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Objective: The purpose of this study was to evaluate the predictive value of the platelet-to-
albumin ratio (PAR) on the risk of death in patients with severe fever with thrombocytopenia
syndrome.

Methods: Between Jan 2019 and June 2021, 127 cases which were admitted to the First
Affiliated Hospital of Anhui Medical University have been included in this study. The
laboratory data were selected at the time of admission. To identify the potential independent
risk factors for severe fever associated with thrombocytopenia syndrome, multivariate
logistic regression analysis was performed. Receiver operating characteristic (ROC) curve
analysis was used to evaluate the prediction accuracy of PAR in identifying patients
exhibiting severe fever with thrombocytopenia syndrome.

Results: Multiple logistic regression analysis showed that PAR could potentially serve as an
independent risk factor for the death in patients with SFTS (OR = 4.023, 95% CI 1.204-
13.436, P=0.024). The prediction of the risk of death in patients with SFTS was assessed
using the AUC. The AUC for the PAR was 0.729 (95% CI, 0.637-0.82, P < 0.001), whereas
the optimal cut-off value of PAR was found to be 1.43, with 54.9% sensitivity and 86.1%
specificity.

Conclusion: Our study demonstrated for the first time that PAR could act as an independent
predictor for mortality in adult patients with SFTS.

Keywords: severe fever with thrombocytopenia syndrome, risk factors, platelet-to-albumin
ratio

Introduction

Severe fever with thrombocytopenia syndrome (SFTS) is a lethal tick-borne infec-
tious disease caused by a novel Banyang virus (SFTS) virus.'” SFTSV was first
isolated from China, and the affected patients developed fever, thrombocytopenia,
The cases of SFTSV have been

reported in central and eastern China, South Korea, Japan and Vietnam.® Patients

leukopenia, and multiple organ dysfunction.'

suffering from SFTS showed the symptoms of fever, general fatigue, and gastro-
intestinal symptoms such as bloody diarrhea.® SFTS has been established as
a serious disease with mortality rates varying from 6.4 to 20.9%.° The SFTSV
genome consists of three different single-stranded negative RNA fragments, which
are large (L), medium (M) and small (S) fragments. Moreover, S-fragment PCR
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amplification or SFTSV specific antibodies are often used
to diagnose or confirm SFTSV infection.’®

A number of previous studies have reported that the
pathogenesis of SFTS is related to abnormal immune
response.”® Moreover, additional recent findings have
confirmed that platelet-albumin ratio (PAR) can be used
as a potential marker of inflammation in patients, and can
serve as a prognostic factor or progression indicator for
a variety of diseases,” '* For instance, preoperative PAR
has been found to be a useful and potential prognostic
biomarker in patients with non-small cell lung cancer
undergoing primary resection.” Preoperative PAR has
also been described as a novel and effective independent
prognostic indicator of survival after pancreatectomy.'
Thus, PAR as an emerging inflammation index, has
attracted significant attention. Moreover, another report
on the prognostic value of PAR has shown that preopera-
tive PAR is closely associated with prognosis in patients
with cholangiocarcinoma and liver cancer.'” However,
there is currently no report that has evaluated the possible
role of PAR in SFTS. For this reason, we aimed to analyze
the potential role of PAR in predicting the mortality in
adult patients with SFTS in this study.

Methods
Study Population

For this prospective study, we recruited SFTS patients
from Jan 2019 to June 2021 from the First Affiliated
Hospital of Anhui Medical University. The enrolled
patients were found to be positive for SFTS viral RNA
by real-time fluorescent polymerase chain reaction (RT-
PCR) and/or SFTSV IgM was positive in the patient’s
blood. However, patients with the following conditions
were excluded from this study: (1) Those lacking the
clinical and laboratory data presented in this study and
(2) patients with other diseases, such as hematological
diseases, cancers etc. The study protocol complied with
the Declaration of Helsinki and was approved by the
hospital’s ethics review board. All the procedures included
in this study were undertaken as part of the routine clinical
practice, and the data which could lead to identification of
enrolled patients was removed. We confirmed that all the
data was anonymized and maintained with confidentiality.
Hence, the requirement for informed consent has been
waived because of the retrospective nature of the current
study.

Data Collection

We collected patient demographic data such as the gender
and age, and the onset laboratory indicators in the blood of
the patient during hospitalization such as white blood cell
count (WBC), neutrophil count (NEU), platelet count
(PLT), lymphocyte count (LYM), monocytes (MONO),
hemoglobin (Hb), alanine aminotransferase (ALT), aspar-
tate aminotransferase (AST), prothrombin time (PT), acti-
vated partial thromboplastin time (APTT), lactic uric acid
(UA), blood urea nitrogen (BNU), and PAR. The deaths
were defined as patients who died during the course of the
disease.

Statistical Analysis

The various quantitative were presented as the mean =+
standard deviation (SD) and analyzed using independent
Student’s t-tests, medians (interquartile range) and ana-
lyzed using Mann—Whitney U-test, depending on their
distribution. The categorical variables were expressed as
percentages (n, %) and were analyzed using Chi-square or
Fisher’s exact tests, The correlation between the two con-
tinuous variables were examined using Pearson or
Spearman correlation test. The multivariate logistic regres-
sion analysis was performed to evaluate if PAR could be
established as an independent risk factor for the presence
and severity of severe fever with thrombocytopenia syn-
drome. The prediction accuracy was evaluated using the
area under the receiver operating characteristic (ROC)
curves, The cut-off point showing the greatest accuracy
was determined using Youden’s index (sensitivity + speci-
ficity — 1). All the data analysis was performed using SPSS
23.0 software (SPSS Inc., Chicago, Illinois, USA). A two-
sided P value of <0.05 was considered as statistically
significant.

Results

Basic Characteristics of the Patients

A total of 168 laboratory-confirmed SFTS patients were
2019 and
December 2021. After excluding cases based on the

enrolled in our study between April
above-described exclusion criteria, 127 patients were
finally included in our study. After grouping by year and
quarter, it can be observed that the main infection time was
primarily distributed is in the second and third quarters
(Figure 1). Among the included cases, 91 survived
whereas 36 died. There were 61 male patients and 66

female patients. The mean age of all patients was 62.3
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Figure | The number of confirmed cases was grouped by year and quarter.

years. Notably, the mean age and the occurrence of neu-
rological symptoms in patients who died were significantly
higher than in those who survived (67.14 vs 60.36;
P=0.001). The demographic characteristics of the patients
have been presented in Table 1. From our data, was found
that the ALT, AST, UA, BUN, and APTT Ilevels in the
group that died were significantly higher than those in the
group that survived (P<0.001). When the PAR is signifi-
cantly lower than the survival group (p<0.001). We also
found that the levels of LYM, MONO and PLT in the

Table | The Basic Characteristics of the Patients

group that died were lower than those in the group that
survived (p<0.05). There were no significant differences
observed between the two groups in the number and con-
tent of WBC, NEU, HB and ALB.

Risk Factors for Fatal Outcomes

Based on our assignment of the corresponding indicators
(Table 2), we performed univariate and multivariable bin-
ary logistic regression analysis. However, univariable
logistic regression analyses revealed that older age, reduc-
tion in PAR, PLT, LYM, and elevated levels of ALT, AST,
BUN, UA and APTT were considered as important risk
factors for fatal outcomes. After adjusting age, sex, AST,
ALT, BUN and UA levels, PAR was found to be an
independent risk factor for death in patients with SFTS
(OR = 4.023, 95% CI 1.204-13.436, P=0.024).
Meanwhile, our data also showed that age and BUN
were independent risk factors for the fatal outcomes. The
detailed results of the multivariable analysis have been
shown in Table 3.

Diagnostic Performance of the PAR on

the Risk of Death in Patients with SFTS
The prediction of the risk of death in patients with SFTS
was thereafter assessed using the AUC. As shown in

Variables Survival (n=91) Fatal (n=36) P value
Gender [n (%)]

Male 41 (67.2) 20 (32.8) 0.328
Female 50 (75.8) 16 (24.2)

Age (years) 60.36+10.97 67.14+8.78 0.001
WBC (10 9 /L) 2.75 (1.84, 4.62) 2.42 (1.29, 4.48) 0.301
NEU (10 9 /L) 1.55 (0.88, 2.56) 1.46 (0.79, 3.67) 0.877
LYM (10 9 /L) 0.8 (0.5, 1.12) 0.5 (0.35, 0.867) 0.007
MON (10 9 /L) 0.12 (0.07, 0.27) 0.07 (0.05, 0.16) 0.014
Hb (g/L) 126 (115, 140) 129.5 (120, 139) 0.454
PLT (10 9 /L) 48 (36, 66) 36 (31, 45.75) <0.001
ALT (U/L) 71 (47, 113) 130 (65.5, 199.5) 0.003
AST (U/L) 147 (93, 242) 396 (200, 679.75) <0.001
ALB (g/L) 33.4 (29.6, 37.3) 32.6 (30.5, 34.08) <0.001
UA (umol/L) 237 (189, 308) 364.5 (235, 487) <0.001
BUN (mmol/L) 4.87 (3.58, 6.36) 8.92 (6.08, 15.13) <0.001
PT (s) 13 (12.4, 13.6) 13.6 (12.85, 14.65) 0.001
APTT (s) 50.7 (43.2, 55.7) 65.95 (58.45, 83.33) <0.001
PAR 1.46 (1.11, 1.87) 1.12 (0.95, 1.35) <0.001

Abbreviations: WBC, white blood cell; NEU, neutrophil; LYM, lymphocyte; MON, monocyte; Hb, hemoglobin; PLT, platelet count; BUN, blood urea nitrogen; PT,
prothrombin time; APTT, activated partial thromboplastin time; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALB, albumin; UA, uric acid; PAR, platelet-
to-albumin ratio.
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Table 2 The Variables and Assignments of SFTS Risk Factors
Analysis

Variable Name Assignment Description

Sex Male =1 Female =2
Age (years) 265=| <65=0
WBC (109 /1) >10=| <10=0
NEU (10 9 /L) >7.5=I <7.5=0
LYM (10 9 /L) <0.8=I = 0.8=0
MON (10 9 /L) <0.3=I 2 0.3=0
Hb (g/L) <110=I 2 110=0
ALT (U/L) >120=1 <120=0
AST (U/L) >120=1 <120=0
ALB (g/L) <25=| 225=0
UA (umol/L) >420=| <420=0
BUN (mmol/L) >7=I <7=0
PT (s) >17=1 <17=0
APTT (s) >47=| <47=0
PAR >1.43=| <1.43=0

Abbreviations: WBC, white blood cell; NEU, neutrophil; LYM, lymphocyte; MON,
monocyte; Hb, hemoglobin; BUN, blood urea nitrogen; PT, prothrombin time;
APTT, activated partial thromboplastin time; ALT, alanine aminotransferase; AST,
aspartate aminotransferase; ALB, albumin; UA, uric acid; PAR, platelet-to-albumin
ratio.

Figure 2, the AUC for the PAR was 0.729 (95% CI, 0.637—
0.82, P < 0.001). The optimal cut-off value of PAR was

1.43, with 54.9% sensitivity and 86.1%
respectively.

specificity

Discussion

Severe fever with thrombocytopenia syndrome (SFTS) is
a novel viral disease with a high fatality rate, which is
caused by tick-borne sandfly virus SFTSV.'* The onset of
SFTS is sudden and can progress rapidly, causing several
complications. The main clinical manifestations of SFTS
are fever, leukopenia, thrombocytopenia, and hepatic and
renal dysfunctions,'* So there is an unmet need to develop
a novel model that can identify patients who are critically
ill, as well as to diagnose patients who are at higher risk of
death and treat them faster and earlier.

A number of previous studies have demonstrated that
there exists a close correlation between ALB and
inflammation.'>'® For instance, the platelet-albumin ratio
(PAR) has recently been proposed as a novel indicator that
can reliably reflect the systemic inflammation and immune
nutritional status in several diseases.'® This is primarily
because the possibility of being affected by the various
physiological and/or disease conditions is less likely for
the PAR than its PLTs and ALB components individually.

Table 3 Univariable and Multivariable Logistic Regression Analyses of the Various Features Associated with the Fatal Outcomes in

Patients with SFTS

Univariable Analysis Multivariable Analysis
OR P 95% CI for HR OR P 95% CI for HR
Lower Upper Lower Upper

Sex 1.524 0.287 0.701 3313
Age 0.275 0.002 0.12 0.628 0.208 0.005 0.069 0.63
WBC 1.025 0.726 0.893 1.177
NE 0.995 0.947 0.858 1.154
LYM 0.376 0.022 0.163 0.869
MON 0.474 0.205 0.149 1.505
Hb 1.671 0.449 0.442 6.31
PLT 1.062 <0.001 1.028 1.096
BUN 0.123 <0.001 0.052 0.292 0.236 0.014 0.074 0.751
UA 0.194 0.001 0.074 0.511
PT 0.122 0.073 0.012 1.217
APTT 0.108 0.003 0.024 0.481
ALT 0.268 0.002 0.119 0.607
AST 0.127 0.001 0.036 0.444
ALB 1.065 0.16 0.976 1.162
PAR 7.561 <0.001 2.697 21.198 4.023 0.024 1.204 13.436

Note: Adjusted for age, sex, AST, ALT, BUN and UA.
Abbreviations: WBC, white blood cell; NEU, neutrophil; LYM, lymphocyte; MON, monocyte; Hb, hemoglobin; PLT, platelet count; BUN, blood urea nitrogen; PT,
prothrombin time; APTT, activated partial thromboplastin time; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALB, albumin; UA, uric acid; PAR, platelet-to

-albumin ratio.
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Figure 2 The distribution of SFTS in high or low PAR groups.

Moreover, PAR has the ability to accurately reflect the
status of immune system, systemic inflammation, and
nutritional status of the patient simultaneously after con-
sidering the individual functions of PLTs and ALB.'?
Additionally, past investigations on the prognostic worth
of PAR showed that the preoperative PAR was signifi-
cantly associated with the patients’ prognoses in pancrea-

tic adenocarcinomas and non-small cell

9,10

lung
carcinomas.

A few previous studies have reported all cases that
occurred between April and October,'*!” This is consis-
tent with our conclusions, that after grouping by year and
quarter, it can be observed that the main infection time
distribution was primarily found in the second and third
quarters (Figure 1). The mean age of all patients was 62.3
years. Notably, the mean age in patients who died was
significantly higher as compared to those who survived
(67.14 vs 60.36; P=0.001), This is also consistent with the
previous reports,'® and based on our data, we found that
the ALT, AST, UA, BUN, and APTT in the group that died
were significantly higher than those in the group that
survived (P<0.001). When the PAR is significantly lower
than the survival group (p<0.001). We also found that the
numbers of LYM, MONO and PLT in the group that died
were significantly lower than those in the group that sur-
vived (p<0.05). However, there was no significant differ-
ence between the two groups in the WBC, NEU, HB and
ALB. Our univariate and multivariable binary logistic
regression analysis revealed that older age, reduction in

PAR, PLT, LYM, and elevated levels of ALT, AST, BUN,
UA and APTT could be considered as potential risk factors
for the fatal outcomes. After adjusting age, sex, AST, ALT,
BUN and UA, PAR was proved to be an independent risk
factor for the presence of SFTS (OR = 4.023, 95% CI
1.204-13.436, P=0.024). Meanwhile, our data also showed
that age and BUN could serve as an independent risk
factor for fatal outcomes, which was consistent with
most of the previous studies.'”"”

We further investigated the possible predictive effect of
PAR as an independent predictor of mortality in adult
patients with SFTS. The survival group displayed
a significantly a higher PAR value than the death group.
Thereafter, then the prediction of the risk of death in
patients with SFTS was assessed using the AUC, the
AUC for the PAR was 0.729 (95% CI, 0.637-0.82, P <
0.001). The optimal cut-off value of PAR was 1.43, with
54.9% sensitivity and 86.1% specificity. The ROC curve
analysis indicated that the PAR had a well discriminatory
power in predicting mortality in adult patients with SFTS.
Moreover, PLT and ALB results were readily available at
admission, allowing us to quickly identify patients at high
risk of death and thus to intervene early to improve overall
patient outcomes.

However, several limitations were also associated with
our study design. First, it was a retrospective single-center
study and we did not further track the future clinical out-
comes in the present study. Second, due to the small
number of deaths found in our cohort, there might be
a possible statistical bias. Therefore, due to major these
limitations of this research, further studies are needed in

the future.

Conclusion

Our study clearly demonstrated that PAR could serve as an
independent predictor for mortality in adult patients with
SFTS.

Ethical Approval and Consent to

Participate

The study was conducted according to the guidelines of
the Declaration of Helsinki and was approved the Hospital
Ethics Review Board of the First Affiliated Hospital of
Anhui Medical University. We also confirm that all the
data was anonymized and maintained with confidentiality;
therefore, the requirement for an informed consent has
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