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ABSTRACT Prospective population data on the incidence of tuberculosis (TB) infection has been
sparsely reported in the global literature.

A population-based prospective study was conducted in rural China to investigate the annual risk of TB
infection, and its persistence using serial tuberculin skin tests (TSTs) and an interferon-γ release assay. In
total, 13580 eligible participants from four rural sites, identified as TST negative (<10 mm) or
QuantiFERON-TB Gold In-Tube (QFT) (an interferon-γ release assay) negative from a baseline survey,
were included in the first year’s follow-up examination.

The annual conversion rate of QFT among the study sites ranged between 2.1% and 4.9% (average
3.1%), and the incidence of TST conversion ranged between 6.0% and 31.1% (average 14.5%). During the
second year’s follow-up, infection persistence was investigated using 390 subjects with QFT conversions.
Among them, 49.7% (164 out of 330) were found to be consistently QFT positive. Both the conversion
and the persistence of QFT positivity were found to be significantly increased with increasing age.

In conclusion, the annual TB infection rate was suggested to be ∼1.5% based on persistent positive
results after QFT conversion in rural China. Therefore, infection control among those high-risk
populations, including the elderly, should be prioritised for TB control in China.
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Introduction
Active pulmonary tuberculosis (TB) is caused by infection with Mycobacterium tuberculosis but in >90%
of infections, the pathogen does not cause disease and is assumed to be in a quiescent state. The risk of
active disease is highest in the first 2 years, estimated to be ∼5%, followed by an additional 5% for the
remaining lifetime [1, 2]. Hence, new infections pose the highest risk of disease development and add
to the reservoir of chronic latent tuberculosis infection (LTBI). Based on this, preventing transmission of
M. tuberculosis should be the first defensive line for TB elimination, which can be augmented through
early case finding and prioritisation of prevention among those newly infected [3]. However, given the
difference in disease risk of those recently versus chronically infected, different strategies should be applied.
As such, the World Health Organization and many developed countries have guidance for close contacts
of patients with active TB that prescribe screening for infection status and universal preventive treatment
for those with recent infections [4–6].

In 2014, China had the third largest number of incident TB cases (0.9–1.0 million) worldwide [7].
Successful management of TB and addressing LTBI in China are critical for achieving the ambitious targets
of the post-2015 Global TB Strategy [8]. However, as suggested by D’AMBROSIO et al. [9], to reach TB
elimination, sound and bold policies need to be implemented at the national level, and the whole package
of necessary core interventions must be duly put into practice. Similarly, good preparedness and proper
planning are critical for China to develop feasible and effective strategies. Obtaining a robust estimate of the
annual TB infection incidence will enable researchers and public health programmes to evaluate the current
status of transmission in a population for the development of tailored risk-based interventions. Therefore,
we designed a follow-up survey to address the annual risk of TB infection in rural populations in China.

Methods
Study design
This was a multicentre prospective cohort study conducted at four study sites in rural China, organised by
the Institute of Pathogen Biology of the Chinese Academy of Medical Sciences and the Chinese Center for
Disease Control and Prevention. The study protocol was approved by the ethics committees of the
Institute of Pathogen Biology and the Chinese Academy of Medical Sciences.

Between July 1 and September 30, 2013, we conducted a baseline survey, in which participants were screened
for LTBI using both tuberculin skin test (TST) and interferon-γ release assay (IGRA) [10]. 1 year later,
between July 1 and September 30, 2014, the yearly follow-up survey was undertaken with the aim of
estimating the incidence of TB infection. We retested the infection status of individuals with negative baseline
IGRA and/or TST results (<10 mm as cut-off). A second yearly follow-up survey was undertaken in July,
2015, to estimate the persistence of TB infection among those with QuantiFERON-TB Gold In-Tube (QFT)
(Qiagen, Hilden, Germany) conversions. Westat (Rockville, MD, USA) provided independent site monitoring
(external quality assessment) according to the procedures and requirements stated in the study protocol.

Study participants
Registered rural residents at the four study sites (sites A–D) were the target populations of the present and
previous study. The study sites were selected based on a wide range of local TB epidemiology, economic
conditions and geographic diversity (supplementary table S1) [10]. The inclusion criteria were: birth prior
to June 1, 2008 (⩾5 years old); household registration or residence permit for that village; continuous
residence at the study site for ⩾6 months over the past year; ability to complete the investigations and tests
during the study duration; and provision of voluntary written informed consent. The exclusion criteria
were: current active TB; self-reported history of TB; and pregnancy.

For the first year’s follow-up survey, the inclusion criteria were based on the completed study documents
from baseline screening (questionnaire and test results including IGRA and TST): not diagnosed with active
TB at baseline screening; IGRA negative or TST <10 mm at baseline; continuous residence at the study site
for ⩾6 months over the past year; and provision of voluntary written informed consent for the follow-up
investigation. The exclusion criteria were outmigration or death during the past year and pregnancy.

For the second year’s follow-up survey, the inclusion criteria were IGRA negative for baseline and positive
for the first yearly follow-up survey; continuous residence at the study site for ⩾6 months over the past
year. The exclusion criteria were outmigration or death during the past year and pregnancy.
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Follow-up procedures
Details of the baseline survey have been published previously [9]. Based on the baseline result of IGRA
and TST, a cohort of infection negatives was defined as: without active TB disease based on absence of TB
symptoms and IGRA negative or TST <10 mm. The first yearly follow-up survey was conducted in parallel
at the four study sites among infection negatives during July to September 2014. A standardised
questionnaire administered by trained interviewers was completed for each study participant.

Venous blood was collected for all members of the infection negative cohort for QFT testing. QFT was
performed as recommended by the manufacturer using a cut-off value of ⩾0.35 IU·mL−1. QFT conversion
was defined as a change from negative to positive within 2 years as per 2010 US Centers for Disease
Control and Prevention updated guidance on IGRAs [11]. TST placement was done immediately after
QFT using the Mantoux method by injecting 0.1mL of 5 tuberculin units purified protein derivative
(Xiangrui, Beijing, China) intradermally, into the left forearm by preference [12]. Tuberculin reaction size
(induration) was measured in millimetres after 48–72 h of placement by trained study personnel. TST
conversion was defined as a change from negative to positive with an increase of ⩾10 mm in induration
within 2 years [5]. Those with evidence of skin disease on their forearms did not undergo TST.

The second yearly follow-up survey was conducted during July 2015 among those with QFT conversion.
The QFT was repeated and QFT-conversion persistence was defined as a consistent positive result for both
the first and the second yearly follow-up tests.

Data management and statistical analysis
Questionnaire data and tests results were doubly entered into a spreadsheet and checked by web-based
project-specific data collection and management software. After thorough data review, the data were then
converted and analysed using Statistical Analysis System 9.2 (SAS Institute Inc., Cary, NC, USA).

Age, sex, occupation and educational level were considered as demographic factors in the analyses. Based
on previous reports, history of contact with TB patients, history of immune system disorders, smoking and
alcohol drinking status, household per capita income, body mass index (calculated) and number of bacille
Calmette–Guérin (BCG) scars were classified as potential factors associated with infection risks.
Household per capita income was classified with respect to the national mean level in 2010 (RMB 6000).

Pearson’s Chi-squared test and Student’s t-test were used to compare the categorical and continuous
variables in the study participants, respectively. To identify potential variables related to test conversion
and persistence, all variables showing significant relations in univariate analysis were entered into
unconditional multiple logistic regression analyses, and the associations were then assessed by means of
odds ratios and 95% confidence intervals. Cohen’s κ coefficient was calculated to evaluate the agreement
between QFT and TST conversions.

As a sensitivity analysis, an alternative definition of QFT conversion (using a cut-off value of
⩾0.70 IU·mL−1) was used for the association analysis [13].

Results
Study participants included in the infection-negative cohort
As shown in table S2, a total of 15907 eligible participants “without active TB and with baseline QFT
negative and/or TST <10 mm results” were included in the follow-up surveys. Among them, 13580
participated in the first yearly follow-up activities with a response rate of 85.4% (13580 out of 15907).
Table 1 describes the characteristics of the study participants examined in the first yearly follow-up by
study site. Overall, 54.6% (7414 out of 13580) of the participants were female, 19.0% (2573 out of 13580)
were younger than 20 years and 23.7% (3220 out of 13580) were 60 years or older.

TST and QFT conversion
The 11422 TST-negative (<10 mm) subjects at baseline were included in the first yearly follow-up
investigation and 1654 (14.5%) of them met the definition of conversion after 1 year (table 1 and figure 1).
The TST conversion rate of site A was the highest (31.1%) and that of site B was the lowest (6.0%). The
distribution of annual TST conversion rates by age, sex and study site is shown in figure 2. Association
analyses (table 2) showed TST conversion increased with age (p<0.001 for trend). History of close contact
with pulmonary TB (PTB) patients was identified to be related with an increased risk of TST conversion,
with an adjusted odds ratio of 1.27 (95% CI 1.00–1.61).

As shown in table 1 and figure 1, 12749 QFT-negative subjects at baseline were investigated at the
follow-up survey; 390 (3.1%) of them were found to be positive and 33 (0.3%) had indeterminate results.
The QFT conversion rate at 1 year ranged from 2.1% (site B) to 4.9% (site C). Individuals with
indeterminate results were not included in the association analyses, as shown in table 3. A significantly
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TABLE 1 Characteristics of the study participants and the conversion of the tuberculin skin test (TST) and QuantiFERON-TB Gold In-Tube (QFT)

Total Site A Site B Site C Site D Chi-squared p-value

Sex
Female 7414 (54.59%) 2072 (55.37%) 2002 (49.71%) 1627 (56.05%) 1713 (58.91%) <0.001
Male 6166 (45.41%) 1670 (44.63%) 2025 (50.29%) 1276 (43.95%) 1195 (41.09%)

Age
5–9 years 1207 (8.89%) 56 (1.50%) 547 (13.58%) 156 (5.37%) 448 (15.41%) <0.001
10–19 years 1366 (10.06%) 180 (4.81%) 429 (10.65%) 262 (9.03%) 495 (17.02%)
20–29 years 1052 (7.75%) 224 (5.99%) 459 (11.40%) 161 (5.55%) 208 (7.15%)
30–39 years 1292 (9.51%) 306 (8.18%) 420 (10.43%) 249 (8.58%) 317 (10.90%)
40–49 years 3109 (22.89%) 897 (23.97%) 949 (23.57%) 662 (22.80%) 601 (20.67%)
50–59 years 2334 (17.19%) 810 (21.65%) 576 (14.30%) 571 (19.67%) 377 (12.96%)
60–69 years 2081 (15.32%) 808 (21.59%) 403 (10.01%) 550 (18.95%) 320 (11.00%)
⩾70 years 1139 (8.39%) 461 (12.32%) 244 (6.06%) 292 (10.06%) 142 (4.88%)

Highest education level
Primary school or lower 7580 (55.82%) 1727 (46.15%) 2349 (58.33%) 1624 (55.94%) 1880 (64.65%) <0.001
Middle school 4383 (32.28%) 1491 (39.85%) 123 (30.67%) 986 (33.96%) 671 (23.07%)
High school 1281 (9.43%) 410 (10.96%) 5347 (8.62%) 250 (8.61%) 274 (9.42%)
College or higher 336 (2.47%) 114 (3.05%) 96 (2.38%) 43 (1.48%) 83 (2.85%)

Household per capita income
Less than RMB 6000 9099 (67.00%) 1583 (42.30%) 3232 (80.26%) 1939 (66.79%) 2345 (80.64%) <0.001
RMB 6000 or more 4481 (33.00%) 2159 (57.70%) 795 (19.74%) 964 (33.21%) 563 (19.36%)

Smoking status
Never smoked 10504 (77.37%) 2891 (77.26%) 3056 (75.94%) 2099 (72.30%) 2458 (84.53%) <0.001
Ever smoked 3073 (22.63%) 851 (22.74%) 968 (24.06%) 804 (27.70%) 450 (15.47%)

Alcohol drinking
No 11002 (81.02%) 2459 (84.71%) 2638 (90.72%) 2911 (77.79%) 2994 (74.37%) <0.001
Yes 2577 (18.98%) 444 (15.29%) 270 (9.28%) 831 (22.21%) 1032 (25.63%)

BMI
<18.5 kg·m−2 6244 (45.98%) 2028 (54.20%) 1483 (36.83%) 1460 (50.31%) 1273 (43.78%) <0.001
⩾18.5–<24 kg·m−2 2366 (17.42%) 236 (6.31%) 775 (19.25%) 477 (16.44%) 878 (30.19%)
⩾24–<28 kg·m−2 3587 (26.42%) 1155 (30.87%) 1104 (27.41%) 730 (25.16%) 598 (20.56%)
⩾28 kg·m−2 1382 (10.18%) 323 (8.63%) 665 (16.51%) 235 (8.10%) 159 (5.47%)

Number of BCG scars
0 6423 (47.30%) 2523 (67.42%) 747 (18.55%) 650 (22.40%) 2503 (86.07%) <0.001
1 4681 (34.47%) 937 (25.04%) 1773 (44.03%) 1568 (54.03%) 403 (13.86%)
⩾2 2475 (18.23%) 282 (7.54%) 1507 (37.42%) 684 (23.57%) 2 (0.07%)

History of close contact with TB patient
No 12903 (95.17%) 3685 (98.48%) 3864 (95.95%) 2491 (85.81%) 2863 (99.20%) <0.001
Yes 655 (4.83%) 57 (1.52%) 163 (4.05%) 412 (14.19%) 23 (0.80%)

TST
Negative 9768 (85.52%) 1931 (68.92%) 3528 (93.38%) 1740 (82.50%) 2569 (94.00%) <0.001
Positive 1654 (14.48%) 871 (31.08%) 250 (6.62%) 369 (17.50%) 164 (6.00%)

QFT
Negative 12326 (96.68%) 3394 (97.08%) 3629 (97.84%) 2652 (94.44%) 2651 (96.89%) <0.001
Positive 390 (3.06%) 95 (2.72%) 78 (2.10%) 138 (4.91%) 79 (2.89%)
Indeterminate 33 (0.26%) 7 (0.20%) 2 (0.05%) 18 (0.64%) 6 (0.22%)

Data may not sum to total due to missing data. No significant difference on frequency of missing data was observed between sites. BMI: body mass index; BCG: bacille Calmette–Guérin;
TB: tuberculosis.
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higher incidence of QFT conversion was found for males than females. An increased trend of QFT
conversions was observed with increasing age, with the highest incidence shown among participants older
than 69 years (4.5%). The distribution of annual QFT conversion rate by age, sex and study site was shown
in figure 2. A history of close contact with PTB patients was identified to be associated with an increased
risk of QFT conversion with an adjusted odds ratio of 1.53 (95% CI 1.03–3.25).

Furthermore, the conversion analysis was performed using participants having negative results for both QFT
and TST at baseline. The QFT conversion rate at 1 year ranged from 1.7% (59 out of 3460, site B) to 2.7%
(54 out of 2014, site C) and TST conversion rates ranged from 4.3% (111 out of 2561, site D) to 28.3%
(724 out of 2556, site A). The agreement between QFT and TST conversions were assessed in this population
as well, a total of 10563 participants were considered in the analyses after excluding “indeterminate” results

2014 yearly

follow-up

2013 baseline

2015 yearly

follow-up

QFT conversion 

7.74% (167/2158)

QFT conversion 

2.11% (223/10591)

TST conversion 

12.75% (1350/10591)

TST conversion 

36.58% (304/831)

QFT-/TST+

2158

QFT negative TST negative

QFT-/TST-

10 591

QFT+/TST-

831

Pooled QFT conversion

3.06% (390/12749)

QFT reversion

50.30% (166/330)

QFT persistence

49.70% (164/330)

Pooled TST conversion

14.48% (1654/11 422)

FIGURE 1 The acquisition and persistence of tuberculosis infection among study participants. The conversion
and its persistence of QuantiFERON-TB Gold In-Tube (QFT) and tuberculin skin test (TST) are shown by these
two tests’ results at baseline.
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FIGURE 2 Annual QuantiFERON-TB Gold In-Tube (QFT) and tuberculin skin test (TST) conversion rates by age,
sex and study site. Due to limited the number of conversions, age group is shown in 20-year ranges.
a) Annual QFT conversion rate by age and sex; b) annual TST conversion rate by age and sex; c) annual QFT
conversion rate by age and study site; d) annual TST conversion rate by age and study site.
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of IGRA. After 1 year observation, 9084 of them were QFT- and TST-negative, and 90 (0.1%) persons had
conversion by both tests, 1256 (13.8%) TST conversion alone and 133 (14.6%) QFT conversion only.
Concordance was 86.9% (9174 out of 10563) but with a very low κ value of 0.08. With respect to study sites,
κ values were found to be 0.05 for site A, 0.08 for site B, 0.14 for site C and 0.10 for site D.

Persistence of QFT conversion in the second yearly follow-up
As shown in figure 1, a total of 390 participants were identified with QFT conversions and 330 (84.6%)
of them completed the second yearly QFT test. Persistent QFT positive results were observed in 49.7%
(166 out of 330) on average, with a range of 22.1–74.1% between the study sites (table 4 and table S3).
Increased QFT-positive persistence was observed among conversions with increasing age and family income.

With respect to the status of QFT reversion and persistence, the difference in QFT quantitative values for
the definition of conversion at the first year follow-up survey were compared. There was no statistically
significant difference observed between the two groups, as shown in figure 3. However, when the analysis
was stratified by age, those with reversions had much lower quantitative values among participants 60 years
and older as compared to individuals with persistent positive results (p=0.007). A similar difference, though
not statistically significant, was observed for those participants aged 15–19 years (p=0.121).

In the sensitivity analysis, using a more stringent cut-off of 0.70 IU·mL−1 for the conversion definition did
not substantially alter the association analysis results for QFT persistence, as shown in table S4.

TABLE 2 Univariate and multivariate analysis of tuberculin skin test (TST) conversion

TST conversion Crude OR# (95% CI) Adjusted OR# (95% CI)

Sex
Male 741/5030 (14.73%) Ref.
Female 913/6392 (14.28%) 0.96 (0.86–1.07)

Age
5–9 years 91/1112 (8.18%) Ref. Ref.
10–19 years 106/1219 (8.70%) 1.07 (0.80–1.43) 0.85 (0.62–1.16)
20–29 years 131/819 (16.00%) 2.14 (1.61–2.84) 1.34 (0.94–1.92)
30–39 years 137/985 (13.91%) 1.81 (1.37–2.40) 1.15 (0.81–1.63)
40–49 years 423/2475 (17.09%) 2.31(1.82–2.94) 1.53 (1.11–2.10)
50–59 years 315/2008 (15.69%) 2.09 (1.63–2.67) 1.33 (0.97–1.84)
60–69 years 311/1807 (17.21%) 2.33 (1.82–2.99) 1.68 (1.22–2.31)
⩾70 years 140/997 (14.04%) 1.83 (1.39–2.42) 1.45 (1.04–2.02)

Highest education level
Primary school or lower 829/6697 (12.38%) Ref. Ref.
Middle school 619/3457 (17.91%) 1.54 (1.38–1.73) 1.33 (1.17–1.52)
High school 172/1011 (17.01%) 1.45 (1.21–1.74) 1.24 (1.01–1.51)
College or higher 34/257 (13.23%) 1.08 (0.75–1.56) 0.76 (0.51–1.13)

Family per capita income
Less than RMB 6000 911/8043 (13.33%) Ref. Ref.
RMB 6000 or more 743/3379 (21.99%) 2.56 (2.32–2.86) 2.40 (2.15–2.67)

Smoking status
Never smoked 1236/9004 (13.73%) Ref. Ref.
Ever smoked 418/2415 (17.31%) 1.31 (1.16–1.49) 1.14 (0.98–1.32)

Alcohol drinking
No 1305/9301 (14.03%) Ref.
Yes 349/2120 (16.46%) 1.21 (1.06–1.37) 0.92 (0.78–1.07)

BCG scar
Absent 852/5647 (15.09%) Ref.
Present 802/5774 (13.89%) 0.91 (0.81–1.01)

BMI
<18.5 kg·m−2 827/5157 (16.04%) 0.52 (0.44–0.62) 0.84 (0.67–1.05)
⩾18.5–<24 kg·m−2 192/2122 (9.05%) Ref. Ref.
⩾24–<28 kg·m−2 454/2968 (15.30%) 0.95 (0.84–1.07) 0.91 (0.80–1.03)
⩾28 kg·m−2 181/1175 (15.40%) 0.95 (0.80–1.14) 0.98 (0.82–1.17)

History of close contact with TB patient
No 1557/10881 (14.31%) Ref. Ref.
Yes 95/521 (18.23%) 1.34 (1.06–1.68) 1.29 (1.02–1.62)

BCG: bacille Calmette-Guérin; BMI: body mass index; TB: tuberculosis. #: controlling for variables with significant association in univariate analysis.

DOI: 10.1183/13993003.00235-2016 173

TUBERCULOSIS | L. GAO ET AL.



Discussion
This is the first ever population-based multicentre prospective study conducted in China to trace the
acquisition and persistence of TB infection using serial testing with both IGRA and TST. The important
findings of this prospective representative population study include the high self-reported rural rate of TB
exposure, as well as the high risk of annual and persistent rates of TB infection, especially among older
populations. According to the existing provision, Administrative Measures for Prevention and Control of
Tuberculosis (2013), chemoprophylaxis is suggested for HIV-infected and child contacts, 5 years of age on
the premise of informed consent [14]. None of the populations identified to be QFT/TST positive in the
present study have recommendations for preventive treatment. This study included persons >5 years and
none had officially registered or self-reported HIV infection. Hence, this study provided a unique
opportunity to observe the acquisition and persistence of TB infection in the study population without
influence from LTBI treatment. The variability of rates of acquired infection by geographic location, and
parallel rates of LTBI prevalence and conversion to background TB prevalence (based on QFT) have
important implications for China and areas with similar profiles [15].

Even if using the minimal estimate of persistent QFT positives after conversion of 1.5% as the average
annual rate of TB infection, >20 million people in China would be affected each year. However, application
of the 1.5% conversion rate countrywide has limitations since data from the four study sites may not
accurately reflect the general situation of the whole country. As a comparison, the annual risk of TB

TABLE 3 Univariate and multivariate analysis of QuantiFERON-TB Gold In-Tube (QFT) conversion

QFT conversion Crude OR# (95% CI) Adjusted OR# (95% CI)

Sex
Male 218/5726 (3.81%) Ref. Ref.
Female 172/6990 (2.46%) 0.63 (0.52–0.78) 0.70 (0.53–0.94)

Age
5–9 years 5/1181 (0.42%) Ref. Ref.
10–19 years 21/1346 (1.56%) 3.72 (1.40–9.92) 3.86 (1.43–10.44)
20–29 years 30/1029 (2.92%) 7.06 (2.73–18.27) 7.22 (2.55–20.47)
30–39 years 36/1250 (2.88%) 6.98 (2.73–17.83) 6.74 (2.41–18.85)
40–49 years 105/2935 (3.58%) 8.73 (3.55–21.46) 8.51 (3.16–22.93)
50–59 years 70/2137 (3.28%) 7.97 (3.21–19.79) 7.75 (2.86–21.03)
60–69 years 78/1847 (4.22%) 10.37 (4.19–25.69) 9.89 (3.69–26.51)
⩾70 years 45/991 (4.54%) 11.19 (4.42–28.30) 10.87 (4.03–29.36)

Highest education level
Primary school or lower 204/7043 (2.90%) Ref. Ref.
Middle school 149/4135 (3.60%) 1.25 (1.01–1.55) 1.10 (0.86–1.40)
High school 29/1213 (2.39%) 0.82 (0.55–1.22) 0.75 (0.49–1.14)
College or higher 8/325 (2.46%) 0.85 (0.41–1.73) 0.83 (0.39–1.78)

Family per capita income
Less than RMB 6000 230/8503 (2.70%) Ref.
RMB 6000 or more 160/4213 (3.80%) 1.10 (0.89–1.36)

Smoking status
Never smoked 244/9880 (2.47%) Ref. Ref.
Ever smoked 146/2833 (5.15%) 2.15 (1.74–2.65) 1.53 (1.13–2.05)

Alcohol drinking
No 294/10353 (2.84%) Ref. Ref.
Yes 96/2362 (4.06%) 1.45 (1.15–1.83) 0.80 (0.60–1.05)

BCG scar
Absent 190/5966 (3.18%) Ref.
Present 220/6749 (2.96%) 0.91 (0.76–1.14)

BMI
<18.5 kg·m−2 186/5815 (3.20%) 0.48 (0.40–0.69) 1.13 (0.74–1.72)
⩾18.5–<24 kg·m−2 36/2292 (1.57%) Ref. Ref.
⩾24–<28 kg·m−2 120/3341 (3.59%) 1.13 (0.89–1.42) 1.10 (0.87–1.39)
⩾28 kg·m−2 48/1267 (3.79%) 1.19 (0.86–1.65) 1.20 (0.87–1.67)

History of close contact with TB patient
No 360/12086 (2.98%) Ref. Ref.
Yes 29/609 (4.76%) 1.63 (1.10–2.40) 1.54 (1.04–2.27)

BCG: bacille Calmette-Guérin; BMI: body mass index; TB: tuberculosis. #: controlling for variables with significant association in univariate analysis.
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infection had been estimated at 1–2% for most of the tuberculin surveys carried out in different areas over
different time periods in India, a country with the highest TB burden in the world [16]. In Africa, a number
of tuberculin surveys have been published, and annual risks of TB infection between 0.3% and 3.1% have
been reported [17–19]. In China, a country with much lower TB incidence than India and most African
countries, the incidence of annual TB infection was previously estimated at 1.3% for children between age
0–14 years based on the nationwide TB epidemiology survey conducted in 2000 [20]. As compared to this
paediatric survey estimate, the annual risk of infection (ARI) of our present study is much higher if based
on QFT conversion (average 3.1%) but it is similar if based on QFT conversion persistence (average 1.5%).
In contrast to QFT, the 14.5% ARI based on TST conversion far exceeded the estimated ARIs of the highest
burden countries of the world and could not be explained by background TB rates of the rural sites. The
booster phenomenon as a likely cause, has been well described in serial testing [21, 22]. Considering such a
limitation of TST, persistent infection was only addressed for QFT in the present study.

Surprisingly, being elderly (⩾60 years) was associated with recent TB infection as defined by both QFT
and TST conversion. Elderly subjects (⩾60 years old) showed higher QFT conversion as compared to the
younger cohorts (4.3% versus 2.7%) and higher QFT positivity persistence rates (57.3% versus 45.9%),
respectively. These findings, together with our published LTBI prevalence data [10], provide stronger
population-based evidence, for the first time, that the rural elderly of China carry a double burden of both
a high prevalence of LTBI and higher risk of new infection. Ageing and chronic diseases related to
attenuation of immunity might explain the higher susceptibility of the elderly population to infection and
reinfection. Modelling analysis suggested preventative therapy for elderly populations would enable China

TABLE 4 Univariate and multivariate analysis of QuantiFERON-TB Gold In-Tube (QFT)
persistence based on a traditional conversion definition#

QFT persistence Crude OR (95% CI) Adjusted OR¶ (95% CI)

Total 166/330 (49.70%) NA
Sex
Male 101/183 (55.19%) Ref. Ref.
Female 63/147 (42.86%) 0.61 (0.39–0.94) 0.88 (0.46–1.67)

Age
5–19 years 4/24 (16.67%) Ref. Ref.
20–29 years 7/18 (38.89%) 3.18 (0.76–13.32) 2.09 (0.44–9.91)
30–39 years 13/28 (46.43%) 4.33 (1.17–15.98) 4.00 (0.94–16.96)
40–49 years 44/88 (50.00%) 5.00 (1.58–15.82) 4.53 (1.22–16.86)
50–59 years 33/62 (53.23%) 5.69 (1.74–18.58) 5.95 (1.55–22.86)
⩾60 years 63/110 (57.27%) 6.70 (2.15–20.91) 7.05 (1.91–26.10)

Highest education level
Primary school or lower 80/178 (44.94%) Ref. Ref.
Middle school 73/127 (57.48%) 1.66 (1.05–2.62) 2.11 (1.21–3.68)
High school 10/21 (47.62%) 1.11 (0.45–2.76) 0.97 (0.35–2.66)
College or higher 1/4 (25.00%) 0.41 (0.04–4.00) 0.57 (0.05–6.83)

Family per capita income
Less than RMB 6000 83/205 (40.49%) Ref. Ref.
RMB 6000 or more 81/125 (64.80%) 2.35 (1.48–3.74) 2.15 (1.30–3.54)

Smoking status
Never smoked 89/204 (43.63%) Ref. Ref.
Ever smoked 75/126 (59.52%) 1.90 (1.21–2.98) 1.39 (0.73–2.63)

Alcohol drinking
No 120/243 (49.38%) Ref.
Yes 44/87 (50.57%) 1.05 (0.64–1.71)

BCG scar
Absent 76/165 (46.06%) Ref.
Present 88/165 (5.33%) 1.34 (0.87–2.06)

BMI
<18.5 kg·m−2 10/31 (32.26%) 0.37 (0.16–0.83) 1.14 (0.42–3.06)
⩾18.5–<24 kg·m−2 87/154 (56.49%) Ref. Ref.
⩾24–<28 kg·m−2 50/108 (46.30%) 0.66 (0.41–1.09) 1.63 (0.96–2.77)
⩾28 kg·m−2 17/37 (45.95%) 0.66 (0.32–1.35) 1.53 (0.70–3.33)

BCG: bacille Calmette-Guérin; BMI: body mass index. #: using a cut-off of ⩾0.35 IU·mL−1; ¶: controlling for
variables with significant association in univariate analysis.
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to reduce TB incidence by 84% (78–93%) [23]. Furthermore, our results support contact investigation and
treatment of infected close contacts of any age, including the elderly [24, 25]. The persistence of QFT
positivity was 49.7%, and positively associated with old age and family income. Clearance of infection by
host immunity is believed to be a reason for reversion. However, previous studies performed in the
healthcare workers from the USA, a country with very low TB incidence, persistence of QFT positivity has
been reported to be as low as 10–35%, implying the majority being due to false conversions [26, 27]. In
contrast, the significantly higher rate of QFT-positive persistence found in this study would be expected in
a high-burden country [27]. The difference of persistent positivity is likely to be attributed to the higher
positive predictive value in populations with true higher exposure and infection prevalence. In addition,
QFT conversion using a nonstringent dichotomous cut-point should be interpreted carefully. Quantitative
values of older participants (>60 years older) with persistent positive results versus reversions on the third
QFT test, significantly differed and were lower among those with test reversion. The mean quantitative
values of the second QFT test among the elderly were also lower than younger cohorts with a distinct
correlation with age. It suggests that older individuals may have quantitative values that may vary around
the cut-point and a higher cut-off value for conversion definition might be appropriate. However, in our
sensitivity analysis using a hypothetical higher cut-off value (0.70 IU·mL−1) to define conversion [13, 28],
older age consistently correlated to higher rates of persistent positive QFT results. Without a gold standard
for LTBI, cut-off values for QFT conversion cannot be ascertained as the only contributor to the high
reversion. The attenuation of immunity among the older population might predict a low infection
clearance capability compared to younger cohorts and higher risk of persistent infection.

Another important finding of this series of studies in China is the examination of the TST and QFT as
surveillance tools. In addition to the implausibly high TST-based ARI, we urge caution in the
interpretation of TST conversion results in individuals who are BCG vaccinated, reside in nontuberculous
Mycobacterium (NTM)-prevalent areas and are elderly. Previous estimates of ARI were historically based
on TST and might indicate overestimation [29]. Of note, the TST conversion rate was highest at site A
where the incidence of TB was the lowest among all of the sites. This finding was consistent with the prior
prevalence data and supports our hypotheses that TST results at site A might be influenced by its location
in the coastal region in east China, an area which may have higher NTM exposure [10]. In addition, as
shown in figure 1, the annual TST reversion rate was as high as 77.5% among those QFT-negative,
TST-positive subjects at baseline, again, suggesting poor specificity. Therefore, although there is a lack of
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FIGURE 3 The distribution of QuantiFERON-TB Gold In-Tube (QFT) quantitative values among conversions by
later persistence status. With respect to the status of conversion persistence, the distribution of QFT
quantitative values among the conversions was not statistically different. a) Individual data. Rev: reversed;
Pers: persistent. b) Summarised data. Data are presented as mean±SEM unless otherwise stated.
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gold-standard method to detect TB infection, the longitudinal data provide compelling evidence that the
TST is a poor surveillance tool in China where BCG practices have changed over time and when the
background of common NTM infection rates has not been established.

When interpreting the results of the present study, there are limitations. First, as our previous study suggested,
age and BCG vaccination status should be taken into consideration in deciding an appropriate TST cut-off.
The current cut-offs used for TST positivity at baseline and of TST conversion at follow-up do not appear to
minimise false-positive or boosted responses from BCG or environmental mycobacteria. The high TST
reversion rate of 77.53% among those with discordant QFT-negative, TST-positive baseline results are highly
suggestive of a large number of false-positive results. In regards to QFT conversion, the dichotomous cut-point
of 0.35 IU·mL−1 may also result in an overestimation of converters for individuals with baseline negative results
that are close to the cut-point [11]. Although less reversion compared to the TST was observed (41%) among
those with discordant QFT-negative, TST-positive baseline results, further analysis of quantitative results are
needed. Second, differences in demographics across the study sites make the comparison between study sites
difficult. However, when active TB and LTBI epidemiology are combined with the population characteristics
and health infrastructure of each site, the interpretation of the new infection rate appears consistent [10]. See
tables S5–7 for the results where study site was included in the association analyses as a variable. Third, to
avoid a potential boosting effect of TST on the QFT result, QFT was performed prior to TST. However, we
could not exclude the possibility that serial TST might have boosted QFT results even of the interval between
the serial tests was 1 year. Facing the fact that there is no gold standard for LTBI testing, except for developing
more advanced tools, further studies are needed to evaluate and to improve the existing methods [30].

In summary, this population-based multicentre cohort study tracked TB infection (using both IGRA and
TST) and strongly suggests that more attention should be drawn to the higher than expected TB
transmission in rural areas of China. The elderly were found to be a promising target population for TB
infection control and LTBI management in rural China due to the higher acquisition and persistence of
infection found in this study.
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