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Background: Tuberculosis (TB) remains a major public health challenge. However,
indicators of delays in assessing effective TB prevention and control and its
influencing factors have not been investigated in the eastern coastal county of
China.

Methods: All notified pulmonary tuberculosis (PTB) cases in the Fenghua District,
China were collected between 2010 and 2021 from the available TB information
management system. Comparison of delays involving patient, health system,
and total delays among local and migrant cases. Additionally, in correlation with
available Basic Public Health Service Project system, we performed univariate
and multivariate logistic regression analyses identified the influencing factors
associated with patient and total delays in patients aged >60 years.

Results: In total, 3,442 PTB cases were notified, including 1,725 local and 1,717
migrant patients, with a male-to-female ratio of 2.13:1. Median patient and total
delays of local TB patients were longer than those for migrant patients; the median
health system delay did not show any significant difference. For patient delay
among the older adult, female (cOR: 1.93, 95% CI: 1.07-3.48), educational level
of elementary school and middle school (cOR: 0.23, 95% Cl: 0.06—-0.84) had a
statistical difference from univariable analysis; however, patients without diabetes
showed a higher delay for multiple-factor analysis (@OR: 2.12, 95% Cl: 1.02-4.41).
Furthermore, only the education level of elementary school and middle school
presented a low total delay for both univariate (cOR: 0.22, 95% CI: 0.06-0.82) and
multivariate analysis (aOR: 0.21, 95% Cl: 0.05-0.83) in the older patients.

Conclusion: The delay of TB cases among migrants was lower than the local
population in the Fenghua District, which may be related to the "healthy migrant
effect”. It highlights that women, illiterate people, and people without diabetes
are key groups for reducing delays among older adults. Health awareness should
focus on these target populations, providing accessible health services, and
reducing the time from symptom onset to diagnosis.
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1. Introduction

Tuberculosis (TB), caused by the Mycobacterium tuberculosis
complex, remains one of the leading causes of death globally (1).
Approximately a quarter of the global population is infected, with only
5-15% developing active TB (2). National Governments have undertaken
concerted efforts in TB care and prevention to achieve the United Nations
Sustainable Development Goals and the World Health Organization
(WHO) End TB strategy, resulting in a 3.4% reduction per year in
mortality rate and 1.9% reduction per year in global incidence rate (3).
Despite the prevalence of the coronavirus disease (COVID-19), 9.87
million newly diagnosed TB cases worldwide have been reported, with
an incidence rate of 127 per 100,000 in 2021 (4). Furthermore, China, the
second country affected by TB, confronted an additional crisis derived
from stagnant TB incidence, with an annual decline rate that was only
half of what it had been before 2015 (5). Therefore, effective and efficient
reduction of TB prevalence remains an enormous public health challenge.

Passive case-finding (PCF) is an essential approach for identifying
active TB in major national TB control programs; often only those with
obvious or severe symptoms of pulmonary TB (PTB) actively seek
healthcare services (6). Several factors might influence the
implementation of PCE such as health-seeking behaviors, physician
competency, and laboratory diagnostic capability, which could cause
inevitable delays (7). Furthermore, delays in diagnosis and treatment
could negatively impact prognosis and result in increased TB
transmission in the general population, especially in low- and middle-
income countries (8, 9). Thus, timely identification of factors influencing
delays and ways to reduce delays would aid in optimizing available TB
prevention and control strategies, with focus on eliminating TB (10).

In this study, we aimed to collect and present data from Fenghua
District in eastern China to identify the delay characteristics of
patients with TB. Additionally, an excellent health information system
from Basic Public Health Service Project (BPHSP) has been
established and operated for decades in this region, which could
provide more precise portraits of patients with delays, including
lifestyle, to implement further control and prevention strategies.

2. Methods
2.1. Overview

Fenghua District, located in the eastern area of Zhejiang Province,
belongs to the Ningbo Municipality. It comprises eight communities and
four towns, with an area of 1,253 km?. Based on the seventh population
census, Fenghua District had a permanent population of 577, 505 with
approximately 135,568 aged >60years, accounting for 23.47% of the
population. The location of Fenghua District is shown in Figure 1.

2.2. Data collection

All notified PTB cases in Fenghua District were collected between
2010 and 2021 from the available TB information management system
(TBIMS), a nationwide network reporting system in which all
presumptive PTB cases are diagnosed and compulsively notified (11,
12). This system provides details, including demographic information,
diagnosis, laboratory outcomes, and treatment outcomes of all notified
cases. Furthermore, the BPHSP system was also constructed in Ningbo
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Municipality. With this, all residents aged >60 years were provided with
voluntary annual health checkups. Additional details such as dietary
habits, smoking status, and drinking habits were recorded using this
system. We matched cases of TBIMS with BPHSP using a uniform
identity card number to identify the relevance of various delays.

2.3. Definition

All PTB cases were laboratory-confirmed and clinically diagnosed.
Laboratory-confirmed PTB was defined as a diagnosis with
bacteriological evidence through sputum smear, sputum culture, or
eligible rapid diagnostic technology. Clinically diagnosed PTB was
defined as a diagnosis with clinical symptoms, chest imaging,
epidemiological clues, and other tests (13). The national diagnostic
criteria for PTB (WS288-2008 and WS288-2017) and the classification
of TB (WS196-2001 and WS196-2017) in China were referenced to
identify PTB cases. We defined smoking based on three categories:
“Never smoker,;” “Prior smoker;” and “Current smoker” Drinking
status in the previous year was classified into: non-drinkers, occasional
drinkers (<1 a week), and frequent drinkers (>1 a week). The body
mass index (BMI) values were classified into: <18.5, 18.5-24,
and >24kg/m’. Diabetes was defined as a prior diagnosis (collected
through health records) or through a positive fasting glucose test.
Health insurance included basic health insurance for urban residents
and others. The former had a low reimbursement rate, and deficiency
in both cap line and deductible line than other insurance.

2.4. Epidemiological characteristics of PTB
and the delays

We analyzed the epidemiological characteristics of patients with TB
in the Fenghua District. The variables included census register, sex, age,
occupation, interval from onset to visiting a TB designated hospital, and
interval from visiting a TB designated hospital to confirming
PTB. Additionally, we compared patients, health systems, and total
delays between local and migrant patients with TB. Patient delay was
defined as the interval between the appearance of TB symptoms and first
visit to a health facility. Health system delay was defined as the time
between the first visit to a health facility and confirmed PTB diagnosis
in a TB designated hospital. We used 14 days as the cut-off point for
analyzing patient and health system delays and 28 days for the total delay.

2.5. Univariate and multivariate logistic
regression analysis for delay

We matched 202 patients with TB aged >60years from the TBIMS
and BPHSP. We performed univariate and multivariate logistic
regression analyses to identify the factors influencing patient and total
delays. The influencing factors included age, sex, educational level,
marital status, occupation, smoking status, drinking status, BMI,
physical exercise, treatment category, diabetes, and bacteriological results.

2.6. Ethical approval
Allincluded PTB cases were anonymized prior to further analysis.
The Ethics Committee of the Zhejiang Provincial Center for Disease

Control and Prevention approved this study. Given that only PTB
surveillance data were used, the requirement for informed consent was
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The location of Fenghua District.

waived. All materials used strictly followed the Law of the Prevention
and Treatment of Infectious Diseases in the People’s Republic of China.

2.7. Statistical analysis

A descriptive analysis of demographic information was performed
to present the general epidemiological features. Continuous variables
were presented as medians and interquartile ranges, and categorical
variables were presented as counts and proportions. To compare the
patient, health system, and total delays among local and migrant cases,
a Mann-Whitney U test was performed and a chi-square test was
performed to compare the delay proportion. Furthermore, Joinpoint
4.9.0.0 software was applied to calculate the annual percentage change
(APC) in TB notification rate from 2010 to 2021 to identify a trend.
The location of Fenghua District was determined using ArcGIS
software (version 10.2, SERI Inc., Redlands, CA, United States).
Additionally, the R v4.0.5 software' and SPSS Statistics (version 20.0;
IBM Corp., Armonk, NY, United States) were used for the statistical
analyses. p <0.05 was considered statistically significant.

3. Results

3.1. Demographic characteristics of TB
patients

In total, 3,442 PTB cases were reported in the Fenghua District
from 2010 to 2021, including 1,725 local and 1,717 migrant patients.
There were 2,343 male cases and 1,099 female cases, with a

1 https://www.r-project.org/
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male-to-female ratio of 2.13:1. The occupational distribution was
predominantly farmers, accounting for 51.57% of all the reported
cases. Most cases were concentrated in the 15-59years group, with a
proportion of 74.20%. The notification rate was 57.53/100,000 in 2010
and 47. 97/100,000 in 2021, showing an overall decreasing trend
(APC=-2.09%, p<0.05). More details were displayed in Table 1.

3.2. Comparison of various delays between
local and migrant patients

The median patient and total delays for local TB patients notified
in the Fenghua District were longer than those for migrant patients;
the median health system delay did not show any statistically
significant difference. Moreover, the proportions of total delay and
patient delay were higher in the local population than in the migrant
group, although this difference was not observed in health system
delays. Details are shown in Tables 2-4.

Additionally, we analyzed the diversity in patient characteristics
between local and migrant patients across the three delays. For
patient delay, the median delay time was longer in local than in the
migrant patients except for the “0-14” age group and students. For
health system delay, only patients aged >60years presented a longer
delay in the migrant group, while other variables were not identified
as statistically significant. For the total delay, males, farmers, and age
among the “15-59” age group had a higher delay in local than in the
migrant group. This information is presented in Table 5.

3.3. Univariate/multiple-factor logistic

regression analysis identified influencing
factors

Considering the higher disease burden caused by delays in the
older adults, we collected information on this specific group
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TABLE 1 Demographic characteristics of TB patients from 2010 to 2021 in Fenghua District.

Characteristic 2011 2012 2014 2015 2019 2020 2021

Total

Number of cases 305 328 295 263 317 272 279 310 293 278 225 277

Incidence rate 57.53 66.71 59.57 53.26 64.01 54.83 55.15 60.89 57.34 53.98 43.60 47.97

(1/100,000)

Census register, n (%)

Local TB patients 183 181 187 162 165 143 135 148 122 121 80 98
(60.00) (55.18) (63.39) (61.6) (52.05) (52.57) (48.39) (47.74) (41.64) (43.53) (35.56) (35.38)

Migrant TB patients 122 147 108 101 152 129 144 162 171 157 145 179
(40.00) (44.82) (36.61) (38.4) (47.95) (47.43) (51.61) (52.26) (58.36) (56.47) (64.44) (64.62)

Sex, n (%)

Male 207 223 182 170 213 179 201 208 203 201 159 197
(67.87) (67.99) (61.69) (64.64) (67.19) (65.81) (72.04) (67.10) (69.28) (72.30) (70.67) (71.12)

Female 98 105 113 93 104 93 78 102 90 77 66 80
(32.13) (32.01) (38.31) (35.36) (32.81) (34.19) (27.96) (32.90) (30.72) (27.70) (29.33) (28.88)

Age group, n (%)

0- 2 (0.66) 4(1.22) 8(2.71) 0(0.00) 2(0.63) 1(0.37) 2(0.72) 2(0.65) 2(0.68) 3(1.08) 1(0.44) 1(0.36)

15- 254 256 226 200 249 205 201 215 209 189 160 190
(83.28) (78.05) (76.61) (76.05) (78.55) (75.37) (72.04) (69.35) (71.33) (67.99) (71.11) (68.59)

60- 49 68 61 63 66 66 76 93 (30) 82 86 64 86
(1607) | (20.73)  (20.68) = (23.95) | (20.82) | (24.26) = (27.24) (27.99) | (30.94) (2844) | (31.05)

Occupation, n (%)

Farmer 201 192 179 150 149 (47) 157 181 124 (40) 109 121 82 110
(65.90) | (5854) = (60.68) | (57.03) (57.72) | (64.87) (37.2) (43.53) (36.44) | (39.71)

Worker 45 44 32 26 (9.89) 38 21(7.72) | 26(9.32) 74 72 49 46 51
(14.75) (13.41) (10.85) (11.99) (23.87) (24.57) (17.63) (20.44) (18.41)

Housework and 13 (4.26) 45 22 (7.46) 49 91 57 40 65 59 53 52 48

unemployment (13.72) (18.63) (28.71) (20.96) (14.34) (20.97) (20.14) (19.06) (23.11) (17.33)

Retiree 8(2.62)  7(213)  12(407) 7(266) 4(126) 7(257) | 12(430) 9(29) | 8(273) @ 10(3.6) = 8(3.56) | 26(9.38)

Student 11(3.61)  11(3.35) @ 17(5.76) | 11(4.18) | 13(4.10) 8(2.94) 8(2.87) 8(2.58) 7(2.39) 18 (6.47) 12 (5.33) 6(2.17)

Others 27 (8.86) = 29(8.85) 33 20 (7.61) | 22(6.94) | 22(8.09) | 12(4.30) @ 30(9.68) 38 27 (9.71) 25 36

(11.18) (12.97) (11.12) (13.00)

Interval from onset to the visiting in designated hospital (day), n (%)

0-13 185 185 160 138 185 170 160 167 121 130 107 140
(60.66) (56.40) (54.24) (52.47) (58.36) (62.50) (57.35) (53.87) (41.30) (46.76) (47.56) (50.54)

>14 120 143 135 125 132 102 119 143 172 148 118 137
(39.34) (43.60) (45.76) (47.53) (41.64) (37.50) (42.65) (46.13) (58.70) (53.24) (52.44) (49.46)

Interval from visiting in designated hospital to confirmation of PTB (day), n (%)

0-13 262 284 244 215 261 221 226 242 210 195 166 204
(85.90) (86.59) (82.71) (81.75) (82.33) (81.25) (81.00) (78.06) (71.67) (70.14) (73.78) (73.65)

>14 43 44 51 48 56 51 53 68 83 83 59 73
(14.10) | (13.41) = (1729) = (1825) = (17.67) | (1875)  (19.00) | (21.94)  (2833)  (29.86) (2622) | (26.35)

using detailed health records from BPHSP. A total of 202 patients
aged >60 years were included for further analysis. Univariate and
multiple-factor analyses were performed to identify the
significant variables between patient and total delays. Regarding
patient delay, females [odds ratio (cOR): 1.93, 95% confidence
interval (CI): 1.07-3.48], educational level of elementary school
and middle school (cOR: 0.23, 95% CI: 0.06-0.84) showed
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statistically differences; however, patients without diabetes
showed a higher delay for multiple-factor analysis (aOR: 2.12,
95% CI: 1.02-4.41). Furthermore, only the education level of
elementary school and middle school presented a low total delay
for the univariate (cOR: 0.22, 95% CI: 0.06-0.82) and multivariate
analysis (aOR: 0.21, 95% CI: 0.05-0.83). This information is
presented in Tables 6, 7.
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TABLE 2 Patient delay of local and migrant TB patients from 2010 to 2021 in Fenghua District.

Days (median, IQR)

Proportion (n, %)

Migrant Migrant
2010 4(1-12) 3(1-6) 0.05 35(19.13) 8 (6.56) 0.00
2011 5(3-9) 4(2-7) 0.01 35(19.34) 9(6.12) 0.00
2012 4(2-11) 3(1-6) 0.01 42 (22.46) 9(8.33) 0.00
2013 6(3-13) 5(3-7) 0.00 38 (23.46) 10 (9.90) 0.01
2014 5(2-13) 3(1-7) 0.01 36 (21.82) 20 (13.16) 0.04
2015 4(1-14) 3(1-7) 0.03 36 (25.17) 15 (11.63) 0.00
2016 5(1-14) 3(1-7) 0.01 38 (28.15) 15 (10.42) 0.00
2017 10 (4-15) 4(1-8) 0.00 50 (33.78) 18 (11.11) 0.00
2018 10 (4-17) 5(2-13) 0.00 48 (39.34) 35 (20.47) 0.00
2019 13 (5-21) 4(2-10) 0.00 59 (48.76) 24(15.29) 0.00
2020 11 (4-18) 4(1-11) 0.00 31(38.75) 28 (19.31) 0.00
2021 8.5 (5-15) 5(2-14) 0.01 28 (28.57) 45 (25.14) 0.54
2010-2021 6 (3-14) 4(2-8) 0.00 476 (27.59) 236 (13.74) 0.00

TABLE 3 Health system delay of local and migrant TB patients from 2010 to 2021 in Fenghua District.

Days (median, IQR)

Proportion (n,%)

Migrant Migrant
2010 9(2-22) 9.5 (4-31) 0.08 71 (38.80) 49 (40.16) 0.81
2011 12 (5-27) 9 (2-28) 0.21 80 (44.20) 63 (42.86) 0.81
2012 13 (4-31) 10 (3-28) 035 92 (49.20) 43 (39.81) 0.12
2013 10.5 (3-31) 13 (2-31) 0.99 76 (46.91) 49 (48.51) 0.80
2014 9 (3-24) 11.5 (3-30) 0.55 66 (40.00) 66 (43.42) 0.54
2015 9 (3-15) 12 (4-19) 0.11 46 (32.17) 56 (43.41) 0.06
2016 8 (1-21) 12 (3-27) 0.04 50 (37.04) 69 (47.92) 0.07
2017 10 (2-30) 14 (6-28) 0.08 59 (39.86) 84 (51.85) 0.03
2018 15 (7-23) 15 (5-35) 0.65 73 (59.84) 99 (57.89) 0.74
2019 14 (6-30) 14 (5-31) 077 65 (53.72) 83 (52.87) 0.89
2020 14.5 (3-21) 14 (4-31) 0.56 41 (51.25) 77 (53.10) 0.79
2021 15 (7-36) 10 (2-31) 0.01 55 (56.12) 82 (45.81) 0.10
2010-2021 11 (3-28) 12 (4-30) 0.12 774 (44.87) 820 (47.76) 0.09

4. Discussion

Patient, health system, and total delays, have been widely used
to assess the effectiveness of existing PTB control programs and
identify programmatic impediments during PTB diagnosis (10).
Delays in diagnosing PTB are a common challenge for all low- and
middle-income countries, accounting for a large proportion of the
global burden (4). Passive case-finding strategies lead to poor
prognosis and high disease transmission. The WHO guidelines
recommend that patients coughing for more than 2 weeks should
be screened for tuberculosis (14). However, in China, the median
delay in diagnosis is 29 days, which does not meet the WHO
requirements for timely diagnosis (15). To achieve the goal of
ending tuberculosis by 2035, some interventions and
implementations, such as mass screening of target populations and
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health checkups, have been performed to achieve timely diagnosis
and sufficient treatment.

Between 2010 and 2021, 3,442 PTB cases were reported in the
Fenghua District. Most reported PTB cases were concentrated in
young and middle-aged populations, and the overall notification rate
was decreasing. This could be attributed to a range of strategies and
actions implemented to prevent and control PTB and the government’s
recent dedication and investment in public health (16). However, the
proportion of cases in individuals aged >60 years is rapidly increasing,
indicating an urgent need to address PTB in aging populations. It is
estimated that by 2050, older adults population aged >65years in
China will account for a quarter of the total population (17).
Additionally, an estimated 90% of TB cases will result from the
reactivation of latent TB infection acquired earlier in life, rather than
from recent transmission among the older adults (18-20). Therefore,
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TABLE 4 The total delay of local and migrant TB patients from 2010 to 2021 in Fenghua District.

Days (median, IQR)

Proportion (n,%)

Migrant Migrant
2010 18 (9-34) 16 (9-36) 0.79 112 (61.20) 68 (55.74) 0.34
2011 20 (12-35) 15 (8-34) 0.01 124 (68.51) 79 (53.74) 0.01
2012 24 (11-50) 14.5 (7-36) 0.03 127 (67.91) 59 (54.63) 0.02
2013 23 (12-44) 20 (8-37) 0.14 119 (73.46) 62 (61.39) 0.04
2014 19 (10-36) 17 (9-33) 0.46 105 (63.64) 96 (63.16) 0.93
2015 16 (10-30) 16 (7-28) 0.59 94 (65.73) 80 (62.02) 0.52
2016 18 (10-31) 17 (8-32) 0.98 87 (64.44) 89 (61.81) 0.65
2017 22 (12-43) 19 (11-33) 0.11 105 (70.95) 111 (68.52) 0.64
2018 24 (18-44) 21 (15-62) 0.26 109 (89.34) 137 (80.12) 0.03
2019 29 (19-49) 19 (13-39) 0.00 109 (90.08) 117 (74.52) 0.00
2020 25 (16-42) 19 (14-43) 0.07 70 (87.50) 110 (75.86) 0.04
2021 31 (17-56) 19 (13-38) 0.00 85 (86.73) 134 (74.86) 0.02
2010-2021 21 (13-39) 18 (10-37) 0.00 1,246 (72.23) 1,142 (66.51) 0.00

TABLE 5 Delays of local and migrant TB patients from 2010 to 2021 in Fenghua District (median, IQR).

Variables Patient delay Health system delay The total delay
Migrant P-value Local Migrant P-value Local Migrant P-value

Gender

Male 6 (3-15) 4(2-8) 0.00 10 (3-23) 11 (3-28) 0.32 21 (12-38) 17 (9-35) 0.00

Female 6 (2-14) 4(2-8) 0.00 13 (4-30) 14 (5-31) 0.23 22 (13-40) 20 (12-42) 0.50

Age

0- 8 (4-14) 5(2-16) 0.52 13 (7-30) 12 (7-31) 0.87 23 (14-44) 26 (12-45) 0.40

15— 5(2-13) 4(2-8) 0.00 11 (3-25) 11 (3-27) 0.56 20 (12-36) 17 (9-35) 0.01

60— 8 (3-17) 4(1-11) 0.00 11 (3-29) 17 (7-39) 0.00 24 (14-45) 27 (14-59) 0.78

Occupation

Farmer 7 (2-15) 4(1-7) 0.00 11 (3-25) 11 (4-31) 0.22 22 (13-38) 17 (9-38) 0.00

Worker 5(3-12) 4(2-9) 0.01 13 (5-23) 12 (3-22) 0.41 20 (12-34) 17 (10-32) 0.47

Housework and

snemploymment 6 (2-14) 4(1-9) 0.00 15 (6-30) 14 (4-30) 0.68 22 (13-41) 18 (12-37) 0.53

Retiree 12 (3-23) 5(1-13) 0.00 13 (2-43) 17 (7-36) 0.12 32 (18-75) 27 (16-50) 0.45

Student 7 (2-10) 4(2-8) 0.13 7 (2-19) 11 (2-29) 0.56 17 (8-30) 19 (8-38) 0.54

Others 6 (3-12) 4(2-9) 0.02 10 (2-30) 8 (2-28) 0.69 19 (11-41) 18 (10-37) 0.61

attention should be paid to these issues, and more efficient and
effective measures, such as treating latent infections and addition of
specific nutrition, should be investigated in this group.

The proportion of migrant patients in the Fenghua District was
49.88%, comparable to the composition of PTB cases in Shanghai City
(21) and higher than the average at the Zhejiang provincial level (22),
reflecting the huge PTB risk caused by the trend of population
mobility in China. Moreover, approximately 244 million immigrants
in China (23) brought about new changes to TB control.

Our study revealed that the median patient and total delays were
longer in local patients than in the migrant patients. This difference
may be attributed to the “healthy migrant effect” and the “salmon bias”
hypotheses (24, 25). The migrants in our study were younger than the
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local population and had a higher level of health awareness, potentially
motivating them to proactively seek medical attention. Additionally,
they tended to visit higher-level hospitals for medical treatment,
reducing the likelihood of passive TB case detection. There were also
comparatively longer delays in the older migrant population. This may
be because that the local health education and public health services
were not accessible to migrant patients, and the older adults also had
lower health knowledge of PTB, leading to neglect of suspected
symptoms. For the student population, implementing a daily health
checkup would shorten patient delays in public schools, while students
from migrant groups commonly studied in private schools might
be some insufficient. Therefore, more attention should be paid to
student populations during daily health examinations.
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TABLE 6 The influencing factors analysis of patient delay among the older persons.

Variable No. of delay No. of cases p-value Crude odds ratio Adjusted odds
(95% Cl) ratio (95% Cl)

Age 0.40

60— 59 114 1 (Reference) 1 (Reference)

70- 34 66 0.99 (0.54-1.82) 1.09 (0.56-2.11)

80- 8 22 0.53 (0.21-1.37) 0.60 (0.21-1.76)

Gender 0.03

Male 58 131 1 (Reference) 1 (Reference)

Female 43 71 1.93 (1.07-3.48) 2.07 (0.99-4.32)

Educational level 0.08

Tlliteracy 12 15 1 (Reference) 1 (Reference)

Elementary school and

middle school 83 174 0.23 (0.06-0.84) 0.31 (0.08-1.21)

High school and above 6 13 0.21 (0.04-1.14) 0.24 (0.04-1.39)

Marital status 0.52

Married 97 192 1 (Reference) 1 (Reference)

Others 4 10 0.65 (0.18-2.39) 0.68 (0.17-2.81)

Occupation 0.45

Farmer 91 185 1 (Reference) 1 (Reference)

Others 10 17 1.48 (0.54-4.04) 1.48 (0.54-4.04)

Smoking status 0.48

Current smoker 11 25 1 (Reference) 1 (Reference)

Prior smoker 8 20 0.61 (0.24-1.57) 0.63 (0.20-2.04)

Never smoker 82 157 0.72 (0.31-1.68) 0.84 (0.31-2.34)

Drinking status 0.93

Non-drinkers 79 159 1 (Reference) 1 (Reference)

Occasional drinkers 4 7 1.35(0.29-6.23) 2.89 (0.45-18.44)

Frequent drinkers 18 36 1.01 (0.49-2.09) 1.41 (0.59-3.41)

BMI 0.84

<18.5 17 36 1 (Reference) 1 (Reference)

18.5- 69 134 1.19 (0.57-2.48) 1.29 (0.55-3.02)

>24 15 32 0.99 (0.38-2.56) 1.08 (0.37-3.21)

Physical exercise 0.46

Yes 38 71 1 (Reference) 1 (Reference)

No 63 131 0.81 (0.45-1.44) 0.93 (0.49-1.76)

Treatment category 0.24

New 97 190 1 (Reference) 1 (Reference)

Retreated 4 12 0.48 (0.14-1.65) 0.42 (0.11-1.59)

Diabetes 0.11

Yes 20 50 1 (Reference) 1 (Reference)

No 81 152 1.72 (0.77-1.89) 2.12 (1.02-4.41)

Bacteriological results 0.42

Negative 38 84 1 (Reference) 1 (Reference)

Positive 63 118 1.20 (0.89-3.28) 1.24 (0.75-2.06)

Medical insurance 0.62

Urban residents 87 169 1 (Reference) 1 (Reference)

Others 14 33 0.89 (0.58-1.39) 0.88 (0.55-1.42)
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TABLE 7 The influencing factors analysis of total delay among the older persons.

10.3389/fpubh.2023.1233637

Variable No. of delay No. of cases P-value Crude odds ratio Adjusted odds
(95% Cl) ratio (95% ClI)

Age 0.39

60— 58 114 1 (Reference) 1 (Reference)

70— 35 66 1.09 (0.59-2.00) 1.32 (0.68-2.56)

80- 8 22 0.55 (0.22-1.42) 0.60 (0.20-1.73)

Gender 0.19

Male 61 131 1 (Reference) 1 (Reference)

Female 40 71 1.48 (0.83-2.65) 1.56 (0.76-3.19)

Educational level 0.07

Tlliteracy 12 15 1 (Reference) 1 (Reference)

Elementary school and

middle school 82 174 0.22 (0.06-0.82) 0.21 (0.05-0.83)

High school and above 7 13 0.29 (0.06-1.55) 0.29 (0.05-1.67)

Marital status 0.52

Married 97 192 1 (Reference) 1 (Reference)

Others 4 10 0.65 (0.18-2.39) 0.68 (0.17-2.78)

Occupation 0.80

Farmer 93 184 1 (Reference) 1 (Reference)

Others 8 18 0.88 (0.33-2.38) 0.70 (0.22-2.23)

Smoking status 0.86

Current smoker 13 25 1 (Reference) 1 (Reference)

Prior smoker 11 20 1.27 (0.50-3.23) 1.80 (0.58-5.61)

Never smoker 77 157 1.13 (0.48-2.62) 1.61 (0.59-4.41)

Drinking status 0.88

Non-drinkers 80 159 1 (Reference) 1 (Reference)

Occasional drinkers 4 7 1.35(0.29-6.23) 1.08 (0.18-6.52)

Frequent drinkers 18 36 1.01 (0.49-2.09) 0.73 (0.31-1.76)

BMI 0.93

<18.5 18 36 1 (Reference) 1 (Reference)

18.5- 66 134 0.97 (0.47-2.03) 1.22 (0.53-2.80)

>24 17 32 1.13 (0.44-2.94) 1.50 (0.51-4.36)

Physical exercise 0.88

Yes 36 71 1 (Reference) 1 (Reference)

No 65 131 1.04 (0.59-1.86) 0.93 (0.49-1.74)

Treatment category 0.55

New 94 190 1 (Reference) 1 (Reference)

Retreated 7 12 1.43 (0.44-4.66) 1.35(0.38-4.85)

Diabetes 0.33

Yes 22 50 1 (Reference) 1 (Reference)

No 79 152 1.38 (0.72-2.62) 1.35 (0.66-2.76)

Bacteriological results 0.30

Negative 37 84 1 (Reference) 1 (Reference)

Positive 64 118 1.27 (0.81-1.99) 1.34 (0.82-2.19)

Medical insurance

Urban residents 87 169 1 (Reference) 1 (Reference)

Others 14 33 0.85 (0.55-1.32) 0.90 (0.56-1.43)
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Considering the completeness of health data in the local older
population, we conducted further analyses to identify the factors
contributing to delays. Previous studies have investigated the
correlation between delays and sex; however, the results have been
inconsistent. For instance, Kee et al. observed that women had a
significantly longer total delay than men in Malaysia (26);
however, some studies conducted in Eastern Mediterranean
countries did not observe any sex differences in total delay (27).
Furthermore, our findings revealed that the proportion of females
with delays was higher than that of males. This may be because of
the physiological and psychological characteristics of women and
men and differences in social division (28). Women generally have
a lower socioeconomic status and are more likely to delay before
seeking treatment after experiencing TB-related clinical symptoms
related to TB (29, 30). Additionally, owning to their susceptibility
and physiological differences, female patients may also experience
milder symptoms than male patients, contributing to patient
delays (31). Furthermore, our study observed that patients with
primary and secondary education experienced lower patient and
total delays than illiterate patients. This may be attributed to the
fact that illiteracy can limit patients’ access to written health
education and promotional materials, typically used to raise
public awareness about TB (9, 10). This finding highlighted the
importance of developing audiovisual and graphical promotional
materials for health education, especially for illiterate patients.
However, due to the limited sampling size of people with an
education level of high school and above, the homologous finding
maybe affected. Furthermore, the results showed that patients
without diabetes also had a longer patient delay than those with
diabetes, potentially as patients with diabetes were commonly
followed up by specific physicians in the local community health
center in each quarter, which could improve the early
detection rate.

Our study had some limitations. First, the time of onset of
symptoms and first visit of patients with TB were based on self-
reports; therefore, there may have been recall bias. Additionally,
this study was conducted in only one county within eastern China;
thus, the findings only depict the features of that area. Finally,
previous studies had inconsistent criteria regarding delays, using
different cutoff points to define acceptable and long delays. Our
study used the median as the cutoff point for the delay, which
resulted in a lack of comparability with studies that used other
classification methods. Nevertheless, our study used a substantial
sample size and integrated monitoring data and residents’ health
records, which enhanced the authenticity and completeness of
the results.

5. Conclusion

The delay in identifying TB cases among migrants was lower than
that among the local population in the Fenghua District, which may
be related to the “healthy migrant effect” Furthermore, our research
highlighted that women, illiterate people, and people without diabetes
are key groups in reducing delays among the older adults. Therefore,
future research should focus on raising health awareness among key
populations, providing accessible health services, and reducing the
time from symptom onset to a definitive diagnosis.

Frontiers in Public Health

10.3389/fpubh.2023.1233637

Data availability statement

The original contributions presented in the study are included in
the article/supplementary material, further inquiries can be directed
to the corresponding authors.

Ethics statement

This study was approved by the Ethics Committee of the Zhejiang
Provincial Center for Disease Control and Prevention. Written
informed consent from the patients was not required to participate in
this study in accordance with the national legislation and the
institutional requirements.

Author contributions

KL, RG, and QW: conception and design. DL, YZ, and ZS: study
management. WF and DL: analysis of the data. KL, RG, and BC:
interpretation of study results. KL, RG, and WF: initial drafting the
manuscript for important intellectual content. BC and QW: review
and editing of manuscript. KL, RG, DL, YZ, ZS, BC, WE, and QW:
approval of the final version to be published. All authors contributed
to the article and approved the submitted version.

Funding

This study was supported by the National-Zhejiang Health
Commission Major S&T Project (Grant no. WKJ-ZJ-2118), Zhejiang
Provincial Medical and Health Project (Grant nos. 2021KY618 and
2020KY520), and the Social Development Scientific Research Project
of Fenghua District (Grant no. 202209208).

Acknowledgments

We acknowledge and thank the Fenghua Municipal Center for
Disease Control and Prevention, local community healthcare centers,
and tuberculosis-designated hospitals for the implementation of PTB
control work.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

frontiersin.org


https://doi.org/10.3389/fpubh.2023.1233637
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Liu et al.

References

1. Natarajan A, Beena PM, Devnikar AV, Mali S. A systemic review on tuberculosis.
Indian ] Tuberc. (2020) 67:295-311. doi: 10.1016/}.ijtb.2020.02.005

2. Vynnycky E, Fine PE. Lifetime risks, incubation period, and serial interval of
tuberculosis. Am ] Epidemiol. (2000) 152:247-63. doi: 10.1093/aje/152.3.247

3. Floyd K, Glaziou P, Zumla A, Raviglione M. The global tuberculosis epidemic and
progress in care, prevention, and research: an overview in year 3 of the end TB era.
Lancet Respir Med. (2018) 6:299-314. doi: 10.1016/S2213-2600(18)30057-2

4. World Health Organization. Global tuberculosis report 2021. (2021). Available at:
https://www.who.int/teams/global-tuberculosis-programme/tb-reports/global-
tuberculosis-report-2021

5. World Health Organization. Global TB database. Available at: https://www.who.int/
teams/global-tuberculosis-programme/data

6. World Health Organization. WHO consolidated guidelines on tuberculosis: module
2: screening: systematic screening for tuberculosis disease World Health Organization
(2021) Available at: https://www.who.int/publications/i/item/9789240022676.

7. Sreeramareddy CT, Panduru KV, Menten ], Van den Ende J. Time delays in
diagnosis of pulmonary tuberculosis: a systematic review of literature. BMC Infect Dis.
(2009) 9:91. doi: 10.1186/1471-2334-9-91

8. Golub JE, Bur S, Cronin WA, Gange S, Baruch N, Comstock GW, et al. Delayed
tuberculosis diagnosis and tuberculosis transmission. Int J Tuberc Lung Dis. (2006)
10:24-30.

9. Li Y, Ehiri ], Tang S, Li D, Bian Y, Lin H, et al. Factors associated with patient, and
diagnostic delays in Chinese TB patients: a systematic review and meta-analysis. BMC
Med. (2013) 11:156. doi: 10.1186/1741-7015-11-156

10. Getnet F, Demissie M, Assefa N, Mengistie B, Worku A. Delay in diagnosis of
pulmonary tuberculosis in low-and middle-income settings: systematic review and
meta-analysis. BMC Pulm Med. (2017) 17:202. doi: 10.1186/s12890-017-0551-y

11.Liu K, Ai L, Pan J, Fei E, Chen S, Zhang Y, et al. Survival analysis and associated
factors for pulmonary tuberculosis death: evidence from the information system of
tuberculosis disease and mortality surveillance in China. Risk Manag Healthc Policy.
(2022) 15:1167-78. doi: 10.2147/RMHP.S368593

12. Li T, Du X, Shewade HD, Soe KT, Zhang H. What happens to migrant tuberculosis
patients who are transferred out using a web-based system in China? PLoS One. (2018)
13:€0206580. doi: 10.1371/journal.pone.0206580

13. Jiang H, Liu M, Zhang Y, Yin ], Li Z, Zhu C, et al. Changes in incidence and
epidemiological characteristics of pulmonary tuberculosis in mainland China, 2005-2016.
JAMA Netw Open. (2021) 4:€215302. doi: 10.1001/jamanetworkopen.2021.5302

14. World Health Organization. Systematic screening for active tuberculosis: an
operational guide. Geneva: WHO (2013) Available at: https://www.who.int/
publications/i/item/9789241549172.

15.Li T, Du X, Kang J, Luo D, Liu X, Zhao Y. Patient, diagnosis, and treatment delays
among tuberculosis patients before and during COVID-19 epidemic - China, 2018-2022.
China CDC Wkly. (2023) 5:259-65. doi: 10.46234/ccdcw2023.047

16. China Tuberculosis Control Collaboration. The effect of tuberculosis control in
China. Lancet. (2004) 364:417-22. doi: 10.1016/S0140-6736(04)16764-0

17. Fang EE, Scheibye-Knudsen M, Jahn HJ, Li ], Ling L, Guo H, et al. A research
agenda for aging in China in the 21st century. Ageing Res Rev. (2015) 24:197-205. doi:
10.1016/j.arr.2015.08.003

Frontiers in Public Health

10

10.3389/fpubh.2023.1233637

18.Lin SY, Chien JY, Chiang HT, Lu MC, Ko WC, Chen YH, et al. Ambulatory
independence is associated with higher incidence of latent tuberculosis infection in
long-term care facilities in Taiwan. ] Microbiol Immunol Infect. (2021) 54:319-26. doi:
10.1016/j.jmii.2019.07.008

19. France AM, Grant J, Kammerer JS, Navin TR. A field-validated approach using
surveillance and genotyping data to estimate tuberculosis attributable to recent
transmission in the United States. Am ] Epidemiol. (2015) 182:799-807. doi: 10.1093/
aje/kwv121

20.LoBue PA, Mermin JH. Latent tuberculosis infection: the final frontier of
tuberculosis elimination in the USA. Lancet Infect Dis. (2017) 17:e327-33. doi: 10.1016/
S1473-3099(17)30248-7

21.Liu K, Chen S, Zhang Y, Li T, Xie B, Wang W, et al. Tuberculosis burden caused by
migrant population in eastern China: evidence from notification records in Zhejiang
Province during 2013-2017. BMC Infect Dis. (2022) 22:109. doi: 10.1186/
512879-022-07071-5

22.Zhao F, Zhu JE, Tang WQ, Wang Y, Xu LX, Chen JG. The epidemic trend and
characteristics of tuberculosis for local population and migrants from 2010 to 2017 in
Jiading. China J Public Health. (2019) 28:339-45. doi: 10.1007/s10389-019-01035-x

23. Xie Z, Wang T, Chen H, Wang D, Gao X, Hui Y. Factors associated with diagnostic
delay in recurrent TB. BMC Public Health. (2020) 20:1207. doi: 10.1186/
512889-020-09005-9

24. McDonald JT, Kennedy S. Insights into the ‘healthy immigrant effect: health status
and health service use of immigrants to Canada. Soc Sci Med. (2004) 59:1613-27. doi:
10.1016/j.socscimed.2004.02.004

25. Abraido-Lanza AF, Dohrenwend BP, Ng-Mak DS, Turner JB. The Latino mortality
paradox: a test of the “salmon bias” and healthy migrant hypotheses. Am J Public Health.
(1999) 89:1543-8. doi: 10.2105/AJPH.89.10.1543

26.Chee Cheong K, Mohd Ghazali S, Md Zamri ASS, Cheong YL, Md Iderus NH,
Nagalingam T, et al. Gender differences in factors associated with the total delay in
treatment of pulmonary tuberculosis patients: a cross-sectional study in Selangor,
Malaysia. Int ] Environ Res Public Health. (2022) 19:6258. doi: 10.3390/
ijerph19106258

27. World Health Organization, Regional Office for the Eastern Mediterranean.
diagnostic and treatment delay in tuberculosis WHO Regional Office for the Eastern
Mediterranean (2006) Available at: https://apps.who.int/iris/handle/10665/116501.

28. Mauvais-Jarvis F, Bairey Merz N, Barnes PJ, Brinton RD, Carrero JJ, DeMeo DL,
et al. Sex and gender: modifiers of health, disease, and medicine. Lancet. (2020)
396:565-82. doi: 10.1016/S0140-6736(20)31561-0

29. Krishnan L, Akande T, Shankar AV, McIntire KN, Gounder CR, Gupta A, et al.
Gender-related barriers and delays in accessing tuberculosis diagnostic and treatment
services: a systematic review of qualitative studies. Tuberc Res Treat. (2014)
2014:215059:1-14. doi: 10.1155/2014/215059

30. Bonadonna LV, Saunders MJ, Zegarra R, Evans C, Alegria-Flores K, Guio H. Why
wait? The social determinants underlying tuberculosis diagnostic delay. PLoS One.
(2017) 12:¢0185018. doi: 10.1371/journal.pone.0185018

31.Feng JY, Huang SE Ting WY, Chen YC, Lin YY, Huang RM, et al. Gender
differences in treatment outcomes of tuberculosis patients in Taiwan: a prospective
observational study. Clin Microbiol Infect. (2012) 18:E331-7. doi: 10.1111/.1469-0691.
2012.03931.x

frontiersin.org


https://doi.org/10.3389/fpubh.2023.1233637
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1016/j.ijtb.2020.02.005
https://doi.org/10.1093/aje/152.3.247
https://doi.org/10.1016/S2213-2600(18)30057-2
https://www.who.int/teams/global-tuberculosis-programme/tb-reports/global-tuberculosis-report-2021
https://www.who.int/teams/global-tuberculosis-programme/tb-reports/global-tuberculosis-report-2021
https://www.who.int/teams/global-tuberculosis-programme/data
https://www.who.int/teams/global-tuberculosis-programme/data
https://www.who.int/publications/i/item/9789240022676
https://doi.org/10.1186/1471-2334-9-91
https://doi.org/10.1186/1741-7015-11-156
https://doi.org/10.1186/s12890-017-0551-y
https://doi.org/10.2147/RMHP.S368593
https://doi.org/10.1371/journal.pone.0206580
https://doi.org/10.1001/jamanetworkopen.2021.5302
https://www.who.int/publications/i/item/9789241549172
https://www.who.int/publications/i/item/9789241549172
https://doi.org/10.46234/ccdcw2023.047
https://doi.org/10.1016/S0140-6736(04)16764-0
https://doi.org/10.1016/j.arr.2015.08.003
https://doi.org/10.1016/j.jmii.2019.07.008
https://doi.org/10.1093/aje/kwv121
https://doi.org/10.1093/aje/kwv121
https://doi.org/10.1016/S1473-3099(17)30248-7
https://doi.org/10.1016/S1473-3099(17)30248-7
https://doi.org/10.1186/s12879-022-07071-5
https://doi.org/10.1186/s12879-022-07071-5
https://doi.org/10.1007/s10389-019-01035-x
https://doi.org/10.1186/s12889-020-09005-9
https://doi.org/10.1186/s12889-020-09005-9
https://doi.org/10.1016/j.socscimed.2004.02.004
https://doi.org/10.2105/AJPH.89.10.1543
https://doi.org/10.3390/ijerph19106258
https://doi.org/10.3390/ijerph19106258
https://apps.who.int/iris/handle/10665/116501
https://doi.org/10.1016/S0140-6736(20)31561-0
https://doi.org/10.1155/2014/215059
https://doi.org/10.1371/journal.pone.0185018
https://doi.org/10.1111/j.1469-0691.2012.03931.x
https://doi.org/10.1111/j.1469-0691.2012.03931.x

	Delay analysis of pulmonary tuberculosis in the eastern coastal county of China from 2010 to 2021: evidence from two surveillance systems
	1. Introduction
	2. Methods
	2.1. Overview
	2.2. Data collection
	2.3. Definition
	2.4. Epidemiological characteristics of PTB and the delays
	2.5. Univariate and multivariate logistic regression analysis for delay
	2.6. Ethical approval
	2.7. Statistical analysis

	3. Results
	3.1. Demographic characteristics of TB patients
	3.2. Comparison of various delays between local and migrant patients
	3.3. Univariate/multiple-factor logistic regression analysis identified influencing factors

	4. Discussion
	5. Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note

	References

