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Abstract

Objective: To investigate the prevalence of mutations in domain V of Mycoplasma pneumoniae

(MP) 23S ribosomal RNA (rRNA) and the clinical characteristics of pediatric MP pneumonia

(MPP) in Nanjing, China.

Methods: Domain V of 23S rRNA was sequenced in MP strains collected from children diag-

nosed with MPP in Nanjing. Clinical and laboratory data were obtained.

Results: Among the 276 MP strains, 255 (92.39%) harbored mutations, primarily A2063G in

domain V of MP 23S rRNA. When children were stratified according to the presence or absence

of mutations, no significant differences were found in sex, age, the MP DNA load at enrollment,

lymphocyte counts, pulmonary complications, immunomodulator levels, fever duration, the dura-

tion of fever after macrolide therapy, and hospital stay. The prevalence of refractory MPP in the

two groups was similar. Children with refractory MPP exhibited higher MP DNA loads than those

with non-refractory MPP.

Conclusions: Despite the high prevalence of the A2063G mutation in domain V of MP 23S

rRNA, mutations were not associated with the clinical characteristics of MPP. The MP DNA load

significantly differed between refractory and non-refractory MPP.

1Department of Respiratory Medicine, Children’s Hospital

of Nanjing Medical University, Nanjing, China
2Department of Pediatrics, Nanjing Gaochun People’s

Hospital, Gaochun District, Nanjing, China

*These authors contributed equally to this work.

Corresponding author:

Deyu Zhao, Department of Respiratory Medicine,

Children’s Hospital of Nanjing Medical University, Nanjing,

Jiangsu 210008, China.

Email: zhaodeyu988@126.com

Journal of International Medical Research

49(6) 1–11

! The Author(s) 2021

Article reuse guidelines:

sagepub.com/journals-permissions

DOI: 10.1177/03000605211016376

journals.sagepub.com/home/imr

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative

Commons Attribution-NonCommercial 4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits

non-commercial use, reproduction and distribution of the work without further permission provided the original work is attributed

as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

https://orcid.org/0000-0003-3044-8546
mailto:zhaodeyu988@126.com
http://uk.sagepub.com/en-gb/journals-permissions
http://dx.doi.org/10.1177/03000605211016376
journals.sagepub.com/home/imr


Keywords

Mycoplasma pneumoniae, mutation, clinical characteristic, refractory Mycoplasma pneumoniae

pneumonia, sequencing, pediatrics

Date received: 8 November 2020; accepted: 20 April 2021

Introduction

Mycoplasma pneumoniae (MP) is a common
pathogenic cause of community-acquired
pneumonia in children and adolescents. MP
epidemics tend to occur every 3 to 7 years,1

and MP infection may cause refractory or
life-threatening pneumonia with pulmonary
or extrapulmonary complications.2–4

Because MP is intrinsically resistant to
b-lactams and other antibiotics that target
the cell wall, macrolides, fluoroquinolones,
and tetracyclines are used to treat MP infec-
tion. Macrolides are the first-line drugs for
children to avoid potential age-related side
effects associated with other therapies (flu-
oroquinolones can negatively influence the
growth of bones and articular cartilage, and
tetracyclines may cause enamel hypoplasia
and exert adverse effects on and bones).5,6

Unfortunately, in recent years, the frequen-
cy of refractory MP pneumonia (MPP) that
does not respond to macrolides has
increased steadily around the world.2,3

Drug inactivation, active efflux, and
modification of the target sites by methyla-
tion or mutation are the main mechanisms
underlying macrolide resistance. Macrolide
resistance involves mutations in domains II
and V of MP 23S rRNA and the MP ribo-
somal proteins L4 and L22.9 However, no
solid evidence supporting the participation
of such in macrolide resistance in MP
strains has been reported.7,8

Indeed, genetic mutations in domain V
of MP 23S rRNA are believed to contribute
to macrolide resistance,9–11 including point
mutations of A2063, A2064, A2067, and

C2617. Specifically, the A-to-G transition

at position 2063 (A2063G) and A to G tran-

sition at position 2064 (A2064G) result in

strong macrolide resistance,12,14 whereas

mutations of A2067 and C2617 confer

weaker resistance.2,6,14 The prevalence of

macrolide-resistant MPP has increased rap-

idly since 2000, reaching 90% recently in

Asia.6,15 The excessive use of macrolides

might contribute to the emergence of muta-

tions. The frequency of refractory MPP dis-

playing no clinical or radiological response

to macrolides is also increasing in China,

and these cases may progress to severe or

even fatal pneumonia.
Although studies have described the

molecular epidemiology of MP infec-

tion,16,17 to our knowledge, few large-scale

clinical studies have been conducted to

characterize the clinical significance of MP

mutations and explore the clinical relevance

of mutant MP strains. Therefore, we

sequenced 23S rRNA domain V in 276 clin-

ically acquired MP strains and performed

data analysis. This study explored the gen-

otypes of clinical MP strains, determined

the prevalence of mutations, and evaluated

the correlation between domain V muta-

tions and the clinical characteristics of

MPP, especially refractory MPP.

Materials and methods

Study design and population

In this prospective observational trial, pedi-

atric patients diagnosed with MPP from

2 Journal of International Medical Research



March 1, 2014 to March 1, 2016 in the
Department of Respiratory of Children’s
Hospital of Nanjing Medical University
were enrolled. MPP was diagnosed accord-
ing to symptoms at admission, including
fever, cough, sputum production, abnormal
breathing sounds, and radiographic pulmo-
nary abnormalities when MP infection was
present as an etiology. Acute MP infection
in this study was confirmed by both PCR
and serological positivity. Serological posi-
tivity was defined as an IgM-specific anti-
MP antibody titer of at least 1:160 or an at
least 4-fold higher IgM-specific anti-MP
antibody titer in the convalescent phase
than in the acute phage. Nasopharyngeal
swabs were collected from patients with
lower respiratory tract infection on admis-
sion. Patients with immunosuppressive ill-
ness, chronic lung disease, or other
systematic diseases and those who received
macrolides for more than 3 days before
admission or during convalescence were
excluded. The flowchart of patient enroll-
ment is presented in Figure 1.

Clinical samples and DNA preparation

MP serology. IgM-specific anti-MP antibody
was detected in 2mL of acute-phase (on
admission) and convalescent-phase (on dis-
charge) patient serum using the Diagnostic
Kit for Measurement of Antibodies to
Mycoplasma pneumoniae (Passive Particle
Agglutination) (SERODIA-MYCO II,
Fujirebio, Inc. Malvern, PA, USA) in
accordance with the manufacturer’s instruc-
tions and as described previously.18

Detection of seven common viruses.

Nasopharyngeal swabs were used to test
for respiratory syncytial virus, influenza A
virus, influenza B virus, adenovirus, and
parainfluenza virus 1–3 using the D3
Ultra DFA Respiratory Virus Screening &
ID Kit (Immunofluorescence Assay)
(Diagnostic Hybrids, Inc. Athens, OH,

USA) in accordance with the manufac-
turer’s instructions.

Fluorescence quantitative amplification of MP

DNA. The MP DNA load was assayed in
nasopharyngeal swab samples using an MP
DNA PCR kit (ACON Biotech Co., Ltd.,
Hangzhou, Zhejiang, China). Specific pri-
mers and TaqMan probes were designed
according to the conserved gene fragment
of MP. In brief, according to the manufac-
turer’s instructions, nasopharyngeal swab
samples were shaken for 30 s and centrifuged
at 15,000� g for 5 minutes. The sediment
was collected, mixed with 40 mL of lysis solu-
tion (1% Triton-100, Amresco, Solon, OH,
USA), and incubated in a water bath at
100�Cfor 10minutes. The amplification con-
ditions were as follows: 95�C for 3 minutes
followed by 40 cycles of 94�C for 15 s, 60�C
for 30 s, and 72�C for 40 s. The standard
curve was established using a standard con-
centration range of nucleotides (2–2,000,000
copies/mL) of MP strain M129 (ATCC
29342). For each assay, a negative quality
control, critical quality control, positive
quality control, and positive quantity con-
trol were used.19

DNA sequences of MP 23S rRNA domain V. All
nasopharyngeal swab samples were mixed
with four volumes of 0.9% normal saline,
incubated overnight at 4�C, and centrifuged
at 20,375� g and 4�C for 20 minutes. The
supernatants were discarded, and the sedi-
ments were resuspended in 40 mL of lysis
solution and incubated in a water bath at
100�C for 10 minutes. Then, the lysates
were centrifuged at 23,500� g and 4�C for
6 minutes, and the supernatants were finally
retained. The DNA sequences of MP 23S
rRNA domain V were amplified by nested
PCR as described previously.20 For outer
PCR, the primers were F1 (50-GCAGTGA
AGAACGAGGGG-30) and P1 (50-CACA
CTTAGATGCTTTCAGAG-30). Inner
PCR used primers F2 (50-CGGTCCTA
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AGGTAGCGAAAT-30) and P2 (50-
AACACTCTTCAATCTTCCTACGG-30).
The amplification conditions were as fol-

lows: 2 minutes at 94�C followed by 45

cycles of 45 s at 94�C, 60 s at 57�C, and 80

s at 72�C. Amplification products, with an

expected size of approximately 690 bp, were

then shipped at 4�C within 2 days for

sequencing at Invitrogen (Shanghai,

China). Finally, the DNA sequences were

compared with those of the standard

strain M129 (ATCC 29342) using BLAST

(http://blast.ncbi.nlm.nih.gov/Blast.cgi).

Treatment, clinical data, and diagnosis of

refractory MPP

According to the Expert Consensus on

Diagnosis and Treatment of Mycoplasma

Pneumoniae Pneumonia in Children (in

Chinese),21 macrolide therapy was the first-

line treatment for MPP. The macrolide ther-

apeutic strategies included intravenous

15mg/kg erythromycin every 12 hours for

10 to 14 days or oral 10mg/kg azithromycin

once daily for 3 days, which could be repeat-

ed after 4 days. The course of macrolide

therapy could be extended in severe cases.

The second-line treatments of MPP included

systemic glucocorticoid steroids and intrave-
nous immunoglobulin. Systemic glucocorti-

coid steroids (intravenous 1–2mg/kg

methylprednisolone once daily for 3–5

days) and/or intravenous immunoglobulin

(1 g/kg once daily for 1–2 days) were consid-

ered in patients with acute episodes or severe

MPP. According to the clinical manifesta-

tions,21 drugs including expectorants,

cough medicine, bronchodilators, and

inhaled corticosteroids were selectively
used. Interventional therapeutic fiber bron-

choscopy, thoracocentesis, and oxygen ther-

apy were used as needed.
Clinical data, including sex, age, fever,

length of hospitalization, radiological find-

ings (atelectasis or hydrothorax), immune

modulator use (systemic glucocorticoid ste-

roids and/or intravenous immunoglobulin),
MP DNA load, and laboratory data, were

collected from medical records.
Refractory MPP was defined as pro-

longed high-grade fever (>38.5�C), worsen-
ing cough, and/or increasing infiltrates on

chest radiographs after the administration

of macrolide antibiotics for 7 days or
longer.21,22

Figure 1. Flowchart illustrating the inclusion process of the study population.
MPP, Mycoplasma pneumoniae pneumonia.
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Ethics approval and informed consent

The study protocol conformed to the

Ethical Review for Biomedical Research

Involving Humans by the National Health

and Family Planning Commission of the

People’s Republic of China. In addition,

the study protocol was approved by the

Ethics Committee of the Children’s

Hospital of Nanjing Medical University

(approval numbers: ETYY2013030 and

201506002-1). Informed consent was

obtained from at least one guardian of

each patient before enrollment.

Statistical analyses

Statistical analysis was performed using

IBM SPSS statistics 20.0 (IBM Corp.,

Armonk, NY, USA). For continuous vari-

ables, Student’s t-test was used. Median

values and ranges were reported to compare

data with a skewed distribution, whereas

the v2 test and Fisher’s exact test were

used for categorical variables. P< 0.05

was regarded as statistically significant.

Results

Patient demographics, clinical signs,

symptoms, and treatment

In total, 276 patients, including 137 boys

(49.64%) and 139 girls (50.36%), were

enrolled during the study period. The

mean patient age was 4.93 years. All

patients were treated with macrolide thera-

py, and 63 patients (22.83%) received

immunomodulators (63 received systemic

glucocorticoid steroids and 4 received intra-

venous immunoglobulin). Pulmonary com-

plications were observed in 57 patients

(20.65%), including atelectasis, pleurisy,

and both atelectasis and pleural effusion

in 31, 17, and 9 patients, respectively.

Then, 37 patients (13.4%) underwent fiber

bronchoscopy for atelectasis, 6 (2.17%)

received thoracentesis for massive pleural

effusion, and 32 (11.59%) received oxygen

therapy. No patient was transferred to the

intensive care unit or treated with mechan-

ical ventilation. Thirty-eight patients

(13.77%) with wheezing were treated with

inhaled corticosteroids and bronchodila-

tors. Sixty-two patients (22.46%) were

treated with macrolides combined with

cephalosporins on admission.

Subsequently, within 4 days, cephalospor-

ins were discontinued immediately after

the absence of other etiological infection

was confirmed. The duration of cephalo-

sporins use in these 62 patients ranged

from 1 to 4 days (mean, 2.06 days).

Domain V of 23S rRNA in MP strains

Among the 276 MP strains, 255 (92.39%)

were found to harbor the A2063G mutation

compared with the sequence of the M129

strain, whereas no mutations were detected

in the remaining 21 strains (7.61%). One

A2063G mutant MP strain contained an

additional G insertion between positions

2586 and 2587. Another A2063G mutant

strain had three other mutations, including

T insertion between positions 2589 and

2590, G-to-C transition at position 2601,

and T insertion between positions 2612

and 2613 (Table 1). Mutations at positions

2064, 2067, and 2617 were not detected in

any clinical samples.

Characteristics of clinical MP strains

Pediatric patients were stratified into two

groups based on the presence or absence

of mutations in domain V of MP 23S

rRNA. The mean age of the 255 patients

(124 boys and 131 girls) with mutant MP

strains was 4.84 years, compared with 6.07

years for patients without mutant strains.

There were no significant between-group

differences in the age and sex distribution,

as well as in the frequency of pulmonary

Xu et al. 5



complications, treatment performed (fiber

bronchoscopy, thoracentesis, oxygen thera-
py, and immunomodulator treatment), MP

DNA load at enrollment, duration of fever,

duration of fever after macrolide therapy,

and length of hospitalization. Although

the lymphocyte count was similar between

the groups, leukocyte and neutrophil counts

were significantly higher in patients with

mutant strains (both P< 0.01). Notably,
the frequency of refractory MPP was com-

parable between patients with and without

mutant MP strains (21.96% vs. 31.8%,

P¼ 0.092, Table 2).
Based on the clinical and radiologic find-

ings, 64 patients (29 boys and 35 girls) were
diagnosed with refractory MPP, and the

remaining 212 patients (108 boys and 104

girls) were diagnosed with non-refractory

MPP. There was no statistical difference

in sex between the two groups. However,

the mean patient age and MP DNA load

were significantly higher in the refractory

MPP group (both P< 0.001). In addition,
there were significant differences in the fre-

quency of pulmonary complications; immu-

nomodulator treatment; duration of fever;

duration of fever after macrolide therapy;

length of hospitalization; and use of fiber

bronchoscopy, thoracentesis, and oxygen

therapy (all P< 0.001, Table 3).

Discussion

Although MP infection is typically self-

limiting, the number of cases progressing
to refractory, severe, and even life-

threatening pneumonia has steadily
increased in recent years.1,2 In addition,
the long-term and extensive use of macro-
lides as the first-line therapeutics for chil-
dren has fueled macrolide resistance.5

Because macrolides inhibit protein synthe-
sis by binding to domain V of MP 23S
RNA, mutations of nucleotide 2063, 2064,
2067, or 2617 of domain V protect protein
synthesis, thus resulting in resistance to
macrolides and the survival of MP. This
microbiological problem has been aggravat-
ed globally since 2000. The highest preva-
lence of macrolide-resistant MP was
reported found in East Asia, including
rates of 87.2% in Korea, 81.6% in Japan,
and 90% to 100% in China.6,15 In the pre-
sent study, 255 (92.39%) clinical MP strains
from children with MPP were harbored the
A2063G mutation, which is consistent with
previous studies in China.20,24 Notably,
although mutations at 2064, 2067, and
2617 were not detected, four novel muta-
tions were found, including T insertions
between positions 2589 and 2590 and posi-
tions 2612 and 2613, a G insertion between
positions 2586 and 2587, and a G-to-C
transition at position 2601 in domain V of
MP 23S rRNA. The number of patients
with A2063G and the novel mutations was
insufficient to permit statistical analysis.
Further studies are required to test whether
these new mutations can result in macrolide
resistance.

Previous studies mostly focused on the
minimum inhibitory concentrations of mac-
rolides in vitro and explored the P1 gene

Table 1. Mutations in domain V of Mycoplasma pneumoniae 23S rRNA.

Mutation n (%)

Only A2063G 253 (91.67 %)

A2063G and G insertion between 2586 and 2587 1 (0.36 %)

A2063G, G2601C, T insertion between 2589 and 2590,

and T insertion between 2612 and 2613

1 (0.36 %)

No mutation 21 (7.61 %)

6 Journal of International Medical Research



and MLVA types of clinical MP

strains.12,13,23,24 However, the clinical rele-

vance of macrolide-resistant mutations has

not been characterized, and few studies with

large sample sizes have been reported.

In this study, clinical, laboratory, and

radiologic data were similar between

patients infected with mutant or

Table 3. Characteristics of refractory Mycoplasma pneumoniae pneumonia.

Variable

Non-refractory

(n¼ 212)

Refractory

(n¼ 64) P

Male/female 108/104 29/35 0.43

Age (years) 4.36� 2.89 6.82� 2.81 <0.001

Length of hospitalization (days) 7.86� 1.74 11.88� 2.06 <0.001

Duration of fever (days) 5.00� 3.05 10.58� 2.61 <0.001

Duration of fever after macrolide therapy (days) 2.61� 2.05 7.39� 2.06 <0.001

MP DNA load (copies/mL) at enrollmenta 5.83� 1.10 6.47� 0.87 <0.001

Mutant gene 199 (93.87%) 56 (87.5%) 0.092

Pulmonary complications 13 (6.13%) 44 (68.75%) <0.001

Immunomodulator use 15 (7.08%) 48 (75%) <0.001

Fiber bronchoscopy 3 (1.4%) 34 (53.1%) <0.001

Thoracentesis 0 (0%) 6 (9.4%) <0.001

Oxygen therapy 0 (0%) 32 (50%) <0.001

aLogarithm of the MP DNA load (copies/mL) at enrollment.

MP, Mycoplasma pneumoniae.

Table 2. Characteristics of clinical MP strains.

Variable

Total

(n¼ 276)

Mutant

(n¼ 255)

Non-mutant

(n¼ 21) P

Male/female 137/139 124/131 13/8 0.242

Age (years) 4.93� 3.05 4.84� 2.99 6.07� 3.49 0.073

Length of hospitalization (days) 8.79� 2.48 8.78� 2.48 8.95� 2.66 0.233

Duration of fever (days) 6.29� 3.77 6.23� 3.76 7.05� 3.90 0.342

Duration of fever after

macrolide therapy (days)

3.72� 2.88 3.65� 2.83 4.52� 3.41 0.184

MP DNA load (copies/mL)

at enrollmenta
5.98� 1.08 5.96� 1.08 6.25� 1.13 0.233

Leukocyte count (�109 cells/L) 10.04� 4.15 10.19� 4.22 8.14� 2.56 0.002

Neutrophil count (�109 cells/L) 5.61� 3.47 5.73� 3.55 4.14� 1.54 <0.001

Lymphocyte count (�109 cells/L) 3.42� 2.2 3.46� 2.23 2.92� 1.89 0.278

Refractory MPP 64 (23.19%) 56 (21.96%) 8 (38.1%) 0.092

Pulmonary complications 57 (20.65%) 53 (20.78%) 4 (19.05%) 0.85

Immunomodulator use 63 (22.83%) 56 (21.96%) 7 (33.33%) 0.233

Fiber bronchoscopy 37 (13.4%) 35 (13.7%) 2 (9.5%) 0.587

Thoracentesis 6 (2.17%) 6 (2.4%) 0 (0%) 0.477

Oxygen therapy 32 (11.59%) 32 (12.5%) 0 (0%) 0.084

aLogarithm of the MP DNA load (copies/mL) at enrollment.

MP, Mycoplasma pneumoniae; MPP, Mycoplasma pneumoniae pneumonia.
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non-mutant MP strains, suggesting that
pediatric MPP associated with mutant MP
strains does not have specific clinical, labo-
ratory, and radiologic characteristics. This
result is in accordance with previous
reports.19,24,25

Some studies reported a longer fever
duration after treatment in patients infected
with mutant MP strains.26,27 In our study,
the overall duration of fever and duration
of fever after macrolide therapy were simi-
lar in patients with or without mutant MP
strains. The disparity between our findings
and previous results may be attributed to
the different prevalence of mutant MP in
the studies. Although high mutation
rates of MP 23S rRNA domain V are
found in China, Japan, and South
Korea,6,15,20 the mutation rates vary
greatly over time and across regions, even
within the same country.26,28–32

Additionally, MP has a self-limiting
nature, and the administration of macro-
lides is beneficial against both non-mutant
and mutant MP infection.33 The severity of
pneumonia may be an important determi-
nant of the clinical course in patients
infected by mutant strains.

Refractory MPP is characterized by pro-
longed fever and severe pulmonary inflam-
matory responses. In this study, the rates of
refractory MPP in pediatric patients
infected with mutant and non-mutant MP
were 21.96% and 38.1%, respectively, sug-
gesting that the presence of mutant strains
does not increase the prevalence of refrac-
tory MPP. The study results indicate that
the clinical features of MPP may not be
associated with macrolide-resistant muta-
tions in domain V of MP 23S rRNA. The
development of refractory MPP might par-
tially be attributable to the immune reac-
tion related to MP infection regardless of
the mutations.24 The direct invasion of
MP into human bronchial or lung tissue
stimulates the host inflammatory response
in proportion to the strength and

persistence of the infection. In the treatment

of refractory MPP, immunomodulators

such as corticosteroids or intravenous

immunoglobulin are commonly added to

reduce the immune reaction.25 Therefore,

compared with the investigation of genetic

mutations in MP, it is probably more criti-

cal to explore other risk factors that may

trigger refractory, severe, or even life-

threatening pneumonia. According to pre-

vious research, MP membrane fractions,

inflammatory factors, and goblet cell

hyperplasia were risk factors for refractory

or severe MPP. MP membrane fractions

can enhance mucin production and neutro-

phil recruitment.34 Additionally, MP can

activate the production of cellular tumor

necrosis factor-a, a cytokine that both

triggers and maintains the inflammatory

response.35 Moreover, mucus cell hyperse-

cretion and goblet cell hyperplasia have

been observed in the airways of MP-

infected mice.36

Interestingly, in this study, the signifi-

cantly different MP DNA load at enroll-

ment between patients with refractory and

non-refractory MPP21 indicated that the

MP DNA load is a risk factor of refractory

MPP because of the direct injury caused by

an increased MP load.23–25 Moreover, per-

sistent stimulation by high loads of MP

may induce a more intense host inflamma-

tory response, contributing to refractory

MPP in children.
Our study had some limitations. First, all

samples were obtained from the same ter-

tiary hospital over a period of 2 years.

The results should be interpreted with

caution because of the possibility of

selection bias. Second, the sample size

was relatively small. Third, the minimum

inhibitory concentration, P1 genotype,

and MLVA types were not measured

in our clinical samples. Therefore, studies

with more extensive surveillance are highly

awaited.
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Conclusions

The present study illustrated that clinical
mutant MP strains were responsible for
92.39% of cases of pediatric MPP in
Nanjing. The A2063G mutation was
found in all mutant strains, and other iden-
tified mutations require further study.
Moreover, the results confirmed that muta-
tions in domain V of MP 23S rRNA were
not associated with clinical characteristics,
laboratory results, pulmonary complica-
tions, the efficacy of macrolide treatment,
and the development of refractory MPP.
In addition, we found that the MP DNA
load and host immune response may drive
the development of refractory MPP.
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