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Introduction

The GeneXpert MTB/RIF assay, developed by Cepheid 
Diagnostics (Sunnyvale, CA, USA), is a novel, semiauto-
matic nucleic-acid amplification test (NAAT) for simulta-
neously detecting Mycobacterium tuberculosis (MTB) and 
resistance to rifampin (RIF) from clinical specimens [1, 
2]. The cartridge-based system integrates DNA extraction, 
rpoB gene amplification and sequence analysis in a single 
cartridge, thus requiring minimal laboratory measures and 
reducing the potential contamination risk [3, 4]. In addi-
tion, clinical evaluations revealed that this assay exhibited 
high sensitivity and specificity for both smear-positive and 
smear-negative clinical specimens [2]. Therefore, World 
Health Organization (WHO) endorsed the GeneXpert MTB/
RIF assay to directly screen sputum samples for the rapid 
diagnosis of tuberculosis (TB), as well as RIF resistance [5].

The rpoB gene, encoding the β-subunit of RNA poly-
merase, is the chromosomal target of GeneXpert assay 
for detecting MTB and its susceptibility to RIF [6]. Five 
molecular beacons with different colors have been designed 
for hybridizing to different target segments within rpoB 
core region. Several previous studies have demonstrated 
that GeneXpert exhibits a satisfactory performance to dis-
tinguish MTB from nontuberculous mycobacteria (NTM) 
at a low bacterial load [3, 4, 7, 8], while the data regarding 
the efficiency of GeneXpert for differentiating NTM from 
MTB under different dilution was limited. Hence, the study 
aimed to investigate whether GeneXpert assay could yield 
true-negative results on serial dilutions of NTM suspen-
sion, especially at a high bacterial load.

Abstract  Out of 12 nontuberculous mycobacteria 
(NTM) species, 5 were identified as Mycobacterium 
tuberculosis (MTB) by GeneXpert at a bacterial load of 
106. Notably, two species, including M. abscessus and M. 
smegmatis, were flagged as RIF-resistant MTB due to the 
high C(t) value of Probe E. In conclusion, our data have 
demonstrated that the misdiagnosis of MTB by GeneX-
pert assay is observed in five NTM species at a high bac-
terial load.
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Materials and methods

Bacterial strains

A total of 12 most common NTM species were obtained 
from National Tuberculosis Reference Laboratory, includ-
ing M. marinum, M. abscessus, M. smegmatis, M. phlei, M. 
aurum, M. avium, M. intracellulare, M. kansasii, M. che-
lonae, M. scrofulaceum, M. gordonae and M. fortuitum, 
which were ordered from the American Type Culture Col-
lection (ATCC), the global biological materials resource 
and standards organization. Prior to GeneXpert analysis, all 
the strains were identified by multi-locus DNA sequencing 
as previously reported [9]. Then the strains were subcul-
tured on the Löwenstein-Jensen (L-J) slants for 1–4 weeks 
at 37  °C according to the growth rates of different NTM 
species.

Preparation of inoculum and GeneXpert analysis

The freshly grown bacterial colonies were harvested from 
the L-J slants, and transferred to a screw-cap tube with 
glass beads and 1 mL normal saline. After vigorous agita-
tion for 30  s, the supernatant suspension was adjusted to 
1.0 McFarland turbidity. Then the adjusted suspension with 
a turbidity of 1.0 McFarland was further serially diluted, 
resulting in tubes containing 108, 106, 104, and 102 CFU/
mL equivalents [10]. Ten microlitre of suspension from 
each dilution was mixed with 2  mL sample reagent and 
incubated for 15 min at room temperature with intermittent 

shaking. Following the pretreatment, 2  mL of the sample 
was transferred to the cartridge. The results were automati-
cally generated by GeneXpert assay after 90  min of the 
amplification reactions. The standard MTB H37Rv strain 
(ATCC 27294) and a clinical isolate with an amino acid 
substitution of Ser to Leu at codon 531 of rpoB (C017561) 
were used as positive quality controls, while the sterilized 
water for serial dilution was used to perform GeneXpert 
MTB/RIF experiments in parallel as negative control. All 
the tests were performed in triplicate.

Results

The GeneXpert results of different mycobacterial species 
were summarized in Table 1. Out of 12 NTM species, 5 
were identified as MTB by GeneXpert at a bacterial load 
of 106, while the GeneXpert assay detected no MTB for 
the other 7 species. Notably, two species, including M. 
abscessus and M. smegmatis, were flagged as RIF-resist-
ant MTB due to the high C(t) value of Probe E (Fig. 1). 
In addition, the detection failure of Probe D and Probe 
E was observed in M. phlei, resulting in indeterminate 
RIF resistance by GeneXpert. Both M. marinum and M. 
aurum had the amplification curves at all five probes, 
which were identified as RIF susceptible. When the fur-
ther diluted samples were used, M. marinum was also 
detected as RIF-susceptible MTB by the GeneXpert test-
ing at a bacterial load of 104. In addition, only MTB pro-
vided a positive result if the 102 of bacteria were loaded, 

Table 1   Xpert results 
for detecting different 
mycobacterial species

ND not detected
a  The number represents the bacterial load added in the GeneXpert cartridge
b  It represents the number of clinical isolate with the an amino acid substitution of Ser to Leu at codon 531

Species ATCC No. Xpert result of different bacterial loada

106 104 102 100

M. tuberculosis ATCC27294 TB/RIF susceptible TB/RIF susceptible TB/RIF susceptible ND
M. tuberculosis C017561b TB/RIF resistance TB/RIF resistance TB/RIF resistance ND
M. marinum ATCC927 TB/RIF susceptible TB/RIF susceptible ND ND
M. abscessus ATCC19977 TB/RIF resistance ND ND ND
M. smegmatis ATCC700084 TB/RIF resistance ND ND ND
M. phlei ATCC11758 TB/Indeterminate 

RIF resistance
ND ND ND

M. aurum ATCC23366 TB/RIF susceptible ND ND ND
M. avium ATCC25291 NDc ND ND ND
M. intracellulare ATCC13950 ND ND ND ND
M. kansasii ATCC12478 ND ND ND ND
M. chelonae NCTC946 ND ND ND ND
M. scrofulaceum ATCC19981 ND ND ND ND
M. gordonae ATCC14470 ND ND ND ND
M. fortuitum ATCC6841 ND ND ND ND
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indicating that the limit of detection of the GeneX-
pert assay was ~102 CFU/mL. We continued to analyze 
the amplification curves of different NTM species. As 
shown in Fig.  1, our results revealed that M. abscessus, 

M. smegmatis and M. phlei had no obvious exponential 
phase of the amplification plot, which might be associ-
ated with the mismatch between the probe and the chro-
mosomal DNA target.

Fig. 1   Amplification curves of GeneXpert for the detection of NTM species with false-positive signals
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Discussion

GeneXpert has revolutionized the diagnostic algorithm for 
tuberculosis in the resource-limited settings. However, our 
findings have firstly demonstrated that the GeneXpert assay 
could misdiagnose some NTM species as MTB at a high 
bacterial load, which give important hints on the interpreta-
tion of GeneXpert results in the clinical practice. The iden-
tified “false-positive” results of several NTM species were 
associated with high C(t) values and absence of normal 
amplification plot. In addition to exhibit a strong correlation 
with RIF susceptibility, rpoB is a highly conserved house-
keeping gene with little genetic diversity amongst various 
mycobacterial species [11]. Therefore, the highly conserva-
tive property of rpoB gene is associated with reducing the 
detection specificity of GeneXpert assay, especially for the 
samples with high bacterial load.

Notably, as a region with high TB burden, the propor-
tion of NTM infections among all mycobacterial isolates in 
China has risen from 11.1% in 2000 to 22.9% in 2010, thus 
the epidemic of NTM in China has attracted more attention 
in recent years [9]. Out of the misdiagnosed NTM species 
in this study, M. abscessus is one of the major contributors 
causing NTM diseases in China. An epidemiology study 
from China reported that the infections of M. abscessus 
accounted for more than 20% of NTM pulmonary diseases 
[9]. Notably, due to the natural resistance to most anti-TB 
drugs, the clinical outcomes of patients with M. abscessus 
infection receiving the anti-TB regimens are not satisfac-
tory [12]. There is no doubt that the misdiagnosis of M. 
abscessus as RIF-resistant MTB, an indicator of MDR-TB, 
will guide the clinicians to generate the improper thera-
peutic regimens, thereby resulting in the treatment failure. 
More importantly, the treatment of MDR-TB requires more 
toxic, less potent second-line drugs, as of today, takes up 
to 24  months of therapy according to current WHO rec-
ommendations [13]. In addition to unsatisfactory clinical 
outcomes, the adverse damage related to long-term admin-
istration of anti-MDR-TB treatment could be anticipated 
in these misdiagnosed patients. Because the mismatch 
between the probe and the target deeply relies on the bacte-
rial load, the false-positive signals occur may be found in 
the clinical sputum with high smear positivity grade (3+ 
or 4+ grade according the national guideline for TB labo-
ratory of China) [14]. Although the proportion of sputum 
with high positivity grade is unknown, the high prevalence 
of M. abscessus infection in China highlights the urgent 
need to develop strategies to prevent the emergence of mis-
diagnosis and treatment failure of M. abscessus diseases.

We try to find a potential solution for this intrinsic 
problem of GeneXpert assay. On one hand, Theron and 
colleagues reported that the use of GeneXpert assay 
exhibited excellent performance to predict the sputum 

smear status of TB patients [15]. On the other hand, in 
view of the inexact matching, the efficiency of the PCR 
reactions is significantly diminished, and the C(t) val-
ues of false-positive signals are also increased when 
compared with the actual bacterial load in the cartridge. 
Consistent with this hypothesis, we found that the C(t) 
values of NTM species with false-positive signals at a 
high bacterial load (equal to the sputum with a positivity 
grade of ~3+) were more than 30 cycles, while the C(t) 
values of MTB at the same bacterial load were about 15 
cycles. Hence, the comparison of results between smear 
microscopy and GeneXpert, especially for the sputum 
specimens with a high positivity grade, provides a feasi-
ble method to monitor and solve the false-positive Gen-
eXpert results due to NTM infections.

We also acknowledged several obvious limitations of 
this study. First, all the results of this study were obtained 
on the basis of artificial non-human samples, whereas the 
GeneXpert assay was optimized for human clinical sam-
ples. Further studies will be performed to evaluate the 
potential influence of misdiagnosis of MTB associated with 
NTM by GeneXpert in the clinical samples. Second, the 
update version of GeneXpert, known as the “Xpert MTB/
RIF Ultra”, could yield improved performance in detect-
ing MTB in clinical samples compared with conventional 
version. Unfortunately, this new version is not accessible 
in China. A better analysis would have been based on the 
new improved version of the GeneXpert assay in the future. 
Third, data based on this single study need to be repli-
cated by colleagues in the field, as they would have a great 
impact on the user of GeneXpert.

In conclusion, our data have demonstrated that the pres-
ence of high C(t) value and abnormal amplification plot of 
GeneXpert results may be associated with high bacterial 
load among specific NTM cases. In view of widespread use 
of this assay, our data provide important hints on the inter-
pretation of potential “false-positive” GeneXpert results. 
Further studies are urgently needed to confirm our results 
among the clinical sputum specimens from other countries.
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