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Cross-priming amplification (CPA) technology for tuberculosis diagnosis from sputum specimens was
evaluated. The sensitivity of CPA from smear- and liquid culture-positive specimens was 96.9%, and that from
smear-negative and liquid culture-positive specimens was 87.5%. The specificity of CPA in culture-negative
specimens was 98.8%.
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pulmonary illnesses) presenting at the same hospitals. For
comparison with the CPA assay results, all of the clinical specimens in our study were also processed for AFB smear microscopy, L-J solid medium, and BacT/Alert 3D liquid culture
following standard protocols (11). Bacterial genomic DNA was
extracted by boiling, as previously described (9). The CPA
method was performed according to the manufacturer’s instructions, using primers targeting the gyrB gene of M. tuberculosis (Fig. 2A). The result of each CPA assay was determined
by observing the presence (positive result) or absence (negative result) of visible bands on the test strips (Fig. 2B).
The detection rates of mycobacteria in the 180 sputum specimens used were 50.6% (91/180) by the CPA method, 36.1%
(65/180) by the AFB smear microscopy, 38.9% (70/180) by L-J
culture, and 53.9% (97/180) by the BacT/Alert 3D liquid culture. The 3D liquid culture is currently the “gold standard” for
diagnosis of TB. Compared to the 3D liquid culture, the sensitivity and specificity of the CPA method were 92.8% (90/97)
and 98.8% (82/83), respectively (Table 1). The AFB smear test
is the most commonly used diagnostic method for M. tuberculosis in the world; however, it is limited by its low sensitivity and specificity. Therefore, the sensitivity of the new
CPA method in smear-negative, liquid culture-positive samples was determined. Our results showed that the sensitivity
of CPA was 87.5% (28/32) in smear-negative, 3D-positive
specimens and 96.9% (63/65) in smear-positive, 3D-positive
specimens. Therefore, the sensitivity of CPA for TB diagnosis is higher than that of AFB and L-J culture and slightly
lower than that of 3D liquid culture, and CPA is very effective at detecting AFB-negative, 3D-positive specimens (Table 1).
We further evaluated the specificity of the CPA method for
the detection of M. tuberculosis using sputum specimens from
98 patients that did not have clinical symptoms and presentation of TB. All of the 98 specimens tested negative for AFB
and had negative results for M. tuberculosis by L-J culture, 3D
liquid culture, and the CPA assay. We also evaluated the specificity of the CPA method by testing strains from 13 mycobacteria other than M. tuberculosis, including M. marinum, M.
gordonae, M. simiae, M. scrofulaceum, M. avium, M. intracellu-

The diagnosis of tuberculosis (TB) is based on phenotypic
and genotypic methods. Light microscopy for the detection of
acid-fast bacilli (AFB) in sputum smears is a rapid and specific
tool commonly used all over the world, but it only detects 30%
to 40% of TB patients (10). While the sensitivity of Löwenstein-Jensen (L-J) solid or liquid culture methods is higher
than that of AFB microscopy, culture-based methods require
several weeks of incubation time. Several genotypic assays,
mostly based on nucleic acid amplification tests, have been
developed for rapid TB diagnosis, including the GenProbe
amplified Mycobacterium tuberculosis direct test, Roche Amplicor MTB test, Cobas Amplicor test, Abbott LCx test, and
the BD-ProbeTec (strand displacement amplification) test (1,
2, 5, 8, 12). However, the cost of equipment needed for these
methods is a barrier to their widespread use, especially in
developing countries. A sensitive, accurate, rapid, and affordable diagnostic tool that will work in resource-limited settings
is urgently needed.
Cross-priming amplification (CPA) technology is a recent
invention from an isothermal DNA amplification system by
Ustar Biotechnologies Co., Ltd. Using multiple cross-linked
primers (six to eight primers), a DNA target sequence can be
amplified at a constant temperature (Fig. 1). The detection of
amplified products is performed on a lateral flow strip housed
in an enclosed, sealed plastic device to prevent the leakage of
amplicons (4, 7). In this study, we evaluated the CPA isothermal amplification and detection kit (Ustar Biotech, Hangzhou,
China) to determine whether it could accurately detect M.
tuberculosis in clinical sputum specimens from a variety of
different types of patients. Sputum specimens from 180 persons
who were suspected of having TB, based on their clinical symptoms and presentation, were obtained from three hospitals in
Shanghai. Sputum specimens were also collected from 98
non-TB patients (with lung cancer, lung edema, and other
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FIG. 2. (A) Primers were designed that target the gyrB gene of M. tuberculosis, based on H37Rv sequence (BX842572.1, NT 5582-5789).
(B) Representative results of the CPA assay for M. tuberculosis, with a 60-min incubation time. Sample 1, M. tuberculosis strain H37Rv; sample
2, a clinical strain of M. tuberculosis; sample 3, a negative control. Samples 1 and 2 had two bands and showed positive results; sample 3 had one
control band and showed a negative CPA result.
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FIG. 1. CPA scheme. Under an appropriate constant temperature (65°C), the denaturing and annealing of DNA molecules occur dynamically.
Using multiple primers, PCR products are generated as interval tandem repeats of the target region.
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TABLE 1. Sensitivity and specificity of the CPA assay and L-J culture medium for clinical specimens by AFB smear and 3D
liquid culture resultsa
Smear⫹, 3D⫹ sensitivity
Method

L-Jb
CPA

Smear⫺, 3D⫹ sensitivity

Smear⫺, 3D⫺ specificity

No. of samples with
result/total (%)

95% CI

No. of samples with
result/total (%)

95% CI

No. of samples with
result/total

95% CI

62/65 (95.4)
63/65 (96.9)

87.1–99.0
89.3–99.6

9/32 (28.1)
28/32 (87.5)

13.8–46.7
71.0–96.5

81/83 (97.6)
82/83 (98.8)

91.6–99.7
93.5–100.0

a
Smear⫹ and Smear⫺, AFB smear microscopy positive and negative, respectively. 3D⫹ and 3D⫺, positive and negative results, respectively, for liquid culture with
the BacT/Alert 3D system. 95% CI, 95% confidence interval.
b
Solid or liquid culture.
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lare, M. kansasii, M. phlei, M. smegmatis, M. vaccae, M. fortuitum, M. chelonae subsp. abscessus, and M. chelonae subsp.
chelonae (provided by China National Institute for the Control
of Pharmaceutical and Biological Products). None of the 13
non-M. tuberculosis Mycobacterium species was positive by the
CPA method.
Several other methods for the rapid diagnosis of TB
have been described. Loop-mediated isothermal amplification (LAMP) is a new and promising low-cost method for
detecting M. tuberculosis (3, 6). However, in one study less than
half of the AFB-negative, L-J-positive cases were positively
detected by LAMP (3). In the present study, the CPA method
detected 87.5% of the AFB-negative, 3-D-positive cases of TB,
whereas only 28.1% of those cases were detected by L-J culture. The CPA assay can detect M. tuberculosis in AFB-negative cases and has the potential to replace time-consuming
methods such as L-J culture and 3D liquid culture. The CPA
method also has many of the same advantages that make
LAMP ideal for resource-limited settings, including rapid turnover time to results, simple operation and equipment (only
needs a water bath), easy readout of the assay’s results, and a
closed device which reduces the chance of specimen contamination. However, the CPA method has a fairly complicated
sputum processing step which needs to be performed in a
biological safety cabinet. A simplified sputum specimen processing method that shortens the overall time the assay requires, minimizes biological risk, and decreases the risk of
sample contamination, is being developed.
In conclusion, our study demonstrated that the CPA method
has great advantages for the detection of M. tuberculosis in
clinical sputum specimens, especially from AFB-negative patients. This rapid detection method does not require expensive
equipment. In addition, the sealing device of CPA avoids
cross-contamination between different specimens, and the results are easy to read. With its greater sensitivity and specificity
for the identification of M. tuberculosis, the CPA method could
be performed in primary care facilities and clinical laboratories
in developing countries.

