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Background: Correct species identification is essential before initiation of TB treatment, due to substantial drug susceptibility profile
differences among mycobacterial species. Given that nontuberculous mycobacteria (NTM) are frequently resistant to first-line anti-
tuberculosis drugs, cases with mixed infections with Mycobacterium tuberculosis (MTB) and NTM tend to be diagnosed as multidrug-
resistant tuberculosis (MDR-TB) cases. Here we report results of a retrospective multicentre study that was conducted to determine the
prevalence of TB-NTM infections in previously diagnosed laboratory-confirmed multidrug-resistant tuberculosis (MDR-TB) patients using
phenotypic drug susceptibility testing. The results were then used to identify risk factors associated with susceptibility to mixed infections.
Methods: From January 2019 through December 2019, we retrospectively collected MDR-TB isolates from three TB specialised
hospitals. Species identifications of isolates were performed using the MeltPro Myco assay.

Results: A total of 837 MDR-TB isolates were analysed, of which 22 isolates (2.6%) were found to contain a mixture of NTM
and MTB organisms. Significant differences in prevalence rates of mixed infections across regions were observed, with
prevalence rates ranging from 0.0% (0/213) in Beijing to 3.4% (12/353) in Fuzhou to 3.7% (10/271) in Guangzhou. Among
the 22 patients with NTM-TB mixed infections, a total of five different mycobacterial species were identified, of which the most
prevalent species was Mycobacterium intracellulare. Notably, a history of previous TB episodes correlated with higher mixed
infection risk.

Conclusion: The results reported here demonstrated that mixed infections with MTB and NTM occurred in approximately 3% of
suspected MDR-TB patients in China. These findings raise concerns about the accuracy of molecular diagnostics-based species
identification tests and draw attention to the possibility that NTM-MTB mixed infections will be misdiagnosed as MDR-TB in high TB
burden settings.
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Introduction
Despite great achievements in tuberculosis (TB) control over the past decades, the epidemic of multidrug-resistant
tuberculosis (MDR-TB), defined as Mycobacterium tuberculosis resistant to at least isoniazid (INH) and rifampicin
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(RIF), constitutes a major barrier to TB control worldwide.'* According to estimates reported by the World Health
Organisation (WHO), 363,000 MDR-TB cases occurred in 2019, of which 56% were detected using laboratory
assays,' highlighting the urgent need for information regarding the accuracy and accessibility of newer molecular
diagnostics tests.’ In addition, management of MDR-TB is a major problem from both a clinical and public health
perspective, due to the need for costly and toxic second-line TB drugs to treat the disease.* Thus, an appropriate in
vitro phenotypic drug susceptibility test (pDST) would be of great importance for achieving timely diagnosis and
initiation of effective treatment regimens to combat MDR-TB.

Completion of correct species identification prior to implementation of phenotypic drug susceptibility testing (pDST)
is essential for formulation of effective treatment strategies, as mycobacterial species can vary substantially in their drug
susceptibility profiles.””” Although a series of comparative studies have demonstrated that rapid methods used to identify
MTB*? have good diagnostic accuracy, mixed infections with MTB and nontuberculous mycobacteria (NTM) may be
incorrectly diagnosed as MDR-TB, given the intrinsic resistance of NTM to many commonly administered anti-TB
agents.” Meanwhile, increasing evidence indicates that the prevalence of NTM-MTB co-infections exhibits significant
geographic diversity. For example, results of a study in Canada showed that 40 (11%) of 369 culture-proven pulmonary
TB cases were co-infected with NTM,'® while NTM-MTB co-isolation occurred in 18% of patients in a cohort of adult
TB patients in Mali who received treatment for MDR-TB.'" By contrast, the frequency of NTM infections in suspected
TB cases in South India was low, with NTM infection only noted in 0.7% of pulmonary TB cases.'? Considering that the
failure to identify NTM-MTB co-infections could result in misdiagnosis of co-infected patients as MDR-TB cases, it
would be of great significance to explore the prevalence of NTM-MTB co-infections that are misdiagnosed as MDR-TB
cases and identify risk factors associated with NTM-MTB co-infection in order to correctly diagnose suspected MDR-TB
cases.

With these goals in mind, in this retrospective multicentre study, we performed pDST of isolates
from previously reported MDR-TB cases treated at three TB specialised hospitals. The objectives of this study
were to determine prevalence rates of NTM-MTB infections and assess risk factors associated with mixed
infections.

Materials and Methods

Study Design

From January 2019 through December 2019, we retrospectively collected isolates associated with previously reported
MDR-TB cases from three TB specialised hospitals: Fuzhou Pulmonary Hospital, Guangzhou Chest Hospital, and
Beijing Chest Hospital. After all isolates were initially confirmed to have MDR-TB drug susceptibility profiles using
pDST, isolates were stored at —80°C in Middlebrook 7H9 broth supplemented with 10% glycerol. Prior to performance of
molecular species identification tests, isolates were recovered by culturing the bacilli on Lowenstein-Jensen (L-J)
medium for 4 weeks at 37°C. The three laboratories that previously conducted pDST of these isolates had participated
in the annual proficiency review of drug susceptibility testing organised by the Innovation Alliance on Tuberculosis
Diagnosis and Treatment (Beijing)."?

DNA Extraction and Species Identification

Crude genomic DNA was extracted from freshly cultured bacteria using the boiling method, as previously described.'
Briefly, a loopful of colonies scraped from the agar surface were transferred to a 1.5-mL centrifuge tube containing 500
pL of Tris-EDTA (TE) buffer. After tubes containing bacterial samples were immersed in boiling water for 30 min, they
were centrifugated at 13,000 rpm for 5 min then DNA-containing supernatants were transferred to new 1.5-mL centrifuge
tubes for use in molecular analyses.

Species identification was performed using the MeltPro Myco assay, which can correctly detect 51 mycobacterial
species (Zeesan Biotech, Xiamen, China).'> Five microlitres of each DNA extract were transferred to a reaction tube
containing 20 pL. of PCR mixture then each reaction mixture was placed into a Real-time PCR Detection System
(Hongshi, Shanghai, China). Quantitative polymerase chain reaction (qQPCR) and melting curve analyses were
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performed using MeltPro Manager version 1.0 (Zeesan Biotech). Thermocycling for qPCR analysis was conducted
using the following conditions: hold at 50°C for 2 min for decontamination, initial denaturation at 95°C for 10 min,
then 55 cycles of (denaturation at 95°C for 15s, annealing at 57°C for 20s, and extension at 78°C for 20s). qPCR
amplification was followed by a melt cycle of 95°C for 2 min, one cycle of 45°C for 2 min, then a temperature
increase from 45°C to 90°C using a ramp rate of 0.04°C/s. Recorded melting peaks were automatically interpreted
using MeltPro Manager version 1.0. Mixed infections were defined as the presence of MTB and NTM in the same
isolate.

Data Collection and Statistical Analysis

Hospital electronic patient records systems were used as sources of demographic and clinical characteristics of
patients. We collected multiple variables from electronic patient records to conduct comparative analyses of
groups of MTB and NTM-MTB mixed infection cases based on sex, age, and comorbid conditions. We then used
univariable and multivariable logistic regression models to assess factors associated with cases with mixed
infections. All calculations were performed using SPSS version 20.0 for Microsoft Windows (IBM Corp,
Armonk, NY).

Results
Prevalence of NTM-MTB Mixed Infections Among MDR-TB Cases

Between January 2019 and December 2019, a total of 837 MDR-TB isolates were obtained for our analysis. Based
on results obtained via the MeltPro Myco assay, 22 cases (2.6%) were identified as NTM-MTB mixed infections.
Significant diversity of mixed infection prevalence rates was observed across regions of China, with prevalence
rates ranging from 0.0% (0/213) in Beijing to 3.4% (12/353) in Fuzhou to 3.7% (10/271) in Guangzhou
(Figure 1).

Among the 22 patients with NTM-TB mixed infections, a total of five different mycobacterial species were identified
based on MeltPro Myco assay melting peaks of DNA prepared from isolates associated with these cases, as shown in
Figure 2. The most prevalent species detected was Mycobacterium intracellulare (15/22, 68.2%), while prevalence rates
of the other identified coinfecting mycobacterial species were as follows: Mycobacterium avium (4/22, 18.2%),
Mycobacterium kansasii (1/22, 4.5%), Mycobacterium abscessus (1/22, 4.5%), and Mycobacterium malmoense (1/22,
4.5%) (Figure 3).

Risk Factors Associated with Mixed Infections

Table 1 provides an analysis of risk factors associated with incidence of MDR-TB cases co-infected with NTM in China.
Based on selection of newly diagnosed MDR-TB patients as the control group, our data revealed that patients with
histories of previous active pulmonary TB episodes were at higher risk of contracting mixed infections [odds ratio (OR):
3.40, 95% confidence interval (CI):1.41-8.20]. By contrast, no other demographic and clinical characteristics were
significantly associated with NTM co-infection. In addition, no statistically significant difference in clinical symptoms
was observed between the two groups.

Discussion

The increasing incidence of NTM infections constitutes a major public health threat worldwide.'®'” As a
consequence of intrinsic resistance of NTM to anti-TB drugs, patients with co-infections with MTB and NTM
be misdiagnosed as MDR-TB cases. In our clinical setting, we found mixed infections of MTB and NTM in
approximately 3% of previously laboratory-confirmed MDR-TB cases based on results obtained using molecular
methods. Despite the fact that NTM-MTB co-infection may impact only a small proportion of the overall TB
patient population, our data highlight the importance of accurate mycobacterial species identification prior to
initiation of MDR TB treatment regimens. This is especially true for clinical settings in low-income countries,
where a TB diagnosis is often based solely on results obtained using smear microscopy;'®'® however, this may
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Figure | Distribution map of MDR-TB isolates included in this study. The number following the site number represents the number of isolates obtained from that site.

also be true for some laboratories in the developed world, especially those that diagnose TB based on detection of
MTB secreted protein MPT64. As a consequence of the above-mentioned challenges, it is essential to formulate
optimal diagnostic algorithms in order to correctly identify mycobacterial species and detect NTM-MTB mixed
infections. For bacterial species identification, currently used genetic sequencing methods outperform conven-
tional biochemical testing and MPT64 antigen detection; however, current methods cannot always effectively
discriminate between species of mycobacteria.”’ Nevertheless, in a recent study conducted by Couto et al, a line
probe assay based on hybridisation of DNA to 23S rRNA gene DNA probes was used to successfully detect
mixed infections.”' Similarly, the molecular method used in the present study, which was based on genotyping of
16S rRNA gene amplicons via high-resolution melt analysis, has also been used to accurately identify co-existing
species in clinical specimens.'” It is worth mentioning that accurate diagnosis of mixed infections depends on
initial MTB and NTM population structures, due to different amplification efficiencies of DNA sequences of
different species. Previous experiments revealed that PCR-based assays required a minimum of 20% representa-
tion of each mycobacterial species within the mixed population for successful detection of all constituent
species.’’ Thus, unbiased next-generation sequencing methods must be developed to facilitate identification of
all potential pathogens in a single assay in a comprehensive way.*

In this study, M. intracellulare, which was detected in approximately 70% of all mixed infection cases, was the
most frequently detected mycobacterial species. However, in a recent nationwide surveillance study, 52% of NTM
isolates associated with pulmonary infections were M. intracellulare,” a rate significantly lower than that observed
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Figure 2 MeltPro Myco assay melting peaks revealing mixed infections. (A) MTB alone; (B) mixed infection by mixed infection by M. tuberculosis and M. intracellulare; (C)
mixed infection by mixed infection by M. tuberculosis and M. avium; (D) mixed infection by mixed infection by M. tuberculosis and M. abscessus; IPC, internal positive
control.

in this study. We suggest two possible reasons for this disparity. First, the distribution of this species shows
significant geographic diversity across China®* that may explain discrepancies between results. Second, another
experimental study demonstrated that in vitro culture of a mixture of MTB and rapidly growing mycobacteria led to
missed detection of MTB, due to the relatively lower growth rate of MTB relative to growth rates of rapidly
growing mycobacteria. Nevertheless, the majority of NTM species identified in our study were slow growing
mycobacterial species (21/22), further underscoring the fact that TB cases co-infected with M. intracellulare
infections are becoming increasingly predominant across China. Of note, mixed infections were only observed in
Guangdong and Fujian, where NTM infections are endemic, but not in Beijing, indicating that the mixed infection
rate was positively correlated with NTM prevalence in only some regions of China. Thus, in view of the high
potential for misdiagnosis of mixed infections as MDR-TB, more attention should be paid to investigating
misdiagnoses of patients in East and South China.

Another important contribution of this work relates to information revealed through the analysis of risk factors
associated with NTM-MTB co-infection cases, which revealed an association between susceptibility to mixed
infections and history of previous active pulmonary TB episodes. This observation mirrored data reported in a
recent systematic review that indicated that previous TB history played an important role in NTM occurrence.”” On
the one hand, post-tuberculosis lung damage (PTLD) is a recognised consequence of pulmonary TB.?® As expected,
in this study, 22.7% of NTM co-infection cases had histories of bronchiectasis, with preexisting lung diseases likely
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Figure 3 Distribution of NTM species identified in mixed infection cases.

associated with dramatically impaired mucociliary clearance and insufficient airway drainage that facilitate NTM
colonisation of individuals with histories of active pulmonary TB episodes.”” On the other hand, TB is a chronic
disease that can become reactivated in previously treated TB patients with low socio-economic status and poor

nutrition?®2°

to explain the association between previous TB episodes and increased NTM-MTB mixed infection
risk.

We also acknowledge several obvious limitations of the present study. First, despite the fact that MDR-TB isolates
were obtained from three TB hospital sites, the small sample size and low prevalence of NTM-TB mixed infection
among suspected MDR-TB cases may have weakened the significance of our results with regard to identification of
patients at risk for mixed infections. Second, we found an association between history of previous TB episodes and
increased risk of contracting mixed infections, but mechanisms underlying this association remain unclear. Thus,
additional studies are needed to elucidate roles of host immunology and underlying lung conditions in susceptibility to
mixed infections. Finally, antibiotic resistance profiles of MTB populations associated with mixed infections were not
characterised. Despite these limitations, our findings raise concerns about accuracies of molecular diagnostic tests for use
in species identification and draw attention to the possibility that NTM-MTB mixed infection cases in settings with high
TB burden may be misdiagnosed as MDR-TB cases.

Conclusion

The results obtained in this work demonstrate that mixed infections with MTB and NTM occur in approximately 3%
of suspected MDR-TB patients in China. M. intracellulare was the most frequently observed mycobacterial species
detected in NTM-MTB mixed infections. In addition, an association was found between mixed infection risk and
history of previous TB episodes that raises concerns that inaccuracies of molecular diagnostic tests used for species
identification may lead to misdiagnoses of NTM-MTB co-infection cases as MDR-TB cases in high TB burden-
settings.
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Table 1 Demographic and Clinical Characteristics Associated with Mixed Infection of MTB and NTM

Characteristics All TB NTM-TB Crude OR
N (%) n (%) n (%) OR (95% CI)

All 837 (100) 815 (100) 22 (100) -

Demographic characteristics

Gender

Men 627 (74.9) 613 (75.2) 14 (63.6) Ref.

Women 210 (25.1) 202 (24.8) 8 (36.4) 0.58 (0.24, 1.40)

Ethnicity

Han 819 (97.8) 797 (97.8) 22 (100.0) Ref.

Other 18 (2.2) 18 (2.2) 0 (0.0 0.00 (0.00, 0.00)

Age group, years

<25 116 (13.9) 112 (13.7) 4(18.2) Ref.

25-39 163 (19.5) 160 (19.6) 3 (13.6) 0.53 (0.12, 2.39)

40-59 285 (34.1) 276(33.9) 9 (40.9) 0.91 (0.28, 3.03)

4.00 273 (32.6) 267(32.8) 6 (27.3) 0.63 (0.17, 2.27)

Previous TB

No 546 (65.2) 538 (66.0) 8 (36.4) Ref.

Yes 291 (34.8) 277 (34.0) 14 (63.6) 3.40 (1.41, 8.20)

Complications

Bronchiectasia

No 752 (89.8) 735 (90.2) 17 (77.3) Ref.

Yes 85 (10.2) 80 (9.8) 5(227) 2.70 (0.97, 7.52)

Asthma

No 829 (99.0) 807 (99.0) 22 (100.0) Ref.

Yes 8 (1.0 8 (1.0 0 (0.0) 0.00 (0.00, 0.00)

Diabetes

No 626 (74.8) 607 (74.5) 19 (86.4) Ref.

Yes 211 (25.2) 208 (25.5) 3 (13.6) 0.46 (0.14, 1.57)

Hepatitis

No 732 (87.5) 711 (87.2) 21 (95.5) Ref.

Yes 105 (12.5) 104 (12.8) | (4.5) 0.33 (0.04, 2.45)

COPD

No 803 (95.9) 782 (96.0) 21 (95.5) Ref.

Yes 34 (4.1) 33 (4.0) | (4.5) 1.13 (0.15, 8.65)

(Continued)
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Table | (Continued).

Characteristics All TB NTM-TB Crude OR
N (%) n (%) n (%) OR (95% CI)

HIV

No 833 (99.5) 811 (99.5) 22 (100.0) Ref.

Yes 4 (0.5) 4 (0.5) 0 (0.0 0.00 (0.00, 0.00)

Tumour

No 797 (95.2) 776 (95.2) 21 (95.5) Ref.

Yes 40 (4.8) 39 (4.8) | (4.5) 0.95 (0.12, 7.23)

Autoimmunity disease

No 823 (98.3) 801 (98.3) 22 (100.0) Ref.

Yes 14 (1.7) 14 (1.7) 0 (0.0) 0.00 (0.00, 0.00)

Chronic nephrosis

No 811 (96.9) 790 (96.9) 21 (95.5) Ref.

Yes 26 3.1) 25 (3.1) | (45) 151 (0.20, 11.63)

Clinical symptoms

Cough

No 93 (11.1) 90 (11.0) 3(13.6) Ref.

Yes 744 (88.9) 725 (89.0) 19 (86.4) 0.79 (0.23, 2.71)
Hemoptysis

No 636 (76.0) 618 (75.8) 18 (81.8) Ref.

Yes 201 (24.0) 197 (24.2) 4 (18.2) 0.70 (0.23, 2.08)
Fever

No 571 (68.2) 554 (68.0) 17 (77.3) Ref.

Yes 266 (31.8) 261 (32.0) 5(22.7) 1.60 (0.58, 4.39)
Chest pain

No 763 (91.2) 743 (91.2) 20 (90.9) Ref.

Yes 74 (8.8) 72 (8.8) 2(9.1) 1.03 (0.24, 4.50)
Weight loss

No 583 (69.7) 564 (69.2) 19 (86.4) Ref.

Yes 254 (30.3) 251 (30.8) 3 (13.6) 0.36 (0.10, 1.21)

Abbreviations: MTB, Mycobacterium tuberculosis; NTM, nontuberculous mycobacteria; Cl, confidential interval; OR, odds ratio; COPD, chronic obstructive pulmonary
disease; HIV, human immunodeficiency virus.

Abbreviations

TB, tuberculosis; MDR-TB, multidrug-resistant tuberculosis; INH, isoniazid; RIF, rifampicin, WHO, World Health
Organization; DST, drug susceptibility testing; MTB, Mycobacterium tuberculosis; NTM, nontuberculous mycobacteria;
L-J, Lowenstein-Jensen; OR, odds ratio; CI, confidence interval.
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