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Objective: The individualized prediction of treatment regimens of macrolide-unresponsive Mycoplasma pneumoniae pneumonia 
(MUMPP) is scarce. The aim of this study was, therefore, to evaluate the relevant data of patients and construct a nomogram for 
identifying refractory Mycoplasma pneumoniae pneumonia (RMPP) among children continued to be treated with macrolide after the 
confirmation of MUMPP, providing a reference for the choice of treatment regimen.
Methods: We performed a retrospective study involving 162 children who continued to be treated with macrolide (azithromycin) after 
the confirmation of MUMPP without antibiotic changes between January 2020 and January 2022. We collected data on clinical feature, 
hospitalization period, treatments, laboratory data, extrapulmonary symptoms, parapneumonic effusion, and connections with other 
respiratory pathogens. In addition, the independent risk factors for RMPP were determined through univariate and multivariate 
analyses, and then a nomogram was constructed and validated.
Results: In this study, the multivariate logistic regression analysis showed that age, leukocyte count, neutrophil proportion, serum 
procalcitonin, and lactate dehydrogenase were independent risk factors for RMPP. Using the five independent associated factors, the 
nomogram for identification of RMPP was constructed. Moreover, the area under the ROC curve (AUC) was 0.925 (95% CI: 0.882– 
0.968) for the nomogram showing excellent discrimination. The calibration curve, close to the 45-degree line, exhibited good 
calibration of nomogram.
Conclusion: We constructed and validated a visual and user-friendly nomogram for individualized prediction of RMPP risk in 
children who continued to be treated with macrolide after the confirmation of MUMPP based on five variables. According to the 
nomogram model, continuation of macrolide should be considered rather than second-line antibiotics including tetracyclines (dox
ycycline or minocycline) and fluoroquinolones for MUMPP children with low predictive values.
Keywords: nomogram, refractory, Mycoplasma pneumoniae, pneumonia, children

Introduction
Community-acquired pneumonia (CAP) is an important cause of hospitalization in children, placing severe pressure on 
the healthcare system and patients.1 Mycoplasma pneumoniae (MP) is a common cause of CAP in children and 
adolescents, accounting for about 10–30% of the cases.2,3 MP infection can cause a variety of clinical symptoms, 
including fever, headache, cough, etc.4 Several serious respiratory illnesses caused by MP have also been documented, 
such as pleural effusion, acute respiratory distress syndrome, and lung abscesses.4,5 It has also been closely linked to the 
extrapulmonary symptoms such as hemolytic anemia, arthritis, and urticaria.4,6

Macrolide has long been recommended as the first-line antimicrobials used to treat patients with MP pneumonia (MPP), 
which has demonstrated satisfactory effectiveness and good tolerability for many years.4 Among macrolide antibiotics, 
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azithromycin can improve the clinical symptoms of patients with MPP due to its effective inhibitory function against 
Mycoplasma.7,8 For macrolide-sensitive MP, the minimal inhibitory concentration (MIC) of azithromycin (<0.0005μg/mL) is 
lower than doxycycline (less than 0.25μg/mL) and levofloxacin (<0.5μg/mL).9 However, some studies have shown that the 
prevalence of macrolide-resistant MP (MRMP) was increasing due to the broad application of macrolides, especially in some 
regions of Asia with an incidence ≥90%.10–13 MRMP caused a longer duration of fever and hospitalization, even life- 
threatening in severe cases.14,15 The methods of polymerase chain reaction (PCR) are the gold standard for MRMP diagnosis. 
However, detection of mycoplasma infection using PCR should depend on the clinical condition, as Mycoplasma pneumo
niae still colonized the respiratory tract for a long time after infection, even after antimicrobial treatment. Moreover, the PCR 
gene detection equipment is expensive; thus, this detection is not easily accessible.16 Macrolide unresponsiveness can 
consider as early indicators of MRMP pneumonia (MRMPP). Macrolide-unresponsive MPP (MUMPP) was documented as 
persistent fever for 3 days or longer after macrolide treatment.16,17 Without appropriate treatment, MUMPP may develop into 
refractory MPP (RMPP) which may complicate the treatment of MUMPP.

Second-line antibiotics, such as tetracyclines (doxycycline or minocycline) and fluoroquinolones, are recommended 
for patients with MUMPP.18 The efficacy of tetracyclines (doxycycline or minocycline) and fluoroquinolones is 
uplifting.19 However, tetracycline is only used in children aged ≥8 years old due to the side effects of tooth discoloration 
and tooth enamel hypoplasia.20 Fluoroquinolones can be used in children <8 years with MUMPP.21 In addition, 
fluoroquinolones have been reported to be linked to a risk of musculoskeletal toxicities.22 Moreover, some studies 
have demonstrated that macrolide is still effective in patients with MUMPP, although second-line antibiotics have been 
recommended for the treatment of MUMPP.23

To sum up, individualized prediction of treatment regimens of MUMPP is scarce. The aim of this study was, 
therefore, to evaluate the relevant data of patients and construct a nomogram for identifying RMPP among children 
continued to be treated with macrolide after the confirmation of MUMPP without antibiotic changes, providing 
a reference for the choice of treatment regimen.

Methods
Subjects and Study Design
Medical records of patients with MPP under the age of 18 years admitted to the Affiliated People’s Hospital of 
Ningbo University from January 2020 to January 2022 were retrospectively analyzed. MPP can be diagnosed as 
follows: (1) the presence of fever, cough, tachypnoea, difficult breathing; (2) chest X-ray examination results 
compatible with pneumonia; and (3) the detection of MP IgM antibody conducted using enzyme-linked immunosor
bent assay during the illness. The patients with MUMPP were assigned to the non-refractory MPP (NRMPP) and 
RMPP groups, respectively. RMPP was documented as persistent fever, aggravated clinical signs, and progressive 
imaging findings despite the administration of macrolide for 7 days or more. The remaining children were NRMPP 
defined as the reduction of fever and improvement in clinical signs or imaging findings within 7 days of macrolide 
treatment. RMPP was diagnosed if fever persisted, clinical signs deteriorated, and imaging findings progressed 
despite the administration of macrolide for 7 days or more. NRMPP was diagnosed on the basis of the reduction 
of fever and improvement of clinical signs or imaging findings within 7 days of macrolide treatment.

Patients were enrolled if they (1) were under the age of 18 years, (2) had MPP, (3) were confirmed as MUMPP, (4) 
continued to be treated with macrolide (azithromycin) after the confirmation of MUMPP without antibiotic changes. 
Patients were excluded according to the exclusion criteria: (1) After treatment with macrolide, the patient’s fever had 
subsided within 3 days; (2) In spite of positive MP IgM, the clinical symptoms and imaging findings were not 
consistent with pneumonia; and (3) The patient were allergic to macrolide; (4) The information of treatment was lost.

All enrolled patients with MUMPP were treated with 10mg/kg/day of intravenous azithromycin (Zhejiang Asia- 
Pacific Pharmaceutical Co., Ltd.). According to the recommendations of our hospital, informed consents were acquired 
from patient’s guardians before the treatment of azithromycin.

The ethical committee of the Affiliated People’s Hospital of Ningbo University approved the study (No. 107-P-066). 
Data were collected after written informed consents were obtained from patient’s guardians.
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Data Collection
The data were retrospectively recorded in this study including clinical features (age, sex, weight), hospitalization period, 
treatments, laboratory data (leukocyte, neutrophil proportion, platelet count, C-reactive protein, albumin, erythrocyte 
sedimentation rate, lactate dehydrogenase, procalcitonin), extrapulmonary symptoms (urticaria, arthralgia, somnolence, 
anemia, and vomiting), parapneumonic effusion, coinfection with other respiratory pathogens (bacterial, viral, or fungal 
infection).

Statistical Analysis
Analyses were carried out using R statistical software version 4.2.0 or MedCalc version 18.2.1. The data retrospectively 
collected in this study were summarized as mean ± standard deviation or frequency count (percentage). Independent- 
samples t-test was used to compare continuous variables between the two groups, and Chi-square test was used for 
categorical variables such as sex and parapneumonic effusion. Multivariate logistic regression was applied for the 
evaluation of associated factors of NRMPP and RMPP. Then, a nomogram was constructed to build a predictive 
model. Discrimination of the model was analyzed using the receiver operating characteristic (ROC) curve. The 
calibration ability of the nomogram was assessed using the 1000 bootstrap samples (calibration curves). P<0.05 was 
deemed significant.

Results
Patient Characteristics
A total of 1460 MPP patients within the study period were screened; of those, 162 patients were included in this study. 
Among those, 106 children were in the NRMPP group, and 56 were in the RMPP group. The mean±SD age of patients in 
the NRMPP and RMPP groups was 6.44±3.64 years and 8.93±4.19 years, respectively (P<0.001) (Table 1). Patients in 
the RMPP group were significantly older than those in the NRMPP group. Higher proportions of patients in the NRMPP 
group were aged 1–3 years, 3–5 years, 5–8 years compared to the RMPP group. In patients aged >8 years, the proportion 
of patients in the RMPP and NRMPP groups was comparable. The leukocyte count (×109/L) in each group was 17.38 
±4.63 and 22.29±6.30, respectively (P<0.001), and the neutrophil proportion (%) was 81.07±9.38 and 86.61±3.72 in the 
NRMPP and RMPP groups, respectively (P<0.001) (Table 1). Compared with patients in the NRMPP group, patients in 
the PMPP group had higher level of C-reactive protein (P=0.002), erythrocyte sedimentation rate (P=0.044), serum 
procalcitonin (P<0.001), and lactate dehydrogenase (P<0.001) (Table 1). The two groups were balanced for sex 

Table 1 Patient Characteristics

Characteristic NRMPP (n=106) RMPP (n=56) P value

Age (year), mean±SD 6.44±3.64 8.93±4.19 <0.001

Male/female 47/59 24/32 0.989
Weight (kg), mean±SD 24.65±10.57 26.66±9.90 0.242

Leukocyte count (×109/L), mean±SD 17.38±4.63 22.29±6.30 <0.001

Neutrophil proportion (%), mean±SD 81.07±9.38 86.61±3.72 <0.001
Platelets count (×109), mean±SD 202.46±54.76 219.09±51.70 0.063

C-reactive protein (mg/L), mean±SD 17.32±6.22 20.43±5.75 0.002

Albumin (g/L), n (%) 0.260
≥30 51 (48.1) 21 (37.5)

<30 55 (51.9) 35 (62.5)
Erythrocyte sedimentation rate (mm/h), mean±SD 36.40±12.83 41.18±16.57 0.044

Serum procalcitonin (ng/mL), mean±SD 1.04±0.38 1.49±0.51 <0.001

Lactate dehydrogenase (IU/L), mean±SD 477.25±264.87 761.96±260.05 <0.001
Coinfection with other respiratory pathogens, n (%) 6 (5.7) 9 (16.1) 0.059

Abbreviations: NRMPP, non-refractory Mycoplasma pneumoniae pneumonia; RMPP, refractory Mycoplasma pneumoniae pneumo
nia; SD, standard deviation.
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(P=0.989), weight (P=0.242), platelet count (P=0.063), albumin (P=0.260), and coinfection with other respiratory 
pathogens (P=0.059) (Table 1). The above results of the independent-samples t-test and chi-square test were confirmed 
by the univariate logistic analysis (Supplementary Table 1). Among the MUMPP patients continuously treated with 
macrolide, the patients in the RMPP group had longer duration of corticosteroid treatment and hospital stay than those in 
the NRMPP group (P=0.001 and 0.015, respectively) (Table 2). The number of patients with extrapulmonary symptoms 
in the NRMPP and RMPP groups was 15 (14.2%) and 16 (28.6%), respectively (P=0.045), and the patients with 
parapneumonic effusion was 28 (26.4%) and 37 (66.1%), respectively (P<0.001) (Table 2). The results in Table 2 show 
that patients in the RMPP group had a more severe disease than those in the NRMPP group.

Risk Factors for RMPP Among MUMPP Patients Continuously Treated with Macrolide
Based on the above results, we assessed the associated factors of NRMPP and RMPP by multivariate logistic regression. 
As Table 3 shows, age (odds ratio=1.201, 95% CI: 1.056–1.383, P=0.007), leukocyte count (odds ratio=1.223, 95% CI: 
1.103–1.382, P=0.000), neutrophil proportion (odds ratio=1.198, 95% CI: 1.075–1.372, P=0.004), serum procalcitonin 
(odds ratio=6.439, 95% CI: 2.202–22.203, P=0.001), and lactate dehydrogenase (odds ratio=1.003, 95% CI: 1.002–1.006, 
P=0.001) were independently associated risk factors for increased odds of RMPP.

Construction of a Nomogram for Identification of RMPP
Using the five independent associated factors (age, leukocyte count, neutrophil proportion, serum procalcitonin, and 
lactate dehydrogenase), the nomogram for identification of RMPP was constructed (Figure 1). For example, a 14-year-old 
patient who had 26×109/L of leukocyte count, 80% of neutrophil proportion, 1.5ng/mL of serum procalcitonin, and 
600IU/L of lactate dehydrogenase, the total point was 209 (34+50+67+37+21). The risk was 0.76.

Table 2 Severity of MUMPP Continuing to Receive Macrolide After the Confirmation of MUMPP

Characteristic NRMPP (n=106) RMPP (n=56) P value

Duration of corticosteroid treatment (days), mean±SD 2.61±1.10 3.27±1.36 0.001

Duration of hospital stay (days), mean±SD 6.89±1.93 7.64±1.69 0.015

Extrapulmonary symptoms, n (%) 0.045
Yes 15 (14.2) 16 (28.6)

No 91 (85.8) 40 (71.4)

Parapneumonic effusion, n (%) <0.001
Yes 28 (26.4) 37 (66.1)

No 78 (73.6) 19 (33.9)

Abbreviations: MUMPP, macrolide-unresponsive Mycoplasma pneumoniae pneumonia; NRMPP, non-refractory Mycoplasma 
pneumoniae pneumonia; RMPP, refractory Mycoplasma pneumoniae pneumonia; SD, standard deviation.

Table 3 Variables Associated with RMPP Among MUMPP Children 
Continuing to Receive Macrolide After the Confirmation of 
MUMPP in Multivariable Logistic Regression Analysis

Variable OR (95% CI) P value

Age 1.201(1.056–1.383) 0.007

Leukocyte count 1.223(1.103–1.382) 0.000
Neutrophil proportion 1.198(1.075–1.372) 0.004

C-reactive protein 1.037(0.956–1.130) 0.384

Erythrocyte sedimentation rate 1.013(0.979–1.050) 0.453
Serum procalcitonin 6.439(2.202–22.203) 0.001

Lactate dehydrogenase 1.003(1.002–1.006) 0.001

Abbreviations: MUMPP, macrolide-unresponsive Mycoplasma pneumoniae pneumo
nia; RMPP, refractory Mycoplasma pneumoniae pneumonia; OR, odds ratio; CI, con
fidence interval.
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Validation of a Nomogram for Identification of RMPP
The area under the ROC curve (AUC) was 0.925 (95% CI: 0.882–0.968) for the nomogram showing excellent discrimination 
(Figure 2). The calibration curve, close to the 45-degree line, exhibited good calibration of nomogram (Figure 3).

Figure 1 Nomogram for predicting RMPP in children continuing to receive macrolide after the confirmation of MUMPP. 
Abbreviations: RMPP, refractory Mycoplasma pneumoniae pneumonia; MUMPP, macrolide-unresponsiveMycoplasma pneumoniae pneumonia.

Figure 2 The ROC analysis for the predictive model. 
Abbreviation: ROC, receiver operating characteristic.
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Discussion
In the present study, we analyzed a total of 162 children to construct and validate a nomogram for identifying RMPP 
among MUMPP in children continued to be treated with macrolide after the confirmation of MUMPP without antibiotic 
changes. Our findings showed that the nomogram included five key risk factors (age, leukocyte count, neutrophil 
proportion, serum procalcitonin, and lactate dehydrogenase).

Adequate immune response can effectively eliminate MP and help alleviate disease through the activation of 
lymphocyte and the secretion of cytokine.24 Children more likely develop an infection to certain bacteria due to the 
inability to develop a strong humoral response.25 However, an inappropriate immune response to MP will generate an 
excessive inflammatory response, which can aggravate the disease and even lead to the occurrence of RMPP. Data 
showed that pulmonary lesions in children with immunodeficiency were generally mild.26 This theory provides a good 
explanation for the selectivity of RMPP for children’s age. Children older than 5 years have more developed immune 
system compared to the younger children. Coincidentally, children over the age of 5 years happen to be more susceptible 
to MP, exhibiting more severe disease.27 Consistent with previous results, this study showed that older children were 
more likely to develop RMPP than younger children.

In addition, leukocytes, including neutrophils, eosinophils, basophils, monocytes, and lymphocytes, can release 
antimicrobial substances until more specialized cells (macrophage) reach the site of inflammation where a more effective 
attack is launched.28 However, recent study suggests that leukocytes are more sophisticated cells than previously 
recognized. They could show phenotypic and functional heterogeneity and play an extremely important role in human 
health.29,30 Neutrophils, making up 50–70% of the leukocytes in human, are involved in multiple stages of inflammation, 

Figure 3 The calibration curve indicated good consistency between the actual diagnosed RMPP and the predicted probability. 
Abbreviation: RMPP, refractory Mycoplasma pneumoniae pneumonia.
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including initiation, modulation, and resolution, contributing to wound healing, and are essential for maintaining tissue 
homeostasis.29,31 In addition, the recruitment and activation of neutrophils must be tightly controlled to prevent excessive 
tissue or organ damage.32 Excessive inflammation response was an important cause of the development of MPP.33 In the 
present study, we assessed the RMPP risk of patients with different leukocyte count and neutrophil proportion. Both 
univariate and multivariate analyses suggested that higher leukocyte count and neutrophil proportion implied higher 
RMPP risks, which showed that children with RMPP may have more excessive inflammation due to abnormal increase in 
leukocyte count and neutrophil proportion.

Procalcitonin, a protein secreted by thyroid C cells, is a precursor of calcitonin. Due to the interaction of inflammatory 
cytokines and bacterial toxins, procalcitonin is produced in large quantities, making its detection value significantly 
improved. It has been reported that patients with the higher detection value of procalcitonin have more severe 
infections.34 At present, the level of procalcitonin can be regarded as a reference index for antibiotic treatment of 
children with Mycoplasma pneumonia, providing guidance on medication. Experts believe that when serum procalcitonin 
of children ≥0.5 ng/mL, antibiotics should be used in time, thereby shortening the course of antibiotics and improving the 
efficacy.35 In this study, the level of serum procalcitonin was an independent risk factor for RMPP among MUMPP 
patients who continued to be treated with macrolide. Patients with low value of procalcitonin were regarded as the low 
risk for RMPP, but the incidence of RMPP increased with increasing serum procalcitonin level. Low serum procalcitonin 
level was a potential indicator of continued macrolide therapy in patients with MUMPP.

Lactate dehydrogenase is seen as a clinically meaningful biomarker of RMPP, as its expression is upregulated in this 
disease. According to multiple reports, the cut-off level of LDH for the treatment of RMPP is 379–480 IU/L.36–38 Other 
biomarkers of inflammation, including C-reactive protein,39 erythrocyte sedimentation rate,37 interleukin-1039 etc, can 
also predict RMPP, but lactate dehydrogenase remains a very reliable biomarker now. Our study showed that high 
concentrations of lactate dehydrogenase were associated with the occurrence of RMPP. A potential cause might be that 
lung tissue damage was more severe with RMPP than with NRMPP, resulting in the release of large amounts of lactate 
dehydrogenase from damaged cells.

Having assessed the potential risk factors including age, leukocyte count, neutrophil proportion, serum procalcitonin, 
and lactate dehydrogenase, we constructed a nomogram for prediction of RMPP. This nomogram allows for an 
individualized assessment of RMPP risk in children who continued to be treated with macrolide after the confirmation 
of MUMPP without antibiotic changes. Accordingly, continuation of macrolide may be used in patients with MUMPP at 
low risk of RMPP as predicted by the developed model.

Our study constructed and validated a visual and user-friendly nomogram for prediction of RMPP risk in children 
who continued to be treated with macrolide after the confirmation of MUMPP. However, the data were derived from 
a retrospective study, and the information may be biased, affecting the final results. In addition, the use of single IgM 
antibody for the detection of MPP is generally not accepted by hospitals in developed countries. Moreover, external 
validation of the nomogram model was not performed due to the small sample size, so we will carry out external 
validation of this model in a subsequent study.

Compared with other published papers,40–42 the enrolled patients in our study differed in two points: 1) patients were 
confirmed as macrolide-unresponsive MPP (MUMPP); 2) patients continued to be treated with macrolide (azithromycin) 
after the confirmation of MUMPP without antibiotic changes. In addition, the purpose of this study is different from other 
studies. The purpose of this study is to provide medication guidance for patients with MUMPP based on their risk of 
developing RMPP. According to the nomogram model, continuation of macrolide should be considered rather than second- 
line antibiotics including tetracyclines and fluoroquinolones for MUMPP children with low predictive risk of RMPP.

In conclusion, we constructed and validated a visual and user-friendly nomogram for individualized prediction of 
RMPP risk in children who continued to be treated with macrolide after the confirmation of MUMPP based on five 
variables including age, leukocyte count, neutrophil proportion, serum procalcitonin, and lactate dehydrogenase. 
According to the nomogram model, continuation of macrolide should be considered rather than second-line antibiotics 
including tetracyclines (doxycycline or minocycline) and fluoroquinolones for MUMPP children with low predictive 
values.
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