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Abstract: We reported a 51-year-old male electric welder with stage I pneumoconiosis, who had no significant cough, sputum, fever,
chest pain, or other discomfort. However, regular physical examination at our hospital revealed bilateral pulmonary nodules with
cavity formation. Blood routine, liver or kidney function, and infection-related biomarkers, including interleukin-6 (IL-6), high-
sensitivity C-reactive protein (hs-CRP), and procalcitonin (PCT), were normal. Sputum and alveolar lavage fluid (BALF) acid-fast
bacilli (AFB) smears, BALF Mycobacterium tuberculosis (TB) PCR, and T-SPOT.TB were negative. The nucleic acid sequence of
Mpycobacterium europaeum was detected by BALF metagenomic next-generation sequencing (mNGS), which was confirmed by the
subsequent positive culture for NTM. Considering stable conditions, no significant discomfort, and no significant changes in the lung
lesion, the patient was diagnosed with inactive nontuberculous mycobacterial pulmonary disease (NTM-PD).

Keywords: pneumoconiosis, nontuberculous mycobacterial pulmonary disease, NTM-PD, Mycobacterium europaeum, metagenomic
next-generation sequencing, mNGS

Introduction

Pneumoconiosis is a group of occupational lung diseases caused by long-term inhalation of different pathogenic
production dust and retention in the lungs, the lung tissue mainly presented with diffuse fibrosis in the lung tissue,
and the clinical manifestations were cough, phlegm, chest pain, and dyspnea.' Due to long-term exposure to production
dust, the respiratory defenses of pneumoconiosis patients are impaired. Thus, pneumoconiosis patients often experience
complications such as pulmonary tuberculosis, bronchitis, pneumonia, emphysema, spontaneous pneumothorax, etc.'
Pneumoconiosis is also one of the most common host factors for nontuberculous mycobacterial pulmonary disease
(NTM-PD),? especially for those in South Africa.?

According to the Chinese guidelines,” the diagnosis of NTM-PD could be made based on the clinical symptoms,
radiologic imaging, and microbiological tests. Patients with respiratory symptoms and/or systemic symptoms, chest
imaging presented with nodular or cavitary opacities or bronchiectasis with multiple small nodules, microbiological tests
found NTM evidence, and appropriate exclusion of other diagnoses, the NTM-PD could be diagnosed. However, until
recently, there are no guidelines to give an exact definition for distinguishing active and in active NTM-PD. Some studies
used other methods such as the inhibitory titer of anti-IFN-gamma auto-antibody to differentiate patients with active from
inactive NTM infection.* Mycobacterium europaeum, a slow-growing non-tuberculous mycobacterium, belongs to the
Mycobacterium simiae complex, which can be isolated from the respiratory samples of immunodeficient patients with
influenza’ or from the sputum of cystic fibrosis patients.® Cases of M. europaeum have also been reported in the lungs of
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patients without underlying disease.” Approximately 75% to 94% NTM-PD patients present with pulmonary lesions,
which are often misdiagnosed as pulmonary tuberculosis due to their resemblant clinical manifestations and lung
imagings.® Therefore, rapid and accurate pathogenic diagnosis is essential to improve the prognosis of NTM-PD. With
the development of molecular diagnostic technology, metagenomic next-generation sequencing (mNGS) has also been
gradually and widely used in clinical practice. In this paper, we applied mNGS to confirm the diagnosis of the first case
of inactive NTM-PD caused by M. europaeum in China.

Case Presentation

On November 16, 2022, a 51-year-old male patient was admitted to our hospital, complaining of recurrent tightness of
breath for more than 2 years. He was previously engaged in welding work for 10 years. He was diagnosed with
occupational welding pneumoconiosis stage I and had been off the dust 10 months. Two years ago, the main symptoms of
the patients were dyspnea and occasional mild coughing. But the dyspnea could be relieved by deep inspiration, so the
patient did not pay more attention to his discomfort.

The patient had received several physical examinations in our hospital. On July 4, 2017, chest CT showed scattered
large nodular shadows in the upper lobes of both lungs, thickening and calcification of the left pleural apex, which cannot
exclude the possibility of tuberculosis (Figures 1 and 2). On May 14, 2018, chest X-ray showed extensive interstitial
changes in both lungs, suggesting possible interstitial fibrosis (Figure 3). On November 9, 2022, the patient was re-
examined in our hospital. Chest CT showed nodules in both lungs and cavity formation in the posterior segment of the
upper lobe of the left lung (Figure 2), indicating possible secondary pulmonary infection with Mycobacterium tubercu-
losis (TB). However, both sputum acid-fast bacilli (AFB) smears and T-SPOT.TB were negative. Then, he was admitted
for further etiological diagnosis.

Upon admission (day 1), a physical examination showed a body temperature of 36.6°C, pulse rate of 72 beats/min,
respiration of 20 breaths/min, blood pressure of 129/89 mmHg, and weight of 58 Kg. No dry and wet rales were heard in
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Figure | Chest computed tomography (CT) scans of the patient on July 4, 2017. (A) scattered large nodular shadows in the upper lobes of both lungs; (B) thickening and
calcification of the left pleural apex.

Figure 2 Serial chest computed tomography (CT) scans of the patient. (A and B) July 4, 2017. (C and D) November 9, 2022. (E and F) March 2, 2023.
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Figure 3 Chest X-ray of the patient on May |4, 2018. Extensive interstitial changes in both lungs: posteroanterior view (A) and lateral view (B).

both lungs, the heart rthythm was uniform, and no murmur was heard in all valve areas. White blood cell (WBC,
6.43x10°/L), neutrophil count (3.50x10°/L), lymphocyte count (2.36x10°/L), high-sensitive C-reaction protein (hs-CRP,
0.78 mg/L) were normal. Serum carcinoembryonic antigen and neuron-specific enolase were normal, and only non-small
cell lung cancer antigen (3.50 ng/mL) was elevated.

To further clarify the cause of the pulmonary cavity, a fiberoptic bronchoscopy was performed on day 3. The scattered
mucous sputum in the lumen can be seen (Figure 4), suggesting the possibility of infectious lesion. In combination with
chest CT, bronchoalveolar lavage (BALF) was harvested from the apical segment of the upper lobe of the left lung and
sent for pathogenic and pathological examination. After that, the patient was temporarily given cephalexin and

Figure 4 Bronchoscope imaging of the patient. The typical bronchoscopy findings were scattered mucous sputum in the lumen. (A) Protuberance; (B) opening of upper and
lower lobe of left lung; (C) opening of upper lobe of left lung; (D) upper branch of upper lobe of left lung.
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bromoxynil for anti-infection and expectoration, respectively. On the same day, BALF Mycobacterium tuberculosis (TB)
PCR was negative. Sputum culture showed a small amount of a-hemolytic streptococcus growth. Tests for cryptococcal
polysaccharide antigen (CrAg), B-D-glucan (BDG), glactomannan (GM), and Aspergillus antigen were all negative.
On day 6, pathological examination showed more ciliated columnar epithelial cells in the erythrocyte and no definite
malignant cells. To further clarify the diagnosis, we communicated with the patient and sent BALF for mNGS assay.
mNGS results reported Mycobacterium europaeum (6757 reads) (Figure 5), Moraxella catarrhalis (64 reads), and human
herpesvirus type 4 (1598 reads). Considering his new cavity formation and high sequence reads of M. europaeum,
nontuberculous mycobacterial pulmonary disease (NTM-PD) was considered. To confirm the etiological diagnosis, we
performed a second fiberoptic bronchoscopy with the patient’s consent on day 8. BALF was acquired again at the same

site and sent to culture, which returned positive results for Mycobacterium spp. (Figure 5).

>
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Figure 5 The microbiological tests of Mycobacterium europaeum. (A) Metagenomic next-generation sequencing results of patient. 6757 M. europaeum specific sequences
covered 7.19% of the total M. europaeum genome, which was detected by mNGS in the BLAF sample; the BALF culture (B) and acid-fast bacilli (AFB) smears (C) of the
M. europaeum.
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As the condition was relatively stable, with no obvious cough, sputum, fever, chest pain, and other discomfort, no
obvious dry and wet rales in both lungs, and no swelling in both lower extremities, the patient was diagnosed with
inactive NTM-PD. He was discharged and treated with cefdinir capsules and acetylcysteine granule. On March 2, 2023,
the patient was reviewed again and the chest CT illustrated increased texture diffuse and nodular shadow in both lungs
with symmetrical distribution, and cavitation shadow in the posterior segment of the upper lobe of the left lung showing
no significant change compared before (Figure 2).

Discussion

Pneumoconiosis is still the most serious and common occupational disease in China. Pneumoconiosis patients have
varying degrees of oxidative stress, altered inflammatory status and immune dysfunction, impairing respiratory defenses.
In addition, pneumoconiosis is a chronic, progressive, long-term disease with various respiratory complications, such as
TB, NTM, and aspergillus infection. Complications/comorbidities have an important impact on the treatment, progres-
sion, and prognosis of rehabilitation of pneumoconiosis. An epidemiologic survey showed that the mortality rate of
pneumoconiosis patients due to respiratory complications/comorbidities was 51.8%. Therefore, timely and correct
diagnosis and treatment of various complications/comorbidities are of great importance to save patients’ lives, improve
prognosis, and enhance their quality of life."’

NTM refers to mycobacteria other than Mycobacterium tuberculosis complex and Mycobacterium leprae. NTM is
ubiquitous in the environment, only a few of which are pathogenic to human beings, and usually as conditional
pathogenic.>'®!"" To date, more than 200 species or subspecies of NTM have been identified, and new species or
subspecies are constantly being discovered. More than 50 species are pathogenic, with M. avium complex (MAC),
M. kansasii, and M. abscessus as the main clinical agents.'>'> MAC mainly consists of M. intracellulare and M. avium.
MAC is the main isolate in NTM in most countries. M. europaeum belongs to the MAC, which is a slow-growing type in
group . In solid medium, the colonies of this group are yellowish when exposed to light, and become yellow or orange
after light. To date, there is no report of M. europaeum pulmonary infection in China.

NTM disease mainly affected lung tissue, but all organs and systems of the body can be affected. In recent years,
NTM disease has been rapidly increasing and has become one of the most important public health problems threatening
human health. According to available data, the incidence and prevalence of NTM disease are increasing in some
countries and regions, even surpassing those of tuberculosis.'>'® A recent study showed that the incidence of NTM-
PD in the United States increased from 3.13/100,000 (95% CI 2.88-3.40) in 2008 to 4.73/100,000 (95% CI 4.43-5.05) in
2015, and the prevalence increased from 6.78/100,000 (95% CI 6.45-7.14) in 2008 to 11.70/100,000 (95% CI 11.26—
12.16) in 2015."° Epidemiological survey data on NTM disease in large samples are not yet available in China, but
epidemiological survey from a tertiary hospital'’ showed that the detection rate of NTM increased from 15.6% in 2013 to
46.1% in 2018 among Mycobacterial species, indicating a significant upward trend in NTM disease in China.

NTM-PD is common in those with underlying lung disease or under immune compromised status, such as chronic
obstructive pulmonary disease (COPD), bronchiectasis, cystic fibrosis (CF), pneumoconiosis, pulmonary tuberculosis,
emphysema and alveolar protein deposition, organ transplant recipients, and long-term immunosuppressant users.
However, there also had NTM-PD reports in those with normal immune function.”> The clinical manifestations,
pathological features, and CT imaging of NTM-PD are very similar to those of pulmonary tuberculosis. Thus, NTM-
PD are often misdiagnosed as tuberculosis, which not only delays the disease but also leads to the development of drug-
resistant strains of NTM, posing a serious threat to human health.

NTM has a commonality with M. tuberculosis in bacterial composition and antigen. Compared with M. tuberculosis,
the virulence is weaker, the degree of lesion milder, caseous necrosis less, and fibrosis and cavity-like lesions commoner.
Pneumoconiosis patients whose CT images presented cavitary lesions with positive acid-fast bacilli (AFB) smears and
negative Xpert or TB-DNA but without obvious clinical symptoms of tuberculosis, NTM infection should be highly
alerted. The mycobacterial culture, PCR, and mNGS should be further performed to define the strain. Since the positive
rate of sputum AFB smears is relatively low, BALF is more satisfactory for test. In addition to conventional micro-
biological tests, mNGS assay can be used to obtain rapid and accurate pathogenic results.
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In this case, the patient had underlying pneumoconiosis with a chronic course. The main clinical manifestation was
dyspnea on deep inspiration, CT images suggested new cavity formation, bronchoscopy revealed scattered mucus sputum
in the lumen, pathological examination did not find malignant tumor cells, infectious lesions were not ruled out, but
routine pathogenic examination had no positive findings, suggesting the possibility of non-clinically common bacterial
infections and considering pathogens with chronic infections, such as TB, NTM, Nocardia, Cryptococcus, Talaromyces
marneffei, Histoplasma capsulatum. The detection rate of those pathogens by conventional methods is relatively low.
While mNGS has an advantage for the nuclei acid testing. Therefore, in addition to conventional pathological and
microbiological tests, the patient’s BALF could be sent for mNGS simultaneously. M. europaeum was detected by
mNGS, which was confirmed by the culture. Thus, NTM-PD was finally diagnosed. However, the patient’s dynamic
follow-up showed no significant worsening of pulmonary symptoms and little change in pulmonary cavitation, so it was
determined as an inactive M. europaeum infection.

There are some limitations in our case report, too. On the one hand, due to lack of inactive NTM-PD definition, we
only made the diagnosis based on the evidence of progressive. On the other hand, the follow-up time is relatively shorter
with only 3 months, and more long-term follow-up is required.
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