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Abstract 

Purpose Tuberculosis is a high-burden disease and a major health concern in China, especially among children 
and adolescents. The purpose of this study was to assess risk factors for diagnostic delay in students with pulmonary 
tuberculosis in Quzhou City in eastern China.

Patients and methods Cases of PTB in students and relevant information in Quzhou from 2011 to 2021 were col-
lected using the TB Management Information System. The outcome of interest was diagnostic delay (i.e. ≥ 28 days 
between symptom onset and treatment initiation). Risk factors for diagnostic delay were identified using multivariable 
logistic regression.

Results A total of 629 students in Quzhou were diagnosed with PTB during the study period, of whom 55.5% were 
male. The median diagnostic delay was 18 days (Inter Quartile Range, [IQR]: 8–38) and 38.0% of the students had 
a diagnostic delay. Living in a rural area (adjusted odds ratio, [AOR]: 1.56, 95% confidence interval [CI:] 1.11–2.19), 
developing PTB symptoms in the first quarter of the year (AOR: 2.18, 95% CI: 1.40–3.40), and no sputum smear result 
(AOR: 8.73, 95% CI: 1.68–45.30) were significantly associated with a diagnostic delay. Discovery through health exami-
nations (AOR: 0.33, 95% CI: 0.17–0.63) was associated with reduced risk of diagnostic delay.

Conclusion Schools in rural areas should pay special attention to increasing student awareness of the symptoms 
of tuberculosis and provide health education on tuberculosis prevention and control to students and staff.

Keywords Pulmonary tuberculosis, Delay, Children, Patient delay, Health system delay

Introduction
Tuberculosis is a chronic infectious disease caused by 
Mycobacterium tuberculosis, which often invades pulmo-
nary. Until the Corona Virus Disease 2019 (COVID-19) 
pandemic, tuberculosis was the top cause of death from 
a single infectious agent. According to World Health 
Organization Global Tuberculosis Report 2022 [1], an 
estimated 10.6 million people became ill with tuberculo-
sis and 1.6 million people died in 2021, with an incidence 
of 134 cases per 100,000 population and a mortality of 
17 cases per 100,000 population globally. Globally, China 
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ranks second among the 30 countries with a high PTB 
burden in 2021. The national PTB notification rate (new 
and relapsed cases) in 2021 is 55 per 100,000 population/
year [1].

PTB is a major health problem that is characterized by 
high risk, insidious transmission and difficult to manage. 
If not untreated, PTB can cause serious health risks such 
as systemic symptoms of poisoning, spread and infec-
tion of tuberculosis, proliferation of tubercle bacilli, per-
manent lung damage and other adverse effects. Limited 
knowledge about PTB signs and symptoms, poor health-
seeking behavior, and poor diagnosis and disease man-
agement in health facilities have resulted in delays in PTB 
diagnosis and treatment. Delays in diagnosis and detec-
tion have been identified as one of the key challenges 
to eliminate tuberculosis [2]. Most transmissions occur 
between the appearance of cough and initiation of treat-
ment. Madebo et al [3] found that patients become more 
contagious as the delay progresses. The contagion param-
eter suggests that where tuberculosis is endemic, each 
infectious case will result in between 20 and 28 second-
ary infections [4]. Delays in PTB diagnosis and treatment 
in turn may worsen the disease, result in more compli-
cations, lead to a higher mortality rate and increase the 
development of multidrug-resistant tuberculosis. Once 
suffering from multidrug-resistant tuberculosis, the pro-
portion of patients receiving standardized treatment will 
decline. The cost of treatment has been a major barrier as 
it is 100-times more expensive to treat multidrug-resist-
ant tuberculosis as opposed to drug-susceptible tuber-
culosis due to the number of medications and clinical 
management of its prolonged and potentially toxic treat-
ment course [5, 6]. Therefore, early diagnosis and imme-
diate treatment are one of the effective ways to prevent 
the community transmission of tuberculosis.

In China, PTB case-finding is passive, and depends on 
patients presenting to health facilities with tuberculo-
sis symptoms. Although the incidence rate of tubercu-
losis among students is lower (13.64 cases per 100,000/
year in 2021 [7]) than the general population(55 cases 
per 100,000/year in 2021 [1]), students live in dense set-
tings that are prone to tuberculosis outbreaks and pub-
lic health emergencies. In addition, if students with 
PTB are not promptly diagnosed and treated, the wide-
spread transmission of M. tuberculosis can occur because 
schools provide several avenues for tuberculosis trans-
mission [8]. In 2020, the Chinese government issued 
guidelines for the prevention and control of tuberculosis 
in schools in China [9], which requires that a network of 
school tuberculosis prevention and control work, con-
sisting of administrative departments such as health and 
education works together to do a good job of preventing 
and controlling tuberculosis in schools. In the same year, 

Quzhou began to implement a zero-burden treatment 
cost pilot program for ordinary tuberculosis and drug-
resistant tuberculosis, and was the first prefecture-level 
city in the country to introduce a policy of fully subsidiz-
ing the costs of diagnosis and treatment of rifampicin-
resistant tuberculosis and ordinary tuberculosis. But the 
incidence of tuberculosis among students in Quzhou 
was 24.07 cases per 100,000 person in 2012 [10], higher 
than the national average incidence rate of 15.02 cases 
per 100,000/year among students in the same year. There 
may be some undetected factors influencing the inci-
dence of tuberculosis among students. Thus, in this study, 
we aimed to assess the risk factors for diagnostic delay of 
PTB among students in order to prevent outbreaks and 
provide information to promote PTB control strategies in 
students.

Methods
Study area
Quzhou City is located in the western region of the 
Zhejiang Province in China and has a land area of 8844 
 km2 and a gross domestic product of 1876 trillion RMB 
in 2021. The city consists of six counties (Kecheng, 
Qujiang, Jiangshan, Longyou, Changshan, and Kaihua. 
Quzhou), and has a subtropical monsoonal climate and 
four distinct seasons, with sufficient light and heat, abun-
dant rainfall, and moderate temperatures. The rivers in 
Quzhou belong to the Qiantang River System. The water-
shed covers 8332.9  km2, accounting for 94.2% of the total 
land area. The location of Quzhou City is shown in Fig. 1.

Data source
Data on all PTB cases among students in Quzhou City 
were collected from the Tuberculosis Information Man-
agement System (TBIMS) between January 2011 and 
December 2021. We excluded cases of only extrapul-
monary tuberculosis and nontuberculous mycobacte-
rial infection. The study included kindergarten, primary 
school, high school, and university students. The details 
of each PTB case included basic demographic informa-
tion, clinical diagnostic information, laboratory test 
results, and treatment classification. The annual student 
population data were obtained from the Quzhou Statisti-
cal Yearbook.

Definitions
Children aged 3–6, 7–12, 13–15, and 16–18 years were 
defined as kindergarten, primary school, junior high 
school, and senior high school students, respectively. 
Adults aged 19–25 years were classified as college stu-
dents or above. This study identified PTB cases included 
laboratory-confirmed and clinically diagnosed cases. 
Clinically diagnosed PTB cases were defined as those 



Page 3 of 9Zhang et al. BMC Infectious Diseases          (2023) 23:541  

with PTB-specialized chest imaging, clinical mani-
festations (coughing, expectoration for ≥ 2  weeks, or 
hemoptysis), and no response to diagnostic anti-inflam-
matory therapy with negative laboratory test results or 
missing results (anti-TB drug was excluded) [11], espe-
cially cases in children under five years of age should 
be accompanied by imaging abnormalities and clinical 
manifestations as well as a positive tuberculin skin test 
or a positive INF-γ interferon release test [12]. Labora-
tory confirmation of PTB was based on sputum smear, 
culture, and GeneXpert results indicating infection 
with M. tuberculosis. Smear-positive PTB were defined 
the patients with two or more sputum smears for acid 
fast bacilli (AFB) or one sputum positive for AFB and 
radiological abnormalities consistent with active PTB. 
Smear-negative PTB were defined the patients with 
three negative sputum smears for AFB and radiological 

abnormality consistent with active PTB or failure to 
respond to antibiotics trials [13]. Patient delay was 
defined as the time interval between the date of PTB 
symptom(i.e. persistent cough, fever, weakness, weight 
loss or chest pain) onset to the first visit to a profes-
sional healthcare provider. Health system delay referred 
to the time between the date of the first presentation 
of the patient to a professional healthcare provider to 
the initiation of treatment. The total diagnostic delay 
(hereafter referred to as diagnostic delay) was defined 
as the sum of the patient and health system delays [14]. 
Based on previous studies, we used 28 days as the cut-
point for analyzing diagnostic delay and 14 days as the 
cutpoint for analyzing patient and health system delays 
[15, 16].Resident population was defined as living at 
the research site for at least 6 months. Migrant popu-
lation refers to have left their place of domicile to live 

Fig. 1 Location of Quzhou City in Zhejiang
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in Quzhou for various reasons [17]. Migrant popula-
tion generally do not have local medical security, and 
cannot be reimbursed after seeking medical treatment. 
They can only enjoy the free anti-tuberculosis com-
pound medication provided by the country. Urban res-
idents are based on the place of residence, those who 
live in towns and cities above the county level, while the 
rest are categorized as rural residents. The first quar-
ter of the year is from March through May.The second 
quarter is from June through July. The third quarter is 
from September through November. The forth quar-
ter is from December through February. According to 
Technical Guidelines for Tuberculosis Control in China 
[18], passive finding refers to the patient’s initiative to 
go to tuberculosis prevention and control institutions 
for treatment due to symptoms. Referral refers to non 
designated hospitals and non tuberculosis out-patient 
clinics of designated hospitals, where patients with 
suspicious symptoms are checked, and tuberculosis 
or suspected tuberculosis patients are transferred to 
tuberculosis out-patient clinics of tuberculosis desig-
nated medical institutions in a timely manner. Tracking 
refers to the CDC’s tracking of suspected patients who 
are not referred in a timely manner. Symptoms refer-
ral means that community and village doctors organize 
or refer people with suspected symptoms of tuberculo-
sis to the tuberculosis control facility for examination. 
Active screening refers to screening for tuberculosis 
in high-risk groups such as close contacts of patho-
logically positive tuberculosis patients, HIV-infected 
patients and AIDS patients. Health examination means 
that patients with tuberculosis and suspected tubercu-
losis detected by means of health check-ups conducted 
by medical institutions.

General characteristics of PTB in students
Data were collected on sex, age group, current residence, 
registered residence, treatment classification, date of 
onset of TB-related symptoms, TB discovery method, 
and centre of first contact.

Statistical analysis
We used descriptive statistics to describe the partici-
pants’ characteristic and Pearson’s χ2 test or Fisher’s 
exact test to determine differences in the diagnostic 
delay proportions and evaluate the annual percentage 
changes. Variables that were significantly associated 
with a diagnostic delay in the univariable analyses and 
of epidemiological interest were included in the multi-
variable logistic regression model, with the estimation 
of their adjusted odds ratios (AORs) and 95% confidence 
intervals (CIs). We set the criteria for entering and exit-
ing the model to P < 0.05 and P > 0.10, respectively. Two-
sided P values of < 0.05 were considered statistically 
significant. Descriptive analyses were conducted using 
SPSS for Windows (version 25.0; IBM Corp, Armonk, 
NY, USA) and Microsoft Excel (Microsoft Corporation, 
Redmond, WA, USA). The significance of changes in the 
annual diagnostic delay rates was assessed using the chi-
squared test for trend. Related figure were plotted using 
the ArcGIS software (version 10.5; ESRI Inc., Redlands, 
CA, USA).

Results
General characteristics of PTB in students
A total of 629 cases of PTB in student were reported 
in Quzhou City between 2011 and 2021, accounting 
for 0.2% of all (n = 363,736) students. The incidence of 
PTB among students ranged from 10.55 to 21.55 cases 

Fig. 2 Trend of PTB incidence and number of PTB cases by year. Abbreviation: PTB, pulmonary tuberculosis
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per 100,000/year, with an average annual incidence 
rate of 18.60 cases per 100,000/year (Fig. 2). Of the stu-
dents diagnosed with TB, 55.5% (n = 349) were male. 
The age distribution was as follows: 11.9% (n = 75) 
were 13–15  years, 52.8% (n = 332) were 16–18  years, 
and 31.3% (n = 197) were 19–25  years. Regarding 
registered residences, 98.3% (n = 618) were resi-
dents. Concerning current residence, 51.5% (n = 324) 
were from rural areas.. Regarding the appearance 

of TB-related symptoms, 32.3% (n = 203) became 
symptomatic in the first quarter of the year. In terms 
of diagnostic results, 16.2% (n = 102) were positive 
sputum-smear, 8.7%(n = 55) were positive sputum-
culture, 7.6%(n = 48) were positive molecular biology. 
99.5%(n = 626) presented as an imaging abnormal-
ity.; 99.2% of the PTB cases were initially treated, and 
40.4% were identified through referral and tracing. 
County-level designated hospitals (65.5%) were the 

Table 1 Evaluation of factors associated with diagnostic delay in students in Quzhou with pulmonary tuberculosis using univariable 
analysis

Variable Total PTB
(N = 629)

Diagnostic delay (N = 239) No delay (N = 390) P value

Sex, n (%) 0.21

 Male 349 (55.5) 125 (52.3) 224 (57.4)

 Female 280 (44.5) 114 (47.7) 166 (42.6)

Grade (age in years), n (%)* 0.084

 Kindergarten (3–6) 3 (0.5) 2 (0.8) 1 (0.3)

 Primary school (7–12) 22 (3.5) 10 (4.2) 12 (3.1)

 Junior high school (13–15) 75 (11.9) 36 (15.1) 39 (10.0)

 Senior high school (16–18) 332 (52.8) 112 (46.9) 220 (56.4)

 College and above (19–25) 197 (31.3) 79 (33.0) 118 (30.3)

Registered residence, n (%) 0.41

 Resident population 618 (98.3) 233 (97.5) 385 (98.7)

 Migrant population 11 (1.7) 6 (2.5) 5 (1.3)

Current residence, n (%) 0.01

 Rural 324 (51.5) 138 (57.7) 186 (47.7)

 Urban 305 (48.5) 101 (42.3) 204 (52.3)

TB-related symptoms appearance time, n 
(%)

 < 0.001

 First quarter of the year 203 (32.3) 99 (41.4) 104 (26.7)

 Second quarter of the year 185 (29.4) 55 (23.0) 130 (33.3)

 Third quarter of the year 123 (19.6) 45 (18.8) 78 (20.0)

 Fourth quarter of the year 118 (18.7) 40 (16.8) 78 (20.0)

Sputum smear, n(%) 0.013

 Positive 102 (16.2) 45 (18.8) 57 (14.6)

 Negative 518 (82.4) 187 (78.3) 331(84.9)

 Not tested/not available 9 (1.4) 7 (2.9) 2 (0.5)

Treatment classification, n (%)  > 0.99

 First treatment 624 (99.2) 237 (99.2) 387 (99.2)

 Retreatment 5 (0.8) 2 (0.8) 3 (0.8)

Patient discovery method, n (%)  < 0.001

 Referral and tracing 254 (40.4) 94 (39.3) 160 (41.0)

 Passive finding 233 (37.1) 97 (40.6) 136 (34.9)

 Symptomatic referral 33 (5.3) 13 (5.4) 20 (5.1)

 Health examination 78 (12.4) 15 (6.3) 63 (16.2)

 Active screening 31 (4.9) 20 (8.4) 11 (2.8)

Centre of first contact, n(%) 0.438

 County medical institutions 412 (65.5) 152 (63.6) 260 (66.7)

 Municipal medical institutions 217 (34.5) 87 (36.4) 130 (33.3)



Page 6 of 9Zhang et al. BMC Infectious Diseases          (2023) 23:541 

type of healthcare facility sought after the onset of 
symptoms (Table 1).

Diagnostic delay of pulmonary tuberculosis patients before 
and after the COVID‑19 epidemic
A total of 279 students (44.4%) experienced patient delay, 
whereas there was a low incidence of health system delay 
(n = 85, 13.5%). The median diagnostic delay was 18 days 
(IQR: 8–38), and the incidence of diagnostic delay ranged 
from 29.7% to 59.0%, with an annual average of 38.0% 
(Table 2). There was no statistically significant difference 
in the diagnostic delay before and after the COVID-19 
epidemic (P = 0.17).

Factors associated with a diagnostic delay in the 
univariable analysis
Univariable analysis revealed differences in current resi-
dence, TB-related symptom appearance time, diagnos-
tic test results, and patient discovery method between 
patients who experienced diagnostic delay and other 
patients. The incidence of diagnostic delay in students 
living in rural areas (57.7%) was significantly higher 
than that in students living in urban areas (42.3%) 
(P = 0.01). The incidence of diagnostic delay in students 
who developed PTB symptoms in the first quarter of the 
year(41.4%) was higher than that in the other quarters 
(P < 0.001). The incidence of diagnostic delay was higher 
among students with negative sputum-smear (78.3%) 
than among students with positive sputum-smear dis-
ease (18.8%) or not (2.9%) tested (P = 0.013). The inci-
dence of diagnostic delay in students found through 

passive discovery (40.6%) was significantly higher 
than that through other discovery methods (P < 0.001) 
(Table 1).

Factors associated with a diagnostic delay 
in the multivariable logistic regression analysis
Multivariable logistic regression analysis showed that 
living in a rural area ( AOR: 1.56, 95% CI: 1.11–2.19), 
presenting with PTB symptoms in the first quarter of 
the year (AOR: 2.18, 95% CI: 1.40–3.40), and diagnos-
ing as not available sputum-smear (AOR: 8.73, 95% CI: 
1.68–45.30) were significantly associated with a diag-
nostic delay of ≥ 28 days. In contrast, discovery through 
health examinations (AOR: 0.33, 95% CI: 0.17–0.63) 
was associated with reduced risk of diagnostic delay 
(Table 3).

Discussion
Although a preventable and treatable disease, the TB dis-
ease burden in Quzhou CIty is high, with a high annual 
incidence rate [9]. Our study used conventional epidemi-
ological methods to determine the incidence and length 
of diagnostic delay among students diagnosed with PTB 
in Quzhou, Zhejiang Province. Understanding the risk of 
diagnostic delay among this high-risk group could pro-
vide a theoretical basis for optimizing school TB preven-
tion and control measures.

Table 2 Delayed diagnosis of pulmonary tuberculosis patients 
in different years

Year Total 
PTB(N = 629)

Diagnostic 
delay(N = 239)

Before the COVID-19 epidemic(%)

 2011 59 25(42.4)
 2012 71 23(32.4)
 2013 64 20(31.3)
 2014 56 20(35.7)
 2015 45 18(40.0)
 2016 78 46(59.0)
 2017 46 17(37.0)
 2018 41 14(34.1)
 2019 38 13(34.2)
 Subtotal 498 196(39.4)
After the COVID-19 epidemic(%)

 2020 67 24(35.8)
 2021 64 19(29.7)
 Subtotal 131 43(32.8)
 Total 629 239(38.0)

Table 3 Evaluation of factors associated with diagnostic delay 
occurrence in PTB cases among students in Quzhou using 
multivariate logistic regression

Abbreviations: AOR Adjusted odds ratio, CI Confidence interval, TB Tuberculosis

Variable AOR (95% CI) P value

Current residence
 Urban 1.00 (reference)

 Rural 1.56 (1.11–2.19) 0.011

TB-related symptoms appearance time
 Second quarter of the year 1.00 (reference)

 First quarter of the year 2.18 (1.40–3.40) 0.001

 Third quarter of the year 1.28 (0.77–2.11) 0.338

 Fourth quarter of the year 1.04 (0.62–1.74) 0.885

Sputum smear
 Negative 1.00 (reference)

 Positive 1.39 (0.89–2.18) 0.145

 Not tested/not available 8.73 (1.68–45.30) 0.010

Patient discovery method
 Passive case-finding 1.00 (reference)

 Health examination 0.33 (0.17–0.63) 0.001

 Referral and tracing 0.85 (0.58–1.24) 0.398

 Symptomatic referral 0.63 (0.28–1.39) 0.250

 Active screening 2.02 (0.90–4.55) 0.089
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In our study, the median diagnostic delay among stu-
dents with PTB (18 days), was lower than that reported 
for all PTB patients in Argentina (58 days) [19], Ethio-
pia (70.5 days) [14], New York (57 days) [20], France (68 
days) [21], Norway (63 days) [22], and Türkiye (49 days) 
[23]. In addition, the mean annual incidence of diagnos-
tic delay was 38.0%, which was moderate compared with 
the results of other studies conducted in China [24–26]. 
Differences in the diagnostic delay period between these 
studies are probably due to the heterogeneity in the study 
design and sample size; PTB incidence rate; sociode-
mographic, cultural, and economic status of the study 
populations; and the period in which the studies were 
conducted [27]. Moreover, mass admission screening for 
PTB among students may have effectively reduced the 
number of students with PTB entering school and the 
interval between symptom onset and treatment initia-
tion, potentially playing a vital role in the early identifica-
tion of active PTB cases [28].

In China, about 80% of TB patients live in rural areas 
[29]. In China’s 2010 National TB Prevalence Survey, the 
prevalence of active PTB in rural areas was about 1.8 
times that of urban areas; that of sputum smear-positive 
TB was about 1.6 times that of urban areas. This large 
population of TB patients has a high prevalence of anti-
TB drug resistance, which increases the rate of treatment 
failure and costs of control, and is a major challenge to 
public health for China [30]. Our results showed that stu-
dents living in rural areas were more likely to experience 
a diagnostic delay in PTB, consistent with previous stud-
ies conducted elsewhere [31–34]. This implies that, in 
rural areas, long delays for rural residents may be caused 
by limited access of health care facilities, lack of TB diag-
nosis services near to villages (e.g. health posts), long 
distance to the nearest health facility, and lack of super-
vision of health workers [14]. Rural populations are also 
more likely to have less knowledge of TB’s symptoms and 
few people were aware of its severity, which contribute to 
the delays in diagnosis [35]. Thus, increased efforts tai-
lored to the country’s specific circumstances are required 
to develop a public health system that is more responsive 
to the needs of patients with TB.

Concerning the appearance time of TB-related symp-
toms, our study showed that students who presented 
with PTB symptoms in the first quarter of the year were 
more likely to experience a diagnostic delay, which is 
consistent with patterns observed elsewhere in the world 
[36, 37]. Given the long time period between the expo-
sure and the onset of TB, one possible explanation for the 
excessive number of reported cases in spring is increased 
transmission during winter, because both low tempera-
ture and high PM2.5 level may increase the time spent 
indoors with poor ventilation [38, 39]. Another possible 

explanation is the weakened host immunity during win-
ter, which is associated with the high prevalence of other 
respiratory infectious diseases, similar symptoms and 
transmission routes, vitamin D deficiency due to insuf-
ficient ultraviolet radiation exposure, and high PM2.5 
level, which can impair respiratory system immune 
response [38, 40, 41]. Therefore, they are easily confused, 
and this could result in health system delays. Moreover, 
a grand festival called the Spring Festival occurred in 
January or February. Patients more likely to seek medical 
care after this festival. In addition, the cold weather dur-
ing this period may reduce patients’ willingness to go to 
medical institutions.

Students with not available sputum-smear were more 
likely to have a diagnostic delay than those with negative 
test results. This suggests that primary health centers rely 
more on radiography than microbiological confirmation 
for diagnosis. On the other hand, it also related to the 
poor skill of healthcare providers in detecting the disease 
or poor sensitivity of diagnostic methods to detect cases 
at early stage. In order to obtain microbiological confir-
mation, patients need to go to designated hospitals, and 
the process of referral and tracing can cause a diagnostic 
delay [42]. Therefore, the laboratory testing level should 
be strengthened, and conventional smear culture should 
be combined with genetic testing to improve the detec-
tion rate of pathogens in Quzhou City in the future. In 
particular, medical staffs should improve the vigilance 
of smear-negative patients with suspicious symptoms to 
avoid the diagnosis delay.

The principal sources of PTB detection among stu-
dents during the study period were passive case-finding, 
referrals, and tracing, whereas only a small proportion 
of PTB cases were detected through health examina-
tions and active screening. However, patients diagnosed 
through health examination were less likely to experience 
a diagnostic delay. This is because health examinations are 
required before entry into higher education; thus, students 
and parents pay more attention to such examinations. This 
suggests that increased regular screening and health sur-
veillance among students, particularly those with symp-
toms of coughing for more than two weeks, should be 
considered to avoid school PTB outbreaks [43, 44].

The current study has some strengths. First, few stud-
ies collect students’ data on the health of TB in such an 
area of a high prevalence of TB. we have carried out a 
detailed descriptive epidemiological study to provide 
data references for the TB control. Second, the duration 
of delay was based on the TBIMS, not on patient self-
reporting, which greatly reduced recall bias. However, 
our study has limitations. First, the students’ medi-
cal information on TBIMS was limited. Therefore, the 
delayed decision, as the important things in delayed 
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diagnostic, which be affected by the socioeconomic 
status of the family (income, education level of the par-
ents), coverage of health care by insurance, the quality 
and accessibility of health service(standardized modali-
ties, ratio of health workers, presence of health volun-
teer)in students were not analyzed. Second, this study 
was conducted in only one city in Zhejiang; hence, the 
generalizability of our findings is limited. In the future 
the combined questionnaire with routine surveillance 
could be useful for providing more evidence in the 
quality of the TB control in Quzhou.

Conclusion
In this study, the incidence of PTB and the average 
annual incidence of diagnostic delay among students 
in Quzhou were relatively moderate. Students living in 
rural areas who developed TB in the first quarter of the 
year and diagnosed as not available sputum-smear had 
a greater risk of diagnostic delay, while patients among 
students diagnosed through health examination were 
at a lower risk of diagnostic delay. Therefore, schools 
in rural areas should pay special attention to monitor-
ing and analyzing the incidence of TB among students 
in the first quarter of the year. They should also estab-
lish a system for TB prevention and control, implement 
morning checkups, monitor and register the causes of 
absenteeism due to illness, provide health education on 
TB prevention and control to students and staff, improve 
campus environmental sanitation, and strengthen venti-
lation in gathering places.

Abbreviations
PTB  Pulmonary tuberculosis
TBIMS  Tuberculosis Information Management System
AORs  Adjusted odds ratios
COVID-19  Corona Virus Disease 2019
AFB  Acid fast bacilli
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