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ABSTRACT

Introduction: Mycoplasma pneumoniae necro-
tizing pneumonia (MPNP) is an uncommon but
increasingly recognized severe complication of
pneumonia, and the delayed diagnosis and
treatment are prone to pulmonary sequelae.
The aim of this study is to explore independent
risk factors for MPNP in children with lung
consolidation.
Methods: A retrospective observational study
was conducted on 118 children with MPNP
(MPNP group) and 184 children with lung
consolidation of Mycoplasma pneumoniae pneu-
monia (MPP) (control group) admitted to Chil-
dren’s Hospital Affiliated to Zhengzhou
University from June 2018 to August 2023.
Clinical manifestations and laboratory data
were analyzed and the independent risk factors
for MPNP in children were analyzed by multi-
variate logistic regression.
Results: The age of onset, hospitalization days,
fever days, proportion of dyspnea, chest pain,
complications, and need for fiberoptic bron-
choscopic alveolar lavage (FBAL) were higher

than those in the control group, and the dif-
ference was statistically significant (P\0.05).
The levels of white blood cells (WBC), platelets,
neutrophil percentage (N%), neutrophil-to-
lymphocyte ratio (NLR), C-reactive protein
(CRP), fibrinogen (Fbg), D-dimer (D-D), ery-
throcyte sedimentation rate (ESR), alanine
transaminase (ALT), c-glutamyl transpeptidase
(c-GGT), globulin, lactate dehydrogenase
(LDH), a-hydroxybutyrate dehydrogenase (a-
HBDH), urea, immunoglobulin G (IgG),
immunoglobulin M (IgM), immunoglobulin A
(IgA), complement component 3, antistrep-
tolysin O (ASO), serum ferritin, and interleukin-
6 (IL-6) in the MPNP group were higher than
those in the control group. Red blood cell
(RBC), lymphocyte percentage (L%), activated
partial thromboplastin time (APTT), alkaline
phosphatase (ALP), total protein, albumin,
albumin-to-globulin ratio (AGR), creatine
kinase (CK), uric acid, natrium, chlorine, cal-
cium, and complement C4 in the MPNP group
were lower than those in the control group, and
the difference was statistically significant
(P\0.05). The results of multivariate logistic
regression analysis showed that
age C 83.50 months, fever days C 10.50, ALT
C 15.25 U/l, IgM C 1.46 g/l, complement
C3 C 1.47 g/l, Fbg C 3.93 g/l, dyspnea and
needing FBAL were independent risk factors for
MPNP in children.
Conclusions: Age, fever days, ALT, IgM, com-
plement C3, Fbg, dyspnea, and needing FBAL
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were independent risk factors for MPNP in
children. For children suspected of MPNP,
pediatricians should pay close attention to the
above indicators, strive for early diagnosis and
treatment, and improve prognosis.

Keywords: Mycoplasma pneumoniae
pneumonia; Necrotizing pneumonia; Lung
consolidation; Clinical characteristics; Risk
factors

Key Summary Points

Why carry out this study?

Mycoplasma pneumoniae necrotizing
pneumonia (MPNP) is an uncommon but
increasingly recognized severe
complication of pneumonia, and the
delayed diagnosis and treatment are prone
to pulmonary sequelae. The aim of this
study was to explore independent risk
factors for MPNP in children with lung
consolidation.

What was learned from the study?

Age, fever days, ALT, IgM, complement
C3, Fbg, dyspnea, and needing FBAL were
independent risk factors for MPNP in
children. Furthermore, combining the
above eight indexes could further improve
the test efficiency [AUC (95% CI) = 0.883
(0.841–0.924)].

INTRODUCTION

Mycoplasma pneumoniae (MP) is one of the major
causes of community-acquired pneumonia in
children aged 5 years and older [1]. Mycoplasma
pneumoniae pneumonia (MPP) is generally con-
sidered to be a mild and self-limiting disease but
tends to occur in younger patients, with high
mortality and complication rates [2]. Approxi-
mately 12% of children with MPP progress to
severe Mycoplasma pneumoniae pneumonia
(SMPP) or refractory Mycoplasma pneumoniae

pneumonia (RMPP) [3], which can lead to sev-
ere intrapulmonary lesions such as pleural
effusion, lung consolidation, pulmonary
embolism, and even necrotizing pneumonia
(NP). It can also cause serious extrapulmonary
complications of the circulatory, digestive,
blood, urinary, neurological, musculoskeletal,
cutaneous mucosal, and other systems [1, 4].

NP is usually caused by Streptococcus pneu-
moniae and Staphylococcus aureus [5]. In recent
years, the incidence of Mycoplasma pneumoniae
necrotizing pneumonia (MPNP) has been found
to be on the rise, and MP is expected to become
the main pathogen of NP [6]. Chest imaging of
MPNP shows lung consolidation in the early
stage of the disease, and secondary liquefaction
and necrosis at the later stage in the lung con-
solidation area. NP is an uncommon but
increasingly recognized severe complication of
pneumonia where the delayed diagnosis and
treatment are prone to pulmonary sequelae [5].
The clinical diagnosis of NP is based on the
features shown in chest imaging, but its early
diagnostic value is not high, and the diagnostic
accuracy is affected by lung consolidation and
pleural effusion. The delayed diagnosis of NP
will lead to the extension of fever days and
hospitalization days, which can affect the
treatment and prognosis of children. However,
there are few studies on the risk factors for
MPNP in children. Therefore, it is of great clin-
ical significance to explore independent risk
factors for MPNP in children with lung consol-
idation. The aim of this study was to retro-
spectively analyze the clinical characteristics of
lung consolidation and NP in children with
MPP and to explore the independent risk factors
for MPNP.

METHODS

Study Population

A retrospective observational study was con-
ducted on 118 children with MPNP (MPNP
group) and 184 children with lung consolida-
tion of MPP (control group) admitted to Chil-
dren’s Hospital Affiliated to Zhengzhou
University from June 2018 to August 2023. This
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study was approved by the Ethics Committee of
Children’s Hospital of Henan Province (2023-K-
128). The need for informed consent was
waived given the retrospective nature of the
study, this study was conducted in accordance
with the declaration of Helsinki.

The diagnosis of MPP was in accordance with
the Guidelines for Diagnosis and Treatment of
Mycoplasma pneumoniae Pneumonia in Children
(2023 Edition) [7] to meet the following three
points: (1) with fever, cough, wheezing, dysp-
nea, pulmonary rales and other respiratory
manifestations; (2) chest imaging examinations
were consistent with pneumonia; (3) compli-
ance with C 1 item: � single serum MP anti-
body titer C 1:160 (PA method); in the course of
disease, the titer of double serum MP antibody
increased by four times or more; ` positive MP-
DNA or MP-RNA.

The inclusion criteria of the MPNP group
were: (1) Age\18 years; (2) The patient met the
diagnostic criteria for MPP; (3) The patient met
the diagnostic criteria for NP: patients with
multiple air sacs or thin-walled cavities with
empty air in the area of lung consolidation
indicated chest imaging examination.

The inclusion criteria of the control group
were: (1) Age\18 years; (2) The patient met the
diagnostic criteria for MPP; (3) The patient met
the diagnostic criteria for lung consolidation:
diagnosis of lobar/pulmonary segmental con-
solidation confirmed by chest imaging exami-
nation, with large hyperdense shadow or
infiltrative changes in the lung parenchyma.

Exclusion criteria were: (1) Admission to the
hospital during the MPP recovery period (pa-
tients with a disease course of more than 4
weeks, stable temperature for more than 1 week,
and imaging absorption improvement); (2)
Incomplete medical records.

The study was conducted in accordance with
the Declaration of Helsinki and approved by the
Ethics Committee of Children’s Hospital of
Henan Province (2023-K-128). The need for
informed consent was waived given the retro-
spective nature of the study.

Data Extraction

Clinical data were collected retrospectively from
patients’ medical records. Outcome indicators
were: (1) general data; (2) clinical manifesta-
tions; (3) co-pathogen infection; and (4) labo-
ratory data.

Statistical Analysis

SPSS 27.0 statistical software was used for data
analysis. Quantitative data of normal distribu-
tion are expressed as the mean ± standard
deviation (�v± S), while non-normally dis-
tributed data are expressed as the median (in-
terquartile distance) [M (Q1, Q3)]. Two-sample
t tests or Mann–Whitney U tests were used for
comparisons between groups. The categorical
variable was expressed as the number of cases
(percentage) [n (%)], and the component com-
parison was determined by the Chi-square test.
Multivariate logistic regression analysis was
used to explore the risk factors for MPNP. ROC
curves were used to evaluate the efficacy of the
study indicators in predicting MPNP. P\0.05
was considered statistically significant.

RESULTS

General Data

The age of onset was 84.00 (61.00–96.00)
months in the MPNP group and 66.00
(41.25–84.00) months in the control group, and
the difference was statistically significant
(P\0.05, Table 1). There were no significant
differences in sex or primary disease between
the two groups (P[0.05, Table 1). The male-to-
female ratio of MPP lung consolidation in chil-
dren was 1.19:1. Among 302 MPP children with
lung consolidation, 10.93% (n = 33) had pri-
mary diseases. There were ten cases of rhinitis or
sinusitis, four cases of epilepsy, three cases of
atrial septal defect, and two cases of Down
syndrome. In addition, they may have primary
diseases, including hydronephritis with
ureterolithiasis, gallstones, rickets, anaphylac-
toid purpura, nutcracker syndrome, immune
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vasculitis, fused kidney, hydronephritis with
kidney stones, growth retardation, ventricular
septal defect, pulmonary artery fistula, inferior
vena cava malformation, asthma, hereditary
spherocytosis, and cold agglutination.

Clinical Manifestations

All patients developed a fever. Among them,
291 (96.40%) patients had a cough, and 46
(15.23%) had abdominal discomfort. There
were no significant differences in the propor-
tions of cough and abdominal discomfort

between the two groups (P[0.05, Table 1,
Fig. 1).

The hospitalization days, fever days, dysp-
nea, proportions of chest pain and complica-
tions, and need for FBAL in the MPNP group
were significantly higher than those in the
control group (P\0.05, Table 1, Fig. 1). A total
of 99.34% of MPP patients with lung consoli-
dation underwent fiberoptic bronchoscopy, and
76.16% had FBAL performed.

In addition, there were statistically signifi-
cant differences in complications between the
two groups. The proportions of complications
in the respiratory, digestive, blood, and

Table 1 Comparison of general data, clinical manifestations, and co-pathogen infection distribution

MPNP group (n = 118) Control group (n = 184) P value

Age (months) 84.00 (61.00–96.00) 66.00 (41.25–84.00) < 0.001

Male 65 (55.10%) 99 (53.80%) 0.827

Hospitalization days 15.50 (12.00–20.00) 10.00 (8.00–14.00) < 0.001

Fever days 13.50 (10.00–18.00) 8.00 (6.00–12.00) < 0.001

Cough 115 (97.50%) 176 (95.70%) 0.615

Dyspnea 26 (22.00%) 9 (4.90%) < 0.001

Chest pain 19 (16.10%) 1 (0.50%) < 0.001

Abdominal discomfort 17 (14.40%) 29 (15.80%) 0.749

Primary diseases 12 (10.20%) 21 (11.40%) 0.735

Complication 98 (83.10%) 125 (67.90%) 0.004

Respiratory system 90 (76.30%) 110 (59.80%) 0.003

Circulatory system 21 (17.80%) 26 (14.10%) 0.391

Digestive system 34 (28.80%) 30 (16.30%) 0.009

Blood system 29 (24.60%) 19 (10.30%) 0.001

Nervous system 3 (2.50%) 3 (1.60%) 0.895

Cutaneous mucosal system 14 (11.90%) 1 (0.50%) < 0.001

Needing FBAL 114 (96.60%) 116 (63.00%) < 0.001

Co-pathogen infection 44 (37.30%) 76 (41.30%) 0.486

Bacteria 19 (16.10%) 36 (19.60%) 0.447

Virus 20 (16.90%) 44 (23.90%) 0.148

Fungus 12 (10.20%) 14 (7.60%) 0.439

Bold indicates P\0.05
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cutaneous mucosal systems in the MPNP group
were higher than those in the control group
(P\0.05, Table 1). However, there was no sig-
nificant difference in the proportion of circula-
tory or neurological complications between the
two groups (P[ 0.05, Table 1). Circulatory
complications included pericardial effusion in
32 cases, myocardial damage in 15 cases, coro-
nary dilation in two cases and infective endo-
carditis in one case. Neurological complications
can manifest as nerve damage, encephalitis,
toxic encephalopathy, ventricular dilatation,
and others. Each system complication may have
one or more manifestations. Details of compli-
cations in MPP children with lung consolida-
tion are shown in Fig. 2.

Co-pathogen Infection

All patients were tested for etiology, and there
was no significant difference in co-pathogen
infection between the two groups (P[ 0.05,
Table 1). Among the study subjects, 120
patients (39.74%) were infected with other
pathogens, among which viral co-infection was
the highest, followed by bacterial co-infection,
and fungal co-infection was the lowest. Co-in-
fection with multiple pathogens was not
uncommon. Details of co-pathogen infection in

MPP children with lung consolidation are
shown in Fig. 3.

Laboratory Data

There were no significant differences in pro-
thrombin time (PT), glutamic oxaloacetic
transaminase (AST), creatine kinase isoenzyme
(CK-MB), creatinine, kalium, and procalcitonin
(PCT) between the two groups (P[ 0.05,
Table 2).

WBC, platelet, N%, NLR, CRP, Fbg, D-D, ESR,
ALT, c-GGT, globulin, LDH, a-HBDH, car-
bonyldiamide, IgG, IgM, IgA, complement C3,
ASO, ferroprotein and IL-6 in the MPNP group
were higher than those in the control group.
RBC, L%, APTT, ALP, total protein, albumin,
AGR, CK, uric acid, natrium, chlorinum, cal-
cium, and complement C4 were lower than
those in the control group (P\ 0.05, Table 2).

Logistic Regression Analysis

First, univariate logistic regression analysis was
performed for the above indicators with statis-
tically significant differences between the two
groups, and a total of 35 potential risk factors
for MPNP were screened. Second, multi-
collinearity analysis was carried out. Finally,
multivariate logistic regression analysis showed

Fig. 1 Clinical characteristics
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that age, febrile days, ALT, IgM, complement
C3, Fbg, dyspnea, and needing FBAL were
independent risk factors for MPNP in children
(P\0.05, Table 3).

ROC Curve

ROC curve analysis showed that age, fever days,
ALT, IgM, complement C3, Fbg, dyspnea, and
needing FBAL were all valuable in predicting
MPNP in children. MPP children with
age C 83.50 months, fever days C 10.50, ALT
C 15.25 U/l, IgM C 1.46 g/l, complement
C3 C 1.47 g/l, Fbg C 3.93 g/l, dyspnea, and
need for FBAL were associated with an increased
risk of MPNP. Moreover, the combination of the
above eight indexes could further improve the
test efficiency [AUC (95% CI) = 0.883
(0.841–0.924)] (P\ 0.05, Table 4, Fig. 4).

DISCUSSION

In recent years, MP has gradually become one of
the main pathogens of community-acquired
pneumonia in children, and the incidence of
MPNP has also increased. MP is expected to
surpass Streptococcus pneumoniae and Staphylo-
coccus aureus to become the main pathogen of
NP [8, 9]. MPNP is a serious complication of
MPP and is often accompanied by pulmonary
embolism, empyema, and bronchopleural fis-
tula. NP is mostly self-limited and reversible in
children and has a good prognosis [5]. However,
the delayed diagnosis and treatment of NP is
prone to pulmonary sequelae. Therefore,
actively exploring the risk factors for MPNP,
improving diagnostic efficiency to help pedia-
tricians diagnose and treat MPNP early, and
avoiding serious sequelae have gradually
become the focus of MPP. The purpose of this
study was to retrospectively analyze the clinical
characteristics of MPP lung consolidation in
children, explore independent risk factors for

Fig. 2 a The cases of systemic complications. b Details of respiratory complications. c Details of hematological
complications. d Details of gastrointestinal complications
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MPNP, and establish joint predictors. We hope
to provide a reference for the early diagnosis
and treatment of MPNP.

The pathogenesis of NP may be related to
various host susceptibility and bacterial viru-
lence factors, and virus–bacteria interactions
may also play an important role [10]. Under the
action of inflammatory factors, abnormalities in
the fibrinolysis coagulation system can cause
pulmonary capillaries to be blocked by throm-
bosis and then cause pulmonary parenchymal
ischemia and necrosis [11, 12].

Studies have shown that the combination of
clinical features and laboratory indicators can
effectively predict the occurrence of MPNP
[13, 14]. Therefore, this study comprehensively
considered the above indicators and explored
the risk factors for MPNP. The results showed
that age C 83.50 months, IgM C 1.46 g/l, com-
plement C3 C 1.47 g/l, Fbg C 3.93 g/l, ALT
C 15.25 U/l, fever days C 10.50, dyspnea, and
needing FBAL were independent risk factors for
MPNP in children.

MPP can be seen in all stages of children, but
it is more common in preschool and school-age
children. The immune response of the body is
closely related to the severity of MPP, and older
children have stronger immune responses and
are more prone to MPNP [12]. Kutty [3] and Xia
Wang [6] noted that the median age of MPP
children was 7.0 (4.0–11.0) years and 5.1
(4.0–7.9) years, respectively. Ding Lin [21] fur-
ther found that SMPP was mainly found in
preschool children, and the incidence of SMPP
in infants was significantly lower than that in
other age groups. The population median age of
our study was 72 (50–96) months, which is
roughly consistent with the above studies. The
occurrence of MPP lung consolidation and
MPNP and other severe cases is rare in children
under 3 years old, which may be related to the
imperfection of infant immune function and
the relatively low immune response stimulated
by MP infection. In addition, we also found that
the age of onset in the MPNP group was higher
than that in the control group, suggesting that

Fig. 3 a Co-pathogen infection. b Bacterial infection. c Viral infection. d Fungal infection
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Table 2 Comparison of laboratory variables between the two groups

MPNP group (n = 118) Control group (n = 184) P value

WBC (109/l) 12.01 (9.38–16.10) 8.65 (7.00–12.27) < 0.001

RBC (1012/l) 4.02 (3.60–4.45) 4.30 (3.98–4.61) < 0.001

Platelet (109/l) 377.50 (277.75–455.00) 334.50 (228.00–411.75) 0.028

N% 77.25 (70.85–85.13) 68.30 (57.50–80.65) < 0.001

L% 16.60 (10.83–22.33) 25.35 (15.30–33.88) < 0.001

NLR 4.64 (3.11–7.97) 2.63 (1.72–5.31) < 0.001

CRP (mg/l) 27.17 (8.78–59.39) 10.21 (2.38–34.08) < 0.001

PT (S) 12.30 (11.80–13.00) 12.20 (11.50–13.00) 0.337

APTT (S) 27.90 (23.68–31.40) 29.60 (25.80–33.90) 0.005

Fbg (g/l) 3.99 (3.41–4.49) 3.44 (2.81–3.92) < 0.001

D-D (ug/ml) 2.23 (1.09–4.19) 0.53 (0.38–2.24) < 0.001

ESR (mm/h) 47.50 (29.00–71.00) 40.00 (24.00–54.00) <0.001

ALT (U/l) 21.85 (14.15–48.38) 14.50 (10.50–32.60) < 0.001

AST (U/l) 28.00 (21.20–43.25) 31.00 (24.30–41.00) 0.135

ALP (U/l) 124.30 (96.88–142.70) 141.80 (106.93–171.18) 0.001

c-GGT (U/l) 22.85 (14.50–39.80) 13.05 (10.90–17.23) < 0.001

Total protein (g/l) 62.95 (58.03–66.28) 64.25 (60.18–68.00) 0.019

Albumin (g/l) 34.90 (32.23–37.90) 40.00 (36.00–43.00) < 0.001

Globulin (g/l) 27.25 (23.53–31.15) 24.75 (21.38–27.83) < 0.001

AGR 1.26 (1.07–1.50) 1.59 (1.33–1.95) < 0.001

LDH (U/l) 428.50 (319.25–598.25) 351.00 (297.25–470.23) 0.002

a-HBDH (U/l) 302.00 (231.00–405.00) 252.00 (212.00–312.00) <0.001

CK (U/l) 43.00 (28.00–68.00) 69.00 (43.58–107.00) < 0.001

CK-MB (U/l) 19.00 (14.00–24.25) 18.00 (13.00–22.90) 0.141

Urea (mmol/l) 3.30 (2.60–4.00) 3.00 (2.40–3.80) 0.038

Creatinine (lmol/l) 28.90 (23.75–34.48) 28.75 (23.50–34.48) 0.875

Uric acid (lmol/l) 168.20 (133.08–226.68) 204.55 (161.30–267.93) < 0.001

Kalium (mmol/l) 4.09 (3.69–4.52) 4.12 (3.76–4.37) 0.729

Natrium (mmol/l) 135.85 (134.20–137.73) 136.70 (134.90–139.00) 0.027

Chlorinum (mmol/l) 100.25 (98.28–103.23) 101.90 (99.80–103.80) 0.002

Calcium (mmol/l) 2.26 (2.18–2.43) 2.34 (2.24–2.45) 0.016

IgG (g/l) 9.65 (7.97–11.89) 8.64 (7.18–10.54) 0.002

IgM (g/l) 2.35 (1.35–3.95) 1.17 (0.93–1.81) < 0.001
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the severity of the disease was related to
immune function. The immune system of older
children is relatively mature, and the resistance
is stronger. When MP infects older children, the
immune system is activated, a large number of
inflammatory cells and inflammatory factors are
produced to promote the progression of MPP,
and NP is more likely to occur.

Children with MPP often have cellular and
humoral immune dysfunction, and dynamic
monitoring of serum complement,
immunoglobulin, and inflammatory cytokines
is of great value in assessing the stage and
severity of the disease. Relevant studies have
shown that the levels of IgM and complement
C3 in MPP children are both elevated, which are
related to the severity of the disease [15]. Our
results are consistent with this finding. After MP
infection, B cells are activated to secrete
immunoglobulin, and IgM is the main immune
response in the acute phase [16]. The produc-
tion of MPNP is related to the persistence of
pathogens, immune function, and overactiva-
tion of the complement system. Therefore, IgM
and complement C3 in the MPNP group were
significantly higher than those in the control
group.

Severe pneumonia is often accompanied by
fibrinolytic coagulation system abnormalities
and the release of a large number of inflamma-
tory cytokines. Coagulation disorders are clo-
sely related to the severity of the disease. MPNP
may be caused by an overreaction of immune
inflammation, with abnormal changes in

coagulation indexes (such as D-D and Fbg).
Studies have shown that D-D and Fbg are sig-
nificantly increased in severe pneumonia, and
the combination is beneficial to disease diag-
nosis and prognosis assessment and can be used
as a predictor of severe pneumonia [17, 18]. Wei
Na [19] found that Fbg and D-D in MPP children
were higher than those in healthy children.
Moreover, Beilei Yang [12] found that Fbg in the
MPNP group increased more significantly. The
results of this study are consistent with the
above, and the abnormal increase in Fbg and
D-D is considered to be related to the
enhancement of coagulation function. In a
normal physiological state, the fibrinolysis and
coagulation systems in the body are in dynamic
balance. However, the immune inflammatory
response in MPP children is activated, which
abnormally enhances coagulation function and
thrombosis formation, aggravating the pro-
gression of the disease. In addition, Fbg is also
an acute phase protein synthesized by the liver,
which is mostly associated with nonspecific
inflammatory responses. Chinese clinical stud-
ies have shown that the increase in the Fbg level
is related to the degree of infection, the number
of infectious pathogens, the severity of the dis-
ease, and the prognosis [18].

Children with MPP with elevated ALT, per-
sistent high fever, and dyspnea are at signifi-
cantly increased risk of developing severe and
critical illness [7]. It is necessary to identify early
and avoid lung consolidation and NP. Our
findings are consistent with the above. In

Table 2 continued

MPNP group (n = 118) Control group (n = 184) P value

IgA (g/l) 1.53 (1.15–1.93) 1.20 (0.71–1.63) < 0.001

Complement C3 (g/l) 1.36 (1.16–1.59) 1.29 (1.08–1.52) 0.036

Complement C4 (g/l) 0.29 (0.19–0.38) 0.33 (0.24–0.44) 0.002

ASO (IU/ml) 18.79 (11.36–73.65) 12.41 (8.91–26.42) < 0.001

Serum ferritin (ng/ml) 217.40 (137.30–340.40) 122.40 (73.60–266.75) < 0.001

PCT (ng/ml) 0.15 (0.10–0.32) 0.13 (0.07–0.36) 0.232

IL-6 (pg/ml) 38.46 (12.75–111.10) 15.35 (5.39–29.75) < 0.001

Bold indicates P\0.05
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Table 3 Logistic regression analysis of MPNP in children

Variables Univariate logistic regression Multivariate logistic regression

OR 95% CI p 0R 95% CI p

Age (months) 1.018 (1.009–1.026) \ 0.001 1.015 (1.003–1.026) 0.016

Hospitalization days 1.119 (1.074–1.166) \ 0.001

Fever days 1.205 (1.141–1.273) \ 0.001 1.108 (1.033–1.188) 0.004

WBC (109/l) 1.100 (1.048–1.155) \ 0.001

RBC (1012/l) 0.463 (0.316–0.676) \ 0.001

Platelet (109/l) 1.001 (1.000–1.003) 0.114

N% 1.050 (1.030–1.070) \ 0.001

L% 0.947 (0.926–0.969) \ 0.001

NLR 1.111 (1.048–1.177) \ 0.001

CRP (mg/l) 1.006 (1.001–1.011) 0.016

APTT (S) 0.974 (0.940–1.008) 0.132

Fbg (g/l) 1.854 (1.424–2.415) \ 0.001 1.655 (1.122–2.440) 0.011

D-D (ug/ml) 1.125 (1.032–1.226) 0.016

ESR (mm/h) 1.016 (1.007–1.025) \ 0.001

ALT (U/l) 1.006 (1.001–1.011) 0.016 1.005 (1.001–1.010) 0.016

ALP (U/l) 0.990 (0.984–0.996) 0.016

c-GGT (U/l) 1.020 (1.010–1.031) \ 0.001

Total protein (g/l) 0.951 (0.916–0.988) 0.016

Albumin (g/l) 0.853 (0.810–0.898) \ 0.001

Globulin (g/l) 1.075 (1.030–1.123) 0.016

AGR 0.164 (0.085–0.315) \ 0.001

LDH (U/l) 1.000 (1.000–1.000) 0.960

a-HBDH (U/l) 1.003 (1.001–1.004) 0.016

CK (U/l) 1.000 (0.999–1.000) 0.516

Carbonyldiamide (mmol/l) 1.239 (0.983–1.561) 0.070

Uric acid (lmol/l) 0.995 (0.992–0.998) 0.016

Natrium (mmol/l) 0.938 (0.859–1.025) 0.155

Chlorinum (mmol/l) 0.881 (0.809–0.959) 0.016

Calcium (mmol/l) 0.333 (0.091–1.215) 0.096

IgG (g/l) 1.149 (1.055–1.251) 0.016

IgM (g/l) 1.878 (1.516–2.326) \ 0.001 1.491 (1.153–1.929) 0.002

IgA (g/l) 2.382 (1.630–3.482) \ 0.001
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addition, we found that ALT, fever days, and
dyspnea were independent risk factors for
MPNP. We also found that the combination of
ALT, fever days, dyspnea, age, Fbg, IgM, com-
plement C3, and needing FBAL could further

improve the efficacy of the test and predict
MPNP better in children.

ALT is recognized as a potential risk factor for
severe MPP cases, and there are few studies
related to MPNP in children. Recent studies
have shown that ALT is significantly increased

Table 3 continued

Variables Univariate logistic regression Multivariate logistic regression

OR 95% CI p 0R 95% CI p

Complement C3 (g/l) 2.550 (1.247–5.216) 0.016 6.853 (1.939–24.219) 0.003

Complement C4 (g/l) 0.122 (0.021–0.706) 0.016

ASO (IU/ml) 1.001 (0.999–1.003) 0.464

Ferroprotein (ng/ml) 1.001 (1.000–1.002) 0.130

IL-6 (pg/ml) 1.002 (1.000–1.003) 0.058

Dyspnea 5.495 (2.472–12.217) \ 0.001 3.575 (1.176–10.871) 0.025

Chest pain 35.121 (4.633–266.267) 0.016

Complication 2.126 (1.208–3.741) 0.009

Respiratory system 2.162 (1.290–3.624) 0.016

Digestive system 2.078 (1.189–3.631) 0.016

Blood system 2.830 (1.502–5.331) 0.016

Cutaneous mucosal system 24.635 (3.194–190.021) 0.016

Needing FBAL 16.707 (5.899–47.314) \ 0.001 17.315 (4.344–69.027) \ 0.001

Table 4 Results of the ROC curve

Variable AUC Cut-off value Youden index Sensitivity Specificity 95% CI P

Age (months) 0.656 83.50 0.243 0.542 0.701 (0.594–0.718) 0.000

Fever days 0.770 10.50 0.431 0.746 0.685 (0.715–0.825) 0.000

ALT (U/l) 0.644 15.25 0.273 0.716 0.557 (0.580–0.707) 0.000

IgM (g/l) 0.752 1.46 0.407 0.740 0.667 (0.692–0.812) 0.000

Complement C3 (g/l) 0.577 1.47 0.144 0.423 0.721 (0.507–0.647) 0.036

Fbg (g/l) 0.668 3.93 0.292 0.534 0.758 (0.603–0.733) 0.000

Dyspnea 0.586 – 0.171 0.220 0.951 (0.518–0.653) 0.012

Needing FBAL 0.668 – 0.336 0.966 0.370 (0.608–0.728) 0.000

Joint variable 0.883 – 0.646 0.814 0.832 (0.841–0.924) 0.000
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in MPNP and RMPP and is correlated with the
severity of the disease [20, 21]. Hepatic function
damage is not uncommon in severe MPP cases
and is accompanied by changes in ALT and AST.
Its pathogenesis may be caused by the indirect
immune response of liver tissue to pathogens,
rather than the direct invasion of liver tissue by
MP [22]. Among 302 children, 44 (14.57%) had
liver function impairment and significantly
elevated ALT, and ALT was more significantly
elevated in the MPNP group. In addition, Chen
Yu [23] found that ALT was significantly ele-
vated in children with macrolide-resistant MPP.
Moreover, ALT combined with prolonged heat-
ing time, decreased blood oxygen saturation
and increased LDH had a certain suggestive
effect on RMPP.

In this study, the hospitalization days and
fever days in the MPNP group were significantly
higher than those in the control group and were
closely related (P\0.01). This is consistent with
the results of many domestic and foreign stud-
ies [6, 11, 20]. The increase in hospitalization
days and fever days was considered to be related
to prolonged disease caused by an excessive
inflammatory response and severe lung injury.

We found that the rate of dyspnea in the
MPNP group was significantly higher than that
in the control group (22.00%: 4.90%). Beilei
Yang [12] found that the incidence of dyspnea
in 11 children with MPNP was 45.45%, which
was significantly lower than that of NP infected
by other pathogens. Our different results are
considered to be caused by the difference in
data sample size. Our sample size is larger, with
higher reliability and accuracy.

FBAL has both diagnostic and therapeutic
functions. It has incomparable advantages over
conventional diagnostic techniques and tradi-
tional treatments in the diagnosis and treat-
ment of children with MPP, and its treatment
efficiency is as high as 90% [24]. FBAL can
effectively reduce symptoms, prevent disease
progression, and avoid surgical intervention,
making it an essential diagnostic and treatment
method for children with MPP, SMPP, and
RMPP. We found that needing FBAL can be used
as a good predictor of MPNP in children, and its
sensitivity is as high as 96.60%.

In addition, peripheral blood examination is
an important method for detecting MPP and
can be used to predict the risk of MPP and
SMPP. The WBC, N%, L%, CRP, ESR, and D-D in

Fig. 4 a ROC curve of age, fever days, ALT, IgM, complement C3, Fbg, dyspnea, needing FBAL. b ROC curve of joint
variable
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peripheral blood can all be used as biomarkers
of the immunoinflammatory response and are
correlated with the severity of MPP [7]. Our
research is consistent with that. The results
showed statistically significant differences
between the two groups, which were potential
risk factors for MPNP, suggesting a high proba-
bility of MPNP occurrence.

We also found that the MPNP group had
lower AGR and higher NLR compared to the
control group. Both AGR and NLR are potential
risk factors for MPNP and have important clin-
ical value. AGR and NLR are considered to be
related to the inflammatory state of the body
and have greater clinical predictive value. In
recent years, AGR and NLR have been used in
the diagnosis, treatment, and severity assess-
ment of MPP and have become new biomarkers
for the diagnosis and prediction of MPP [25, 26].
In addition, Zheng [26] noted that the NLR is of
great significance in the differential diagnosis of
MPP and bacterial pneumonia. At present, there
are few relevant studies on AGR and NLR in
MPP lung consolidation and MPNP, and further
studies are needed.

Relevant literature has suggested that pri-
mary disease and co-infection may be potential
risk factors for SMPP [7, 27]. However, in this
study, there was no significant difference in
primary disease and co-infection between the
MPNP and control groups. Considering that the
sample size was relatively small and our study
subjects were all SMPP, there might be selection
bias. In recent years, the number of severe cases
caused by MP combined with bacterial or viral
infection in children has been on the rise
[27, 28]. In this study, the co-infection rate was
as high as 39.74% in all subjects. The clinical
characteristics of pediatric pneumonia caused
by mixed infection with multiple pathogens
may not be typical, which makes it easy to delay
diagnosis. Therefore, the occurrence of NP
should be highly vigilant for MPP children with
co-infection.

There are some limitations to this study.
First, our sample size was relatively small. Sec-
ond, this was a single-center retrospective
study, with possible selection bias.

CONCLUSIONS

In conclusion, age C 83.50 months, fever days
C 10.50, ALT C 15.25 U/l, IgM C 1.46 g/l,
complement C3 C 1.47 g/l, Fbg C 3.93 g/l, dys-
pnea, and needing FBAL were independent risk
factors for MPNP in children. Pediatricians
should combine the above indicators to judge
the condition of MPP children to make an early
diagnosis, effective treatment, and improve
prognosis.
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