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Objective: To explore the value of the systemic immune-inflammatory index (SII) and the systemic inflammatory response index
(SIRI) in patients with severe hemorrhagic fever with renal syndrome (HFRS) upon admission.

Methods: This study included a total of 165 patients with HFRS, who were divided into mild and severe groups based on the severity
of the disease. By reviewing medical records, we collected the white blood cell (WBC), SII, and SIRI values of patients upon
admission. Univariate and multivariate logistics regression analyses were performed to identify risk factors for severe HFRS. The
receiver operating characteristic (ROC) curve was applied to calculate the area under the ROC curve (AUC) to analyze the predictive
value of SII and SIRI for severe HFRS, and the results were compared with WBC and SIRI.

Results: Compared with the mild HFRS group, patients in the severe HFRS group had a longer duration of illness (P < 0.05), higher
levels of WBC, neutrophil (NEUT), lymphocyte (LYMP), monocyte (MONO), procalcitonin (PCT), SIRI, alanine transaminase
(ALT), and creatinine (Scr) (P < 0.05), while lower levels of ALB, platelet (PLT), platelet-to-lymphocyte rate (PLR), and SII, with
statistically significant differences (P < 0.05). Binary logistics regression analysis indicated that WBC (OR: 1.190, 95% CI:
1.032-1.371), SII (OR: 0.967, 95% CI: 0.951-0.984), and SIRI (OR: 4.743, 95% CI: 2.077-10.830) were risk factors for severe
HFRS. The AUCs of WBC, SII, and SIRI for predicting severe HFRS were 0.765, 0.803, and 0.785, respectively.

Conclusion: Low levels of SII and high levels of WBC and SIRI upon admission are risk factors for severe HFRS and have certain
value in predicting the progression of HFRS to severe cases, among which SII exhibits the best predictive value.

Keywords: hemorrhagic fever with renal syndrome, systemic immune inflammatory index, systemic immune-response index, risk
factors, predictive score

Introduction

HFRS refers to a zoonotic disease caused by Hantavirus infection.' Rodents are the main source of infection, and the body
becomes infected by inhaling aerosols of virus-carrying rodent urine, saliva, feces, and other excretions.” Despite the
widespread promotion of vaccines, the incidence of HFRS in China is still on an upward trend.® The main pathophysiology
of HFRS is damage to the endothelial cells of systemic small blood vessels and capillaries, leading to vascular leakage, acute
kidney injury, and coagulation disorders, clinically characterized by fever, bleeding, hypotension, and kidney damage.
However, there is no specific medication available, and treatment is mainly symptomatic, with a mortality rate of 12%."
Many cytokines (such as interleukin-34, interleukin-10, interferon inducible protein10, transforming growth factor-p3)>¢ are
associated with the severity of HFRS, but due to their high detection costs, they are not widely used in clinical practice.
Currently, there is a lack of inexpensive and practical indicators for predicting severe HFRS.
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The complete blood count ratio is a novel non-specific inflammatory marker, including the neutrophil-to-lymphocyte
ratio (NLR), monocyte-to-lymphocyte ratio (MLR), PLR, SII, and SIRI. These indicators can well reflect the overall
immune status and inflammatory response process, and they are easily accessible and inexpensive. Currently, they have
been widely used in assessing inflammatory diseases, such as the diagnosis and prognosis of COVID-19 and hepatitis
B-related liver diseases.”® Previous studies”!® have found that PLR, NLR, and SII have certain predictive value for the
prognosis of Crimean-Congo hemorrhagic fever patients. However, there have been no reports on the severity of HFRS
regarding SII and SIRI. Therefore, this study aims to explore the value of SII and SIRI in severe HFRS patients upon
admission, providing a reference for the diagnosis and treatment of severe HFRS patients.

Materials and Methods

Study Design and Setting

This study retrospectively analyzed 165 patients diagnosed with HFRS at the Second Affiliated Hospital of Nanchang
University from January 1, 2015, to December 30, 2023. The diagnostic and classification criteria for HFRS were based
on the “Diagnostic Criteria for Epidemic Hemorrhagic Fever” (WS278-2008),'" which include suspected, clinical, and
confirmed cases. Cases that met the clinical and laboratory diagnostic criteria were included in this study.

Suspected HFRS cases refer to patients with the following characteristics: (1) Epidemiological history: having
a history of traveling to HFRS epidemic areas within two months before onset, with contact history with rodents or
their secretions and excretions during that period; (2) Clinical symptoms and signs: a. Fever, excluding other febrile
diseases; b. Having typical manifestations such as “three reds”, “three pains”, and “three swellings”; c. Gastrointestinal
symptoms such as diarrhea, nausea, and vomiting.

Clinically diagnosed HFRS cases refer to suspected cases with one of the following manifestations: (1) Blood routine:
increased white blood cell count and decreased platelet count, with the possibility of atypical lymphocytes; (2) Renal
injury manifestations: proteinuria, hematuria, oliguria, polyuria, flocculent substances in urine, increased serum creati-
nine, and urea nitrogen; (3) Hypotensive shock; (4) Going through a five-stage disease course.

Laboratory-confirmed HFRS cases refer to cases that meet one of the following criteria on the basis of suspected or
clinical diagnosis: (1) Positive HFRS serum-specific IgM antibody; (2) The titer of serum-specific IgG antibody in the
recovery period is > 4 times higher than that in the acute phase; (3) Detection of Hantavirus nucleic acid from patient
specimens; (4) Isolation of Hantavirus from patient specimens.

Additionally, according to the clinical classification criteria in the 2021 version of the “Expert Consensus on
Prevention and Treatment of Hemorrhagic Fever with Renal Syndrome”,'? atypical, mild, and moderate cases were
classified as the mild group (n=115), while severe and critical cases were classified as the severe group (n=50). All
included subjects were excluded for having scrub typhus, dengue fever, malignant tumors, hematological diseases,
kidney diseases, autoimmune diseases, and pregnancy.

Data Collection

Within 24 hours of admission, we utilized the Hospital Information System (HIS) to meticulously review and gather
clinical medical records pertaining to patients from two distinct patient groups. The general information [age, gender,
hypertension, diabetes], clinical manifestations [life signs, disease course, length of hospital stay], and laboratory data at
admission [WBC, NENT, LYMPH, MONO, red blood cell (RBC), hemoglobin (HGB), PLT, direct bilirubin (D-IBL),
ALT, aspartate aminotransferase (AST), albumin (ALB), urea, serum creatinine (Scr), uric acid (UA), prothrombin
time(PT), activated partial thromboplastin time (APTT), thrombin time (TT), fibrinogen (FIB)] were recorded for both
groups. All test results were conducted by the laboratory department of the Second Affiliated Hospital of Nanchang
University. NLR was calculated as neutrophil count divided by lymphocyte count, MLR as monocyte count divided by
lymphocyte count, PLR as platelet count divided by lymphocyte count, SII as (neutrophil count multiplied by platelet
count) divided by lymphocyte count, and SIRI as (neutrophil count multiplied by monocyte count) divided by
lymphocyte count.
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Statistical Methods

Statistical analysis was performed using SPSS 26.0 software. Count data were expressed as cases (%), and comparisons
between groups were conducted using chi-square tests or Fisher’s exact test. Measurement data that conformed to normal
distribution were expressed as mean + standard deviation, and comparisons between two groups were performed using
independent sample 7-tests. Measurement data that did not conform to normal distribution were expressed as M (Q1, Q3),
and comparisons between two groups were conducted using the Mann—Whitney U-test. Binary logistic regression
analysis was used to analyze the risk factors for severe HFRS. The ROC curve was employed to assess the effectiveness
of SII, SIRI, and various indicators in diagnosing severe HFRS.

Results

Demographic Characteristics of HFRS Patients

During the study period, a total of 188 patients were diagnosed with HFRS. Among them, patients who died within
48 hours of admission (n=1), pregnant women (n=2), patients with co-existing scrub typhus and/or dengue fever (n=4),
patients with malignant tumors, hematological diseases, kidney diseases, and autoimmune diseases (n=6), and patients
with incomplete data (n=10) were excluded. Ultimately, a total of 165 hFRS patients were included in this study. Patients
with atypical, mild, and moderate cases were classified into the mild group (n=115), while severe and critical cases were
classified into the severe group (n=50) (Figure 1).

Baseline Characteristics of Patients with Mild and Severe HFRS

Compared with patients in the mild HFRS group, there were no differences in age, gender, smoking, alcohol consumption,
hypertension, diabetes, and hospital stay for patients in the severe HFRS group (P > 0.05). However, the duration of illness
was significantly shorter in patients with severe HFRS, and the difference was statistically significant (P < 0.05) (Table 1).

188 patients with Hemorrhagic fever with renal
syndrome were enrolled

: 1. Patients died within 48h (n=1);

I 2. Females with pregnancy (n = 2);

: 3. Combined with scrub typhus and/(or) dengue fever (n = 4);

| 4. Suffering from malignant tumor, hematologic disease, nephrosis,
: and autoimmune disease (n = 6);

: 5. Missing key datas (n = 10).

165 patients with hemorrhagic fever with renal syndrome according to
clinical classification criteria

Mild type (n=52) Moderate type (n = 63) Severe type (n =43) Critical type (n=7)

Mild type (n=115) Severe type (n = 50)

Figure | Flow chart of patients selected hemorrhagic fever with renal syndrome.
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Table | Clinical Characteristics of Patients

Severe Groups

with Hemorrhagic Fever with Renal Syndrome in Mild and

Variables Mild Group (n = 115) | Severe Group (n = 50) | P-value
Age, mean * SD (years) 47.53 + 1248 52.06 £ 9.74 0.129
Gender (n, %)

Male 81 (70.43%) 33 (66.00%) 0.571
Female 34 (29.57%) 17 (34.00%)

Comorbidities (n, %)

Hypertension 21 (18.26%) 4 (8.00%) 0.065
Diabetes 5 (4.35%) 4 (8.00%) 0.564
Length of stay [days, (median, IQR)] 10.00 (8.00, 14.00) 11.00 (9.75, 15.50) 0.069
Course of disease [days, (median, IQR)] 6.00 (4.00, 7.00) 4.00 (4.00, 6.00) 0.018

Note: In patients with hemorrhagic fever with renal syndrome, atypical (n = 0), mild (n = 52), and moderate (n = 63) cases were
classified as the mild group, while severe (n = 43) and critical (n = 7) cases were classified as the severe group (n = 50).
Abbreviations: SD, Standard deviation; IQR, interquartile range.

Univariate Analysis of Clinical and Laboratory Data Between Patients with Mild and
Severe HFRS

A univariate analysis was conducted on the clinical features and laboratory data of patients with mild and severe HFRS.
Compared with patients in the mild HFRS group, patients in the severe HFRS group showed significantly higher levels of
WBC, NENT, Lymph, Mono, PCT, ALT, SII, and SIRI, with statistically significant differences (P < 0.05). Additionally, PT
and APTT were significantly prolonged (P < 0.05), while PLT, PLR, ALB, and SII decreased significantly (P <0.05) (Table 2).

Table 2 The Comparison of Laboratory Data Between Patients with Mild and Severe Hemorrhagic Fever with

Renal Syndrome

Laboratory Indicators Mild Group (n = 115) | Severe Group (n = 50) | P-value
Blood routine
White blood cells [x 10/L, (median, IQR)] 8.90 (6.53, 12.28) 15.12 (9.74, 19.56) < 0.001
Neutrophil count [x 10%/L, (median, IQR)] 5.25 (4.14, 7.52) 9.91 (8.34, 12.47) < 0.001
Lymphocyte count [x 10%/L, (median, IQR)] 1.75 (1.21, 2.70) 4.10 (3.06, 4.81) < 0.001
Monocyte count [x 10%/L, (median, IQR)] 0.73 (0.48, 1.07) 1.21 (0.93, 1.55) < 0.001
NLR (median, IQR) 3.01 (1.74, 4.93) 2.56 (2.19, 3.86) 0.375
MLR (median, IQR) 0.41 (0.28, 0.58) 0.34 (0.22, 0.52) 0.113
PLR (median, IQR) 50.41 (29.17, 106.44) 11.80 (5.76, 19.70) < 0.001
Red blood cells [x 10'%/L, (mean £SD)] 4.58 £ 0.8l 485 £ 0.75 0.692
Hemoglobin [g/L, (median, IQR)] 142.00 (124.00, 155.00) 152.00 (137.00, 166.00) 0.011
Platelet [x 10%/L, (median, IQR)] 85.00 (53.00, 177.00) 40.50 (24.50, 68.50) < 0.001
(Continued)
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Table 2 (Continued).

Laboratory Indicators

Mild Group (n = 115)

Severe Group (n = 50) | P-value

Inflammatory indexes

Procalcitonin (ng/L, median IQR) 1.08 (0.54, 2.27) 3.26 (0.90, 6.54) < 0.001
C-reactive protein (mg/L, median IQR) 34.83 (18.17, 70.00) 37.39 (21.34, 55.20) 0.890
Interleukin-6 (pg/L, median IQR) 3231 (1231, 46.17) 34.93 (23.22, 53.04) 0.095
Sl (median, IQR) 207.34 (130.94, 278.97) 94.89 (45.76, 130.57) < 0.001
SIRI (median, IQR) 1.57 (1.03, 2.80) 3.45 (2.07, 5.17) < 0.001
Liver function

Total bilirubin [umol/L, (median, IQR)] 10.80 (8.00, 14.80) 11.25 (8.78, 16.28) 0.346
Alanine aminotransferase [U/L, (median, IQR)] 80.00 (44.00, 146.00) 138.00 (79.75, 295.00) < 0.001

Aspartate aminotransferase [U/L, (median, IQR)]

96.00 (63.00, 133.00)

104.50 (89.00, 133.25) 0.074

Albumin [g/L, (median, IQR)] 29.88 + 4.57 26,01 * 3.56 0.026
Renal function
Urea nitrogen [mmol/L, (median, IQR)] 823 (5.31, 16.97) 7.90 (4.64, 15.69) 0.605

Creatinine [umol/L, (median, IQR)]

110.00 (79.00, 167.00)

167.50 (91.75, 258.50) 0.001

Urine acid [umol/L, (median, IQR)]

381.00 (2245.00, 588.00)

335.50 (203.00, 515.50) 0.091

Coagulation function

Prothrombin time [s, (median, IQR)] 12.50 (11.50, 13.90) 13.00 (12.18, 14.15) 0.031
Activated partial thromboplastin time [s, (median, IQR)] 38.00 (29.50, 45.20) 44.05 (35.43, 54.03) 0.004
Thrombin time [s, (median, IQR)] 25.60 (19.80, 27.10) 25.85 (22.90, 28.05) 0.066
Fipinogen [g/L, (median, IQR)] 3.12 (2.67, 4.12) 3.00 (2.43, 3.80) 0.482

Note: In patients with hemorrhagic fever with renal syndrome, atypical (n = 0), mild (n = 52), and moderate (n = 63) cases were classified as the
mild group, while severe (n = 43) and critical (n = 7) cases were classified as the severe group (n=50).
Abbreviations: SD, Standard deviation; IQR, interquartile range; NLR, neutrophil-to-lymphocyte ratio; MLR, monocyte-to-lymphocyte ratio; PLR,

Platelet-to-lymphocyte ratio; Sll, systemic immune-inflammatory index; SIRI, systemic inflammatory response index.

Binary Logistic Regression Analysis of Severe HFRS

After excluding the influence of collinearity and incorporating the statistically significant indicators from the univariate
analysis of patients with mild and severe HFRS, the binary logistic regression analysis results indicated that high levels
of WBC (OR: 1.190, 95% CI: 1.032-1.371), SIRI (OR: 4.743, 95% CI: 2.077-10.830), and low levels of SII (OR: 0.967,
95% CI: 0.951-0.984) were risk factors for severe HFRS (Table 3).

The Value of WBC, SIRI, and SII in Predicting Severe HFRS Patients at Admission

The predictive effect of risk factors such as WBC, SIRI, and SII on severe HFRS patients was evaluated by plotting ROC
curves. The AUC values under the ROC curves for WBC, SIRI, and SII in predicting severe HFRS were 0.773 (95% CI:
0.683-0.846, P < 0.05), 0.785 (95% CI: 0.711-0.858, P < 0.05), and 0.803 (95% CI: 0.729-0.876, P < 0.05) respectively
(Table 4 and Figure 2). The predictive value of SII was superior to WBC and SIRI, with a sensitivity and specificity of
0.78 and 0.76 for SII. The cutoff value was 130.88 (Figure 2).
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Table 3 Multivariate Logistic Regression Analysis
Index B Wald | P-value | Exp (B) 95% CI
WBC 0.174 5.769 0.016 1.190 1.032, 1.371
NI —0.034 | 18.615 | <0.001 0.967 0.951, 0.984
SIRI 1.577 | 13.654 | <0.001 4.743 2.077, 10.830
Normal | 1.296 | 0.047 0.829 3.654 -
Abbreviations: WBC, white blood cells; SlI, systemic immune-inflammatory
index; SIRI, systemic inflammatory response index; B, Beta Coefficient; Exp,
exponential function; Cl, confidence interval.
Table 4 The Value of WBC, Sll and SIRI in Predicting Patients with Severe HFRS
Index | AUC 95% ClI Optimum Cut- | P-value | Sensitivity | Specificity
Lower Limiting Value | Upper Limiting Value Off Value
WBC | 0.765 0.683 0.846 15.34 < 0.001 0.90 0.50
N 0.803 0.729 0.876 130.88 < 0.001 0.78 0.76
SIRI 0.785 0.711 0.858 1.72 < 0.001 0.57 0.90

Abbreviations: HFRS, hemorrhagic fever with renal syndrome; WBC, white blood cells; Sll, systemic immune-inflammatory index; SIRI, systemic inflamma-
tory response index; AUC, area under the curve; Cl, confidence interval.

Discussion

HFRS is a natural epidemic disease that can affect various organs and systems throughout the patient’s body, and severe
cases can be life-threatening, becoming a global public health issue.? In this study, we found that WBC, SII, and SIRI at
admission were potential predictors for early identification of patients with HFRS progressing to severe cases. We
provide three pieces of evidence to support this finding: (1) The WBC, NEUT, LYMPH, MONO, PCT, ALT, Scr, and
SIRI were significantly higher in patients with severe HFRS compared to those with mild cases at admission; (2) The SII
level was significantly lower in patients with severe HFRS at admission compared to those with mild cases; (3) Low SII
and high WBC, SIRI levels at admission are risk factors for severe HFRS. WBC, SII, and SIRI have certain value in
predicting severe HFRS, among which SII shows the best performance.
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Figure 2 ROC curve of WBC, SlI and SIRI in predicting patients with severe HFRS.

Abbreviations: HFRS, hemorrhagic fever with renal syndrome; WBC, white blood cells; Sll, systemic immune-inflammatory index; SIRI, systemic inflammatory response
index.
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Currently, the main criteria for diagnosing severe HFRS rely on clinical classification standards, including body
temperature, symptoms of poisoning, bleeding conditions, the degree of kidney function impairment, the presence of
shock, and the presence of multiple organ failure. Additionally, immune-related serum proteins also aid in the early
assessment of the severity and progression of HFRS patients.® However, the clinical classification standards involve
intricate calculations of multiple variables, and the detection of immune-related serum proteins is costly, limiting their
use in clinical practice. Therefore, it is of great significance to find simple and inexpensive indicators for early
assessment of disease progression in HFRS patients.

This study found through univariate analysis that WBC, NEUT, LYMPH, MONO, PCT, ALT, and Scr were
significantly higher in severe HFRS patients compared to mild cases at admission (Table 2). When the Hantavirus
invades the body, it triggers an inflammatory cytokine storm,'? leading to excessive activation of immune cells and
a significant increase in WBC, consistent with previous findings.'*'” However, some studies have suggested that
a decrease in WBC in HFRS indicates poor prognosis.'® In the initial stage of HFRS, under the influence of chemokines,
neutrophils are the first to be recruited to the infection site to kill pathogens, leading to a significant increase in
neutrophils. Meanwhile, as the Hantavirus invades capillary endothelial cells, it also attacks bone marrow cells and
immune cells, stimulating the lymphocytes to proliferate excessively and revert to a more primitive state, showing
blastoid morphology, resulting in an increase in abnormal lymphocytes in the peripheral blood. Multiple previous studies
have found that lymphocyte infiltration increases significantly during viral infections.'” ' The increase in monocytes
may be related to the activation of the monocyte-macrophage system. Systemic inflammatory responses triggered by
cytokines and inflammatory mediators are closely related to an increase in PCT.

The liver damage caused by HFRS is considered to be due to the direct damage of liver cells by Hantavirus and the
ischemia and hypoxia of the liver caused by extensive small vessel inflammation. Elisaf et al*? found that liver
involvement is closely related to renal insufficiency and thrombocytopenia. Some studies have also found that neutro-
phils activated by Hantavirus play an important role in renal injury in HFRS.* In addition, it has been found that
pathogenic Hantavirus enters vascular endothelial cells through the membrane surface receptor avf3 integrin and inhibits
the regulatory effect of B3 on the vascular permeability changes mediated by vascular endothelial cell growth factors,
leading to impaired endothelial barrier function, plasma and protein extravasation, and impaired intestinal edema protein
absorption. Furthermore, the reduced protein synthesis in the liver leads to a significant decrease in protein levels in
HFRS patients. This study found that patients in the severe HFRS group showed a sharp decline in ALB in the early
stage (Table 2). Previous studies have found that serum albumin levels are correlated with the severity of HFRS.**

As the condition progresses, HFRS patients experience hyperfunction of humoral immune response, leading to rapid
formation of circulating immune complexes that adhere to the surface of platelets, causing PLT aggregation and
phagocytosis by monocyte-macrophage systems. Additionally, the most abundant receptor on the platelet surface,
avP3 integrin, similar to avp3, can interact with Hantavirus through its 3 subunit, affecting PLT function and antibody-
mediated destruction by monocyte-macrophage systems. Furthermore, widespread damage to small vascular endothelial
cells results in the activation of vVWF and Factor III, inducing the activation of the extrinsic coagulation pathway and
significant consumption of platelets. Therefore, PLT levels in severe cases are significantly lower than those in mild

cases, consistent with previous research results,?>*®

suggesting that PLT is correlated with the severity of Hantavirus
infection. Moreover, numerous studies have shown that complete blood count and its ratios are widely used to evaluate
the progression and prognosis of inflammatory diseases and viral infections.”?’2° The exact mechanisms of how SII and
SIRI assess the severity of HFRS remain unclear, but they can be attributed to the role of inflammatory cytokine storms
in the pathophysiology of disease progression.**! Consequently, monitoring inflammatory markers in the early stages of
the disease is crucial for assessing the severity of patients’ conditions. As a new inflammatory response index, SII and
SIRI reflect the changing trends of neutrophils, lymphocytes, monocytes, and platelets, offering economic, comprehen-
sive, easily accessible metrics that can comprehensively reflect patients’ inflammatory and immune status compared to
traditional inflammatory markers. Through binary logistic regression analysis, this study found that WBC (OR: 1.190,
95% CI: 1.032-1.371), SII (OR: 0.967, 95% CI: 0.951-0.984), and SIRI (OR: 4.743, 95% CI: 2.077-10.830) are risk
factors for severe HFRS. Further ROC curve analysis assessed the predictive efficacy of WBC, SII, and SIRI for severe
HFRS, suggesting that SII has the best value in predicting severe HFRS, with an AUC of 0.803, sensitivity of 78%, and
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specificity of 76%. SIRI and WBC followed closely, with AUCs of 0.785 and 0.773, respectively. Some studies’>** have
found a positive correlation between SII and the severity of stable coronary heart disease and acute pancreatitis.

Limitations

The limitations of this study are as follows: (1) This study is a retrospective single-center study, and multi-center and
prospective studies are needed to further verify the accuracy and universality of the results; (2) Only indicators within
24 hours of admission were collected, which cannot reflect the entire course of the disease. Subsequent studies will
further assess the correlation between changes in indicators such as the 3rd, 5th, and 7th days after admission and the
disease; (3) All confirmed HFRS patients were given antiviral treatment upon admission, and further research is needed
to explore whether antiviral drugs have an impact on SII and SIRI; (4) The study did not classify HFRS according to
clinical stages (mild-type, moderate-type, severe-type, critical-type) to investigate whether SII and SIRI have the same
value for different stages.

Conclusion

The results of this study indicate that WBC, SII, and SIRI are risk factors for severe HFRS, with SII having a higher
value in early prediction of severe HFRS compared to WBC and SIRI. SII can serve as a more convenient and accessible
reference indicator for assessing severe HFRS, but further studies are still needed to verify its effectiveness.
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