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Purpose: Hospital-acquired otitis media (OM) is a common complication in children with bacterial pneumonia, associated with
prolonged morbidity. Systemic inflammation indices (SII and AISI) may serve as biomarkers for OM risk. This study aimed to
evaluate the association of SII and AISI with hospital-acquired OM risk in children (<12 years) with bacterial pneumonia.
Patients and Methods: A total of 388 children (aged <12 years) diagnosed with bacterial pneumonia were enrolled in this study
from January 2024 to June 2025.. Data included demographic characteristics, birth history, feeding history, and laboratory tests.
Logistic regression analysis was used to analyze the relationship between SII, AISI, and the risk of OM. This study constructed
a nomogram prediction model, and the performance of the model was assessed by the area under the receiver operating characteristic
curve (AUC), calibration curves, and decision curve analysis (DCA).

Results: The majority of patients were male (54.90%) and aged <3 years (55.93%). Based on OM status, children were divided into
No-OM group (n = 289) and OM group (n = 99). The OM group showed significantly elevated levels of inflammatory markers (WBC,
NEU, MON, PLT, CRP, SII and AISI), alongside lower levels of RBC, HGB, and TP, compared to the No-OM group (all p<0.05).
Multivariate analysis found log2-SII (OR = 1.38, 95% CI: 1.05-1.82, p = 0.021) and log2-AISI (OR = 1.37, 95% CI: 1.07-1.78, p <
0.001) were risk factors of hospital acquired OM. Compared to log2-SII model (0.827, 95% CI: 0.780-0.875), log2-AISI model
(0.834, 95% CI: 0.788—0.881) demonstrated superior discriminatory ability. Both models exhibited a favorable clinical benefit rate.
Additionally, restricted cubic spline (RCS) analysis showed a significant linear relationship between log2-SII, log2-AISI and OM risk
(all P for nonlinear >0.05), with inflection points at 9.71 (log2-SII) and 8.16 (log2-AISI).

Conclusion: This study established the predictive value of SII and AISI for hospital acquired OM in children aged <12 years with
bacterial pneumonia. Integrating them into clinical practice can guide targeted prevention and thereby improve prognosis.
Keywords: systemic immunity inflammation index, aggregate index of systemic inflammation, bacterial pneumonia, otitis media,
inflammation

Introduction

Pneumonia is a pulmonary disease caused by pathogens, such as bacteria, mycoplasma and viruses.' The global annual
number of deaths from pneumonia was about 2.5 million between 1990 and 2019.* Bacterial pneumonia, as an acute
inflammation of the lung parenchyma (including alveoli, terminal airways, and pulmonary interstitium) is caused by
bacterial infection, and it is one of the most common types of pneumonia clinically. Streptococcus pneumoniae and
Haemophilus influenzae are the most common bacterial pathogen.>® Studies had shown that Streptococcus pneumoniae

alone causes over 1 million deaths annually in susceptible populations (children and the elderly.” Hospitalization for
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bacterial pneumonia in children can lead to many complications, such as pleural effusion, empyema, respiratory failure,
sepsis, and otitis media (OM).L11 Among these, OM is the most common,12 which can affect children’s hearing,
language and quality of life."?

The pathogenesis of OM secondary to bacterial pneumonia is closely linked to the anatomical connectivity and
inflammatory spillover between the upper and lower respiratory tracts. The pediatric Eustachian tube is shorter, more
horizontal, and functionally immature compared to adults, facilitating the reflux or aspiration of nasopharyngeal secretions
containing pathogens into the middle ear.'*'> Furthermore, the systemic inflammatory response triggered by bacterial
pneumonia can lead to mucosal swelling and dysfunction of the Eustachian tube, disrupting middle ear ventilation and
clearance.'® This creates a conducive environment for secondary bacterial infection and effusion, characterizing the course of
hospital-acquired OM.'” In additional, studies had indicated that factors influencing the OM during hospitalization in
children with bacterial pneumonia include non-exclusive breastfeeding, inflammation, and decreased serum vitamin D
levels.'® 2 Among these, inflammation is of significant importance, as it can influence the occurrence of otitis media.

Systemic immunity inflammation index (SII) and the aggregate index of systemic inflammation (AISI) are novel
inflammatory markers, which are calculated by neutrophils, monocytes and lymphocytes. These values can be easily
obtained through routine complete blood cell count test, it is an economical, rapid and widely used clinical test. Previous
research had found associations between these indices and various diseases, such as breast cancer, esophageal cancer,
cardiovascular diseases, and diabetes.' >* However, the relationship between SII, AISI and the hospital acquired OM in
bacterial pneumonia children remains unclear. Therefore, we planned to explore the relationship between SII, AISI and
OM risk during hospitalization in pediatric patients with bacterial pneumonia.

Materials and Methods

Data Sources and Population Selection

This study retrospectively collected 388 children with bacterial pneumonia who were admitted to Tangshan Maternal and
Child Health Care Hospital between January 2024 and June 2025. Based on the occurrence of OM after admission, the
children were divided into bacterial pneumonia with OM group (OM group) and bacterial pneumonia without OM group
(No-OM group). Inclusion criteria were as follows: (1) Children <12 years old; (2) Complete demographic information,
clinical records, and laboratory test results; (3) Pathogenic bacteria confirmed as positive through sputum culture or
bronchoalveolar lavage fluid bacterial culture; (4) Absence of clinical manifestations related to otitis media upon
admission. Exclusion criteria: (1) Presence of hepatic or renal dysfunction, or cardiac impairment; (2) Presence of
chronic underlying diseases such as connective tissue diseases, neurological disorders, endocrine system diseases, or
developmental delays; (3) Diagnosis of malignancy. All finally included cases strictly met the above criteria. To ensure
the reliability of the results, this study adopted rigorous methods, excluded hepatic dysfunction (26), renal dysfunction
(32), cardiac impairment (21); presence of chronic underlying diseases such as connective tissuediseases (15), neurolo-
gicaldisorders (4), endocrine systemdiseases (6), or developmental delays (2); diagnosis of malignancy (3). This retro-
spective study was conducted in accordance with the ethical principles of the Declaration of Helsinki and was approved
by the Tangshan Maternal and Child Health Care Hospital Ethics Review Committee (Approval No.: 2023—-080-01). All
data were anonymized and handled exclusively by the research team in a secure environment, used solely for this study
without disclosure for any other purpose. The flowchart was shown in Figure 1.

Data Collection
All data for this study were collected from the electronic medical record system of Tangshan Maternal and Child Health
Care Hospital. We collected data on the following: demographic characteristics (sex, age); birth history (delivery mode,
maternal gravidity, preterm birth); feeding practices (breastfeeding, formula, or mixed); clinical manifestations; and
laboratory parameters (hematological, biochemical, and pathogen detection results).

The peripheral blood indices included WBC, NEU, MON, LYM, PLT, RBC, and HGB; the biochemical parameters
included CRP, ALT, AST, TP, CK, and LDH. A 3mL fasting venous blood sample was collected from children aged < 12
years with bacterial pneumonia on admission day. The complete blood count was analyzed using an automated
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Bacterial pneumonia patients aged <12
years between 01.2024 and 06.2025 (n=497)

Excluded patients (n=109 ):

1) Presence of hepatic or renaldysfunction or
cardiacimpairment;

2) Presence of chronic underlyingdiseases:
connective tissuediseases,
neurologicaldisorders,
endocrine systemdiseases,
or developmentaldelays;

3) Diagnosis of malignancy.

Remaining bacterial pneumonia
patients (n=388)

jl Discharge diagnosis: OM

l l

OM group (n=99) l | No-OM group (n=289) l

Figure | Patient Selection Flowchart.

hematology analyzer (Mindray BC-6800). Blood samples were centrifuged by centrifugal force (3000 r/min, 15 minutes).
Biochemical indices were measured using a Beckman biochemical analyzer.

In bacteriological analysis, we focused on the four most frequently detected pathogens in sputum culture or
bronchoalveolar lavage fluid culture: Haemophilus influenzae (HI), Streptococcus pneumoniae (SP), Staphylococcus
aureus (SA), and Moraxella catarrhalis (MC).

All laboratory tests were performed in strict accordance with standardized operating procedures.

Definition of Dependent Variables: Hospital Acquired OM with Bacterial Pneumonia
Bacterial pneumonia refers to parenchymal inflammation of the lungs caused by bacterial pathogens, primarily involving
the alveoli and pulmonary interstitium.*’

OM was defined by moderate to severe tympanic membrane bulging, new otorrhea (excluding external otitis) or mild
bulging with ear pain or erythema.*® In this study, bacterial pneumonia complicated by OM in hospitalized children refers
to cases where children were admitted for bacterial pneumonia without symptoms of OM at the time of admission but

developed OM during their hospital stay.

Definition of Independent Variables: Sl and AlSI

SIT and AISI are composite biomarkers based on counts of inflammatory cells in peripheral blood. Fasting venous blood
(3 mL) was collected from patients on the day of hospitalization. Monocytes, lymphocytes, neutrophils, and PLT counts
were measured using an automated hematology analyzer (Mindray BC-6800). The formula for SII is platelet count X
neutrophil count / lymphocyte count, while the formula for AISI is monocyte count X platelet count x neutrophil count /
lymphocyte count.?’ Since the SII and AISI values in this study exhibited a skewed distribution, SIT and AISI were log2-
transformed before data analysis.

Definition of Other Variables

Preterm infants were defined as a gestational age of less than 37 weeks with a birth weight of less than 2500 grams.?®

Gravidity is defined as the total number of pregnancies a woman has experienced, including all singleton and multiple

gestations (eg, twins count as one pregnancy), ectopic pregnancies, miscarriages (both spontaneous and induced

abortions), and live births from normal deliveries. Any confirmed pregnancy is counted as one gravidity event.
Antibiotic use was defined as the administration of B-lactam or macrolide antibiotics before admission.
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Statistical Analysis

Data management was performed using Excel 2020, and statistical analyses were conducted in R 4.4.3. Continuous
variables were presented as mean + standard deviation or median with interquartile range, as appropriate based on their
distribution. Categorical variables were expressed as frequencies and percentages. To compare baseline characteristics,
continuous variables were analyzed using independent -tests (for normally distributed data) or Mann—Whitney U-tests
(for non-normally distributed data). Categorical variables were compared using y’-tests. To identify independent risk
factors for hospital-acquired OM, a multivariable logistic regression model was developed. Variables with P-values <
0.05 in univariate analyses were included in a backward stepwise selection process. For the purpose of providing a visual
and practical tool for individualized risk prediction, a nomogram was constructed based on the final regression model. To
comprehensively evaluate the predictive performance of the nomogram, we assessed its discrimination using the area
under the receiver operating characteristic curve (AUC), its calibration using calibration curves with 1000 bootstrap
resamples, and its clinical utility using decision curve analysis (DCA). Results were reported as odds ratios (OR) with
their 95% confidence intervals (CI). Statistical significance for all tests was defined as a two-sided P-value < 0.05.

Results

Baseline Characteristics

388 bacterial pneumonia children were included in this study, 213 (54.90%) was male, 175 (45.10%) was female. Among
these patients, most were aged < 3 years (55.93%), born at term (94.85%) and via Caesarean section (57.47%).
Concerning bacterial infections, SP was detected in 31.70%, SA was 14.95% and MC was 18.04%. HI was found in
30.41% of the patients. The majority of children (75.26%) had taken antibiotics before being hospitalized.

The children were divided into two groups: non-OM group (n=289) and OM group (n=99). Compared to the non-OM
group, the OM group had a significantly higher proportion aged <3 years and a higher rate of HI infection. Laboratory
findings revealed significantly elevated levels of WBC, log2-transformed SII and AISI, CRP, ALT, AST, CK, and LDH,
alongside lower levels of RBC, HGB, and TP (all p < 0.05). Detailed information was presented in Table 1. Furthermore,
among male patients aged <3 years, the incidence of OM was 34.15%, compared with 40.43% among their female
counterparts (Table S1). No statistically significant difference in OM incidence was observed between sexes across any
age group (Table S2).

Table I Comparison of Baseline Characteristics

Variables Total (n=388) No-OM (n=289) OM (n=99) P
Sex, n(%) 0.505
Male 213 (54.90%) 162 (56.06%) 51 (51.52%)
Female 175 (45.10%) 127 (43.94%) 48 (48.48%)
Age, n(%) <0.001
<3years 217 (55.93%) 137 (47.40%) 80 (80.81%)
3~6years 127 (32.73%) 110 (38.06%) 17 (17.17%)
6~12years 44 (11.34%) 42 (14.53%) 2 (2.02%)
Premature infant,n(%) 0.751
No 368 (94.85%) 273 (94.46%) 95 (95.96%)
Yes 20 (5.15%) 16 (5.54%) 4 (4.04%)
Delivery mode, n(%) 0.396
Vaginal delivery 165 (42.53%) 127 (43.94%) 38 (38.38%)
Caesarean section 223 (57.47%) 162 (56.06%) 61 (61.62%)
Pregnancy stage, n(%) 0.145
The first 226 (58.25%) 175 (60.55%) 51 (51.52%)
Non-the first 162 (41.75%) 114 (39.45%) 48 (48.48%)

(Continued)
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Table | (Continued).

Variables Total (n=388) No-OM (n=289) OM (n=99) P
Feeding history, n(%) 0.163
Breast milk 234 (60.31%) 167 (57.79%) 67 (67.68%)

Formula milk 53 (13.66%) 44 (15.22%) 9 (9.09%)

Breast milk+Formula milk 101 (26.03%) 78 (26.99%) 23 (23.23%)

Infection with SP, n(%) 0.825
No 265 (68.30%) 196 (67.82%) 69 (69.70%)

Yes 123 (31.70%) 93 (32.18%) 30 (30.30%)

Infection with SA, n(%) 1.000
No 330 (85.05%) 246 (85.12%) 84 (84.85%)

Yes 58 (14.95%) 43 (14.88%) 15 (15.15%)

Infection with MC, n(%) 0.475
No 318 (81.96%) 234 (80.97%) 84 (84.85%)

Yes 70 (18.04%) 55 (19.03%) 15 (15.15%)

Infection with HI, n(%) <0.001
No 270 (69.59%) 217 (75.09%) 53 (53.54%)

Yes 118 (30.41%) 72 (24.91%) 46 (46.46%)

Take antibiotics, n(%) 0.059
No 96 (24.74%) 79 (27.34%) 17 (17.17%)

Yes 292 (75.26%) 210 (72.66%) 82 (82.83%)

WBC (1079/L) 10.02 + 5.05 9.15 + 424 12.57 + 6.25 <0.001
NEU (1079/L) 5.95 + 3.64 5.37 £ 3.00 7.64 + 4.69 <0.001
MON (1079/L) 081 £ 0.39 0.73 £ 0.28 1.03 + 0.54 <0.001
LYM (1079/L) 3.02 £ 1.94 2.74 £ |.51 3.83 £ 2.69 <0.001
PLT (1079/L) 308.36 + 123.40 280.94 £ 101.21 388.40 + 146.07 <0.001
#SlI 574.51 (333.22, 968.86) | 548.25 (298.43, 902.06) | 648.38 (394.86, 1128.09) | 0.004
#AISI 433.83 (204.43, 787.40) | 375.92 (174.18, 690.00) | 646.93 (313.35, 1197.74) | <0.001
log2-SlI 9.10 £ 1.25 897 + 1.27 9.47 £ 1.11 <0.001
log2-AlSI 8.64 + 1.53 840 * 1.47 9.32 % 1.52 <0.001
RBC (107 12/L) 4.60 = 0.37 4.63 + 0.37 4.50 + 0.36 0.002
HGB (g/L) 124.62 + 11.62 127.02 = 10.07 117.63 + 13.02 <0.001
#CRP (mg/L) 6.85 (2.12, 18.34) 5.58 (1.60, 14.94) 13.09 (3.94, 31.62) <0.001
ALT (U/L) 16.62 £ 7.72 1581 £ 7.11 18.99 + 8.89 0.002
AST (U/L) 34.83 £ 13.54 33.34 £ 10.31 39.19 + 19.66 0.005
TP (g/L) 68.00 + 15.72 68.68 + 17.94 66.02 + 4.98 0.023
CK (U/L) 80.71 * 23.00 77.98 + 18.85 88.66 + 30.97 0.002
LDH (U/L) 330.40 + 94.41 315.85 + 86.89 372.90 + 102.79 <0.001

Notes: Continuous variables were expressed as Mean * SD or median (IQR)and categorical variables were expressed as NO. (%). #: Non-
normal data. Continuous variables were analyzed using independent t-tests (for normally distributed data) or Mann—Whitney U-tests (for
non-normally distributed data). Categorical variables were compared using 2’-tests.

Abbreviations: WBC, White Blood Cell Count; NEU, Neutrophil Count; MON, Monocyte Count; LYM, Lymphocyte Count; PLT, Platelet
Count; SlI, Systemic Immune-Inflammation Index; AlSI, Aggregate Index of Systemic Inflammation; RBC, Red Blood Cell Count; HGB,
Hemoglobin; CRP, C-Reactive Protein; ALT, Alanine Aminotransferase; AST, Aspartate Aminotransferase; TP, Total Protein; CK, Creatine
Kinase; LDH, Lactate Dehydrogenase.

Univariate Logistic Regression Analysis of OM Risk

As shown in Table 2, the results showed age (3~6 years: OR =0.27, 95% CI: 0.15-0.47, p <0.001; 6~12 years: OR = 0.09, 95%
CI: 0.01-0.30, p = 0.001), infection with HI (OR = 2.61, 95% CI: 1.62-4.21, p < 0.001), take antibiotics (OR = 1.80, 95% CI:
1.02-3.32, p = 0.041), log2-SII (OR = 1.42, 95% CL: 1.16-1.73, p = 0.001), log2-AISI (OR = 1.54, 95% CI: 1.30-1.84,
p<0.001), WBC (OR =1.14, 95% CI: 1.08-1.20, p<0.001), RBC (OR =0.37, 95% CI: 0.19-0.73, p=0.004), HGB (OR = 0.93,
95% CI: 0.90-0.95, p < 0.001), CRP (OR = 1.02, 95% CI: 1.01-1.04, p < 0.001), ALT (OR = 1.05, 95% CI: 1.02-1.08,
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Table 2 Univariate Logistic Regression Analysis

Variable OR (95% CI) P
Sex, n(%)

Male Reference

Female 1.20 (0.76, 1.90) | 0.436
Age, n(%)

<3years Reference

3~6years 0.27 (0.15, 0.47) | <0.001
6~12years 0.09 (0.01, 0.30) | 0.001
Premature infant, n(%)

No Reference

Yes 0.74 (0.20, 2.10) | 0.593
Delivery mode, n(%)

Vaginal delivery Reference

Caesarean section 1.26 (0.79, 2.02) | 0.338
Pregnancy stage, n(%)

The first Reference

Non-the first 1.44 (091, 2.29) | 0.119
Feeding history, n(%)

Breast milk Reference

Formula milk 0.52 (0.22, 1.08) | 0.080
Breast milk+Formula milk | 0.74 (0.42, 1.26) | 0.270
Infection with SP, n(%)

No Reference

Yes 0.92 (0.55, 1.50) | 0.736
Infection with SA, n(%)

No Reference

Yes 1.03 (0.53, 1.91) | 0.934
Infection with MC, n(%)

No Reference

Yes 0.77 (0.40, 1.40) | 0.394
Infection with HI, n(%)

No Reference

Yes 2.61 (1.62,4.21) | <0.001
Take antibiotics, n(%)

No Reference

Yes 1.80 (1.02, 3.32) | 0.041
log2-Sl| 1.42 (1.16, 1.73) | 0.001
log2-AlSI 1.54 (1.30, 1.84) | <0.001
WBC 1.14 (1.08, 1.20) | <0.001
RBC 0.37 (0.19, 0.73) | 0.004
HGB 0.93 (0.90, 0.95) | <0.001
CRP 1.02 (1.01, 1.04) | <0.001
ALT 1.05 (1.02, 1.08) | 0.001
AST 1.03 (1.01, 1.05) | 0.001
TP 0.92 (0.87, 0.97) | 0.002
CK 1.02 (1.01, 1.03) | <0.001
LDH 1.01 (1.00, 1.01) | <0.001

Note: Univariate analysis was conducted using logistic regression.
Abbreviations: SlI, Systemic Immune-Inflammation Index; AlSI,
Aggregate Index of Systemic Inflammation; WBC, White Blood
Cell Count; RBC, Red Blood Cell Count; HGB, Hemoglobin; CRP,
C-Reactive Protein; ALT, Alanine Aminotransferase; AST, Aspartate
Aminotransferase; TP, Total Protein; CK, Creatine Kinase; LDH,

Lactate Dehydrogenase.
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p=0.001), AST (OR = 1.03, 95% CI: 1.01-1.05, p = 0.001), TP (OR = 0.92, 95% CI: 0.87-0.97, p = 0.002), CK (OR = 1.02,
95% CI: 1.01-1.03, p < 0.001) and LDH (OR = 1.01, 95% CI: 1.00-1.01, p < 0.001) were influencing factors of OM.

Multivariate Logistic Regression Analysis of OM Risk
Two multiple logistic regression models were constructed, incorporating log2-SII and log2-AISI. Table 3 summarized the
results of log2-SII model. Model 1 showed log2-SII was a OM risk factor (OR = 1.39, 95% CI: 1.06—1.85, p = 0.022). To
enhance predictive performance, we employed a backward stepwise logistic regression approach. Model 2 also showed
log2-SII (OR = 1.38, 95% CI: 1.05-1.82, p = 0.021) was influencing factors.

Table 4 summarized the results of log2-AISI model. Model 1 showed log2-AISI was a OM risk factor (OR = 1.37,
95% CI: 1.07-1.79, p = 0.015). Model 2 also showed log2-AISI was a OM risk factor (OR = 1.37, 95% CI: 1.07-1.78,
p < 0.001).

Nomogram for Predicting OM Risk

Based on Model 2, we built two nomograms (Figure 2). The nomograms showed higher log2-SII, higher log2-AISI, age
3—12 years, infection with HI, take antibiotics, higher WBC, lower HGB and higher CK were risk factors for OM. When
using the nomogram to predict OM risk, doctors can place on the corresponding axes based on the patient’s risk factors.
The assigned scores from each factor were summed to obtain a total score. A higher total score indicated a greater risk of
OM. Using the bootstrap method (1000 times), a calibration curve was plotted to evaluate the model. Predictive accuracy
is visually assessed by the proximity of the solid line (the predictions) to the dashed diagonal (the ideal line). Greater
alignment between the two signifies a more accurate model (Figure 3). The mean absolute error of log2-SII nomogram
model was 0.024 (Figure 3A), and log2-AISI nomogram model was 0.023 (Figure 3B), which showed that the predicted

Table 3 Log2-Sll Multivariate Logistic Regression Model

Variable Model | Model 2

OR (95% CI) P OR (95% CI) P
log2-SlI 1.39 (1.06, 1.85) | 0.022 1.38 (1.05, 1.82) | 0.021
Age, n(%)
<3 years Reference Reference
3~6 years 0.37 (0.17,0.77) | 0.009 | 0.30 (0.15, 0.59) | <0.001
6~12 years 0.13 (0.02, 0.52) | 0.012 | 0.09 (0.01, 0.37) | 0.003
Infection with HI, n(%)
No Reference Reference
Yes 2.02 (1.09, 3.73) | 0.024 | 2.00 (I.10, 3.63) | 0.023
Take antibiotics, n(%)
No Reference Reference
Yes 2.03 (1.00, 4.39) | 0.059 | 2.30 (I.15,4.87) | 0.023
WBC 1.06 (0.99, 1.13) | 0.115 1.08 (1.01, I.15) | 0.016
RBC 0.86 (0.37, 2.24) | 0.750
HGB 0.95 (0.92, 0.98) | 0.003 | 0.94 (0.92, 0.97) | <0.001
CRP 1.01 (1.00, 1.03) | 0.190
ALT 1.03 (0.99, 1.06) | 0.175
AST 1.00 (0.98, 1.03) | 0.790
TP 0.97 (0.91, 1.01) | 0.408
CK 1.02 (1.01, 1.04) | <0.001 | 1.02 (I.01, 1.04) | <0.001
LDH 1.00 (1.00, 1.01) | 0.176

Notes: Variables with P-values <0.05 in univariate analyses were incorporated into multivariable
logistic regression. To optimize the model, backward stepwise regression analysis was performed.
Abbreviations: Sll, Systemic Immune-Inflammation Index; WBC, White Blood Cell Count; RBC,

Red Blood Cell Count;

HGB, Hemoglobin;

CRP, C-Reactive Protein;

ALT, Alanine

Aminotransferase; AST, Aspartate Aminotransferase; TP, Total Protein; CK, Creatine Kinase;

LDH, Lactate Dehydrogenase.
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Table 4 Log2-AlSI Multivariate Logistic Regression Model

Variable Model | Model 2

OR (95% CI) P OR (95% CI) P
log2-AlSI 1.37 (1.07, 1.79) | 0.015 | 1.37 (1.07, 1.78) | <0.001
Age, n(%)
<3 years Reference Reference
3~6 years 0.40 (0.19,0.82) | 0.014 | 0.32 (0.16, 0.63) | 0.001
6~12 years 0.14 (0.02, 0.57) | 0.015 | 0.10 (0.02, 0.39) | 0.004
Infection with HI, n(%)
No Reference Reference
Yes 1.93 (1.04, 3.59) | 0.036 | 1.91 (1.04, 3.48) | 0.036
Take antibiotics, n(%)
No Reference Reference
Yes 2.07 (1.01, 4.50) | 0.055 | 2.35(l.17,5.00) | 0.021
WBC 1.04 (0.96, 1.12) | 0.140 | 1.06 (1.01, I.15) | 0.035
RBC 0.88 (0.38,2.31) | 0.786
HGB 0.95 (0.92, 0.98) | 0.003 | 0.95 (0.92, 0.97) | <0.001
CRP 1.01 (0.99, 1.03) | 0.231
ALT 1.03 (0.99, 1.06) | 0.166
AST 1.00 (0.98, 1.03) | 0.840
TP 0.97 (091, 1.01) | 0.424
CK 1.02 (1.01, 1.04) | <0.001 | 1.02 (1.01, 1.04) | <0.001
LDH 1.00 (1.00, 1.01) | 0.151

Notes: Variables with P-values <0.05 in univariate analyses were incorporated into multivariable
logistic regression. To optimize the model, backward stepwise regression analysis was performed.
Abbreviations: AlSI, Aggregate Index of Systemic Inflammation; WBC, White Blood Cell Count;
RBC, Red Blood Cell Count; HGB, Hemoglobin; CRP, C-Reactive Protein; ALT, Alanine
Aminotransferase; AST, Aspartate Aminotransferase; TP, Total Protein; CK, Creatine Kinase;
LDH, Lactate Dehydrogenase.

values were in good agreement with the actual values. AUC of log2-SII nomogram was 0.827 (95% CI: 0.780-0.875),
with a sensitivity of 0.768 and a specificity of 0.737 (Figure 4A); AUC of log2-AISI nomogram was 0.834 (95% CI:
0.788-0.881), with a sensitivity of 0.758 and a specificity of 0.747 (Figure 4B). In addition, the log2-AISI nomogram had
a higher AUC than the log2-SII nomogram, indicating that the models had good discrimination ability. DCA showed the
nomogram provided superior net benefit compared to the “treat-all” and “treat-none” strategies across the entire threshold

probability range (10-90%), supporting its clinical utility (Figure 5).

Relationship Between SlI, AlSI and OM in Children with Bacterial Pneumonia

In the overall population, univariate logistic regression results (Model 1) showed a positive association between log2-SII
(OR: 1.42,95% CI: 1.16-1.73, p < 0.001), log2-AISI (OR: 1.54, 95% CI: 1.30-1.84, p < 0.001) and OM. After adjusting
for age, infection with HI and take antibiotics, Model 2 showed log2-SII (OR: 1.60, 95% CI: 1.28-2.02, p < 0.001) and
log2-AISI (OR: 1.54, 95% CI: 1.27-1.86, p < 0.001). After full covariate adjustment, Model 3 showed log2-SII (OR:
1.51, 95% CI: 1.18-1.94, p = 0.001) and log2-AISI (OR: 1.45, 95% CI: 1.18-1.80, p < 0.001). Detailed results were
shown in Table 5.

A significant linear association between log2-SII, log2-AISI and OM risk was revealed by restricted cubic spline
(RCS) analysis (Figure 6). In the fully adjusted Model 3, the inflection point for log2-SII was identified at 9.71
(Figure 6A), the inflection point for log2-AISI was identified at 8.16 (Figure 6B), respectively. The results indicated
that OM risk remained low when log2-SII and log2-AlSIwere below their threshold points, but increased rapidly once
these indices exceeded their respective thresholds.
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Discussion
Our study identified both SII and AISI were associated with hospital-acquired OM in children with bacterial pneumonia.
This finding extended the known clinical utility of these hematological indices from chronic and oncologic diseases to
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Figure 5 Decision curve analysis of nomogram model (A) log2-Sll; (B) log2-AlSI. (Nomograms offered a greater net benefit compared to both the “treat-all” and “treat-
none” approaches over a threshold probability range from 10% to 90%, confirming its clinical utility in routine practice).

acute infectious complications. The primary mechanistic link lies in their capacity to quantify a pro-inflammatory, yet
immunologically dysregulated, host state that predisposes the middle ear to secondary infection.

This imbalance is critical in the etiopathogenesis of secondary OM through the following interconnected pathways:
(1) Systemic inflammation and middle ear Immune activation. During bacterial pneumonia, the systemic inflammatory
response can exacerbate OM.?*>° Elevated neutrophils and platelets indicate myeloid activation, this immune environment
facilitates the dissemination of pathogens and the formation of localized infections.*' In pediatric bacterial pneumonia,
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Table 5 The Relationship Between SlI, AISI and OM Risk Used Logistic Regression Analysis

Variable Model | Model 2 Model3

OR (95% CI) P OR (95% CI) P OR (95% CI) P
log2-SlI 1.42 (.16, 1.73) | <0.001 | 1.60 (1.28, 2.02) | <0.001 | I.51 (1.18, 1.94) | 0.001I
log2-AlSI 1.54 (1.30, 1.84) | <0.001 | 1.54 (1.27, 1.86) | <0.001 | 1.45 (1.18, 1.80) | <0.001

Notes: Model I: No covariates were included in the adjustment; Model 2: Adjusted for age, infection with HI and take
antibiotics; Model 3: Adjusted for age, infection with Hl, take antibiotics, RBC, HGB, CRP, ALT, AST, TP, CK, LDH.
Abbreviations: OR, odds ratio; Cl, Confidence interval.

increased SII and AISI correlate with higher circulating pro-inflammatory mediators (eg, TNF-a, IL-1B, IL-6).** These
cytokines enhance vascular permeability, enabling immune cell infiltration into sites such as the middle ear and triggering local
inflammation.*® They may also impair Eustachian tube function and reduce mucociliary clearance, promoting pathogen

4
A P for overall < 0.001
P for nonlinear = 0.182

Odds ratio (95% CI)
3]

6 7 8 9 10 11 12
log,-SII

8
B P for overall < 0.001
P for nonlinear = 0.805

6

Odds ratio (95% CI)

log,-AISI

Figure 6 Relationship between SlI, AISI and OMrisk (A) log2-Sll; (B) log2-AlSl. (RCS shows a linear relationship between log2-Sll, log2-AlSI and OM risk. The fitted
regression line is a solid red line; the black dashed line indicates the position where the OR is equal to I; the red shaded area indicates the 95% ClI).
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colonization. (2) Immune dysfunction and regulatory imbalance. Severe bacterial pneumonia is associated with reduced CD8"
T-cell subsets, suggesting impaired adaptive immunity.** Severe infection leads to T-cell exhaustion and diminished effector
responses.>* This exhaustion is particularly evident in children with hospital-acquired OM. Compensatory immune mobiliza-
tion against new infections may further deplete systemic immune resources. (3) Complexity of interactions between microbes
and hosts. Pathogen dominance in the respiratory tract can facilitate bacterial migration to the middle ear via mechanisms such
as molecular mimicry and immune evasion.>”>° Dysbiosis and systemic inflammation exhibit a bidirectional relationship:
respiratory microbiota imbalance can exacerbate inflammation (elevating SII/AISI), while systemic inflammation alters the
respiratory and Eustachian tube microenvironment, further disrupting microbial balance.*”

Previous studies had found that SIT and AISI were risk factors of various diseases, such as tumors and cardiovascular
diseases.”®*” This association is largely driven by a sustained systemic inflammatory response, which releases proinflammatory
cytokines (eg, TNF-a, IL-1B, IL-6) that damage vascular endothelial and tissue cells, thereby fostering a disease-promoting
microenvironment.* In the context of middle ear infection, pathogen recognition by mucosal epithelial cells and resident
macrophages triggers rapid chemokine release. These signals guide neutrophils across the vascular endothelium into the infected
cavity. Systemic immune indices such as the SII and AISI are derived from peripheral counts of neutrophils, monocytes,
lymphocytes, and platelets. Alterations in these indices reflect not only the magnitude of systemic inflammation but also specific
changes in the functional contributions of these cellular components to middle ear pathology. (1) Neutrophils. An elevated
neutrophil count, a key driver of high SII/AISI, signifies a robust but potentially damaging innate immune surge. Upon infiltrating
the middle ear, neutrophils combat pathogens through phagocytosis, ROS release, and NET formation. However, this intense
activity directly contributes to mucosal barrier disruption, tissue edema, and pus formation, manifesting clinically as acute otalgia
and fever.*' (2) Monocytes. Circulating monocytes differentiate into tissue macrophages. An increase in monocyte count
contributes to systemic inflammation. In the middle ear, M1-phenotype macrophages dominate early inflammation, while
a transition to the M2 phenotype is vital for tissue repair.** They clear debris and present antigens, bridging innate and adaptive
immunity.* Dysregulation in this population can skew the inflammatory response towards chronicity. (3) Lymphocytes.
B lymphocytes, with T cell help, differentiate into antibody-secreting plasma cells. These pathogen-specific antibodies neutralize
toxins and promote opsonophagocytosis, a key clearance mechanism evidenced by their abundance in middle ear effusions
during secretory OM.* Helper T cells orchestrate the immune response by releasing cytokines that direct macrophages,
neutrophils, and B cells. Cytotoxic T cells directly eliminate infected host cells, while regulatory T cells modulate inflammation
and limit tissue damage through inhibitory cytokines such as IL-10 and TGF-.** (4) Platelets. An elevated platelet count elevates
both SII and AISI. Platelets are active inflammatory mediators. By adhering to leukocytes, they enhance chemotaxis and ROS
production, amplifying inflammation.*® Furthermore, platelet aggregation can induce microthrombi, compromising middle ear
mucosal microcirculation. This exacerbates local hypoxia and effusion accumulation, and in severe cases, may facilitate the
spread of inflammation to the mastoid, increasing the risk of acute mastoiditis.*’

Furthermore, this study identified several independent risk factors for hospital-acquired OM, which can be contextualized
within three overarching pathogenic themes linking them to the core disease process. (1) Anatomy and Physiology. The
Eustachian tube in children (age < 3 years) is structurally and functionally underdeveloped. Its short, horizontal orientation,
weak cartilage, and inefficient tensor veli palatini muscle impair ventilation and drainage.47 This dysfunction permits the
reflux of pathogens and secretions into the middle ear, initiating OM.*® (2) Microbiome Ecology. Specific microbiological
factors further increase vulnerability. Haemophilus influenzae (HI) employs robust biofilm formation and adhesins (eg, pili) to
enhance its colonization and persistence in the nasopharynx and middle ear.**> Prior antibiotic use exacerbates this risk by
disrupting the commensal nasopharyngeal microbiome, diminishing colonization resistance, and selecting for resistant HI
strains. (3) Systemic Vulnerability and Metabolic Imbalance. Several hematological and biochemical markers point to
a systemically compromised host state conducive to OM. (a) Anemia (reflected by lower RBC and HGB), often indicative
of nutritional iron deficiency, can impair T-cell function and phagocytic activity, weakening mucosal immunity.”'>* (b)
Hepatic Dysfunction (suggested by elevated ALT/AST with decreased TP) may compromise systemic protein synthesis and
immune capacity, hindering effective infection resolution.™ (c) Tissue Injury and Hypoxia (indicated by elevated CK and
LDH) intensify local inflammation and nasopharyngeal edema, which can obstruct eustachian tube drainage. Local hypoxia

may further elevate LDH via anaerobic metabolism, impeding mucosal repair and fostering pathogen proliferation.*>>
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However, this study had several limitations. First, as a single center study, external validation was not possible. Second, as
a retrospective study, it cannot establish a causal relationship between SII, AISI, and OM. Third, the small sample size may
affect the stability of results. Fourth, the factors included in this study were limited, other inflammatory markers (such as IL-6
and TNF-a) were not analyzed. Fifth, this study focused on hematological and biochemical indices of inflammation. While we
adjusted for key clinical confounders (eg, age, prior antibiotic use) in the analysis, other potentially relevant demographic and
lifestyle factors (such as detailed dietary history, family size, or birth order) were not examined. These factors may influence
host susceptibility or the microenvironment in the nasopharynx and middle ear independently of systemic inflammation.
Based on limitations, future research can be pursued in the following areas. (1) Incorporating Multidimensional Data:
Prospective, large-scale studies should systematically collect and integrate the systemic inflammatory indices (SII, AISI)
with detailed demographic (eg, age, sex), socioeconomic, and lifestyle data (such as dictary patterns, household size, and birth
order). This approach would allow for the dissection of independent and interactive effects between a pro-inflammatory host
state and broader environmental or host-constitutional risk factors. (2) Refining the Biomarker Panel: Expanding the
biochemical profile to include a wider array of specific inflammatory mediators (eg, IL-6, TNF-a)) and nutritional markers
would enhance the granularity of risk prediction. This could help determine whether the composite indices SII, AISI act as
surrogates for specific cytokine milieus or distinct biological pathways. (3) Elucidating Causal Pathways: To move beyond
association, mechanistic studies are needed. These should investigate how the systemic inflammation captured by SII, AISI
directly modulates the local microenvironment of the nasopharynx and middle ear, and how this interaction may be modified
by the factors mentioned above.

Conclusion

This study established a significant association between elevated SII, elevated AISI and an increased risk of hospital-
acquired OM in children with bacterial pneumonia, thereby achieving our primary objective of elucidating the role of
systemic inflammation in secondary complications. These indices function as integrative biomarkers, reflecting the
specific pro-inflammatory and immune-dysregulated host state that predisposes patients to middle ear infection.
Consequently, monitoring SII and AISI levels may aid clinicians in identifying high-risk patients who would benefit
from heightened vigilance and supportive management to mitigate OM risk.
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SII, Systemic immune-inflammation index; AISI, Systemic Inflammatory Response Syndrome Index; SP, Streptococcus
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