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Abstract
Background: To investigate the drug resistance and clinical characteristics of hospitalized children with
drug-resistant Mycoplasma pneumoniae pneumonia (MRMP).

Methods: Sixty patients with MPP admitted to the Second Pediatric Respiratory Ward of Shengjing
Hospital, A�liated to China Medical University from November 2016 to February 2017 were enrolled in
the study.

Results: Of these 53/60 (88.3%) patients had Mycoplasma pneumoniae nucleic acid identi�ed by throat
swab. 23S rRNA V region gene sequencing was performed, 47/49 (95.9%) had mutation sites, including
46 cases of A2063G, one case of A2064G, two cases of no mutation, and a �nal drug resistance rate of
95.9%. The summary characteristics of the 47 cases of drug-resistant MPP were based on 22 male and
25 female patients. The onset age was 6.9 ± 2.5 years and the total fever duration was 9.8 ± 3.7 days.
The leukocyte count during the acute phase was (8,300 ± 4,200) cells/mm3, C-reactive Protein (CRP) was
18.2 (8.2–32.5) mg/L, neutrophil/lymphocyte ratio (NLR) was 2.1 (1.5–3.3), There was no signi�cant
difference between the acute phase and the convalescent phase for leukocyte count, P = 0.336. The NLR
and CRP levels were signi�cantly higher during the acute phase compared to the recovery period (P <
0.05). The level of lactate dehydrogenase (LDH) increased in 65.7% of patients, with a median of 248.5
(200.0–299.7) U/L. D-dimer levels were elevated in 59.4% of patients, with a median of 301.0 (188.5–
545.0) mg/L. A total of 23/47 (48.9%) patients were diagnosed with severe MPP. The incidence of extra-
pulmonary complications was 38.2%.

Conclusions: In summary, MRMP patients had a fever of long duration, higher in�ammatory index, higher
LDH and D-dimer levels, and an increased incidence of extra-pulmonary complications.

Background
Mycoplasma pneumoniae (MP) is the smallest prokaryote that can survive independently. It causes upper
and lower respiratory tract infections, mostly in children and young people (Waites KB, 2009). A
worldwide MP pandemic occurs every 3–7 years. Pneumonia caused by MP (MPP) is a common
community-acquired pneumonia (CAP) in children, accounting for approximately 40% of CAP in children
greater than 5 years of age (Rogozinski Le, 2017). Since MP does not contain a cell wall, it is naturally
resistant to beta lactam antibiotics, which affect cell wall synthesis. Macrolides, tetracyclines, and
�uoroquinolones are effective drugs against mycoplasma (Bradley JS, 2011). Since tetracycline drugs
such as minocycline and doxycycline are only used in children greater than 8 years of age and since
quinolones should be used with caution in children less than 18 years of age, macrolides are the �rst
choice for MP infection in children.

However, recent MP resistance to macrolides has become a serious clinical problem. The rate of
macrolide-resistant MP (MRMP) is as high as 87.7% (Guo DX, 2019). However, the clinical characteristics
of drug-resistant MPP are rarely reported in China. In this study the drug resistance and clinical
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characteristics are summarized for 60 MPP children hospitalized in the Second Pediatric Respiratory
Ward of Shengjing Hospital, A�liated to China Medical University from 2016 to 2017.

1. Methods
1.1 General information.

1.1.1 Clinical data were assessed for 60 cases of MPP from the Second Pediatric Respiratory Ward of
Shengjing Hospital, A�liated to China Medical University from November 2016 to February 2017, which
included 27 males and 33 females.

1.1.2 Inclusion criteria: (1) met the diagnostic criteria for MPP, had clinical symptoms such as fever,
cough or wheezing, imaging showed in�ltration shadow or large consolidation shadow in the lung,
positive MP nucleic acid in pharyngeal swab and antibody titer for MP during the acute stage was greater
than 1:160, or serum antibody titer increased or decreased at least four times or more when the acute
state was compared to the recovery period, (2) age < 18 year, and (3) study inclusion approved by the
ethics committee.

1.1.3 The diagnostic criteria for severe MPP were the latest domestic diagnostic criteria for severe CAP in
children (Respiratory Group, 2013) including a diagnosis of MPP as well as: (1) poor general condition,
(2) food refusal or dehydration, (3) disturbance of consciousness, (4) signi�cant increase in respiratory
rate (judgment criteria: RR of infants ≥ 70 times / min, RR of older children ≥ 30 times / min), (5)
cyanosis, (6) dyspnea (groaning, �apping of nasal alar, three concave sign), (7) lung in�ltration range:
multi lobe involvement or 2 / 3 of a lung lobe, (8) pleural effusion, (9) pulse oxygen saturation ≤ 92%,
and (10) extra-pulmonary complications. 

1.1.4 Exclusion criteria: (1) basic metabolic disorders, low immune function, or major chronic
consumptive diseases and other basic diseases, (2) patients with previous recurrent wheezing or chronic
cough were diagnosed as asthma, (3) premature infants, or (4) incomplete data. 

1.2 Observation index. 

Medical history collection included, (gender, age, duration of fever on admission, total heat duration, and
complications), imaging examination, laboratory indicators (white blood cell count, serum C-reactive
protein (CRP), neutrophil to lymphocyte ratio (NLR), lactate dehydrogenase (LDH), D-dimer, pathogenic
indexes (nucleic acid detection, drug resistance gene detection, antibody titer), and treatment.

1.3 Laboratory testing.

Clinical specimens testing positive for MP were shipped to the Laboratory and tested by real-time PCR
using a Universal Genomic DNA Kit (Beijing Kangwei Century Biotech Co., Ltd., China) for detection of MP
as well as all point mutations in the 23S rRNA gene known to be associated with macrolide resistance.
This analysis was based on the different melting points for the mutated nucleotide base pairs compared
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with those of wild type (Waites KB, 2017). Sanger sequencing using the same primers as for PCR was
performed to con�rm MP detection and the point mutations. Results were compared to MP M129
(GenBank accession no. X68422).

1.4 Statistical analysis. 

Statistical analysis was performed using IBM SPSS software, version 16.0 SPSS Inc., Chicago, IL, USA
for Windows. Continuous data were compared using Students’t test. Differences in categorical variables
were assessed with Yates’ corrected Chi-square (χ) or Fisher’s exact test as appropriate. To compare the
laboratory data between the acute stage and convalescence, Student’s T-test, Mann-Whitney U test, Chi-
square test, and Fisher’s exact test were used, as appropriate. P values less than 0.05 were considered
statistically signi�cant. 

2. Results
2.1 Basic data: 60 patients with MPP were assessed (27 males and 33 females), of which 53/60 (88.3%)
patients had Mycoplasma pneumoniae nucleic acid identi�ed by throat swab. Forty-seven patients had
macrolide resistant MPP (22 males and 25 females) and two patients had no mutation as judged by 23S
rRNA V region gene sequencing. Of the 47 patients, the onset age was 6.9 ± 2.5 years, with total fever
duration 9.8 ± 3.7 days, and cough relief time 13.1 ± 3.9 days. During the acute phase, leukocyte count
was (8,300 ± 4,200) cells/mm3, CRP was 18.2 (8.2–32.5) mg/L, and neutrophil/lymphocyte ratio was 2.1
(1.5–3.3). LDH increased in 65.7% of the patients, with a median of 248.5 (200.0–299.7) U/L, D-dimer
levels increased in 59.4% of patients with a median of 301.0 (188.5–545.0) mg/L, 30/47 (63.8%) had
lung consolidation, 13/47 (27.6%) had double lung involvement, and 23/47 (48.9%) were diagnosed as
severe MPP. The total incidence of extra-pulmonary complications was 38.2%. Among those, 8/47 (17%)
were complicated with pleural effusion, 8/47 (17%) had central nervous system involvement, and 2/47
(4.2%) had functional liver damage. Treatment: 13/47 (27.6%) patients were treated with glucocorticoid,
5/47 (10.6%) were treated with human serum immunoglobulin, and 7/47 (14.9%) were treated with �ber-
optic bronchoscopy. See Table 1.

Table 1. Characteristics of hospitalized patients with MRMP.
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Index MRMP(n=47)

Age, years 6.9±2.5

Gender Male/Female 22/25

Duration of fever at admission, days 7.4±3.2

Total duration of fever, days 9.8±3.7

Cough relief time, days 13.1±3.9

Leukocyte (cells/mm3 ) 8,300±4,200

NLR 2.1 1.5-3.3

CRP mg/L) 18.2 8.2-32.5

*LDH U/L 248.5 200.0-299.7

**D-Dimer UG/L 301.0 188.5-545.0

Radiographic �ndings  

Bilateral in�ltration, n % 13 27.6

Lobar Consolidation, n % 30 63.8

Total complication, n %  

    Pleural effusion, n % 8 17.0

    Central nervous system involvement, n % 8 17.0

    Liver function impairment, n % 2 4.2

Other interventions  

Glucocorticoid, n % 13 27.6

Immunoglobulin, n % 5 10.6

Fibrobronchoscopy, n % 7 14.9

Combined use of cephalosporins   

n=0 % 1 2.1

n=1 % 26 55.3

N=2 % 16 34.0

    n≥3 % 4 8.5

Data are presented as number (percentage), median (25th–75th percentile), mean ± SD.
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*The normal range of LDH is 103–227 U / L, * * the normal range of D-dimer is 0–52 UG / L.

2.2 MP detection: during the acute stage the positivity rate for throat swab MP nucleic acid was 53/60
88.3%), 35/60 cases (58.3%) had mycoplasma antibody titers > 1:160 during the acute stage, during the

recovery stage the antibody titer for MP in 60 cases was higher than 1:160 or four times higher than
during the acute stage.

2.3 Detection of macrolide resistant sites: four of 53 pharyngeal swabs failed to detect 23S rRNA V
mutation, mutation sites were found in the remaining 47/49, the macrolide-resistance rate was 95.9%
including 46 cases of the A2063G mutation, one case of the A2064G mutation, and two cases of no
detected mutation. 

2.4 NLR and CRP: during the acute phase the number of leukocytes was higher than normal in 30% of
patients with no signi�cant difference between the acute and convalescent stages (P = 0.336), levels of
NLR and CRP during the acute phase were signi�cantly higher than those during the convalescent stage
(P < 0.05). See Table 2.

Table 2. Comparison of Leukocyte, NLR, and CRP between acute phase and convalescent stage in
hospitalized patients with MRMP. 

  acute phase convalescence stage *P-value

Leukocyte (cells/mm3 ) 8,300±4,200 7,200±2,200 0.336

NLR 2.1 1.5-3.3 1.1 0.8-1.7 0.000 

CRP mg/L) 18.2 8.2-32.5 3.1 3.1-3.4 0.000 

Data are presented as median (25th–75th percentile), mean ± SD.

*There was no signi�cant difference in Leukocytes between the acute phase and convalescent stage, P =
0.336, the levels of NLR and CRP during the acute phase were signi�cantly higher than those during the
convalescent stage, P < 0.05.

3. Discussion
Okazaki, a Japanese scholar, �rst discovered MRMP in 2000. The antibiotic resistance was found to be
related to a point mutation in the 23S rRNA gene (Okazaki N, 2001). Since then, investigation of MRMP
has intensi�ed. Zhao Fei et al. (Zhao F, 2013, Zhao F, 2019, Zhao F, 2019) monitored MRMP in six Chinese
cities from 2008 to 2018 and found the macrolide-resistance rate to be as high as 65%–98%. The MRMP
rate in Japan was 81.6% in 2008 and 43.6% in 2015. Examples of resistance rates are, 80% in Korea in
2015, 13.2% in the United States in 2013, 8.3% in France in 2011, and 3.1% (Takaaki Tanaka,2017, Lee, E,
2017, Zheng X, 2015, Pereyre S, 2013, Dumke R, 2015) in Germany in 2011-2012. Overall, the macrolide-
resistance rate in Asian countries is much higher than that in European and American countries. Analysis
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of the clinical data for MPP children hospitalized in the Second Pediatric Respiratory Ward of Shengjing
Hospital, A�liated to China Medical University from November 2016 to February 2017 found the
resistance rate of MP to be as high as 95.9%. Only one case had the A2064G mutation, with the
remainder the classic mutation site, A2063G. These data demonstrate the prevalence of MRMP in
hospitalized Chinese children.

For the 47 hospitalized children with MRMP pneumonia, the average fever duration was more than 9
days, which is longer than that of non-macrolide-resistant MPP. Fever was approximately 8.0 ± 6.0 days
(n = 12) (Eun Lee Korean J Pediatr 2017) and 6.0 ± 3.5 days (n = 96) (Kim YJ J Korean Med Sci 2017)
for non-macrolide-resistant MPP. These observations demonstrate MRMP pneumonia to have longer
fever duration, which is consistent with this study. The incidence of leukocytosis was approximately 30%,
which is consistent with previous reports (Stevens, D. 1978, Medjo B, 2014). Those reports found
approximately 27.6% of cases to involve bilateral lungs, which was higher than the 20% of cases in a
previous report (Ferwerda, A, 2001). Extra-pulmonary complications were as high as 38.3%, which was
higher than the 17% reported previously (Yang TI, 2019). Herein, CRP and NLR during the acute phase
were signi�cantly higher than those in the recovery stage. CRP is an acute phase protein secreted by the
liver in response to a variety of in�ammatory cytokines. NLR can accurately predict the severity of and
prognosis for CAP, as well as assist in risk determination for severe pneumonia patients with
complications (Che-Morales JL, 2019). Increases in CRP and NLR re�ect aggravation of the in�ammatory
response, suggesting a more serious disease. Approximately half of the cases within the macrolide-
resistant group had severe pneumonia. For more than half of the cases, LDH and D-dimer levels were
higher than the normal value, suggesting that MRMP likely involves not just the lungs but also other
organs. Myocardial, liver, pancreas, and other injuries result in elevated LDH. Hypoxia and endotoxin
stimulate in�ammatory cells to release a variety of in�ammatory mediators that result in vascular
endothelial cell damage and coagulation events that signi�cantly increase plasma D-dimer (Yuan SJ,
2017). D-dimer levels can be used as one of the critical markers for monitoring in�ammation and severe
infection (Wu HB, 2017). Chen Yu (Chen Yu, 2018) found that LDH was higher in patients with MRMP
compared with patients with non-drug resistant MPP. Ryou Kawamata concluded that the higher the LDH,
the more severe the MPP (Kawamata R, 2015). These results suggest that LDH and D-dimer levels are
high in more than half of the cases with MRMP pneumonia cases, indicating that the pneumonia caused
by MRMP is more serious clinically.

The duration of fever induced by MRMP is longer than that induced by non- macrolide-resistant MP
(Suzuki S, 2006, Zhou YL, 2014, Yao HS, 2016, Yang TI, 2019). Further, fever duration is longer after
administration of macrolides, hospitalization time is longer, and extra-pulmonary complications are more
serious. MRMP infections are more common in immune suppressed individuals and in cancer patients.
The predominant clinical difference between MRMP and non- macrolide-resistant MP is the duration of
fever, with no signi�cant difference in lung imaging, laboratory measures, or extra-pulmonary
complications (Deng H, 2018, Wu HM, 2013, KB Waites, 2019). According to Jae Hong Choi, MRMP
involves the lobes of the lungs without other clinical or laboratory signs of infection (Choi JH, 2019). AE
Yoon et al. (Yoon IA, 2017) showed that the duration of fever was related to the severity of lung imaging,

https://pubmed.ncbi.nlm.nih.gov/?term=Che-Morales+JL&cauthor_id=30889342
https://pubmed.ncbi.nlm.nih.gov/?term=Deng+H&cauthor_id=28760082
https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Yoon+IA&cauthor_id=28592263
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but not to drug resistance. These inconsistent reports may be due to differences in sample size or
treatment methods.

In this study, the macrolide-resistance rate of MPP inpatients was as high as 95.9%, which was
signi�cantly higher than the concomitant rate of 65.4% for outpatients (Zhao F, 2019). We infer that
MRMP infection is more likely to cause refractory/severe MPP that results in a higher treatment failure
rate for outpatients, such that the macrolide-resistance rate for hospitalized patients is signi�cantly
increased. The results of this study identify the total fever duration of drug-resistant MPP patients is 9
days, which is signi�cantly longer than the 5–6 days for patients infected with non-macrolide-resistant
MP (Medjo B, 2014). These patients were treated with glucocorticoid (n = 13) and immunoglobulin (n = 5)
to shorten the course of fever. Approximately half of macrolide-resistant MPP develops into severe MP.
The rate of extra-pulmonary complications is high, with lungs seriously affected as judged by imaging.
Therefore, MRMP is more likely to develop into a severe case. We also found severe MPP cases in
patients with non-macrolide-resistant MP. Severe MPP is not only related to the macrolide-resistance of
the pathogen but also to bacterial load, bacterial virulence, and the immune status of the patient. Future
investigations need to consider the in�uence of these other factors on severe MPP outcomes. 

Limitations of this study: This study summarizes the drug resistance and case characteristics of
hospitalized patients, but does not include analysis of outpatients with mycoplasma pneumonia. This
short term study was performed at a single center and only assessed drug resistant MPP in the Pediatric
Department of Shengjing Hospital in the winter of 2016. Further, there were few non-drug resistant cases
in this study and comparisons between groups is therefore limited. The results of this study need to be
con�rmed with a larger sample size and a more in-depth study.

Conclusions: The majority of MPP patients were found to be infected with macrolide-resistant MP
(95.9%). The children with MRMP pneumonia were mainly school-aged with a mean age of 6.9 years.
Average total fever duration was more than 9 days. Leukocyte count during the acute phase was slightly
increased in approximately 30% of cases. CRP and NLR during the acute phase were signi�cantly higher
than during the recovery period. LDH and D-dimer levels were increased in more than half of the patients
with MRMP. The overall incidence of extra-pulmonary complications was 38.2%. Therefore, MRMP
patients exhibited longer fever duration, higher in�ammatory index, higher levels of LDH and D-dimer,
increased incidence of extra-pulmonary complications, and were likely to develop severe pneumonia. MP
resistance requires strict attention, with appropriate administration of antibiotics, and early identi�cation
of severe cases. Early glucocorticoid intervention can prevent and/or reduce complications and improve
prognosis.

Abbreviations
MPP- Mycoplasma pneumoniae pneumonia 

CRP- C-reactive Protein
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NLR- neutrophil/lymphocyte ratio

LDH- lactate dehydrogenase 

MRMP- macrolide-resistant Mycoplasma pneumoniae pneumonia 
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