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Abstract

Background and Aims: Patients with severe fever with 
thrombocytopenia syndrome (SFTS) commonly show liv-
er function impairment. This study aimed to characterize 
the liver function indices in SFTS patients and investigate 
their association with mortality. Methods: Clinical infor-
mation and laboratory results of 459 laboratory-confirmed 
SFTS patients, including 78 deceased and 381 surviving 
patients, were retrospectively analyzed. To explore the in-
fectivity of SFTS caused by novel Bunyavirus (SFTSV) in 
hepatocytes, Huh7 human hepatoma cells were infected 
with various concentrations of SFTSV in vitro. Results: The 
proportion of SFTS patients developing liver injury during 
hospitalization was 73.2% (336/459); the hepatocellular 
injury was the predominant type. The median time to oc-
currence of liver injury from disease onset was 8 d. Liver 
injury in the deceased group occurred earlier than that in 
the surviving group. Alanine aminotransferase (ALT) level 
between 2–5 times upper limit of normal (ULN) at 4–6 d 
and between 5–15 ULN at 7–12 d of disease course were 
independent predictors of mortality. Alkaline phosphatase 
(ALP) >2 ULN at 7–9 d and elevated ALP at 10–12 days 
after disease onset were risk factors for death. ALT and 
aspartate transaminase (AST) levels were correlated with 
lymphocyte count and platelet-to-lymphocyte ratio (PLR). 
Total bilirubin (TB), ALT, AST levels showed positive cor-
relation with viral load. In the in vitro experiment, SFTSV 
infected and replicated inside Huh7 cells. Conclusions: 
Liver injury is common in SFTS patients. ALT and ALP were 
independent predictors of SFTS-related mortality. Fre-
quent monitoring and evaluation of liver function indices 
are needed for SFTS patients.
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Introduction

Severe fever with thrombocytopenia syndrome (SFTS) 
caused by novel Bunyavirus (SFTSV) infection has been re-
ported in many countries and regions in recent years. SFTS 
is an emerging infectious disease characterized by sudden 
onset of high fever, thrombocytopenia, and leukopenia ac-
companied by respiratory or gastrointestinal symptoms. Pa-
tients with severe disease often die of multiple organ failure.1

The liver, as an important endocrine, digestive, and met-
abolic organ, is often involved in nonhepatotropic virus in-
fection. For example, 14–53% of patients with Corona Virus 
Disease 2019 (COVID-19) developed hepatic dysfunction, 
which was associated with poor outcomes.2 Dengue virus in-
fection is usually associated with liver injury, which is more 
pronounced in severe cases.3 In a previous study, patients 
with severe SFTS had significantly higher liver enzyme lev-
els than general patients.4 Postmortem histopathological 
examination of liver tissue of SFTS patients confirmed liver 
involvement characterized by focal necrosis, multiple lobu-
lar necrosis, and lymphocyte infiltration.5 In animal models 
of SFTSV infection, pathological findings showed hepato-
cyte necrosis with nuclear pyknosis, ballooning degenera-
tion, bridging necrosis of hepatocytes with infiltration of 
inflammatory cells in the portal area.6,7 Given the reported 
findings of altered liver indices and histopathological find-
ings of liver impairment, characterization of liver biochemi-
cal changes in SFTS patients and the investigation of their 
relationship with in-hospital mortality is a key imperative.

However, because of the small number of cases and the 
under-representation of previous studies, SFTS-related liv-
er injury is not well characterized. Therefore, we retrospec-
tively analyzed the liver function indices in SFTS patients 
and investigated their relationship with mortality. We also 
sought to identify the potential correlates of changes in liver 
enzymes. The effects of SFTSV on hepatocytes were veri-
fied by in vitro experiments. Our findings may help clarify 
the impact of SFTSV infection on the liver and guide clinical 
treatment.
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Methods

Study design and participants

A total of 997 patients with SFTS were admitted to the Wu-
han Union Hospital between January 1, 2016 and December 
30, 2020. The demographic, clinical characteristics, medical 
history, laboratory tests, treatment, and outcome data were 
retrieved from electronic medical records. The inclusion crite-
ria were: (1) epidemiological history; (2) typical clinical symp-
toms; (3) case specimen positive for the novel Bunyavirus 
nucleic acid test following the 2010 Guidelines for the pre-
vention and treatment of severe fever with thrombocytopenia 
syndrome issued by the Ministry of Health, China.8 The exclu-
sion criteria were: (1) SFTSV RNA <100 copies/mL at admis-
sion; (2) incomplete medical data; (3) concomitant infection 
with Epstein-Barr virus (EBV), human immunodeficiency virus 
(HIV), or other acute virus infections; (4) concomitant neo-
plastic disease or severe autoimmune disease. After screen-
ing, 459 patients were included in the study. Patients were 
divided into deceased and surviving groups by the survival 
outcome (Fig. 1). The study was approved by the Ethics Com-
mittee of Tongji Medical College, Huazhong University of Sci-
ence and Technology. The requirement for informed consent 
was waived because of the retrospective nature of study.

SFTSV RNA detection

Viral RNA was extracted from blood samples of all SFTS pa-
tients using a virus RNA kit (Daan Gene Company, Guang-
zhou, China). The viral load of SFTSV RNA was determined 
using a certified real-time fluorescent quantitative PCR kit 
(SFDA registration number 340166), following the manu-
facturer’s instructions.

Definition of abnormal liver test and liver injury

The upper limit of normal (ULN) reference range of each liver 
enzyme in serum are: total bilirubin (TB)=19 µmol/L, alanine 

aminotransferase (ALT)=40 U/L, aspartate aminotransferase 
(AST)=40 U/L, alkaline phosphatase (ALP)=150 U/L, and 
γ-glutamyl transpeptidase (GGT)=50 U/L. The normal refer-
ence range of serum albumin (ALB) is 33–55 g/L. An abnor-
mal liver test was defined as an increase in liver enzymes 
above the ULN and a decrease in ALB <35 g/L. Liver injury 
was considered if there was an increase of over twice the ULN 
for ALT or conjugated bilirubin or a combined increase in AST, 
ALP, and TB provided the level of one of these was more than 
twice the ULN. The pattern of liver injury was classified by the 
R ratio, which was calculated as R = (ALT value ÷ ALT ULN) ÷ 
(ALP value ÷ ALP ULN). An R ratio of >5 defined hepatocel-
lular injury, <2 defined cholestatic injury, and 2–5 indicated 
a mixed pattern.9 The liver tests used for the classification of 
liver damage were the first blood tests available after liver 
injury. According to clinical guidelines of the American Col-
lege of Gastroenterology (ACG) for the evaluation of abnor-
mal liver chemistries in blood sample,10 borderline AST and/
or ALT elevation was defined as <2 ULN, mild AST and/or ALT 
elevation as 2–5 ULN, moderate AST and/or ALT elevation as 
5–15 ULN, and severe AST and/or ALT elevation as >15 ULN.

SFTSV infection and replication in hepatocytes

The SFTSV strain WCH/97/HN/China/2011 (CSTR: 16533.06. 
IVCAS 6.6088) used in this study was originally isolated from 
an SFTS patient and preserved at the Wuhan Institute of 
Virology. The TCID50 was determined as described by Reed 
and Mench.11 The primary polyclonal antibody against SFTSV 
nucleoprotein was obtained from the National Virus Resource 
Center. The Huh7 human hepatoma cell line was obtained 
from the China Center for Type Culture Collection.

Huh7 cells (1×106 cells/well) were seeded in six-well 
plates, incubated in Dulbecco’s modified Eagle’s medium 
(DMEM; Sigma, St. Louis, MO, USA) with 2% fetal bovine 
serum (FBS; Gibco, Australia) at 37°C in 5% CO2 for 1 day. 
Subsequently, the cells were infected with SFTSV at multi-
plicity of infection (MOI) of 0.1, 1, and 10, respectively, and 
incubated for 3 days at 37°C in 5% CO2. Then the cells were 
fixed with 4% paraformaldehyde for 15 m and permeabilized 
with 0.5% Triton X-100 for 12 m. After three washes, the 
cells were blocked with 5% bovine serum albumin at 37°C in 

Fig. 1.  Flow chart of the study population and patient selection criteria. In total, 459 SFTS patients were enrolled. Seventy-eight patients who died were clas-
sified as deceased, while three-hundred and eighty-one surviving patients were classified as surviving. EBV, Epstein-Barr virus; HIV, human immunodeficiency virus; 
SFTS, severe fever with thrombocytopenia syndrome; SFTSV, severe fever with thrombocytopenia syndrome virus.
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5% CO2 for 2 h. The cells were then incubated overnight with 
the primary antibody 1:1,000 diluted in phosphate-buffered 
saline (PBS) at 4°C, followed by incubation with the second-
ary goat antirabbit serum antibody conjugated with fluores-
cein isothiocyanate (Abcam, UK) for 1 h. Finally, the nuclei 
were stained by diamidino-phenylindole for 10 m. The green 
and blue fluorescence were visualized using a fluorescence 
microscope (Eclipse TE2000-S; Nikon, Japan).

Huh7 cells were infected with SFTSV at 1 MOI in DMEM 
with 2% FBS at 37°C in a 5% CO2 atmosphere for 1 h. The 
supernatant was discarded and the cells were washed three 
times with PBS. After that, fresh DMEM with 2% FBS was 
added and the cells were incubated at 37°C in 5% CO2 for 
3 d. 100 µL supernatant was harvested at 0, 6, 12, 24, 48, 
and 72 h postinfection, and stored at −80°C.12 Virus titers 
were determined as described by Reed and Mench.11

Statistical analysis

SPSS 25 (IBM Corp. Armonk, NY, USA) was used for data pro-
cessing and analysis. Statistical charts and figures were drawn 
with R 4.0.2 and Graphpad Prism 8.0.1. Normally distributed 
continuous variables were expressed as mean±standard de-
viation, and between-group differences were assessed with 
the t-test. Non-normally distributed continuous variables 

were expressed as medians and interquartile range (IQR) and 
between-group differences assessed with the Mann-Whitney 
U test. Categorical variables were expressed as frequencies 
and percentages (%), and between-group differences were 
assessed with the chi-squared or Fisher’s exact tests. The 
distribution of liver function indices in the two groups was 
shown by Kernel density estimation (KDE). Dynamic changes 
in liver function indices in the deceased group and surviving 
group were reported by locally weighted scatterplot smooth-
ing (Lowess). Spearman correlation was applied to assess the 
degree of correlation between parametric variables. The rela-
tionship of liver test parameters with all-cause mortality was 
assessed using a multivariate Cox regression model adjusted 
for sex, age (≤60 and >60) years, neutrophil-to-lymphocyte 
ratio (NLR), and concomitant presence of hepatitis B. Two-
tailed p-values <0.05 were considered statistically significant.

Results

General characteristics of patients with SFTS

A total of 459 patients with SFTS were included in the study. 
Their median age was 60 (52–79) years) and 258 (56.2%) 
were women. Table 1 summarizes the demographic and clini-

Table 1.  Baseline characteristics of deceased and surviving SFTS patients

Characteristica SFTS (n=459) Deceased (n=78) Surviving (n=381) p-valueb

Age, years 60 (52–79) 65 (59–70) 59 (51–67) <0.001

Sex, female 258 (56.2) 37 (47.4) 221 (58.0) 0.056

Days after disease onset 6.0 (5.0–7.0) 7.0 (5.0–9.0) 6.0 (5.0–7.0) 0.112

Duration of hospitalization, d 9.0 (7.0–12.0) 4.0 (3.0–6.3) 10.0 (8.0–12.5) <0.001

Disease course, d 15.0 (13.0–19.0) 11.0 (9.0–13.0) 16.0 (14.0–19.0) <0.001

Underlying disease

Hypertension 47 (10.2) 10 (12.8) 37 (9.7) 0.414

Diabetes 5 (1.1) 2 (2.6) 3 (0.8) 0.202

Coronary heart disease 13 (2.8) 2 (2.6) 11 (2.9) 1

Chronic hepatitis B 62 (13.5) 9 (11.5) 53 (13.9) 0.717

Laboratory examination

SFTSV load, log10, 3.61 (2.81–4.48) 4.96 (4.06–5.75) 3.45 (2.66–4.17) <0.001

WBCs, 109/L 2.12 (1.41–3.60) 2.27 (1.39–3.23) 2.11 (1.42–3.78) 0.732

Hemoglobin, g/L 128.00±17.3 127.59±18.84 128.72±17.29 0.609

Neutrophils, 109/L 1.37 (0.82–2.58) 1.64 (1.00–2.51) 1.34 (0.80–2.63) 0.785

Lymphocytes, 109/L 0.48 (0.32–0.73) 0.41 (0.28–0.67) 0.50 (0.34–0.75) 0.034

Monocytes, 109/L 0.10 (0.05–0.23) 0.08 (0.03–0.20) 0.11 (0.06–0.24) 0.004

Platelets, 109/L 51.00 (34.00–65.00) 36.50 (23.30–52.30) 52.00 (39.00–68.80) <0.001

NLR 2.82 (1.51–5.13) 3.78 (2.34–5.25) 2.71 (1.37–5.05) 0.027

PLR 80.64 (36.32–142.66) 66.42 (31.89–136.20) 83.30 (39.41–145.29) 0.346

NMR 12.54 (6.15–30.61) 19.14 (7.39–36.66) 11.79 (6.04–27.79) 0.045

Creatine, µmol/L 73.90 (62.15–93.13) 90.90 (69.78–134.53) 71.75 (61.53–89.70) <0.001

BUN, mmol/L 5.20 (3.68–7.08) 6.90 (4.94–10.69) 4.88 (3.60–6.60) <0.001

aData are medians (interquartile range) or n (%), as indicated. bp<0.05 is significant. BUN, blood urea nitrogen; Cr, creatinine; NLR, neutrophil-to-lymphocyte ratio; 
NMR, neutrophil-to-monocyte ratio; PLR, platelet-to-lymphocyte ratio; WBCs, white blood cells.
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cal characteristics of the patients at admission. The patients 
were classified by their outcome into a surviving group of 
381 (83.0%) and a deceased group of 78 (17.0%). There 
was no significant between-group difference of the time from 
symptom onset to hospitalization. However, the duration of 
hospitalization and disease course in the deceased group 
were shorter than those in surviving group (p<0.001). There 
was no significant between-group difference with respect to 
underlying diseases. Compared with the surviving group, de-
ceased group had significantly a higher SFTSV load [4.96 
(4.06–5.75) vs. 3.45 (2.66–4.17) copies/mL, p<0.001] and 
significantly lower lymphocyte [0.41 (0.28–0.67) vs. 0.50 
(0.34–0.75) × 109/L], monocyte [0.08 (0.03–0.20) vs. 0.11 
(0.06–0.24) × 109/L], and platelet [36.50 (23.30–52.30) vs. 
52.00 (39.00–68.80) × 109/L] counts. Neutrophil to lympho-
cyte ratio (NLR) and neutrophil to monocyte ratio (NMR), 
two markers of the inflammatory state, were significantly 
higher in the deceased than in the surviving group [3.78 
(2.34–5.25) vs. 2.71 (1.37–5.05) and 19.14 (7.39–36.66) 
vs. 11.79 (6.04–27.79), respectively]. Deceased patients 
also had more critical kidney dysfunction than the surviving 
group, including creatinine (Cr) [90.90 (69.78–134.53) vs. 
71.75 (61.53–89.70)] and blood urea nitrogen (BUN) [6.90 
(4.94–10.69) vs 4.88 (3.60–6.60) mmol/L] (p<0.05 for all).

Liver injury and liver function derangement in pa-
tients with SFTS at admission and during hospitaliza-
tion

During hospitalization, a total of 336 (73.2%) patients de-
veloped liver injury; the proportion of patients developing 
liver injury in the deceased group (61, 78.2%) was high-
er than that in the surviving group (269, 70.6%), but the 
between-group difference was not statistically significant. 
In patients with liver injury, the most common type was 
hepatocellular, followed by mixed, and cholestatic injury 
was the rarest. The median time to the occurrence of liver 
injury was 8 (6–10) d after disease onset, and it occurred 
earlier in the deceased than the surviving group [7 (6–10) 
vs 8 (6.6–10.6), p=0.019] (Table 2). Liver function indices 
were more severely deranged in the deceased than in the 
surviving group, among which increase in AST level was the 
most pronounced. At admission, a majority of patients had 
normal TB (93.4%), ALP (93.8%), and GGT (74.2%), but 
only a few patients had normal ALB (26.4%). Except for 
GGT, there were significant between-group differences in 
the constituent ratios of other liver function indices. Most 
deceased patients had mild-to-moderate elevation of liver 
enzyme levels (ALT 2–5 ULN, 41%; AST 5–15 ULN, 43.6%), 
while majority of surviving patients had borderline-to-mild 
elevation in liver enzymes (ALT 1–2 ULN, 38.6% and AST 
2–5ULN, 39.9%) (Table 3). Similarly, the peak value of liver 
function indices of the deceased patients was higher than 
that of the survived group (Supplementary Table 1).

Dynamic profile of liver function parameters in SFTS 
patients

KDE was used to describe the distribution of peak levels of 
liver function indices in the deceased and surviving groups. 
ALT, AST, ALP, and GGT levels were less dispersed in the 
surviving group than that in the deceased group. AST lev-
els were the most widely distributed indices in the surviv-
ing and deceased groups. The ALB level in the deceased 
group was approximately 4 g/L lower than that in surviving 
group overall, and was fairly dispersed (Fig. 2). A LOESS 
model was used to describe the trajectories of TB, ALT, AST, 
ALP, GGT, and ALB levels in the deceased and surviving pa-
tients during hospitalization (Fig. 3). The TB levels of the 
two groups separated on the tenth day after the disease 
onset, and the surviving patients maintained approximately 
normal levels, while the deceased patients had increases to 
more than twice the ULN. The model showed a significant 
elevation of AST levels at admission, which was maintained 
at higher levels in the deceased group than in the surviv-
ing group. The ALT levels had similar trends but were not 
as pronounced as AST. Elevated ALP levels exceeding the 
ULN were only observed in deceased patients. There was 
a minor difference in GGT levels between the two groups, 
and the GGT levels exceeded the ULN on about 5 or 6 days. 
ALB decreased in all patients, and the decrease was more 
pronounced in the deceased patients.

Association of abnormal liver function indices with 
SFTS mortality

After adjusting for potential confounding factors such as 
age (≤60 and >60) years, sex, NLR, concomitant pres-
ence of hepatitis B, a multivariate Cox regression model 
was used to assess the correlations of liver function indices 
on days 4–6, 7–9, and 10–12 of disease course with mor-
tality. In case of multiple liver tests in the same period, 
the first test results were included in the analysis. Patients 
with mildly elevated ALT at 4–6 d were at almost 4.6-fold 
greater risk of all-cause mortality compared to those with 
normal ALT levels [Hazard ratio (HR) 4.598; 95% confi-
dence interval (CI): 1.301–16.247; p=0.018]. Those with 
a moderate ALT elevation at 7–9 d were at 15.41 high-
er odds of death (HR: 15.411; 95% CI: 2.029–117.027; 
p=0.008), and those with moderate ALT elevation at 10–12 
d were at 5.68 higher odds of death (HR: 5.681; 95% CI: 
1.264–25.532; p=0.023) (Table 4). Compared with pa-
tients with normal ALP, all-cause mortality risk significantly 
increased by eight-fold (HR: 9.031; 95% CI: 697–22.061; 
p<0.001) in patients with ALP >2ULN at 7–9 d after disease 
onset and increased by 5.2 to 8.7-fold (HR: 6.215; 95% 
CI 3.496–11.049; p<0.001; HR: 9.698; 95% CI: 3.794–
24.792; p<0.001, respectively) in patients with elevated 
ALP at 10–12 d after disease onset. GGT >2 ULN and ALB 

Table 2.  Liver injury in SFTS patients during hospitalization

Variablea Total (n=459) Deceased (n=78) Surviving (n=381) p-valueb

Liver injury 336 (73.2) 61 (78.2) 269 (70.6) 0.174

Type of liver injury 0.054

  Hepatocellular 223 (66.3) 41 (61.1) 182 (67.6)

  Cholestatic 19 (5.6) 1 (1.4) 18 (6.6)

  Mixed 93 (27.6) 25 (37.3) 68 (25.2)

Days after onset 8.0 (6.0–10.0) 7.0 (6.0–10.0) 8.0 (6.6–10.6) 0.019

aData are medians (interquartile range) or n (%), as indicated. bp<0.05 is significant.
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<30 g/L on days 10–12 were also associated with increased 
risk of death (Table 4).

Factors associated with liver impairment

Spearman correlation analysis was used to identify factors 
associated with abnormal liver function indices. ALT and AST 
levels showed a significant correlation with lymphocyte count 
(r=0.15, p=0.001, respectively) and PLR (r=−0.26, p<0.001; 
r=−0.28, p<0.001, respectively). ALP showed a significant 
correlation with monocyte count (r=0.26, p<0.001) and NMR 
(r=−0.19, p<0.001; Supplementary Table 2).

In addition, TB, ALT, and AST levels were positively cor-
related with viral load (r=0.14, r=0.15, and r=0.27, respec-
tively, p<0.05 for all, Supplementary Table 2). Thus, higher 
viral loads were associated with more severe elevation of 
liver enzymes. In the in vitro experiment, Huh7 cells were 
inoculated with SFTSV and incubated for 3 days. The Immu-

nofluorescence image showed accumulation of viral N pro-
tein in the cytoplasm of SFTSV-infected Huh7 cells (Fig. 4A), 
which suggested that SFTSV can directly infect Huh7 cells. 
The culture supernatant of SFTSV-infected Huh7 cells was 
collected at different times to determine the virus titer. The 
virus titer in the supernatant of virus-infected hepatocytes 
increased, and peaked at 24 h, suggesting extensive replica-
tion of SFTSV in the hepatocytes during that period (Fig. 4B).

Discussion

In our cohort, most patients with SFTS had signs of liver 
injury during hospitalization, among which the hepatocel-
lular type was the most predominant. The most common 
abnormalities involved ALT, AST, and ALB levels. Both base-
line and peak levels of ALT, AST, ALP, GGT in the deceased 
group were higher than those in the surviving group, while 
the opposite was observed with ALB level. The elevation of 

Table 3.  Characteristics of liver abnormalities in patients with SFTS at admission

Variablea Total (n=459) Deceased (n=78) Surviving (n=381) p-valueb

TB, µmol/L 9.10 (6.80–12.40) 10.25 (8.15–13.90) 8.70 (6.70–12.00) <0.001

  Normal 421 (93.4) 69 (88.5) 352 (93.6) <0.001

  1–2 ULNc 27 (5.9) 8 (10.3) 19 (5.1)

  >2 ULN 7 (1.5) 6 (7.7) 1 (0.3)

ALT, U/L 67.00 (42.00–115.00) 92.50 (57.50–175.00) 62.00 (41.50–105.50) <0.001

  Normal 104 (22.9) 10 (12.8) 94 (25.0) <0.001

  1–2 ULN 166 (36.6) 21 (26.9) 145 (38.6)

  2–5 ULN 141 (31.1) 32 (41.0) 109 (29.0)

  5–15 ULN 40 (8.8) 13 (16.7) 27 (7.2)

  >15 ULN 3 (0.7) 2 (2.6) 1 (0.3)

AST, U/L 173.00 (96.00–339.00) 288.50 (170.50–592.50) 151.00 (89.50–320.00) <0.001

  Normal 19 (4.2) 0 (0.0) 19 (5.1) <0.001

  1–2 ULN 64 (14.1) 4 (5.1) 60 (16.0)

  2–5 ULN 172 (37.9) 22 (28.2) 150 (39.9)

  5–15 ULN 153 (33.7) 34 (43.6) 119 (31.6)

  >15 ULN 46 (10.1) 18 (23.1) 28 (7.4)

ALP, ULN 63.00 (52.00–80.00) 72.00 (55.00–91.00) 62.00 (51.00–79.00) 0.007

  Normal 426 (93.8) 68 (87.2) 358 (95.2) 0.014

  1–2 ULN 22 (4.8) 9 (11.5) 13 (3.5)

  >2 ULN 6 (1.3) 1 (1.3) 5 (1.3)

GGT, ULN 27.00 (18.00–51.00) 37.00 (22.00–87.50) 26.00 (17.00–48.00) 0.003

  Normal 337 (74.2) 51 (65.4) 286 (76.1) 0.107

  1–2 ULN 52 (11.5) 12 (15.4) 40 (10.6)

  >2 ULN 63 (13.9) 15 (19.2) 48 (12.8)

ALB 32.60 (29.40–35.30) 30.00 (26.98–33.03) 33.00 (30.00–35.85) <0.001

  >35 g/L 120 (26.4) 9 (11.5) 111 (29.5) <0.001

  >30 g/L, ≤35 g/L 198 (43.6) 29 (37.2) 169 (44.9)

  ≤30 g/L 136 (30.0) 40 (51.3) 96 (25.5)

aData are medians (interquartile range) or n (%), as indicated. bp<0.05 is significant. ALB, albumin; ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, 
aspartate aminotransferase; GGT, γ-glutamyl transpeptidase; TB, total bilirubin; ULN, upper limit of normal. cALP ULN=150 U/L, ALT ULN=40 U/L, AST ULN=40 U/L, 
GGT ULN=50 U/L, TB ULN=19 µmol/L.
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ALT and ALP were independent risk factors for mortality in 
SFTS patients. ALT and AST levels were correlated with lym-
phocyte count, and PLR; TB, ALT, AST levels were positively 
correlated with viral load. In addition, SFTSV infected and 
replicated inside liver cells in vitro.

In a previous study, the proportion of SFTS patients with 
multiple organ failure in the deceased group was much 
higher than that in the surviving group.13 Elevated levels of 
liver enzymes often indicate impairment of liver cells, which 
is a common phenomenon in SFTS patients.4,14 Unlike acute 
disease caused by infection with other RNA viruses, SFTS 
is more prone to cause liver involvement. In patients with 
hantavirus infection, 28% had elevated transaminases (ALT 
or AST) and those with abnormal liver tests had significantly 
higher mortality than those with normal transaminases.15 
Among patients with SARS-CoV-2 infection, 14–53% of pa-
tients had abnormal liver function and liver biochemical in-
dices that were closely related to the disease severity and 
prognosis.2,16 However, in our study, 73.2% of the patients 
had liver injury during hospitalization, with hepatocellular 
injury being the dominant type of injury. In addition, the 
degree of elevation and the proportion of patients with el-
evation were greater with AST compared with ALT, which 
may be related to more tissue sources of AST, such as liver, 
cardiac muscle, and skeletal muscle tissue.17

ALP and GGT are often referred to as cholangiocyte-re-
lated enzymes. However, ALP is a more sensitive marker of 
cholestatic injury than GGT because of their histological dif-
ferences.18,19 In our study, more patients had elevated GGT 
than elevated ALP. In patients with elevated GGT but nor-
mal ALP, drug-induced liver injury, or other organ damage 

should be considered, rather than cholestatic type liver in-
jury. In addition, elevated serum ALP level was found to be 
a predictor of death in SFTS patients. In previous studies, 
elevated ALP level was associated with adverse outcomes 
in ST-segment elevated myocardial infarction patients; in 
addition, elevated ALP level was a risk factor for all-cause 
mortality in lung cancer patients,20,21 The decrease in albu-
min level may not only be related to pre-existing chronic 
diseases but also to decreased protein synthesis caused 
by acute liver damage. Increased vascular permeability in-
duced by SFTSV infection may also be a major cause of 
hypoalbuminema.22,23 The baseline and peak levels of ALB 
in the deceased group were lower than those in the surviv-
ing group, suggesting that patients with lower ALB are more 
likely to have a poor prognosis. This conclusion is in line 
with previous studies in which a low ALB level was found to 
be a risk factor for poor prognosis.24 Therefore, nutritional 
support, including intravenous albumin supplementation, 
should be strengthened for patients with SFTS.

We observed a positive correlation of abnormal TB, ALT, 
and AST levels with SFTSV load, which is related to disease 
severity.25 In this study, we infected Huh7 cells with SFTSV 
in vitro and cultured them for three days. Experimental re-
sults showed that SFTSV could infect and replicate in liver 
cells, which indicated that direct viral infection of liver cells 
may be one of the causes of liver damage in SFTS patients. 
A high SFTSV RNA copy number was detected in the liver 
tissue5 of deceased SFTS patients, and virus antigen was 
found in liver tissue from IFNAR (−/−) alpha/beta inter-
feron receptor knockout mice by immunohistochemistry.26 
On the other hand, correlation analysis also revealed a posi-

Fig. 2.  Distribution of peak levels of liver function indices in patients with SFTS. Kernel density estimation of the overlay of distribution of peak levels of TB, 
ALT, AST, ALP, GGT, and ALB with patient outcomes in the deceased (pink) and surviving (blue) patients. Liver function indices are on the abscissa, and nuclear density 
values, indicating the degree of density of data are on the ordinate axis. ALB, albumin ALT, alanine aminotransferase; ALP, alkaline phosphatase; AST, aspartate ami-
notransferase; GGT, γ-glutamyl transpeptidase; TB, total bilirubin.
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tive correlation of ALT and AST levels with lymphocyte count 
and PLR, which are often used as markers of inflammatory 
status. However, ALP was mainly correlated with mono-
cyte count and NMR. Previous studies have documented a 
marked increase in inflammatory factors such as IL-6, MCP-
1,27 accompanied by hepatic infiltration of lymphocytes and 
macrophages,28 suggesting that liver injury in SFTS may 
be a secondary immunopathological process.29,30 Systemic 
inflammation caused by viral infection may also contribute 
to liver damage. Further studies are required to confirm the 
mechanism of liver injury in SFTS patients.

In addition, we considered the influence of chronic hepa-
titis B virus infection (CHB) on SFTS patients. In SFTS pa-
tients with CHB, the severity of liver injury, abnormal liver 

indices, and mortality were not significantly different from 
those without CHB (Supplementary Tables 3–5, and Sup-
plementary Fig. 1). Our results were consistent with those 
of previous studies in which concomitant hepatitis B virus 
infection was not found to aggravate liver impairment or 
to increase the risk of mortality in COVID-19 patients.31,32

Some limitations of this study should be acknowledged. 
Firstly, we failed to acquire liver biopsy tissue to directly ob-
serve SFTSV infection in liver parenchymal cells of patients. 
That was because SFTS is an acute disease that which is not 
suitable for liver puncture. Secondly, this was a retrospec-
tive cohort study with limited data. Therefore, we could not 
assess the relationship between liver injury and multiple or-
gan injury. Thirdly, the mechanism of liver damage caused 

Fig. 3.  Dynamic profile of liver test indices in patients with SFTS. Smooth trajectories of mean ALT, AST, ALP, and TB based on a locally weighted scatter plot 
with 95% confidence intervals according to disease severity for deceased (red) and surviving (blue) patients. Days after disease onset are on the abscissa and liver 
test indexes are on the ordinate. ALB, albumin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALP, alkaline phosphatase; GGT, γ-glutamyl trans-
peptidase; TB, total bilirubin.
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by viral infection needs further investigation.
To conclude, our study confirmed that liver injury is a 

common phenomenon in patients with SFTS. Abnormal ALT 
and ALP levels during the disease process were independent 
predictors of SFTS-related mortality. Therefore, frequent 
monitoring and evaluation of liver function, especially ALT 
and ALP, are necessary for SFTS patients.
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