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Objective: To explore the clinical characteristics of necrotizing pneumonia (NP) caused by different pathogens.

Methods: A total of 282 children with NP admitted to Kunming Children’s Hospital from January 2014 to November 2022 were
enrolled. The clinical data of all children was collected. According to the different pathogens causing NP, the children were divided
into three groups: the Mycoplasma pneumoniae necrotizing pneumonia (MPNP) group, the bacterial necrotizing pneumonia (BNP)
group, and necrotizing pneumonia with no pathogen detected (NNP) group. The basic information, symptoms, signs, laboratory tests,
radiological features, treatment, and prognosis of the three groups were compared.

Results: Among the 282 cases of NP, there were 62 (22.0%) cases of MPNP, 98 (34.75%) cases of BNP, and 142 (50.35%) cases of
NNP. The most common bacteria causing NP were Streptococcus pneumoniae, Staphylococcus aureus, Haemophilus influenzae, and
Acinetobacter baumannii, respectively. Most clinical features of the three groups were statistically significant. The area under the
concentration curve of white blood cell, C-reactive protein, albumin, neutrophil percentage, and fibrinogen in differentiating MPNP
from BNP were 0.743 (0.638-0.849), 0.797 (0.711-0.883), 0.766 (0.671-0.861), 0.616 (0.509-0.724), and 0.634 (0.523-0.744),
respectively. The decision curve showed that white blood cells, albumin, and C-reactive protein had good clinical application in
differentiating MPNP from BNP. All patients were improved and discharged without death.

Conclusion: Bacteria are the most common cause of NP, and the most common bacteria are Streptococcus pneumoniae,
Staphylococcus aureus, and Haemophilus influenzae. NP with no pathogen detected accounted for a large proportion. white blood,
C-reactive protein, and albumin can identify the pathogens of NP. Patients with BNP were more severe, had a longer hospital stay, and
were more likely to undergo closed drainage and surgery.

Keywords: pathogen, children, necrotizing pneumonia, clinical features

Introduction
Necrotizing pneumonia (NP) is an uncommon but serious complication of community-acquired pneumonia (CAP) in
children." It has been reported in many areas since the 20th century, accounting for about 0.8-7% of the total CAP
hospitalized patients.” The primary clinical manifestations of NP are similar to those of other severe pneumonias.” But
children with NP have significantly longer fever duration, hospital stays, and anti-infection courses and about 10% of
children need to be hospitalized again.?> Some critically ill children require ventilator-assisted ventilation or even ECMO
to maintain oxygenation.*®

NP refers to the liquefaction and necrosis of lung parenchyma caused by various factors, resulting in the formation of
multiple cysts or cavities. On the enhanced CT of the lung, there was no obvious enhancement at the edge of the cavity, and
there could be gas-liquid flatness in the cavity.” At present, it is reported that the most common pathogens of NP are
Streptococcus pneumoniae, Staphylococcus aureus, and Mycoplasma pneumoniae (MP).*'° But these single-center studies
tend to have small sample sizes, mostly only dozens of cases. In addition, a large proportion of NP cases have no detectable
pathogen and can only be treated empirically. There is no study on the clinical characteristics of “pathogen-free” NP. In our
previous study,'! we explored predictors of massive NP and developed a predictive model but did not analyze the clinical
characteristics of NP caused by different pathogens. Considering the above reasons, we reviewed all the cases of NP in our
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hospital since the establishment of the electronic medical record system, and analyzed the clinical characteristics of NP
according to the types of pathogens, in order to provide an evidence-based basis for the treatment of NP.

Study Variables and Data Extraction

Data Source

The retrospective study was conducted at the Children’s Hospital affiliated with Kunming Medical University. The hospita-
lized children with NP from January 2014 to November 2022 were analyzed retrospectively. This study complied with the
Declaration of Helsinki and approved by the Ethics Review Committee of the Children’s Hospital affiliated with Kunming
Medical University (2023—03-049-k01). Written informed consent was obtained from the guardian of each patient.

Study Population

The inclusion criteria for NP were as follows: 1) being under the age of 18; 2) a definite diagnosis of community-
acquired pneumonia;'? 3) the chest CT showed large consolidation with multiple liquefaction and necrosis lesions, some
of which had air-fluid level. Exclusion criteria for NP:1) patients with a history of chronic lung disease, immunodefi-
ciency disease, connective tissue disease, or hematological disease; 2) cavitary lung diseases such as pulmonary cysts and
tuberculosis;

The inclusion criteria for MP infection were as follows: 1) cough, fever, and other symptoms and signs of pulmonary
infection; 2) MP-IgM positive in serum and MP-DNA positive in sputum and bronchoalveolar lavage fluid by PCR
fluorescent probe method. Inclusion criteria for bacterial infection: 1) Pathogenic bacteria were cultured from body fluids,
including blood, alveolar lavage fluid, and pleural puncture fluid.

According to the different pathogens causing NP, the children were divided into three groups: the Mycoplasma
pneumoniae necrotizing pneumonia (MPNP) group, the bacterial necrotizing pneumonia (BNP) group, and the necrotiz-
ing pneumonia with no pathogen detected group (NNP).

Study Variables and Data Extraction

All clinical data were collected through the medical case system of the Children’s Hospital of Kunming Medical
University. Including general information, clinical features, radiological features, complications, laboratory tests, treat-
ment, and outcome.

Treatment

The MPNP group received azithromycin 10 mg/kg/day via intravenous infusion therapy, infusion for three days,
withdrawal for four days, 2—3 courses of treatment, and 4 courses in severe cases. Patients over § years old who failed
to respond to azithromycin were given doxycycline 2 mg/kg orally, q12h, for 10 days. The treatment of BNP and NNP:
vancomycin, azithromycin, or B-lactam antibiotics were given or combined when the etiology was not clear. Effective
antibiotics were selected according to drug sensitivity when the pathogen was confirmed, and the course of treatment was
3—4 weeks. Methylprednisolone sodium succinate, 1-2 mg/kg, was given to children with persistent high fever, once
every 12 hours, and the dose was gradually reduced for 5-10 days after the condition was stable. Intravenous gamma
globulin was used in severe cases such as septic shock, persistent fever, and large area of lung necrosis. Patients with
a large amount of pleural effusion or a diagnosis of empyema were treated with closed thoracic drainage. After 2—4
weeks of medical anti-infection treatment, the clinical symptoms were not significantly improved, and the imaging
showed no obvious absorption or aggravation of the lesion, lobectomy was performed.

Definition

Hematogenous spread is defined as the pathogen that causes NP not through direct respiratory infection but through
blood flow from other parts of the body to the lungs. Patients who complain not of respiratory symptoms but of other
systemic symptoms such as bone pain and have specific pathogenic bacteria in their blood cultures will be considered to
have hematogenous spread.
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Statistical Analysis

R software 4.2.2 was used for statistical analysis. ¢ test was used for comparison of continuous variables with normal
distribution between the two groups, and analysis of variance was used for comparison of continuous variables with
normal distribution between the three groups, which were expressed as x+s. the Mann—Whitney U-test was used to
analyze the non-normal distribution of continuous variables between the two groups, and the Kruskal-Wallis H-test was
used to analyze the non-normal distribution of continuous variables among the three groups, expressed as M (P25, P75).
Categorical variables were compared between groups using the chi-square test or Fisher exact probability method, and
were expressed as frequency (%). Univariate analysis of the variables showed that the three groups had differences in the
laboratory values. We created a box chart of data visualization to compare the differences between the groups more
intuitively. The receiver operating characteristic (ROC) curve was used to analyze the predictive accuracy of differential
indicators, and the decision curve was used to analyze the clinical practicability of differential indicators. P value of less
than 0.05 was considered statistically significant.

Outcome

Etiological Analysis

A total of 282 cases of NP were included. There were 62 (22.0%) cases of MPNP, 98 (34.75%) cases of BNP, and 142
(50.35%) cases of NNP (Figure 1A). The most common bacteria causing NP were Streptococcus pneumoniae,
Staphylococcus aureus, Haemophilus influenzae, and Acinetobacter Baumannii, respectively Figure 1B. Other pathogens
included Legionella pneumophila (3 cases), Klebsiella pneumoniae (2 cases), Pseudomonas aeruginosa (1 case),

Staphylococcus epidermidis (1 case), and Moraxella catarrhalis (1 case).

Baseline Information

To compare the clinical features of NP caused by different pathogens. We excluded a total of 20 cases with both bacterial
and MP infections. A total of 262 cases were divided into three groups according to the different pathogens. The
comparison of variable clinical characteristics between the three groups was shown in Table 1. In general, NP was

B
Etiologic distribution of NP Bacterial distribution of NP

Pathogen n
None 142 Bacteria n
Bacteria SP 53
MP SA 27
1001 MP+Bacteria 20 il 26
Others 8
c
50- I I
. - [
Q e S
V\oo d@«\ 6@«\ S 2 NS <° ¥
P XQ;b O
X
Pathogen Bacteria

Figure | (A) Etiologic distribution of NP. (B) Bacterial distribution of NP.
Abbreviations: MP, Mycoplasma pneumoniae; SP, Streptococcus pneumoniae; SA, Staphylococcus aureus; HI, Haemophilus influenzae; AB, Acinetobacter baumannii.
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Table | The Clinical Characteristic in MPNP, BNP, and NNP

MPNP(n=42) BNP(n=78) NNP (n=142) P
Baseline information
Age (mean (SD)), y 5.72 (3.89) 5.43 (3.89) 4.65 (4.01) 0.187
Weight (mean (SD)), kg 19.40 (10.91) 19.30 (12.16) 15.17 (8.42) 0.004
Sex (boy), n (%) 21 (50.0) 39 (50.0) 51 (35.9) 0.071
Clinical feature
Cough, n (%) 40 (95.2) 62 (79.5) 133 (93.7) 0.002
Hemoptysis, n (%) 1 (2.4) 1 (1.3) 4 (2.8) 0.766
Chest pain, n (%) 5(11.9) 13 (16.7) 14 (9.9) 0.336
Wheeze, n (%) 3(7.1) 16 (20.5) 19 (13.4) 0.119
Shortness of breath, n (%) 4 (9.5) 21 (26.9) 22 (15.5) 0.032
Rales, n (%) 13 (16.7) 16 (38.1) 42 (29.6) 0.026
Duration of fever (median [IQR]), d 9.00 [5.25, 15.00] 7.50 [4.00, 13.50] 10.00 [7.00, 15.00] 0.012
Peak body temperature (median [IQR]), °C 39.50 [39.20, 39.90] 39.50 [39.23, 40.00] 39.50 [39.00, 39.80] 0.074
Haematogenous spread 0 (0.0 8 (10.3) 3210 0.005
Radiological features
Lobar consolidation, n (%) 15 (35.7) 22 (28.2) 42 (29.6) 0.677
Pleural effusion, n (%) 18 (42.9) 32 (41.0) 59 (41.5) 0.981
Complications
Digestive system, n (%) 12 (28.6) 32 (41.0) 33 (232) 0.021
Nervous system, n (%) 1 (2.4) 3(3.8) 4 (2.8) 0.88
Urinary tract system, n (%) 0 (0.0) 1 (1.3) 1 (0.7) 0.738
Circulatory system, n (%) 4 (9.5) 13 (16.7) 7 (49) 0.015
Endocrine system, n (%) 2 (4.8) 3 (3.8) 2(1.4) 0.37
Blood system, n (%) 5(11.9) 25 (32.1) 24 (16.9) 0.009
Laboratory values
WBC (median [IQR]), 10°/L 10.20 [7.60, 16.49] 14.87 [10.02, 17.59] 12.97 [10.12, 17.79] <0.001
Hb (median [IQR]), g/L 116.00 [101.25, 126.75] 115.00 [102.00, 124.00] 107.50 [92.00, 118.00] 0.003
PLT (median [IQR]), 10%/L 360.00 [265.00, 499.25] 413.50 [286.00, 579.00] 470.50 [383.00, 601.00] 0.002
N% (median [IQR]) 61.40 [46.62, 72.60] 69.85 [58.62, 79.15] 59.20 [48.73, 71.27] <0.001
L% (median [IQR]) 24.30 [17.52, 42.75] 20.80 [13.27, 30.25] 28.90 [19.12, 39.33] 0.001
CRP (median [IQR]), mg/L 45.51 [11.85, 93.50] 77.97 [20.34, 160.64] 51.74 [11.26, 117.94] 0.037
PCT (median [IQR]), ng/mL 0.60 [0.31, 1.60] 1.77 [0.28, 2.98] 1.60 [0.60, 2.60] <0.001
AST (median [IQR]), U/L 18.50 [12.00, 39.00] 17.00 [12.00, 30.75] 19.00 [12.00, 35.30] 0.904
ALT (median [IQR]), U/L 32.00 [26.00, 45.75] 29.00 [22.00, 50.00] 33.00 [25.00, 52.50] 0.361
LDH (median [IQR]), U/L 272.70 [238.75, 402.50] 335.00 [278.00, 499.00] 298.00 [233.00, 368.80] 0.019
(Continued)
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Table | (Continued).

MPNP(n=42) BNP(n=78) NNP (n=142) P

Alb (median [IQR]), g/L 35.70 [31.30, 39.65] 31.90 [28.30, 35.10] 33.30 [29.08, 36.12] 0.013
PT (median [IQR]), s 13.10 [12.10, 13.60] 13.30 [12.50, 14.00] 12.40 [11.50, 13.00] <0.001
APTT (median [IQR]), s 34.60 [27.52, 36.77] 34.75 [30.40, 37.08] 30.10 [25.63, 34.25] <0.001
FG (median [IQR]), g/L 4.02 [2.58, 5.49] 4.76 [3.77, 5.96] 4.52 [3.36, 5.02] 0.008
Treatment

Glucocorticoid, n (%) 12 (28.6) 27 (34.6) 24 (16.9) 0.0l
ICU admission, n (%) 3(7.) 14 (17.9) 6 (4.2) 0.002
Thoracic close drainage, n (%) 2 (4.8) 9 (11.5) 16 (11.3) 0.435
Lobectomy, n (%) 2 (4.8) 10 (12.8) 22 (15.5) 0.191
Duration of hospitalization (mean (SD)), d 13.50 [9.00, 20.75] 21.00 [12.00, 32.50] 18.00 [12.00, 24.00] 0.011
Hospitalization expenses (median [IQR]), $ 2824.06 [1627.81, 4149.66] 4088.24 [1968.72, 5708.89] 3337.12[1826.98, 4455.10] 0.169

Abbreviations: WBC, white blood cell; Hb, hemoglobin; PLT, platelet; N%, Percentage of neutrophils; L%, Percentage of lymphocytes; CRP, C -reactive protein; PCT,
procalcitonin; ALT, alanine aminotransferase; AST, alanine aminotransferase; Alb, albumin; LDH, lactate dehydrogenase; PT, Prothrombin time; APTT, activated partial
thromboplastin time; FG, fibrinogen; IVIG, intravenous immune globulin; ICU, intensive care unit.

common in preschool and school-age children (5.06 +3.97y), and there was no significant difference in age or gender
among the three groups. However, children in the None group weighed less than those in the other two groups (p < 0.05).

Clinical Features

The majority of MPNP had cough (95.2%), but the proportion of cough in BNP was significantly lower (79.5%, P <
0.05). The median fever of NNP was 10.00 (6.25, 15.00) d, higher than that of MPNP and BNP groups (P < 0.05). In
addition, rales (38.1%) and haematogenous spread (10.3%) were more common in the BNP group than in the other two
groups. There was no significant difference in the incidence of other symptoms between the two groups.

Radiological Features and Comeplications
BNP had a higher proportion of complications in the digestive system, circulatory system, and blood system. The
remaining complications and imaging lesions were not statistically different among the three groups.

Laboratory Values

There were significant differences in laboratory values among the three groups. In order to intuitively compare the
differences between the groups, we plotted box plots for data visualization. Figure 2 showed the continuous variables
with statistically significant differences among the three groups, and these variables were mainly some laboratory values.

Identification of BNP and MPNP

Univariate analysis showed that length of hospital stays, cough, shortness of breath, rales, WBC, percentage of neutrophils,
CRP, ALB, FG, chest drainage, surge, hospitalization expenses, and blood system complications were statistically significant
between the two groups. ROC curve was used to analyze the accuracy of each continuous variable with statistical significance
in distinguishing NP caused by different pathogens. The results showed that the AUC of WBC, CRP, ALB, percentage of
neutrophils, and FG in differentiating MPNP from BNP were 0.743 (0.638-0.849), 0.797 (0.711-0.883), 0.766 (0.671-0.861),
0.616 (0.509—-0.724), and 0.634 (0.523-0.744), respectively, as shown in Figure 3. The results of the decision curve analysis
showed that when the threshold probability was between 0.4 and 0.8, the net benefit rate of the identification index was greater
than 0, showing good clinical application value, as shown in Figure 4.
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Figure 2 Comparison of continuous clinical characteristics variables among MPNP, BNP and NNP.
Abbreviations: WBC, white blood cell; Hb, hemoglobin; PLT, platelet; N%, Percentage of neutrophils; L%, Percentage of lymphocytes; CRP, C -reactive protein; PCT,
procalcitonin; LDH, lactate dehydrogenase; Alb, albumin; PT, Prothrombin time; APTT, activated partial thromboplastin time; FG, fibrinogen.

Discussion
In this study, we summarized 282 cases of NP and analyzed the clinical, laboratory, and imaging characteristics of NP
according to its etiological results. We also analyzed the clinical indicators used to distinguish MPNP from BNP and their
practical clinical value. We believe that this large sample size study analyzing NP clinical characteristics will aid in early
detection and treatment.

It is very important to determine the distribution of pathogens for the diagnosis and treatment of NP. If we can find
a specific pathogen and its drug sensitivity test results, it will have a double effect with half the effort. However, due to
inappropriate specimen collection and the use of antibiotics before admission, no pathogen was detected in many cases.
Clinicians will use empirical treatment based on the common pathogens of NP. In the past, it was considered that
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Staphylococcus aureus and Streptococcus pneumoniae were the most common pathogens causing NP."'*!% However, NP

15719 especially in many studies in China. The most common

caused by MP has gradually increased in recent years,
pathogens in our study were bacteria, but in terms of absolute numbers, MP was the first. In addition, our study also
found that a large proportion of children with NP cannot identify a specific pathogen, but we know that NP is mostly
caused by infection, so how do we choose antibiotics in the absence of a pathogen? As can be seen from Figure 2, the
median of WBC in the NNP group was > 10*¥10°/L, neutrophils were the dominant cell type, CRP was > 50 mg/L, and

PCT was >1.5 ng/mL, which was more consistent with the blood picture of BNP than MPNP. Moreover, the visualized
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Figure 2 also showed that indicators of NNP were closer to those of BNP. Similar to the BNP, about 70% of children with
NNP were discharged after antibiotic treatment covering common pathogens of NP such as Staphylococcus aureus or
Streptococcus pneumoniae, which could provide evidence-based guidance for the treatment of NNP.

In terms of clinical symptoms, the MPNP group had a higher proportion of cough, while the BNP had a higher
proportion of rales and hematogenous spread. After adhering to host cells, MP causes lung injury through the synthesis
and secretion of hydrogen peroxide and an excessive inflammatory response.”® The high proportion of cough in MPNP is
mainly due to repeated stimulation of MP adhesion to the respiratory tract. The adhesion of MP and its tendency to cause
consolidation (35% in our study) and atelectasis could lead to a decrease in lung rales. In this study, the duration of fever
was longer in NNP, which was related to the disease delay caused by empirical anti-infection. Although NP caused by
osteomyelitis has been reported in a case report,>’ NP caused by hematogenous infection had been generally ignored in
previous retrospective studies. In our study, eleven cases of BNP were caused by hematogenous infection. Among these
11 cases, 8 cases complained of bone pain, 3 cases complained of abdominal pain and diarrhea rather than respiratory
symptoms, and all of them were concentrated in the non-MPNP group. The relatively high proportion of hematogenous
infections (4.2%) suggests that NP secondary to osteomyelitis should be considered when other non-respiratory
symptoms, especially bone pain, appear with the progression of the disease. An active chest CT and blood culture
should be performed to identify the disease and pathogen as soon as possible.

The pathogenesis of NP is still not very clear, and the invasiveness of pathogenic microorganisms and cytokine-
mediated immune response play a key role in the pathogenesis.’®** Current studies suggest that the main causes of
pulmonary cavity are abnormal coagulation function, vascular occlusion, and thrombosis caused by infection-induced
vasculitis. This study suggested that BNP is associated with a higher rate of systemic complications, a higher rate of
admission to the ICU, a longer length of hospital stay, and higher hospital costs than MPNP, which suggests that BNP is
more severe. In this study, the levels of WBC, neutrophil percentage, CRP, and PCT in the BNP group were significantly
higher than those in the MPNP group. It was suggested that BNP is related to a more serious systemic inflammatory
response, and monitoring the changes in inflammatory indicators can help clinicians distinguish BNP from MPNP. The
ROC curve showed that the AUC of WBC, CRP, and ALB were 0.743, 0.797, and 0.766, respectively, which had good
discrimination accuracy. The prediction accuracy of WBC and CRP was consistent with that of Yang and Zhang’s
study.*>** ALB is often used as a negative inflammatory marker to predict the severity of pneumonia.”® Because of
increased protein consumption caused by more severe inflammation and protein exudation caused by increased vascular
permeability, Alb was lower in the BNP. In addition, we evaluated the clinical utility of WBC, CRP, and ALB in
differentiating MPNP from BNP using the decision curve, which showed that there was a clinical benefit when the high-
risk threshold was between 0.4 and 0.8.

Lobectomy was performed in 13% of the cases in this study, which was higher than other studies.’®* First, Yunnan
Province, where the hospital is located, is a relatively developed region in western China. Patients referred from districts
and counties took longer to be diagnosed, had less standard anti-infection treatment, and were more likely to have
prolonged disease. Second, the proportion of non-MPNP was higher in this study. In general, MPNP has a better effect on
anti-infective treatment, while lung abscesses caused by bacteria are more likely to be treated with puncture drainage and
surgical intervention. Third, our data were collected over a longer period (up to 8 years). With advances in the
understanding of NP, the proportion of surgical lobectomy for NP has decreased in recent retrospective studies.”*** It
is worth mentioning that whether severe MPNP should be treated by lobectomy is controversial. “Guideline for diagnosis
and treatment of Mycoplasma pneumoniae pneumonia in children (2023 version)” clearly states that MPNP does not
need to be treated by lobectomy. However, there were still many cases of MPNP with poor efficacy of anti-infection
treatment, and the disease was prolonged and finally surgery was still performed. At present, there is a lack of clinical
research on the comparison of the effect of surgery and anti-infection treatment on MPNP, and prospective studies with
large samples are needed to provide evidence-based support.

In general, the outcome of NP was good, and all patients improved and were discharged from the hospital except for
five children who were withdrawn from treatment by their parents.

The advantage of this study is that the clinical characteristics of NP were analyzed with a large sample size, the
characteristics of NNP were analyzed for the first time, the differences among the three groups were visually analyzed,
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and the differential indicators with clinical practical value were found. However, there are still some limitations to this
study. Firstly, the retrospective study inevitably has some selection bias. Second, some indicators that reflect the
characteristics of NP, such as tumor necrosis factor, interleukin, and ferritin, have to be excluded because of the lack
of data. Finally, this study lacks long-term follow-up data.

Conclusions

Bacteria are the most common cause of NP, and the most common bacteria are Streptococcus pneumoniae,
Staphylococcus aureus, and Haemophilus influenzae. NP with no pathogen detected accounted for a large proportion.
WBC, CRP, and ALB can identify the pathogens of NP. Patients with BNP were more severe, had a longer hospital stay,
and were more likely to undergo closed drainage and surgery.
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