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Background: Severe fever with thrombocytopenia syndrome (SFTS) is an emerging epidemic infectious disease with high mortality
rate. This study aimed to investigate the association of red blood cell distribution width (RDW) and mortality risk in hospitalized SFTS
patients.

Methods: Clinical data of SFTS patients was retrospectively collected from three hospitals between October 2010 and August 2022.
Cox proportional hazards model was used to identity the risk factors for fatal outcome. The predictive value of RDW for fatal outcome
was evaluated by the receiver operating characteristic (ROC) analysis and Kaplan—Meier methods.

Results: Of 292 patients, the median age was 61.5 years. Non-survivors showed higher RDW value than survivors (13.6% vs.13.0%,
P < 0.001). The mortality rate was 44.8% in patients with elevated RDW compared to 18.4% of patients with normal RDW, with
a relative risk (RR) of 2.439. Elevated RDW was an independent risk factor of mortality (hazards ratio: 1.167, P = 0.019). Patients
with elevated RDW had a higher cumulative mortality than patients with normal RDW. The area under the ROC curve (AUC) of RDW
for the prediction of mortality was 0.690 (P < 0.001).

Conclusion: Elevated RDW was associated with higher mortality risk for patients hospitalized for SFTS. RDW may be helpful for
risk stratification in SFTS patients.

Keywords: severe fever with thrombocytopenia syndrome, red blood cell distribution width, prognosis, survival

Introduction

Severe fever with thrombocytopenia syndrome (SFTS) is an emerging epidemic infectious disease caused by a novel
bunyavirus (SFTS virus, SFTSV). It first emerged in China in 2010 with an estimated high mortality rate up to 30%'
and had later been reported in Korea,® Japan,® Thailand® and the United States.® Patients with SFTS mainly presented
with fever, thrombocytopenia, leukocytopenia and other systemic symptoms including gastrointestinal, haemorrhagic,
and neurological presentations.” ® Among critically ill SFTS patients, the clinical symptoms typically deteriorate quickly
within a week after symptom onset, and most patients died of multiorgan dysfunction.'® The widespread distribution and
high mortality rate have made this novel disease a serious public health concern. Therefore, it is of vital importance for
clinicians to distinguish patients in severe conditions as early as possible to avoid a fatal outcome. Previous studies have
assessed many clinical and laboratory variables to be associated with mortality risk including older age, elevated level of
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11715 and have attempted to establish

blood urea nitrogen (BUN), viral load and the presence of neurological symptoms
risk models for mortality prediction.'®° However, there were still lack of consistent conclusions, and the significant risk
factors for fatal outcome of SFTS patients remained to be determined.

Red blood cell distribution width (RDW) is a routine blood parameter in a conventional haemogram and it is used to
identify anisocytosis combined with mean corpuscular volume (MCV).2"*2 RDW reflects the volume differences
between red blood cells (RBCs) as well as between individual RBC during its circulation of approximately 115
days.”® Previous studies have demonstrated the association of elevated RDW and high mortality rate in patients with
influenza,”* sepsis,” acute kidney injury,>® severe acute pancreatitis,”’ and pulmonary disease,”® such as coronavirus
disease 2019. ! It is speculated that pro-inflammatory state results in deficient and delayed erythropoiesis with
variation of RBCs in structure and function, along with increased production and turnover of platelets and
leukocytes.>? Although the specific mechanism for RDW increase during the process of these diseases remains unclear,
numerous studies suggested that RDW is a practical indicator for the stratification of mortality risk among numerous
acute diseases.”'>** However, the association of RDW with adverse prognosis in SFTS has not been well established.
Therefore, this study aimed to investigate the association of RDW and mortality among patients with SFTS.

Methods
Design and Subjects

For this multi-center, retrospective cohort study, we collected clinical data of consecutive SFTS patients admitted to three
hospitals (Nanjing Drum Tower Hospital, The Second Hospital of Nanjing, and Zhongda Hospital Southeast University)
between October 2010 and August 2022.

Inclusion and Exclusion Criteria
Patients with laboratory-confirmed SFTSV infection were included in the study. The diagnosis of SFTSV infection was

confirmed by at least one of the criteria as follows:’~>

(1) positive results of serum viral RNA, (2) seroconversion or
a 4-fold or higher increase of antibody titers between two serum samples collected at an interval of more than two weeks,
(3) isolation of SFTSV from cell culture. Those who were positive for other tick-borne pathogens or were not confirmed

by laboratory examinations were excluded.’

Data Collection

The data analyzed were extracted from medical records using a structured data frame, including demographic informa-
tion, underlying conditions, clinical manifestation and course, treatment regimens, and laboratory tests results. The
primary outcome in our study was all-cause mortality. The follow-up time of survivor was calculated from the day of
admission to discharge, and the duration of non-survivors was calculated from the day of admission to that of death.

Data Analysis

Continuous variables were described as median (interquartile range, IQR) for the skewed distribution of the data, and
categorical variables were expressed as frequencies or proportions to compare the characteristics between survivors and non-
survivors. We use Cox proportional hazards model to calculate the mortality hazards ratios (HRs) and 95% confidence interval
(95% CI). Demographic characteristics and laboratory parameters were included in univariate analysis. Parameters with a P
value < 0.05 were further included in the multivariate model. The Kaplan-Meier methods and Log rank tests were adopted to
compare survival differences among patient groups stratified by RDW. An elevated RDW was defined as over 14.0%.
A receiver operating characteristic (ROC) curve was constructed to evaluate the capacity of RDW for mortality prediction.
Relative risks (RRs) of mortality for patients with an elevated RDW were calculated among different age groups.

We analyzed statistical differences between groups using a Pearson chi-square and Fisher’s exact test for proportions
or frequencies and a two-sided Mann—Whitney U-test for medians. RRs were analyzed using modified Poisson regres-
sion. All statistical analysis were conducted with SPSS version 25.0 and all graphs were plot by RStudio version 4.2.1.
P < 0.05 was considered as statistically significant.
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Results

Baseline Characteristics of Patients

The study screened 307 hospitalized in-patients from three hospitals and finally included 292 patients diagnosed with
SFTSV infection in the analysis (261 from Nanjing Drum Tower Hospital, 17 from The Second Hospital of Nanjing, and
14 from Zhongda Hospital Southeast University) (Figure S1). Out of which, 69 (23.6%) patients were deceased. The
clinical features of study population are summarized in Table 1. Male patients represented 51.4% and the median age of
the cohort was 61.5 (51.3-70.0) years. The median time from symptom onset to hospital admission was 7.0 (5.0,9.0)

Table 1 Comparison of Clinical Characteristics Between Survivors and Non-Survivors

Variables (Median, IQR) All Patients (n=292) | Survivors (n=223) | Non-Survivors (n=69) | P value
Age (yrs) 61.5 (51.3-70.0) 59.0 (50.0-68.0) 67.0 (57.0-72.0) <0.001
Male (%) 150 (51.4) 118 (52.9) 32 (46.4) 0.342
Time from symptom onset to hospital admission (days) 7.0 (5.0-9.0) 7.0 (5.0-9.0) 7.0 (6.0-10.0) 0.190
Length of hospital stay (days) 10.0 (7.0-14.0) 11.0 (8.0-15.0) 6.0 (2.0-9.0) <0.001
RDW (%) 13.2 (12.7-13.9) 13.0 (12.6-13.7) 13.6 (13.1-14.2) <0.001
<60 yrs 13.0 (12.5-13.5) 13.0 (12.4-13.4) 13.2 (12.9-14.3) 0.005
260 yrs 13.5 (12.9-14.1) 13.3 (12.7-14.0) 13.8 (13.3-14.2) 0.007
Other Laboratory Tests
RBC (10'%L) 4.3 (3.94.6) 4.3 (3.94.6) 4.3 (3.7-4.38) 0.359
Hb (g/L) 130.0 (117.0-141.0) 131.0 (119.0-142.0) 125.0 (108.0-141.0) 0.100
WBC (10°IL) 3.2 (1.9-5.3) 3.1 (1.9-5.1) 3.9 (2.6-6.2) 0.056
NEU (%) 63.2 (44.6-76.3) 63.3 (44.4-75.4) 62.0 (48.7-81.2) 0.271
LYM (%) 27.8 (16.5-40.1) 28.0 (18.2-40.2) 252 (12.6-39.9) 0.094
PLT (10°/L) 48.5 (34.0-73.0) 52.0 (38.0-78.0) 35.0 (23.5-50.0) <0.001
ALT (U/L) 77.6 (46.8-140.1) 74.4 (44.0-140.8) 85.7 (51.5-140.1) 0.365
GGT (U/L) 58.9 (27.3-147.2) 54.4 (26.1-144.0) 89.1 (34.1-152.3) 0.063
LDH (U/L) 734.0 (464.0-1414.3) | 685.5 (416.5-1130.5) 1198.0 (685.3—2492.8) <0.001
TBil (umol/L) 9.9 (6.9-17.5) 9.9 (7.0-16.9) 9.7 (5.9-19.0) 0.571
Cr (umol/L) 63.0 (49.0-83.0) 59.0 (48.0-74.0) 80.0 (62.0-126.0) <0.001
BUN (mmol/L) 4.4 (3.2-6.4) 4.1 (3.1-6.0) 6.3 (4.3-11.0) <0.001
PT (s) 11.5 (10.7-12.5) 11.2 (10.5-12.1) 12.3 (11.4-14.3) <0.001
APTT (s) 38.9 (32.2-48.2) 36.7 (31.042.8) 56.7 (40.2-70.2) <0.001
Ribavirin (%) 270 (92.5) 204 (91.5) 66 (95.7) 0.251
Comorbidities (%)
Any 104 (35.6) 75 (33.6) 29 (42.0) 0.203
Chronic pulmonary disease 8 (2.7) 5(2.2) 3 (4.3) 0.607
Diabetes 31 (10.6) 25 (11.2) 6 (8.7) 0.553
Hypertension 79 (27.1) 56 (25.1) 23 (33.3) 0.179
Coronary artery disease 8 (2.7) 4 (1.8) 4 (5.8) 0.174
Clinical Signs and Symptoms (%)
Respiratory
Dyspnoea 16 (5.5) 4 (1.8) 12 (17.4) <0.001
Cough 47 (l6.1) 34 (15.2) 13 (18.8) 0.478
Sputum 46 (15.8) 35 (15.7) Il (15.9) 0.961
Gastrointestinal
Diarrhoea 134 (45.9) 100 (44.8) 34 (49.3) 0518
Abdominal pain 55 (18.8) 44 (19.7) Il (15.9) 0.482
Vomiting 75 (25.7) 54 (24.2) 21 (30.4) 0.301
Nausea 94 (32.2) 75 (33.6) 19 (27.5) 0.344
Anorexia 256 (87.7) 196 (87.9) 60 (87.0) 0.836
(Continued)
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Table | (Continued).

Variables (Median, IQR) All Patients (n=292) | Survivors (n=223) | Non-Survivors (n=69) | P value

Non-specific

Fever 290 (99.3) 221 (99.1) 69 (100.0) 1.000
Feeble 234 (80.1) 178 (79.8) 56 (81.2) 0.808
Headache 63 (21.6) 56 (25.1) 7 (10.1) 0.008
Myalgias 98 (33.6) 84 (37.7) 14 (20.3) 0.008

Abbreviations: ALT, alanine aminotransferase; APTT, activated partial thromboplastin time; BUN, blood urea nitrogen; Cr, creatinine; GGT, gama-glutamyl transpeptidase;
Hb, hemoglobin; IQR, interquartile range; LDH, lactate dehydrogenase; LYM, lymphocyte; NEU, neutrophil; PLT, platelet count; PT, prothrombin time; RBC, red blood cell;
TBIl, total bilirubin; WBC, white blood cell.

days, and the median length of hospital stay was 10.0 (7.0,14.0) days. The most common symptoms were fever (99.3%),
anorexia (87.7%), feeble (80.1%) and diarrhea (45.9%). Non-survivors were older than survivors (67.0 years vs 59.0
years, P < 0.001). Symptoms were similar between survivors and non-survivors except for dyspnoea, headache and
myalgias (P < 0.05). Non-survivors had higher median levels of blood urea nitrogen (BUN) (6.3 mmol/L vs 4.1 mmol/L,
P < 0.001), lactate dehydrogenase (LDH) (1198.0 U/L vs 685.5 U/L, P < 0.001), creatinine (Cr) (80.0 pmol/L vs 59.0
umol/L, P < 0.001), prothrombin time (PT) (12.3 s vs 11.2 s, P < 0.001) and activated partial thromboplastin time
(APPT) (56.7 s vs 36.7 s, P < 0.001) than survivors. Nearly all patients had thrombocytopenia, leukopenia, or both.
Comorbidities were comparable between survivors and non-survivors. The median level of RDW was 13.2% (IQR,
[12.7%-13.9%]) at admission. Non-survivors had significantly higher RDW values (13.6%, IQR [13.1%-14.2%])
compared to survivors (13.0%, IQR [12.6%-13.7%], P < 0.001).

Comparison of Mortality Risk Between Patients with Elevated RDW and Normal

RDW

The mortality rate for patients with elevated RDW and normal RDW were 44.8% and 18.4% (P < 0.001), respectively.
Those with an elevated RDW had a RR of 2.439 (95% CI, 1.647-3.614) for mortality compared to patients with normal
RDW, and similar results were observed in both subgroups of age <60 years and >60 years (Table 2). The Kaplan-Meier
analysis indicated that patients with elevated RDW had higher cumulative incidence of mortality than patients with
normal RDW (Figure 1).

Association of RDW with Mortality

We developed Cox proportional hazards model to determine whether RDW was an independent risk factor of mortality.
In the univariate analysis, age, WBC, RDW, PLT, ALT, LDH, Cr, BUN, PT, and APTT were associated with mortality.
Further multivariate analysis revealed that RDW (HR 1.167, 95% CI 1.026—1.328, P = 0.019) remains an independent
risk factor of mortality after adjusting for confounding factors (Table 3). We further investigated the independent risk
factors of fatal outcome in different age subgroups. RDW value was identified as the independent risk factor of mortality

Table 2 Mortality Rates Stratified by Age and Red Blood Cell Distribution Width Elevation at
Admission

Normal RDW Elevated RDW P value Relative Risk
(95% CI)

No. | Mortality (%) | No. | Mortality (%)

Age Group (yrs)

<60 ) 10.3 16 50.0 <0.001 | 4.833 (2.339-9.990)
260 118 26.3 42 42.9 0.038 1.631 (1.028-2.589)
Overall patients 234 18.4 58 44.8 <0.001 | 2.439 (1.647-3.614)

Abbreviations: Cl, Confidence interval; RDW, red blood cell distribution width.
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Figure | Elevated red blood cell distribution width at hospital admission and mortality among patients with SFTS. (A) Survival curve for the overall patients; (B) Survival
curve for patients aged < 60 years; (C) Survival curve for patients aged 2 60 years.

both in patients aged <60 years (HR 1.530, 95% CI 1.005-2.329, P = 0.048) and aged >60 years (HR 1.184, 95% CI
1.027-1.366, P = 0.020) (Table S1). The APTT values were also independent risk factors of mortality. The AUC of RDW
value for mortality prediction was 0.690 (95% CI: 0.623 to 0.756, P < 0.001, Figure 2). The optimal cut-off value of
RDW was 13.1%, with a sensitivity of 79.9% and a specificity of 51.1%.

Dynamic Change of RDW and Mortality Risk During Hospitalization

We further investigated the relationship between changes of RDW after hospital admission and mortality risk. For
patients with normal RDW at admission, non-survivors had an increasing RDW value whereas survivors had a stable
value (Figure 3). Patients with initially elevated RDW who survived had a decreasing RDW. An increasing RDW value
after admission was associated with elevated mortality risk. Figure 3 also shows that the mean levels of RDW in

Table 3 Cox Proportional Hazards Modeling of Mortality Risk

Variable Univariate Multivariate

HR (95% Cl) | Pvalue | HR (95% CI) P value

Age (yrs) 1.042 (1.019-1.065) | <0.001 1.031 (1.007—1.055) 0.010
Sex

Female Reference

Male 0.851 (0.530-1.366) 0.503

WBC (10%L) | 1.072 (1.018-1.128) | 0.008 | 1.066 (1.004-1.131) | 0.036
RBC (10'%/L) | 0.768 (0.532-1.111) | 0.16l

Hb (g/L) 0.990 (0.978-1.001) | 0.078
RDW (%) 1273 (1.143-1.417) | <0.001 | 1.167 (1.026-1.328) | 0.019
PLT (10°/L) 0.986 (0.976-0.996) | 0.004 | 0.989 (0.979-1.000) | 0.042
ALT (UIL) 1.001 (1.000-1.002) | 0.028 | 1.000 (0.998-1.002) | 0.966
GGT (UL) 1,000 (0.998-1.001) | 0.870

Cr (umol/L) 1,006 (1.004-1.008) | <0.001 | 1.003 (1.000-1.006) | 0.057
BUN (mmol/L) | 1.011 (1.005-1.017) | <0.001 | 1.010 (1.003-1.016) | 0.005
TBil (umol/L) | 0.999 (0.987-1.011) | 0.868

PT (s) 1124 (1.071-1.180) | <0.001 | 1.073 (1.017-1.133) | 0011
APTT (s) 1,009 (1.005-1.012) | <0.001 | 1.008 (1.004-1.012) | <0.001

Abbreviations: ALT, alanine aminotransferase; APTT, activated partial thromboplastin time; BUN,
blood urea nitrogen; Cl, Confidence interval; Cr, creatinine; GGT, gama-glutamyl transpeptidase; Hb,
hemoglobin; HR, hazards ratio; PLT, platelet count; PT, prothrombin time; RBC, red blood cell; RDW,
red blood cell distribution width; TBil, total bilirubin; WBC, white blood cell.
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Figure 2 Receiver operating characteristic curve analysis of the prediction of mortality by red blood cell distribution width.
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survivors was about 13.22%, compared to 13.96% in non-survivors. Non-survivors tend to have a higher level of RDW
during hospitalization. The average RDW of non-survivors experienced an increase of 0.82% within the first 9 days after
admission, whereas a decrease of 0.28% was found in survivors.

Discussion

In this multicenter study, we analyzed the association of RDW with clinical prognosis in hospitalized SFTS patients. The
results suggested that non-surviving SFTS patients had higher RDW at admission and increasing RDW value during
hospitalization. Moreover, elevated RDW was an independent predictor of mortality of SFTS patients during hospitalization.

The mortality rate of patients with SFTS was 23.6% in this study, which was similar to previous studies.®**°~° We
found a higher mortality risk in patients with SFTS who had older age and more commonly presented dyspnoea,
headache and myalgias. Besides, there were significant differences in WBC, BUN, PLT, PT and APTT between survivors
and non-survivors, which were also reported in previous studies.'”'®*”** Among them, only PLT count was indepen-
dently associated with mortality in SFTS patients, which is consistent with viral replication in substantial disease
progression.'" High level of viral loads was reported to be independently associated with adverse outcome and was
negatively correlated with PLT count.''~**>*7 Both PLT and APTT are indicators for coagulation function, which play
significant roles in hemorrhagic fever syndromes. The supportive treatment is mainly adopted for SFTS patients in
clinical practice, including transfusion of blood products and intensive care for critically ill patients.”® Although antiviral
therapy with ribavirin is clinically recommended, this study fails to find its efficiency in reducing case fatality.***'

Some studies have reported the association of higher RDW with fatal outcomes in many diseases.”* ! Our study
demonstrated that elevated RDW was associated with substantially increased mortality risk in patients with SFTS. The
association remained statistically significant after adjustment for age and other serum parameters. RDW is a non-specific
marker and elevated in many illnesses.”* ' The mechanisms of association between RDW and fatal outcome of SFTS
remain unclear. Some studies showed an association between elevated RDW and severe inflammation as well as
oxidative stress, with increased inflammatory cytokines detected.** ** Serum SFTSV viral load was correlated with
the inflammatory cytokines, and cytokine levels were further shown to correlate with laboratory parameters and clinical
manifestation.''*>*¢ It is speculated that a higher degree of inflammation and oxidation in non-survivors resulted in their
fatal outcome. Further studies are needed to explore the association of increased RDW with oxidative stress and
inflammation in SFTS patients.

Almost all patients included in this study made their first visit to hospitals after symptom onset and the time span from
symptom onset to hospital admission varied. Therefore, we were not able to know whether patients with elevated RDW at
admission had a higher baseline RDW before. The days from symptom onset to hospital admission between survivors and
non-survivors was comparable, suggesting they might be entered into hospital at the same stage of disease. The larger
increase in the elevated RDW group probably indicate a longer duration of disease before hospital admission, which is
reported to be associated with an adverse outcome.'%*> Patients with chronic illness were expected to have a higher baseline
RDW for the reported association of comorbidity with death. However, we failed to find the association in our study.
Regardless of the reasons why RDW of patients with SFTS differed when admitted, the association of elevated RDW values
with higher risk of death persisted during hospitalization. This study indicates that RDW could function as an effective
marker for estimating the probability of death in SFTS patients. Compared with other markers with a significant prognostic
value in SFTSV infection, RDW is easier to get because it is automatically provided in the routine blood test.

There are several limitations in this study. Since the analysis of the predictive value of RDW were performed in
hospitalized SFTS patients, the predictive value of RDW needs to be validated in SFTS patients who were not admitted
to hospitals. In addition, the sample size is relatively small. Therefore, further multicenter, prospective studies were
required to better evaluate the predictive value of RDW for SFTS-related mortality.

Conclusions
This cohort study confirmed an association between mortality risk and RDW at hospital admission and during
hospitalization in SFTS patients. As a routine blood measure, RDW appears to be a practical indicator for the
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stratification of mortality risk among hospitalized SFTS patients. However, further prospective studies are needed to
confirm our findings.
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ALT, alanine aminotransferase; APTT, activated partial thromboplastin time; AUC, area under the receiver operating
characteristic curve; BUN, blood urea nitrogen; CI, confidence interval; Cr, creatinine; GGT, gama-glutamyl transpepti-
dase; Hb, hemoglobin; HR, hazard ratio; IQR, interquartile range; LDH, lactate dehydrogenase; LYM, lymphocyte;
MCYV, mean corpuscular volume; NEU, neutrophil; PLT, platelet count; PT, prothrombin time; RBC, red blood cell;
RDW, red blood cell distribution width; ROC, receiver operating characteristic; RR, relative risk; SFTS, severe fever
with thrombocytopenia syndrome; SFTSV, SFTS virus; TBil, total bilirubin; WBC, white blood cell.
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