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Objective: The Systemic Immune Inflammation Index (SII), as a novel inflammation biomarker that comprehensively reflects the
inflammatory and immune status of the body, has not been reported in studies on Mycoplasma pneumoniae pneumonia (MPP) in
children. This study aims to investigate whether SII can serve as an effective indicator for evaluating the condition of MPP.
Methods: This study recruited a total of 304 hospitalized patients with mycoplasma pneumoniae pneumonia (MPP), including 78
patients with severe MPP (SMPP) and 226 patients with non-SMPP. Univariate analysis using chi-square test, ¢-test, and Mann—
Whitney U-test was conducted to analyze the clinical data of the patients. Logistic regression analysis was employed to identify the
main risk factors for SMPP. Receiver operating characteristic curves were plotted to evaluate the potential of using neutrophil-to-
lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), systemic immune-inflammation index (SII), and systemic immune
response index (SIRI) to predict the severity of MPP.

Results: The ROC curve results show that patients with SII values > 699.00 are more likely to develop severe MPP (sensitiv-
ity=0.876, specificity=0.987, AUC=0.940), and the predictive value of SII is significantly better than that of NLR, PLR, and SIRI. The
results of multivariate logistic regression analysis indicate that SII can serve as a major risk factor for distinguishing non-SMPP from
SMPP.

Conclusion: This study suggests that SII may be an effective indicator for predicting the severity of MPP in children. SII is more
sensitive and specific than NLR, PLR, and SIRI in evaluating the condition of MPP.
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Introduction

Mycoplasma pneumoniae pneumonia is an acute infectious disease, accounting for 10-40% of children and
adolescents’ community acquired pneumonia, and the incidence rate is increasing year by year."* Scholars have
confirmed that compared with non-SMPP, SMPP is more likely to induce multiple system injuries in and out of the
lungs, such as bronchiectasis, pulmonary embolism, obliterative bronchiolitis, encephalitis, myocarditis, hemopha-
gocytic syndrome, etc,® seriously endangering the health of children. Multiple studies have shown that cellular
immune mediated inflammatory responses play an important role in the occurrence and development of SMPP, and
the balance between anti-inflammatory and pro-inflammatory systems directly affects the changes in the condition
and clinical outcomes of pneumonia patients.*> Therefore, evaluating the inflammatory status caused by MP
infection can help predict the occurrence of SMPP. White blood cells are an important component of the body’s
response to immune inflammation. Among them, neutrophil-lymphocyte ratio (NLR) and platelet-lymphocyte ratio
(PLR) have been confirmed to have the potential to predict early treatment response and prognosis in CAP
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patients.®® Systemic immune inflammation Index (SII) is a new indicator that reflects inflammation and immune
balance in the body, obtained by integrating neutrophil count, lymphocyte count, and platelet count. Compared with
NLR and PLR, SII can better reflect the level of inflammation.”'® SII has been proved to be related to the severity
and prognosis of malignant tumors and many inflammatory diseases such as sepsis, COVID-19, etc.'""'* However,
there are currently no reports on the potential of SII in MPP disease assessment both domestically and
internationally.

Method

Patients and Participants

The study retrospectively studied 304 children with MPP who were hospitalized in the Pediatrics Department of
Changzhou Second People’s Hospital affiliated with Nanjing Medical University from July 2022 to July 2023.
According to the severity of the patient’s condition, they are divided into the SMPP group (n=78) and the non SMPP
group (n=226). Inclusion criteria: (1) Meets the diagnostic criteria in the “Guidelines for the Diagnosis and
Treatment of Mycoplasma Pneumonia in Children (2023 Edition)”;'* (2) 1-14 years old. (3) Criteria for the
diagnosis of SMPP: The definition of SMPP refers to the Guidelines for the ‘Diagnosis and Treatment of
Mycoplasma Pneumoniae Pneumonia in Children (2023 Edition)’.'* Exclusion criteria: (1) Patients with congenital
heart disease, chromosomal disease, metabolic disease, immune deficiency disease, hematological tumor disease,
bronchopulmonary dysplasia, neurological dysplasia, epilepsy, and other diseases; (2) Previously had neonatal
respiratory distress syndrome, bacterial encephalitis, or other serious infectious diseases; (3) Patients with incom-
plete clinical data.

Data Collection

(1) General information: We collected demographic characteristics (age, gender), body mass index (BMI), onset season,
medical history data, and clinical features of patients, including clinical pulmonary infection score (CPIS) (the higher the
score, the more severe the clinical condition). (2) All patients were collected fasting blood within 24 hours of admission
and tested for each indicator using a fully automated analyzer: white blood cell count (WBC), neutrophil count (Neu),
lymphocyte count (Lym), monocyte count (Mono), platelet count (PLT), C-reactive protein (CRP), fibrinogen (FIB),
D-dimer. And calculate the systemic immune-inflammation index (SII=platelet count multiplied by neutrophil count
divided by lymphocyte count), neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), and systemic
inflammation response index (SIRI=Neutrophil Count * Monocyte Count/Lymphocyte Count). (3) Clinical Pulmonary
Infection Score (CPIS): It includes 6 indicators: body temperature, WBC count, secretion, oxygenation index, chest
X-ray infiltrates, and bacterial culture of airway secretions. Each indicator is scored from 0 to 2, with a total score of 12.

A higher score indicates a more severe clinical condition.®

Statistical Methods

Statistical analysis was conducted using SPSS 26.0 and GraphPad Prism 9.0 statistical software. Continuous variables
that follow a normal distribution are represented by mean =+ standard deviation (SD) and analyzed using an independent
sample #-test; The continuous variables of skewed distribution are represented by median and interquartile spacing (IQR),
and Continuous variables that do not conform to normal distribution are represented by median and interquartile intervals
(IQR) and analyzed using Mann Whitney U-test. The categorical variables are represented by frequency (%), and inter
group comparisons are made using Xz test. Perform multivariate logistic regression analysis on variables with significant
differences in univariate analysis to obtain pre-adjusted data models and post-adjusted data models for other confounding
factors. Use Spearman correlation to determine the correlation between NLR, SII, PLR, SIRI, and CPIS. Exploring the
risk factors affecting the severity of MPP in children using multivariate logistic regression analysis, Analyze the
predictive potential of variables on SMPP through the receiver operating characteristic (ROC) curve. The difference
was statistically significant with P<0.05.
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Results
Comparison of Demographic and Laboratory Parameters Between SMPP and

Non-SMPP Patients

A total of 304 patients were included, with a median age of 5.0 (3.0-7.0) years. There were 146 males (48.03%) and 158
females (51.97%). The basic demographic and clinical characteristics of the participants are shown in Table 1. There
were no statistically significant difference in gender, age, BMI, and onset season between the two groups of children
(P>0.05). There were significant statistical differences in the course of disease outside the hospital, duration of high fever,
total fever, WBC count, neutrophil count, lymphocyte count, monocyte count, PLT count, NLR, PLR, SII, SIRI, Alb,
CRP, D-dimer, PCT, FIB, and SII, NLR, PLR, SIRI values of the SMPP group were significantly higher than those of the
non-SMPP group (P<0.001).

The Predictive Capabilities of NLR, PLR, SlI, and SIRI on SMPP

ROC curves were drawn to evaluate the predictive ability of SII, NLR, PLR, and SIRI on the severity of MPP (Figure 1).
The results showed that the AUC of SII, NLR, PLR, and SIRI were 0.940 [95% CI (0.914, 0.965)], 0.885 [95% CI
(0.850, 0.921)], 0.818 [95% CI (0.765, 0.870)], 0.883 [95% CI (0.846, 0.921)], respectively. The optimal cutoff values
were 699.00, 2.26, 154.70 and 1.23, with sensitivity of 0.87, 0.74, 0.85, and 0.75, and specificity of 0.99, 0.92, 0.65 and
0.94, respectively (Table 2). It can be seen that SII has a better predictive ability for the severity of MPP than NLR, PLR,

and SIRI.

Table | Baseline Characteristics of the 304 Patients with Mycoplasma Pneumoniae Pneumonia

Variables SMPP (n=78) Non-SMPP (n=226) tllez P value
Age, years (IQR) 5.00 (4.00, 7.00) 5.00 (3.00, 7.00) —5.640 0.573
Male, n(%) 35 (44.87) 111 (49.12) 0.418 0518
BMI, kg/m? (mean+SD) 15.88+2.36 16.01+2.58 0.365 0.715
Season, n(%)

Spring 19 (24.36) 41 (18.14) 3.784 0.286
Summer 19 (24.36) 41 (18.14)

Autumn 21 (26.92) 78 (34.51)

Winter 19 (24.36) 66 (29.20)

Total heat duration, d (IQR) 7.00 (5.00, 8.00) 5.00 (3.00, 7.00) —4.304 <0.001
Duration of high fever, d (IQR) 4.00 (2.00, 5.00) 2.00 (0.00, 3.00) —4.896 <0.001
Out-of-hospital course of disease, d (IQR) 5.00 (4.00, 6.00) 3.00 (2.00, 4.00) —6.794 <0.001
CRP, mg/L (IQR) 11.42 (3.86, 24.31) 9.25 (4.97, 1351) -2.114 0.035
PCT, ng/mL (IQR) 0.121 (0.06, 0.43) 0.036 (0.01, 0.16) —5.241 <0.001
D-dimer, mg/L (IQR) 0.68 (0.43, 1.36) 0.42 (0.28, 0.66) —4.712 <0.001
FIB, g/L (IQR) 3.86 (3.18, 4.67) 3.63 (3.05, 4.17) —2.044 0.041
Alb, g/L (IQR) 42.00 (40.15, 44.53) 43.70 (41.90, 45.10) —4.011 <0.001
WBC,x10%/L (IQR) 8.87 (7.07, 10.65) 7.32 (5.88, 9.49) —-3.753 <0.001
Neutrophil,x 10%/L (IQR) 6.46 (4.76, 7.48) 4.00 (3.10, 5.44) —7.100 <0.001
Lymphocyte,x 10%/L (IQR) 1.73 (1.31, 2.25) 2.34 (1.64, 3.21) -4.970 <0.001
Monocyte,x 10%/L (IQR) 0.65 (0.50, 0.83) 0.45 (0.20, 0.70) —4.941 <0.001
PLT,x10%/L (IQR) 317.00 (255.75, 363.00) 239.50 (199.75, 284.25) —7.457 <0.001
NLR (IQR) 3.44 (2.56, 4.49) 1.75 (1.36, 2.32) —10.043 <0.001
PLR (IQR) 184.41 (129.12, 242.47) 103.82 (73.40, 140.31) —8.229 <0.001
SIl (IQR) 1033.92 (791.30, 1489.06) 422.61 (294.86, 584.85) —11.539 <0.001
SIRI (IQR) 2.23 (1.47, 3.24) 0.75 (0.34, 1.22) —10.054 <0.001

Notes: P<0.05 was considered statistically significant. MeanSD was for continuous variables. The percentage (%) was for categorical variables. Median (interquartile range
[IQR]) was for discontinuous.

Abbreviations: SMPP, Severe Mycoplasma Pneumonia; BMI, Body Mass Index; CRP, C-reactive protein; PCT, Procalcitonin; FIB, fibrinogen; Alb, albumin; WBC, white blood
cell; PLT, platelet; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; S, systemic immune inflammation index; SIRI, systemic infllmmation response
index.
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Figure | ROC curve of Sll, NLR, PLR, SIRI in predicting SMPP in children.
Abbreviations: SMPP, severe Mycoplasma pneumoniae pneumonia; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; Sll, systemic immune
inflammation index; SIRI, systemic inflammation response index.

Logistic Regression Models for SMPP Occurrence

Multivariate logistic regression analysis was used to determine the risk factors for the severity of MPP (Table 3). Binary
logistic regression analysis showed that after adjusting for confounding factors including duration of high fever, total
fever, out of hospital course, CRP, PCT, D-dimer, and fibrinogen, the admission SII value (adjusted odds ratio [OR]
=1.006, 95% confidence interval [CI]: 1.004—1.008, P<0.001) The NLR value (adjusted odds ratio [OR]=0.403, 95%

Table 2 Diagnostic Performance of Sll, NLR, PLR and SIRI for SMPP in Children

Variables Cutoff value AUC (95% CI) Sensitivity Specificity
Sl 699.00 0.940 (0.914-0.965) 0.876 0.987
SIRI 1.225 0.883 (0.846-0.921) 0.748 0.936
NLR 2.255 0.885 (0.850-0.921) 0.739 0.923
PLR 154.70 0.818 (0.765-0.870) 0.850 0.654

Note: P<0.05 was considered statistically significant.
Abbreviations: AUC, area under the curve; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-
lymphocyte ratio; Sll, systemic immune-inflammation index; SIRI, systemic inflammation response index.

Table 3 Logistic Regression Models for Severe Mycoplasma Pneumonia Occurrence

Variables Univariate Multivariable Multivariable (Reduced)

OR (95% CI) P value Adjusted OR (95% CI) P value Adjusted OR (95% CI) P value
Total heat duration, d 1.296 (1.152~1.457) 0.001 0.914 (0.664~1.259) 0.582
Duration of high fever, d 1.547 (1.262~1.897) <0.001 1.167 (0.782~1.741) 0.449
Out-of-hospital course of disease, d 1.817 (1.397~2.364) <0.001 1.928 (1.410~2.636) <0.001 1.894 (1.397~2.567) <0.001
CRP, mg/L 1.054 (1.022~1.087) 0.001 1.040 (0.987~1.096) 0.141 1.049 (0.999~1.100) 0.053
PCT, ng/mL 3.512 (1.373~8.985) 0.009 2.257 (0.667~7.636) 0.191 2.756 (0.869~8.740) 0.085
D-dimer, mg/L 1.962 (1.124~3.424) 0.018 1.368 (0.799~2.344) 0.254
FIB, g/L 1.399 (0.925~2.114) 0.1 1.261 (0.733~2.167) 0.402
Alb, g/L 0.840 (0.731~0.964) 0.013 0.759 (0.626~0.920) 0.005 0.755 (0.627~0.908) 0.003
NI 1.005 (1.003~1.006) <0.001 1.005 (1.002~1.007) 0.002 1.006 (1.004~1.008) <0.001
NLR 2.465 (1.906~3.187) <0.001 0.469 (0.252~0.872) 0.017 0.403 (0.224~0.722) 0.002
PLR 1.016 (1.011~1.021) <0.001 1.006 (0.996~1.016) 0.248
SIRI 2.823 (2.089~3.815) <0.001 2.007 (1.439~2.799) <0.001 1.900 (1.400~2.578) <0.001

Notes: P<0.05 was considered statistically significant. Median (interquartile range [IQR]) was for discontinuous.
Abbreviations: SMPP, severe Mycoplasma pneumoniae pneumonia; CRP, C-reactive protein; PCT, Procalcitonin; FIB, fibrinogen; Alb, albumin; NLR, neutrophil-to-
lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; Sll, systemic immune inflammation index; SIRI, systemic inflammation response index.
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Figure 2 Correlation analysis of CPIS with NLR (A), PLR (B), SlI (C), and SIRI (D).
Abbreviations: CPIS, clinical pulmonary infection score; Cl, confidence interval; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; Sll, systemic
immune-inflammation index; SIRI, systemic inflammation response index.

confidence interval [CI]: 0.224-0.772, P=0.002) and SIRI value (adjusted odds ratio [OR]=1.900, 95% confidence
interval [CI]: 1.400-2.578, P<0.001) still have statistical significance.

Correlations of NLR, PLR, SlI and SIRI with CPIS in MPP Patients
Spearman correlation analysis was used to evaluate the relationship between CPIS and NLR, PLR, SII, SIRI (Figure 2).
The results showed that SII (r=0.4064, 95% CI: 0.3050-0.4987) had the highest correlation with CPIS, indicating
a significant correlation between SII and disease severity, followed by NLR, SIRI, and PLR.

Discussion

SMPP has a rapid onset and progression, can lead to multiple system injuries, and is difficult to treat with poor prognosis.
Therefore, early identification of SMPP is beneficial for clinical doctors to intervene early and improve the prognosis of
patients. Inflammatory factors are key indicators for evaluating the occurrence and development of pneumonia, and are
closely related to patient prognosis. Although multiple studies have confirmed that CRP, LDH, and D-dimer can be used
as indicators to predict the severity of MPP, chest imaging is also used to evaluate the severity of pulmonary infections.
However, in clinical practice, some children with SMPP have no obvious abnormalities in early chest imaging, and
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outpatient patients generally only test blood routine. SII is an inflammatory index that can be obtained solely based on
neutrophil count, lymphocyte count, and platelet count. It can represent different inflammatory and immune response
states in the body,” and plays an important role in the occurrence and development of MPP. In this retrospective study, we
compared the predictive value of NLR, SII, PLR, and SIRI for childhood SMPP for the first time, and evaluated the
relationship between these four inflammatory indicators and the severity of MPP through CPIS. The results showed that
SII can be used to predict the severity of MPP, with better prediction accuracy, sensitivity, and specificity than PLR,
NLR, and SIRI.

Most cases of SMPP occur within a week of the course of the disease, and its complex pathogenesis is still unclear. It
is usually a combination of multiple factors, closely related to the direct damage of MP and the disorder of the body’s
immune response.* After MP infection, the innate and adaptive immune functions of the body are disrupted, leading to
excessive inflammatory reactions in the lungs and the whole body. The cytokines and chemokines released by the body
produce an inflammatory cascade amplification effect, causing imbalance of neutrophils, lymphocytes, and platelets in
the patient’s peripheral blood, ultimately leading to multi-system damage both inside and outside the lung.'* The increase
in SII levels primarily results from elevated neutrophils and platelets, along with a decrease in lymphocytes. Neutrophils
are the key to the progression of pneumonia.'> Studies have shown that the membrane lipoprotein of MP binds to Toll-
like receptors (TLRs) on alveolar macrophages (AM), which can activate the nuclear factor-xB(NF-kB) signaling
pathway, leading to the release of pro-inflammatory cytokines such as interleukin-8 (IL-8), tumor necrosis factor-o
(TNF-a), interferon (IFN), and granulocyte-macrophage colony-stimulating factor (GM-CSF), thereby promoting neu-
trophils aggregation and pathogens phagocytosis.'®!” As the severity of MP infection escalates, there is a concurrent
increase in the levels of IL-8 and TNF-o. in the patients’ serum.'®'® Lee et al have also confirmed that after MP adheres
to alveolar epithelial cells (AECs), ACEs can produce a significant amount of extracellular vesicles rich in miRNA.
These miRNA-enriched extracellular vesicles are actively delivered to alveolar macrophages (AM), promoting neutrophil
recruitment and inflammasome activation, leading to excessive inflammatory response and subsequent impairment of the
host’s immune function.'”?° Platelets come from mature megakaryocytes in the bone marrow and play a crucial role in
hemostasis and coagulation. In addition, it is also an important mediator of inflammatory response.>'**> When pneumonia
occurs, MP and its toxins, inflammatory mediators, and hypoxia can cause endothelial damage, leading to platelet
activation, aggregation, and excessive consumption. At this point, megakaryocytes in the bone marrow are activated to
produce more platelets to compensate for the loss. Studies have found a positive correlation between PLT levels and
hospital stay, mortality, and prognosis in MPP patients.***** Persistent inflammatory reactions can lead to cellular immune
dysfunction, thereby inducing lymphocyte depletion. This is consistent with the results of this study, that is, the
lymphocyte count of SMPP patients is lower than that of non SMPP patients. Therefore, inflammatory markers based
on these inflammatory cells, including NLR, PLR, SII, and SIRI, can be used to evaluate the systemic inflammatory level
and immune balance status of MPP patients.

Previous studies have shown that high levels of PLR are associated with 90-day mortality in CAP patients,” and NLR
can predict the prognosis and early treatment response of CAP patients.® NLR and SII have good guiding value for the
early diagnosis and condition assessment in children with CAP.*® E. Acar’s*® study confirmed that SII>3551 is an
independent risk factor affecting 28-day mortality in CAP patients, with predictive sensitivity and specificity of 63.8%
and 68.1%, respectively. The area under the ROC curve is 0.737 [95% CI (0.672-0.802), P<0.001], indicating that
dynamic monitoring of SII levels is beneficial for evaluating the condition and prognosis of children. Our research shows
that NLR [0.885, 95% CI (0.850, 0.921)], PLR [0.818, 95% CI (0.765, 0.870)], SII [0.940, 95% CI (0.914, 0.965)], and
SIRI [0.883, 95% CI (0.846, 0.921)] all have good predictive ability for SMPP. The adjusted multivariate logistic
regression analysis results showed that SII, NLR, and SIRI were independent risk factors for predicting the severity of
MPP, indicating that among the four inflammatory indicators, SII, NLR, and SIRI had better predictive ability for SMPP.
Therefore, MPP patients should evaluate the NLR, SII, and SIRI values at admission to determine early strengthening of
anti-inflammatory and anti-infective treatment, and improve the prognosis of the patients.

In addition, in order to further discuss the clinical practical value of SII, NLR, SIRI, and PLR, this study explored the
correlation between them and the severity of MPP through CPIS. CPIS has 6 indicators, including body temperature,
WBC count, airway secretions, oxygenation index, chest X-ray infiltration shadow, and bacterial culture of airway

940 https: International Journal of General Medicine 2024:17
Dove


https://www.dovepress.com
https://www.dovepress.com

Dove Wang et al

aspirates, with each indicator scoring 0—2 points and a total score of 12 points; The higher the score, the more severe the
pulmonary infection and the need for active anti infection treatment. Our results found the strongest correlation between
SIT and CPIS, indicating that the higher the SII value of hospitalized MPP patients, the more severe the pulmonary
infection.

In severe pneumonia, the interaction between inflammation and the coagulation system can exacerbate lung injury.
CRP, D-dimer, FIB are commonly used indicators to evaluate the inflammatory status of MPP patients, which can be
used for early identification and prediction of SMPP cases. The higher the detection value, the greater the risk of
developing SMPP.*?” In our study, the serum CRP, D-dimer, and FIB levels in SMPP patients were significantly
higher than those in non SMPP patients, indicating that there may be excessive inflammatory response in SMPP
patients.

However, this study has some limitations. Firstly, this is a single center retrospective study, and the study only focuses
on hospitalized children with MPP. Further research is needed to determine whether it is equally applicable to outpatient
children. Secondly, the sample size of this study is limited. Therefore, further large-scale prospective studies are needed
to further explore the relationship between SII and the severity of MPP patients’ conditions to validate our conclusions.
Thirdly, the SII value is only calculated based on the peripheral blood cell count at admission, and further research is
needed on the dynamic changes of SII with the evolution of the condition.

Conclusion
In conclusion, SII can be used as a clinical predictor of disease severity in hospitalized MPP children, and its predictive
performance is better than that of NLR, SIRI, and PLR.
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