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Background: Acinetobacter baumannii (A. baumannii) is one of the most common pathogens in pneumonia patients with cerebral
hemorrhage. Exploring objective predictors of pneumonia due to multidrug-resistant (MDR) A. baumannii is of great significance for
infection prevention and control.

Objective: To construct a risk prediction model for MDR A. baumannii pneumonia in cerebral hemorrhage patients based on
inflammatory markers from peripheral blood cell counts.

Methods: A retrospective study was carried out in cases with pneumonia due to 4. baumannii among patients with cerebral
hemorrhage from January 2021 to December 2024. The baseline data and peripheral blood cell counts were used for analysis. The
risk factors for pneumonia due to MDR A. baumannii were obtained through univariate and multivariate analyses.

Results: Among the 182 patients included, there were 79 cases with pneumonia due to MDR A. baumannii and 103 cases with
pneumonia due to sensitive A. baumannii. The level of systemic immune-inflammation index (SII) at admission in patients with
pneumonia due to MDR A. baumannii was significantly higher than sensitive 4. baumannii. The result of multivariate logistic
regression analysis showed that SII level (>1851.91 x 10%/L), tracheotomy duration (>6 days) and Glasgow coma scale score (<11)
were risk factors for pneumonia due to MDR A. baumannii. The Area Under Curve (AUC) of the multivariate logistic regression
model was 0.755, the sensitivity and specificity were 86.1% and 55.3%, respectively.

Conclusion: Longer duration of tracheotomy, lower GCS score and higher SII at admission were possibly associated with pneumonia
due to MDR A. baumannii in cerebral hemorrhage patients. For high-risk patients, taking timely preventive and control measures
against MDR A. baumannii pneumonia infections is crucial.

Keywords: Acinetobacter baumannii, systemic immune-inflammation index, multidrug-resistant, pneumonia, neutrophil-lymphocyte
ratio

Introduction
Due to consciousness disorders, swallowing difficulties, and bed rest in patients with cerebral hemorrhage, pneumonia
has become one common complication of cerebral hemorrhage. The incidence of pneumonia in patients with cerebral
hemorrhage was over 40% in the Intensive Care Unit.' Pneumonia has seriously affected the prognosis and mortality of
stroke patients.*

A. baumannii became the most common pathogen in patients with cerebral hemorrhage complicated with pneumonia.'
Moreover, A. baumannii is a special pathogen with great ability to survive in vitro for a long time and is prone to clonal

dissemination.” Multidrug-resistant and pan-drug-resistant A. baumannii have become global epidemic® and are the most
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important pathogens causing hospital acquired infections in China. They could cause respiratory tract infections, bacteremia,
urinary tract infections, meningitis, surgical site infections, etc.” They also increased the risk of death.® In one systematic
review including 27 studies, the overall mortality rate of patients with MDR A. baumannii pneumonia could reach 42.6%.’

Pneumonia due to MDR A. baumannii mainly occurred in patients with mechanical ventilation in the Intensive Care
Unit.'®"" Tracheotomy was widely recognized as a risk factor for 4. baumannii pneumonia.' Recent surgery (within 1 mo)
and invasive interventions were also identified as risk factors related to pneumonia-related 4. baumannii bacteremia."?
Patients with stroke were prone to infections caused by MDR A. baumannii due to tracheotomy and prolonged use of
antibiotics, which could increase the cost and prolong the hospital stay. Therefore, exploring objective predictors of
pneumonia due to MDR A. baumannii is of great significance for infection prevention and control.

Current research generally agreed that the development of MDR A. baumannii pneumonia resulted from the combined
effects of a patient’s baseline condition, specific healthcare exposures, and laboratory indicators. Advanced age, critical
illness, or being immunocompromised are significant baseline risk factors. Meanwhile, ICU admission, invasive procedures
such as mechanical ventilation and central venous catheterization, as well as prior exposure to carbapenem antibiotics
constitute key healthcare-related drivers.'* ¢

However, these factors are largely static or retrospective in nature, lacking the ability to reflect the patient’s dynamic
immune-inflammatory status. In recent years, systemic inflammatory markers, such as the neutrophil-to-lymphocyte ratio
(NLR), system inflammation response index (SIRI), and C-reactive protein have garnered significant attention due to
their easy accessibility, dynamic monitorability, and objective reflection of infection and immune balance. Theoretically,
the dynamic changes in these indicators can delineate the host’s immune response intensity to pathogens and may even
predict the risk of specific pathogen infections. However, existing research primarily focuses on the value of these

indicators in distinguishing infection from non-infectious states or assessing prognosis,”’18

whereas their investigation as
early and specific predictive tools for MDR A. baumannii pneumonia remains limited. Therefore, this study aims to
construct a risk prediction model based on dynamic inflammatory markers by systematically analyzing serial inflamma-

tory marker data throughout the patient’s disease course.

Methods

Study Design

A retrospective study was conducted in the Neurosurgery Department and Neurointensive care unit of the First Affiliated
Hospital of Yangtze University from January 2021 to December 2024. The inclusion criteria were as follows: intracranial
hemorrhage confirmed by Computed Tomography (CT); new or progressive infiltrates and consolidations in the lungs
confirmed by CT after 72 hours of surgery; A. baumannii found in sputum or pulmonary alveolar lavage fluid by bacterial
culture or the next generation sequencing after 72 hours of surgery; undergoing surgeries after admission. The exclusion
criteria were as follows: death within 48 hours of admission; pneumonia before admission; severe hematological
disorders or immune deficiency affecting blood cell counts. This study was approved by the Institutional Review
Board of the First Affiliated Hospital of Yangtze University (KY2025-022-01), and the requirement for informed patient
consent was waived owing to its retrospective nature. All data were anonymized and handled with strict confidentiality to
ensure compliance with the Declaration of Helsinki. A detailed flowchart is provided in Figure 1.

Diagnosis of pneumonia followed the diagnosis and treatment guidelines for hospital-acquired pneumonia in Chinese
adults,'” depending on lower respiratory tract symptoms (eg, fever or chills, cough, or shortness of breath) and new focal
chest signs coinciding with the onset or progressive pulmonary infiltrates on chest radiography. Except for the abnormal
lesions identified by CT or chest X-ray, two or more of the following symptoms were also needed: fever with a body
temperature over 38 degree Celsius; purulent airway secretions; leukocytes over 10x10°/L or less than 4 x10°/L. The
diagnosis required the joint judgment of two experienced doctors.

Data Collection
All clinical data were extracted from the Hospital Information System by two independent reviewers (JM and WT) to ensure
accuracy. Any controversies were resolved by a third reviewer (HH). The following data were collected from the enrolled
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Initial enrolled patients

(n=335)
Excluded 10 patients: Excluded 143 patients:
Pneumonia before admission (n=8) Pneumonia caused by
Death within 48 hours (n=2) non-Acinetobacter baumannii

Pneumonia due to
Acinetobacter baumannii
(n=182)

Pneumonia due
to multidrug-resistant
Acinetobacter baumannii
(n=79)

Pneumonia due
to sensitive Acinetobacter
baumannii (n=103)

Univariate analysis

l

Multivariate logistic
regression analysis

Figure | Flowchart of the study.

patients: demographic characteristics; Glasgow coma scale (GCS) score at admission; combined baseline lung diseases
(including rib fracture, emphysema, and bronchiectasis); combined hypertension, diabetes mellitus, and hypoproteinemia;
duration of invasive procedures including urinary catheter, central venous catheterization (CVC), tracheotomy, and gastric
tube; duration of antibiotics. Neutrophils, lymphocytes, monocytes, and platelets at admission, on the first and third post-
operative days needed to be collected. Neutrophil-to-lymphocyte ratio (NLR), monocyte-to-lymphocyte ratio (MLR), platelet-
to-lymphocyte ratio (PLR), Systemic Immune-Inflammation Index (SII), and system inflammation response index (SIRI)
were calculated. SII=(neutrophilxplatelet)/lymphocyte; SIRI =(neutrophilxmonocyte)/lymphocyte.
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This retrospective study analyzed microbiological data from the Department of Clinical Laboratory at the First
Affiliated Hospital of Yangtze University. Within the routine diagnostic pipeline, definitive identification of bacterial
isolates was achieved through matrix-assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF
MS). Antimicrobial susceptibility testing was performed concurrently. The entire workflow was conducted following the
guidelines of the Clinical and Laboratory Standards Institute (CLSI), ensuring consistency with the standard practices at
the time of isolation.

Statistical Analysis

Statistical analysis were performed by SPSS 23.0 (SPSS Inc., Chicago, IL, USA) software. The univariate analysis
of qualitative variables were conducted by Pearson Chi-Square, Continuity Correction, or Fisher’s Exact Test. The
univariate analysis of quantitative variables were conducted by independent sample ¢-test, corrected #-test, or
Mann—Whitney U-test according to the distribution and homogeneity characteristics. A multivariate logistic
regression model was established to obtain the factors that could predict pneumonia due to MDR 4. baumannii
in patients with cerebral hemorrhage. The variables with p-values less than 0.05 in univariate analysis were
regarded as covariates in the multivariate logistic regression analysis. The receiver operating characteristic curve
(ROC) was used for the cut-off value of the quantitative variable with P-value less than 0.05. All P-values were
bilateral, and considered statistically significant with P <0.05. GraphPad Prism version 9.4.1 (GraphPad Software,
San Diego, CA, USA) was used for drawing figures. A post hoc power analysis was conducted using G*Power
(version 3.1.9.7), based on the total sample size and an alpha level of 0.05. The analysis revealed a statistical
power of 91.8%.

Results

Among all enrolled (182) patients with pneumonia due to 4. baumannii, the median age was 59 years, with 139 males and 43
females. There were 127 cases with GCS score <11, 45 cases with intraventricular hemorrhage, 99 cases with hypertension, 17
cases with diabetes, and 83 cases with hypoproteinemia. The median duration for antibiotics before detection of 4. baumannii
was 10 days, for urinary catheterization was 9 days, for central venous catheterization was 5 days, for gastric catheterization was
9 days, and for tracheotomy was 6 days (Table 1). The NLR levels at admission, on the first and third postoperative days were
8.97+9.32,11.95 + 6.94, and 7.71 + 5.88, respectively. The PLR levels were 156.22 +203.20, 169.84 = 153.85, and 216.03 +

Table | Differences of Characteristics Between Cases with Pneumonia Due to Multidrug-Resistant
(MDR) A. baumannii and Sensitive A. baumannii in Cerebral Hemorrhage Patients

Total Sensitive MDR P-value
(n=182) A. baumannii A. baumannii
(n=103) (n=79)
Age (years) 59+14 59+14 59+13 0.511
Gender [n (%)]
Males 139(76.4%) 78(75.7%) 61(77.2%) 0.815
Females 43(23.6%) 25(24.3%) 18(22.8%)
Glasgow coma scale score [n (%)]
<1l 127(69.8%) 63(61.2%) 64(81.0%) 0.004
= |1 55(30.2%) 40(38.8%) 15(19.0%)
Intraventricular hemorrhage [n (%)]
No 137(75.3%) 79(76.7%) 58(73.4%) 0.611
Yes 45(24.7%) 24(23.3%) 21(26.6%)
Hypertension [n (%)]
No 83(45.6%) 45(43.7%) 38(48.1%) 0.554
Yes 99(54.4%) 58(56.3%) 41(51.9%)
(Continued)
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Table 1 (Continued).

Total Sensitive MDR P-value
(n=182) A. baumannii A. baumannii
(n=103) (n=79)
Diabetes [n (%)]
No 165(90.7%) 93(90.3%) 72(91.1%) 0.846
Yes 17(9.3%) 10(9.7%) 7(8.9%)
Hypoproteinemia [n (%)]
No 99(54.4%) 62(60.2%) 37(46.8%) 0.073
Yes 83(45.6%) 41(39.8%) 42(53.2%)
Duration of antibiotics (d) 10£15 712 14+16 0.002
Duration of urinary catheter (d) 9%15 713 14+15 0.028
Duration of CVC (d) 515 4+12 916 0.037
Duration of gastric tube (d) 914 613 14£15 0.001
Duration of tracheotomy (d) 6x17 2%12 12+17 <0.001
Duration of ventilator (d) 0+5 05 0+5 0.812

Abbreviations: A. baumannii, Acinetobacter baumannii; CVC, central venous catheterization.

149.20, respectively. The MLR levels were 0.55 +0.64, 0.96 + 0.64, and 0.74 + 0.75, respectively. The SII levels were (1742.19 +
2362.65) x 10%/L, (1677.94 + 1717.77) x 10°/L, and (1690.63 + 1715.53) x 10°/L, respectively. The SIRI levels were (5.92 +
9.79) x 10°/L, (9.43 + 9.53) x 10°/L, and (6.24 + 5.37) x 10°/L, respectively (Table 2).

Table 2 Differences of Inflammatory Markers Between Cases with Pneumonia Due to
Multidrug-Resistant (MDR) A. baumannii and Sensitive A. baumannii in Cerebral Hemorrhage

Patients
Total Sensitive MDR P-value
(n=182) A. baumannii (n=103) | A. baumannii (n=79)
At admission
NLR 8.97+9.32 7.8718.66 9.56+10.60 0.021
PLR 156.22+203.20 153.76+145.59 218.10+231.12 0.125
MLR 0.55+0.64 0.49+0.68 0.56+0.44 0.199
Sl (x10°/L) 1742.194£2362.65 1363.76+1966.38 2485.05+2543.87 0.003
SIRI (x107/L) 5.92+9.79 4.64+10.96 6.45+8.26 0.069
On the first postoperative day
NLR 11.95+6.94 12.04+7.50 11.59+6.23 0.968
PLR 169.84+153.85 171.42+134.53 169.84+178.20 0.304
MLR 0.96+0.64 0.96+0.78 0.96+0.61 0.807
Sl (x10%/L) 1677.94£1717.77 1598.37£1749.43 1846.74+2036.69 0.140
SIRI (x10%/L) 9.43+9.53 9.47+9.92 9.43+9.36 0.897
On the third postoperative day
NLR 7.71£5.88 7.89+5.26 7.64£7.00 0.694
PLR 216.03+149.20 206.17+145.86 221.40+142.32 0.182
MLR 0.74+0.75 0.78+0.72 0.68+0.71 0.416
Sl (x10%/L) 1690.63£1715.53 1642.07+1780.47 1690.63+1650.82 0.185
SIRI (x10%/L) 6.24+5.37 6.30+6.44 6.13%5.16 0.872

Abbreviations: A. baumannii, Acinetobacter baumannii; NLR, neutrophil-lymphocyte ratio; PLR, platelet-lymphocyte ratio;
MLR, monocyte-lymphocyte ratio; Sll, systemic immune-inflammation index; SIRI, system inflammation response index.
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The proportion of cases with GCS score <11 in patients with pneumonia due to MDR A. baumannii was 81.0%,
significantly higher than patients with pneumonia due to sensitive A. baumannii (61.2%), P = 0.004. The median duration
for antibiotics (14 + 16 days vs 7 + 12 days, P = 0.002), for tracheotomy (12 £ 17 days vs 2 = 12 days, P < 0.001), for
gastric catheterization (14 + 15 days vs 6 + 13 days, P = 0.001), for urinary catheterization (14 + 15 days vs 7 + 13 days,
P =0.028), and for central venous catheterization (9 £+ 16 days vs 4 + 12 days, P = 0.037) in patients with pneumonia due
to MDR 4. baumannii were all significantly longer than that in patients with pneumonia due to sensitive 4. baumannii.
There were no significant differences in age (P = 0.511), sex (P = 0.815), proportions of combined intraventricular
hemorrhage (P = 0.611), hypertension (P = 0.554), diabetes (P = 0.846), and hypoproteinemia (P = 0.073) (Table 1).

The NLR level at admission in pneumonia patients due to MDR A. baumannii was 9.56 £+ 10.60, significantly higher
than that in pneumonia patients due to sensitive A. baumannii (7.87 + 8.66), P = 0.021. The SII level at admission was
also significantly higher [(2485.05 + 2543.87) x 10°/L vs (1363.76 + 1966.38) x 10°/L], P = 0.003. There were no
significant differences in PLR (P = 0.125), MLR (P = 0.199), and SIRI levels (P = 0.069) at admission between patients
with MDR and sensitive A. baumannii pneumonia. In addition, there were also no significant differences in all
inflammatory markers on the first and third postoperative days, P > 0.05 (Table 2).

The cut-off value of tracheotomy duration for predicting pneumonia due to MDR A. baumannii was 6 days (AUC =
0.674, 95% CI: 0.595-0.753, Youden index = 0.340, P < 0.001). The sensitivity and specificity were 70.9% and 63.1%,
respectively (Figure 2A). The cut-off value of NLR at admission for predicting pneumonia due to MDR 4. baumannii
was 6.90 (AUC = 0.600, 95% CI: 0.517-0.682, Youden index = 0.238, P = 0.021). The sensitivity and specificity were
77.2% and 46.6%, respectively (Figure 2B). The cut-off value of SII at admission for predicting pneumonia due to MDR
A. baumannii was 185191 x 10°/L (AUC = 0.628, 95% CI: 0.545-0.711, Youdenindex = 0.232, P = 0.003). The
sensitivity and specificity were 62.0% and 61.2%, respectively (Figure 2C).
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Figure 2 Receiver operating characteristic curves of tracheotomy duration (A), NLR at admission (B), SIl at admission (C), and the multivariate logistic regression model
(D) for predicting pneumonia due to multidrug-resistant A. baumanni.
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Figure 3 Forest plot of the multivariate logistic regression model.

The variables included in the multivariate logistic regression analysis were GCS score, duration of urinary catheter,
central venous catheterization, tracheotomy, gastric tube, and antibiotics, NLR and SII levels at admission. The AUC of
multivariate logistic regression model was 0.755 (95% CI: 0.685-0.826, Youden index = 0.414, p < 0.001). The
sensitivity and specificity were 86.1% and 55.3%, respectively (Figure 2D). The result of multivariate logistic regression
analysis showed that SII level (>1851.91 x 10°/L) (OR: 3.494, 95% CI: 1.749-6.978, P < 0.001), tracheotomy duration
(=6 days) (OR: 4.209, 95% CI: 2.145-8.261, P < 0.001) and GCS score (<11) (OR: 3.176, 95% CI: 1.450-6.956, P =
0.004) were risk factors for pneumonia due to MDR 4. baumannii (Figure 3).

Discussion

Our research demonstrated that tracheotomy duration, GCS score and SII level at admission could be associated with
pneumonia due to MDR A. baumannii. The GCS score reflects eye opening response, language response, and limb
movement in patients with cerebral hemorrhage. GCS score was considered to be associated with prognosis of patients
with cerebral hemorrhage.”® Lower GCS score also possibly increased the incidence of acute kidney injury, gastro-
intestinal bleeding, and pneumonia in patients with cerebral hemorrhage.'**' The association of lower GCS score with
pneumonia due to MDR 4. baumannii in our study may originate from disorders of consciousness. In addition, our study
also confirmed the association of longer tracheotomy duration with pneumonia due to MDR A. baumannii. The opening
of respiratory tract caused by tracheotomy may become one of the pathways for pathogen invasion. However, the two
factors of GCS score and tracheotomy duration are largely static in nature, lacking the ability to reflect the patient’s
dynamic immune-inflammatory status.

So we specifically explored the relationship between inflammatory markers at different time points and pneumonia
due to MDR 4. baumannii in the study. The results confirmed the relationship between SII at admission and pneumonia
due to MDR A. baumannii. S1I is a comprehensive reflection of the levels of neutrophils, lymphocytes, and platelets, and
reflects the balance of inflammation and immunity in the body. SII has shown important clinical relevance and predictive
value in various infections and pneumonia related diseases. In different infection models such as diabetes foot infection,
urinary tract infection and chronic kidney disease patients with COVID-19, SII also showed significant diagnostic and
prognostic differentiation ability, which can effectively identify infection severity, organ involvement risk and hospital
death probability.”* ** In addition, researches have shown that elevated levels of SII were independently associated with
poor prognosis (such as increased risk of long-term mortality) in patients with stroke associated pneumonia and severe
community-acquired pneumonia. Its predictive performance can be enhanced by combining it with traditional scoring
systems or with prognostic nutritional index.”>?” These pieces of evidence collectively indicate that SII is an easily
accessible and widely applicable inflammatory biomarker that can aid in early risk stratification and prognostic

assessment of patients with infections and related pulmonary complications.
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The relationship between SII and pneumonia due to MDR A. baumannii could be attributed to inflammatory response.
The relationship between inflammatory response and MDR infection has been confirmed in other studies. Patients with
catheter-related bloodstream infections caused by MDR bacteria had a higher procalcitonin level and a longer time for
the procalcitonin level to return to normal than patients with infections caused by sensitive bacteria.”® Procalcitonin is
associated with systemic inflammatory response in bacterial infection. This study implied a stronger inflammatory
response in patients with MDR bacterial infections. Moreover, MDR bacterial infections are difficult to control, and
the inflammatory response may persist, which could lead to prolonged high levels of inflammatory markers. In patients
with MDR A4. baumannii infection, the inflammatory response also may be stronger. Neutrophils played an important role
in drug-resistant A. baumannii respiratory infections.”” The inflammatory response is significantly altered after a stroke.
For example, interleukin-6 and C-reactive protein can serve as predictors of outcome in stroke patients.***! Additionally,
the activation of the sympathetic nervous system following a stroke may mediate systemic immunosuppression, which in
turn contributes to an increased risk of infection.****

In our research, the relationship between SII and MDR A. baumannii infection was confirmed, indicating a stronger
inflammatory response or immune suppression in patients with stroke. Higher SII possibly indicated excessive inflam-
matory response or immune imbalance, which was associated with the risk of MDR A. baumannii. So SII could serve as
a rapid, economical biomarker to help assess the risk of pneumonia due to MDR A. baumannii, further providing a new
perspective for the drug-resistant mechanism of bacteria, helping to guide individualized anti-infection and immunomo-
dulatory therapy. However, the correlation between elevated SII levels and MDR A. baumannii pneumonia is worth
noting, which may be influenced by other confounding factors. For example, patients with greater bleeding may have
more severe systemic inflammatory responses. It is worth acknowledging that the clinical model based on the duration of
tracheotomy, lower GCS score and higher SII showed the highest predictive performance, with an AUC value of 0.755,
significantly better than the model using any single predictive factor. But in the end, the AUC value of this model was not
high enough.

This study has several limitations. First, the inclusion of only patients who underwent surgical treatment rather than
all patients with intracerebral hemorrhage introduced significant selection bias. This severely limited the generalizability
of the study findings. Second, the sample size of MDR A. baumannii infections was small, which possibly reduced the
statistical power and missed weak but important associations. Third, this study did not compare SII with other
inflammatory markers including procalcitonin, interleukin-6 and C-reactive protein. Future studies will expand the
sample size through a multicenter, prospective design, and validate the combination of SII with other inflammatory

markers.

Conclusion

Our study revealed a possible correlation of longer duration of tracheotomy, lower GCS score and higher SII at admission
with the risk of MDR A. baumannii pneumonia, providing valuable predictive clues for early identification of high-risk
patients. However, its core value lies in enabling “early risk warning” rather than directly guiding treatment decisions. It
must be emphasized that the model currently only reveals a statistical association, and its clinical applicability must be
validated through prospective, multi-center studies. External validation studies are also needed. Before obtaining high-
level evidence support, we recommend using the model prediction results as a trigger to initiate a comprehensive
prevention and control plan. Once a patient is identified as high-risk, microbiological specimen testing, strictly
implementing contact isolation and environmental disinfection, strictly reviewing and implementing Ventilator-
Associated Pneumonia bundling strategies, early removal of non essential invasive devices, and clinical sign monitoring

are very necessary.
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