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Background: Mycoplasma pneumoniae is an important infectious pathogen of lower respiratory tract infection in children and
adolescents. Macrolide resistant M. pneumoniae (MRMP) has become increasingly prevalent, and identifying pathogen resistance
genes is crucial for treatment.

Case Presentation: We report a patient with severe refractory M. pneumoniae pneumonia (MPP). The failure of initial clinical
treatment prompted the re-analysis of metagenomic next-generation sequencing (mNGS) data for macrolide-resistant gene. Macrolide-
resistance 23S ribosomal RNA gene was confirmed with read depth of 64 X for the A2063G mutation, which can decrease the affinity
of macrolide with M. pneumoniae ribosome resulting in macrolide resistance. Furthermore, antimicrobial susceptibility testing
demonstrated that M. pneumoniae was resistant to macrolide. PCR confirmatory test about M. pneumoniae resistance A2063G
mutation, clinical treatment course and prognosis with altered treatment strategy, and M. pneumoniae antimicrobial susceptibility
confirmed that the severe refractory MPP was due to macrolide resistant M. pneumoniae.

Conclusion: As a new molecular level detection, mNGS is an effective method for detecting M. pneumoniae resistance genes. Early
recognition of macrolide resistance and suitable antibiotics strategy is of vital importance for the prognosis of severe refractory MPP.
Keywords: Mycoplasma pneumoniae, pneumonia, macrolide-resistant gene, metagenomic next-generation sequencing, A2063G

mutation

Introduction

Mycoplasma pneumoniae is an important infectious pathogen of lower respiratory tract infection in children and
adolescents. M. pneumoniae pneumonia (MPP) accounts for 30% to 40% of community-acquired pneumonia in
children.! The first-line antibiotic for treating MPP is macrolides. Due to the widespread use of macrolides, instances
of M. pneumoniae resistant to macrolides are increasingly observed.> As a new molecular diagnostic technology, mNGS
can rapidly detect the drug-resistant genes of pathogens, thus avoiding the abuse of antibiotics and shortening the course
of disease. This study presents a case of severe refractory MPP in which mNGS was utilized to detect the drug-resistant
gene of M. pneumoniae, guiding the course of treatment.
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Case Presentation

An 8-year-old girl with a 5-day history of fever and 4-day history of cough was admitted into our hospital. She had
a medical history of pneumonia five years ago. On examination, we found her with a temperature of 39.8°C, pulse rate of
99 bpm, respiratory rate of 26 breaths per min, blood pressure of 102/65mmHg and blood oxygen saturation of 97%.
Chest X ray and CT showed consolidation and multiple ground-glass density opacity in right lower lobe, and right pleural
effusion, which were the signs of pneumonia (Figure 1).

Laboratory investigations showed routine blood: WBC 3.78*1079/L (normal range: 5-12), N% 71.7% (normal range:
25-60). CRP 54mg/L (normal range: 0-8). PCT 0.12ng/mL (normal range: <0.05). ABG: pH 7.47, PO2: 97mmHg,
PCO2: 27.2mmHg (mask oxygen inhalation, 3L/min). M. pneumoniae nucleic acid of sputum was positive (7th day from
onset of fever). IgG and IgM of M. pneumoniae in the serum was positive on the 13th day from onset of disease. The
diagnosis of MPP was confirmed.

Bronchoscopy was performed on the 7th day from onset of fever. Acute inflammation was observed with formation of
mucus plugs and white jelly of plastic bronchitis which were removed using foreign body biopsy forceps. The mNGS of
bronchoalveolar lavage fluid (BALF) detected M. pneumoniae.

The patient accepted antipyretic intermittently, oseltamivir for 2 days, azithromycin (400mg po. Qd X 3 days, 430mg
ivgtt Qd X 5 days) and ceftriaxone (2g ivgtt Qd X 6 days) without any improvement. The patient suffered from persistent
hyperpyrexia, chill, cough, sputum, shortness of breath, and headache (Figure 1). Further auxiliary examinations showed
an elevation of CRP (76mg/L), deterioration of respiratory function and the range of pneumonia in Chest X-ray was
expanded (Figure 1). The diagnosis of severe refractory MPP was confirmed and macrolide resistant M. pneumoniae
(MRMP) was suspected. The patient was then given minocycline (87mg po. q12h) plus methylprednisolone (30mg igvtt
q12h). Her clinical conditions improved, as shown in Figure 1, including temperature, respiratory symptoms, oxygena-
tion situation and chest imaging.

The mNGS data was re-analyzed (Capitalbio Medlab Inc, Beijing, China). For M. pneumoniae antimicrobial
resistance (AMR) analysis, alignments to the macrolide-resistance 23S ribosomal RNA gene in the AMR gene database
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Figure | Timeline of the clinical course of the case and identification of A2063G mutation.
Notes: The change of temperature, CRP, chest X-ray and CT, antimicrobial therapy, and mNGS A2063G mutation were shown in the whole clinical course.
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Figure 2 The A2063G gene mutation in the result of mNGS.

were performed by Bowtie2 v2.2.5. The identified number of unique reads mapped on M. pneumoniae genome sequence
was 43,447, with genome coverage of 98.54%, and read depth of 6.2 X. In the following AMR analysis, macrolide-
resistance 23S ribosomal RNA gene was confirmed with read depth of 64 X for the A2063G mutation, which can
decrease the affinity of macrolide with M. pneumoniae ribosome resulting in macrolide resistance (Figure 2). PCR test
(Forward: 5’-TAACTATAACGGTCCTAAGG-3’, Revers: 5’-CGCTACAACTGGAGCATAAGA-3’) and blast with
MEG 3989 gene, macrolide-resistant 23S rRNA mutation, confirmed the mutation of A2063G.

We presumed the genetic point mutation had resulted in the treatment failure. Antimicrobial susceptibility testing
demonstrated that M. pneumoniae was resistant to macrolide (MIC: 128ug/mL). PCR confirmatory test about
M. pneumoniae resistance A2063G mutation, clinical treatment course and prognosis, and M. pneumoniae antimicrobial
susceptibility confirmed that the severe refractory M. pneumoniae pneumonia was due to MRMP.?

For better pulmonary recovery, bronchoscopy was performed on the 14th day from onset of disease. Massive purulent
sputum and mucus plugs were observed. mNGS of BALF detected M. pneumoniae. Moreover, Corynebacterium
pyruviciproducens, Candida albicans, Candida parapsilosis, and Kodamaea ohmeri were detected. Antimicrobial
therapy was adjusted correspondingly. M. pneumoniae resistance A2063G mutation still existed in BALF by mNGS
data re-analysis.

Discussion
AMR is responsible for increasing rates of treatment failure in lower respiratory tract infections which is the leading
cause of infectious disease-related mortality. Effective therapies depend not only on accurate detection of pathogens but
also on precise assessment of resistance to antimicrobials. Antimicrobial susceptibility testing (AST) takes several days
after isolation of pathogen and the yield is low if prior antibiotic is used. mNGS is useful in predicting pathogen AMR by
detecting bacterial resistance genes. However, the low abundance of pathogen AMR genes and disturbance of co-
infection or colonized microbiota in respiratory samples challenges the ability of mNGS in detecting AMR.*

Macrolide is the first-line antibiotic for the treatment of MPP. M. pneumoniae epidemic in Beijing mainly occurred
between August and January, with a remarkable high macrolide-resistant rate.” A total of 41,677 specimens of acute
respiratory tract infection patients were included, with an M. pneumoniae positive rate of 6.16%. However, MRMP is
increasingly detected in recent years (93.94% in 2020, Beijing). The single point mutation in the 23S rRNA gene is the
main macrolide resistance mechanism of MRMP, including 2063, 2064 and 2617. A2063G mutation accounted for 99.0%
of macrolide-resistant M. pneumoniae infections.’

The failure of initial clinical treatment in this case prompted the re-analysis of mNGS data for macrolide-resistant
gene analysis. The clinical practice of the patient suggested that mNGS could enhance our detection ability of MRMP
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strains in pediatric population. Respiratory tract infections may be simultaneously caused by multiple pathogens and
these mixed infections may be simultaneously identified in a single run with mNGS.® For example, Corynebacterium
pyruviciproducens, Candida albicans, Candida parapsilosis, and Kodamaea ohmeri were also detected in October 19th.
After considering the patient’s clinical symptoms, response to treatment, common colonizing bacteria in the respiratory
tract and low number of detected sequences,’ our medical team believed that the patient was suffering from an infection
of both M. pneumoniae and Candida albicans. Meanwhile, high depth of mNGS demonstrated the presence of macrolide-
resistance 23S rRNA gene and promoted appropriate therapy of pneumonia in pediatric patient. In addition, mNGS could
be implemented for monitoring the drug resistance of bacterial pathogen and evaluation therapy effects.® However, it
should be noted that mNGS also has some limitations, including host sequences background, contamination with
environmental species and expensive cost.’

In conclusion, early recognition of macrolide resistance and suitable antibiotics strategy is of vital importance for the
prognosis of severe refractory MPP. Molecular level detection of antibiotics resistance especially gene mutation with
mNGS or PCR is a helpful tool for better diagnosis and prognosis.
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