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Clinical characteristics and influencing factors
of severe fever with thrombocytopenia
syndrome complicated by viral myocarditis:

a retrospective study

Qian Du'", Jin Yu?", Qianhui Chen', Xiaoping Chen', Qunqun Jiang', Liping Deng"”, Anling Li*" and Yong Xiong'"

Abstract

Objective This study aimed to investigate the clinical characteristics of severe fever with thrombocytopenia
syndrome complicated by viral myocarditis (SFTS-VM) and analyze relevant influencing factors.

Methods Retrospective analysis was conducted on clinical data from 79 SFTS-VM patients, categorized into
common (SFTS-CVM, n=40) and severe groups (SFTS-SVM, n=39). Clinical manifestations, laboratory results, cardiac
ultrasonography, and electrocardiogram features were analyzed. Univariate and multivariate analyses identified
significant indicators, which were further assessed using ROC curves to predict SFTS-SVM.

Results SFTS-SVM group exhibited higher rates of hypotension, shock, abdominal pain, cough with sputum, and
consciousness disorders compared to SFTS-CVM group. Laboratory findings showed elevated platelet count, ALT,

AST, amylase, lipase, LDH, D-dimer, procalcitonin, TNI, and NT-proBNP in SFTS-SVM. Abnormal electrocardiograms,
especially atrial fibrillation, were more prevalent in SFTS-SVM (P <0.05). Multivariate analysis identified elevated

LDH upon admission (OR=1.004, 95% Cl: 1-1.008, P=0.050), elevated NT-proBNP (OR=1.005, 95% Cl: 1.001-1.008,
P=0.007), and consciousness disorders (OR=112.852, 95% Cl: 3.676 ~3464.292, P=0.007) as independent risk factors
for SFTS-SVM. LDH and NT-proBNP had AUCs of 0.728 and 0.744, respectively, in predicting SFTS-SVM. Critical values of
LDH (>978.5U/L) and NT-proBNP (> 857.5pg/ml)) indicated increased likelihood of SFTS progression into SVM.

Conclusion FElevated LDH, NT-proBNP, and consciousness disorders independently correlate with SFTS-SVM. LDH and
NT-proBNP can aid in early identification of SFTS-SVM development when above specified thresholds.
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Introduction

Severe fever with thrombocytopenia syndrome (SFTS)
is a zoonotic infectious disease caused by the SFTS
virus (SFTSV) infection. SFTSV was first isolated and
diagnosed from patient serum by Chinese research-
ers around 2010 [1, 2]. From then until 2021, a total of
12,953 confirmed cases of SFTS were reported in China,
with a high fatality rate ranging from 12 to 30% [3]. Japan
and South Korea have also reported local SFTS fatality
rates exceeding 20% [4]. Clinical manifestations of SFTS
include fever, thrombocytopenia, gastrointestinal symp-
toms, disseminated intravascular coagulation (DIC),
central nervous system symptoms, and multiple organ
failure. Additionally, some patients may experience car-
diovascular system involvement symptoms such as chest
tightness, chest pain, palpitations, and even heart failure.
Previous studies have confirmed that SFTSV can directly
invade myocardial cells or damage them through second-
ary immune reactions, ultimately leading to viral myocar-
ditis (VM) [5]. VM is a type of myocardial inflammatory
lesion caused by viral infection, which can be classified
into common (CVM) and severe (SVM) types based on
clinical severity. CVM patients may have no obvious
symptoms or only experience discomfort such as pal-
pitations and fatigue, while SVM patients may develop
serious clinical complications such as heart failure,
malignant arrhythmias, cardiac arrest, and even sudden
death [6]. Although there have been few reported cases
of SFTS complicated by VM (SFTS-VM), [7-10] sys-
tematic and large-sample studies on SFTS-VM are rare.
Therefore, this study retrospectively analyzed the clinical
characteristics, laboratory indicators, electrocardiogram,
and echocardiogram features of 79 SFTS-VM patients,
aiming to explore the risk factors for SETS-SVM. The
study intends to provide references for clinical doctors to
improve their understanding of SFTS-VM and to identify
SFTS-SVM.

Materials and methods

Study subjects The inpatients diagnosed with SFTS from
the Department of Infectious Diseases in our hospital,
admitted from January 2017 to May 2023, were selected
as the study subjects. Al 1 SFTS patients included in this
study were diagnosed by positive SFTS virus nucleic acid
test through reverse transcription polymerase chain reac-
tion technique from serum samples [11]. All suspected
cases were ruled out. Inclusion criteria refer to VM diag-
nostic criteria of European Society of Cardiology Working
Group on Myocardial and Pericardial Diseases [12]. As
result, a total of 82 patients with SFTS-VM were prelimi-
narily included. After excluding 1 case of rheumatic heart
disease, 1 case of chronic heart failure caused by coronary
heart disease, and 1 case of coronary heart disease with
old myocardial infarction, a final sample of 79 SFTS-VM
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patients were enrolled. The diagnostic criteria for SVM
referred to the 1999 “Diagnostic Reference Criteria for
Adult Acute Viral Myocarditis” and adopted the opinions
of the World Health Organization and the International
Cardiology Federation Working Group on Myocarditis
Definition and Classification [13]. In detail, SVM could
be diagnosed if a patient has one or more manifestations
of AS syndrome, congestive heart failure with or without
myocardial infarct-like ECG changes, cardiogenic shock,
acute renal failure, persistent ventricular tachycardia with
hypotension, or myocardial pericarditis [13]. Based on
these criteria, the SFTS-VM patients were divided into
the common group (SFTS-CVM) with 40 cases and the
severe group (SFTS-SVM) with 39 cases. (Fig. 1.) This
study was approved by the hospital’s ethics committee.

Data Collection Clinical data of the included 79 patients,
including symptoms, underlying diseases, and compli-
cations, as well as laboratory tests (White Blood Cell
[WBC], Red Blood Cell [RBC], Hemoglobin [HB], Plate-
let [PLT], Lymphocyte, Alanine Aminotransferase [ALT],
Aspartate Aminotransferase [AST], Albumin, Creatinine,
Lactate Dehydrogenase [LDH], Amylase, Lipase, C-Reac-
tive Protein [CRP], Procalcitonin [PCT], D-dimer, Tropo-
nin I [TNI], Creatine Kinase-MB [CK-MB], N-terminal
pro-B-type Natriuretic Peptide [NT-proBNP] and SEFTSV
Load) were obtained from our Hospital Information Sys-
tem (HIS). Electrocardiogram findings and echocardiog-
raphy results were obtained from our Picture Archiving
and Communication System (PACS) system.

Statistical analysis Data analysis was performed using
SPSS 26.0 statistical software. Normally distributed con-
tinuous data were expressed as meanzstandard devia-
tion, non-normally distributed continuous data were
expressed as median (P25, P75), and categorical data were
expressed as percentages (1, %). For comparisons between
the two groups, independent sample ¢-tests were used for
normally distributed continuous data, Mann-Whitney U
tests were used for non-normally distributed continuous
data, and Pearson’s chi-square tests were used for categor-
ical data. Factors with statistical significance in univari-
ate analysis and those considered clinically or previously
significant were included in a binary response variable
logistic regression model for multivariate analysis. A
P-value<0.05 was considered statistically significant for
differences.

Results

Basic clinical characteristics comparison

A total of 79 patients with SFTS-VM were included
in this study, including 36 males and 43 females, with
a mean age of 65.8+7.4 years. 45.6% of patients had
underlying diseases, with hypertension being the most
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Inpatients diagnosed with SFTS by virus nucleic
acid test (+)
(n=106)

A 4

Inpatients diagnosed with SFTS-VM
(n=82)

VM diagnostic criteria[12]
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.| ¢ 1 case of rheumatic heart disease

A\ 4

Finial enrolled patients with SFTS-VM

(n=79)

SVM diagnostic criteria [13]

Y.

common group severe gl"l]l.lp
(SFTS-CVM) (SFTS-SVM)
(n=40) (n=39)

“1* 1 case of chronic heart failure caused by coronary heart disease

Excluded:

* 1 case of coronary heart disease with old myocardial infarction

Fig. 1 The inclusion and exclusion flow chart of this study. SFTS, severe fever with thrombocytopenia syndrome; SFTS-VM, severe fever with thrombocy-
topenia syndrome combined with viral myocarditis; SFTS-CVM, severe fever with thrombocytopenia syndrome combined with common viral myocarditis;
SFTS-SVM, severe fever with thrombocytopenia syndrome combined with severe viral myocarditis

common (21%). 53.2% of patients had a clear history of
tick exposure upon admission, and 97.5% of patients had
combined damage to other organs, with hepatic dysfunc-
tion (73.4%) and pancreatitis (68.4%) being the most
common. 7.6% of patients eventually progressed to mul-
tiple organ dysfunction syndrome (MODS). Among clini-
cal symptoms, 98.7% of patients presented with fever,
17.7% had symptoms of chest tightness or chest pain,
and 30% experienced low blood pressure or even shock.
Additionally, symptoms of damage to other systems, such
as the digestive, respiratory, and central nervous systems,
were also observed to varying degrees. In terms of prog-
nosis, 16.5% of patients eventually died. (Table 1)

We further divided the SFTS-VM patients into the
SFTS-CVM group and the SFTS-SVM group. We found
that in terms of clinical manifestations, compared to the
SFTS-CVM group, the SFTS-SVM group was more likely
to experience abdominal pain (P=0.01), cough with spu-
tum (P=0.01), consciousness disorders (P<0.01), and low
blood pressure or even shock (P<0.01). In terms of prog-
nosis, the mortality rate (28.2%) and rate of intensive care
unit (ICU) admission (53.8%) were higher in the SFTS-
SVM group compared to that (5.0% and 12.5%, respec-
tively) in the SFTS-CVM group (P=0.05 and P<0.01,
respectively). There were no statistically significant dif-
ferences between the two groups in terms of gender,
age, underlying diseases, clear epidemiological contact

history, and the presence of combined damage to other
systems (P>0.05) (Table 1).

Laboratory examination comparison

In the SETS-SVM group, the levels of platelets (P<0.05),
ALT (P=0.05), AST (P<0.05), amylase (P=0.001), lipase
(P=0.001), LDH (P<0.001), D-dimer (P=0.01), and PCT
(P<0.001) were all higher than those in the SFTS-CVM
group. In terms of myocardial enzyme spectrum, the lev-
els of TNI and NT-proBNP in the SFTS-SVM group were
significantly higher than those in the SETS-CVM group
(P<0.001). (Table 2)

Comparison of electrocardiogram and echocardiogram
findings

The proportion of arrhythmias (2<0.004) and atrial fibril-
lation (P=0.001), was higher in the SFTS-SVM group
compared to the SFTS-CVM group, and the differences
were statistically significant. However, there were no sta-
tistically significant differences (P>0.05) between the two
groups in terms of ventricular premature contractions,
ventricular tachycardia, atrial premature contractions,
atrial tachycardia, ventricular fibrillation, conduction
block, ST-T segment changes, ST segment elevation
similar to myocardial infarction, abnormal Q waves, low
voltage, bradycardia, and QT interval. While in terms
of echocardiographic indices, there were no statistically
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Table 1 Basic clinical characteristics, symptoms, and prognostic analysis of SFTS-VM patients

Total SFTS-CVM SFTS-SVM P-value
(n=79) (n=40) (n=39)
Gender [n (%)] 0.73

Male 36 (45.6%) 19 (47.5%) 17 (43.6%)

Female 43 (54.4%) 21 (52.5%) 22 (56.4%)

Age (Mean £SD) (yrs) 658+74 650+7.6 664+73 0.5
Underlying Diseases [n (%)] 36 (45.6) 17 (42.5%) 19 (48.7%) 0.58

Hypertension 21 (26.6%) 1(27.5%) 10 (25.6%) 0.85

Coronary Heart Disease 7 (8.9%) ( 0%) 5(12.8%) 0.22

Diabetes 8 (10.1%) 5(12.5%) 3(7.7%) 0.48

Chronic Lung Disease 8(10.1%) 4(10.0%) 4(10.3%) 0.97

Chronic Liver Disease 4(5.1%) 1(2.5%) 3(7.7%) 0.29
Tick Exposure History [n (%)] 42 (53.2%) 20 (50.0%) 22 (56.4%) 0.56
Complications [n (%)] 77 (97.5%) 38 (95.0%) 39 (100.0%) 0.16

Hepatic Dysfunction 58 (73.4%) 29 (72.5%) 29 (74.4%) 0.85

Renal Dysfunction 11 (13.9%) 4(10.0%) 7 (17.9%) 0.31

Pneumonia 47 (59.5%) 18 (45.0%) 29 (74.4%) 0.08

Pancreatitis 54 (68.4%) 29 (72.5%) 25 (64.1%) 042

Encephalitis 1(13.9%) 4(10.0%) 7 (17.9%) 0.31

DIC 0(12.7%) 1 (2.5%) 9(23.1%) 0.06

MODS 6 (7,6%) 1(2.5%) 5(12.8%) 0.08
Symptoms [n (%)]

Fever 78 (98.7%) 40 (100.0%) 38 (97.4%) 0.31

Chills and Rigors 19 (24.1%) 9 (22.5%) 10 (25.6%) 0.74

Muscle Aches 9 (11.4%) 3(7.5%) 6 (15.4%) 0.27

Headache 28 (35.4%) 16 (40.0%) 12 (30.8%) 0.39

Fatigue 33 (41.8%) 17 (42.5%) 16 (41.0%) 0.89
Digestive Symptoms [n (%)]

Poor Appetite 18 (22.8%) 8 (20.0%) 10 (25.6%) 0.55

Nausea and Vomiting 32 (40.5%) 16 (40.0%) 16 (41.0%) 0.93

Abdominal Pain 9 (11.4%) 1 (2.5%) 8 (20.5%) 0.01*

Diarrhea 47 (59.5%) 21 (52.5%) 26 (66.7%) 0.2
Respiratory Symptoms [n (%)]

Cough with Sputum 15 (19.0%) 12 (30.0%) 3(7.7%) 0.01*
Central Nervous System Symptoms [n (%)] 25 (31.6%) 5(12.5%) 20 (51.3%) <0.01**
Cardiovascular Symptoms [n (%)]

Chest Tightness or Chest Pain 14 (17.7%) 9 (22.5%) 5(12.8%) 0.26

Hypotension or Shock 24 (30.4%) 0 (0.0%) 24 (61.5%) <0.01*%*
Time of Diagnosis Median (P25, P75) (days) 8 (6-10) 8(6-9) 9(7-10) 0.07
ICU Monitoring [n (%)]

Yes 26 (32.9%) 5(12.5%) 21 (53.8%) <0.01**

No 53 (67.1%) 35 (87.5%) 18 (46.2%)

Prognosis [n (%)]
Death 13 (16.5%) 2 (5.0%) 11 (28.2%) <0.05*
Survival 66 (83.5%) 38 (95.0%) 28 (71.8%)

*P<0.05, ** P<0.01

SFTS-VM, severe fever with thrombocytopenia syndrome combined with viral myocarditis; SFTS-CVM, severe fever with thrombocytopenia syndrome combined
with common viral myocarditis; SFTS-SVM, severe fever with thrombocytopenia syndrome combined with severe viral myocarditis; DIC, disseminated intravascular
coagulation; MODS, multiple organ dysfunction syndrome

significant differences (P>0.05) between the two groups  Multiple logistic regression analysis of SFTS-SVM

in ventricular wall thickening, systolic function, diastolic In the multifactorial analysis, statistically significant

function, cardiac chamber enlargement, valve regurgita-  factors identified from the univariate analysis and

tion and insufficiency, and pericardial effusion (Table 3). those considered clinically meaningful were included
as binary response variables in the logistic regression
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Table 3 Comparison of electrocardiogram and echocardiogram

SFTS-CVM SFTS-SVM P-value findings
WBC (10°/L) 222(157-366) 340(165-5.17)  0.16 SFTS-CVM  SFTS-SVM  P-
Lymphocyte (10°L) 058 (043-0.74)  051(037-087) 062 (n=40) (n=39) value
Platelet (10°/L) 43.50 37.00 <005* Electrocardiogram
(35.25-55.00) (22.00-49.00) No Abnormality 10 (25.00%) 1 (2.56%) 0.004**
ALT (U/L) 70.00 98.00 <0.05*% Ventricular Premature Beats 1 (2.50%) 2 (5.13%) 0.15
(44.75-110.00)  (65.00-148.00) Ventricular Tachycardia 1(2.50%) 4(1026%) 016
AST (U/L) 237.00 363.00 <0.05* Atrial Premature Beats 6 (15.009%) 5(12.82%) 0.78
(110.00-359.25)  (222.00-704.00) Atrial Tachycardia 2(500%)  4(1026%) 038
Creatinine 7095 71.30 0.97 Ventricular Fibrillation 0 (0.00%) 3 (7.69%) 0.07
(mmol/L) (64.58-8635)  (61.80-98.50) Atrial Fibrillation 0(000%)  10(2564%) 0001%
Amylase (U/L) 12850 201.00 0.001 Conduction Block 6(1500%) 6(1538%) 096
(92.25-177.75)  (130.00-291.00)
. ST-T Segment Changes 23 (57.50%) 25(64.10%) 0.54
Lipase (U/L) 135.00 341.00 0.001%#* o Elevation Simil : 560 w
(75.50-264.25) (155.00-520.00) egmgnt evaFlon imilar 0 (0.00%) (2.56%) 03
to Myocardial Infarction
LDH (U/L) 784.00 1000.00 <0.007*** P ow 00,0050 0260 039
(529.50-968.25)  (757.00-1451.00) normal Q Waves (000%)  4(10.26%) O
0, 0,
D-dimer (ng/ml)  1091.00 1801.00 0.07#* Low Voltage 0(000%)  4(1026%) 039
(397.50-1954.75)  (768.00-3468.00) Bradycardia 5(1250%)  3(769%) 048
PCT (ng/ml) 0.15 (0057031) 044 (0257] 04) <0.001*** Prolonged QT Interval 3 (750%) 3 (7 69% 0.97
CRP (mg/L) 335(203-983)  597(220-11.00)  0.26 EchocardiographyA
virus loadA(copies/ 5965 (438-22950) 24,600 0.06 No Abnormality 1(256%)  4(10.26%) 035
ml) (1080-243000) Ventricular Hypertrophy 2 (5.13%) 3(7.69%) 0.96
TNI (pg/ml) 95.05 370 <0.001*** Reduced Systolic Function 1 (2.56%) 3 (7.69%) 0.55
(52.40-265.25) (128.10-837.00) Reduced Diastolic Function 1 (2.56%) 3 (7.69%) 0.55
CK-MB (U/L) 39.00 38.00 0.51 Cardiac Chamber 6 (15.38%) 8 (20.51%) 0.7
(27.50-58.75) (30.00-86.00) Enlargement
NT-proBNP (pg/ml) 22250 967.00 <0.0071%** Valve Regurgitation and 1(2821%) 14(3590%) 034

(76.93-365.50)
* P<0.05, ** P<0.01, *** P<0.001

SFTS-CVM, severe fever with thrombocytopenia syndrome combined with
common viral myocarditis; SFTS-SVM, severe fever with thrombocytopenia
syndrome combined with severe viral myocarditis; WBC, White Blood Cell;
ALT, Alanine Aminotransferase; AST, Aspartate Aminotransferase; LDH, Lactate
Dehydrogenase; PCT, Procalcitonin; CRP, C-Reactive Protein; TNI, Troponin I; CK-
MB, Creatine Kinase-MB; NT-proBNP, N-terminal pro-B-type Natriuretic Peptide

(114.00-3090.00)

A The total sample size included in the analysis of this index is 53 patients

model, with the presence of SVM as the dependent vari-
able. The results showed that elevated LDH (OR=1.004,
95% CI: 1.001 to 1.008, P=0.050), elevated NT-proBNP
(OR=1.005, 95% CI: 1.001 to 1.008, P=0.007), and con-
sciousness disorders (OR=112.852, 95% CI: 3.676 to
3464.292, P=0.007) were associated with an increased
risk of developing SVM in patients with SFTS. (Table 4)

We further conducted ROC curve analysis on the sig-
nificant factors identified in the multifactorial analysis.
The ROC curve areas for LDH and NT-proBNP in pre-
dicting SFTS-SVM were 0.728 [95% CI (0.616, 0.839)]
and 0.744 [95% CI (0.63, 0.858)], respectively. When the
critical value for LDH was set at 978.5, the sensitivity and
specificity were 61.5% and 80%, respectively. When the
critical value for NT-proBNP was set at 857.5, the sen-
sitivity and specificity were 59% and 95%, respectively.
(Fig. 2)

Insufficiency
Pericardial Effusion
*P<0.01, ** P<0.01

SFTS-CVM, severe fever with thrombocytopenia syndrome combined with
common viral myocarditis; SFTS-SVM, severe fever with thrombocytopenia
syndrome combined with severe viral myocarditis;

0 (0.00%) 4(10.26%) 0.09

AThe total sample size included in the analysis of this examination is 36 patients

Table 4 Multiple logistic regression analysis of SFTS-SVM

OR 95% Cl P-value
Platelet (10°/L) 1.008 0.956-1.063 0.775
ALT (U/L) 0.997 0.981-1.012 0.658
LDH (U/L) 1.004 1.000-1.008 0.046%
Amylase (U/L) 1.029 1.000-1.058 0.053
Lipase (U/L) 0.994 0.983-1.004 0.253
PCT (ng/ml) 0.579 0.305-1.101 0.096
D-dimer (ng/ml) 1 1.000-1.000 0.252
TNI (pg/ml) 1 0.997-1.003 0.790
NT-proBNP (pg/ml) 1.005 1.001-1.008 0.007**
Consciousness Disorder ~ 112.852 3.676-3464.292 0.007**

Abdominal Pain 370.275 5.58-24570.512 0.06
Cough and Sputum 0.128 0-37.212 0478
*P<0.05, ** P<0.01

SFTS-SVM, severe fever with thrombocytopenia syndrome combined

with severe viral myocarditis; ALT, Alanine Aminotransferase; LDH, Lactate
Dehydrogenase; PCT, Procalcitonin; TNI, Troponin |; NT-proBNP, N-terminal pro-
B-type Natriuretic Peptide
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Fig. 2 Receiver operating curve (ROC) analysis. The area under the curve (AUC) for lactate dehydrogenase (LDH) and N-terminal pro-B-type natriuretic
peptide (NT-proBNP) in predicting severe fever with thrombocytopenia syndrome complicated by severe viral myocarditis (SFTS-SVM) were 0.728 [95%
Cl (0616, 0.839)] and 0.744 [95% Cl (0.63, 0.858)], respectively. When the critical value for LDH was set at 978.5U/L, the sensitivity and specificity were
61.5% and 80%, respectively. When the critical value for NT-proBNP was set at 857.5pg/ml, the sensitivity and specificity were 59% and 95%, respectively

Discussion

SFTS is an infectious disease of natural origin primar-
ily transmitted by tick bites carrying the SFTSV. The
pathogenesis of SFTS is not yet fully understood, but it
is widely believed to involve a “cytokine storm” induced
by SETSV infection, leading to systemic inflammatory
response syndrome and ultimately multi-organ damage
and organ failure [14]. For example, Yoo JR et al. observed
elevated levels of IL-6 and IL-10 in patients with fatal dis-
ease compared to those with nonfatal disease at the onset
of SFTS. Additionally, the IL-6 and IL-10 levels, rather
than viral load and neutralizing antibody titers, strongly
influenced the outcomes of SFTSV infection, particu-
larly in cases of severe disease leading to either recovery
or death [15]. In 2023, the authors further revealed that
the excessive production of IL-10 and IL-6, coupled with
reduced TGF-f levels, has been associated with cyto-
kine storm-related fatalities in severe cases of SFTS and

critically ill COVID-19 patients. Notably, IL-10 is recog-
nized for its significant role in the host immune response
to severe and critical SARS-CoV-2 infections, as well as
fatal SETSV infections [16].

Previous studies have detected SFTSV nucleocapsid
protein antigens in the liver, spleen, lungs, kidneys, and
myocardial cells of deceased SFTS patients, indicating the
involvement of multiple organs in this disease [17]. SFTS-
VM is one of the complications of SFTS, and its clinical
presentation varies. Limited research has been conducted
on SFTS-VM, and its underlying causes remain unclear.
The occurrence of SFTS-VM is believed to hinge on the
direct invasion of cardiomyocytes by SFTSV and subse-
quent immune responses [18]. Immunohistochemical
findings from a severe SFTS case revealed direct SETSV
infection in various organs, including the heart [17]..
Additionally, cytokines are implicated in the pathogen-
esis of SFTS, with elevated levels of IL-6, IL-10, TNF-a,
and interferon-y reported in severe cases, including those
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involving heart failure, compared to healthy adults [19,
20]. Severe cases may develop malignant arrhythmias,
heart failure, or even sudden death. Choi et al. reported
that 6.7% of SFTS fatal cases were complicated with myo-
carditis [21]. In our study, we found a mortality rate of
16.5% in SFTS-VM patients and even 28.2% in SFTS-
SVM patients (Table 1). Besides, circulating multimeric
immune complexes also contribute to immunopathology
in virus infection [22]. Yoo JR et al. found that the titers
of neutralizing antibodies, play an important role in pro-
tective immunity, to SETSV in survivors and healthy resi-
dents who lived in endemic areas and who were positive
for SFTSV IgG, were higher than those in non-survivor
patients [23]. Therefore, early recognition and explora-
tion of relevant influencing factors for SFTS-SVM are
essential to facilitate early diagnosis, early treatment, and
reduce mortality.

The clinical manifestations of SFTS are diverse, with
most patients initially presenting with nonspecific symp-
toms such as fever, fatigue, poor appetite, and muscle
aches. As the disease progresses, various systemic mani-
festations may gradually appear. In our study, we found
that 97.5% of SFTS-VM patients had multi-organ dam-
age involving the liver, kidneys, lungs, pancreas, central
nervous system, and others. Compared to SFTS-CVM,
SFTS-SVM patients were more likely to experience cir-
culatory instability symptoms such as hypotension and
shock. Additionally, SFTS-SVM patients had a higher
proportion of abdominal pain, cough with sputum, and
central nervous system symptoms. These findings sug-
gest that when SFTS-VM patients present with these
symptoms, consideration of SFTS-SVM is warranted.
The average time from onset to diagnosis for SFTS-VM
was 8 days in our study, possibly due to a certain incu-
bation period associated with SFTSV infection. More-
over, approximately 53.5% of patients had a clear history
of tick exposure upon admission, indicating the need for
vigilance against SETSV infection when patients present
with multi-system symptoms such as abdominal pain,
cough with sputum, and central nervous system symp-
toms in tick-endemic areas. When patients also have
symptoms of hypotension and shock, SFTS-SVM should
be considered.

Our study found a significant decrease in platelet lev-
els in SFTS-SVM patients. Current research suggests that
macrophages in the spleen are the main site of SFTSV
replication, and SFTSV can bind to platelets and acti-
vate macrophage phagocytosis, leading to reduced plate-
let count [24]. We also found higher levels of ALT, AST,
amylase, lipase, LDH, D-dimer, and procalcitonin in
SFTS-SVM patients, which may be related to more fre-
quent occurrences of hepatic dysfunction, pancreatitis,
DIC and other SFTS complications with corresponding
increases in serum biomarkers [25]. Regarding cardiac

Page 7 of 9

enzyme markers, we found a significant elevation of TNI
in SFTS-SVM patients, indicating more severe myo-
cardial injury in these patients, while no difference was
observed in CK-MB between the two groups, possibly
due to the shorter duration of elevation for CK-MB com-
pared to Tnl. Because if the time of detection is relatively
late, CK-MB values may be in the process of decline.
Additionally, we found that approximately 86.1% of
SFTS-VM patients had various types of ECG abnormali-
ties, with a higher proportion of arrhythmias, especially
atrial fibrillation, in the SFTS-SVM group. VM is charac-
terized by localized or diffuse myocardial edema caused
by myocardial cell inflammation, leading to delayed myo-
cardial electrical activity conduction and, therefore, ECG
abnormalities [26]. This suggests that ECG examination
is essential for SFTS-VM patients, especially when atrial
fibrillation is present, as it may indicate the progression
to severe disease.

We further conducted multiple-factor logistic regres-
sion analysis and found that elevated LDH, NT-proBNP,
and consciousness disturbances were associated with
an increased risk of SFTS-SVM. LDH is widely present
in the heart, liver, skeletal muscles, and kidneys, and is
currently considered an early predictive indicator for
worsening SFTS and mortality [27]. Our study revealed
that elevated LDH is a risk factor for SFTS-SVM, and
when LDH>978.5 U/L, it suggests a greater possibil-
ity of progressing to SVM. NT-proBNP is an important
serum biomarker for assessing heart function and heart
failure severity. Previous studies have demonstrated its
predictive value for SVM [28], which is consistent with
our study results. SEFTS-SVM patients had significantly
higher levels of NT-proBNP, indicating a wider range
of myocardial injury and poorer heart function. When
NT-proBNP>857.5pg/ml, caution should be taken as it
may indicate the development of SFTS-SVM. The pres-
ence of consciousness disturbances is also considered
a warning sign for worsening SFTS and poor progno-
sis [29]. It has been reported that SFTSV RNA can be
detected in the cerebrospinal fluid of SFTS patients, [30]
suggesting invasion of the nervous system and related
symptoms. Our study indicates that when SFTS is com-
plicated by consciousness disturbances, patients may be
more susceptible to myocardial injury. Considering the
above findings, when patients with acute viral myocar-
ditis present with elevated LDH, NT-proBNP, and con-
sciousness disturbances, caution should be exercised as
they may be at higher risk of severe viral myocarditis.
Early recognition of these patients and proactive life sup-
port and anti-inflammatory treatment are essential to
improve disease prognosis. If these patients can receive
early identification and intervention, their prognosis
after the acute phase is expected to be favorable. Cafo-
rio AL [7] and Sheng Y [8] respectively reported 2 cases
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of SES-SVM patients, both of which showed significant
increase of LDH and NT-proBNP in the early stage,
and rapidly progressed to severe cardiogenic shock and
malignant arrhythmia. Due to the timely diagnosis and
identification, these two patients received extracorporeal
membrane oxygenation (ECMO) and temporary cardiac
pacemaker implantation respectively, and were treated
with vasoactive drugs, nutritional myocardium, anti-
inflammatory, etc., and finally both patients recovered
and were discharged from hospital.

Currently, high levels of SFTSV RNA are generally
considered early warning indicators for severe SFTS
and poor prognosis [31]. Our study found that the viral
RNA level in SETS-SVM was higher than in SETS-CVM
(P=0.06), but the limited testing conditions only allowed
for the detection of viral RNA in some patients, leading
to no statistical difference. Future research with larger
sample sizes is needed for further study. In addition,
we performed echocardiography on some patients and
found that about 86.1% of SFTS-VM patients had varying
degrees of echocardiographic abnormalities, with valve
regurgitation and cardiac chamber enlargement being
the most common. However, there was no statistical dif-
ference when comparing SFTS-SVM and SFTS-CVM
groups, possibly due to the small sample size resulting in
bias.

This study has limitations: Most SFTS patients were
admitted with severe thrombocytopenia, and considering
the risk of coronary angiography and limited significance
of cardiac magnetic resonance imaging, patients did not
undergo endomyocardial biopsy, coronary angiography,
or cardiac magnetic resonance imaging. Therefore, all
patients were clinically diagnosed. Additionally, the small
sample size may have led to statistical analysis biases.
In the future, further verification is necessary through a
larger sample size.

In conclusion, our study elucidates the clinical charac-
teristics of patients with SEFTS-VM and identifies elevated
LDH, NT-proBNP, and consciousness disturbances as
independent risk factors for SFTS-SVM. When patients
have LDH>978.5U/L and NT-proBNP>857.5pg/ml,
heightened vigilance should be exercised as they may be
at risk of progressing to SFTS-SVM. Early recognition
and intervention in SFTS-SVM are crucial to improving
prognosis and reducing mortality.

SFTS-VM, severe fever with thrombocytopenia syn-
drome combined with viral myocarditis; SETS-CVM,
severe fever with thrombocytopenia syndrome combined
with common viral myocarditis; SETS-SVM, severe fever
with thrombocytopenia syndrome combined with severe
viral myocarditis; DIC, disseminated intravascular coag-
ulation; MODS, multiple organ dysfunction syndrome.

Page 8 of 9

Acknowledgements
Authors thanks all participants in this study.

Author contributions

In the terms of Author contributions: CRediT taxonomyQian Du and

Jin Yu: Methodology; Validation; Investigation; Writing— original draft
preparation;Qianhui Chen, Xiaoping Chen and Qunqun Jiang: Methodology;
Validation; Formal analysis; Investigation; Writing— original draft preparation;
Visualization; Liping Deng and Anling Li: Conceptualization; Formal analysis;
Investigation; Resources; Supervision; Writing- review and editing; Funding
acquisitionYong Xiong: Conceptualization; Resources; Supervision; Writing—
review and editing; Funding acquisition.

Funding

This study was supported by Research Foundation of Zhongnan Hospital
of Wuhan University [ZNJC202243] and Discipline Cultivation Funding,
Zhongnan Hospital of Wuhan University [ZNXKPY2021021].

Data availability
Data and material are available when asking the corresponding author for
information.

Declarations

Ethics approval and consent to participate

This study was approved by the Zhongnan Hospital Medical Ethics
Committee (approval number: KELUN[2,023,027 K]) and was in accordance
with the Declaration of Helsinki revised in 1983. Informed consent is waived
by Zhongnan Hospital Medical Ethics Committee because all personally
identifiable information in the text has been withheld.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 8 September 2023 / Accepted: 4 February 2024
Published online: 22 February 2024

References

1. YuXJ, Liang MF, Zhang SY, Liu Y, Li JD, Sun YL, Zhang L, Zhang QF, Popov VL, Li
C, et al. Fever with thrombocytopenia associated with a novel bunyavirus in
China. N Engl J Med. 2011;364(16):1523-32.

2. China MoHotPsRo.: [Guidelines for prevention and treatment of fever
with thrombocytopenia syndrome (2010 edition)]. Chin J Clin Infect Dis
2011(04):193-4.

3. ChenQL, Zhu MT, Chen N, Yang D, Yin WW, Mu D, Li Y, Zhang YP, Zain-
awudong Y. [Epidemiological characteristics of severe fever with Thtrombo-
cytopenia syndrome in China, 2011-2021]. Zhonghua Liu Xing Bing Xue Za
Zhi. 2022;43(6):852-9.

4. CuiN, LiuR, Lu QB,Wang LY, Qin SL, Yang ZD, Zhuang L, Liu K, Li H, Zhang
XA, et al. Severe fever with thrombocytopenia syndrome bunyavirus-related
human encephalitis. J Infect. 2015;70(1):52-9.

5. Yoo JR, Heo ST, Song SW, Bae SG, Lee S, Choi S, Lee C, Jeong S, Kim M, Sa W,
et al. Severe fever with Thrombocytopenia Syndrome Virus in Ticks and SFTS
incidence in humans, South Korea. Emerg Infect Dis. 2020,26(9):2292-4.

6.  Caforio AL, Marcolongo R, Basso C, lliceto S. Clinical presentation and diagno-
sis of myocarditis. Heart. 2015;101(16):1332-44.

7. Kim UJ, Park H, Kim KH, Kim DM, Kim SE, Kang SJ, Park K-H. In Jung S:
Veno-arterial extracorporeal membrane oxygenation for severe fever with
thrombocytopenia syndrome with fulminant myocarditis: a case report. BMC
Infect Dis 2021, 21(1):803.

8. ShengY, Zhao XL, Xu YY, Jin DQ. [Fulminant myocarditis caused by severe
fever with thrombocytopenia syndrome bunyavirus in a child]. Zhonghua Er
Ke Za Zhi. 2022,60(7):717-8.

9. Miyamoto S, Ito T, Terada S, Eguchi T, Furubeppu H, Kawamura H, Yasuda T,
Kakihana Y. Fulminant myocarditis associated with severe fever with throm-
bocytopenia syndrome: a case report. BMC Infect Dis. 2019;19(1):266.



Du et al. BMC Infectious Diseases

20.

21

(2024) 24:240

Okutsu S, Futami M, Arimura T, Ohki K, Hiyoshi T, Sakihara E, Kato Y, Ueda Y,
Yano M, Takeshita M, et al. Acute myocarditis with severe fever and Thrombo-
cytopenia Syndrome. Intern Med. 2022,61(11):1779-84.

branch CMAID.: [Consensus on diagnosis and treatment of fever with throm-
bocytopenia syndrome]. Chin J Infect Dis 2022(12):711-21.

Caforio AL, Pankuweit S, Arbustini E, Basso C, Gimeno-Blanes J, Felix SB, Fu M,
Helio T, Heymans S, Jahns R, et al. Current state of knowledge on aetiology,
diagnosis, management, and therapy of myocarditis: a position statement

of the European Society of Cardiology Working Group on Myocardial and
Pericardial diseases. Eur Heart J. 2013;34(33):2636-48. 2648a-2648d.

group CJoCDEBCcs. Reference criteria for the diagnosis of acute viral myo-
carditis in adults and the adoption of the World Health Organization and
International Federation of Cardiology Working Group on the definition and
classification of cardiomyopathy. Chin J Cardiovasc Dis. 1999;6:4-6.

Kwon JS, Kim MC, Kim JY, Jeon NY, Ryu BH, Hong J, Kim MJ, Chong YP, Lee
SO, Choi SH, et al. Kinetics of viral load and cytokines in severe fever with
thrombocytopenia syndrome. J Clin Virol. 2018;101:57-62.

Yoo JR, Kim T-J, Heo ST, Hwang K-A, Oh H, Ha T, Ko HK, Baek S, Kim JE, Kim

JH, et al. IL-6 and IL-10 levels, rather than viral load and neutralizing antibody
titers, determine the fate of patients with severe fever with Thrombocytope-
nia Syndrome Virus infection in South Korea. Front Immunol. 2021;12:711847.
Kang SY, Yoo JR, Park Y, Kim SH, Heo ST, Park SH, Kim M, KimTJ, Oh S, Lee

MS, et al. Fatal outcome of severe fever with thrombocytopenia syndrome
(SFTS) and severe and critical COVID-19 is associated with the hyperpro-
duction of IL-10 and IL-6 and the low production of TGF-beta. J Med Virol.
2023,95(7):228894.

Li S, LiY,Wang Q Yu X, Liu M, Xie H, Qian L, Ye L, Yang Z, Zhang J, et al. Mul-
tiple organ involvement in severe fever with thrombocytopenia syndrome:
an immunohistochemical finding in a fatal case. Virol J. 2018;15(1):97.

Yajima T. Viral myocarditis: potential defense mechanisms within the cardio-
myocyte against virus infection. Future Microbiol. 2011,6(5):551-66.

Liu MM, Lei XY, Yu H, Zhang JZ, Yu XJ. Correlation of cytokine level with

the severity of severe fever with thrombocytopenia syndrome. Virol J.
2017:14(1):6.

Sun, Jin C, Zhan F, Wang X, Liang M, Zhang Q, Ding S, Guan X, Huo X, Li C, et
al. Host cytokine storm is associated with disease severity of severe fever with
thrombocytopenia syndrome. J Infect Dis. 2012;206(7):1085-94.

Choi SJ, Park SW, Bae IG, Kim SH, Ryu SY, Kim HA, Jang HC, Hur J, Jun JB, Jung
Y, et al. Severe fever with Thrombocytopenia Syndrome in South Korea,
2013-2015. PLoS Negl Trop Dis. 2016;10(12):e0005264.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Page 9 of 9

Ankerhold J, Giese S, Kolb P, Maul-Pavicic A, Voll RE, Goppert N, Ciminski K,
Kreutz C, Lother A, Salzer U, et al. Circulating multimeric immune complexes
contribute to immunopathology in COVID-19. Nat Commun. 2022;13(1):5654.
Yoo JR, Kim J-Y, Heo ST, Kim J, Park H-J, Lee J-Y, Lim H-Y, Park W-J, Cho N-H,
Kim JM, et al. Neutralizing antibodies to severe fever with Thrombocytopenia
Syndrome Virus among Survivors, non-survivors and healthy residents in
South Korea. Front Cell Infect Microbiol. 2021;11:649570.

Jin C, Liang M, Ning J, Gu W, Jiang H, Wu W, Zhang F, Li C, Zhang Q, Zhu

H, et al. Pathogenesis of emerging severe fever with thrombocytope-

nia syndrome virus in C57/BL6 mouse model. Proc Natl Acad Sci U S A.
2012;109(25):10053-8.

Deng B, Zhou B, Zhang S, Zhu Y, Han L, Geng Y, Jin Z, Liu H, Wang D, ZhaoY,
et al. Clinical features and factors associated with severity and fatality among
patients with severe fever with thrombocytopenia syndrome Bunyavirus
infection in Northeast China. PLoS ONE. 2013;8(11):e80802.

Yonghao LAN, Ma ZM. Analysis of early ECG characteristics of adult fulminant
myocarditis. Int J Cardiol. 2018;45(05):304-7.

Gai ZT, Zhang Y, Liang MF, Jin C, Zhang S, Zhu CB, Li C, Li XY, Zhang QF, Bian
PF, et al. Clinical progress and risk factors for death in severe fever with throm-
bocytopenia syndrome patients. J Infect Dis. 2012;206(7):1095-102.

Abrar S, Ansari MJ, Mittal M, Kushwaha KP. Predictors of mortality in Paediatric
myocarditis. J Clin Diagn Res. 2016;10(6).C12-16.

Li J,HanY, Xing Y, Li S, Kong L, Zhang Y, Zhang L, Liu N, Wang Q, Wang S, et al.
Concurrent measurement of dynamic changes in viral load, serum enzymes,
T cell subsets, and cytokines in patients with severe fever with thrombocyto-
penia syndrome. PLoS ONE. 2014;9(3):.e91679.

XuY, Shao M, Liu N, Dong D, Tang J, Gu Q. Clinical feature of severe fever with
thrombocytopenia syndrome (SFTS)-associated encephalitis/encephalopa-
thy: a retrospective study. BMC Infect Dis. 2021;21(1):904.

Engin A, Yilmaz MB, Elaldi N, Erdem A, Yalta K, Tandogan |, Kaya S, Bakir M,
Dokmetas I. Crimean-Congo hemorrhagic fever: does it involve the heart? Int
JInfect Dis. 2009;13(3):369-73.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Clinical characteristics and influencing factors of severe fever with thrombocytopenia syndrome complicated by viral myocarditis: a retrospective study
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Results
	﻿Basic clinical characteristics comparison
	﻿Laboratory examination comparison
	﻿Comparison of electrocardiogram and echocardiogram findings
	﻿Multiple logistic regression analysis of SFTS-SVM

	﻿Discussion
	﻿References


