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Background: It is unclear whether local pathological pulmonary changes truly reflect the severity of
childhood Mycoplasma pneumoniae infection, which is characterized by rapid progress and potential mortality.
This study multi-dimensionally analyzed low-dose computed tomography findings to assess the severity of
Mycoplasma pneumoniae infection and predict its progress in such patients.

Methods: In all, 752 children with Mycoplasma pneumonine pneumonia (MPP) who underwent low-dose
computed tomography examinations from February 2016 to July 2020 were retrospectively enrolled to
conduct a cohort study. Clinical and radiological variables were analyzed using univariate analysis, and
radiological variables were further analyzed using multivariable logistic regression in severe cases. Then, the
correlation between the key computed tomography features and clinical symptoms, laboratory indicators,
and medical costs were assessed using the chi-squared and Kruskal-Wallis H tests. Kaplan-Meier curves and
Cox regression models were created to evaluate the correlations between the key computed tomography
features, fever duration, and the length of hospital stay.

Results: Of the 752 included patients, 16.2% (122/752) developed severe MPP. Atelectasis, pleural
effusion, and lung consolidation occurred in 9.7% (73/752), 15.8% (119/752), and 90.3% (679/752) of
patients, respectively. In addition to pleural effusion, the number of lobes of lung consolidation was the
highest risk feature of severe MPP. Patients with consolidation in 2, 3, and 4 lobes had a 1.0-, 3.1-, and

7.5-fold increased risk of severe MPP, compared with patients with consolidation in fewer than 1 lobe. The
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duration of fever prior to admission had no effect on the proportions of the lobar consolidation (P=0.14) but
did have significant effect on the incidence of pleural effusion (P=0.004). Levels of inflammatory markers
and medical costs rose consistently with the increase in the number of lobar consolidations (P<0.001). After
adjustments for pleural effusion, 1, 2, 3, and 4 lobes of consolidation remained positively associated with
fever duration [1 lobe: hazard ratio (HR) =1.55, 95% CI: 1.10-2.18; 2 lobes: HR =1.65, 95% CI: 1.13-2.421;
3 lobes: HR =1.82, 95% CI: 1.11-2.98; 4 lobes: HR =2.87, 95% CI: 1.25-6.61] compared to 0 lobes of
consolidation. Compared to 0 lobes of consolidation, 1, 2, 3, and 4 lobes of consolidation were also positively
correlated with the length of hospital stay (1 lobe: HR =2.24, 95% CI: 1.73-2.89; 2 lobes: HR =2.56, 95%
CI: 1.91-3.43; 3 lobes: HR =2.87, 95% CI: 1.90-4.32; 4 lobes: HR =4.12, 95% CI: 2.01-8.46).

Conclusions: Lobar consolidation is a stable and reliable computed tomography feature that can be used
to assess the severity of MPP in children. Quantitative analysis of lobar consolidation can comprehensively
and accurately predict the progression of Mycoplasma pneumoniae. Low-dose computed tomography is

recommended for children with severe MPP with complicated courses.
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Introduction

Mycoplasma pneumoniae pneumonia (MPP) is one of the most
common respiratory tract infections in children, accounting
for 8-37.5% of all community-acquired pneumonia (CAP)
cases (1,2). Although MPP is usually mild and self-limiting,
a previous study showed that approximately 12% of children
hospitalized for MPP required intensive care (3). However,
the best method to accurately predict the clinical progression
of MPP remains unclear, and there is great difficulty in
making appropriate treatment strategies at the early stage of
the disease. Severe cases may require hospitalization for 7 to
14 days or more. Drug cessation and discharge depend on the
improvement in the patient’s symptoms, such as afebrile and
clinical stability (4). Hence, an accurate and timely assessment
of MPP progression is crucial for patients and clinicians.
Mechanisms by which Mycoplasma pneumoniae
induces infection include direct effects of the bacteria,
indirect immune-mediated effects, and effects mediated
through vasculitis or thrombosis secondary to cytokines,
chemokines, or immunomodulation (5). Local proliferation
of Mycoplasma pnewmoniae and the inflammatory response
of the lung lead to systemic inflammation (3). Therefore,
the degree of local pathological damage to the lung may be
closely related to the severity of the Mycoplasma pneumoniae
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infection. With lung imaging, clinicians can indirectly
investigate important manifestations of lung pathology (6).
However, to our best knowledge, few studies have multi-
dimensionally investigated the association between lung
imaging features and MPP severity. This study hypothesizes
that certain characteristic features of lung imaging can
predict the severity of MPP throughout the body. Chest
X-rays fail to demonstrate the details and distribution
of lesions, but computed tomography (CT) can clearly
show interstitial abnormalities and lobular distribution,
such as bronchial wall thickening and reticulonodular
or centrilobular nodules, which are common features in
patients with MPP (7-9). Thus, chest CT is a favorable
method for assessing radiological features of MPP cases,
and it can be applied safely in children by adjusting the
scanning parameters, such as by using low-dose CT.
Therefore, we aimed to identify stable and reliable low-
dose CT features with clinical significance in a cohort
study of a large sample of patients with MPP using
multidimensional analysis that could precisely predict the
severity and progression of MPP and ensure that patients
receive timely and reasonable treatment. We present the
following article in accordance with the STROBE reporting
checklist (available at https://qims.amegroups.com/article/
view/10.21037/qims-22-508/rc).
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5,112 hospitalized children with community-acquired pneumonia
(2016.02-2020.07)

!

visible on chest imaging

917 patients confirmed with Mycoplasma pneumoniae pneumonia via
e Fever, cough, or auscultatory findings and a pulmonary infiltrate

e Mycoplasma pneumoniae positive through testing in specimens

Y

due to

e Excluding other diseases

857 patients received low-dose CT examination with 24 hours of admission

e Suggesting serious complications by chest X-rays (CX)
e CX being difficult to determine the location and extent of pneumonia

Y

105 patients excluded
¢ 14 with CT scans of insufficient quality
e 74 with mixed infection
¢ 3 with immunodeficient
e 14 with congenital diseases

752 patients included

Figure 1 Flow diagram for generation of the study population. CT, computed tomography.

Methods
Patients

Between February 2016 and July 2020, 917 children were
diagnosed with MPP among 5,112 hospitalized children
with CAP in Xinhua hospital. The diagnosis of MPP was
based on the following: (I) fever, cough, or auscultatory
findings and pulmonary infiltrates visible on chest
imaging; and (II) Mycoplasma pneumoniae DNA detected in
nasopharyngeal secretions by polymerase chain reaction or
>4-fold changes in Mycoplasma pneumoniae immunoglobulin
(Ig)M and IgG antibody titer between paired acute and
convalescent sera, according to the 2018 Infectious Diseases
Society of America guidelines of 2018 (10). Patients with
CT scans of insufficient quality resulting from motion
artifacts, patients without completing CT within 24 hours
of admission, patients with mixed infections identified by
the detection of respiratory viruses and bacterial cultures,
and patients with immunodeficiency and congenital diseases
were all excluded. Finally, 752 patients with MPP who
underwent low-dose CT within 24 hours of admission were
included, and a retrospective cohort study was conducted
and analyzed in the study. The CT scan parameters are
shown in Table S1. The study flow chart is displayed in
Figure 1. This study was approved by the Institutional Ethics
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Committee of Xinhua Hospital (No. XHEC-D-2021-154),
and informed consent was waived because the data in this
retrospective analysis were registered anonymously. The

study was conducted in accordance with the Declaration of
Helsinki (as revised in 2013).

General, clinical, and laboratory characteristics

General information, clinical symptoms, laboratory
findings, and clinical outcomes were re-evaluated by
infectious disease specialists who reviewed the clinical
records of patients enrolled in this study for the following:
general characteristics (including sex and age), clinical
symptoms [including duration of fever before admission
(days)], and the presence of rash, neurological symptoms,
encephalitis, and hypoxemia). For each patient, the time
of the chest CT was obtained by subtracting the date of
onset from the date of the chest CT. Then, the laboratory
markers on admission, including lactate dehydrogenase
(LDH), interleukin 2-receptor (IL-2R), and C-reactive
protein (CRP) level, were reviewed. Finally, clinical
outcomes, including duration of fever after admission (days),
total duration of fever (days), length of hospital stay (days),
refractory pneumonia, intensive care unit treatment, and
mortality, were obtained.
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Figure 2 Various chest CT features in patients with Mycoplasma pneumoniae pneumonia, including (A) bronchial wall thickening as shown by

the triangles, (B) nodules as shown by stars, (C) ground-glass attenuation as shown by double arrows, (D) lobar consolidation as shown by

the black arrow, and (E) pleural effusion as shown by the white arrow. CT, computed tomography.

Image analyses

Low-dose CT examinations were performed using
64-detector row CT scanner (Brilliance iCT, Philips,
Amsterdam, the Netherlands) or a Siemens dual-source
CT scanner (Siemens, Munich, Germany) (11). Evaluation
of CT features, including consolidation, bronchial wall
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thickening, nodules, ground-glass attenuation, interstitial
reticulation opacities, bilateral pneumonia, atelectasis,
lymphadenopathy, and pleural effusion, was guided by the
expert consensus according to a Delphi study on image
assessment of patients with MPP (Figure 2) (8,9,12-14). Based
on the relevant features of consolidation, all patients were
further evaluated for the following features: the number
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of consolidated lung lobes, location of lobar consolidation
(upper, middle, or lower right lung lobe; upper or lower left
lung lobe), and the occurrence of consolidation without air
bronchogram. Two chest radiologists independently assessed
each patient’s CT images. Consensus reached by both
parties served as the final appraisal report. Disagreements
were resolved by consultation with a third chest radiologist
with 12 years of experience.

Diagnostic criteria for severe MIPP

Each patient’s medical history was re-evaluated by a
reviewing expert committee composed of pediatricians,
radiologists, and infection specialists. According to the
guidelines of the Pediatric Infectious Diseases Society
and Infectious Diseases Society of America on the
management of CAP in infants and children older than
3 months, diagnosis of severe pneumonia must meet the
following: (I) 1 of the major criteria, including invasive
mechanical ventilation, fluid refractory shock, urgent need
for noninvasive positive pressure ventilation and hypoxemia
requiring inspired oxygen; or (II) 2 secondary criteria,
including increased respiratory rate, apnea, increased work of
breathing, a PaO, to FiO, ratio of less than 250, multilobar
infiltration, pediatric early warning score >6, altered mental
status, hypotension, presence of effusion, comorbidities, and
unexplained metabolic acidosis (15). Refractory pneumonia
was defined as persistent fever, worsening clinical symptoms,
and/or deteriorating radiological findings despite appropriate
antibiotic therapy for 7 or more days (16).

Statistical analyses

Categorical variables are expressed as numbers [percentage
(%)], and continuous variables are presented as medians
[interquartile range (IQR)]. Clinical and laboratory
variables in children with MPP were assessed using the
chi-squared test for categorical variables and the #-test or
Mann-Whitney test for continuous variables. Interobserver
agreement in interpreting the CT images was analyzed
using Cohen kappa (k) value. The % value was defined as
follows: no agreement (<0.00), slight agreement (0.00-0.20),
fair agreement (0.21-0.40), moderate agreement (0.41-0.60),
substantial agreement (0.61-0.80), and almost perfect
agreement (0.81-1.00). Univariate analysis of radiological
variables in children with severe MPP (SMPP) was
evaluated using the chi-squared test, and the collinearity
was evaluated based on the variance inflation factor (VIF).

© Quantitative Imaging in Medicine and Surgery. All rights reserved.
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Only those CT features with VIF values of less than 5 and P
values of less than 0.001 were selected to assess severe cases
in the multivariate logistic regression. The performance of
the logistic regression model was evaluated according to
accuracy, sensitivity, and specificity. The Kruskal-Wallis H
test was used to analyze the association between key CT
features and laboratory parameters, as well as medical cost.

Associations between key CT features and disease
progression, including fever duration after admission and
length of hospital stay, were assessed using Kaplan-Meier
estimates and Cox proportional-hazard models to calculate
hazard ratios (HRs) with 95% ClIs. Missing values in the
study mainly included laboratory indicators, accounting
for <5% of the total data. Therefore, missing data were not
included in the statistical evaluation. A P<0.05 indicated
a statistically significant difference. Statistical analysis was
performed using R software (https://www.R-project.org;
The R Foundation for Statistical Computing, Vienna,
Austria).

Results

Clinical and laboratory characteristics of children with
SMPP

Of the 752 patients with MPP, 122 (16.2%) had SMPP. All
the clinical characteristics of children with MPP stratified
by severity of disease are shown in 7able 1. Most patients
were preschool and school-aged children. Patients with
SMPP were more likely to have neurological symptoms,
encephalitis, hypoxemia, and refractory pneumonia; they
were also more likely to receive treatment in the intensive
care unit and have higher LDH, IL-2R, and CRP levels.
Furthermore, patients with SMPP also tended to have
longer median fever durations after admission, total fever
duration, and length of hospital stay than did those without
SMPP.

CT features of children with SMPP

Interobserver consistency for CT features varied from
substantial agreement to almost perfect agreement (Zable 2).
In contrast, interobserver consistency for atelectasis and
lymphadenopathy was poor. There were 122 cases requiring
reassessment by a third chest radiologist. Consolidation
was observed in 90.3% of cases (679/752); its incidence was
second only to bronchial wall thickening (93.2%; Table 2).
The proportions for 1, 2, 3, and 4 lobar consolidations were
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Table 1 Characteristics of children with Mycoplasma pneumoniae pneumonia stratified by severity (n=752)
Variables Non-SMPP (n=630) SMPP (n=122) P value
General characteristics
Male 298 (47.3) 56 (45.9) 0.78
Age (years) 5.0 (3.0-7.0) 6.0 (4.0-7.0) 0.07
Clinical symptoms
Duration of fever prior admission (days) 6.0 (5.0-8.0) 7.0 (5.0-8.0) 0.82
Rash 2(0.3) 0(0.0) 0.53
Neurological symptoms 0 (0.0) 9(7.4) <0.001
Encephalitis 0 (0.0) 2(1.6) 0.01
Hypoxemia 0 (0.0) 12 (9.8) <0.001
Laboratory parameters
LDH (U/L) 328.5 (282.8-390.2) 422.0 (332.0-588.0) <0.001
IL-2R (U/mL) 961.5 (711.0-1,274.5) 1,371.5 (972.5-1,985.2) <0.001
CRP (mg/L) 11.0 (4.0-22.0) 18.0 (8.0-39.5) <0.001
Clinical outcomes
Duration of fever after admission (days) 1.0 (0.0-3.0) 3.0 (2.0-4.0) <0.001
Total fever duration (days) 8.0 (6.0-10.0) 9.0 (7.0-12.0) <0.001
Length of hospital stay (days) 6.0 (5.0-8.0) 9.0 (7.0-12.0) <0.001
Refractory pneumonia 164 (26.0) 61 (50.0) <0.001
Treatment in the intensive care unit 0 (0.0) 7 (5.7) <0.001
Death 0(0.0) 0 (0.0 -

Male, rash, neurological symptoms, encephalitis, hypoxemia, refractory pneumonia, treatment in the intensive care unit, and death are
presented as n (%); the rest of the variables are indicated as median (25"-75" percentiles). SMPP, severe Mycoplasma pneumoniae

pneumonia; LDH, lactate dehydrogenase; IL-2R, interlukin-2 receptor; CRP, C-reactive protein.

65.2% (490/752), 19.3% (145/752), 4.7% (35/752), and
1.2% (9/752), respectively. There were no patients with
5 lobar consolidations. The differences in the number of
consolidated lung lobes (VIF values =1.28), consolidations
without air bronchogram (VIF values =1.06), atelectasis
(VIF values =1.04), and pleural effusion (VIF values =1.00)
between MPP and SMPP were statistically significant (P
values <0.001) More details are available in Zable 2.

The predictive model for SMPP is shown in equation 1.
The accuracy, sensitivity, and specificity of the model were
0.951, 0.853, and 0.973, respectively, at a cutoff value of
0.453. Except for pleural effusion [odds ratio (OR) =236.9,
95% CI: 115.8-484.7], the number of consolidated lung
lobes was the highest risk for SMPP. Compared with
consolidations of 0 and 1 lobe, those with 2, 3, and 4 lobes
were associated with a 1.0-, 3.1-, and 7.5-fold increased risk

of SMPP, respectively (2 lobes: OR =2.0, 95% CI: 1.3-3.2;
3 lobes: OR =4.1, 95% CI: 2.0-8.5; 4 lobes: OR =8.5, 95%
CI: 2.2-32.6; Table 3).

The formula for the regression model was as follows:
logistic regression model = —3.945 + 1.177 x multilobar_
consolidation (2 or more lobes) + 0.559 x consolidation_without_
air_bronchogram + 5.374 x pleural_effusion + 0.261 x atelectasis

(Eq. [1]).

Stability and reliability of key CT features

The pleural effusion rates in patients with preadmission
fever durations of 3 or fewer, 4-6, 7-9, and more than
9 days were 3.5% (4/115), 14.5% (40/276), 21.1% (50/236),
and, 20% (25/125) respectively. The consolidation rates in
patients with preadmission fever durations of 3 or fewer,
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Table 2 Computed tomography features of children with SMPP (n=752)
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CT characteristics Kappa value Non-SMPP (n=630) SMPP (n=122) P value
Consolidation 1.0 557 (88.4) 122 (100.0) <0.001
Number of lobes <0.001
1 1.0 418 (66.3) 72 (59.0)
2 1.0 113 (17.9) 32 (26.2)
3 1.0 22 (3.5) 13 (10.7)
4 1.0 4 (0.6) 5 (4.1)
Location
Upper lobe, right lung 1.0 109 (17.3) 34 (27.9) 0.01
Middle lobe, right lung 1.0 170 (27.0) 47 (38.5) 0.01
Lower lobe, right lung 1.0 156 (24.8) 40 (32.8) 0.07
Upper lobe, left lung 1.0 144 (22.9) 30 (24.6) 0.68
Lower lobe, left lung 1.0 147 (23.3) 45 (36.9) 0.002
Without air bronchogram 0.87 54 (9.7) 35 (28.7) <0.001
Bilateral pneumonia 0.94 339 (53.8) 74 (60.7) 0.16
Pleural effusion 0.79 15 (2.4) 104 (85.2) <0.001
Atelectasis 0.69 45 (7.1) 28 (23.0) <0.001
Lymphadenopathy 0.62 226 (35.9) 59 (48.4) 0.01
Bronchial wall thickening 0.87 588 (93.3) 113 (92.6) 0.76
Nodules 0.83 313 (49.7) 73 (59.8) 0.04
Ground-glass attenuation 0.86 478 (75.9) 83 (68.0) 0.07
Interstitial reticulation opacities 0.83 193 (30.6) 47 (38.5) 0.09

The timing of the CT examination during the course of the disease (days) -

7.0 (6.0-9.0) 8.0 (6.0-9.0) 0.86

The timing of the CT examination during the course of the disease is indicated as a median (25"-75" percentiles); the rest of the variables
are presented as n (%).SMPP, severe Mycoplasma pneumoniae pneumonia; CT, computed tomography.

4-6, 7-9, and more than 9 days were 87.0% (100/115),
92.8% (256/276), 90.3% (213/236), and 88.0% (110/125),
respectively. The incidence of pleural effusion was
significantly different from the duration of fever prior to
admission (P=0.004). Despite differences in the duration
of fever before admission, there was little change in the
proportions of the lobar consolidation (P=0.14; Figure 3).
And the levels of inflammatory markers, such as LDH,
IL-2R, and CRP, consistently rose with the grade of lobar
consolidation (Figure 4). The LDH, IL-2R, and CRP levels
of in those with 4 lobes of consolidation were much higher
than in those with 0 lobes of consolidation or 1 lobe of
consolidation (P<0.001).

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

Clinical predictive performance of key CT features

In the Kaplan-Meier analysis, the risk of fever duration after
admission (P=0.01-0.02) and the length of stay (P<0.001)
increased significantly with lobar consolidation (Figure 5).
After adjustments for sex, age, and pleural effusion, Cox
proportional-hazard models still demonstrated that
increased lobar consolidation was positively associated
with the duration of fever after admission, with the longest
time observed for 4 lobar consolidations, followed by 3
lobar consolidations, 2 lobar consolidations, and 1 lobar
consolidation (7able 4). Similarly, the same trend was
observed in the length of hospital stay. The increasing
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Table 3 Association of computed tomography features with SMPP (n=752)
CT characteristics Non-SMPP (n=630) (%)  SMPP (n=122) (%) OR (95% Cl) P value OR®*(95% Cl) P value®
Consolidation 557 (88.4) 122 (100.0)
Number of lobes
<1 491 (77.9) 72 (59.0) 1.0 1.0
2 113 (17.9) 32 (26.2) 1.9 (1.2-3.1) 0.01 2.0 (1.3-3.2) 0.003
3 22 (3.5) 13 (10.7) 4.0 (1.9-8.4) <0.001 4.1 (2.0-8.5) <0.001
4 4 (0.6) 5(4.1) 8.5 (2.2-32.5) 0.002 8.5 (2.2-32.6) 0.002
Without air bronchogram
0 502 (90.3) 87 (71.3) 1.0 1.0
1 54 (9.7) 35 (28.7) 3.7 (2.3-6.1) <0.001 3.7 (2.3-6.0) <0.001
Pleural effusion
0 615 (97.6) 18 (14.8) 1.0 1.0
1 15 (2.4) 104 (85.2) 236.9 (115.8-484.7) <0.001 245.2 (117.9-510.1) <0.001
Atelectasis
0 585 (92.9) 94 (77.0) 1.0 1.0
1 45 (7.1) 28 (23.0) 3.9 (2.3-6.5) <0.001 3.9 (2.3-6.6) <0.001

%, adjusted for age and sex. OR and 95% ClI are presented to show the association between patients with CT characteristics and SMPP, as
compared with patients without such CT characteristics. SMPP, severe Mycoplasma pneumoniae pneumonia; CT, computed tomography;

OR, odds ratio; Cl, confidence interval.

No. of lobar
consolidation
80 P=0.14

E001@2m >3

Percentage, %

<3 days 4-6 days 7-9 days

Duration of fever prior admission

>9 days

Figure 3 The proportions of lobar consolidation in children with
Mycoplasma pneumoniae pneumonia stratified by fever duration

before admission (n=752).

number of lobar consolidations led to gradually increasing
costs, including in hospitalization charges, laboratory tests,
imaging costs, and medication expenses (Table 5).

Discussion

In our large-sample study, lung consolidation was a stable

and reliable CT feature for assessing disease severity in

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

patients with MPP. Lobar consolidation was independently
associated with a higher risk of SMPP, higher levels
of inflammatory markers, longer fever duration and
length of stay, and higher healthcare costs. These
results demonstrated that an increased number of lobar
consolidations could predict the severity of MPP and the
clinical progression of MPP in patients at an early stage.
Radiographic manifestations of MPP are diverse
and include bronchial wall thickening; reticulonodular,
segmental and lobar consolidations; atelectasis; hilar
lymphadenopathy; and pleural effusion. Of these,
consolidation, which presents as a uniform increase in
lung parenchymal attenuation that obscures the margins
of vessels and airway walls, is more common in MPP than
in other CAPs on chest X-rays or chest CT, appearing
in 33-79% of the cases (17). In this study, consolidation
was the second most common imaging feature, and the
incidence of consolidation was as high as 87.0% in patients
with a fever duration <3 days and 88.0% for those with a
fever duration >9 days. Therefore, consolidation was the
common and stable CT feature in the large MPP study.
The consolidation rate was relatively high in the early
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were much larger than those of 1 or 0 lobes of consolidation (P<0.001). An asterisk indicates that the differences between the indicated

groups are statistically significant (*P<0.05). LDH, lactate dehydrogenase; IL-2R, interleukin-2R; CRP, C-reactive protein.
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Figure 5 Kaplan-Meier analysis showed that the risk of fever duration after admission and the length of hospital stay increased significantly

with the number of lobar consolidation.

stages of infection and did not increase significantly with
an increase in fever duration before admission, which
may be relevant to type IV hypersensitivity (18). Type
IV hypersensitivity, called delayed hypersensitivity, is a
pathological manifestation mediated by immune cells.
Patients with MPP may be allergic to mycoplasma antigen
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or antibody complexes, which sensitize T cells. When
exposed to the antigen again, the T cells become killer cells
or release lymphokines, causing a severe immune response.
Possible hypotheses for the mechanism and etiology of
fulminant MPP reported in the literature are as follows:
(I) a hyperimmune response originating in the lung due to
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Table 4 Clinical outcomes of patients with MPP stratified by the number of lobar consolidations based on CT

Endpoint 1: duration of fever after admission (days)

Endpoint 2: length of hospital stay (days)

Number of lobes

Hazard ratio® (95% CI) P value® Hazard ratio® (95% CI) P value®
0 Ref - Ref -
1 1.55(1.10-2.18) 0.012 2.24 (1.73-2.89) <0.001
2 1.65 (1.13-2.42) 0.01 2.56 (1.91-3.43) <0.001
3 1.82 (1.11-2.98) 0.02 2.87 (1.90-4.32) <0.001
4 2.87 (1.25-6.61) 0.01 412 (2.01-8.46) <0.001

All hazard ratio calculations were made using <75" percentile value data as a reference. °, adjusted for age, sex, and pleural effusion. MPP,
Mycoplasma pneumoniae pneumonia; CT, computed tomography; Cl, confidence interval.

Table 5 Cost comparison in individuals stratified by the number lobes of lung consolidation based on CT

Number of lobes

Costs

0 (n=73) 1 (n=490) 2 (n=145) >3 (n=44) P value
Hospital charges, $ 1,022.6 (846.7-1,133.3) 1,535.8 (1,110.5-1,964.5) 1,675.5 (1,135.9-2,138.1) 1,875.5 (1,257.1-2,633.0)  <0.001
Laboratory tests, $ 414.3 (333.4-542.5) 627 (396.5-816.6) 611 (400.9-816.6) 646.8 (423.2-865.0) <0.001
Imaging costs, $ 67.7 (38.5-84.2) 107.7 (64.6-128.3) 104.9 (66.2-127.8) 120.0 (78.5-131.9) <0.001
Medication, $ 206.2 (151-282.4) 345.5 (238.2-488.3) 389.4 (259.2-545.7) 429.4 (282.6-704.6) <0.001

Data are presented as the median (25"-75" percentile). CT, computed tomography.

recurrent childhood Mycoplasma pneumoniae infections; and
(II) loss of the ability to eradicate Mycoplasma pneumoniae
from the lung in primary infection resulting in longer-
lasting Mycoplasma pneumoniae infection in the lung, which
may cause a hyperimmune response (18,19).

Furthermore, we found that an increased number of
lobar consolidations were associated with higher odds
of SMPP. Previous literature reported that patients with
consolidation were more prone to have hypoxia, tachypnoea,
tachycardia, and extrapulmonary manifestations, suggesting
that pneumonia with consolidation in children was more
severe than that without consolidation on chest X-ray (17).
Additionally, our research showed that pleural effusion had
the greatest weight in the prediction of SMPP. However,
only 15.8% of patients developed pleural effusion (119/752),
which was much lower than the rate of consolidation in
children with MPP. Moreover, the incidence of pleural
effusion increased significantly with an increase in fever
duration before admission. Therefore, the stability of
pleural effusion may be inferior to consolidation. Finally, we
concluded that lobar consolidation was the stable and high-
risk feature for predicting SMPP. According to management
guidelines for severe pneumonia, multilobar infiltration
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is a secondary diagnostic criterion (15). However, lung
infiltration includes multiple features, and consolidation is
only one of these. In contrast to previous vague assessments
of multilobar infiltration and large area or multilobar
consolidation, we demonstrated the lobar consolidation
to be a stable prediction feature. We also successfully
conducted a quantitative evaluation of lobar consolidation
and obtained a predictive model for SMPP using various
CT features.

Inflammatory cytokines are involved in the
immunopathogenesis of Mycoplasma pneumoniae infection
(5,20,21). Our study found a positive correlation between
lobar consolidation and LDH, IL-2R, and CRP levels
in children with MPP, which was consistent with the
findings of previous studies (21,22). Mycoplasma pneunoniae
attaches to the ciliated epithelial cells on the respiratory
tract through the P1 protein, exerting cytotoxicity by
expression of community-acquired respiratory distress
syndrome and production of hydrogen peroxide, thereby
activating host immunity, including macrophages, mast
cells, neutrophils, and natural killer cells, as well as T and
B lymphocytes and humoral immune responses (23). Cell-
mediated immunological responses play an essential role in
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the development of MPP. In SMPP, the immune response is
exaggerated, and interleukin levels are elevated, resulting in
diffuse alveolar damage with fibrinous exudates within the
alveolar lumens, which is shown as consolidation on CT (6).
Hence, the positive correlation between lobar consolidation
and the level of inflammatory cytokines further indicated
that lobar consolidation was a reliable CT feature for
assessing the severity of MPP.

Some studies have previously investigated the association of
multilobar involvement with the clinical course of MPP (13,24).
Considering the weight of pleural effusion, we adjusted for its
effects in our Cox analysis and found that patients with more
lobar consolidations still experienced longer fever durations,
longer lengths of hospital stay, and higher medical costs.
Thus, the number of consolidated lung lobes can be used to
quantitatively assess the clinical course of MPP and is superior
to the previous use of multilobar involvement to precisely
predict the clinical course, thereby guiding rational clinical
treatments with major clinical significance.

Clinicians are cautious about the use of CT imaging in
children because of the potential risks of radiation exposure.
In this study, we used low-dose CT to assess MPP.
According to the scanning parameters, patients weighing
less than 20 kg absorb about 0.4-0.8 mSv of radiation,
equivalent to the dose of 4 to 8 chest radiographs, and
those weighing 20-60 kg absorb about 0.7-1.6 mSy, equal
to the dose of 7 to 16 chest radiographs (25,26). Based on
the previous evidence, the radiation dose of 30-90 mSv for
children may increase the risk of cancer (27). According to
the risk estimate of 10 mSv exposure per million patients,
a 5-year-old child has twice the lifetime risk of lung cancer
as does a 50-year-old adult (28). In our study, the radiation
doses received by all patients were 0.4-1.6 mSv, well below
30-90 mSy, and the children were older than 5 years old.
Therefore, we suspect that the low-dose CT applied in
our study was safe in children. In contrast to the 33-79%
incidence of consolidation currently reported, our results
showed that the proportion of patients with consolidation
was up to 90.3%, which was attributed to the superiority
of CT over X-rays in demonstrating lesion patterns and
lung anatomy. Large-area or entire-lobe consolidation
can be clearly observed on chest X-ray and CT, while
patchy consolidation indicative of bronchopneumonia on
CT may manifest as a nonconsolidated feature on chest
X-ray. Additionally, we quantitatively evaluated lobar
consolidation, which apparently cannot be quantified by
chest X-ray (29). CT is recommended for assessment
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when patients are unresponsive to therapy, have severe
complications on chest X-ray, or need to rule out HIV
infection and tuberculosis (11). Hence, there is a tradeoff
between satisfying diagnostic image quality and the
feasibility of using CT radiation doses. Therefore, low-dose
CT is recommended for children with MPP who do not
respond well or require a differential diagnosis.

Our study has a few limitations. First, this study was
conducted retrospectively, so the analysis was limited
to the available medical records. There was inevitable
selection bias in the process of data collection, although we
established the reviewing expert committee to re-evaluate
the clinical information of patients. Second, we could not
obtain the patients’ lung pathological specimens; as a result,
we could not analyze the correlation between imaging and
pathology. Considering the repeatability and operability of
this study, CT is a noninvasive examination technique that
can best reflect the actual pathological condition in children
with MPP. Third, the imaging findings in this study were
highly influenced by the CT scanning time. All participants
in this study underwent CT scans within 24 hours of
admission to reduce the bias as much as possible. Meanwhile,
there was no significant difference in the statistical results
of chest CT examination time between the two groups.
However, we cannot guarantee that the CT images of all
patients were obtained at the same disease stage. Despite
these limitations, associations among the evaluated CT-
based variables were identified and appear convincing.

Conclusions

Our findings showed that lobar consolidation is a stable
and reliable CT feature for evaluating the severity of
MPP. Quantitative analysis of lobar consolidation can
comprehensively and accurately assess and predict MPP
progression. Low-dose CT is recommended for children
with complex and severe MPP.
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