coronavirus disease 2019 (COVID-19), with a death toll nearly twice that of human immunodeficiency virus
(HIV)/acquired immune deficiency syndrome (AIDS).

Children aged 0-14 years represent 12% of the estimated TB cases and 16% of TB-related deaths worldwide.
Owing to its nonspecific symptoms, diagnosing TB in children, a vulnerable group, can be challenging?~. Because
early symptoms usually do not lead to serious consequences or impact the ability to continue daily activities,
the disease may progress for weeks or months before becoming severe enough to seek medical attention or be
diagnosed as active TB®. Good knowledge of TB may enable families to immediately recognize its signs and
symptoms in their children, and take action. The belief that cough is a common symptom that disappears after
a certain period of time is a major reason for TB care-seeking delay. For children, parents’ attitudes towards TB
greatly affect delays in seeking TB services and having a final diagnosis of TB’.

Most TB control projects rely on passive case finding which may lead to delays in care-seeking, diagnosis and
even treatment®’. However, early diagnosis and timely treatment are essential for effective TB control because
delayed diagnosis may lead to increased disease severity, prolonged patient suffering, increased risk of death,
and increased possibility of disease transmission in the community'®!!. Delayed TB progression is a global issue
affecting both developed and developing countries, stemming from TB care-seeking and diagnostic factors.
The delayed progression of TB can exacerbate its contagiousness, leading to secondary infections in endemic
areas'®!>13, Madebo et al."* found that the contagiousness of patients increased with delayed progression. Infec-
tious parameters show that in TB-endemic areas, each infection leads to 20-28 secondary infections'>.

In most countries, the systematic management of TB in children is not taken seriously because it does not
strongly contribute to the spread of the disease. One study showed that 20% of children suspended school attend-
ance owing to TB cases within their families'®. This indicated TB in children may have an even more severe
impact. In addition, they were more likely to develop severe TB and have a unfavorable treatment outcome than
adults'”. Although considerable research has explored delayed TB progression in adults, research on pediatric
pulmonary tuberculosis (PTB) remains limited. Based on current studies, care-seeking delay among children
was generally common'®. This study sought to address this gap by assessing the extent of TB care-seeking and
diagnostic delays among children in Zhejiang Province, China, and identifying contributing factors. The find-
ings will inform targeted interventions to enhance pediatric PTB control efforts and mitigate the impact of the
disease on children’s health and well-being.

Results

Patient characteristics

In the 1274 pediatric patients with PTB included in the study, the median age was 13 years, with an IQR of
11-14 years. Geographically, the majority of children lived in rural areas, accounting for 55.26% (n =704) of the
total. The proportion of the migrant population among the patients was relatively low, at only 35.40% (n=451).
Notably, most patients (97.96%, n = 1248) were new, indicating that they had either never received anti-TB drugs
or had been receiving treatment for <1 month. In terms of case finding method, mainly due to clinical consulta-
tion, accounting for 97.25% (n=1239), including direct treatment, referral, and follow-up. In addition, most
patients (63.89%, n=_814) were clinically diagnosed. Zhejiang Province has 12 municipal PTB diagnosis and
treatment hospitals; however, most patients (60.36%, n="769) were first diagnosed in county-level units (Table 1).

Time intervals and delays among pediatric PTB

The median TB care-seeking interval was 14 days (IQR: 5-34 days), and the median diagnostic interval was
1 day (IQR: 0-8 days) (Table 2). Of the 1274 patients, 632 (49.61%) experienced TB care-seeking delay, and
190 (14.91%) experienced diagnostic delay. Overall, the interval for diagnosis was shorter than that for TB care
seeking.

Trends in TB care-seeking and diagnostic delays among pediatric patients with PTB

Among pediatric PTB cases in Zhejiang Province, the proportion of TB care-seeking delays ranged from 37.42 to
64.89% (x*=28.69, P=0.001). Among them, the highest TB care-seeking delay proportion (64.89%) was found
in 2013, and the lowest TB care-seeking delay proportion (37.42%) was found in 2020, with a decreasing, but
not generally linear, trend (y*=27.79, P<0.001). During this period, a fluctuating upward trend from 2014 to
2017 and a steady decline from 2017 to 2020 were observed. In addition, the trend in diagnostic delay generally
fluctuated, and the proportion of diagnostic delays ranged from 6.11 to 21.02% (x*>=19.69, P=0.02). And the
lowest proportion of diagnostic delay was in 2013 (6.11%) and the highest was in 2018 (21.02%). It indicate an
upward trend (x*>=16.06, P=0.007) while a downward trend was observed after 2018, but the difference was
not statistically significant (y*=3.63, P=0.305) (Table 3, Fig. 1).
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TB care-seeking delay Diagnostic delay
Variables Total(n=1274) | No (n=642) Yes (n=632) | No (n=1084) | Yes (n=190)
Age 13 (11-14) 13(11.25-14) | 13 (11-14) 13(11-14) | 13(11-14)
Sex
Female 650 (51.02) 316 (48.62) 334 (51.38) 561 (86.31) 89 (13.69)
Male 624 (48.98) 326 (52.24) 298 (47.76) 523 (83.81) 101 (16.19)
Current residence
Rural 704 (55.26) 331 (47.02) 373 (52.98) 613 (87.07) 91 (12.93)
Urban 570 (44.74) 311 (54.56) 259 (45.44) 471 (82.63) 99 (17.37)
Registered residence
Resident population 823 (64.60) 429 (52.13) 394 (47.87) 693 (84.20) 130 (15.80)
Migrant population 451 (35.40) 213 (47.23) 238 (52.77) 391 (86.70) 60 (13.30)
Treatment classification
First treatment 1248 (97.96) 630 (50.48) 618 (49.52) | 1059 (84.86) | 189 (15.14)
Retreatment 26 (2.04) 12 (46.15) 14 (53.85) 25 (96.15) 1(3.85)
Case finding method
Active screening 18 (1.41) 10 (55.56) 8(44.44) 17 (94.44) 1 (5.56)
Health examination 17 (1.33) 10 (58.82) 7 (41.18) 12 (70.59) 5(29.41)
Clinical consultation 1239 (97.25) 622 (50.20) 617 (49.80) 1055 (85.15) 184 (14.85)
TB designated hospitals of first contact
County level 769 (60.36) 340 (44.21) 429 (55.79) 684 (88.95) 85 (11.05)
Municipal level 505 (39.64) 302 (59.80) 203 (40.20) 400 (79.21) 105 (20.79)
Diagnostic method
Laboratory-confirmed 460 (36.11) 209 (45.43) 251 (54.57) 391 (85.00) 69 (15.00)
Clinically diagnosed 814 (63.89) 433 (53.19) 381 (46.81) 693 (85.14) 121 (14.86)

Table 1. Baseline information of pediatric PTB in Zhejiang Province about TB care-seeking and diagnostic
delays, 2013-2022.

Factors affecting TB care-seeking delay in pediatric patients with PTB

Univariate logistic regression results showed that the year of enrollment, registered residence, current residence,
and hospitals of first contact may be the influencing factors for delayed TB care-seeking (P <0.1). The statisti-
cally significant results after univariate analysis were incorporated into the multi-factor model, and the results
of the step-up analysis showed that the year of enrollment, current residence, and hospitals of first contact
affected TB care-seeking delay (P <0.05). As the years progressed, patients with TB were less likely to be delayed
(OR=0.94, 95% CI 0.90-0.98, P=0.003). The odds of care-seeking delay were 0.78 for children living in urban
areas compared to those living in rural areas (OR=0.78, 95% CI 0.62-0.98, P=0.030), and the odds of delays
were lower at the municipal level as opposed to the county level which carrying out etiological examination and
recommending suspected multi-drug resistance patients to designated medical institutions at or above municipal
level for examination and diagnosis (OR=0.57, 95%CI 0.45-0.72, P <0.001).The odds of delays were also lower
among clinically diagnosed patients (OR =0.66, 95%CI 0.52-0.84, P<0.001) (Table 4). In our further analysis, we
categorized all patients into two groups based on the TB care-seeking interval (28 days). The results revealed that
enrollment year, age, diagnostic method, registered residence and the TB-designated hospitals of initial contact
were significantly associated with delays in TB care-seeking. In particular, children aged 10-14 years exhibited
a lower likelihood of experiencing TB care-seeking delay compared to those aged 0-4 years (OR =0.54, 95% CI
0.33-0.90, P=0.019). Additionally, migrant populations demonstrated a higher likelihood of experiencing delays
(OR=1.30,95% CI 1.01-1.68, P=0.040). The odds for delay in TB care seeking were lower at the municipal level
as opposed to the county level (OR=0.65, 95% CI 0.50-0.85, P=0.001). The clinically diagnosed patients were
less likely to experience care-seeking delay (OR=0.67, 95%CI 0.52-0.88, P=0.003) (Supplementary Table S1).

Factors affecting diagnostic delay in pediatric patients with PTB

Univariate logistic regression analysis revealed that factors such as current residence, case finding method, and
hospitals of first contact likely influenced diagnostic delay (P <0.1). Subsequently, in stepwise regression, the
hospitals of first contact emerged as a factor of diagnostic delay factor (P<0.05). Specifically, the diagnostic delay
was 2.05 times more likely at the municipal level than that at the county level (OR=2.05, 95% CI 1.49-2.80,
P<0.001) (Table 5). When we use 28 days as a threshold for diagnostic delay, we found that the hospitals of
patient first contact remained a contributing factor to diagnostic delay (OR=1.66, 95% CI 1.10-2.52, P=0.016)
(Supplementary Table S2).
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Median diagnosis time interval in days
Variables Frequency (%) Median TB care-seeking time interval in days (IQR) (IQR)
Total 1274 (100.00) 14 (5-34) 1(0-8)
Year of enrolment
2013 131 (10.28) 22 (10-50.5) 1(0-4)
2014 117 (9.18) 13 (6-30) 1(0-8)
2015 149 (11.70) 16 (5-34) 1(0-8)
2016 164 (12.87) 16.5 (4.75-38.25) 0.5 (0-6)
2017 127 (9.97) 17 (7-41) 1(0-9.5)
2018 157 (12.32) 15 (6-38) 2(0-13)
2019 135 (10.60) 12 (3.5-30.5) 2(0-8)
2020 155 (12.17) 8 (1.5-22.5) 2(0-11.5)
2021 74 (5.81) 13.5 (5-36.25) 3(0-6)
2022 65 (5.10) 11 (4-30) 3(0-8)
Sex
Female 650 (51.02) 15 (5-36.75) 1(0-8)
Male 624 (48.98) 14 (4-32) 2(0-8)
Current residence
Rural 704 (55.26) 16 (6-37) 1(0-8)
Urban 570 (44.74) 13 (3-31) 2(0-9)
Registered residence
Resident population 823 (64.60) 14 (5-32) 2(0-9)
Migrant population 451 (35.40) 16 (6-44) 1(0-7)
Treatment classification
First treatment 1248 (98.04) 14 (5-34) 1(0-8)
Retreatment 26 (1.96) 15.5 (5-73.25) 0.5 (0-7)
Case finding method
Active screening 18 (1.41) 2(0.25-30) 1 (0-3.75)
Health examination 17 (1.33) 2 (0-21) 4(1-19)
Clinical consultation 1239 (97.25) 14 (5-34) 1(0-8))
TB designated hospitals of first contact
County level 769 (60.36) 18 (6-41) 0(0-4)
Municipal level 505 (39.64) 11 (3-28) 5(1-13)
Diagnostic method
Laboratory-confirmed 460 (36.11) 16 (5-44) 2 (0-8.25)
Clinically diagnosed 814 (63.89) 14 (5-31) 1(0-8)

Table 2. Median TB care-seeking and diagnosis time intervals among pediatric PTB in Zhejiang Province.

Year Total (n=1274) | TB care-seeking delay (n=632) | Diagnostic delay (n=190)
2013 131 85 (64.89) 8(6.11)
2014 | 117 52 (44.44) 17 (14.53)
2015 149 76 (51.01) 25 (16.78)
2016 164 86 (52.44) 19 (11.59)
2017 | 127 72 (56.69) 24 (18.90)
2018 157 80 (50.96) 33 (21.02)
2019 135 59 (43.70) 19 (14.07)
2020 155 58 (37.42) 29 (18.71)
2021 |74 35 (47.30) 7 (9.46)
2022 65 29 (44.62) 9(13.85)

Table 3. TB care-seeking and diagnostic delays of pediatric PTB in different years.
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Figure 1. Proportions of TB care-seeking and diagnostic delay by year of enrolment.

- diagnostic delay

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Year of enrolment

Univariable Multivariable

Variables OR (95% CI) P OR (95% CI) P
Year 0.93 (0.89-0.97) | <0.001 |0.94(0.90-0.98) | 0.003
Age

0-4 years old 1.00

5-9 years old 0.80 (0.45-1.41) | 0.438

10-14 years old 0.80 (0.49-1.29) | 0.358

Sex

Female 1.00

Male 0.86 (0.69-1.08) | 0.195

Current residence

Rural 1.00 1.00

Urban 0.74 (0.59-0.92) | 0.007 0.78 (0.62-0.98) | 0.030
Registered residence

Resident population 1.00 1.00

Migrant population 1.22 (0.97-1.53) | 0.095 1.08 (0.85-1.37) | 0.531
Treatment classification

First treatment 1.00

Retreatment 1.10 (0.50-2.44) | 0.806

Case finding method

Active screening 1.00

Health examination 0.88(0.23-3.34) | 0.845

Clinical consultation 1.24 (0.49-3.16) | 0.653
TB designated hospitals of first contact

County level 1.00 1.00

Municipal level 0.53 (0.42-0.67) | <0.001 |0.57 (0.45-0.72) | <0.001
Diagnostic method

Laboratory-confirmed | 1.00 1.00

Clinically diagnosed 0.73 (0.58-0.92) | 0.008 0.66 (0.52-0.84) | <0.001

Table 4. Univariable and multivariable logistic regression of factors associated with TB care-seeking delay
among pediatric population. OR, odds ratio; 95% CI, 95% confidence interval.

Discussion

Using longitudinal pediatric TB surveillance data spanning a 10-year period in one Chinese province, this study
evaluated the risk factors for TB care-seeking and diagnostic delays for pediatric patients with PTB in Zhejiang
Province. Approximately 1/2 and 1/5 of pediatric PTB patients experienced TB care-seeking and diagnostic
delays, respectively, using a 14-day threshold to define delays. The median TB care-seeking and diagnostic
intervals for pediatric PTB were 14 days and 1 day, respectively. Multivariate analysis revealed that urban resi-
dents, children aged 10-14 years, clinically diagnosed patients, and the hospital of first contact at the municipal
level were significant protective factors against TB care-seeking delay while migrant population was a risk fac-
tor. Additionally, the hospital of first contact at the municipal level was a factor influencing diagnostic delay in

pediatric patients with PTB.
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Univariable Multivariable

Variables OR (95% CI) P OR (95% CI) P
Year 1.05(0.99-1.11) | 0.115

Age

0-4 years old 1.00

5-9 years old 1.32 (0.60-2.92) 0.490

10-14 years old 1.04 (0.52-2.07) | 0.911

Sex

Female 1.00

Male 122 (0.89-1.66) | 0.212

Current residence

Rural 1.00 1.00

Urban 1.42 (1.04-1.93) 0.027 1.32 (0.96-1.80) 0.084
Registered residence

Resident population 1.00

Migrant population 0.82(0.59-1.14) | 0.233
Treatment classification

First treatment 1.00

Retreatment 0.22 (0.03-1.66) 0.144

Case finding method

Active screening 1.00 1.00

Health examination 7.08 (0.73-68.60) | 0.091 5.48 (0.56-53.86) | 0.145
Clinical consultation 2.96 (0.39-22.41) | 0.292 2.29(0.30-17.49) | 0.424
TB designated hospitals of first contact

County level 1.00 1.00

Municipal level 2.11 (1.55-2.88) <0.001 | 2.05(1.49-2.80) <0.001
Diagnostic method

Laboratory-confirmed | 1.00

Clinically diagnosed 0.99 (0.72-1.36) 0.948

Table 5. Univariable and multivariable logistic regression of factors associated with diagnostic delay among
pediatric population. OR, odds ratio; 95% CI, 95% confidence interval.

The median time interval from the onset of symptoms to seeking care (14 days) found in this study was lower
than the 60 days reported in Ethiopia'®, and 59 days reported in Ghana®, but higher than the 3 days reported in
India*, and the 11 days reported in Anqing City, China?’. The median diagnostic time interval was lower than
the 41 days reported in India*!, 6 days reported in Ethiopia'®, and 45 days reported in Ghana®. These differences
may be attributed to differences in the selection of the study population, sample size, sociodemographic, cultural
and economic conditions of the study population, and the start time and duration of the study. The median
time interval for TB care-seeking decreased by 11 days between 2013 and 2022, whereas the diagnostic time
interval remained relatively stable but increased by 2 days between 2013 and 2022. These findings suggest that,
over time, the state and society have placed an increasing emphasis on the dissemination of knowledge about
TB, thereby reducing the time lag between the onset of symptoms and the seeking of health care by children and
their parents. However, the escalating complexity of pediatric disease conditions can prolong the time interval
to diagnosis. Therefore, to control the TB epidemic and reduce the time to diagnosis, consideration should be
given to the development of strategies that may impact diagnostic delay, focusing on how healthcare services
and professionals can help patients reach the healthcare system more quickly*2°.

The proportion of TB care-seeking delays for pediatric TB has increased from 2014 to 2017, potentially
because of the lack of knowledge and understanding of TB among parents and guardians, leading to the inability
to recognize their children’s symptoms and the importance of seeking care in a timely manner. This may result
to the increase in the delayed incidence of PTB in Zhejiang Province from 2014 to 2017. However, these are only
potential explanations, and further research and analysis are required to determine the exact causes. As the child
population includes schoolchildren who often congregate with their peers, transmission can easily occur in the
event of TB exposure. In 2017, China enacted policies related to TB prevention and control in schools, which
led to increased attention by national and local governments to strengthen screening and surveillance of PTB
among students to avoid outbreaks of PTB in schools?®?”. The development of the economy also affects health care
accessibility to a certain extent, and the convenience of transport allows patients to seek medical treatment more
quickly and easily across cities or provinces. These factors may potentially explain the decline in TB care-seeking
delays after 2017. The diagnosis of PTB in children differs from that in adults. Respiratory tract excretion of PTB
in children is low, which leads to a low diagnosis rate through sputum smears, sputum cultures, and other MTB
etiological diagnosis methods. PTB is mainly transmitted through the respiratory tract, and its prevention and
control are difficult. This difficulty may contribute to the increase in the diagnostic delay rate of pediatric PTB in
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Zhejiang Province in recent years. In 2017, TB nucleic acid amplification technology (TB-NAAT) was popular-
ized in Zhejiang Province, which significantly improved the detection rate of PTB pathogens. The positive and
negative predictive values of the TB-NAAT test was higher than those of other detection methods, and the aver-
age time taken to detect positive or negative results was only 2.5 h. Moreover, in recent years, bronchoscopy has
emerged as a valuable tool for early detection of pediatric TB, enabling the inspection of tracheal and bronchial
lesions while facilitating the retrieval of bronchoalveolar lavage fluid samples?. The upgradation of detection
means led to a fluctuating downward trend in the proportion of diagnostic delays between 2018 and 2022. To
achieve the mitigation of PTB, a series of patient-centered comprehensive prevention and control measures
should be taken to improve treatment compliance and reduce transmission in families and society.

In recent years, the country has actively formulated a series of PTB prevention and control policies and
regulations and has widely publicized them through various channels, which has increased public awareness of
PTB. Therefore, as time passes, the incidence of TB care-seeking delay in children with PTB gradually decreases.
According to previous research on PTB prevention and control, rural residents are more likely to experience TB
care-seeking delays, which is consistent with our research results**=*!. This correlation is mainly attributed to the
low level of PTB knowledge in rural areas, compared with that in urban areas, which leads to a lack of awareness
of PTB among rural children and their parents and an inadequate understanding of its symptoms, signs, and
hazards. Medical resources in rural areas are relatively limited, and the level of health services is relatively low,
further exacerbating the risk of TB care-seeking delay. Children who seek treatment at county-level hospitals are
more likely to experience TB care-seeking delays, possibly because they mainly reside in rural areas and choose to
seek treatment in nearby county-level hospitals. Moreover, TB awareness and knowledge of parents and guardians
may not be robust*>*. Our study showed that laboratory-confirmed patients were more likely to experience TB
care-seeking delay. This may because that the process from infection to lung lesions and then to symptoms was
relatively long in laboratory-confirmed patients. In this long process, they did not go to the medical institution,
indicating that they may not pay attention to the disease or the restrictions of family conditions led to their
delay in seeing health care. When we analyzed pediatric TB care-seeking delay using a 28-day threshold, it was
apparent that children who aged 0-4 years, laboratory-confirmed patients, migrant population and hospitals of
first contact at the county level were more susceptible to such delays. These may be because children in this age
group were unable to accurately communicate their symptoms. And these could also stem from lower economic
and cultural levels within migrant communities, resulting in delayed healthcare awareness and action. Hospitals
of first contact at the municipal level are more prone to diagnostic delays, possibly because children who visit
city-level hospitals for treatment usually have more severe conditions and complex disease situations requiring
additional diagnostic methods for clarification. In addition, diagnostic delay also involves factors related to the
patients themselves, such as delays in the time taken for patients to seek follow-up medical attention, which
may lead to delayed diagnoses. For example, patients may delay seeking follow-up medical attention because of
their distance to the hospital or because parents may not pay timely attention to their children’s health condi-
tions. These factors increase the risk of delayed diagnosis of PTB in children. Previous studies have reported
that active case screening in adults is beneficial for early TB detection, so patients can receive timely diagnoses
and treatment, shortening the time interval for disease diagnosis**. However, given the difficulty of diagnosing
TB in children, the cost-effectiveness of active screening in the pediatric population requires further investiga-
tion. Therefore, enhancing TB awareness in rural areas and paying more attention to the pediatric population
are essential. Additionally, strengthening the diagnostic capabilities of hospitals is needed to ensure the timely
diagnosis of patients.

This study had some limitations. First, data were collected from TBIMS, which includes data from 89 desig-
nated PTB hospitals in Zhejiang Province. Because the registered information was limited in this TB registration
and reporting system, patients’ family information could not be reflected in the system. Second, no designated
TB hospitals for children were available during the study period; thus, the diagnosis and treatment of diseases
in younger children were generally performed in children’s hospitals or non-designated hospitals. However,
information on children seeking medical treatment in these hospitals cannot be registered in the system, which
may result in the loss of information related to diseases in younger children.

In Conclusion, many pediatric patients with PTB still face long-term TB care-seeking and diagnostic delays
in Zhejiang Province. Research has found that as time progresses, the likelihood of TB care-seeking delay in
children with PTB gradually decreases. Additionally, female gender, 0—4 years old child, children living in rural
areas, migrant populations and those who first received treatment in county-level hospitals were more likely to
experience TB care-seeking delays. However, children who received their first diagnosis in county-level hos-
pitals had a lower chance of experiencing diagnostic delays. Therefore, society should give more attention to
the health statuses of 0-4 years old, rural, and migrant children. Additionally, their parents should pay more
attention to their children in daily life and if they show any suspicious symptoms, they should be taken to the
hospital promptly.

Methods

Study area

This study was conducted in Zhejiang Province, China. Zhejiang Province has an estimated total area of 103,436
square kilometers. As of 2022, the province has a population of 51.11 million, with approximately 8.68 million
children aged 0-14 years.

Data source
Data on all TB cases among children aged 0-14 years in Zhejiang Province were collected from the Tuberculosis
Information Management System (TBIMS) which was network-based between January 2013 and December
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2022. All children aged 0-14 years admitted with TB in the 89 hospitals were included in this study. Patients with
extrapulmonary tuberculosis (EPTB) were excluded. The details of each PTB cases included basic demographic
information, clinical diagnostic information, and treatment classification.

Definitions

This study covered both laboratory-confirmed and clinically diagnosed PTB cases. The former is diagnosed
by bacteriological evidence acquired by sputum smear and culture or a rapid diagnostic system, such as the
GeneXpert MTB/RIE The latter is diagnosed by chest imaging, epidemiological findings, and clinical symptoms
along with other relevant testing®. Based on previous studies, delay in TB care-seeking is primarily caused by
the patient and is defined as a period of > 14 days from the onset of PTB symptoms to the first visit to a PTB-
designated hospital. Diagnostic delay is defined as a period of > 14 days from the first consultation to the diagnosis
of PTB at designated medical institutions®'®?. A cutoff point of 14 days was used analyze TB care-seeking and
diagnostic delays. Urban residents were categorized as those who lived in towns and cities beyond the county
level, while the rest were categorized as rural residents. The resident population was defined as individuals resid-
ing at the research site for 6 months. The migrant population comprised individuals who relocated from their
original place of domicile to Zhejiang for various reasons®. First treatment patients were defined as those who
had never been treated with anti-TB drugs or who had been treated with anti-TB drugs for < 1 month (excluding
treatment with anti-TB drugs for other diseases). Case finding method included clinical consultations, active
screening, and health examinations. Clinical consultation was defined as a person with suspected symptoms of
TB (cough, sputum for > 2 weeks, hemoptysis, or bloody sputum) visiting a healthcare facility which including
community-level medical and health institutions, comprehensive medical institutions and TB designated hos-
pitals. When they were suspected to be TB patients, they were uniformly referred to designated TB hospitals for
diagnosis and treatment. These included direct visits, referrals, and follow-up appointments. Active screening
was defined as disease prevention and control institutions organizing PTB-designated medical institutions and
grassroots medical and health institutions to carry out PTB screening in high-risk groups, such as those in close
contact with pathogen-positive PTB and patients with HIV/AIDS within their jurisdiction. Health examination
was defined as medical and health institutions at all levels and types conducting health examinations with prompt
referral of PTB or suspected PTB cases to PTB-designated medical institutions for diagnosis and treatment.

General characteristics of PTB in children
Data were collected on registered year, age, sex, current residence, registered residence, treatment classification,
case finding method, diagnostic method, and hospitals of first visit.

Statistical analysis

All analyses were performed using R version 4.3.2. Descriptive statistics were conducted and presented as fre-
quencies (percentages) for categorical variables and medians with interquartile range (IQR) or mean + standard
deviation (SD) for continuous variables. The proportions of TB care-seeking and diagnostic delays in pediatric
PTB cases from to 2013-2022 were analyzed using the Cochran-Armitage trend test. Univariate logistic regres-
sion analysis was used to estimate the influencing factors of TB care-seeking delay and diagnostic delays, and vari-
ables with a P value of < 0.1 were included in the multivariate logistic regression model, and stepwise regression
method was used for analysis. Differences were considered statistically significant when the P values were <0.05.

Ethics approval and consent to participate

This study was approved by the Ethics Committee of the Zhejiang Provincial Centre for Disease Control and
Prevention. The Ethics Committee of the Zhejiang Provincial Centre for Disease Control and Prevention reviewed
and approved the request for waiver of informed consent, as only public health surveillance data were used. This
study statement confirms that all methods were performed in accordance with relevant guidelines and regula-
tions in the declaration.

Data availability
The datasets generated during and/or analyzed during the current study are available from the corresponding
author on reasonable request.
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