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To evaluate the diagnostic value of symptom screening for tuberculosis (TB) case finding
defined in National Tuberculosis Control Program in China (China NTP) among elderly people(65 years) and younger people(<65 years).

Methods
We made a secondary analysis in a population-based TB prevalence survey in China in
2010. Questionnaire including information for cough and haemoptysis was completed by
face to face interview, and then chest radiography was conducted in all eligible participants.
Sputum smear and culture were followed for all TB suspects. We calculated the odds ratios
(OR), sensitivity, specificity, positive predictive value (PPV), negative predictive value
(NPV) and the area under the receiver operating characteristic curve (AUC) of using different symptoms for screening to detect bacteriologically positive TB in subpopulations stratified by age 65, to evaluate the performance of symptom screening for TB.

Findings
Of 315 newly diagnosed bacteriologically positive TB, 131 patients (41.59%) were elderly,
and 48.57% of TB patients were asymptomatic. Nearly 50% patients did not present cough
of any duration, and less than half present cough more than 2 weeks, a defined suspected
symptom in China NTP. Cough of any duration was reported more in patients aged under
65 than those in elderly, especially for the acute cough (9.78% vs 6.87%). Those symptoms
defined by China NTP were reported by less than half participants in two subpopulations.
Acute cough (<2 weeks) was an independent predictor of TB in people aged under 65 (adjusted OR: 3.3, 95% CI: 2.0-5.5), but not in those aged 65 and above (adjusted OR: 1.4,
95% CI: 0.7-2.9). The specificity for each symptom was significantly higher in participants
aged under 65 (P<0.01), and sensitivities of most symptoms were significantly higher
among elderly (P<0.05 or P<0.01). When compared with cough for 2 weeks and more,
using cough of any duration for symptom screening increased the sensitivity from 42.9% to
51. % for all participants, and the AUC increased from 0.70 to 0.74 for participants aged
under 65 without significant difference.
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Conclusions
There is a high percent of asymptomatic TB patients, and those symptoms adopted in
China NTP for screening is poorly predictive for TB. The presence of TB symptoms, the sensitivities and specificities of symptoms for TB were distinct between two subpopulations cut
by age 65, implying different case finding strategies should be established for them. The
current case finding strategy should be improved, and further studies should be done to
evaluate the performance and cost-effectiveness of different symptom screening strategy.

Introduction
In 2013, an estimated totally 9 million people developed TB, within which about 3 million
cases were missed by national surveillance system [1]. The routine TB surveillance system in
China covered all TB dispensaries and general hospitals nationwide, and the notification rate
was very close to TB incidence rate estimated by World Health Organization (WHO) [2]. However, there was a big gap between the number of TB cases notified in surveillance system and
that estimated by WHO because of our large population. In 2013, China had an estimated 0.98
million incident TB cases, and only 0.86 million cases notified in surveillance system [1].
Tuberculosis Management Information System is relatively perfect in China, and the reason
why there were still so many missed cases in China is closely related to the current passive-case
finding strategy [3]. Almost all TB patients notified by the routine surveillance system were
those who voluntarily present themselves to health-care facilities because of suspected TB
symptoms. TB patients without suspected symptoms and those who present symptoms but
don’t visit health-care facilities could not get timely diagnosis and thus be missed by surveillance system. Symptom screening for TB(mostly passive) was a key component of DOTS strategy for combating TB, and the health care provider-initiated active TB screening in high-risk
population had become an important strategy recommended by WHO[4]. The active casefinding in China had been implemented in close contacts of sputum smear positive TB patients
and the main measurement was based on suspected symptom screening. Although there were
several symptoms for TB (such as cough longer than 2 weeks, haemoptysis, low grade fever,
weight loss, night sweat and others), the definition of suspected symptom in China NTP was
cough, expectoration last for longer than 2 weeks or haemoptysis[3]. That means the suspected
TB symptom screening was the first step for TB case finding, and those with TB symptom defined by China NTP would accept the followed X-ray and sputum smear examination in routine practice in China. However, symptom screening alone had a low sensitivity and specificity,
and even smear-positive TB cases might be missed by provider-initiated symptom screening
[5–7].
A national TB prevalence survey had been conducted in China in 2010. All eligible people
aged 15 years or older living in the selected sites had received symptom screening and chest radiograph. For those with suspected symptoms or abnormal chest radiograph, sputum smear
and culture were followed. In this study, we evaluated the diagnostic value of symptom screening implemented in China NTP for bacteriologically positive TB patients detected in the prevalence survey and whether symptom screening conducted will affect the diagnostic values for
elderly and younger people, to provide evidence for further improving TB case finding strategy
in China NTP
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Methods
Ethical Approval
The prevalence survey protocol was reviewed and approved by the Tuberculosis Operational
Research Ethics Review Committee of Chinese Ministry of Health, and the need for individual
informed consent was waived by the committee.

Participants and Diagnostic Algorithm
Details of survey procedure and diagnostic algorithm have been described fully elsewhere [8].
Briefly, a population-based survey was conducted in 176 investigation sites nationwide from
April to July in 2010, and 252 940 participants were asked to answer a questionnaire and received chest radiograph examination. Three sputum specimens (one “spot” specimen, one
early morning specimen, and one night specimen) would be required for those with suspected
symptoms or abnormal chest radiograph, and sputum smear, culture and strain identification
would be carried out for diagnosing TB.

Screened TB symptoms and questionnaire survey
In our questionnaire, the presence and duration of cough and haemoptysis that are possibly
suggestive of TB included in Chinese NTP were collected. Duration of cough and haemoptysis
were recorded in weeks, including shorter than 2 weeks (acute), longer than 2 weeks but shorter
than 3 weeks, longer than 3 weeks. Those with cough for longer than 2 weeks (chronic) or hemoptysis were classified as having symptoms of TB.
The questionnaire survey was carried out in eligible participants face to face by trained staff
in county level, and data management specialist checked every questionnaire for its completeness and logicality, and revised information on second day. After completing data input, 5% of
questionnaires were selected randomly to be checked by national expert group.

Definition for TB suspects and bacteriologically positive TB
A TB suspect was defined as an individual with TB symptom or abnormal chest radiograph.
The abnormality of chest radiograph was identified during field reading by trained clinic doctor and radiological doctor, and a national expert group reviewed all chest radiograph for each
TB case.
A bacteriologically positive TB patient was defined as an individual with at least one positive
smear or culture. Positive smear had at least one acid-fast bacillus identified within 100 fields
under microscopy, and positive culture had at least one colony of Mycobacterium tuberculosis
complex isolated by using Löwenstein-Jensen medium.
The positive smear TB was assessed and classified strictly by trained laboratory technician
in county level according to standardized methods and procedure, and the quality of culture
conducted in county or city laboratory was monitored by provincial tuberculosis reference laboratory or the National Tuberculosis Reference Laboratory.

Statistical analysis
Data was analyzed by using SPSS Statistics 17.0. Only newly diagnosed bacteriologically positive TB were included in our analysis, that is, the prevalent TB cases diagnosed before survey
were excluded from analysis for TB patients and for all eligible participants.
We used data from our survey to compare the performance of the suspected symptom of
any duration with that of the current algorithm implemented in China NTP for two subpopulations divided by age 65. The OR and 95% confidence intervals (CIs) for various symptoms
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Table 1. The Percentages of Bacteriologically Positive TB Patients, by Gender and Age Status, China, 2010.
Age groups

Male
No.

Female
%

No.

All patients
%

No.

%

15-

2

0.88

2

2.27

4

20-

7

3.08

2

2.27

9

2.86

25-

7

3.08

6

6.82

13

4.13

30-

6

2.64

3

3.41

9

2.86

35-

17

7.49

4

4.55

21

6.67

40-

8

3.52

9

10.23

17

5.40

45-

17

7.49

6

6.82

23

7.30

50-

13

5.73

6

6.82

19

6.03

55-

31

13.66

4

4.55

35

11.11

60-

26

11.45

8

9.09

34

10.79

65-

18

7.93

7

7.95

25

7.94

70-

35

15.42

16

18.18

51

16.19

75-

28

12.33

11

12.50

39

12.38

80-

10

4.41

1

1.14

11

3.49

85-

2

0.88

3

3.41

5

Total

227

100.00

88

100.00

315

1.27

1.59
100.00

doi:10.1371/journal.pone.0127725.t001

were examined in single variable analysis and in a multiple logistic regression model adjusted
for gender, age, TB history and other screened symptoms. The sensitivity, specificity, PPV and
NPV of screened symptoms for TB were calculated. AUC and 95% CIs were also estimated by
using ROC curve analysis to provide a summary measure of diagnostic accuracy, and a nonparametric test was used to compare different sensitivities, specificities and AUCs.

Results
Participants and patients
Of the totally 252 940 participants who consent to TB screening in our survey, 146 were already
diagnosed as active TB before survey, leaving 252 794 participants for this analysis. Following
the diagnostic protocol, 315 individuals were diagnosed as bacteriologically positive TB.
The median age of the newly diagnosed bacteriologically positive TB patients was 61 years
(range, 15–88), and 131 patients (42%) were elderly. Of these patients, 227 cases (72%) were
male. The gender and age specific distribution was presented in Table 1.

The distribution of TB symptoms
The distribution of different TB symptoms among survey participants and bacteriologically
confirmed cases are shown in Table 2. Most of the screened TB symptoms were significantly
more common in elderly than those in aged under 65. Overall, 7.17% of participants aged
under 65 and 13.88% of elderly had any duration of cough or haemoptysis (P<0.01). According to those symptoms defined by China NTP, the suspected symptoms were reported in
1.64% of participants aged under 65 and 4.94% of elderly, respectively (P<0.01).
For newly diagnosed bacteriologically positive TB patients, although presence of symptoms
differed a little between two subpopulations, the difference was not statistically significant.
Cough of any duration was reported more in patients aged under 65 than elderly, especially for
the acute cough (9.78% vs 6.87%). Overall, the percentage of asymptomatic TB patients hit
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Table 2. Prevalence Rates of TB Symptoms in Survey Participants and Bacteriologically Positive TB Patients, by Age Status, China, 2010.
Presence of

All survey participants

All bacteriologically TB patients

Total
(n = 252794)
(%)

No. participants
aged under 65
(n = 214807) (%)

No. participants
aged 65 and above
(n = 37987) (%)

P
value

Total
(n = 315)
(%)

No. patients
aged under 65
(n = 184) (%)

No. patients
aged 65 and
above (n = 131)
(%)

P
value

20643 (8.17)

15380 (7.16)

5263 (13.85)

<0.01

162
(51.43)

95 (51.63)

67 (51.15)

0.09

Cough (with or
without
haemoptysis)
any duration
<2 weeks

15351 (6.07)

11941 (5.56)

3410 (8.98)

<0.01

27 (8.57)

18 (9.78)

9 (6.87)

0.11

2–3 weeks

1901 (0.75)

1289 (0.60)

612 (1.61)

<0.01

29 (9.21)

18 (9.78)

11 (8.40)

0.15

3 weeks

3391 (1.34)

2150 (1.00)

1241 (3.27)

<0.01

106
(33.65)

59 (32.07)

47 (35.88)

0.07

Haemoptysis (with
or without cough)
any duration

288 (0.11)

206 (0.10)

82 (0.22)

<0.01

14 (4.44)

8 (4.35)

6 (4.58)

0.22

<2 weeks

63 (0.02)

49 (0.02)

14 (0.04)

>0.05

1 (0.32)

1 (0.54)

0 (0.00)

0.58

2–3 weeks

54 (0.02)

39 (0.02)

15 (0.04)

<0.01

3 (0.95)

2 (1.09)

1 (0.76)

0.43

3 weeks

171 (0.07)

118 (0.05)

53 (0.14)

<0.01

10 (3.17)

5 (2.72)

5 (3.82)

0.22

Cough and
haemoptysis
any duration

251 (0.10)

178 (0.08)

73 (0.19)

<0.01

14 (4.44)

8 (4.35)

6 (4.58)

0.22

<2 weeks

61 (0.02)

47 (0.02)

14 (0.04)

>0.05

1 (0.32)

1 (0.54)

0 (0.00)

0.58

2–3 weeks

38 (0.02)

29 (0.01)

9 (0.02)

>0.05

3 (0.95)

2 (1.09)

1 (0.76)

0.43

3 weeks

152 (0.06)

102 (0.05)

50 (0.13)

<0.01

10 (3.17)

5 (2.72)

5 (3.82)

0.22

Cough or
haemoptysis of any
duration

20681 (8.18)

15409 (7.17)

5272 (13.88)

<0.01

162
(51.43)

95 (51.63)

67 (51.14)

0.09

Suspected
symptoms deﬁned
by China NTP

5390 (2.13)

3514 (1.64)

1876 (4.94)

<0.01

136
(43.17)

78 (42.39)

58 (44.27)

0.09

doi:10.1371/journal.pone.0127725.t002

48.57%, and the prevalence rates for any duration of cough or haemoptysis were 51.63% for patients aged under 65 and 51.14% for elderly, however, the symptoms defined by China NTP
were reported by 42.39% and 44.27% of these two subpopulations respectively.
Of the 315 newly diagnosed bacteriologically positive TB cases, 136 patients (43.17%) reported that they had symptoms defined by China NTP, leaving 56.83% of bacteriologically positive TB cases missed by NTP hypothetically, with percentages of missed patients being 57.61%
in participants aged under 65 yrs and 55.72% in elderly.

The association of symptom with bacteriologically positive TB
In general, TB patients tended to be polysymptomatic and the presence of symptoms was affected by other factors. A multiple logistic regression model was used to identify the specific
screened symptom independently associated with bacteriologically positive TB diagnosis. As
shown in Table 3, for each symptom, ORs adjusted for gender, age, TB history and other suspected symptoms tended to be much lower than unadjusted ORs. For participants aged under
65, acute cough (adjusted OR: 3.3), chronic cough (adjusted OR: 29.3 for duration of 2–3
weeks and 53.2 for duration of more than 3 weeks), haemoptysis (adjusted OR: 3.2) remained
independent predictors of bacteriologically positive TB diagnosis. However, the presence of
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Table 3. Association of Screened Symptoms and Bacteriologically Positive TB, by Age Status, China, 2010 (n = 315).
Screened symptoms

Participants aged under 65

Participants aged 65 and above

unadjusted ORs (95%CI)

Adjusted ORs (95%CI)

unadjusted ORs (95%CI)

Adjusted ORs (95%CI)

No

1

1

1

1

Yes

22.6(16.9–30.2)

13.3(9.8–18.1)

8.3(5.9–11.8)

6.9(4.8–9.8)

No

1

1

1

1

<2 weeks

5.5(3.3–9.2)

3.3(2.0–5.5)

1.7(0.8–3.5)*

1.4(0.7–2.9) *

2–3 weeks

51.6(31.0–85.9)

29.3(17.4–49.6)

11.8(6.2–22.5)

9.3(4.8–17.8)

3 weeks

101.5(72.8–141.5)

53.2(37.1–76.3)

25.2(17.2–36.9)

18.4(12.3–27.6)

No

1

1

1

1

Yes

77.5(37.7–159.6)

3.2(1.5–6.7)

28.5(12.2–66.5)

3.1(1.3–7.6)

No

1

1

1

1

Yes

71.4(53.2–95.9)

41.3(30.2–56.4)

19.4(13.7–27.5)

15.6(11.0–22.3)

Cough or haemoptysis of any duration

Cough (with or without haemoptysis)

Haemoptysis (with or without cough)

Suspected symptom deﬁned by China NTP

CI = Conﬁdence interval
* P value > 0.05
doi:10.1371/journal.pone.0127725.t003

acute cough was not associated with bacteriologically positive TB diagnosis among elderly (adjusted OR: 1.4, 95% CI: 0.7–2.9).
In addition, adjusted ORs for the same symptom were much higher in participants aged
under 65 than those in elderly.

The performance characteristics of TB symptoms for bacteriologically
positive TB diagnosis
Measure of the performance of different screened symptoms for bacteriologically positive TB
diagnosis in subpopulations were presented in Table 4. Although age status did not have a significant influence on AUC (P>0.05), the specificities of all screened symptoms were higher in
participants aged under 65 than those in elderly (P<0.01), and sensitivities for most symptoms
were lower among them (P<0.05 or P<0.01), except for any duration of cough/cough or haemoptysis. In addition, PPVs were considerably higher in elderly than those in aged under 65.
When compared cough with haemoptysis, the sensitivity of cough was much higher than
that of haemoptysis in both subpopulations, and the difference of AUC was statistically significant (P<0.01 in both groups). When compared with cough for 2 weeks and more, cough of
any duration increased the sensitivity from 42.9% to 51.4% for all participants. And, although
there was no significant difference, the AUC for cough of any duration increased from 0.70 to
0.74 for participants aged under 65.

Discussion
Our study assessed the diagnostic accuracy of symptom screening for TB implemented in
China NTP in a nation-representative population survey, and provided evidence for improving
the future TB case finding strategy.
Passive case finding was the routine practice in China for finding TB patients, and persistent
cough was the main symptom for initiating TB examination. The most striking finding in our
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Table 4. Performance Characteristics of Screened Symptom for Bacteriologically Positive TB, by Age Status, China, 2010.
Screened symptoms

No. of participants with deﬁned
symptoms

No. of TB cases with deﬁned
symptoms

Sensitivity

Speciﬁcity

PPV

NPV

AUC

Participants aged under 65

15409

95

51.6

95.5

0.6

99.9

0.74

Participants aged 65 and above

5272

67

51.1

88.8**

1.3

99.8

0.70

All participants

20681

162

51.4

94.7

0.8

99.9

0.73

Participants aged under 65

15380

95

51.6

95.5

0.6

99.9

0.74

Participants aged 65 and above

5263

67

51.1

88.9**

1.3

99.8

0.70

All participants

20643

162

51.4

94.7

0.8

99.9

0.73

Participants aged under 65

3439

77

41.8

99.0

2.2

99.9

0.70

Participants aged 65 and above

1853

58

44.3**

96.1**

3.1

99.8

0.70

All participants

5292

135

42.9

98.7

2.5

99.9

0.71

Participants aged under 65

2150

59

32.1

99.4

2.7

99.9

0.66

Participants aged 65 and above

1241

47

35.9**

97.4**

3.7

99.8

0.67

All participants

3391

106

33.7

99.1

3.1

99.9

0.66

Participants aged under 65

206

8

4.3

99.9

3.8

99.9

0.52

Participants aged 65 and above

82

6

4.6*

99.8**

7.1

99.7

0.52

All participants

288

14

4.4

99.9

4.8

99.9

0.52

Participants aged under 65

3514

78

42.4

99.0

2.2

99.9

0.71

Participants aged 65 and above

1876

58

44.3**

96.1**

3.0

99.8

0.70

All participants

5390

136

43.2

98.6

2.5

99.9

0.71

Cough or haemoptysis of any
duration

Cough of any duration

Cough 2 weeks

Cough 3 weeks

Haemoptysis

Suspected symptom deﬁned by
China NTP

PPV, positive predictive value; NPV, negative predictive value; AUC, area under the receiver operating characteristic curve
In analysis of cough and haemoptysis, the AUC for any duration of cough were signiﬁcantly larger than for haemoptysis (P<0.01 for both subpopulations)
When analysis was conducted in participants under aged 65, the sensitivities of cough of any duration/ Cough or haemoptysis of any duration were
signiﬁcantly higher than that of suspected symptom deﬁned by China NTP (P<0.01).
* Compared with participants aged under 65, P<0.05
** Compared with participants aged under 65, P<0.01
doi:10.1371/journal.pone.0127725.t004

study was nearly 50% bacteriologically confirmed TB patients did not present cough of any duration, and less than half of those patients present cough more than 2 weeks. Those two percentages are consistent with those reported in Vietnam and those for people with HIV[5,9,10].
In our study, only about 43% of patients met the criteria of suspected symptoms defined by
China NTP, and the sensitivity was about 43%, implying many patients missed by routine practice. Several investigations carried out in people living with HIV found that asking them only
about chronic cough was an insensitive approach for screening TB, and a combination of
symptoms could increase the sensitivity largely to 79%-93% among people living with HIV
[10–13]. The result from our study suggested the definition of TB suspected symptom currently used in China NTP should be improved, and more symptoms should be included.
Although being elderly or not did not present significant influence on the performance
characteristics of symptom screening for TB diagnosis in our study, it was notable that there
were differences in ORs, sensitivities and specificities of symptoms for detecting TB between
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participants aged under 65 and elderly. For cough, the most common symptom for TB, those
adjusted ORs for different durations are more than two times higher in those aged under 65.
Acute cough is still an independent predictor of TB adjusted for haemoptysis and other factors
among participants aged under 65. Like other studies[5,10], the sensitivity of cough increased
from 41.8% when chronic cough was used to define TB suspect to 51.6% when cough of any
duration was used among elderly, the AUC accordingly increased slightly from 0.70 to 0.74.
Meanwhile, a high prevalence rate of cough of any duration (7.16%) was observed in our survey, and a vast majority of them were acute cough. The percentage of patients with acute cough
was higher in TB patients aged under 65 (9.78%) than that in elderly (6.87%). These findings
from our study suggested expanding the current symptom for population aged under 65 would
increase the yield of case finding in routine practice.
Poor performance of symptom screening alone for detecting TB had been found in several
studies, even the higher sensitivity of four-part symptom screen, including any of cough, fever,
night sweats, and weight loss, was still unsatisfying[5,10,13–15]. Symptom screening was attractive because it was simple, does not need expensive equipment, and has been applied in several surveys[16–18]. However, compared with symptom screening alone, chest X-ray (CXR)
examination alone had higher accuracy, and combined CXR and symptom screening had the
highest sensitivity[7,12,14]. Active TB case finding was a very costly endeavor, and was cost-effective only if the TB prevalence among the target population was high[19]. WHO strongly recommended systematic active case finding should be considered among people who belong to
selected high risk groups[20]. Elderly people was a confirmed high risk group for TB, and TB
prevalence among them in China hit about 1 000/100 000[21], making active case finding in elderly would enhance the yield of TB identification. The standard for National Project of Basic
Public Health Service launched by Ministry of Health in 2011 provided a good chance for making active case finding in elderly. In this project, a regular physical examination was provided
for elderly yearly, and in some developed regions, CXR examination had been added into this
service package, by which active case finding in this high risk group is feasible. Based on the
55.72% of patients missed in elderly resulted from our survey, there would be an estimated 1.2
times increases for number of TB patients identified by active case finding strategy compared
with that found by current NTP in elderly group.
Our study has several strengthens. Firstly, we used a population based sample randomly selected nationwide by using multistage, stratified sampling. Secondly, we used bacteriologically
confirmed TB rather than active pulmonary TB, by which avoiding the bias resulted from uncertainty of clinical diagnosis for TB. Finally, we conducted strict quality control for data collection, chest radiograph and lab test, by which the survey quality could be guaranteed and bias
could be declined.
Our study did have some limitations. Firstly, individuals younger than 15 years old had
been excluded from our survey. The prevalence rate of symptom might be different among
those children and likely to be more TB-specific, thus, how to change case finding strategy
among this group would lack evidence due to absence of performance evaluation of symptom
screening for TB. Secondly, the questionnaire we used included a limited range of questions.
Only information of cough and haemoptysis, the defined suspected TB symptoms in China
NTP, was collected. Other symptoms that were possibly suggestive of TB, such as fever, night
sweat and weight loss, were excluded from our survey, with a reduction of diagnostic sensitivity. Meanwhile, incomplete or inaccurate symptom reporting by participants potentially existed
in population based survey, although we carried out strict quality control measurement. Thirdly, considering symptom screening was the first step for determining whether CXR and sputum
smear should be done in current China NTP, and CXR are more costly and not as easy to conduct as symptom interview for screening, although CXR could increase the sensitivity of
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diagnosis, its value was excluded in our current analysis. Finally, information of other factors
(including history of diabetes and other diseases, smoking status, body mass index, and others)
were absent from our questionnaire, resulting in failure to analyze the performance of TB
symptom in population with multi risk factors and to provide evidence for ascertaining the target population for making active case finding in limited-resource areas.

Conclusions
This study has shown a high percent of asymptomatic TB patients and a poor performance of
symptom screening implemented in China NTP for TB case finding. Increases in sensitivity
and AUC of using duration expanded cough as screening symptom in participants aged under
65 years old points to the need to dramatically lower the threshold for TB symptom screening.
And, a large increase in number of patients identified in elderly could be predicted by integrating active case finding practice into the national project.
Further studies are needed. For the current case finding strategy in China NTP, evaluation
of the performance of combined CXR and symptom screening should be done, to identify the
change of screening yield in different procedures, helping to develop an algorithm with higher
sensitivity and specificity. Cost-effective analysis for current and other improved screening approaches should be conducted too to provide reference for policy making. Futhermore, new diagnostic tools, such as LED, GeneXpert and immunological test etc., should be evaluated for
their screening value, to enlarge the case finding yield.

Author Contributions
Conceived and designed the experiments: JC. Performed the experiments: JC LXW HZ YYX.
Analyzed the data: JC LXW HZ YYX. Contributed reagents/materials/analysis tools: JC LXW
HZ YYX. Wrote the paper: JC. Made final approval of manuscript to be published: LXW HZ.
Revised manuscript critically: YYX.

References
1.

World Health Organization. Global tuberculosis report 2013. Geneva: World Health Organization. 2013
(WHO/HTM/TB/2013.11)

2.

World Health Organization. Global tuberculosis report 2011. Geneva: World Health Organization. 2011
(WHO/HTM/TB/2011.16)

3.

Department of disease control, Chinese Ministry of Health. Guidelines for implementing the national tuberculosis control program in China (2008). Beijing: Beijing Union Medical College Press. 2009(ISBN
978-7-81136-190-2)

4.

World Health Organization. Interim policy on collaborative TB/HIV activities. Geneva: World Health Organization. 2004 (WHO/HTM/TB/2004.33)

5.

Corbett EL, Zezai A, Cheung YB, Bandason T, Dauya E, Munyati SS, et al. Provider-initiaed symptom
screening for tuberculosis in Zimbabwe: diagnostic value and the effect of HIV status. Bull Worlds
Health Organ, 2010, 88: 13–21 doi: 10.2471/BLT.08.055467 PMID: 20428349

6.

Hoffmann CJ, Variava E, Rakgokong M, Masonoke K, van der Watt M, Chaisson RE, et al. High prevalence of pulmonary tuberculosis but low sensitivity of symptom screening among HIV-infected pregnant
woman in South Africa. PLoS ONE, 2013, 8(4): e62211 doi: 10.1371/journal.pone.0062211 PMID:
23614037

7.

van't Hoog AH, Meme HK, Laserson KF, Agaya JA, Muchiri BG, Githui WA, et al. Screening strategies
for tuberculosis prevalence surveys: the value of chest radiography and symptom. PLoS ONE, 2012, 7
(7): e38691 doi: 10.1371/journal.pone.0038691 PMID: 22792158

8.

Wang LX, Zhang H, Ruan YZ, Chin DP, Xia YY, Cheng SM, et al. Tuberculosis prevalence in China,
1990–2010; a longitudinal analysis of national survey data. Lancet, 2014, 383: 2057–2064 doi: 10.
1016/S0140-6736(13)62639-2 PMID: 24650955

PLOS ONE | DOI:10.1371/journal.pone.0127725 May 22, 2015

9 / 10

Symptom Screening and Tuberculosis

9.

Hoa NB, Sy DN, Nhung NV, Tiemersmab EW, Borgdorff MW, Cobelens FG. National survey of tuberculosis prevalence in Viet Nam. Bull World Health Organ, 2010, 88: 273–280. doi: 10.2471/BLT.09.
067801 PMID: 20431791

10.

Cain KP, McCarthy KD, Heilig CM, Monkongdee P, Tasaneeyapan T, Kanara N, et al. An algorithm for
tuberculosis screening and diagnosis in people with HIV. N Engl J Med, 2010, 362: 707–716. doi: 10.
1056/NEJMoa0907488 PMID: 20181972

11.

Getahun H, Kittikraisak W, Heilig CM, Corbett EL, Ayles H, Cain KP, et al. Development of a standardized screening rule for tuberculosis in people living with HIV in resource-constrained settings: individual
participant data meta-analysis of observational studies. PLoS Med, 2011, 8(1): e1000391 doi: 10.
1371/journal.pmed.1000391 PMID: 21267059

12.

Day JH, Charalambous S, Fielding KL, Hayes RJ, Churchyard GJ, Grant AD. Screening for tuberculosis prior to isoniazid preventive therapy among HIV-infected gold miners in South Africa. Int J Tuberc
Lung Dis. 2006, 10(5):523–529. PMID: 16704034

13.

Shah S, Demissie M, Lambert L, Ahmed J, Leulseged S, Kebede T, et al. Intensified tuberculosis case
finding among HIV-Infected persons from a voluntary counseling and testing center in Addis Ababa,
Ethiopia. J Acquir Immune Defic Syndr. 2009, 50(5): 537–545. doi: 10.1097/QAI.0b013e318196761c
PMID: 19223783

14.

den Boon S, White NW, van Lill SW, Borgdorff MW, Verver S, Lombard CJ, et al. An evaluation of
symptom and chest radiographic screening in tuberculosis prevalence surveys. Int J Tuberc Lung Dis,
2006, 10: 876–882. PMID: 16898372

15.

Lawn SD, Edwards DJ, Kranzer K, Vogt M, Bekker LG, Wood R. Urine lipoarabinomannan assay for tuberculosis screening before antiretroviral therapy diagnostic yield and association with immune reconstitution disease. AIDS, 2009, 23(14):1875–1880. PMID: 20108382

16.

Soemantri S, Senewe FP, Tjandrarini DH, Day R, Basri C, Manissero D, et al. Three-fold reduction in
the prevalence of tuberculosis over 25 years in Indonesia. Int J Tuberc Lung Dis, 2007, 11(4):398–404.
PMID: 17394685

17.

Hamid Salim MA, Declercq E, Van Deun A, Saki KA. Gender differences in tuberculosis: a prevalence
survey done in Bangladesh. Int J Tuberc Lung Dis, 2004, 8: 952– 957. PMID: 15305476

18.

Murhekar MV, Kolappan C, Gopi PG, Chakraborty AK, Sehgal SC. Tuberculosis situation among tribal
population of Car Nicobar, India, 15 years after intensive tuberculosis control project and implementation of a national tuberculosis programme. Bull World Health Organ, 2004, 82: 836–843. PMID:
15640919

19.

Nishikiori N, Van Weezenbeek C. Target prioritization and strategy selection for active case-finding of
pulmonary tuberculosis: a tool to support country-level project planning. BMC Public Health. 2013 Feb
2; 13:97 doi: 10.1186/1471-2458-13-97 PMID: 23374118

20.

World Health Organization. Systematic screening for tuberculosis. Principles and recommendations.
Geneva: World Health Organization. 2013(WHO/HTM/TB/2013.04)

21.

Technical Guidance Group of the Fifth National TB Epidemiological Survey, the Office of the Fifth National TB Epidemiological Survey. The fifth national tuberculosis epidemiological survey in 2010. Chinese J Antituberc, 2012, 34(8):485–508

PLOS ONE | DOI:10.1371/journal.pone.0127725 May 22, 2015

10 / 10

