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Abstract 

Background: In the past few years, Mycoplasma pneumoniae (Shi et al. Lancet 390:946–958, 2017) infection has been 
reported more in China. However, there are few studies on the clinical characteristics and prognosis of necrotizing 
pneumonia (NP) (Griffiths et al. Nature 583:615–619, 2020) caused by different pathogens.

Methods: A retrospective analysis was performed, including 31 children with a clinical diagnosis of NP in the hospital 
from January 1, 2013 to January 31, 2020. A total of 11 children with MPNP were included in the observation group 
and the other 20 children with other pathogens were included in the control group. The clinical manifestations, labo-
ratory data, imaging findings, treatments and outcomes were analyzed.

Results: The proportion of dyspnea cases was significantly higher in the non-Mycoplasma pneumoniae necrotiz-
ing pneumonia (N-MPNP) group than that in the Mycoplasma pneumoniae necrotizing pneumonia (MPNP) group 
(P = 0.02).The LDH level of all patients in the MPNP group was higher than the normal value, with a median value 
of 805.0 U/L, which was significantly higher than those in the N-MPNP group (414.0 [299.9–540.6] U/L; Z =  − 2.518; 
P = 0.012). The white blood cells (WBCs) count of the N-MPNP group was 17.8 (11.1–21.7) ×  109/L, which was signifi-
cantly higher than that of the MPNP group (10.2 [6.3–14.1] ×  109/L; P < 0.05). The mean time of pulmonary necrosis 
in the MPNP group was 20.9 ± 6.9 days, which was higher than that of the N-MPNP group (16.8 ± 6.1 days; t = 3.101; 
P = 0.004). The incidence of pleural effusion in the N-MPNP group (19 patients, 95%) was significantly higher than that 
in the MPNP group (six patients, 54.55%) (P = 0.013). Among them, two patients received bronchoscopy lavage at a 
maximum four times, and the cases of plastic bronchitis were seen only in the MPNP group (3 cases; P = 0.037).The 
length of stay was 18 (10–22) days in the MPNP group and 23.5 (13.5–47) days in the N-MPNP group and no signifi-
cant difference was observed between the two groups (Z =  − 1.923, P =  − 0.055).
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Introduction
Necrotizing pneumonia  (NP), also named as cavitary 
pneumonia or cavitary necrosis, is a type of a rare and 
serious complication of community-acquired pneumonia 
in children [1–3]. With no clear definition at present, NP 
is mainly diagnosed depending on imaging features of the 
damage of the lung parenchyma structure, liquefaction 
necrosis, and cavity formation, typically accompanied 
by empyema and bronchopleural fistula [4]. Since the 
first report of NP in children in 1994 [5], there have been 
reports about NP in children worldwide [6], and more 
and more cases have been reported, which is closely asso-
ciated with the improvement of clinicians’ understanding 
of NP and the clinical application of computed tomog-
raphy [7, 8]. NP pathogens are diverse. Reports mainly 
focus on Streptococcus pneumoniae and Staphylococcus 
aureus. In the past few years, Mycoplasma pneumoniae 
[1] infection has been reported more in China [9]. How-
ever, there are few studies on the clinical characteristics 
and prognosis of NP caused by different pathogens. This 
study retrospectively analyzed and compared MPNP and 
non-MPNP (N-MPNP) in children. The clinical features 
and prognosis of pneumonia (N-MPNM) can provide a 
powerful basis for clinicians to identify NP early so that 
it can be treated in time and reduce the incidence of 
complications.

Methods
Patients
A retrospective analysis was performed, including 31 
children (19 boys and 12 girls) with a clinical diagnosis 
of NP in the hospital from January 1, 2013 to January 31, 
2020. A total of 11 children with MPNP were included 
in the observation group and the other 20 children were 

included in the control group, including 10 children 
with Streptococcus pneumoniae infection (one with Aci-
netobacter baumannii and filamentous fungi), four with 
Staphylococcus aureus infection (two with methicillin-
resistant Staphylococcus aureus and one with Haemophi-
lus influenzae and fungi), two with Streptococcusviridans 
infection, two with G-bacilli infection, and one with Aci-
netobacter baumannii combined with Pseudomonas aer-
uginosa and H5N6 infection. One patient was infected 
with Sparganum mansoni.

Diagnostic criteria
NP was diagnosed as per the following criteria: (1) the 
patient had been healthy and met the diagnostic criteria 
of community-acquired pneumonia [10]; and (2) mul-
tiple low-density areas, cystic bubbles, and air or liquid 
cavities were observed on chest CT, which fused into 
large cavities, and enhanced chest CT showed reduced 
enhancement area, thin-walled cavity, and no edge 
enhancement [11, 12]. Exclusion criteria included the 
following: (1) children with cavitary pulmonary diseases 
such as pulmonary tuberculosis, pulmonary cyst with 
infection, and pulmonary abscess; (2) children with pre-
vious diseases such as hematological system, cardiovas-
cular system, bronchial asthma, recurrent respiratory 
tract infection, and immune function deficiency; and (3) 
patients with incomplete medical records.

MPNP was diagnosed as per the following criteria: (1) 
The diagnosis and exclusion criteria of NP were met; 
(2) Two of the following diagnostic criteria were met 
at the same time: (a) serum-specific MP-IgM antibody 
was positive (> 1.1 COL); (b) the titer of MP-IgM anti-
body in both convalescent and acute phases increased or 
decreased by four times or more; (c) MP-DNA of naso-
pharyngeal aspiration (NPA) was positive (≥  104 cop-
ies/mL) using polymerase chain reaction fluorescence 
probe method, and (d) MP-DNA in bronchoalveolar lav-
age fluid (BALF) was positive (≥  104 copies/mL); and (3) 
other pathogens were not present.

Conclusions: 
1.MP infection is the most common infection in children with NP in the Suzhou area. There is no gender and age dif-
ference between MPNP and N-MPNP, but the bacterial infection was mainly observed in the N-MPNP group.

2.Children in the N-MPNP group have more severe clinical symptoms, were more prone to shortness of breath, had 
a longer hospital stay, and had earlier imaging manifestations of necrosis, whereas children in the MPNP group were 
more likely to have plastic bronchitis. The level of WBC and LDH and the nature of pleural effusion can be used to 
identify MPNP and N-MPNP to some extent.

3.he prognosis of MPNP was better than that of N-MPNP. There were no death cases. Pleural thickening, pulmonary 
fibrosis, and bronchiectasis were the most common sequelae. Compared with N-MPNP, the recovery time of lung 
imaging in MPNP was shorter.
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N-MPNP was diagnosed according to the following cri-
teria: (1) the diagnosis and exclusion criteria of NP were 
met; and (2) the bacteria were identified through pleural 
puncture fluid culture, blood culture, and BALF culture, 
mainly bacterial NP.

This study has been approved by the Ethics Commit-
tee of Children’s Hospital of Soochow University, and the 
informed consent from parents has been exempted.

Data collection
We retrospectively reviewed the medical patients. 
According to the inclusion and exclusion criteria, chil-
dren with NP were divided into MPNP and N-MPNP 
groups. The general information, clinical manifestations, 
laboratory examination, etiological results, imaging find-
ings, bronchoscopy, and lavage, closed thoracic drainage, 
drug treatment, and prognosis of the two groups were 
analyzed and compared. Laboratory tests included the 
following: blood routine examination, high-sensitivity 
C-reactive protein (CRP), lactate dehydrogenase [13], 
erythrocyte sedimentation rate (ESR), fibrinogen (FIB), 
D dimer (DD), procalcitonin (PCT), biochemical com-
plete set, lymphocyte subsets, blood culture, pleural 
puncture fluid culture, and high-throughput sequencing 
(next-generation sequencing). At the same time, the MP-
DNA load of NPA and BALF, human rhinovirus, human 
metapneumovirus, human bocavirus, seven common 
respiratory viruses (respiratory syncytial virus, influ-
enza A virus, influenza B virus, adenovirus, parainflu-
enza virus-1–3), and bacterial culture of NPA and BALF 
were also improved. Part of  blood and BALF samples 
were collected  and sent to Dinfectome Technology Co., 
Ltd. (Nanjing, China) for high-throughput sequencing 
of pathogenic bacteria.

Statistical analysis
The statistical analyses were performed using SPSS soft-
ware (IBM, version 21.0). Normally distributed data were 

reported as means ± standard deviations (SDs), and the 
two groups were compared using a two-sample t-test or 
the Mann–Whitney U test. Data with a skewed distri-
bution were presented as median values (interquartile 
ranges: Q25–Q75), and the rank-sum test was used for 
the two groups. The statistical significance of the differ-
ences in the categorical variables was determined using 
the Chi-squared test and Fisher’s exact test. The statisti-
cal significance was determined at the two-tailed 0.05 
level.

Results
Study population (Table 1)
All 31 patients were healthy and had no underlying 
diseases. According to the above diagnostic criteria, 
11 patients were categorized into the MPNP group, 
including five boys and six girls, and 20 patients into 
the N-MPNP group, including 6 boys and 14 girls. 
No significant difference was observed in gender 
composition between the two groups. Regarding age 
characteristics, the median age of patients in the MPNP 
and N-MPNP groups was 5 and 3.5 years (P > 0.05). 
Moreover, patients were divided into young (0–3 years 
old), medium (3–6 years old), and old (6–14 years old) 
groups depending on their age. No significant difference 
was observed in the age groups and seasonal distribution.

Clinical manifestations (Table 2)

1. Symptoms: all children had a fever. The total num-
ber of fever days in the MPNP group was 13 (10–15) 
days, and that in the N-MPNP group was 11.5 (7.3–
30) days (P > 0.05). Other symptoms such as cough, 
chest pain, wheezing, dyspnea, feeding difficulties, 
and gastrointestinal symptoms were not statistically 
significant.

2. Signs: two and 14 patients had shortness of breath in 
the MPNP and N-MPNP groups, respectively. The 

Table 1 Comparison of gender, age, and seasonal distribution between the two groups

Data are presented as means ± SDs or medians (Q25, Q75)
a  Fisher’s exact test

Clinical index MPNP group (n = 11) MPNP group (n = 20) Z/χ2 P value

Female (n, %) 6,54.55% 14,70.00% – 0.255a

Age (years) 5.0 (2.0–7.0) 3.5 (1.5–9.7) −0.248 0.804

0–3 years 4 (36.36%) 10 (50%) 3.147 0.207

3–6 years 3 (27.27%) 1 (5%)

6–14 years 4 (36.36%) 9 (45%)

Spring 1 (9.09%) 4 (20%) 2.898 0.408

Summer 1 (9.09%) 5 (25%)

Autumn 3 (27.27%) 2 (10%)

Winter 6 (54.55%) 9 (45%)
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proportion of dyspnea cases was significantly higher 
in the N-MPNP group than that in the MPNP group 
(P = 0.02). Moreover, the proportion of cyanosis 
cases in the two groups (27.27% and 30%) was not 
statistically significant (P = 1). A total of 16 patients 
with NP had decreased breath sounds, including six 
and 10 cases in the MPNP and N-MPNP groups, 
respectively. In addition, there were 13 cases of pul-
monary moist rales, including five in the MPNP 
group and eight in the N-MPNP group. No signifi-
cant difference was observed in the incidence of res-
piratory sounds and pulmonary rales between the 
two groups (P = 0.555).

3. Extrapulmonary complications: all NP children with 
extrapulmonary manifestations mainly involve the 
digestive system (abnormal liver function and hepat-
osplenomegaly), cardiovascular system (myocar-
dial damage and pericardial effusion), blood system 
(hemolytic anemia and thrombocytopenia), nerv-
ous system (central nervous system infection, etc.), 
and rash and joint muscle diseases, mostly involving 
one system. In the N-MPNP group, three patients 
(15%) involved two systems and one (5%) involved 
three or more systems, whereas in the MPNP group, 
no patient involved two systems, but three patients 

(27.27%) involved three or more systems. No sig-
nificant difference was observed in the incidence 
of extrapulmonary complications between the two 
groups. However, in the N-MPNP group, one patient 
with skin damage was diagnosed with Stevens-John-
son syndrome, and one involving the nervous system 
was diagnosed with encephalitis, all of which had 
serious extrapulmonary complications.

Laboratory examination results
As shown in Tables 3 and 4, the LDH level of all patients 
in the MPNP group was higher than the normal value, 
with a median value of 805.0 U/L, which was signifi-
cantly higher than those in the N-MPNP group (414.0 
[299.9–540.6] U/L; Z =  − 2.518; P = 0.012). The white 
blood cells (WBCs) count of the N-MPNP group was 
17.8 (11.1–21.7) ×  109/L, which was significantly higher 
than that of the MPNP group (10.2 [6.3–14.1] ×  109/L; 
P < 0.05). In addition, the median values of N%, CRP, 
PCT, FIB, DD, and ESR in the two groups were signifi-
cantly higher than the normal values, particularly the DD 
value increased significantly; however, no statistical dif-
ference was observed between the two groups (P > 0.05). 
In addition, no statistical difference was observed in ALT, 

Table 2 Clinical information of the two groups

a Z = − 1.923, bZ = − 0.166

Clinical information MPNP group (n = 11) N-MPNP group (n = 20) P value

Hospitalization days 18.0 (10.0–22.0) 23.5 (13.5–47.0) 0.055a

Fever duration 13.0 (10.0–15.0) 11.5 (7.3–30.0) 0.868b

Clinical presentation (n,%)

 Chest pain 4 (36.36%) 9 (45%) 0.718

 Dyspnea 5 (45.45%) 14 (70%) 0.255

 Wheezing 2 (18.18%) 6(30%) 0.676

 Digestive symptoms 6 (54.55%) 8(40%) 0.477

 Feeding difficulty 5 (45.45%) 9 (45%) 1

Signs

 Shortness of breath 2 (10%) 14 (70%) 0.02

 Cyanosis 3 (27.27%) 6(30%) 1

 Lowered breath sound 6 (54.55%) 10 (50%) 0.555

 Moist rales 5 (45.45%) 8 (40%)

 Dry rales 0 2 (10%)

Extrapulmonary complications (n,%)

 Digestive system 4 (36.36%) 6 (30%) 1

 Cardiovascular system 3 (27.27%) 3 (15%) 0.638

 Nervous system 0 1 (5%) 1

 Blood system 1 (9.09%) 1 (5%) 1

 Rash and joint muscle system 2 (18.18%) 1 (5%) 0.281

 Two systems 0 3 (15%) 0.535

 Three systems and more 3 (27.27%) 1 (5%) 0.115
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AST, IgA, IgG, IgM, and lymphocyte subsets between the 
two groups (P > 0.05).

Imaging features
All 31 patients showed a large-area lung consolidation 
in the early stage of chest imaging, and NP was found 
in chest CT in the later review (Figs. 1, 2). The mean of 
pulmonary necrosis time (from the onset of the disease 
to pulmonary necrosis diagnosed by chest CT.) was 
18.8 ± 6.3 days of the course of disease in all the enrolled children. The mean of pulmonary necrosis time in the 

Table 3 Comparisons of laboratory data

Laboratory data MPNP M (Q25–Q75) N-MPNP M (Q25–Q75) Z P-value

WBC (×  109/L) 10.2 (6.3–14.1) 17.8 (11.1–21.7) − 2.023 0.043

N% 74.6 (50.8–85.8) 74.4 (65.9–80.7) − 0.413 0.680

CRP (mg/L) 53.3 (17.4–119.3) 34.8 (13.1–95.2) − 0.661 0.509

ALT (U/L) 19.1 (9.3–475.6) 18.2 (11.4–63.2) 0.454 0.650

AST (U/L) 47.9 (24.4–237.0) 31.9 (19.4–125.7) − 1.239 0.215

LDH (U/L) 805.0 (423.7–1029.5) 414.0 (299.9–540.6) − 2.518 0.012

Fib (g/L) 4.8 (3.3–5.0) 5.2 (3.7–5.5) − 1.904 0.274

DD (ug/L) 1740.0 (1165.0–2510.0) 1771.0 (1085.0–3687.5) − 0.413 0.680

PCT (ng/mL) 0.5 (0.5–3.0) 1.5 (0.4–5.2) − 0.745 0.456

ESR (mm/h) 65.0 (20.0–76.0) 52.5 (22.0–78.8) − 0.062 0.951

IgA (g/L) 1.3 (0.7–1.6) 1.0 (0.5–1.5) − 0.558 0.577

IgG (g/L) 9.6 (7.0–10.3) 8.1 (5.8–11.8) − 0.206 0.836

IgM (g/L) 1.4 (1.0–1.7) 1.0 (0.8–1.6) − 1.115 0.265

CD3+ 57.8 (51.5–67.7) 61.1 (48.4–71.8) − 0.495 0.621

CD3+ CD4+ 24.9 (20.1–33.4) 28.3 (24.8–38.5) − 1.156 0.248

CD3+ CD8+ 23.5 (20.8–29.2) 25.0 (19.5–30.2) 0 1

CD4/CD8 1.3 (0.9–1.5) 1.2 (0.9–1.5) − 0.083 0.934

CD3-CD19+ 26.2 (20.5–37.5) 25.2 (14.0–32.7) − 0.661 0.509

CD3-CD (16+ 56)+ 10.1 (6.7–19.9) 8.3 (4.9–13.5) − 1.074 0.283

CD19+ CD23+ 9.1 (6.2–13.0) 9.2 (4.8–14.1) − 0.041 0.967

Table 4 Comparisons of population with abnormal laboratory 
data

Laboratory data MPNP (n = 11) N-MPNP (n = 20) P value

WBC > 10 ×  109/L 6 (54.55%) 17 (85%) 0.153

N% > 75% 4 (36.36%) 9 (45%) 0.718

ALT > 50U/L 4 (36.36%) 6 (30%) 1

AST > 67U/L 5 (45.45%) 7 (35%) 0.705

LDH > 380U/L 11 (100%) 10 (50%) 0.005

Fib > 4 g/L 7 (63.64%) 15 (75%) 0.683

DD > 550ug/L 10 (90.91%) 19 (95%) 1

PCT > 0.5 ng/mL 8 (72.73%) 14 (70%) 1

ESR > 20 mm/h 9 (81.82%) 15 (75%) 1

Fig. 1 Imaging findings of a 7-year-old male with Streptococcus 
pneumoniae necrotizing pneumonia: A and B. The disease course was 
seven days, high-density strip shadow was seen in the right lower 
lung field, left upper lung field, and left lung postcardiac area, and 
right diaphragmatic surface and costophrenic angle were blurred. C 
and D. The disease course was 40 days, patchy high-density shadow 
was seen in the right lower lobe, and multiple gas–liquid levels could 
be seen inside



Page 6 of 11Yang et al. BMC Infect Dis          (2021) 21:797 

MPNP group was 20.9 ± 6.9  days, which was later than 
that of the N-MPNP group (16.8 ± 6.1  days; t = 3.101; 
P = 0.004). In addition, the incidence of pleural effusion 
in the N-MPNP group (19 patients, 95%) was signifi-
cantly higher than that in the MPNP group (six patients, 
54.55%) (P = 0.013). According to the early imaging find-
ings, no significant difference was observed in the loca-
tion of lung parenchymal infiltration and the proportion 
of empyema, pneumothorax, or atelectasis between the 
two groups. Only one patient developed a bronchop-
leural fistula in the N-MPNP group (Table 5).

Treatment, outcome, and follow-up
Treatment methods: all the children were treated with 
antibiotics (including one or more of β-lactam antibiot-
ics, macrolides, vancomycin, meropenem, or linezolid; 

one case of Sparganum mansoni was treated with prazi-
quantel), and the children with fungal infection were 
treated with caspofungin at the same time. No significant 
difference was observed in the duration of use of antibi-
otics between the two groups (some children’s medica-
tion details before hospitalization were unknown). At 
the same time, most of the children were given different 
doses of glucocorticoids depending on their condition 
(methylprednisolone 1–2  mg/kg, intravenous injection, 
once every 12  h, gradually reduced to oral prednisone 
sequential treatment, maintained for 5–14  days; some 
children’s medication details before hospitalization were 
unknown). A total of 13 children with NP were treated 
by an intravenous injection of human immunoglobulin 
(400 mg/kg/d for 3–5 days).

In addition, they were treated by oxygen inhalation, 
thoracentesis, closed thoracic drainage, invasive res-
piratory support, extracorporeal membrane oxygenation 
(ECMO), or bronchoalveolar lavage (BAL). The propor-
tion of oxygen inhalation and mechanical ventilation 
of the N-MPNP group was 55% and 25%, respectively, 
however, perhaps because the sample size is too small, 
there was no significant difference with MPNP group 
(18.18% and 0, respectively). Two patients were treated 
with ECMO, one in each group; no statistical significance 
was observed in the two groups. Moreover, nine patients 
underwent closed thoracic drainage, three (27.27%) in 
MPNP, and six (30%) in N-MPNP groups; the proportion 
was similar (P > 0.05). A total of 25 patients among all NP 
patients were treated by bronchoscopy and BAL because 
of the poor absorption of lung consolidation by conven-
tional drug therapy. The proportion of BAL was similar 
between the two groups. However, the proportion of 
patients receiving multiple (two times or more) BAL was 
higher in the MPNP group (54.55%) than in the N-MPNP 
group (30%). Among them, two patients received bron-
choscopy lavage at a maximum four times, and the cases 
of plastic bronchitis were seen only in the MPNP group 
(three cases; P = 0.037). In all patients with NP, only one 
had pleural fiberboard peeling because of pleural adhe-
sion and pleural collapse (Table 6).

Outcome
Among all the enrolled children, two were discharged 
(died) after their families gave up the treatment, and these 
two patients had Acinetobacter baumannii infection, 
one of them had H5N6 infection and been treated with 
ECMO, and the other one had Streptococcus pneumoniae 
combined with Acinetobacter baumannii and filamen-
tous eubacteria infection, accompanied by encephalitis 
complications. The remaining children had a fever and 
were discharged after their clinical symptoms improved. 
The length of stay was 18 (10–22) days in the MPNP 

Fig. 2 Bronchoscopic manifestations of Mycoplasma pneumoniae 
necrotizing pneumonia in a 7-year-old female (A congestion and 
edema of bronchial mucosa; B plastic sputum plug blockage in the 
lumen; C ulcerative erosion surface in the left lower basal branch; D 
plastic sputum embolus clamped out)

Table 5 Comparison of chest imaging

a Necrosis time (d) was in accordance with normal distribution, t = 3.101, 
P = 0.004

Chest imaging MPNP (n = 11) N-MPNP (n = 20) P value

Bilateral lobar lesions 4 (36.36%) 4 (20%) 0.518

Right lobe lesion 3 (27.27%) 9 (45%)

Left lobe lesion 4 (36.36%) 7 (35%)

Pleural effusion 6 (54.55%) 19 (95%) 0.013

Empyema 0 2 (10%) 0.527

Pneumothorax 1(9.09%) 7 (35%) 0.203

Bronchopleural fistula 0 1 (5%) 1

Atelectasis 2 (18.18%) 1 (5%) 0.281

Necrosis time (d)a 20.9 ± 6.9 16.8 ± 6.1 0.004



Page 7 of 11Yang et al. BMC Infect Dis          (2021) 21:797  

group and 23.5 (13.5–47) days in the N-MPNP group and 
no significant difference was observed between the two 
groups (Z =  − 1.923, P =  − 0.055).

Follow‑up (Figs. 3, 4)
Among the 31 patients with NP, two died, 12 (41.38%) 
were lost to follow-up, and 17 (58.62%) were followed up 
for a long time. There were nine patients in the MPNP 
group and eight in the N-MPNP group. The details were 
shown in Fig. 3. The results showed that most of the chil-
dren with NP recovered to normal within half a year after 
discharge. Figure  4 showed a typical case in N-MPNP 
group recovered well within half a year. The main seque-
lae were pleural thickening, pulmonary fibrosis, and 
bronchiectasis. However, no significant difference was 
observed between the two groups regarding imaging 
recovery time and the incidence of sequelae. In addition, 
pneumonectomy was not performed in any child with 
NP.

Discussion
The pathological changes in NP include inflammatory 
infiltration of lung tissue, liquefaction and necrosis of 
lung parenchyma, and formation of multiple cavities after 
necrotic tissue clearance [14]. In this study, lung abscess 

was also included in the NP group for retrospective anal-
ysis. In NP, chest CT showed that there were multiple 
thin-walled cavities or vesicles in the lung consolidation 
area, which could fuse into a large cavity, some accom-
panied with liquid level and gas surface. Chest-enhanced 
CT showed no enhancement at the edge of the cavity, 
whereas the lung abscess was observed as a single thick 
wall cavity [12].

At present, the causes and mechanisms of NP are 
mainly believed to be related to the following two factors: 
(1) it may be related to various host susceptibility and 
bacterial virulence factors, and the virus bacteria inter-
action may also play a role. Some scholars believe that 
most children with NP have been healthy, which may be 
an independent risk factor for pulmonary necrosis [15]. 
(2) Pulmonary capillaries in the necrotic area are blocked 
by thrombus, which can cause pulmonary parenchymal 
ischemia and necrosis under the action of inflammatory 
factors [16].

In recent years, there are several studies on NP in 
children [16–18]; however, there are few reports on NP 
caused by different pathogens. Streptococcus pneumo-
niae and Staphylococcus aureus are the most common 
pathogens that cause NP in children, and MPNP has 
been reported mostly in China in the last few years, it 

Table 6 Comparison of adjuvant therapy

Adjuvant therapy MPNP (n = 11) N-MPNP (n = 20) P value

Bronchoscopy 9 (81.82%) 16 (80%) 1

2 or more times bron-
choscopy

6 (54.55%) 6 (30%) 0.255

Phlegm suppository 2 (18.18%) 4 (20%) 1

Plastic bronchitis 3 (27.27%) 0 0.037

Oxygen inhalation 2 (18.18%) 11 (55%) 0.066

Mechanical ventilation 0 3 (25%) 0.535

ECMO 1 (9.09%) 1 (5%) 1

Closed thoracic drainage 3 (27.27%) 6 (30%) 1

0
0.5
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2.5
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3.5
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4.5

MPNP N_MPNP(n)

Fig. 3 Comparison of imaging recovery time and sequelae

Fig. 4 An 8-year-old boy with “intermittent fever for more than one 
week with chest pain” was admitted. A On the eighth day of the 
disease course, multiple flake and flocculent high-density shadows 
were seen in the right lung, and the density in the lesions in the lower 
lobe of the right lung was decreased, and multiple bubble shadows 
were observed. B On the 17th day of the disease course, the flake 
and flocculent high-density shadows in the right lung were absorbed 
compared with the former part, and the density in the lesions in the 
lower lobe of the right lung was decreased, and multiple bubble 
shadows were observed. C On the 51th day of the disease, the flake 
and flocculent high-density shadows of the original right lung were 
clearer than the former part. D The course of disease was six months. 
The high-density shadow in the lower lobe of the right lung was 
observed
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may be associated with the increasing number of refrac-
tory Mycoplasma Pneumoniae pneumonia and severe 
Mycoplasma pneumoniae pneumonia cases, decreasing 
number of severe cases of polyvalent pneumonia vac-
cination, and the low positive rate of bacterial culture 
caused by extensive use of antibiotics in the early stage 
of pneumonia. In this study, 10 cases of N-MPNP were 
most commonly caused by Streptococcus pneumo-
niae pneumonia, followed by Staphylococcus aureus 
pneumonia (four cases), including methicillin-resistant 
Staphylococcus aureus (two cases) and Acinetobacter 
baumannii infection (2 cases). In the past, Staphylococ-
cus aureus was considered the typical pathogen of NP. In 
the past few years, the reports of Streptococcus pneumo-
niae increased. This study is typically consistent with the 
reports. Streptococcus pneumoniae is a type of bacteria 
normally colonized in the human nasopharynx. When 
the immunity is reduced, Streptococcus pneumoniae 
causes respiratory tract infection. It is the main pathogen 
that causes lobar pneumonia. Hsieh YC and other stud-
ies have found that the age of more than three years was 
associated with pulmonary necrosis of Streptococcus 
pneumoniae pneumonia; however, it is not a confirmed 
risk factor for NP [15]. In this study, because of the small 
sample size, NP bacterial pathogen groups and age were 
not compared. Moreover, two children who gave up treat-
ment died of Acinetobacter baumannii infection, which 
did not exclude the possibility of infection during inva-
sive ventilator treatment in the hospital. However, one 
of them was infected with H5N9, which did not exclude 
the death due to respiratory failure caused by the viru-
lence of the virus; the other patient died of Acinetobacter 
baumannii combined with Streptococcus pneumoniae 
and filamentous fungi infection. Considering the pos-
sibility of multiple pathogen infections, it is more lethal; 
however, further prospective studies are needed to con-
firm this. In addition, the age of children in the MPNP 
group was significantly older than those in the N-MPNP 
group, which may be associated with the strong systemic 
immune response of MP infection in older children.

In terms of clinical characteristics, this retrospective 
study found that all children with NP had a fever, cough 
of different degrees, poor spirit, and other manifesta-
tions, and the duration of fever lasted for more than 
10 days in them; however, no statistical difference was 
observed between the two groups, and no report exists 
on the difference of fever time. Moreover, the propor-
tion of patients with dyspnea and the need for oxy-
gen therapy were significantly higher in the N-MPNP 
group than that in the MPNP group (P < 0.05). It may 
be because of the release of inflammatory factors after 
bacteria mainly infect the lung parenchyma, result-
ing in inflammatory infiltration and exudation in the 

alveolar cavity; thus, reducing alveolar ventilation func-
tion [19]. In terms of extrapulmonary complications, 
severe Steven-Johnson syndrome and central nervous 
system infection occurred in the N-MPNP group. How-
ever, the sample size was extremely small in this study 
to prove that the extrapulmonary manifestations of the 
N-MPNP group were severe compared with those of 
the MPNP group; thus, a prospective study, including 
large sample size, is needed.

In terms of laboratory examination, LDH levels in 
the MPNP and N-MPNP groups increased to varying 
degrees; however, the median LDH level in the MPNP 
group (805.0 [423.7–1029.5] U/L) was significantly higher 
than that in the N-MPNP group (414.0 [299.9–540.6] 
U/L). LDH mainly consists of five isozymes. LDH1 and 
LDH2 are commonly found in the human heart, kidney, 
and red blood cells, and LDH3 levels are higher in the 
lungs [20]. Studies have shown that the body produces 
excessive immune inflammatory response after MP infec-
tion and the release of inflammatory factors causes tissue 
cell damage; thus, the serum LDH level of patients is sig-
nificantly increased [21]. Therefore, the serum LDH level 
in children with NP caused by MP infection was higher 
than N-MPNP, because of the stronger immune inflam-
matory response induced by MP infection. In addition, 
the results showed that the levels of FIB and DD were sig-
nificantly increased. DD > 1367  ng/mL (OR = 8.501) is a 
risk factor for NP [16]; however, DD between MPNP and 
N-MPNP groups was not statistically significant, and no 
case of pulmonary embolism was observed in this study. 
In addition, the WBC count was significantly higher 
in the N-MPNP group than that in the MPNP group. 
Considering that N-MPNP was mainly caused by bacte-
rial infections, the WBC count was primarily increased. 
Among inflammatory indexes such as N%, CRP, PCT, and 
ESR, different degrees of increase were noted, but no sig-
nificant difference was observed between the two groups. 
Some studies reported that WBC, N%, CRP, and PCT of 
children with bacterial NP were significantly higher than 
that of children with MPNP [22]. However, no signifi-
cant statistical difference was found in this retrospective 
study, except for WBC, which may be associated with the 
long-time use of antibiotics before admission, small sam-
ple size, and longer duration of sample collection.

The imaging manifestations of children with NP were 
generally serious; most of them were complicated with 
pleural effusion, atelectasis, and pleural thickening. The 
incidence of pleural effusion in the N-MPNP group was 
95%, which was higher than that in the MPNP group 
(54.55%). A statistical significance was observed between 
the two groups. The incidence of pleural effusion sepa-
ration was higher in the N-MPNP group than that in 
the MPNP group, which may be associated with the 
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activation of coagulation promoting mechanism by the 
bacterial cell wall.

In this study, the mean time of pulmonary necrosis was 
18.8 ± 6.3 days of the disease course, and the mean time 
of pulmonary necrosis in the MPNP group was longer 
than that in the N-MPNP group, which may be associated 
with the older age of children with MPNP, the ignorance 
of clinicians on NP occurrence, and the delay of lung CT 
examination. Therefore, in clinical practice, for children 
with persistent fever, significantly increased WBC, CRP, 
PCT, LDH and other inflammatory indicators, as well as 
chest X-ray with large high-density shadow and pleural 
effusion, it is necessary to be alert to the occurrence of 
NP and conduct chest CT examination in time.

Treatment
because of the long duration of fever, high fever peak, 
and severe illness, all the children in the study were 
treated with antibacterial drugs (one or more of β-lactam 
antibiotics, macrolides, meropenem, vancomycin, or lin-
ezolid; one patient infected with Sparganum mansoni 
was treated with praziquantel), and the children with 
fungal infection were given carbamazepine, received 
longer course of treatment. In this study, children with 
MPNP were not treated with quinolones or tetracy-
clines, because in China, the use of such drugs in chil-
dren is strictly limited for their serious side effects. Also, 
we didn’t test for resistance gene mutation in the sam-
ples which maybe a risk factor of MPNP theoretically. 
But, in another study published online recently [23], 
the incidence of macrolides resistance was 95.8%, so we 
considered whether macrolides resistance is the cause 
of refractory Mycoplasma pneumonia, so we did further 
research, but the results were unexpected. We compared 
children with pneumonia caused by macrolides-resistant 
Mycoplasma pneumoniae with those caused by sensitive 
Mycoplasma pneumoniae, and there was no significant 
abnormality in the imaging examination of lung between 
the two, and macrolide-resistance may have no relation-
ship with the development of RMPP. The disadvantage is 
that the blood concentration of macrolide antibiotics was 
not measured in that study. And there were few articles 
on the relationship between Mycoplasma pneumoniae 
resistance and necrotizing Mycoplasma pneumoniae 
pneumonia too. In the future, further research needs to 
be carried out in this area. As inflammatory indexes such 
as WBC, CRP, LDH, and DD increased and pleural effu-
sion was formed, and there may be excessive immune 
inflammatory reaction mediated by cytokines, most 
children were given different doses of glucocorticoids at 
the same time. If an appropriate dose of hormone ther-
apy is given on the basis of anti-infection, it can inhibit 
the progress of NP or shorten the course of the disease; 

however, a large sample randomized controlled study is 
still needed to further verify this.

Intravenous immunoglobulin (IVIG) was given to 13 
children with NP. IVIG can neutralize the toxin, reduce 
the damage to the lung parenchyma, and inhibit the sys-
temic inflammatory response. There is no consensus on 
the application of glucocorticoid and IVIG in NP. In addi-
tion to drug therapy, the clinical application of bronchofi-
broscopic lavage is highly increased. When children’s 
airway is blocked by sputum, pulmonary consolidation 
compresses pulmonary vessels and reduces blood flow; 
thus, not allowing antibiotics to reach the peak value 
in the blood, which is required by the pathological site. 
Alveolar lavage can significantly reduce the number of 
bacteria and the content of virulence factors; improve 
the bronchial ventilation function by clearing secretions, 
and promote the dissolution, absorption, and dissipation 
of lung consolidation. This study also found that the pro-
portion of children who received BAL two or more times 
in the MPNP group was significantly higher than those in 
the N-MPNP group, which may be associated with MP 
infection, causing atelectasis and requiring bronchos-
copy lavage treatment. With the development of fiber-
optic bronchoscopy and lavage treatment technology, 
the operation probability of children with NP was greatly 
reduced. In this study, only one patient with pleural 
adhesion thickening and chest collapse underwent pleu-
ral fiberboard peeling. In addition, pleural effusion often 
leads to high fever, shortness of breath, and prolonged 
course of the disease. To relieve pleural effusion, three 
children underwent thoracentesis, and nine underwent 
closed drainage.

Although the onset of children with NP is acute and 
serious, and the course of the disease is prolonged, com-
pared with NP in adults, most children with NP recover 
well [3, 6]. All the patients in this study, except for two 
(both in the N-MPNP group) whose family members 
gave up treatment, which lead to their death, the rest 
29 patients were improved and discharged, and no one 
underwent pneumonectomy. In the follow-up of 17 
children, most of them recovered within half a year. In 
addition, seven patients had sequelae, four had pleural 
thickening, three had bronchiectasis, five had pulmonary 
fibrosis, and several cases had the above-mentioned two 
or more sequelae, which were consistent with previous 
reports [24]. Because of the small number of samples in 
this study and a few follow-up cases, the difference in the 
proportion of sequelae between the two groups was not 
evident; therefore, further research is needed.

This study may have the following limitations: (1) this 
study was a retrospective study, and there may be some 
bias in case selection; (2) the sample size was small, and 
the duration of collecting samples was longer, which 
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may have affected the statistical results; and (3) the use 
of antibiotics, glucocorticoids, and other drugs before 
admission and the time of chest imaging to find necro-
sis may have affected the statistical results. Therefore, it 
is necessary to accumulate more clinical data and further 
conduct prospective, large-scale, multicenter studies in 
clinical practice.

Conclusion

1. MP infection is the most common infection in chil-
dren with NP in the Suzhou area. There is no gender 
and age difference between MPNP and N-MPNP, but 
the bacterial infection was mainly observed in the 
N-MPNP group.

2. Children in the N-MPNP group have more severe 
clinical symptoms, were more prone to shortness 
of breath, had a longer hospital stay, and had earlier 
imaging manifestations of necrosis, whereas chil-
dren in the MPNP group were more likely to have 
plastic bronchitis. The level of WBC and LDH and 
the nature of pleural effusion can be used to identify 
MPNP and N-MPNP to some extent.

3. The prognosis of MPNP was better than that of 
N-MPNP. There were no death cases. Pleural thicken-
ing, pulmonary fibrosis, and bronchiectasis were the 
most common sequelae. Compared with N-MPNP, 
the recovery time of lung imaging in MPNP was 
shorter.
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