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Pneumonia in Children

WANG Xuelin ©, WANG Yifan, LI Jiao, ZOU Yingxue £, Department of Respiratory Medicine, Machang
Campus, Tianjin Children’s Hospital, Children's Hospital, Tianjin University, Tianjin 300074, China
A Corresponding author, E-mail: zouyingxue2015@126.com

[Abstract] Objective To analyze the clinical characteristics of children with severe Mycoplasma pneumoniae
pneumonia (SMPP) treated with different doses of glucocorticoids (GC) and to investigate factors associated with GC
treatment efficacy on the basis of propensity score matching (PSM). Methods Clinical data from 271 children who were
hospitalized at Tianjin Children's Hospital between January 1, 2021 and December 31, 2022, and who received GC
treatment for SMPP were retrospectively collected. The patients were divided into low-dose (methylprednisolone < 2
mg/[kg-d]) and high-dose (methylprednisolone > 2 mg/[kg-d]) groups. A 1 : 1 PSM based on the matching variables,
including time from onset to admission, time from fever onset to GC administration, and time from GC administration to
follow-up chest X-ray, was performed to reduce confounding factors, resulting in 90 matched pairs in total in the low-
dose and high-dose groups. Clinical characteristics were compared between the two groups after PSM. Multivariate
logistic regression was performed to identify risk factors for high-dose GC use. The 90 pairs of children were further
divided into an ineffective group (n = 38) and an effective group (n = 142) on the basis of clinical treatment outcomes, and
multivariate logistic regression was conducted to determine risk factors for clinical GC treatment failure. Results
Children in the high-dose group were younger and had higher platelet counts and a higher incidence of atelectasis (all P <

0.05). The high-dose group showed a shorter time to fever resolution and overall duration of fever, but higher rates of
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adverse drug reactions (nausea, vomiting, abdominal pain, diarrhea, rash, etc.) compared with the low-dose group (all P <
0.05). No severe adverse events, such as hyperglycemia, hyperlipidemia, hypertension, gastrointestinal bleeding, or
perforation, were observed in either group. Radiographic assessment showed a significantly higher rate of marked
absorption in the high-dose group (P = 0.009). There were no significant differences between the groups in the length-of-
stay, time to cough relief, or time to disappearance of pulmonary rales (all P > 0.05). Younger age, atelectasis, and elevated
platelet count were identified as risk factors for selecting high-dose GC therapy using multivariate logistic regression
analysis. Compared with the GC-effective group, the GC-ineffective group had a higher proportion of refractory
Mycoplasma pneumoniae pneumonia (RMPP), a higher incidence of chest pain, and significantly increased levels of
neutrophil-to-lymphocyte ratio, peak fever, procalcitonin, ferritin, lactate dehydrogenase, alanine aminotransferase,
aspartate aminotransferase, and D-dimer (all P < 0.05), along with decreased lymphocyte counts (P < 0.05). There were no
significant differences between the 2 groups in age or the proportion of children receiving high-dose GC (all P > 0.05).
Multivariate analysis showed that RMPP and high peak fever were independent risk factors for GC treatment failure.
Conclusion High-dose GC therapy may facilitate fever resolution, shorten the duration of fever, and enhance
radiological improvement. However, its overall efficacy is not significantly superior to low-dose therapy and is associated
with a higher incidence of adverse reactions. Younger age, atelectasis, and elevated platelet count are key factors
influencing the use of high-dose GC in children. Notably, RMPP and high peak fever are independent risk factors for GC
treatment failure, irrespective of the GC dosage. Clinicians should carefully evaluate the individualized risk-benefit profile
when considering high-dose GC therapy for pediatric SMPP.
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8 Immunodeficiency/congenital diseases
76 Bronchial foreign body/other pathogens
2 Recurrent pneumonia or prior use of GC
or immunomodulators within 3 months

12 Incomplete clinical data

271 SMPP children treated with GC

Y
174 Low-dose GC therapy
(methylprednisolone <2 mg/[kg-d])

Y

Y

97 High-dose GC therapy
(methylprednisolone >2 mg/[kg-d])

Y

| 1:1 propensity score matching of baseline characteristics between the two groups |

A 4
| 90 high-dose GC therapy |
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| 90 low-dose GC therapy |
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| 180 GC therapy

Y
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142 GC effective |

38 GC ineffective
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Fig 1 Flowchart of patient enrollment and group assignment



6 T RS AN R )RR S SR VR T ) LB AR R S AR R I R AT AL 1531
F1 EFNEEMSFIEEHEBILIGKRIFELLE
Table 1 Comparison of clinical characteristics between the low-dose and high-dose groups
Variable Low-dose group (1 = 90) High-dose group (n= 90) p
Male/case (%) 48 (53.33) 44 (48.89) 0.655
Age/yr., M (Q1, Q3) 7.00 (5.00, 9.00) 5.00 (3.00, 7.00) 0.007
RMPP/case (%) 29 (32.20) 17 (18.89) 0.059
Symptoms and signs
Peak fever temperature/ “C, M (Q1, Q3) 39.70 (39.30, 40.00) 39.80 (39.50, 40.00) 0.181
Productive cough/case (%) 84 (93.33) 88 (97.78) 0.278
Wheezing/case (%) 15 (16.67) 23 (25.56) 0.201
Crackles/case (%) 87 (96.67) 89 (98.89) 0.621
Diminished breath sounds/case (%) 35(38.89) 23 (25.56) 0.079
Chest pain/case (%) 8(8.89) 2(2.22) 0.104
Hypoxemia/case (%) 4 (4.44) 10 (11.11) 0.162
Extrapulmonary complications/case (%) 14 (15.56) 13 (14.44) 1.000
Imaging findings
Pulmonary consolidation/case (%) 49 (54.44) 56 (62.22) 0.364
Atelectasis/case (%) 26 (28.89) 40 (44.44) 0.044
Pleural effusion/case (%) 25(27.78) 27 (30.00) 0.869
Pleural thickening/case (%) 60 (66.67) 54 (60.00) 0.439
Emphysema/case (%) 7(7.78) 2(2.22) 0.171
Laboratory tests
WBC/10°L™', M (Q1, Q3) 8.12 (5.69, 10.24) 7.60 (621, 9.81) 0.985
N/10°L™%, M (Q1, Q3) 5.31 (3.70, 7.07) 5.26 (3.80, 6.36) 0.940
L/10° L™}, M (Q1, Q3) 1.68 (1.33,2.17) 1.79 (1.39, 2.47) 0.240
NLR (M [Q1, Q3]) 2.95 (2.20,4.31) 2.48 (1.78, 4.19) 0.206
E/10°L7', M (Q1, Q3) 0.05 (0.03, 0.17) 0.04 (0.01, 0.14) 0.078
HGB/(g/L), X s 127.08 + 10.34 12547 +11.48 0.324
PLT/10°L™", M (Q1, Q3) 249.00 (208.00, 299.25) 273.00 (228.50, 326.00) 0.031
PLR (M [Q1, Q3]) 157.71 (121.02, 192.77) 153.30 (109.30, 218.18) 0.864
SII (M [Q1, Q3]) 757.03 (500.38, 1126.12) 730.37 (464.36, 1265.28) 0.989
CRP/(mg/L), M (Q1, Q3) 27.94 (12.26, 50.33) 29.99 (14.91, 53.33) 0.632
ESR/(mm/1 h), M (Q1, Q3) 30.00 (21.00, 39.75) 30.00 (25.00, 41.50) 0.283
PCT/(ng/mL), M (Q1, Q3) 0.14 (0.09, 0.26) 0.16 (0.09, 0.34) 0.271
FER/(ng/mL), M (Q1, Q3) 128.95 (99.17, 196.30) 136.95 (88.72, 237.20) 0.668
IL-6/(pg/mL), M (Q1, Q3) 27.42 (19.55, 43.54) 29.39 (17.86, 52.34) 0.482
LDH/(U/L), M (Q1, Q3) 362.50 (294.25, 477.00) 365.00 (306.00, 470.25) 0.902
ALT/(U/L), M (Q1, Q3) 13.00 (10.00, 17.75) 12.00 (10.00, 16.00) 0.836
AST/(U/L), M (Q1, Q3) 30.50 (24.00, 39.00) 31.00 (26.25, 37.75) 0.338
D-dimer/(mg/L), M (Q1, Q3) 1.09 (0.66, 1.65) 1.09 (0.83, 2.02) 0.313
Treatment
Pre-hospital macrolide use/case (%) 44 (48.89) 37 (41.11) 0.369
Ventilator use/case (%) 1(1.11) 2(2.22) 1.000

RMPP: refractory mycoplasma pneumoniae pneumonia; WBC: white blood cell; N: peripheral neutrophils; L: peripheral lymphocytes; NLR: neutrophil-to-

lymphocyte ratio; E: eosinophils; HGB: hemoglobin; PLT: platelets; PLR: platelet-to-lymphocyte ratio; CRP: C-reactive protein; ESR: erythrocyte sedimentation

rate; FER: ferritin; PCT: procalcitonin; IL-6: interleukin-6; LDH: lactic dehydrogenase; AST: aspartate aminotransferase; ALT: alanine aminotransferase; SII:

systemic immune-inflammation index.
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Table 2 Comparison of clinical outcomes between the low-dose and high-dose groups

Variable Low-dose group (1 = 90) High-dose group (n = 90) p
Duration of fever/d, M (Q1, Q3) 10.00 (8.00, 11.00) 9.00 (7.00, 10.00) 0.013
Hospitalization duration/d, M (Q1, Q3) 8.00 (7.00, 9.75) 8.00 (7.00, 10.00) 0.611
Febrile clearance time/d, M (Q1, Q3) 2.00 (1.00, 3.00) 2.00 (1.00, 2.00) 0.016
Time to cough resolution/d, M (Q1, Q3) 4.00 (3.00, 6.00) 4.00 (3.25, 6.00) 0.975
Time to crackles clearance/d, M (Q1, Q3) 5.00 (4.00, 6.75) 5.00 (4.00, 7.00) 0.866
Clinical effectiveness/case (%) 66 (73.33) 76 (84.44) 0.099
Adverse drug reactions/case (%) 11 (12.22) 23 (25.56) 0.035
Adiographic outcomes 0.009

Significant resolution/case (%) 36 (40.00) 56 (62.22)*

Partial resolution/case (%) 34 (37.78) 24 (26.67)

No change/case (%) 20 (22.22) 10 (11.11)°

* indicate statistically significant differences between groups (P = 0.009, adjusted by the Bonferroni correction).
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Table 3 Multivariate logistic regression for high-dose GC therapy in SMPP children

Variable B SE Wald OR (95% CI) P

Intercept 1.240 0.885 1.964 0.161
Age —0.142 0.054 6.886 0.867 (0.780-0.965) 0.009
PLT 0.004 0.002 4.546 1.004 (1.000-1.008) 0.033
Atelectasis 0.947 0.340 7.751 2.577 (1.323-5.020) 0.005

SE: standard error; PLT: platelets.
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Table4 Comparison of clinical characteristics between the GC-ineffective and the GC-effective groups
Variable Ineffective group (1 = 38) Effective group (n = 142) P
Male/case (%) 21 (55.26) 68 (47.89) 0.532
Age/yr, M (Q1, Q3) 6.00 (4.00, 9.00) 5.00 (3.00, 7.00) 0.528
RMPP/case (%) 22 (57.89) 25(17.61) <0.001
Symptoms and signs
Peak fever temperature/ °C, M (Q1, Q3) 40.00 (39.60, 40.30) 39.60 (39.30, 40.00) <0.001
Productive cough/case (%) 37(97.37) 134 (94.37) 0.687
Wheezing/case (%) 9 (23.68) 31(21.83) 0.981
Crackles/case (%) 37 (97.36) 139 (97.89) 1.000
Diminished breath sounds/case (%) 15 (39.47) 41 (28.87) 0.291
Chest pain/case (%) 4(10.53) 3(2.11) 0.037
Hypoxemia/case (%) 5(13.16) 11 (7.75) 0.336
Extrapulmonary complications/case (%) 3(7.90) 8 (5.63) 0.702
Imaging findings
Pulmonary consolidation/case (%) 26 (68.42) 86 (60.56) 0.485
Atelectasis/case (%) 16 (42.11) 50 (35.21) 0.553
Pleural effusion/case (%) 16 (42.11) 38 (26.76) 0.102
Pleural thickening/case (%) 27 (71.05) 87 (61.27) 0.356
Emphysema/case (%) 1(2.63) 4(2.82) 1.000
Laboratory tests
WBC/10°L™', M (Q1, Q3) 7.54 (5.86, 9.54) 7.88 (5.79, 10.05) 0.582
N/10°L™', M (Q1, Q3) 5.39 (3.97, 6.83) 5.07 (3.57, 6.47) 0.663
L/10° L7, M (Q1, Q3) 1.41 (1.17, 2.03) 1.83 (141, 2.62) 0.016
NLR (M [QL, Q3]) 3.41 (2.25,5.10) 2.37(1.71, 3.92) 0.022
E/10°L', M (Q1, Q3) 0.05 (0.01,0.15) 0.05 (0.02, 0.15) 0.368
HGB/(g/L), M (Q1, Q3) 123.50 (116.75, 132.75) 126.00 (119.25, 133.00) 0.411
PLT/10°L™", M (Ql1, Q3) 244.00 (200.75, 323.75) 260.00 (227.00, 320.50) 0.346
PLT (M [QL, Q3]) 170.48 (124.81, 227.44) 150.16 (95.28, 205.30) 0.081
SII (M [Q1, Q3]) 898.20 (583.64, 1275.47) 636.48 (445.16, 1161.08) 0.109
CRP/(mg/L), M (Q1, Q3) 22.12 (13.77, 54.41) 27.78 (13.23, 52.90) 0.851
ESR/(mm/1 h), M (Q1, Q3) 30.00 (24.00, 40.00) 30.00 (24.25, 36.00) 0.637
PCT/(ng/mL), M (Q1, Q3) 0.18 (0.12, 0.43) 0.14 (0.08, 0.25) 0.017
FER/(ng/mL), M (Q1, Q3) 190.60 (111.30, 293.78) 128.30 (86.86, 173.35) 0.001
IL-6/(pg/mL), M (Q1, Q3) 29.56 (22.39, 46.08) 26.88 (17.66, 39.46) 0.063
LDH/(U/L), M (Q1, Q3) 461.50 (334.75, 559.25) 351.50 (292.25, 417.50) 0.001
ALT/(U/L), M (Q1, Q3) 15.00 (12.00, 21.75) 12.00 (10.00, 16.00) 0.019
AST/(U/L), M (Q1, Q3) 36.50(27.25, 45.00) 31.00 (25.00, 37.00) 0.017
D-dimer/(mg/L), M (Q1, Q3) 1.46 (1.09, 3.20) 1.09 (0.67, 1.38) <0.001
Treatment
Pre-hospital macrolide use/case (%) 21 (55.26) 57 (40.14) 0.137
High-dose methylprednisolone use/case (%) 14 (36.84) 76 (53.52) 0.100
Ventilator use/case (%) 0(0) 3(2.11) 1.000

The abbreviations are explained in the note to Table 1.
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Table 5 Multivariate logistic regression analysis of GC treatment failure in SMPP children

Variables B SE Wald OR (95% CI) P

Intercept —37.979 15.226 6.221 0.013
RMPP 1.825 0.437 17.463 6.200 (2.635-14.589) <0.001
Peak fever temperature 0.908 0.384 5.583 2.479 (1.167-5.264) 0.018

The abbreviations are explained in the note to Tables 1 and 2.
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