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An overview on tuberculosis-specific
hospitals in China in 2009: results of a
national survey
To the Editor:
As of 2014, tuberculosis (TB) was the deadliest infectious disease worldwide and China has the
third-highest TB burden [1]. In that year alone there were 826 155 new cases in China [1]. In addition,
China has been experiencing a serious epidemic of drug-resistant TB [2, 3].
The availability of adequately equipped microbiology laboratories is an essential element of effective TB
control [4, 5]. The Chinese National Center for TB control (NCTB), which was organised through the
public health system throughout the 1990s and early 2000s, invested in this area. As many as 3490 TB
dispensaries were established [6]. In 2005, $1.3 billion was invested to rebuild 2448 dispensaries and scale
up new TB tests such as liquid culture [7, 8].
Since early 2000, the NCTB programme has been moving TB care towards a hospital-based management
model which mandates tuberculosis-specific hospitals to diagnose and treat TB patients [8]. These hospital
are public hospitals or health facilities and are designated by their local authority to clinically manage TB
patient. Variants include TB hospitals, chest hospitals and infectious disease hospitals, etc. [8]. At the
moment, there is little knowledge regarding the testing capacity of laboratories within these hospitals.
Additionally, there is also little data about the prevalence of multi drug-resistant TB (MDR-TB) in
tuberculosis-specific hospitals. The latest national MDR-TB survey in China was conducted only in TB
dispensaries, i.e. within the public health system. In this study, we aim to address the aforementioned issues
by conducting a national survey in microbiology laboratories in tuberculosis-specific hospitals in 2009.
The survey was conducted using a standardised questionnaire designed by the National Tuberculosis
Clinical Center. We collected cross-sectional information from all 203 tuberculosis-specific hospitals in
China in existence in 2009 with at least 30 beds in TB wards. The study was conducted in 31 provinces,
municipalities, and autonomous regions, with questionnaires completed by directors of TB/respiratory
department, physicians, and laboratory technicians. A training course for data collection officials was held
at the National Tuberculosis Clinical Center to ensure data integrity.
The questionnaire gathered information on the usage of four TB tests, and the number of drug-resistant TB
cases diagnosed. The four tests include sputum smear microscopy, solid and liquid culture, and phenotypic
drug susceptibility test (DST), which are recommended by the 2008 National Guidelines [9]. Because other
tests, such as nucleic acid amplification test, were not approved in China for detection of TB between 1999
and 2009, data on these tests had not been regularly collected by TB hospitals and could not be included.
Testing capacity data for the 203 tuberculosis-specific hospitals was retrieved for the year 2004 and 1999.
Overall test volume per hospital and average number of tests performed per hospital were recorded on an
annual basis. Since these hospitals had not participated in external quality assessment until 2010, we had no
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data on the quality of the tests performed by the time of the survey. To guarantee the robust nature of the
results, 20% of the questionnaires were cross-checked with original hospital records obtained from the
relevant Provincial Bureau of Health. Discrepancies were resolved by telephone interviews.
Of the 203 TB-specific hospitals surveyed, 198 (98%) had the capacity to conduct smear microscopy in 2009
(table 1), thereby indicating this was the most widely used diagnostic test. Roughly 60% of
tuberculosis-specific hospitals had the capacity to perform solid culture and/or a DST in 2009. Liquid culture,
however, were much less common; only 62 hospitals (31% of the total) were able to conduct liquid culture in
2009 as biological safety level 3 is required for the labs to conduct liquid culture [10]. Nevertheless, it should
be noted that the ability to conduct liquid culture had been quickly growing. Between 1999 and 2009, the
number of hospitals capable of performing this test had increased from 20 to 62, an improvement in
alignment with the ambition of the China National Plan for 2006–2010 [11]. The development of TB
laboratory capacity was also impressive in other respects. There were 1.2-times the number of TB-specific
hospitals capable of performing microscopy smear testing in 2009 than in 1999, 1.3-times the number of such
hospitals that could perform solid culture and 1.5-times the number of TB-specific hospitals that could
undertake a DST.
In addition to analysing the capability of TB-specific hospitals to conduct each specific type of test, we also
considered the total numbers of each test conducted in 2009. In terms of the average annual number of
tests performed in each TB-specific hospital (with that particular capability), there were a slightly higher
number of liquid culture (n=1844) performed per hospital than solid culture (n=1259). Only 428 drug
susceptibility tests were performed per hospital. Overall annual test throughput per hospital also increased
significantly between 1999 and 2009, especially for a DST, where there was a 1.4 times increase in the
number of tests per hospital.
A total of 1304 laboratory technicians were employed in the 203 hospitals in 2009, which meant that there
were, on average, 6.4 technicians at each hospital. However, there was a geographic variation in the
distribution of lab technicians; the highest number was in the West (7.8 technicians per hospital),
compared with a relatively lower number in the East (6.3 technicians per hospital) and in the centre
(6.2 technicians per hospital). The West also had the highest number of cases of pulmonary TB which
may be the result of large workload in that area. There were more technicians per lab in TB-specific

TABLE 1 National survey of the 203 TB-specific hospitals in China from 1999 to 2009

Testing capacity and workload
Smear
TB-specific hospitals with testing capacity
Overall test volume
Tests per TB-specific hospital
Solid culture
TB-specific hospitals with testing capacity
Overall test volume
Tests per TB-specific hospital
Liquid culture
TB-specific hospitals with testing capacity
Overall test volume
Tests per TB-specific hospital
Drug susceptibility test
TB-specific hospitals with testing capacity
Overall test volume
Tests per TB-specific hospital
Average lab technicians per TB-specific hospital
Central
Eastern
Western
MDR
TB patients tested for DST
Drug-resistant TB patients#
MDR-TB patients diagnosed

1999

2004

2007

2008

2009

165 (81)
644 217
3904

177 (87)
973 673
5501

198 (98)
1 710 841
8641

95 (47)
57 236
602

102 (50)
73 934
725

128 (63)
161 127
1259

20 (10)
27 120
1356

44 (22)
50 464
1147

62 (31)
114 349
1844

84 (41)
14 885
177

103 (51)
23 764
231

125 (62)
53 518
428
6.2
6.3
7.8
30 211
10 229
5366

36 670
12 782
6816

49 270
16 674
8769

Data are presented as n (%) or n. TB: tuberculosis; MDR-TB: multi drug-resistant TB; DST: drug susceptibility test. #the number of drug-resistant
TB cases include that of MDR-TB cases.
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hospitals than there were in public health system institutions, which had only roughly 5 lab technicians
per lab at provincial level and 1–2 technicians per lab at prefectural level [12]. This is not surprising given
that salaries are generally lower in the public health system.
The data on drug-resistant TB in tuberculosis-specific hospitals was only available for the period since
2007, after which drug-resistant TB was diagnosed in TB-specific hospitals using conventional DST. The
overall number of these tests increased by 63.1% between 2007 and 2009. The percentages of cases of
drug-resistant TB and MDR-TB, among those tested for DST, stood at 33.9% and 17.8% respectively, in
2007, 34.9% and 18.6% respectively, in 2008, and 33.8% and 17.8% respectively, in 2009. There was no
significant increase in the proportions of drug-resistant TB or MDR-TB among those tested for DST from
2007 to 2009 ( p>0.05).
A recent national survey on drug-resistant TB revealed that 8.3% of smear-positive TB patients tested for
drug susceptibility had MDR TB in the public health system in 2007 [13]. In this study, we found the
comparable statistic to be 17.8% in TB-specific hospitals in 2009, which was about two times that in the
public health system 2 years previously. This indicates the important role that is played by TB-specific
hospitals in drug-resistant TB and MDR-TB treatment management. Previous studies have demonstrated
that the abuse of anti-TB drugs, especially second-line drugs, is an ongoing area of concern in TB-specific
hospitals [14, 15]. Given the high level of prevalence of drug-resistant TB within tuberculosis-specific
hospitals, it is imperative that moves are made to ensure a standardised treatment regimen for
drug-resistant TB and MDR-TB patients across both systems. An integral element of this will be to
strengthen follow-up processes within the tuberculosis-specific hospitals.
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First independent evaluation of
QuantiFERON-TB Plus performance
To the Editor:
Tuberculosis elimination requires an effective strategy to diagnose and treat people infected with
Mycobacterium tuberculosis who would otherwise be at high risk of developing and transmitting active
disease [1, 2]. The diagnostic tools for latent tuberculosis infection (LTBI) are the tuberculin skin test
(TST) and the T-cell interferon-γ release assays (IGRAs). Two IGRAs are commercially available,
QuantiFERON-TB Gold In-Tube (QFT-GIT) (Qiagen, Hilden, Germany) and T-SPOT.TB (Oxford
Immunotec, Abingdon, UK). Compared to the TST, IGRAs offer operational advantages and higher
specificity in the bacille Calmette–Guérin (BCG)-vaccinated population [3], and they are at least as
sensitive for LTBI [4]. However, IGRAs have limitations: reduced sensitivity in children and
immunocompromised subjects, including HIV-infected individuals [3, 4]; failure to discriminate between
active tuberculosis and LTBI; and poor correlation with the risk of progression to active disease [3].
QuantiFERON-TB Plus (QFT-Plus) is a new generation of QTF-GIT [5] that includes an additional antigen
tube (TB2). The TB1 tube contains ESAT-6- and CFP-10-derived peptides (TB7.7, present in QFT-GIT, has
been removed), designed to elicit cell-mediated immune responses from CD4+ T-helper lymphocytes. TB2
contains newly designed, shorter peptides able to stimulate interferon-γ production by both CD4+ and
CD8+ T-cells. Previous studies have reported higher M. tuberculosis-specific CD8+ T-cell responses in those
with active tuberculosis disease compared to LTBI [6] and in those with recent M. tuberculosis exposure [7].
In addition, M. tuberculosis-specific CD8+ T-cells producing interferon-γ have been detected in active
tuberculosis subjects with HIV co-infection [8] and in young children with TB disease [9].
IGRAs primarily serve as tests for LTBI in clinical practice and, to date, they have no place in active
tuberculosis diagnosis [10]. In the absence of a gold-standard test for LTBI against which to compare test
accuracy, sensitivity and specificity are estimated using surrogate reference standards. Sensitivity is
estimated in confirmed tuberculosis cases, while specificity is estimated in low-risk individuals with no
known tuberculosis exposure in low-incidence settings. From November 2014 to September 2015, 119
consecutive individuals with active tuberculosis and 106 low-risk controls were enrolled and tested with
QFT-Plus at different sites in Italy (Villa Marelli-Niguarda Hospital and San Raffaele Hospital, Milan;
INMI, Rome; Sant’Orsola-Malpighi University Hospital, Bologna; and San Matteo University Hospital,
Pavia) and one in the UK (Royal Free Hospital, London). The active tuberculosis group included adult
patients (aged ⩾18 years) with microbiologically confirmed tuberculosis (either by nucleic acid
amplification or culture), who had received <15 days of anti-tuberculosis drugs. HIV co-infected
individuals and immunocompromised patients were not excluded. Additional information was collected
regarding: results of QFT-GIT, BCG vaccination status, and demographic, clinical and microbiological
data. Healthy controls were recruited among students at the time of enrolment at the University
Vita-Salute in Milan (low-risk population, non-BCG vaccinated); all subjects were interviewed and
screened for the absence of any risk factors for M. tuberculosis exposure. The study was approved by the
ethical committees of all the participating centres and informed consent was obtained from study subjects
before blood sample collection.
QFT-Plus kits were donated by Qiagen and used according to the manufacturer’s instructions [5].
Experiments were performed in three different laboratories (San Raffaele Hospital, Sant’Orsola-Malpighi
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