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A B S T R A C T

Background: Real-time fluorescent quantitative PCR (RT-PCR) can effectively distinguish be-
tween Mycobacterium tuberculosis (MTB) and Non-tuberculosis mycobacterium (NTM), but
when there are overlapping sequences between other pathogens (such as Nocardia otidiscav-
iarum, Mycobacterium parantracellulare, Mycolicibacterium fluoranthenivorans) and NTM, ab-
normal amplification curves may appear.
Case presentation: The clinical manifestations of the three patients were fever and respiratory
symptoms. Chest CT showed “multiple lung infections”. The acid-fast bacilli were negative by
microscopic examination. The results of RT-PCR detection of Mycobacterium tuberculosis DNA
showed that they are all NTM, while the results of DNA microarray method showed that there
were no non-Mycobacterium tuberculosis. Identified by MALDI-TOF mass spectrometry, they are
Nocardia otidiscaviarum, Mycobacterium parantracellale, Mycolicibacterium fluoranthenivo-
rans. We found that the sequences of the above three bacteria can be combined with the primers
and probes used for NTM PCR detection, resulting in false positive.
Conclusions: In the RT-PCR detection of mycobacteria, if there's abnormal amplification, and the
mycobacterial species cannot be identified, the amplified products sequencing or MALDI- TOF
mass spectrometry identification will help avoid the omission of rare pathogens.

1. Background
Nocardie is an aerobic gram-positive bacterium, which usually exists in decomposed vegetation, soil and water [1]. Microscopi-

cally, nocardiae are filamentous structures of branching hyphae, often defined as opportunistic infections. Knobloch's disease is usu-
ally seen in immunocompromised patients [2]. Infections primarily involve the lungs, skin, and central nervous system [3]. The most
common Nocardia isolated from specimens of clinically infected patients are Nocardia stellaria and Nocardia brasiliensis, while the
Nocardia otitidiscaviarum is rarely reported both at home and abroad [4,5]. It is clinically rare due to its atypical clinical features,
and it is easy to confuse patients infected with Nocardia otitidiscaviarum with those with tuberculosis like symptoms. Mycobacterium
paraintracellulare was first isolated from Korean sputum. It is an acid fast bacillus with sequence similarity to Mycobacterium intra-
cellulare [6]. Mycolicibacterium fluoranthenivorans was isolated with fluoranthene as the single carbon source from soil of a former
coal gas plant, polluted with polycyclic aromatic hydrocarbons [7].

All three of the above were positive curves that we used the RT-PCR method during the detection of DNA from M. tuberculosis or
nontuberculous mycobacteria. But the experimental results confirmed that these three positive curves were not Mycobacterium tuber-
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culosis or Non tuberculosis mycobacteria. After MALDI-TOF mass spectrometry identified as Nocardia otidiscaviarum, Mycobacterium
parantracellulare, Mycolicibacterium fluoranthenivorans. These bacteria are extremely rare in the clinical diagnosis and treatment
process, and they have been rarely reported in the literature. We will describe the laboratory tests of above three bacteria by case
analysis.

2. Case
The first case was a 61-year-old female patient, who developed fever after a cold 20 days ago, the body temperature fluctuated be-

tween 38 °C and 39 °C, the body temperature could temporarily decrease after taking antipyretics, the patient had no cough and ex-
pectoration, no dyspnea, the patient had a poor effect after anti-infective treatment with " amoxicillin clavulanate ". Nearly half a
month later, the patient lost 5 kg of body weight. The patient had suffered from tuberculosis five years earlier and self-complaint was
cured. The patient's chest CT results showed multiple infection foci in both lungs, and tuberculosis dissemination was possible. The
patient had negative results of acid bacilli smear, sputum bacteriological examination showed no abnormalities, mycological exami-
nation showed no abnormalities, tuberculosis infection T cell test was positive. The curve of Mycobacterium tuberculosis DNA detection
in patients was suggestive of nontuberculous mycobacteria positivity(The amplification curve is shown in Fig. 1)and the patients
were continued to be given anti-infective treatment as well as specific treatment against nontuberculous mycobacteria, with unsatis-
factory results. The identification of mycobacterial species then suggested that the patient was not a nontuberculous mycobacterial
infection. It was identified as Nocardia otitidiscaviarum by MALDI-TOF mass spectrometry.

The second case was a 65-year-old female patient who was admitted to our hospital because of recurrent cough, sputum, wheezing
for more than 40 years, aggravation for 10 more days. After the patient's activity, the asthma and distress were obvious, cough, cough
white sputum, the amount was small, not easy to expectorate, with chest tightness and shortness of breath, accompanied by fever,
body temperature up to 38.5 °C. Admission physical examination electrocardiogram was normal, white blood cells and CRP were in-
creased, pulmonary oncology test showed: squamous cell carcinoma associated antigen 2.6ng/ml, keratin 21-1 10.6ng/ml, acid fast
bacilli smear and sputum bacteriology test was negative. The patient CT results were double lung exudative lesions with bilateral
pleural effusion. Bilateral multiple bronchiectasis, thickening. The cavity in the posterior region of the upper lobe of the left lung and
its inner dense shadow, did not exclude the possibility of Aspergillus. The patient was given etimicin, piperacillin tazobactam anti-
infective treatment after admission, giving the patient non-invasive assisted ventilation, hormone anti-inflammatory and other com-
prehensive treatment, the effect was not ideal, the patient's condition was slightly improved. After tapering of hormonal drugs, gradu-
ally white blood cell elevation and fever situation, consider not excluding patients' intrapulmonary lesions as secondary lesions, do
not exclude tuberculosis, fungi, Nocardia and other atypical pathogens infection, cause fever and white blood cell elevation may, sug-
gest perfect related examination. So the patient did a series of related examinations and the results showed that, Mycobacterium tuber-
culosis rpoB gene and its mutation, the results were negative, electronic bronchoscopy, bronchial brush Aspergillus examination was
negative. Alveolar lavage fluid fungal examination was negative. Mycobacterium tuberculosis DNA test curve in the patient suggested
non tuberculosis mycobacterium positive(The amplification curve is shown in Fig. 2), then after Mycobacterium species identification
suggested that the patient was not non tuberculosis mycobacterium, which was identified by MALDI-TOF mass spectrometry as My-
cobacterium paraintracellulare. The patient was discharged from the hospital with intermittent cough, white mucous sputum, chest
tightness to suppress asthma did not significantly improve.

The third case was a 27-year-old female patient who presented with chest pain after exertion 4 days previously, chest pain related
to breathing, as left anterior chest needle stick like pain on deep inspiration, no cough, expectoration, no blood in sputum and hemop-
tysis, no dyspnea. The patient self-administered " levofloxacin " treatment, the chest pain symptoms were better than before. The pa-

Fig. 1. Amplification curve of Case 1 (①: Amplification curve of non tuberculosis Mycobacterium. ② : Amplification curve of tuberculosis Mycobacterium. Figure A is
from sputum sample, and Figure B is from alveolar lavage fluid sample).
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Fig. 2. Amplification curve of Case 2 (①: Amplification curve of non tuberculosis Mycobacterium. ②: Amplification curve of tuberculosis Mycobacterium.).

tient's CT results showed: 1, double lung multiple fibrous cord shadow 2, bilateral pleural thickening, pleural effusion and left lung
swelling insufficiency/inflammatory changes. The patient showed elevated white blood cells on blood routine results. The patient had
normal ECG results. The patient was admitted to the hospital for examination of sputum acid fast bacilli smear microscopy, sputum
bacteriology examination, alveolar lavage fluid bacteriological classification, the results of which were negative. The results of in-
duced sputum cytological classification showed that the neutrophil proportion was 71 %. The patient was given cefazoxime com-
bined with levofloxacin anti-infective treatment, the effect was general, the patient's condition was mildly improved, and the dis-
charged chest CT showed that patient 1. Double lung inflammation, the right lower lung was significant. 2. Multiple small nodules in
both lungs, consider benign. 3. Double pulmonary fiber foci; Mild emphysema in middle lobe of right lung. Of note, the PCR amplifi-
cation curve in the patient's M. tuberculosis DNA test was suggestive of nontuberculous mycobacteria positivity, and then after my-
cobacterial species identification suggested that the patient was not nontuberculous mycobacteria(The amplification curve is shown
in Fig. 3), which were identified as Mycolicibacterium fluoranthenivorans by MALDI-TOF mass spectrometry.

3. Discussion and conclusion
In our hospital, a mycobacterial nucleic acid detection kit (PCR fluorescent probe method), which is a combination of duplex PCR

and TaqMan probe technology, was used to qualitatively detect mycobacterial nucleic acids extracted from clinical sputum samples.
Primers and probes were designed for the M. tuberculosis complex and specific sequences of mycobacteria, respectively, and the two
probes were labeled with different fluorescent luminescent groups. When nontuberculous mycobacteria test positive, we perform
species identification of mycobacteria by DNA microarray, and species identification projects include: Mycobacterium tuberculosis
(MTB) complex, Mycobacterium intracellulare, Mycobacterium avium, Mycobacterium gordonii, Mycobacterium kansas, and My-
cobacterium fortuitum, Mycobacterium scrofulaceum infection, Mycobacterium flavum, Mycobacterium soil, Mycobacterium tor-
toise/abscess, Mycobacterium phlei, Mycobacterium nonchromogenic, Mycobacterium scrofulaceum, Mycobacterium aureus, Threo-
nium Erga/Malmore, Mycobacterium toad, Mycobacterium smegmati [8,9]. When considering tuberculosis or non-tuberculous my-
cobacterial infection, a mycobacterial DNA test is usually performed. If non-tuberculous mycobacteria have been amplified, further
identification of mycobacterial species will be carried out. However, the number of pathogens that can be identified by the microar-
ray method is limited, and there may be some infectious pathogens that are not included in the identification panel. At this time, se-
quencing the amplified products and comparing them with relevant databases or using MALDI-TOF mass spectrometry for pathogen
identification will help to identify the pathogens of the infection [10].

In this case, the primer sequences and probe sequences of the non tuberculous mycobacteria detection reagent were compared
with the sequences of the above three bacteria, and it was found that some of the base sequences were identical, which may lead to
the non-specific amplification of non-tuberculous fluorescence quantification [11]. This can cause trouble for clinical diagnosis and
treatment. The above three cases, when not clearly a rare bacterial infection, were treated poorly following conventional regimens for
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Fig. 3. Amplification curve of Case 3 (①: Amplification curve of non tuberculosis Mycobacterium. ②: Amplification curve of tuberculosis Mycobacterium.).

nontuberculous mycobacteria. In particular, in patients infected with Nocardia otitidiscaviarum, the lung lesions are severe and the
prognosis is poor without prompt and effective treatment [12,13]. Selection of antimicrobial agents, which is closely related to the
type of species. Therefore, clear identification of the infected species, is essential for the diagnosis and treatment of infection in pa-
tients [14].

The RT-PCR method can rapidly detect Mycobacterium tuberculosis and nontuberculous mycobacteria, and its specificity and sensi-
tivity are greater than 95 %, which are higher than those of smear and culture methods [15,16]. However, false positives are also pos-
sible. Therefore, a positive M. tuberculosis DNA test alone cannot confirm the diagnosis of tuberculosis, which needs to be comprehen-
sively evaluated in combination with other items. Therefore, the specificity of their primers should be strengthened during the devel-
opment of commercial test kits. In addition, DNA detection cannot distinguish between dead or live bacteria, and thus this project
cannot be used for the evaluation of the efficacy of anti tuberculosis treatment [17].

If there was amplification in real-time PCR detection of non mycobacteria, but the overall fluorescence value was low, and identi-
fication of non mycobacterial species could not identify the pathogen. Clinical examiners encounter this situation and cannot proceed
directly to negative or false-positive results. Further measures should be taken to sequence and analyze the amplified products and
compare them with relevant databases, or using MALDI-TOF mass spectrometry, which has become a standard routine identification
tool for bacteria, which is very helpful for infections of clear pathogens, especially rare [18].
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