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The predictive effect of the platelet-to-lymphocyte ratio (PLR)
and the neutrophil-to-lymphocyte ratio (NLR) on the risk of death
in patients with severe fever with thrombocytopenia syndrome
(SFTS): a multi-center study in China
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Background: Severe fever with thrombocytopenia syndrome is caused by infection with the severe fever
with thrombocytopenia syndrome virus.

Methods: Between April 2011 and December 2019, data on consecutive patients who were diagnosed
with severe fever with thrombocytopenia syndrome were prospectively collected from five medical centers
in China. The score of the death risk model was correlated with the platelet-to-lymphocyte ratio and the
neutrophil-to-lymphocyte ratio. Multivariable Cox analyses were used to identify the independent factors
associated with mortality.

Results: During the study period, 763 patients were diagnosed with severe fever with thrombocytopenia
syndrome; 415 of these patients were enrolled in our study. We found that the neutrophil-to-lymphocyte
ratio of the group that died was significantly higher on admission (P=0.007) than that of the group that
survived, and the neutrophil-to-lymphocyte ratio showed a positive correlation with the score of the death
risk model. Multivariate Cox regression suggested that a neutrophil-to-lymphocyte ratio greater than 5.4 was
an independent risk factor for survival ime (HR=6.767, P=0.011). Platelet-to-lymphocyte ratio did not show
a special role in this study.

Conclusions: A neutrophil-to-lymphocyte ratio greater than 5.4 can increase the risk of death and
decrease the survival time of patients. In summary, the neutrophil-to-lymphocyte ratio provides a

supplementary means for effectively managing severe fever with thrombocytopenia syndrome (SFTS).
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Introduction

Severe fever with thrombocytopenia syndrome (SFTS) is
a severe hemorrhagic fever disease caused by the severe
fever with thrombocytopenia syndrome virus (SFTSV) (1).
According to the latest virus classification issued by
the International Virus Classification Committee in
2019, SFTSV belongs to the Phlebovirus genus in the
Bunyaviridae family (2). It is a tick-borne disease. Previous
research has established that a number of different kinds of
animals serve as reservoir hosts and facilitate its spread (3).
The disease can be transmitted from person to person
through the bodily fluids of infected individuals (4). It is
fairly broadly distributed in China (5), and it has also been
reported in other parts of Asia, including South Korea
and Japan (6,7). Other newly emerged phleboviruses were
isolated from patients in the USA in 2012, including the
Heartland virus, which is genetically similar to SFTSV (8).
Patients infected with SFTSV may develop such clinical
manifestations as fever, thrombocytopenia, leukopenia,
gastrointestinal symptoms, mental symptoms, diffuse
intravascular coagulation (DIC), and even multiple organ
dysfunction (9).

Studies have revealed that the pathogenesis of SFTS is
closely related to an abnormal immune response (10,11).
Increasing evidence suggests that a patient’s platelet-to-
lymphocyte ratio (PLR) and neutrophil-to-lymphocyte
ratio (NLR) serve as inflammatory markers; both have
been used as prognostic factors or progress indicators for
various diseases (12,13). Current research has suggested
that elevated NLR increased the risk of all-cause
cardiovascular death in patients (12). Diabetic status was
also associated with a significant increase in NLR (14).
Previous research showed that tumors were associated
with chronic inflammation of the body and the importance
of neutrophils in cancer has become increasingly apparent
(15,16). The progression-free survival of breast cancer
patients with a low NLR at baseline was significantly better
than that of patients with a high NLR at baseline (17).
Previous studies also revealed the NLR was correlated
with the risk of death in patients with severe exacerbation
of chronic hepatitis B (18). As for the PLR, in patients with
Crimean-Congo hemorrhagic fever, there was a strong
relationship between the severity of the disease and the
PLR (13).

SFTS is a newly emerging infectious disease with a
high mortality rate (11.2-30%) (19), and the number
of cases is increasing each year. For these reasons, the
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ability to predict the severity of the disease is of particular
importance. The NLR and PLR are commonly assessed
and it is easy to obtain these indicators from the laboratory
in clinical work. However, there is currently no research
being done on the role NLR and PLR play in SFTS.
For this reason, we intend to study the role of NLR and
PLR in predicting the severity of this disease. We present
the following article in accordance with the STROBE
reporting checklist (available at http://dx.doi.org/10.21037/
atm-20-4736).

Methods
Study design

For this prospective study, we recruited SFTS patients
from April 2011 to December 2019 from five medical
centers located in northeastern and central China: Beijing
Ditan Hospital, Dandong Infectious Diseases Hospital,
Tai'an City Center Hospital, Qingdao Sixth People’s
Hospital, and Yantai Infectious Diseases Hospital. Patients
had to meet all of the following conditions for inclusion:
(I) maintained a fever (T >37.5 °C) for over 24 h; (II) had
reduced platelet count in peripheral blood in laboratory
tests (PLT <100x10°/L); (ITI) real-time fluorescent
polymerase chain reaction (RT-PCR) was positive for
SFTS virus RNA and/or SETSV IgM was positive in the
patient’s blood. Patients were excluded if they met any of
the following conditions: (I) had previous autoimmune
diseases such as systemic lupus erythematosus (SLE);
(II) had previous blood system diseases such as aplastic
diseases, leukemia, and idiopathic thrombocytopenic
purpura; (III) had previous liver disease such as acute and
chronic viral hepatitis, chronic alcoholic liver disease; (IV)
had an infusion of blood product platelet transfusions or
treatment with stimulating factors such as granulocyte
stimulating factor; (V) had previous cardiovascular and
cerebrovascular diseases such as hypertension, coronary
heart disease, cerebral hemorrhage, and cerebral infarction;
(VD) had previous metabolic diseases such as diabetes and
hyperthyroidism.

This study was approved by the Local Ethics Committee
of the Leading Center of Beijing Ditan Hospital, Capital
Medical University (No. 2014-003) and was in line with the
principles of the Helsinki Declaration (as revised in 2013).
Informed consent was obtained from all patients or their
immediate family members for sample and data collection
and use in research.

Ann Transl Med 2021;9(3):208 | http://dx.doi.org/10.21037/atm-20-4736


http://dx.doi.org/10.21037/atm-20-4736
http://dx.doi.org/10.21037/atm-20-4736

Annals of Translational Medicine, Vol 9, No 3 February 2021

Data collection

We collected patient demographic data such as gender and
age, the rate of occurrence of neurological symptoms, and
the first laboratory indicators within 7 days of symptom
onset and last 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),
eosinophilic granular cell (EO), basophil (BASO),
hemoglobin (Hb), alanine aminotransferase (ALT), aspartate
aminotransferase (AST), prothrombin time (PT), activated
partial thromboplastin time (APTT), creatine kinase (CK),
lactic dehydrogenase (LDH), gamma glutamine transferase
(GGT), alkaline phosphatase (ALP), choline esterase
(CHE), adenosine deaminase (ADA), total bile acid (TBA),
creatine kinase (CK), uric acid (UA), blood creatinine (sCr),
blood urea nitrogen (BNU), NLR, and PLR.

Deaths are defined as patients who died during the
course of the disease. The recovery period of the disease
was defined as the time frame in which the patient’s
temperature gradually returned to normal, the symptoms
and signs gradually improved, and the patient reached the
level at which he or she could be discharged.

Statistical analysis

Data analysis was performed using SPSS24.0 software (IBM,
Armonk, NY, USA). The measurement data with a normal
distribution were expressed as mean = standard deviation,
and the comparison between groups used independent
sample 7-test. The measurement data with a skewed
distribution were expressed as medians with interquartile
ranges and the comparison between the two groups used
Mann-Whitney U tests. Chi-square tests were used for
comparing differences in proportion between groups.
Univariable and multivariate Cox regression analyses were
used to identify dependent and independent risk factors that
affected patient survival time.

Results
Demographic characteristics of the patients

A total of 763 laboratory-confirmed SFTS patients were
enrolled in our study between April 2011 and December
2019. After excluding cases through the exclusion criteria,
415 patients were finally included in our study. Among
the included cases, 352 survived and 63 died. There were
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241 male patients and 174 female patients. The mean age
of all patients was 60.16 years. Notably, the mean age and
the occurrence of neurologic symptoms in patients who
died were significantly higher than in those who survived
(67.32 vs. 58.88; P<0.001), and there was also a significant
difference in the gender distribution between the death and
survival groups. The demographic characteristics of the
patients are presented in Table 1.

Comparison of laboratory parameters in surviving and
fatal SFTS cases

From our data, we found that the neutrophil ratio NEU %),
NEU, BASO, Hb, ALT, AST, GGT, ALP, ADA, TBA,
LDH, sCr, UA, BUN, PT, APTT, and CK in the group that
died were significantly higher than those in the group that
survived. We also found that the LYM and the lymphocyte
ratio (LYM%) in the group that died were lower than
those in the group that survived. There was no significant
difference between the two groups in the PLR. The clinical
characteristics of the patients are presented in Table 1.

Comparison of the NLR and the PLR of patients with
SFTSV at different stages of the disease

We collected the first and last blood tests of patients in the
group that survived and the group that died during their
hospital stay and compared the changes in their NLR and
PLR. We found that the NLR at the time of discharge in
the group that survived was significantly lower than the
NLR had been at the time of admission (Figure 1A4), with
statistical significance (P<0.001). The PLR at the time
of discharge in the group that survived was significantly
higher than it had been at admission (Figure 1B), with
statistical significance (P<0.001). For the group that
died, we found that the NLR at the time of admission
was lower than the NLR at the time of death (Figure 1C)
(P<0.001). In the group that died, the PLR at the time
of admission was significantly higher than the PLR at
the time of death (Figure 1D), with statistical significance
(P<0.001). Regarding the NLR of the group that survived
and the group that died, we found that the NLR at the
time of discharge for the group that survived was lower
than the NLR at the time of death for the group that died
(Figure 1E), with statistical significance (P<0.001). The
PLR at the time of discharge for the group that survived
was higher than the PLR at the time of death for the
group that died (Figure 1F), with statistical significance
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Table 1 Comparison of gender, age, neurologic symptoms (NS), and laboratory parameters in the survival and fatal groups

All (n=415) Survival (n=352) Fatal (n=63) P value
Gender [n (%)]
Male 241 (58.1) 196 (55.7) 18 (28.6) <0.001
Female 174 (41.9) 156 (44.3) 45 (71.4)
Age (years) 60.16+£12.19 58.88+12.19 67.32+9.48 <0.001
NS (n) 80 53 27 <0.001
Laboratory parameters
WBC (10°/L) 2.16 (1.41,3.9) 2.18 (1.42, 3.62) 2(1.36, 4.63) 0.986
NEU% 62.74 (47.9, 75.7) 61.45 (47.55, 74.39) 70.8 (57, 80.7) 0.001
NEU (10°/L) 1.41 (0.83, 3.75) 1.23 (0.78, 2.38) 1.73 (0.8, 3.4) 0.025
LYM% 28 (16.9, 40.5) 29.74 (18.65, 42.28) 16.9 (11.15, 27.75) <0.001
LYM (10%/L) 0.6 (0.39, 1.09) 0.61(0.4,1.11) 0.50 (0.32, 0.78) 0.011
MON (10°/L) 0.14 (0.07, 0.38) 0.15(0.07, 0.36) 0.11 (0.05, 0.52) 0.442
EO (10°/L) 0 (0, 0.01) 0 (0, 0.01) 0(0,0.1) 0.142
BASO (10°/L) 0 (0, 0.01) 0 (0, 0.01) 0.01 (0, 0.04) 0.041
Hb (g/L) 137 (127, 149.25) 136 (127, 148) 144 (130, 156) 0.01
PLT (10°/L) 56 (40, 73) 58 (42.2, 75) 41 (28, 60) <0.001
ALT (U/L) 79.14 (41,151.18) 68.85 (37.88, 132.25) 108.5 (67.95, 335.4) <0.001
AST (U/L) 135 (65.9, 294) 124 (62.45, 252.4) 386 (118, 828.8) <0.001
ALB (g/L) 32.73+4.64 32.89+4.48 31.06+5.11 0.808
GGT (mmol/L) 41.4 (28.95, 99.33) 39 (23.08, 84.95) 87.68 (33.75, 174) <0.001
ALP (U/L) 62 (51.45, 83.25) 60.41 (51, 80) 77.88 (60.28, 162.61) <0.001
CHE (U/L) 5,934 (4,776.35, 7,113) 6,058.26 (4,850.5, 7,126.27) 5,424 (4,275.5, 6,778) 0.094
ADA (U/L) 27.36 (17.76, 41.38) 25.7 (16.75, 37.4) 46.2 (28.35, 66.7) <0.001
TBA (umol/L) 5.99 (3.6, 13.2) 5.50 (3.38, 11.4) 12.1 (6.1, 30.3) <0.001
LDH (U/L) 676.11 (387.75, 1,217.4) 580 (355.64, 1,055.8) 1,119 (895, 2,288.7) <0.001
sCr (umol/L) 68.5 (56, 85.18) 65.15 (54.85, 80.18) 87.95 (68.88, 125.93) <0.001
UA (umol/L) 250.6 (183, 327.5) 246.45 (179, 319) 325.10 (218.33, 431.98) <0.001
BUN (mmol/L) 5.24 (3.6, 7.48) 4.86 (3.39, 6.74) 8.07 (5.9, 11.91) <0.001
PT (s) 11.20 (11.3, 13.2) 12.15(11.20, 13.1) 12.5(11.8, 14.4) 0.004
APTT (s) 40.8 (33.9, 51.2) 38.7 (33.48, 45) 54.3 (43.8, 70.03) <0.001
CK (U/L) 434.9 (181.45, 1,083.58) 363.65 (160.73, 906.75) 1,110.5 (328.25, 2,000) <0.001
NLR 2.22(1.12,4.4) 2.07 (1.11, 4.08) 2.71(1.47,6.23) 0.007
PLR 87.65 (49.21, 161.54) 87.31 (50, 153.66) 83.33 (35, 162.5) 0.599

WBC, white blood cell; NEU%, neutrophil percentage; NEU, neutrophil; LYM%, lymphocyte percentage; LYM, lymphocyte; MON,
monocyte; EO, eosinophilic cell; BASO, basophil; Hb, hemoglobin; PLT, platelet count; LDH, lactate dehydrogenase; CK, creatinine kinase;
BUN, Blood urea nitrogen; sCr, serum creatinine; PT, prothrombin time; PTA, prothrombin activity; APTT, activated partial thromboplastin
time; ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; TB, total bilirubin; ALB, albumin;
ADA, adenosine deaminase; UA, uric acid; CHE, choline esterase; GGT, Gamma glutamine transferase; NS, neurologic symptoms; NLR,
neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio.
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Figure 1 Comparison of NLR and PLR of patients with SFTS at different stages of the disease. NLR, neutrophil-to-lymphocyte ratio;
PLR, platelet-to-lymphocyte ratio; SFTS, severe fever with thrombocytopenia syndrome.

(P<0.001).

Correlation between NLR / PLR and score from the
clinical model predicting mortality

Using the clinical model predicting mortality constructed
by Li (20), we put the six indicators of age, neurological
symptoms, LDH, AST, BUN, and NEU% within 6 days
of the onset of symptoms into the model and obtained the
scores of the group that survived (Figure 2A), the group
that died (Figure 2B), and the overall situation (Figure 2C).
We correlated the total score and the corresponding NLR
(Figure 34) and PLR (Figure 3B) values and found that
the NLR was highly positively correlated with the score
(r=0.399, P<0.001), while the PLR was not correlated with
the score (r=0.023, P=0.735).

© Annals of Translational Medicine. All rights reserved.

Risk factors for fatal outcomes

Based on our assignment of the corresponding indicators
(Table 2), we performed Cox regression analyses.
Univariable Cox regression analysis revealed that older
age, decreased percentage of lymphocytes, incidence of
neurologic symptoms, elevated percentage of neutrophils,
and elevated levels of CK, LDH, ALT, AST, BUN, sCr,
ALP, ADA, TBA, GGT, NLR, and APTT were risk factors
for fatal outcomes. The above variables were used for
multivariable Cox regression analysis. The results indicated
that NLR >5.4 and an elevated concentration of serum
UA were independent risk factors for fatal outcomes. The
detailed results of the multivariable analysis are shown
in Table 3. The survival curve of the NLR is shown in
Figure 4.
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Figure 2 Model score of the group that survived and group that died and overall situation. LDH, lactate dehydrogenase; AST, aspartate
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Figure 3 Scatter plot of correlation between NLR/PLR and total score. NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte

ratio.

Discussion

SFTS is a newly emerging infectious disease with a high
mortality rate. In addition, the number of cases increases
each year. In this study, we prospectively analyzed a large
cohort of SETS patients that was well-characterized and
laboratory-confirmed between April 2011 and December
2019.

After implementation of our inclusion and exclusion
criteria, our cohort showed differences between the group
that died and the group that survived. Regarding gender,
we found that there were significant differences between
the group that died and the group that survived. The
number of women in the group that died was higher than
the number of men. This result was different from Li’s (20)
research involving a larger SFST cohort, which showed
that, based on gender, there was no difference between the

© Annals of Translational Medicine. All rights reserved.

group that died and the group that survived. We speculated
that this was caused by the exclusion criteria as we did
not include patients with underlying diseases and patients
who received treatment such as blood products. The
neurological symptoms and the number of elderly patients
in the group that died were significantly higher than in the
group that survived, which was consistent with the results
of most studies (21). In terms of laboratory indicators,
NEU%, NEU, Hb, ALT, AST, GGT, ALP, ADA, TBA,
LDH, sCr, UA, BUN, PT, APTT, and CK levels in the
group that died were significantly higher than those in the
group that survived. It was worth noting that the counts
of BASO in the group that survived were significantly
higher than those in the group that died. There is currently
no corresponding study that explores the relationship

between SFTS and BASO. The role of basophils is often
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Table 2 Variables and assignments of SE'T'S risk factors analysis

Variable name Assignment description

Sex Male =1 Female =0
Age (years) >65=1 <65=0
WBC (x10°/L) >10=1 <10=0
NE% >70%=1 <70%=0
NE (10°/L) >7.5=1 <7.5=0
LYM% <17=1 >17=0
LYM (10%L) <0.8=1 >0.8=0
MON (10°/L) <0.3=1 >0.3=0
EO (10°/L) <0.05=1 > 0.05=0
BASO (10°/L) <0.05=1 > 0.05=0
Hb (g/L) <110=1 >110=0
PLT (10°L) <100=1 > 100=0
LDH (U/L) >215=1 <215=0
CK (U/L) >198=1 <198=0
BUN (mmol/L) >7=1 <7=0
sCr (umol/L) >100=1 <100=0
UA (umol/L) >420=1 <420=0
PT (s) >17=1 <17=0
APTT (s) >47=1 <47=0
ALT (U/L) >120=1 <120=0
AST (U/L) >120=1 <120=0
ALB (g/L) <25=1 >25=0
GGT (U/L) >50=1 <50=0
ALP (U/L) >125=1 <125=0
ADA (U/L) >22=1 <22=0
TBA (umol/L) >10=1 <10=0
NLR >5.4=1 <5.4=0
NS Existance =1 None =0
PLR <60=1 >60=0

WBC, white blood cell; NEU%, neutrophil percentage; NEU,
neutrophil; LYM%, lymphocyte percentage; LYM, lymphocyte;
MON, monocyte; EO, eosinophilic cell; BASO, basophil; Hb,
hemoglobin; PLT, platelet count; LDH, lactate dehydrogenase;
CK, creatinine kinase; BUN, Blood urea nitrogen; sCr, serum
creatinine; PT, prothrombin time; PTA, prothrombin activity;
APTT, activated partial thromboplastin time; ALP, alkaline
phosphatase; ALT, alanine aminotransferase; AST, aspartate
aminotransferase; TB, total bilirubin; ALB, albumin; ADA,
adenosine deaminase; UA, uric acid; CHE, choline esterase;
NS, neurologic symptoms; NLR, neutrophil-to-lymphocyte ratio;
PLR, platelet-to-lymphocyte ratio.
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overlooked in clinical work, but one study has shown
that basophils have antiparasitic and immunomodulatory
effects (22). A study by Yoshikawa (23) has shown that
BASO levels are regulated by IL-3, therefore, we can do
further research in this field in the future.

As an indicator of inflammation, from our research, PLR
also showed an effect on SE'TS. We found that the NLR of
the group that died was significantly higher than that of the
group the survived in the early days after admission. The
NLR at the time of death for the group that died was also
significantly higher than that of group that survived at the
last measurement taken during hospitalization. Together,
these data suggest that the inflammatory storm might be
significantly stronger in the group that died than in the
group that survived. Our research showed that the NLR of
patients in the recovery phase was lower than in the acute
phase, which was consistent with the patients’ improvement.
In line with our expectations, the NLR of patients who
subsequently died was statistically lower at the time of
admission than at the time of death, which was consistent
with the patients’ deterioration. We used a death score
model to evaluate patients in our cohort and found that the
NLR was positively correlated with the score, suggesting
that an increase in NLR might be related to patient death.
However, unlike the relatively low NLR (14,24,25), which
predicted the poor prognosis of solid tumors and chronic
viral infection, we used Cox regression analysis, which
suggested that an NLR greater than 5.4 was an independent
risk factor for SFTS death, which was not revealed in
previous studies. We considered that this might be related
to the mechanism of tumorigenesis involving chronic
infection rather than acute infection. Liu’s (26) research
provided evidence for this guess. We then added the survival
time to the study. The mechanism by which inflammation
led to worse outcomes was not clear. Neutrophilia was
considered to occur as an inflammatory response and might
lead to suppression of the cytolytic activity of immune cells
such as lymphocytes, natural killer cells, and activated T
cells (27). Another study (14) showed the NLR because
of the shorter lifespan of neutrophils than lymphocytes;
however, neutrophils could be actively recruited during
acute phase reactions and act as a marker of disease severity
and tissue inflammation. Recent evidence has suggested
that thrombocytopenia and neutropenia are related to
the release of neutrophil extracellular traps (NETs) (28).
NETs consist of uncoiled chromatin DNA, histones, and
granule proteins, such as myeloperoxidase, neutrophil
elastase, and lactoferrin (29). NETs can prevent viral
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Table 3 Univariable and multivariable Cox regression analyses of features associated with fatal outcomes in patients with SET'S

Univariable analysis Multivariable analysis
95% CI for HR 95% Cl for HR
B P HR B P HR
Lower Upper Lower Upper
Sex -0.629 0.024 0.533 0.309 0.921
Age 1.342 <0.001 3.828 2.279 6.427
WBC -0.82 0.416 0.441 0.061 3.177
NE% 0.818 0.001 2.265 1.381 3.714
NE -0.563 0.576 0.569 0.079 4.105
LYM% 1.241 <0.001 3.459 2.109 5.673
LYM 0.581 0.049 1.788 1.001 3.193
MON -0.014 0.959 0.986 0.58 1.676
EO -0.93 0.02 0.395 0.18 0.866
BASO -1.998 <0.001 0.136 0.058 0.315
Hb 0.33 0.577 1.391 0.436 4.436
PLT 1.719 0.088 5.578 0.773 40.229
LDH 2.055 0.004 7.804 1.905 31.966
CK 1.03 0.017 2.802 1.204 6.524
BUN 1.558 <0.001 4.75 2.755 8.188
Cr 1.174 0.001 3.234 1.646 6.353
UA 1.542 <0.001 4.675 2.08 10.508 2,639 0.001 14.005 3.002 65.336
PT 0.907 0.128 2.478 0.77 7.974
APTT 1.877 <0.001 6.535 3.501 12.196
ALT 0.822 0.004 2.276 1.292 4.01
AST 0.905 0.007 2.471 1.283 4.761
ALB 1.302 0.007 3.676 1.426 9.477
GGT 0.709 0.024 2.032 1.097 3.764
ALP 1.195 <0.001 3.305 1.739 6.282
ADA 1.471 0.006 4.352 1.53 12.38
TBA 1.134 0.001 3.109 1.622 5.96
NLR 0.989 <0.001 2.688 1.556 4.645 2.098 0.008 8.153 1.738 38.245
PLR 0.288 0.271 1.334 0.779 2.228
NS 1.268 <0.001 3.553 2.156 5.856

WBC, white blood cell; NEU%, neutrophil percentage; NEU, neutrophil; LYM%, lymphocyte percentage; LYM, lymphocyte; MON,
monocyte; EO, eosinophilic cell; BASO, basophil; Hb, hemoglobin; PLT, platelet count; LDH, lactate dehydrogenase; CK, creatinine kinase;
BUN, Blood urea nitrogen; sCr, serum creatinine; PT, prothrombin time; PTA, prothrombin activity; APTT, activated partial thromboplastin
time; ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; TB, total bilirubin; ALB, albumin;
ADA, adenosine deaminase; UA, uric acid; CHE, choline esterase; NS, neurologic symptoms; NLR, neutrophil-to-lymphocyte ratio; PLR,
platelet-to-lymphocyte ratio.
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infections in the acute phase; however, the overproduction or
ineffective removal of NETs may cause tissue damage (29).
Zhang er al. (30) tested the circulating cell-free DNA
which could quantify the NETs content in the blood
of SFTS patients and found that the concentration of
circulating cell-free DNA in patients with severe SFTS was
significantly higher than in patients with mild SFTS. Levels
of cell-free DNA (>711.7 ng/mL) predicted severe illness in
patients with SETS (OR=8.285) (30). The results of several
studies suggested that tumor-associated neutrophils (TANs)
have various antitumor properties (31) and are capable of
supporting tumor progression (32). This also suggested that
we could further study the relationship between lymphocyte
subsets and SFTS. The exact mechanism by which higher
levels of NLR could affect the prognosis of the disease
needs to be further examined.

Platelets and lymphocytes are derived from the same
hematopoietic stem cells, and the PLR should be kept
constant for homeostasis. However, platelets (10 days) and
lymphocytes (several weeks to months) (33) have different
lifespans, and in an abnormal state of hematopoiesis, the
PLR might decrease because platelets are reduced faster
than lymphocytes. Therefore, in theory, the PLR could
be reduced in acute infections. Eren (18) suggested that in
terms of viral hemorrhagic fever, the PLR might be used
to predict the severity of the hemorrhagic fever. However,
beyond our expectation, our study found that there was no
difference in the PLR at the time of admission between
the group that died and the group that survived. Moreover,
there was no obvious correlation between the PLR and the
risk model score, and Cox regression did not suggest that
the PLR could be used as a risk factor for predicting SFTS
death. We only found that the PLR was higher when the
patients in the group that survived were discharged than
when they were admitted, and it was statistically significant.

© Annals of Translational Medicine. All rights reserved.
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The corresponding mechanism is still unclear to us. We
considered that one of the characteristics of this disease was
thrombocytopenia, and the degree of thrombocytopenia
was not significantly different between the group that died
and the group that survived.

Several limitations of our study should be acknowledged.
First, potential correlations between the PLR/NLR and
anti-viral treatment outcomes were not investigated.
Second, since we have not yet included the SETSV viral
nucleic acid load, we cannot clarify the link between
SFTSV nucleic acid and the NLR and PLR. Third, we
did not further divide the cohort into the severe group and
the ordinary group or analyze the NLR and PLR regular
changes and related risk prediction. Finally, due to the small
number of deaths in our cohort, there may be statistical
bias. Therefore, due to the limitations of this research,
further studies are needed in the future.

Conclusions

SFTS is broadly distributed in central and northeastern
China and the mortality rate is high. Our research shows
that that is a difference between the NLR of the group that
survives and the group that dies. Also, the NLR of patients
in the recovery phase is lower than in the acute phase, which
is consistent with the patient's improvement. An NLR
greater than 5.4 can increase the risk of death and lessen
the survival time of patients. However, the PLR has not yet
shown a corresponding effect on the disease. In summary,
the NLR provided a supplementary means for effectively
managing SFTS.
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