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Abstract
Objective  The WHO estimates that almost 40% of patients 
diagnosed with tuberculosis (TB) are not reported. We 
implemented this study to assess TB under-reporting and 
delayed treatment registration in nine counties in China.
Design  A retrospective inventory study (record review).
Setting  Counties were selected using purposive sampling 
from nine provinces distributed across eastern, central and 
western regions of China in 2015.
Primary and secondary outcome measures  Under-
reporting was calculated as the percentage of patients 
with TB not reported to TB Information Management 
System (TBIMS) within 6 months of diagnosis. Delayed 
registration was estimated as the percentage of reported 
cases initiating treatment 7 or more days after diagnosis. 
Multivariable logistic regression and an alpha level of 
0.05 were used to examine factors associated with these 
outcomes.
Results  Of the 5606 patients with TB identified from 
project health facilities and social insurance systems, 1082 
(19.3%) were not reported to TBIMS. Of the 4524 patients 
successfully reported, 1416 (31.3%) were not registered 
for treatment within 7 days of diagnosis. Children, TB 
pleurisy, patients diagnosed in the eastern and central 
regions and patients with a TB diagnosis recorded in 
either health facilities or social insurance system—but 
not both—were statistically more likely to be unreported. 
Delayed treatment registration was more likely for 
previously treated patients with TB, patients with negative 
or unknown sputum results and for patients diagnosed in 
the eastern region.
Conclusion  Almost one in every five patients diagnosed 
with TB in this study was unknown to local or national TB 
control programmes. We recommend strengthening TB 
data management practices, particularly in the eastern 
and central regions, and developing specific guidelines for 
reporting paediatric TB and TB pleurisy. Patient education 
and follow-up by diagnosing facilities could improve timely 
treatment registration. Additional studies are needed to 
assess under-reporting elsewhere in China.

Introduction 
The WHO estimates that almost 40% of 
all patients with tuberculosis (TB)  are not 
reported to local or national TB surveillance 

programmes each year.1 TB under-reporting 
can occur if patients are not diagnosed or 
are not reported to national TB surveillance 
systems following diagnosis. Under-reporting 
can result in inaccurate TB burden estimates. 
Additionally, delays in treatment initiation 
can prolong morbidity and increase the 
chances of subsequent transmission.2 3 Both 
under-reporting and a delay in initiating treat-
ment can negatively affect the evidence base 
needed for prioritising resources for TB elim-
ination programmes.

Although the number of new TB cases 
in China has declined substantially since 
2009,4 the country continues to experience a 
substantial burden of TB with approximately 
895 000 incident cases a year, or 10% of all 
new cases globally.1 In China, all suspected 
TB cases are clinically diagnosed or bacterio-
logically confirmed and managed in govern-
ment-appointed local Centers for Disease 
Control and Prevention (CDC), TB dispen-
saries or TB-designated hospitals. Patients 
seeking care at other locations are referred 
to TB dispensaries and hospitals. Since 2005, 
staff in TB health facilities have been required 
to report diagnosed patients (clinically or 

Strengths and limitations of this study

►► We conducted a retrospective inventory study fol-
lowing the guidelines outlined by WHO.

►► Including social insurance system data provided 
additional information on tuberculosis (TB) case re-
porting and treatment registration.

►► Our findings are unlikely to be representative for 
other locations in China.

►► Inaccurate recording by health/treatment facilities 
could have negatively affected our linkage process.

►► We only focused on healthcare facilities with TB 
diagnostic capability and reporting at least one TB 
cases during the year-long study period.
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laboratory confirmed) directly into a web-based TB 
Information Management System (TBIMS), which serves 
as the national TB surveillance system.5 At least one 
TB-designated hospital or dispensary in all about 3000 
counties in China has the ability to connect to TBIMS. 
Despite this coverage, WHO estimates that up to 120 000 
patients may not have been reported in 2016.1 Although 
the gap between estimated and reported patients has 
narrowed (figure 1),6 more information is needed to vali-
date under-reporting and describe factors associated with 
these estimates.

The WHO recommends that all high TB-burden coun-
tries conduct ‘Inventory Studies’ to assess under-reporting 
of patients diagnosed with TB to national surveillance 
systems.7 Several countries, including Kenya,8 Pakistan,9 
Egypt10 and Iraq,11 have conducted inventory studies to 
identify and address gaps in TB reporting. Because China 
is a high TB-burden country, the National Center for TB 
Prevention and Control (NCTB) implemented a study to 
estimate the magnitude of TB under-reporting and treat-
ment registration timeliness. In this paper, we report the 
methods and results from this assessment conducted in 
nine high-risk provinces in 2015. We anticipate that our 
findings can be used to help improve both the accuracy 
of TB case reporting and timely registration for treatment 
programmes.

Methods
Design
We conducted a retrospective inventory study following 
guidelines outlined by the WHO.7 These guidelines 
describe an approach for identifying and comparing 
patients  diagnosed with TB with official national TB 
case reports. We estimated the percentage of diagnosed 
patients using hospital records and social insurance 
system data that were reported to TBIMS. We also esti-
mated the percentage of diagnosed patients who were 
registered for treatment in a timely manner.

Setting
China is divided into 34 provinces (including three 
special administrative regions) which are further divided 
into 2851 counties, and the estimated population was 
1.38 billion in 2016.12 According to 2016 surveillance data, 
the annual estimated incidence rate of TB was approx-
imately 64 patients per 100 000 population.1 High-inci-
dence provinces were primarily located in western China 
where the level of socioeconomic development typically 
lags behind the national average.

NCTB is responsible for coordinating the national TB 
programme, including managing TBIMS. Provincial and 
county-level institutions oversee the design and imple-
mentation of TB prevention, control and treatment 
services. Residents who have a presumptive or confirmed 
TB diagnosis will first be reported to the national infec-
tious disease surveillance system, and then referred to 
a Basic Management Unit (BMU) located within coun-
ty-level health facilities (county-level CDC, TB dispen-
saries and designated hospitals). As outlined in the 
national guidelines, patient’s TB examinations include a 
sputum smear test and chest radiograph or chest X-ray 
(CXR).13 BMUs are required to report and register all 
patients diagnosed and treated with TB (bacteriologically 
and clinically confirmed) along with patient outcomes 
(ie, recovered, died, lost to follow-up) to the NCTB using 
TBIMS.13

In China, healthcare costs are covered by patient 
self-pay, private health insurance from the patient’s 
employer or China’s social insurance system. Almost 95% 
of the population uses the social insurance system; this 
system registers clinician-based TB diagnoses and can 
be used to identify patients. Migrant workers—those 
who travel from one county to another for employment 
opportunities and are there for less than 6 months—are 
only able to access the social insurance system in their 
official place of residence.

Site selection
For this initial study, we used purposive sampling to select 
nine provinces from eastern, central and western China. 
These were selected to represent high, moderate and 
low levels of socioeconomic development, rather than 
specific geographic regions in the country. The nine 
provinces included Jiangsu, Zhejiang and Shanghai from 
the eastern region (high socioeconomic-level provinces); 
Henan, Heilongjiang and Hubei from the central region 
(middle socioeconomic-level provinces); and Guangxi, 
Sichuan and Yunnan from the western region (low socio-
economic-level provinces).

We selected one county from each of these provinces, 
for a total of nine counties, to participate in the project. 
Each selected county had a high TB burden and demon-
strated the capacity to conduct the study, including avail-
ability of technical staff, proven commitment and strong 
TB programme leadership (figure 2). In each county, we 
included healthcare facilities that were able to perform 
CXR and that had diagnosed at least one patient with TB 

Figure 1  Estimated incidence and reporting rate to TB 
Information Management System (TBIMS) of TB of China, 
1990–2015 (Source: WHO TB Reports, China’s TBIMS 
system).
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during the project period. Facilities not meeting these 
criteria were excluded. This approach could provide a 
good initial estimate of the level of under-reporting in 
each region, while limiting the complexities associated 
with identifying a generalisable sample through cluster 
sampling or other methodologies.

Inclusion criteria for patients with TB
We included patients with TB if the patient’s medical 
record indicated a clinician-based TB diagnosis, based on 
national TB diagnostic guidelines,13 14 or if the social insur-
ance system had documentation of the patient receiving a 
TB diagnosis. We obtained information on patients diag-
nosed with pulmonary TB (PTB) disease or TB pleurisy 
between 1 January 2015 and 31 December 2015.

Data collection
We reviewed medical records at the participating health 
facilities and county-level social insurance system data-
bases to identify patients diagnosed with TB.13 14 If an elec-
tronic medical record system was available, we exported 
all records with a TB diagnosis to an Excel spreadsheet. 
If only paper records were available, we performed a 
manual review of medical records from outpatient depart-
ments, inpatient wards and laboratory reports for a TB 
diagnosis. We also searched the social insurance system 

electronic databases for patients with health facility visit 
dates in 2015 and a TB (PTB) or TB pleurisy diagnosis. 
Reports meeting these criteria were exported and added 
to the medical record Excel spreadsheet. The following 
information was captured and included in the medical 
record spreadsheet: name, age, sex, national identifica-
tion (ID) number, date of diagnosis, address and type 
of TB (pulmonary/pleurisy). Duplicate records were 
removed. The medical record spreadsheet was imported 
into an Excel data set for the linkage analysis.

From TBIMS, we downloaded patients’ personal infor-
mation (name, age, sex, national ID number and address) 
into a separate Excel data set. We also captured the date 
of diagnosis, date of registration, sputum status for patients 
diagnosed with PTB and TB category (new or previously 
treated). Because hospital staff members are not required 
to report extrapulmonary TB to TBIMS, and treatment 
regimens for multidrug-resistant TB (MDR-TB) may involve 
different payment schemes, we excluded patients with 
extrapulmonary TB and MDR-TB from both data sets.

Record linkage
We used multiple approaches to link TB case data from 
the medical record data set with the TBIMS data set. We 
initially used the national ID number, name, age and 

Figure 2  Location of counties and provinces selected through purposive sampling for the tuberculosis (TB) under-reporting 
study, by region, China, 2015.
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gender to match patients. If we identified a match using 
the national ID, we verified this match using name, gender 
and age; if at least one of the three variables matched, 
then the link was maintained. If a national ID number 
was missing from one or both data sets, we attempted to 
match the name of each patient in the TBIMS file to the 
name in the medical record data set. Records with name 
matches were further assessed by age (±2 years), gender 
and address (if the addresses in the two databases were 
not mutually exclusive; eg, if the address in one database 
only had the name of prefecture name that was linked 
with a detailed address within the prefecture in the other 
database). Because some patients may seek medical care 
at a location away from their place of residence, we also 
searched provincial and national-level TBIMS files for 
matches to the residential address listed in the medical 
record data set.

Based on the above approaches, we defined a link when 
a TB case from the medical record and the TBIMS data set 
met the following conditions: (1) the national ID number 
matched and name, age or gender were the same; or (2) 
the name, age, gender and location (county/district, 
township, street) matched. The remaining patients with 
TB in the medical record data set who did not meet these 
conditions were defined as under-reported. Thirty-two 
project members were involved in the record linkage 
process. The final linked data set is included in the online 
supplementary S1 annex.

Data analysis
We described the characteristics of patients with TB iden-
tified from the participating healthcare facilities and 
social insurance systems. We calculated under-reporting 
as the number and percentage of patients with TB not 
reported to TBIMS within 6 months of diagnosis. Delayed 
registration was estimated as the number and percentage 
of reported cases registering for treatment 7 or more days 
after diagnosis. We used logistic regression analysis to 
examine the role of the patient and health system char-
acteristics in TB under-reporting and delayed treatment 
initiation. Variables with a p<0.20 in our crude analysis 
were included in the multivariable model. For these 
analyses, we grouped each of the nine counties into one 
of the three socioeconomic development regions (ie, 
eastern, central or western region). Age was defined as 
the patient’s age (in years) at the time of TB diagnosis. 
Patients aged  ≥65 years and diagnosed in the western 
region served as the reference group. Crude OR and 
adjusted  OR (aOR) and corresponding 95%  CIs were 
generated. An alpha level of 0.05 was used to assess statis-
tical significance. We performed all analyses using STATA 
(V.12.1, StataCorp, College Station, TX, USA).

Patient and public involvement
Project staff did not interact directly with patients with TB 
during this retrospective record review. We worked with 
administrators and staff at the selected hospitals as well as 
the social insurance system offices in the nine provinces. 

Findings from this study will help TB-designated hospi-
tals as well as provincial and national TB programmes to 
improve patient care and treatment.

Results
We identified a total of 259 health facilities in the nine 
project counties. Among these, 149 (49.7%) met our 
health facility inclusion criteria (ie, able to perform CXR 
and diagnosed at least one patient with TB during the 
project period). We reviewed a total of 61 083 medical 
records: 54 557 medical records from health facilities 
and 6526 records from social insurance systems. At the 
time of the study, 37 (24.8%) facilities were using paper 
medical records. A total of 5606 records with a PTB or TB 
pleurisy diagnosis were identified from these reviews and 
included in our analysis (table 1, figure 3).

Of the identified patients with TB, 4178 (74.5%) were 
15–64 years of age and 3918 (69.9%) were male. We 
identified eligible patients diagnosed with TB primarily 
from healthcare facility medical records (n=3358, 59.9%) 
and a smaller percentage from social insurance systems 
(n=896, 16.0%); almost one-quarter (n=1352, 24.1%) 
were identified from both sources. Of all eligible TB 
cases, 2702 (48.2%) were identified from three coun-
ties (Wuchang, Heilongjiang Province, 1108 (19.8%), 
Minhang, Shanghai, 839 (15.0%) and Qiaokou, Hubei 
Province, 755 (13.5%)).

Of the 5606 TB cases identified from the nine coun-
ties, 1082 (19.3%) cases were not reported to TBIMS 
within 6 months of diagnosis. Under-reporting ranged 
from 398 (23.2%) TB cases in the eastern region and 556 
(21.6%) in the central region, to 128 (9.7%) TB cases in 
the western region. Among the remaining identified TB 
cases, 5402 (96.4%) were matched by national ID, patient 
name, age, gender and address in county-level TBIMS 
data set and 204 (3.6%) were matched to the provincial 
or national TBIMS data set.

Of the 4524 patients reported to TBIMS, 1416 (31.3%) 
patients with TB were not registered for treatment within 
7 days, despite an overall median time to registration of 
3 days (IQR=11; Q1=1, Q3=12) (online supplementary 
figure S2). Over 30% of patients diagnosed with TB with 
negative or unknown sputum results were not registered 
for treatment.

In our crude analysis of factors associated with under-re-
porting, age, recording source (health facility, social 
insurance system or both), type of TB (PTB or TB pleu-
risy) and region were statistically significant (table 3). In 
our multivariable analysis, these variables remained statis-
tically significant; under-reporting was statistically more 
likely for patients with paediatric TB who were <15 years 
of age (aOR 7.3, 95% CI 3.6 to 14.9), patients whose diag-
nosis was recorded only in the social insurance system 
(aOR 22.4, 95% CI 16.7 to 30.1), patients diagnosed with 
TB pleurisy (aOR  4.5, 95% CI 3.4 to 6.0) and patients 
diagnosed in the eastern region (aOR 6.0, 95% CI 4.7 to 
7.7) or central region (aOR 2.3, 95% CI 1.8 to 2.9).
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Among patients reported to TBIMS within 6 months, 
delayed registration was statistically associated with a 
recording source, reporting category (new or previously 
treated) and the region in our crude analysis (table 4). 
In our multivariable analysis, delayed registration was 
more likely for patients  previously treated with  TB 
(aOR 1.7, 95% CI 1.4 to 2.1), and marginally more likely 
for patients with negative or unknown sputum results 
(aOR 1.2, 95% CI 1.1 to 1.5) and for patients diagnosed in 
the eastern region (aOR 1.2, 95% CI 1.1 to 1.5). Delayed 
registration was significantly less likely for patients with 
TB recorded only in the social insurance system (aOR 0.7, 
95% CI 0.5 to 0.9).

Discussion
This study, based on the WHO’s guidelines for conducting 
TB inventory studies, determined that almost one in five 
patients diagnosed with TB in the participating counties 
was not reported to TBIMS. Additionally, among patients 

Table 1  Characteristics of patients diagnosed with 
pulmonary TB or TB pleurisy whose data were captured 
from health facility medical records and social insurance 
systems from nine counties in China, 2015

Characteristic

Patients with TB 
diagnosis

n (%)

Total 5606 (100)

Age (years)

 � <15 36 (0.6)

 � 15–64 4178 (74.5)

 � ≥65 1392 (24.8)

Gender

 � Female 1688 (30.1)

 � Male 3918 (69.9)

Recording system*

 � Health facilities 3358 (59.9)

 � Social insurance systems 896 (16.0)

 � Both 1352 (24.1)

Type of TB

 � Pleurisy 271 (4.8)

 � PTB 5335 (95.2)

Region

 � Eastern 1719  (30.7)

 � �  Danyang, Jiangsu 459  (8.2)

 � �  Minhang, Shanghai 839  (15.0)

 � �  Jiangshan, Zhejiang 421  (7.5)

 � Central 2573  (45.9)

 � �  Weishi, Henan 710  (12.7)

 � �  Wuchang, Heilongjiang 1108  (19.8)

 � �  Qiaokou, Hubei 755  (13.5)

 � Western 1314 (23.4)

 � �  Pingguo, Guangxi 416  (7.4)

 � �  Jiangyou, Sichuan 685  (12.2)

 � �  Dongchuan, Yunnan 213  (3.8)

*Source of information on TB diagnosis.
PTB, pulmonary TB; TB, tuberculosis.

Table 2  Number of days to registration in the National TB 
Information Management System after TB diagnosis among 
patients registered in nine counties in China in 2015

Variables n (%)
Median (IQR: 
Q1, Q3)

Total 4524 (100.0) 3 (11: 1, 12)

Age (years)

 � <15 15 (0.3) 3 (33: 0, 33)

 � 15–64 3330 (73.6) 3 (11: 1, 12)

 � ≥65 1179 (26.1) 3 (12: 1, 13)

Sex

 � Female 1353 (29.9) 3 (12: 1, 13)

 � Male 3171 (70.1) 3 (10: 1, 11)

Recording system

 � Health facilities 2757 (60.9) 4 (13: 1, 14)

 � Social insurance systems 508 (11.2) 1 (4: 0, 4)

 � Both 1259 (27.8) 3 (7: 1, 8)

Type of TB*

 � Sputum-negative/unknown 
PTB

2987 (66.0) 3 (12: 1, 13)

 � Pleurisy 150 (3.3) 2 (9: 0, 9)

 � Sputum-positive PTB 1387 (30.7) 3 (1, 10)

TB treatment category† 

 � Previously treated 406 (9.0) 5 (18: 1, 19)

 � New 4118 (91.0) 3 (10: 1, 11)

Region

 � Eastern 1321 (29.2) 3 (10: 1, 11) 

 � �  Danyang, Jiangsu 419 (9.3) 2 (6: 0, 6) 

 � �  Minhang, Shanghai 522 (11.5) 8 (21: 2, 23) 

 � �  Jiangshan, Zhejiang 380 (8.4) 3 (3: 1, 4) 

 � Central 2017 (44.6) 3 (13: 0, 13) 

 � �  Weishi, Henan 667 (14.7) 9 (28: 2, 30) 

 � �  Wuchang, Heilongjiang 701 (15.5) 0 (1: 0, 1) 

 � �  Qiaokou, Hubei 649 (14.3) 6 (11: 4, 15) 

 � Western 1186 (26.2) 3 (8: 1, 9) 

 � �  Pingguo, Guangxi 358 (7.9) 4 (15: 1, 16) 

 � �  Jiangyou, Sichuan 664 (14.7) 3 (5: 1, 6) 

 � �  Dongchuan, Yunnan 164 (3.6) 1 (6: 0, 6) 

*Sputum smear status for PTB was available in TB Information 
Management System (TBIMS) for all patients registered for 
treatment.
†TB treatment category was available in TBIMS for all patients 
registered for treatment.
PTB, pulmonary TB; Q1, first quartile; Q3, third quartile; TB, 
tuberculosis. 
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successfully reported, one in three was not registered 
for treatment within 7 days following diagnosis. There-
fore, the overall TB burden in these counties is likely to 
be underestimated, and many patients may be at risk of 
prolonged morbidity and contribute to unnecessary TB 
transmission.

Our findings are similar to inventory studies conducted 
in other countries.8–11 15–18 Globally, the percentage of TB 
cases that are unreported has ranged from 15% in Euro-
pean countries,15 1720% in Africa8 and 30% in the WHO 
Eastern Mediterranean Region10 11 16 to 50% in some 
countries with a large private sector in Asia.9 18 These 
estimates may reflect differences in the national TB 
burden, prevalence of HIV/AIDS and role of the public 
and private sectors in providing healthcare services.19 In 
our study, under-reporting was associated with region (ie, 
socioeconomic development level), type of TB and age 
(paediatric TB).

High under-reporting in eastern counties, such as 
Minhang in Shanghai Province, and to a lesser extent in 
central counties, such as Wuchang in Heilongjiang Prov-
ince, may be associated with the overall size (ie, number 
of inpatient beds) of the designated TB hospital. Several 

large national and regional reference hospitals that also 
serve as TB hospitals are in or covered by these counties, 
each with more than thousand inpatient beds. The high 
workload and limited resources for extra staff in these 
hospitals could negatively affect reporting practices. This 
is supported by findings from studies in Kenya, where 
larger facilities and high patient case loads were described 
as possible reasons for unreported TB cases.8 Additionally, 
staff at certain hospitals in the eastern and central regions 
may prefer to receive culture confirmation before entering 
data of patients with TB into TBIMS to reduce time for 
case reporting. Qualitative projects, such as interviews of 
TB-designated hospital staff, are needed to better under-
stand the causes of under-reporting at these large facilities.

In our project, under-reporting was also associated with 
the TB record source (ie, from the health facility or social 
insurance system). Identifying records of patients with TB 
in only one of the two recording sources suggests that the 
patient may have been a migrant worker. If a patient’s TB 
diagnosis was only recorded at the health facility, but not 
in the social insurance system, the patient was probably 
not a local resident in the hospital’s catchment area, and 
therefore could not be reimbursed. Similarly, if a patient 
was only recorded in the social insurance system but not 
at the health facility, the patient may have never been 
seen or diagnosed at the project facility, but, rather, was 
diagnosed in another place and returned home for reim-
bursement from the social insurance system.20 Several 
pilot projects have been implemented to facilitate cross-
country reimbursement under the concept of Universal 
Health Coverage. Follow-up studies should be conducted 
to assess the impact of these projects on TB reporting and 
treatment registration.

Although the total number of patients with paediatric 
TB and TB pleurisy identified in our project was small, 
under-reporting was high for both groups. Paediatric 
patients may not present with typical TB symptoms21–23 
and current reporting regulations for TB pleurisy vary 
by province.24 Additionally, most paediatric patients are 
treated at paediatric hospitals or large general hospitals, 
which are not directly connected to TBIMS. Linking 
these hospitals to TBIMS could help  better understand 
and monitor paediatric TB in China.

In China, all patients reported in TBIMS are required 
to initiate treatment as soon as possible to prevent further 
transmission. This is consistent with the WHO’s TB treat-
ment recommendation.25 The overall median time from 
TB diagnosis to treatment initiation in our study was 
3 days, which is shorter than that reported by studies 
conducted in Tanzania and Ethiopia,26 27 but similar to 
studies in India,28 and longer than a study conducted in 
Shandong Province, China.29 Delays in treatment regis-
tration and initiation in these studies were linked to lower 
symptom severity, longer travel distance to a facility, lower 
income, being a member of a migrant population and a 
lower knowledge level about TB.

Patients with sputum-negative or unknown test results 
and with a history of treatment were also associated with a 

Figure 3  Flow diagram depicting each step of data 
collection, China, 2015. PTB, pulmonary TB; TB, 
tuberculosis; TBIMS, TB Information Management System. 
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delay in treatment initiation in our multivariable analysis. 
A negative sputum or unknown test result could suggest 
lower TB symptom severity while previously treated 
patients with TB may reflect an unfavourable view of the 
6–8 month long treatment and a reluctance to reinitiate 
the treatment. The lack of perceived treatment effective-
ness and concerns about side effects could also cause a 
delay in reinitiating treatment. In Shaanxi Province, 
for example, newly diagnosed patients sought care and 
treatment significantly sooner following symptom onset 
compared with previously treated patients with TB.30 
Because of increasing occurrence of MDR-TB,31 ensuring 
that patients receive appropriate treatment regimens 
along with new strategies for successful implementation 
of direct observed therapy is required.30

Delayed treatment registration was highest in Minhang 
District in the eastern region (data not shown). Hospitals 
in Minhang often serve migrant workers who are likely 
to be diagnosed with TB near their employment site (ie, 
in Minhang District), but who seek treatment in their 
home province where the cost of TB drugs is covered by 
the National TB Control Program or the social insurance 
system.32–34 In our linkage analysis, 204 patients were 
diagnosed and linked to TBIMS after reviewing of reports 
from other provinces, including 59 patients with TB diag-
nosed in Minhang District. We are unable to explain the 

lower likelihood of delayed treatment registration for 
records of patients with TB identified solely from the 
social insurance system. Additional analyses are needed 
to further evaluate this finding.

The overall goal of this project and other similar inven-
tory studies was to assess the capacity of the existing 
surveillance system to accurately report patients diag-
nosed with TB and to assess treatment registration and 
patient outcomes.7 According to the national guidelines 
in China, BMU staff are responsible for case  reporting 
and treatment registration using TBIMS. We noted a 
large number of patients with TB who were identified 
from social insurance systems who were not documented 
in the medical records as required. Future capture-re-
capture (CR) studies using patient data from TBIMS, 
medical records and the social insurance systems could 
be conducted to help understand this discrepancy.7 CR 
studies have been implemented in Egypt and Iraq using 
three  sources of TB information to estimate under-re-
porting and to indirectly calculate incidence.10 11 Addi-
tionally, automated linkages between the social insurance 
system and TBIMS could be developed to provide addi-
tional methods to improve reporting, assuming that this 
could include procedures, using machine language and 
probabilistic models—to identify duplicates and to accu-
rately match patients.35 36

Table 3  Factors associated with under-reporting to the National TB Information Management System within 6 months of TB 
diagnosis from nine counties in China in 2015

Variable Total Under-reporting n (%) Crude OR(95% CI) Adjusted OR (95% CI)

Total 5606 1 082 (19.3) –

Age (years)

 � <15 36 21 (58.3) 7.7 (3.9 to 15.3)* 7.3 (3.6 to 14.9)*

 � 15–64 4178 848 (20.3) 1.4 (1.2 to 1.7)* 1.2 (1.0 to 1.4)

 � ≥65 1392 213 (15.3) Ref Ref

Sex

 � Female 1688 335 (19.8) 1.1 (0.9 to 1.2) 1.0 (0.9 to 1.20)

 � Male 3918 747 (19.1) Ref Ref

Recording system†

 � Health facilities 3358 601 (17.9) 3.0 (2.3 to 3.7)* 4.3 (3.4 to 5.5)*

 � Social insurance systems 896 388 (43.3) 10.3 (8.1 to 13.3)* 22.4 (16.7 to 30.1)*

 � Both 1352 93 (6.9) Ref Ref

Type of TB

 � Pleurisy 271 121 (44.6) 3.7 (2.9 to 4.7)* 4.5 (3.4 to 6.0)*

 � PTB 5335 961 (18.0) Ref Ref

Region‡ 

 � Eastern 1719 398 (23.2) 2.8 (2.3 to 3.5)* 6.0 (4.7 to 7.7)*

 � Central 2573 556 (21.6) 2.6 (2.1 to 3.1)* 2.3 (1.8 to 2.9)*

 � Western 1314 128 (9.7) Ref Ref

*Statistically significant.
†Source of information on TB diagnosis.
‡Based on socioeconomic development level: high level in eastern region, medium level in central region and low level in western region.
PTB, pulmonary TB; TB, tuberculosis. 
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While TB dispensaries and designated hospitals in 
eastern China experience a high workload, elsewhere, 
particularly in western China, distances to health facili-
ties may limit access to TB-designated hospitals for diag-
nosis and treatment. We propose conducting health 
care-seeking behaviour assessments in the western prov-
inces to better understand possible barriers to reaching 
TB dispensaries and designated hospitals. Specific strate-
gies to address TB under-reporting and timely treatment 
registration will likely be needed for the different socio-
economic regions in China.

Our project has a few limitations. For this initial 
project to evaluate TB under-reporting, we used purpo-
sive sampling to select nine countries from the 2851 
counties in China. We attempted to limit the potential 
bias from this sampling approach by including counties 
from provinces that are located in three distinct regions 
of socioeconomic development (ie, eastern, central and 
western regions). However, our findings are unlikely to 
be representative of other locations in China. Because 

of the sampling approach, we must also be cautious not 
to overinterpret the results from our logistic regression 
models. Additionally, our linkage methods relied on 
several approaches to improve the sensitivity of finding 
matches between the medical records and TBIMS. Inac-
curate recording or reporting by health facilities could 
have negatively impacted this process. Similarly, we were 
unable to determine the number of patients with TB who 
may have initiated, but were not formally registered for, 
treatment by the treatment facility.

Finally, national guidelines require all healthcare facil-
ities to report both presumptive and diagnosed TB cases 
to the national infectious disease surveillance system. 
However, in this study, we focused on healthcare facilities 
with TB diagnostic capability and that reported at least 
one TB case during the study period. We did not eval-
uate under-reporting and timely treatment registration 
for facilities not meeting these criteria. Additional work is 
needed to determine the status of patients seeking care at 
facilities without TB diagnostic capabilities. Ensuring that 

Table 4  Factors associated with delayed (≥7 days) treatment registration among patients diagnosed with TB reported to the 
National TB Information Management System from nine counties in China in 2015

Characteristics Total
Delayed registration 
n (%) 

Crude OR
(95% CI)

Adjusted OR
(95% CI)

Total 4 524 1 416 (31.3)

Age (years)

 � <15 15 6 (40) 1.4 (0.5 to 4.0) 1.2 (0.4 to 3.5)

 � 15–64 3 330 1 032 (31.0) 1.0 (0.8 to 1.1) 0.9 (0.8 to 1.1)

 � ≥65 1 179 378 (32.1) Ref Ref

Sex

 � Female 1 353 429 (31.7) 1.0 (0.9 to 1.2) 1.0 (0.9 to 1.2)

 � Male 3 171 987 (31.1) Ref Ref

Recording system†

 � Heath facilities 2 757 997 (36.2) 1.6 (1.4 to 1.9) 1.7 (1.4 to 2.0)*

 � Social insurance systems 508 97 (19.1) 0.7 (0.5 to 0.9) 0.7 (0.5 to 0.9)*

 � Both 1 259 322 (25.6) Ref Ref

Type of TB

 � Sputum-negative/unknown PTB 2 987 966 (32.3) 1.2 (1.0 to 1.3) 1.2 (1.1 to 1.5)*

 � Pleurisy 150 45 (30.0) 1.0 (0.7 to 1.5) 1.2 (0.8 to 1.7)

 � Sputum-positive PTB 1 387 405 (29.2) Ref Ref

TB treatment category

 � Previously treated 406 167 (41.1) 1.6 (1.3 to 2.0) 1.7 (1.4 to 2.1)*

 � New 4 118 1249 (30.3) Ref Ref

Region‡

 � Eastern 1 321 416 (31.5) 1.2 (1.0 to 1.5) 1.2 (1.1 to 1.5)*

 � Central 2 017 677 (33.6) 1.3 (1.2 to 1.6) 1.2 (1.0 to 1.4)

 � Western 1 186 323 (27.2) Ref Ref

*Statistically significant.
†Source of information on TB diagnosis. 
‡Based on socioeconomic development level: high level in eastern region, medium level in central region and low level in western region.
PTB, pulmonary TB; TB, tuberculosis. 
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these patients are diagnosed and provided with appro-
priate treatment is essential for reducing the overall TB 
burden in China.

Conclusion
We identified gaps in reporting and treatment registra-
tion in the nine counties participating in this project. 
The TB burden in these locations may be underestimated 
by almost 20%. We strongly recommend training and 
improved guidance for reporting in high-burden regions 
and high-case load hospitals as well as for paediatric 
patients and patients with TB pleurisy. Patient education 
and follow-up by diagnosing facilities could help improve 
timely treatment registration, particularly for migrant 
workers and sputum-negative patients. We recommend 
that similar studies to assess factors associated with 
under-reporting and delay in registration are conducted 
elsewhere in China.
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