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Purpose: The purpose of this study was to evaluate a new commercial kit for Mycobacterium species identification and compare its
results with that of the commonly used GenoType Mycobacterium CM assay. In addition, we were committed to identifying the main
frequent species of nontuberculous mycobacteria (NTM) in Fujian.

Methods: A total of 261 clinical strains, collected at the Center for Disease Control and Prevention of Fujian Province, China, were
preliminarily identified as NTM based on p-nitrobenzoic acid (PNB) growth test. The genomic DNA of all 261 strains was extracted
and subjected to species identification using MeltPro Myco assay and GenoType Mycobacterium CM assay. The results of the latter
were used as a control to calculate the positive agreement, negative agreement, agreement and the total agreement of the former. For
samples with inconsistent detection results, sequencing was performed for verification.

Results: Compared to GenoType Mycobacterium CM assay, the total agreement of MeltPro Myco assay was 96.55% (252/261 strains).
Both the positive and negative agreement of MeltPro Myco assay in identifying M. intracellulare, M. abscessus, M. kansasii, M. fortuitum,
M. avium, M. gordonae, M. scrofulaceum, and mixed infections were higher than 99.00%, but the positive agreement of M. chelonae was
relatively low at only 33.33%. In Fujian, the predominant strain of NTM was M. intracellulare (64.36%, 130/202 strains), followed by
M. abscessus (19.31%, 39/202 strains), M. kansasii (4.46%, 9/202 strains), and M. fortuitum (3.96%, 8/202 strains).

Conclusion: The reliability of MeltPro Myco assay for identifying mycobacterium species was strongly demonstrated in this study,
which greatly supports its usage for the clinical identification of mycobacteria. The present study also showed that the distribution of
mycobacteria in Fujian, China, was significantly different from that in other regions and provided important data for future
epidemiological study of NTM.
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Introduction
Nontuberculous mycobacteria (NTM) are a type of saprophytic bacteria that are naturally found in soil, air, and water." More
than 200 species or subspecies of NTM have been discovered.” While some of them are not pathogenic, others can cause
infection in people of old age and co-infect people with HIV, or any other immunocompromising disease. Approximately 50
species of NTM act as opportunistic pathogens and are involved in the development of diseases.”°

NTM cause numerous diseases in humans, and an increasing rate of NTM infections worldwide has unveiled an important
challenge.”'! According to previous reports, the rate of NTM cases in China increased from 4.3% in 1979 to 11.1% in 2000
and finally to 22.9% in 2010.'* The NTM infection rate has also increased because of an increase in HIV infections, as NTM is
more likely to be prevalent among immunocompromised populations. Even countries such as the United States, Canada, and
regions such as Taiwan with low tuberculosis (TB) incidences have a higher prevalence of NTM than TB.>'3!4

Diseases caused by NTM are easily mistaken for TB infections because both have similar clinical manifestations; however,
NTM shows more resistance to anti-TB drugs, with more than 80% of the microbes being resistant against first- and second-line
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anti-TB drugs.”'® In addition, different species of NTM show different levels of sensitivity and resistance to different drugs;
therefore, the regimen design for each patient is different.'®2°

An accurate method for identifying NTM infections also allows for the management and treatment of infected
patients along with the implemented epidemiological control methods to reflect the specific mycobacterial species
encountered. Although there are documented diagnostic criteria for NTM diseases from the American Thoracic
Society, not all species have been tested to ensure that this diagnostic standard is universally suitable for all NTM
respiratory pathogens.” Therefore, further research on the identification of NTM species is required.

GenoType Mycobacterium CM assay is based on the line probe assay (LPA) and is used to differentiate NTM species
within a culture.?' ** This commercial kit is widely utilized in clinical units and laboratories and is highly recognized, as
it is recommended by the World Health Organization (WHO). Therefore, in this study, we used the results from this kit as
the technical standard.

Recently, a new commercial kit named MeltPro Myco assay was developed to identify NTM species from sputum
samples as well as cultures.”* The kit is based on unique multicolor melting curve analysis (MMCA) and can identify 19
clinically relevant Mycobacterium species. It had performed well in a previous study,* and so we aimed in this study to
further evaluate its performance by comparing it to that of GenoType Mycobacterium CM assay.

Materials and Methods

The Source of Strains

In total, 261 strains cultured in the BACTEC MGIT 960 Mycobacterial Detection System (Becton Dickinson, Baltimore, MD,
USA) were collected from March 2018 to December 2019 from the Center for Disease Control and Prevention of Fujian
Province, China. They were preliminarily identified as NTM by growth test in presence of p-nitrobenzoic acid (PNB).>’

Genome DNA Extraction
Genomic DNA was extracted from 261 strains using the Lab-Aid 824S DNA extraction instrument (Zeesan Biotech,
Xiamen, China).

GenoType Mycobacterium CM Assay

GenoType Mycobacterium CM assay (Hain Life Science, Nehren, Germany) was performed to identify mycobacteria
species, according to the manufacturer’s instructions. The assay was run on a GT-Blot 48 (Hain Life Science, Nehren,
Germany). The volume of the PCR mixture was 50 uL, comprised of 35 uL PNM, 5 uL 10x PCR buffer for HotStarTaq
DNA Polymerase (Qiagen, Germany), 2 pL. 25 mM MgCI2 solution, 1 U HotStarTaq DNA Polymerase, 3 pL deionized
water, and 5 uL. DNA solution. PCR was performed by denaturation steps at 95°C for 15 min, 10 cycles of 95°C for 30s and
58°C for 2 min, 20 cycles 0of 95°C for 25s, 53°C for 40s, and 70°C for 40s, followed by an extension at 70°C for 8 min. After
PCR completion, the results were automatically analyzed by the integrated software.

MeltPro Myco Assay

MeltPro Myco assay was run on a Slan-96S real-time PCR system (Zeesan Biotech, Xiamen, China). For sample
detection, 25 pL of extracted DNA were added to the reaction tubes prefilled with a lyophilized PCR mixture. The
running program involved decontamination at 50°C for 2 min, denaturation at 95°C for 10 min, 55 cycles of 95°C for
15s, 57°C for 20s and 78°C for 20s, followed by denaturation at 95°C for 2 min, and hybridization at 45°C for 2 min.
During hybridization, the temperature was increased from 45°C to 90°C at a ramp rate of 0.04°C/s. When the running
program had finished, the built-in software (MeltPro Manager version 1.0; Zeesan Biotech) analyzed the results,
following the result interpretation guidelines.

Verification and Confirmation
For strains with inconsistent detection results or the strains identified as Mycobacterium spp. in MeltPro Myco assay and
GenoType Mycobacterium CM assay, the ITS region between the 16S rRNA and 23S rRNA genes was used for Sanger
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sequencing to confirm the strain.?* For the mixed infection strains, Mycobacterium tuberculosis complex (MTBC) was
confirmed using the MTBC test kit (Zeesan Biotech, Xiamen, China) that targets the IS6//0 gene, M. avium was
confirmed with the detection of a specific 1S90/ gene, and M. intracellulare was confirmed with the detection of
a specific DT1 gene.**

Statistical Analysis

Positive agreement, negative agreement, agreement and total agreement of MeltPro Myco assay compared to GenoType
Mycobacterium CM assay were calculated. The precision of the estimates was reported using 95% Cls. Agreement
between the two methods was assessed using the kappa statistic. All statistical analysis was performed using SPSS 17.0
software (SPSS Inc, Chicago, USA).

Ethics Statement
Ethics approval was obtained from the Ethical Committee of the Fujian Province Center for Disease Control (CDC) for
the use of residual specimens received for routine diagnostic testing.

Results
Results of the Detection of 261 Strains by GenoType Mycobacterium CM Assay and
MeltPro Myco Assay

In total, 261 strains were subjected to identification using GenoType Mycobacterium CM assay and MeltPro Myco assay
(Table 1). Both methods detected eight species of mycobacteria. GenoType Mycobacterium CM assay identified 21
MTBC, 196 NTM, 9 mixed infections, 6 Mycobacterium spp., and 29 negative samples. MeltPro Myco assay identified
26 MTBC, 197 NTM, 9 mixed infections, 6 Mycobacterium spp., and 23 negative samples. Using the results of
GenoType Mycobacterium CM assay as the control, both the positive and negative agreement of MeltPro Myco assay
in identifying M. intracellulare, M. abscessus, M. kansasii, M. fortuitum, M. avium, M. gordonae, M. scrofulaceum, and
mixed infections were found to be higher than 99.00%. The negative agreement of MeltPro Myco assay for identifying
M. chelonae was 100.00%, while the positive agreement for this species was relatively low at only 33.33%. The total
agreement of MeltPro Myco assay was 96.55% (252/261 strains).

Results of nine samples were inconsistent after identification by both the assays: one sample was identified as
M. intracellulare by GenoType Mycobacterium CM assay, but noted as MTBC in MeltPro Myco assay. Six samples were
identified as negative by GenoType Mycobacterium CM assay but identified as M. intracellulare (n=1), M. kansasii

Table | Comparison of MeltPro Myco Assay and GenoType Mycobacterium CM Assay

Species MeltPro Myco Assay/ GenoType Positive Agreement | Negative Agreement | Agreement Kappa Value
Mycobacterium CM (%, 95% CI) (%, 95% CI) (%, 95% CI)
+/+ + -+ afn
M. intracellulare 130 | | 129 99.24 (95.80-99.87) 99.23 (95.77-99.86) 99.23 (97.25-99.79) 0.992
M. abscessus 37 2 0 222 100.00 (90.59-100.00) | 99.11 (96.80-99.75) 99.23 (97.25-99.79) 0.996
M. kansasii 8 | 0 252 100.00 (67.56—100.00) | 99.60 (97.80-99.93) 99.62 (97.86-99.93) 0.998
M. fortuitum 8 0 0 253 100.00 (67.56—100.00) | 100.00 (98.50—100.00) 100.00 (98.55-100.00) | 1.000
M. avium 4 0 0 257 100.00 (51.01-100.00) | 100.00 (98.53—100.00) 100.00 (98.55-100.00) | 1.000
M. gordonae 3 0 0 258 100.00 (43.85-100.00) | 100.00 (98.53-100.00) 100.00 (98.55-100.00) | 1.000
M. chelonae [ 0 2 258 33.33 (6.15-79.23) 100.00 (98.53-100.00) 99.23 (97.25-99.79) 0.996
M. scrofulaceum 2 0 0 259 100.00 (34.24-100.00) | 100.00 (98.54—100.00) 100.00 (98.55-100.00) | 1.000
Mixed infection 9 0 0 252 100.00 (70.08-100.00) | 100.00 (98.50-100.00) 100.00 (98.55-100.00) | 1.000
Mycobacterium spp. | 6 0 0 255 100.00 (60.97-100.00) | 100.00 (98.52-100.00) 100.00 (98.55-100.00) | 1.000
MTBC 21 5 0 235 100.00 (84.54—100.00) | 97.92 (95.22-99.11) 98.08 (95.59-99.18) 0.990
Positive 232 6 0 23 100.00 (98.37-100.00) | 79.31 (61.61-90.15) 97.70 (95.08-98.94) 0.885
Notes: “+” means positive result for the species; “-” means negative result for the species.
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(n=1), and MTBC (n=4) by MeltPro Myco assay. Two samples were identified as M. chelonae by GenoType
Mycobacterium CM assay but identified as M. abscessus by MeltPro Myco assay.

Verification of Inconsistent Samples and Mixed Infection Samples by Sanger Sequencing
For the nine samples with inconsistent results, Sanger sequencing was performed to verify the results by targeting the ITS
region between the 16S rRNA and 23S rRNA genes (Table 2). The verification results of six samples were consistent
with MeltPro Myco assay, while the results of three samples were consistent with the results of GenoType
Mycobacterium CM assay.

For the nine mixed infection samples, the MTBC test kit and the specific gene were used to verify the results
(Table 3). The results showed that these nine samples contained MTBC, as identified using an MTBC test kit. Sequencing
analysis by targeting a specific 1S90/ gene showed that sample FZ 052 contained M. avium, while the remaining eight
samples contained M. intracellulare as determined by targeting specific DT/ genes. The verification results were
consistent with the results of MeltPro Myco assay.

Six samples identified as Mycobacterium spp. by the two kits were verified as M. arupense, M. peregrinum,
M. phocaicum, M. sinense, M. vanbaalenii, and M. dioxanotrophicus by Sanger sequencing.

Ratios of Identified Mycobacterium Species

Among the 261 samples, 202 samples were NTM, accounting for 77.39% strains (202/261 strains), 24 samples were
MTBC, accounting for 9.20% strains (24/261 strains), 9 samples with mixed infection, accounting for 3.45% strains (9/
261 strains), and 26 samples were negative, accounting for 9.96% strains (26/261 strains) (Table 4).

Table 2 List of Discrepant Results and Validation with Sequencing

Samples GenoType Mycobacterium CM MeltPro Myco Assay ITS Sequencing
FZ 048 Negative MTBC Negative

FZ 055 Negative MTBC MTBC

FZ 084 Negative MTBC MTBC

FZ 090 Negative M. kansasii M. kansasii

FZ 160 M. chelonae M. abscessus M. abscessus

FZ 174 M. intracellulare MTBC MTBC

FZ 177 Negative M. intracellulare Negative

FZ 190 M. chelonae M. abscessus M. abscessus

FZ 246 Negative MTBC Negative

Table 3 List of Mixed Infection Samples and Validation with MTBC Test Kit and Sequencing

Samples GenoType Mycobacterium CM MeltPro Myco Assay Verification Method®
FZ 0l1 Mixed infection MTB-M. intracellulare MTB-M. intracellulare
FZ 012 Mixed infection MTB-M. intracellulare MTB-M. intracellulare
FZ 025 Mixed infection MTB-M. intracellulare MTB-M. intracellulare
FZ 040 Mixed infection MTB-M. intracellulare MTB-M. intracellulare
FZ 047 Mixed infection MTB-M. intracellulare MTB-M. intracellulare
FZ 052 Mixed infection MTB-M. avium MTB-M. avium

FZ 078 Mixed infection MTB-M. intracellulare MTB-M. intracellulare
FZ 089 Mixed infection MTB-M. intracellulare MTB-M. intracellulare
FZ 272 Mixed infection MTB-M. intracellulare MTB-M. intracellulare

Notes: *MTBC was confirmed using the MTBC test kit (Zeesan Biotech, Xiamen, China) that targets the IS6//0 gene, M. avium was
confirmed with the sequencing of a specific IS901 gene, and M. intracellulare was confirmed with the sequencing of a specific DT/ gene.
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Table 4 Summary of Mycobacterium Species ldentification of 261 Strains

Species Number Proportion of All NTM (N=202)*
M. intracellulare 130 64.36%
M. abscessus 39 19.31%
M. kansasii 9 4.46%
M. fortuitum 8 3.96%
M. avium 4 1.98%
M. gordonae 3 1.49%
M. scrofulaceum 2 0.99%
M. chelonae | 0.50%
M. arupense | 0.50%
M. peregrinum | 0.50%
M. phocaicum | 0.50%
M. sinense | 0.50%
M. vanbadalenii | 0.50%
M. dioxanotrophicus | 0.50%
MTBC 24

Negative 26

MTBC-M. intracellulare 8

MTBC-M. avium I

Notes: “The mixed infection samples were not included in the total number of NTM.

Among the 202 NTMs, M. intracellulare was the most abundant, accounting for 64.36% of the strains (130/202 strains),
followed by M. abscessus (19.31%, 39/202 strains), M. kansasii (4.46%, 9/202 strains), and M. fortuitum (3.96%, 8/202 strains).
Comparatively, there were fewer M. avium (1.98%, 4/203 strains), M. gordonae (1.49%, 3/202 strains), and M. scrofilaceum
(0.99%, 2/202 strains) identified. In addition, the other seven species were rare with only one of M. chelonae, M. arupense,
M. peregrinum, M. phocaicum, M. sinense, M. vanbaalenii, and M. dioxanotrophicus each identified.

Discussion

Recently, the overall prevalence of NTM diseases has increased globally and is becoming an emerging health issue. The
incidence of pulmonary disease caused by NTM is on the rise,>*® and that of HIV co-infection has also seen a sudden
increase.*> However, it is difficult to differentiate NTM-caused diseases from MTBC-caused diseases.”’ Furthermore,
most NTMs are difficult to treat because of their resistance to the drugs used to treat TB infection in all healthcare
systems including public, private, and TB-specific hospitals.>'*>**

In this study, we comparatively evaluated the clinical performance of MeltPro Myco assay, using GenoType
Mycobacterium CM assay as a control. Herein, 261 samples were identified as NTM positive using the conventional PNB
growth tests, then were subjected to strain evaluation using these two methods. Compared with GenoType Mycobacterium
CM assay, the positive and negative agreement of MeltPro Myco assay to identify Mycobacterium species were confident
(>98%), except for M. chelonae with identification confidence of only 33.3% due to the only three samples enrolled.

Nine samples were inconsistently identified by the two assays. One sample (FZ 174) was identified as M. intracellulare by
GenoType Mycobacterium CM assay, but as MTBC by MeltPro Myco assay and sequencing. A possible reason for this
observation is that the sample may have been contaminated during the processing for GenoType Mycobacterium CM assay, or
there was a cross-reaction with MTBC in the specific probe to detect M. intracellulare in GenoType Mycobacterium CM
assay. Furthermore, two samples (FZ 160 and FZ 190) were identified as M. chelonae by GenoType Mycobacterium CM
assay, but as M. abscessus by MeltPro Myco assay and sequencing. A possible explanation for this observation is that there
may have been a cross-reaction in the specific probe used to detect M. chelonae in GenoType Mycobacterium CM assay. It is
important to distinguish between M. abscessus and M. chelonae because their treatment regimens are different. However,
many of the current commercial kits, including GenoType Mycobacterium CM assay, do not distinguish between the two
species or differentiate them poorly. In this study, MeltPro Myco assay showed excellent ability to distinguish between the two
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species. Six samples were identified as negative by GenoType Mycobacterium CM assay, while MeltPro Myco assay
identified four MTBC, one M. kansasii, and one M. intracellulare. Sequencing results proved that three of these samples
were negative, while the remaining three matched with the results of the latter. A possible reason for this observation is that the
DNA concentration of these samples was relatively low, so they were not detected by GenoType Mycobacterium CM assay or
Sanger sequencing; however, MeltPro Myco assay, with its relatively high sensitivity, could detect these six samples as
positive. All six samples were identified as gram-positive bacteria by GenoType Mycobacterium CM assay. In summary, nine
inconsistent samples were verified by sequencing, which proved that the detection results of six samples by MeltPro Myco
assay were correct, and the detection results of the other three samples by GenoType Mycobacterium CM assay were accurate.

Moreover, six samples were identified as Mycobacterium spp. using the two test kits, but no specific Mycobacterium
species were identified. After sequencing, they were found to be uncommon pathogens, thereby explaining why neither
of the kits could identify them as specific strains of Mycobacterium.

In Fujian Province, the most frequent NTM species was M. intracellulare (64.36%), followed by M. abscessus (19.31%),
M. kansasii (4.46%), M. fortuitum (3.96%), M. avium (1.98%), M. gordonae (1.49%), and M. scrofulaceum (0.99%). Compared
to other areas of China, these frequencies of NTM showed obvious differences,'*'¢2° demonstrating that the distribution rate of
different NTM species varied geographically and had obvious regional features, even within the same country.

One limitation of this study is that some species covered by the MeltPro Myco assay were not detected among the
clinical samples. This is mainly due to the limited sample size and sample types, which were relatively uncommon or
restricted to respiratory samples. Further study is needed on larger sample size and those nonrespiratory sample types,
such as tissues or pus, so that a comprehensive coverage of NTM species might be achieved.

In summary, MeltPro Myco assay is a molecular method that can rapidly and accurately identify NTM species. It has
a lower limit of detection than GenoType Mycobacterium CM assay and Sanger sequencing. We expect that MeltPro
Myco assay will become a useful tool of routine use in the clinical setting.
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