
O R I G I N A L  R E S E A R C H

Rapid Detection of Ethambutol-Resistant 
Mycobacterium tuberculosis from Sputum by 
High-Resolution Melting Analysis in Beijing, China

This article was published in the following Dove Press journal: 
Infection and Drug Resistance

Jun Wang,1,* Weijie Zhao,2,* 
Rongmei Liu,1,* Fengmin Huo,3 

Lingling Dong,3 Yi Xue,3 

Yufeng Wang,4 Zhongtan Xue,4 

Liping Ma,1 Yu Pang 3

1Department of Tuberculosis, Beijing Chest 
Hospital, Capital Medical University/Beijing 
Tuberculosis & Thoracic Tumor Research 
Institute, Beijing 101149, People’s Republic 
of China; 2Clinical Trial Agency Office, 
Beijing Chest Hospital, Capital Medical 
University/Beijing Tuberculosis & Thoracic 
Tumor Research Institute, Beijing 101149, 
People’s Republic of China; 3National 
Clinical Laboratory on Tuberculosis, Beijing 
Chest Hospital, Capital Medical University/ 
Beijing Tuberculosis & Thoracic Tumor 
Research Institute, Beijing 101149, People’s 
Republic of China; 4Department of 
Laboratory Quality Control, Innovation 
Alliance on Tuberculosis Diagnosis and 
Treatment (Beijing), Beijing 101149, People’s 
Republic of China  

*These authors contributed equally to this 
work  

Objective: We conducted a retrospective study to evaluate the performance of MeltPro 
assay for detecting ethambutol (EMB) susceptibility of Mycobacterium tuberculosis (MTB) 
isolates in sputum specimens in Beijing, China.
Methods: Smear-positive TB patients undergoing MeltPro assay in the Beijing Chest 
Hospital between January 2019 and December 2019 were included. Phenotypic drug sus
ceptibility testing (DST) was used as the reference standard to calculate the diagnostic 
accuracy of MeltPro assay for EMB resistance. Sanger sequencing of embB gene was 
conducted to resolve the discrepancies between MeltPro assay and phenotypic DST.
Results: A total of 222 smear-positive patients were included in our analysis. The overall 
agreement rate between the two assays was 91.4%, with a kappa value of 0.78. Among 59 EMB- 
resistant TB cases diagnosed by DST, 49 were identified by MeltPro assay, demonstrating 
a sensitivity of 83.1%. In addition, 154 out of 163 EMB-susceptible patients diagnosed by 
DST were correctly detected with MeltPro assay, yielding a specificity of 93.9%. The probe 
frequency associated with the observed EMB-resistance was as follows: A (45/58), B (7/58), and 
D (6/58), and no EMB-resistance was associated with probe C. The presence of amino acid 
substitution was observed among all 9 cases with potentially “false-negative” results, including 7 
with Met306Ile, 1 with Met306Val, 1 with Gly406Asp, respectively.
Conclusion: MeltPro assay is a promising diagnostic tool for the detection of EMB 
resistance in China. The specific amino acid substitution in embB gene is the major reason 
for discrepancies between MeltPro assay and phenotypic DST.
Keywords: tuberculosis, ethambutol, molecular diagnostic, embB, China

Introduction
Tuberculosis (TB), caused by Mycobacterium tuberculosis (MTB) complex, is the 
leading cause of death among all infectious diseases.1,2 According to World Health 
Organization (WHO) estimates, 10.0 million people were ill with TB, and 
1.24 million died of TB worldwide in 2018.2 China ranked second among the 30 
high-burden countries, behind only India, with approximately 0.87 million reported 
TB cases in 2018.2 Despite the great achievements in TB control over the past 20 
years, the emergence of drug-resistant TB seriously threatens the national TB 
control effort in China.3,4 Early diagnosis of drug-resistant TB is essential for 
initiating proper treatment, and also preventing its transmission in the community.5

The routine diagnosis of drug-resistant TB relies on phenotypical in vitro drug 
susceptibility testing (DST).6 Due to the slow metabolism of the causative MTB, 
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the isolation and DST require several weeks, constituting 
a major barrier for the timely management of drug- 
resistant patients with appropriate antibiotics.7 Currently, 
research on the molecular basis of drug resistance in MTB 
allows the use of molecular diagnostics to detect drug- 
resistant MTB by identification of mutations conferring 
resistance.8 The WHO has approved the use of 
GenoType® MTBDRplus assay and GeneXpert MTB/RIF 
for the screening of drug-resistant TB in clinical 
practice.9,10 The use of molecular diagnostics ensures the 
availability of results within hours, which would concei
vably shorten the time to treatment for individuals affected 
by TB.8

Ethambutol (EMB) is an important first-line anti-TB drug 
for treating drug-susceptible TB and preventing the emer
gence of drug resistance.11 It is also often used to formulate 
regimens for drug-resistant TB in view of the pronounced 
synergistic effects of EMB in combination with other 
drugs.12 The primary target of EMB is the embCAB gene 
locus, involved in the biosynthesis of the cell wall compo
nents arabinogalactan and lipoarabinomannan.13 The emer
gence of EMB resistance is majorly associated with 
mutations within embB gene, especially the canonical muta
tions at codons 306, 406 and 497.11 However, the mutations 
at these codons are also identified in EMB-susceptible MTB 
isolates.14 The conflicting results between phenotypic and 
genotypic resistance testing raise concerns about the clinical 
significance of EMB mutations for the development of EMB 
resistance. As a consequence, the molecular diagnostics for 
EMB susceptibility lag far behind those for other anti-TB 
drugs, thereby constituting a crucial barrier to optimization of 
an appropriate treatment regimen. Recently, the MeltPro® 

MTB/EMB kit (MeltPro, Zeesan Biotech, Xiamen, China), 
a high-resolution melting curve-based nucleic acid amplifi
cation testing (NAAT), was approved by Chinese Food and 
Drug Administration.15 Given that limited clinical evidence 
has been reported on the diagnostic accuracy of NAATs on 
EMB resistance, we conducted a retrospective study to eval
uate the performance of this novel molecule method for 
detecting EMB susceptibility of MTB isolates in sputum 
specimens from pulmonary TB.

Materials and Methods
Study Design
We conducted a retrospective study in the Beijing Chest 
Hospital, Capital Medical University between January 
2019 and December 2019. Smear-positive TB patients 

were included in this analysis irrespective of comorbid
ities. The patients had examination results from sputum 
specimens by smear microscopy, mycobacterial culture 
and MeltPro. In vitro drug susceptibility was conducted 
on the positive cultures. The demographic and clinical 
information of participants was anonymized and extracted 
from electronic medical record system.

Laboratory Examination
Briefly, sputum samples were collected and transported to 
the laboratory for examination. Direct smear from each 
sputum sample was examined with Auramine O staining 
for acid fast bacilli (AFB).16 1.0 mL of sputum was 
digested with N-acetyl-L-cysteine and sodium hydroxide 
(NALC-NaOH) for 15 minutes, and PBS buffer was added 
up to a total volume of 45 mL. After centrifugation for 15 
min at 3000 × g, the suspension of sediment was inocu
lated into a BACTEC MGIT tube (BD Microbiology 
Systems, USA). For smear-positive samples, the remain
ing 1.0 mL of sputum specimen was detected with 
MeltPro® MTB/EMB kit according to the manufacturer’s 
instructions.15 Four dually labeled probe cover regions of 
embB codons 306, 497, 368, 378, 380 and 406 consisting 
of the most common mutation types conferring EMB 
resistance (Figure 1). The probes were perfectly matched 
with the wild-type sequence of embB gene. The corre
sponding genotype was interpreted according to the Tm 
of melting curve of double-stranded structures between 
probe and targeted embB gene. Fluorescence was recorded 
at FAM and TET channels. Positive cultures from speci
mens initially identified as M. tuberculosis complex with 
the MPT64 antigen kit (Genesis, Hangzhou, China) were 
subcultured on the Lӧwenstein-Jensen (L-J) medium. The 
4-week-old cultures of bacteria were collected for pheno
typic DST with MGIT 960 automated system according to 
the manufacturer’s instructions.15 The drug concentration 
for EMB was 5.0 μg/mL in MGIT tube.

DNA Sequencing
Crude genomic DNA was extracted from the positive 
culture using boiling method.5 The frozen isolate in 7H9 
medium containing 10% oleic acid-albumin-dextrose- 
catalase (OADC) was firstly subcultured on Löwenstein- 
Jensen (L-J) medium. After 4-week incubation at 37°C, 
colonies were harvested from the surface of L-J medium 
and heated for 30 min at 95°C in 500 μL Tris-EDTA (TE) 
buffer. The supernatant was used as template for amplifi
cation. An 800-bp fragment of embB gene containing 
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EMB resistance determining region was amplified with the 
primer pair described by our previous report.17 The PCR 
amplicons were sent to the Tsingke Biotech Company for 
DNA sequencing service (Tsingke Biotech Company, 
Beijing, China). We entered the sequencing results into 
the Basic Local Alignment Search Tool (BLAST) for 
comparison with the corresponding genes of strain 
H37Rv (ATCC27294).

Statistical Analysis
The phenotypic DST was used as the reference standard to 
calculate the sensitivity, specificity, positive predictive 
value (PPV), and negative predictive value (NPV). The 
Kappa value was used to assess the agreement between 
MeltPro and phenotypic DST. A Kappa value more than 
0.75 was taken to indicate excellent agreement. In 
addition, Chi-squared test was conducted to compare the 
performance of MeltPro stratified to different initial drug- 
resistant profiles. All calculations were completed in SPSS 
20.0 (IBM Corp., Armonk, NY, USA). A P value less than 
0.05 was considered statistically significant.

Results
Patient Enrollment
A total of 249 patients underwent MeltPro assay for EMB 
resistance between January 2019 and December 2019. Of 
these patients, 27 (10.8%) were excluded due to being 
culture negative (6/249, 2.4%), culture contamination 
(10/249, 4.0%) and detection failure by MeltPro (9/249, 
3.6%), respectively (Figure 2). Finally, 222 patients were 
included in our final analysis. The demographic and clin
ical characteristics are summarized in Table 1. The mean 
age was 46.7 years (range, 15 to 88 years), 165 patients 
(74.3%) were male, and 123 (55.4%) were new cases. The 
most frequently observed underlying disease was diabetes 
(60/222, 27.0%), followed by cardiopathy (12/222, 5.4%) 
and liver diseases (6/222, 2.7%). Resistance was noted in 
30.6% of patients (68/222) for rifampicin, 37.4% (83/222) 
for isoniazid, 17.6% (39/222) for levofloxacin, and 7.2% 
(16/222) for amikacin. In addition, 53 (53/222, 23.9%) 
patients were afflicted with multidrug-resistant tuberculo
sis and 11 (11/222, 5.0%) had extensively drug-resistant 
tuberculosis.

Figure 1 The region of embB targeted by the probe of MeltPro TB assay.
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MeltPro Assay
We firstly evaluated the performance of MeltPro assay versus 
phenotypic DST for detecting EMB resistance. As shown in 
Table 2, the overall agreement rate between the two assays 
was 91.4% [203/222, 95% confidence interval (95% CI): 
87.8–95.1], with a kappa value of 0.78. Among 59 EMB- 
resistant TB cases diagnosed by DST, 49 were identified by 
MeltPro assay, demonstrating a sensitivity of 83.1% (95% 
CI: 73.5–92.6). In addition, 154 out of 163 EMB-susceptible 
patients diagnosed by DST were correctly detected with 
MeltPro assay, yielding a specificity of 93.9% (95% CI: 
90.2–97.6). The most common probe for EMB resistance 
detection was probe A (n=45, 77.6%). The frequency of 
probe B and D conferring EMB resistance was 7 (12.1%) 
and 6 (10.3%), respectively. In contrast, no isolate harboring 
mutation was detected within probe C (Table 3).

Sequencing results
We further conducted Sanger DNA sequencing analysis to 
resolve the discrepancies between MeltPro assay and phe
notypic DST. DNA sequencing results of 19 discordant 
isolates are listed in Table 4. The presence of amino acid 
substitution was observed among all 9 cases with poten
tially “false-negative” results, including 7 (7/9) with 
Met306Ile, 1 (1/9) with Met306Val, 1 (1/9) with 
Gly406Asp, respectively. In addition, out of 10 cases 
with MeltPro S/MGIT R results, no genotypic mutations 
were detected in 9 cases by a screen of the embB gene, 

whereas one case harbored mutation in codon 328, which 
fell outside of probe-covering regions.

Discussion
Early detection of drug resistance is essential to initiate 
appropriate anti-TB therapy regimens.8 Molecular diagno
sis techniques for EMB resistance have lagged behind 
other drugs. In the present study, we assessed the diagnos
tic accuracy of MeltPro assay for detection of EMB resis
tance among TB patients. Our data have demonstrated that 
MeltPro assay provides an accurate option for the diagno
sis of EMB-resistance among smear-positive patients. In 
a recent meta-analysis on the diagnostic value of 
GenoType® MTBDRsl, its pooled sensitivity was 67.9% 
for EMB resistance,18 which is significantly lower than our 
observation (83.1%). Several plausible explanations may 
be responsible for the difference. On the one hand, the 
GenoType® MTBDRsl only uses the embB306 mutations 
as molecular markers for predicting EMB resistance.18 

The inclusion of more mutations in the detection panel 
of MeltPro assay, including embB codons 497, 368, 378, 
380 and 406 conferring EMB resistance, therefore 
increased its sensitivity to identify EMB resistance. On 
the other hand, the main drawback of GenoType® 

MTBDRsl is its poor capability to detect less than 50% 
heteroresistance. In contrast, MeltPro outperforms 
GenoType® MTBDRsl in diagnosis of EMB-resistant 
patients due to the cooccurrence of susceptible and 

Figure 2 Enrollment of participants.
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resistant bacteria population, which serves as another 
explanation for its increased sensitivity.19

Mutation in emb306 is a major mechanism of EMB 
resistance in MTB.14 Previous studies showed that the per
centage of emb306 mutations presented geographic diversity, 
varying from 30% in Kuwait to 68% in Germany.14,20 In 
a recent study from Li et al, the amino acid substitution at 
codon 306 was noted in 69% of EMB-resistant isolates from 
China.21 Similarly, emb306 occurred only in 63% of EMB- 
resistant MTB isolates in our cohort. Additionally, exchange 
wild-type embB497 and embB406 with mutant codons serve 

as another predominant mechanism, accounting for ~20% 
EMB resistance in the present study, while no mutation was 
found within the codons 368, 378 and 380 covered by probe 
C. Based on our experience, multiple-site detection panel of 
embB 306, 406, and 497 (probe A, B and D) provides an 
effective solution for detection of EMB-resistant mutants in 
China. In view of the difference in molecular characteristics 
of EMB-resistant MTB isolates across regions, the diagnostic 
accuracy of MeltPro for EMB resistance should be system
atically evaluated in high-burden settings.

Our results support the findings of previous studies that 
phenotypically EMB-susceptible isolates carried mutations 
at codon 306 of the embB gene.14,22 There is strong evi
dence that the embB mutants had increased minimum 
inhibitory concentrations (MICs) compared to the wild- 
type tubercle bacilli;23 but the wide range of increased 
MICs makes it difficult to identify EMB-resistant isolates 
with MICs close to the critical concentration of phenotypic 
DST method.6 These findings raise concerns regarding the 
standardization of phenotypic DST for EMB. As 
a bacteriostatic agent, the culture-based in vitro phenotypic 
DST methods for EMB can be notoriously problematic 
because of small difference in MICs between EMB- 
susceptible and EMB-resistant strains.6,24 Another barrier 
for accurate EMB susceptibility testing is the poor stability 
of this drug during incubation at 37°C.25 Indeed, the 
results on the proficiency testing on DST in supranational 
TB reference laboratories have demonstrated that the per
formance of EMB testing was the worst among all the first 
line drugs tested.26 We speculate that the presumably 
inaccurate methodology for phenotypic DST is the major 
reason for the “EMB-susceptible” isolates with embB 
mutations; thus the molecular tests are more likely to 
warrant accurate EMB susceptibility results for MTB.

We also acknowledge several limitations to our study. 
First, the present study was retrospective in design with all 
of the inherent limitations of such studies. The potential bias 
in patient inclusion may limit the significance of our conclu
sion. Second, only the sequences of embB gene were 

Table 1 Demographic and Clinical Characteristics of Patients 
Enrolled in This Study

Characteristicsa Patients Enrolled (n=222)

Age–years
Mean 46.7

Range 15~88
Male sex–no.(%) 165(74.3)

Residence–no.(%)
Rural 77(34.7)

Urban 145(65.3)

Treatment history–no.(%)
New cases 123(55.4)
Previously treated 99(44.6)

Comorbidity–no.(%)
Diabetes 60(27.0)

Cardiopathy 12(5.4)

Live disease 6(2.7)
COPDa 3(1.4)

Resistance to:–no.(%)b

RIF 68(30.6)

INH 83(37.4)

LFX 39(17.6)
AMK 16(7.2)

MDR 53(23.9)

XDR 11(5.0)

Abbreviations: aCOPD, chronic obstructive pulmonary disease; bRIF, rifampicin; 
INH, isoniazid; LFX, levofloxacin; AMK, amikacin; MDR, multidrug resistance; XDR, 
extensive drug resistance.

Table 2 Performance of MeltPro for Detecting Ethambutol Resistance

MeltPro MGIT Total Sensitivity (%, 95% 
CI)

Specificity (%, 95% 
CI)

PPV (%) (%, 95% 
CI)

NPV (%) (%, 95% 
CI)

Kappa 
Value

R S

R 49 9 58 83.1(73.5–92.6) 93.9(90.2–97.6) 84.5(75.2–93.8) 94.5(91.0–98.0) 0.78
S 10 154 164

Total 59 163 222

Abbreviations: R, resistant; S, susceptible; PPV, positive predictive value; NPV, negative predictive value; CI, confidence interval.
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analyzed in our experiments. Therefore, it is difficult to 
identify EMB-resistant isolates that do not carry mutations 
in this locus. Further whole-genome sequencing will be con
ducted to elucidate the molecular mechanism in EMB- 
resistant isolates without embB mutations. Third, in view of 
the consistency between phenotypic and genotypic assays, 
the cases with MeltPro S/MGIT S and MeltPro R/MGIT 
R were not analyzed using Sanger sequencing. It may 
weaken the significance of our conclusion. Fourth, 
embB306 mutation is considered as the predictive marker 
for MDR-TB,27 which was not assessed in the present study. 
Despite these limitations, our data provide important evi
dence for further integrating MeltPro into the diagnosis of 
drug-resistant TB by national TB programs in China.

In conclusion, our results demonstrate that MeltPro 
assay is a promising diagnostic tool for the detection of 
EMB resistance in China. The specific amino acid substi
tution in embB gene is the major reason for discrepancies 
between MeltPro assay and phenotypic DST. In view of 
presumably inaccurate methodology for phenotypic DST, 
molecular tests are more likely to warrant accurate EMB 
susceptibility results for MTB.
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