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Take home message
A new simple pathogen enrichment system, the SLIM assay, is sensitive for AFB smear-
negative cases compared to the Xpert MTB/RIF assay for the rapid detection of pulmonary

tuberculosis.



To the Editors:

While the Xpert MTB/RIF assay (Cepheid Sunnyvale, CA, USA) has greater than 95%
sensitivity for identifying acid-fast bacilli (AFB) smear-positive tuberculosis (TB) cases, for
smear-negative pulmonary tuberculosis (PTB) the sensitivity was as low as 60% [1,2]. To
address the low sensitivity of current TB diagnostics for AFB smear-negative cases, we
developed a simple and label-free pathogen enrichment using homobifunctional imidoesters
(H1s) using a microfluidic (SLIM) platform followed by conventional MTB PCR to extract
low amounts of pathogens from clinical samples [3]. In this study, we compared the
diagnostic performance of the SLIM assay with the Xpert MTB/RIF for PTB diagnosis in a
country with an intermediate TB burden and a low human immunodeficiency virus burden.

The SLIM assay were performed by using 1 ml and 2 ml aliquots of sputum, respectively.

Adult patients for whom sputum TB test was indicated to confirm presumptive active TB
were enrolled prospectively over 13-months at two tertiary referral hospitals. TB diagnosis
was confirmed independently by three respiratory infection specialists experienced in TB
diagnosis and treatment. The Institutional Review Boards of two hospitals evaluated and
approved the medical, scientific, and ethical aspects of our study protocol (IRB no. 2018-

0020 and 4-2018-0029), and informed consent was obtained from all participants.

Mycobacterial cultures were grown in liquid and solid culture media, and M. tuberculosis
complex was identified with a duplex PCR using Advansure TB/NTM real-time PCR (LG
Chemistry, Seoul, South Korea). Culture-positive TB cases were patients with at least one
positive MTB culture. Culture-positive patients were considered smear-positive with at least
one positive smear (including faintly positive smears). Culture-negative TB cases were

patients with a high probability of clinically active TB with negative mycobacterial culture



findings after two or more sputum examinations, showing good clinical and radiographic
responses to anti-TB treatment during follow-up. The specialists choosing TB treatment were
blinded to SLIM assay results. SLIM assay principles and detailed methods were described
earlier [3,4]. Briefly, a mixture of sputum sample and liquefaction solution with HIs reagent
were added to the SLIM system to enrich Mycobacterium tuberculosis and DNA extracted

without the need for detergents or bulky instruments.

Atotal of 152 patients were enrolled between January 2018 and January 2019. The mean
age was 59.6 + 16.0 years old, and 104 patients (68.4%) were male. Only three (2%) of the
152 patients had HIV infection. Sixty patients were diagnosed with TB, 18 with smear-
positive culture-positive TB, 19 with smear-negative culture-positive TB, and 23 with smear-
negative culture-negative clinical TB. The remaining 92 patients had diseases other than TB.
A comparison of the diagnostic performances of Xpert MTB/RIF and SLIM assays based on
clinical diagnosis and stratified by MTB culture results, are presented in Table 1. In patients,
the sensitivity for detecting TB by Xpert MTB/RIF, SLIM 1 ml, and SLIM 2 ml assays were
37% (95% CI 25-50), 60% (95% CI 47-72) and 84% (95% CI 71-92), respectively. SLIM 1
ml and SLIM 2 ml sensitivities were significantly higher than Xpert MTB/RIF (P = 0.001 and
P < 0.001, respectively). The specificity of Xpert MTB/RIF, SLIM 1 ml, and SLIM 2 ml were
100% (95% C1 96-100), 91% (95% CI 84-96), and 87% (95% CI 76-94), respectively. The
sensitivity of each assay was analyzed further based on TB categories: smear-positive, smear-
negative culture-positive, and culture-negative clinical TB. In smear-positive TB, sensitivity
was 83% with Xpert MTB/RIF, 94% with SLIM 1 ml, 100% with SLIM 2 ml. In smear-
negative culture-positive TB, the sensitivity was 32% with Xpert MTB/RIF, 47% with SLIM

1 ml, and 78% with SLIM 2 ml; the sensitivity of SLIM 2 ml was significantly higher than



that of Xpert MTB/RIF (P = 0.02). For culture-negative clinical TB, the sensitivity of Xpert
MTB/RIF was only 4%, and the sensitivity of both SLIM assays was significantly higher, 43%

with SLIM 1 ml (P = 0.004), and 76% with SLIM 2 ml (P < 0.001).

In most conventional assays, only a small quantity of clinical sample is used for pathogen
detection uses, then the remaining sample unused. However, the SLIM assay uses larger
sample volumes (up to 50 ml) with simultaneous pathogen concentration and extraction in a
single system [3,4], with comparable time to Xpert MTB/RIF (2.5-4.5 hours for SLIM) but
with significantly lower cost ($5-6 for SLIM), instrument requirements for sample processing.
In the current study, we showed superior sensitivity of the SLIM assay compared to the Xpert
MTB/RIF, especially for detecting smear-negative PTB. However pathogen concentration
using Hls can bind negatively charged pathogens non-specifically, some false positives occur.
Hence, the SLIM assay showed slightly lower specificity than Xpert MTB/RIF, although not
statistically significant. Notably, the presence of MTB DNA was also confirmed by Sanger
sequencing, and greater than 98% sequences were identical to M. tuberculosis in all positive
SLIM assay samples (data not shown). The Xpert MTB/RIF Ultra assay, a new, highly
sensitive assay, also had limited specificity in recently treated patients with TB [5]. False
positives may occur because these methods may detect MTB DNA from accumulated bacilli
debris in patients with prior TB history. Another possibility is the rapid elimination of TB
pathogen though an innate or acquired immune response after initial detection with transient
inflammation following contact [6]. Therefore, we believe that the SLIM assay might be
useful for subclinical or incipient TB diagnosis, a recently proposed disease spectrum
between latent TB infection and active TB [7]. Further, development of semiquantitative or

quantitative PCR results based on SLIM assay would offer means to interpret test results in



patients with culture-negative TB or subclinical TB, since an earlier study showed greater
than half of Xpert MTB/RIF Ultra false-positive results in patients with a history of TB were

semiquantitative “trace” results of Xpert MTB/RIF Ultra [5].

Some may argue that about one-third of patients were diagnosed as having clinical PTB
based on clinical features and chest CT findings compatible with PTB and their clinical
response to anti-tuberculosis therapy, without microbiologic confirmation. We included
culture-negative TB cases because positive bacterial confirmation alone does not offer
adequate sensitivity for evaluating new diagnostic tests, though more sensitive than
mycobacterial culture [8]. Although we used strictly predefined diagnostic criteria for culture-
negative TB cases in our previous studies [9,10], the use of clinical TB diagnosis is prone to
misclassification bias. Therefore, a cautious interpretation is needed for our findings showing
sensitivities of SLIM 1ml and 2 ml in culture-negative TB cases of 43% and 76%,
respectively. In addition, it is difficult to conclude based on this small cohort. However, when
culture-confirmed PTB cases were included with PTB, the sensitivity of the SLIM assay was
substantially higher compared to Xpert MTB/RIF (Table 1), and further studies to assess the
accuracy of the SLIM assay are warranted. While the specificity of the SLIM assay was
relatively acceptable (approximately 90%), the potential for false-positive results must be
considered. The use of the new Xpert MTB/RIF Ultra as reference standards or the
comparison of SLIM assay to Xpert MTB/RIF Ultra may provide useful data; however, such

data was not available during the study period.

In conclusion, the SLIM assay, a gene-based diagnosis method with a new generation
concentration technique, improved the PTB diagnostic sensitivity compared to the Xpert
MTB/RIF. This improvement was more evident in smear-negative PTB, for which new

sensitive tests are needed desperately. Further investigation of the SLIM assay to evaluate its



utility in detecting paucibacillary TB and further refinement of the assay to reduce false
positives are necessary. Finally, we are developing a fully integrated system that combines
the SLIM assay and the optical sensor-based nucleic acid detection techniques [11] for rapid
(< 2 hours) and highly sensitive diagnosis of pathogens such as TB. The fully integrated
system would become useful as a point-of-care test for a variety of samples such as sputum,

CSF, plasma, bronchoalveolar lavage fluid, and urine for clinical applications.
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Table 1. Diagnostic performance of Xpert MTB/RIF and SLIM assay in 152 patients with presumptive pulmonary tuberculous

Sensitivity %
(n/N, 95% CI)

Specificity %
(n/N, 95% CI)

PPV %
(n/N, 95% CI)

NPV %
(n/N, 95% Cl)

Positive Likelihood

Ratio (95% CI)

Negative Likelihood

Ratio (95% ClI)

TB (n = 60) compared with not TB (n = 92)
Xpert MTB/RIF 37 (22/60, 25-50)
SLIM1ml 60 (36/60, 47-72)
SLIM 2 ml? 84 (46/55, 71-92)
Culture-positive TB (n = 37) compared with not TB (n = 92)
Xpert MTB/RIF 57 (21/37, 39-73)
SLIM 1 ml 70 (26/37, 53-84)
SLIM 2 ml 91 (39/43, 78-97)
Culture-negative TB (n = 23) compared with not TB (n = 92)
Xpert MTB/RIF 4 (1/23, 1-22)
SLIM 1 ml 43 (10/23, 23-65)

SLIM 2 ml 76 (16/21, 53-92)

100 (92/92, 96-100)
91 (84/92, 84-96)
87 (54/62, 76-94)

100 (92/92, 96-100)
91 (84/92, 84-96)
87 (54/62, 76-94)

100 (92/92, 96-100)
91 (84/92, 84-96)
87 (54162, 76-94)

100 (22/22, 85-100)

82 (36/44, 67-92)
85 (46/54, 73-93)

100 (21/21, 84-100)

76 (26/34, 59-89)
83 (39/47, 69-92)

100 (1/1, 3-100)
56 (10/18, 31-78)
67 (16/24, 45-84)

71 (92/130, 62-78)
78 (84/108, 69-85)
86 (54/63, 75-93)

85 (92/108, 77-91)
88 (84/95, 80-94)
93 (54/58, 83-98)

81 (92/114, 72-87)
87 (84/97, 78-93)
92 (54/59, 81-97)

Not applicable
6.90 (3.45-13.80)
6.48 (3.36-12.51)

Not applicable
8.08 (4.03-16.18)
7.03 (3.66-13.52)

Not applicable
5.00 (2.23-11.24)
5.90 (2.96-11.77)

0.63 (0.52-0.77)
0.43 (0.31-0.60)
0.19 (0.10-0.34)

0.43 (0.29-0.63)
0.33 (0.19-0.54)
0.11 (0.04-0.27)

0.96 (0.88-1.04)
0.62 (0.43-0.89)
0.27 (0.12-0.59)

2 Of 152 patients, only 117 (77%) underwent SLIM 2 ml assay because of limited sample volumes.

PPV, positive predicted value; NPV, negative predicted value.



