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Characterizations of cytokines
and viral genomes in serum
of patients with Dabie
bandavirus infection
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Hongkai Zhang and Qiang Shen*

Department of Pathogenic Microorganisms and Biological Laboratory, Suzhou Center for Disease
Control and Prevention, Suzhou, China
Background: Ten cases with Dabie bandavirus infection were identified in

Suzhou City, China, from April 2023 to August 2024. All 10 cases were

hospitalized patients, and three died. We detected and analyzed the cytokine

concentrations and viral genomes in the serum samples of these patients to

identify the possible causes of the patients’ deaths and to analyze the viral

genetic characteristics.

Methods: Blood serum specimens were obtained from the 10 individuals with

Dabie bandavirus infection in Suzhou City. The specific nucleic acid of Dabie

bandavirus was detected using a real-time reverse transcription polymerase

chain reaction assay (RT-qPCR). The cytokine concentrations in serum were

detected by micro enzyme-linked immunosorbent assay (ELISA). The genomes

of Dabie bandavirus were amplified using a designated primer pool. The DNA

sequencing libraries were prepared using a ligation method. The sequencing

process was performed using a Nanopore GridION X5 instrument. Phylogenetic

trees for the L, M, and S segments of Dabie bandavirus were constructed using

the maximum likelihood (ML) method in MEGA 11 software, with the bootstrap

value set at 1,000.

Results: All 10 patients with Dabie bandavirus infection exhibited a severe clinical

course, resulting in three fatalities. The cytokine concentrations of CCL2, GM-

CSF, IFN-g, IL-1b, IL-6, IL-8, and TNF-a were significantly elevated in the fatal

patients compared with the recovered cases; all p-values for these cytokine

analyses were under 0.05. The Dabie bandavirus strains identified in Suzhou

belonged to three distinct genotypes: A, B, and F. The nucleotide identities for the

L, M, and S segments were 95.65%–99.76%, 93.73%–99.81%, and 94.62%–

99.88%, respectively. The average evolutionary rate of segment S was higher

than that of segment M and segment L. The ratio of dN/dS in the membrane

protein was the highest. SZ03-TXF was a recombinant strain with the location of

possible breakpoints at nucleotides 795 and 1,432 in the CDS region of the

L segment.
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Conclusion: A recombination event was identified in SZ03-TXF strain. High viral

load and cytokine storm may be associated with the case fatality of Dabie

bandavirus infection. We should strengthen the monitoring of nucleotide

substitutions and conduct health education for high-risk populations so as to

effectively prevent and control an epidemic of the Dabie bandavirus infection in

the future.
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Introduction

Dabie bandavirus, formerly known as severe fever with

thrombocytopenia syndrome virus (SFTSV), a major pathogen

responsible for severe fever with thrombocytopenia syndrome (SFTS),

was first reported in 2011 (1, 2). According to the classification standards

of the International Committee on Taxonomy of Viruses (ICTV, 2021)

(https://ictv.global/taxonomy), Dabie bandavirus was classified within

the genus Bandavirus of the family Phenuiviridae. The genome of

Dabie bandavirus comprises three segments: large (L), medium

(M), and small (S) (2). The L segment spans 6,368 nucleotides and

encodes RNA-dependent RNA polymerase (RdRp). The M segment

is 3,378-nucleotides long and encodes the membrane protein

precursor (GP) that gives rise to two membrane proteins, Gn and

Gc, containing immunogenicity and neutralization sites. The S

segment contains 1,744 nucleotides, which functions as an

ambisense RNA and encodes two proteins, namely, nucleoprotein

(NP) and nonstructural proteins (NSs) (3–5). Fu et al. (6, 7)

classified the circulating strains of Dabie bandavirus into six

genotypes (A–F) with high bootstrap supports of greater than 85

by phylogenetic analysis, and the genetic distances within these

genotypes were ranging from 0.001 to 0.026, while the genetic

distances between different genotypes varied from 0.035 to 0.062.

The A–F genotyping method is presently widely adopted and has

been reported in several publications (5, 6, 8–11). The Dabie

bandavirus exhibits a wide prevalence primarily through tick

bites, with reported cases in the provinces of Hubei, Henan,

Anhui, Shandong, Zhejiang, Liaoning, and Jiangsu in China (12–

17), as well as human infections were documented in Thailand,

South Korea, and Japan (18–20). Although Dabie bandavirus is

primarily transmitted to humans through tick bites, it can also be

transmitted via direct contact with the blood of infected individuals

or animals in the absence of tick bites (21–24). The majority of

individuals infected with Dabie bandavirus exhibit severe clinical

manifestations, and the mortality rates differ across various regions,

often exceeding 10% (11, 16, 18, 25). Dabie bandavirus is a

segmented RNA virus that facilitates the emergence of new

recombinant strains (7). Therefore, it is crucial to conduct whole-

genome sequencing analysis on newly discovered strains.
02
From April 2023 to August 2024, 10 cases were confirmed to be

infection with Dabie bandavirus in Suzhou City. The 10 patients

were all critically ill in the intensive care unit (ICU), and three of

them died. Among these fatalities, SZ05 was the initial case

recorded in Changshu, Suzhou City, a location previously free of

reported infections involving Dabie bandavirus. The geographical

distribution of Dabie bandavirus transmission may be expanding.

High-throughput sequencing of the viral genome in serum samples

from the 10 cases was conducted in Suzhou Center for Disease

Control and Prevention (SZCDC). In this work, we describe the

characteristics of the full-length genomes of the Dabie bandavirus

strains identified from Suzhou City.
Materials and methods

Cytokine detection

The concentrations of cytokines, including IL-1, IL-6, IL-8, IL-

10, TNF-a, IFN-g, CCL-2, and GM-CSF, were determined using an

Ella automated microfluidic immunoassay system (ProteinSimple,

USA). Serum separator tubes were left at room temperature for 30

min, followed by centrifugation at 1,500 rpm for 15 min to separate

the serum. We pipetted 150 µL of serum sample into a 2-ml tube

and added an equal volume of sample diluent. The mixture was

vortexed for 10 s on medium intensity and then centrifuged at room

temperature with 16,000g for 4 min to remove visible particulate/

flocculent precipitate. We transferred 50 µL of the diluted samples

into sample wells. The cytokine concentrations were measured

using the default parameters of Ella-220401004 Analyzer

version 4.1.0.22.
RNA extraction and RT-qPCR

We collected serum samples from suspected cases of severe

fever with thrombocytopenia syndrome in Suzhou City from April

2023 to August 2024. The 200-mL serum samples were added into

the sample hole, and the total nucleic acid of the serum samples was
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extracted by using the EZ2 Connect automatic nucleic acid

extraction instrument (Qiagen, Germany) according to the

instructions of the Virus Mini Kit v2.0 kit (Qiagen, Germany).

The nucleic acid of Dabie bandavirus was detected by one-step RT-

qPCR assay using a commercial test kit (BioPerfectus, China). The

primers (forward: GGGTCCCTGAAGGAGTTGTAAA, reverse:

TGCCTTCACCAAGACTATCAATGT) and probe (FAM-

TTCTGTCTTGCTGGCTCCGCGC-BHQ1) were employed to

detect the conserved nucleic acid sequences in the S segment (26,

27). The reaction system of every sample was composed of 3.5 mL
RNase free water, 7.5 mL RT-PCR reaction mix, 5 mL enzyme

mixture, 4 mL specific primer and probe mixture, and 5 mL total

nucleic acid and was prepared according to the kit instructions. The

reaction procedure was 50°C for 30 min, 95°C for 5 min, 45 cycles of

95°C for 10 s, and 55°C for 40 s; fluorescence detection was

performed at 55°C in the cyclic amplification step.
Genome sequencing

The complete viral genomes were amplified using the Dabie

bandavirus whole-genome high-fidelity capture kit (Baiyi-tech,

China). The amplified products were purified using 1.8-fold

AMPure XP magnetic beads (Beckman, USA) and quantified

using Qubit dsDNA HS Assay Kit (Thermofisher, USA). The

sequencing library was prepared using Native Barcoding Kit 24

V14 (SQK-NBD114.24) (Oxford Nanopore Technologies, UK)

according to the instructions provided in the sequencing library

construction kit. The library preparation process required an input

of 300 ng for each amplification product. Sequencing was

performed on a GridION X5 instrument (Oxford Nanopore

Technologies, UK) using FLO-MINI 114 chip.
Genome assembly and
phylogenetic analysis

The sequencing reads of the Dabie bandavirus were subjected to

quality control and underwent whole-genome assembly using a

microbial analysis platform (Baiyi-tech, China). Initially, we

mapped the filtered sequencing reads to the reference genome

(HB29) using the Minimap2 v2.24 software (28). Next, we

eliminated duplicate reads from the BAM file with the aid of

Picard v2.25.5 software. Subsequently, single-nucleotide variant

(SNV) analysis was conducted using the Clair3 v1.0.4 software.

Finally, we extracted the consensus sequences from the BAM file,

which had already removed duplicate reads in the previous step,

employing the bcftools software. Genome annotation was executed

using the prokka v1.14.6 software (29), and the results were manually

validated against the gbk file of the reference genome (HB29), which

was sourced from the database of the National Center for

Biotechnology Information (NCBI, https://www.ncbi.nlm.nih.gov/).

Multiple sequence alignment was conducted using MAFFT online

version (30). MEGA 11 software (31) was utilized to find the best

DNA model for the subsequent construction of maximum
Frontiers in Virology 03
likelihood (ML) phylogenetic trees. The nucleotide substitution

model with the lowest score of Bayesian information criterion

(BIC) was selected for the following phylogenetic analysis. The

model, general time reversible (GTR) with gamma-distributed

substitution rate heterogeneity (G) and proportion of invariable

sites (I), was selected for ML analysis for segment L. The model

“GTR+G” was selected for ML analysis for both segment M and

segment S. Maximum likelihood (ML) phylogenetic trees for L, M,

and S segments of Dabie bandavirus were constructed using MEGA

11 software (31), with a bootstrap value of 1,000. ChiPlot online

software (32) (https://www.chiplot.online/) was utilized for the

visualization of phylogenetic trees. Jalview version 2.11.4.0

software (33) was used for amino acid substitutions visualization.

The regression of root-to-tip distances (RTT) method with a strict

molecular clock model in Treetime software (34) was utilized to

estimate nucleotide substitution rates. The Nei–Gojobori method,

as implemented in MEGA 11 software, was employed to compute

the values of dN (non-synonymous substitution rate) and dS

(synonymous substitution rate), thereby determining the dN/dS

ratio. Reference sequences of A–F genotypes were downloaded from

the GeneBank.
Recombination analysis

The recombination analysis of the L, M, and S segments was

conducted by employing the bootscan method as implemented in

the SimPlot v3.5.1 software. The parameters were set as follows:

window size of 300 bp, step size of 20 bp, gap strip, 100 replicates,

Kimura (two-parameter), and neighbor-joining method. Potential

recombination events were validated using RDP, GENECONV,

Bootscan, and 3Seq methods as provided by the recombination

detection program version 4.10.1 (RDP4) (35).
Statistical analysis

The difference in the proportion of hypertensive individuals

between the recovered and fatal groups was statistically analyzed

using Fisher’s exact test. The concentration of cytokines in serum

exhibits a normal distribution subsequent to logarithmic

transformation. The differences between the two groups (fatal and

recovered) were statistically analyzed using the t-test method. All

statistical calculations were performed using GraphPad Prism

version 9.0 software, and p <0.05 was considered significant.
Results

Case information

From April 2023 to August 2024, real-time RT-qPCR assay was

conducted for nucleic acid detection of Dabie bandavirus in serum

samples from 45 individuals suspected of having severe fever with

thrombocytopenia syndrome (SFTS) in Suzhou Center for Disease
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Control and Prevention. Ten patients, including three men and

seven women, were confirmed to be infected withDabie bandavirus.

All of the 10 patients self-reported experiencing a tick bite within 2

weeks before symptom onset. Three fatalities were recorded,

resulting in a case fatality rate of 30% (3/10). The basic data of

the 10 cases are presented in Table 1. The mean Ct values of the fatal

group and the recovered group were 13.5 and 24.0, respectively. It is

significantly different between the fatal and the recovered groups

(p = 0.0049). Nine of the 10 patients had visited places where SFTS

cases had been previously reported prior to the onset of their illness.

The remaining case SZ05 had not departed from Suzhou in the 2

weeks before the symptoms onset, and there was no epidemiological

association with other patients. She was the first recorded case in

Changshu, Suzhou City, an area where no cases had been

documented. The ages of the 10 patients ranged from 53 to 77,

with a mean age of 66.8 years old. Three individuals suffered from

hypertension in the recovered group (3/7), and all of the fatal cases

had hypertension (3/3). However, the difference between the two

groups did not show statistical significance by Fisher’s exact test

(p = 0.20). The samples of each patient used for RT-PCR and

cytokine detection were in the range of 7–10 days since the

disease onset.
Cytokine concentrations

We categorized the Dabie bandavirus patients in this study into

recovered and fatal groups. The cytokine concentrations were log-

transformed, and the results are shown in Table 2. The

concentrations of CCL2, GM-CSF, IFN-g, IL-1b, IL-6, IL-8, and
TNF-a were significantly elevated in the fatal patients compared

with the recovered cases, with all p-values for analyses being under

0.05. The concentration of IL-10 exhibited no statistically

significant difference between the two groups (p > 0.05).
Frontiers in Virology 04
Genomic analysis

Using the HB29 Dabie bandavirus as a reference sequence, the

raw data were filtered and the complete genomes were assembled.

The minimum average sequencing depths for the L, M, and S

segments of the 10 strains were 3,220.71, 1,557.64, and 316.28,

respectively (Table 1), suggesting that the assembled sequences were

credible. The nucleotide identities for the L, M, and S segments were

in the ranges of 95.65%–99.76%, 93.73%–99.81%, and 94.62%–

99.88%, respectively. Compared with the reference strain HB29, the

nucleotide identities of the three segments were in the ranges of

95.56%–96.34%, 93.61%–95.65%, and 94.50%–95.46%, respectively.

The source data for the accession numbers of the reference A–F

genotypes are provided in Supplementary Table S1. The topological

structures of the three phylogenetic trees were similar (Figure 1).

Sequences of the same genotype clustered together in the

phylogenetic trees. The phylogenetic trees of the L, M, and S

segments all support that SZ02, SZ04, and SZ05 Suzhou strains

belong to A genotype of Dabie bandavirus; SZ06 clustered with B

genotype. The SZ01, SZ03, SZ07, SZ08, SZ09, and SZ10 strains were

classified within F genotype. The L, M, and S segments of each virus

were genotyped identically, suggesting the absence of reassortment

in the 10 Dabie bandavirus strains.
Substitutions of amino acids

The RdRP protein was encoded by the 17–6,271 bp in the

coding sequences (CDS) of the L segment. The RdRP protein of the

Suzhou strains consisted of a total of 2,084 amino acids, with

sequence identities ranging from 99.33% to 100%. Compared to

the reference strain HB29, the RdRP protein of the 10 Suzhou

strains exhibited substitutions at 32 amino acid sites, seven of which

were shared (F566Y, V651I, N719S, K835R, T1038S, V1447I, and
TABLE 1 Basic data of the patients with Dabie bandavirus infection in this study.

Case Sex Age Diagnosis date Cta Days of onset Hypertension Outcomes
Average depth of sequencing

L M S

SZ01 Female 66 2023-04 25.3 7 No Recovered 9,448.79 4,341.31 5,396.64

SZ02 Male 68 2023-04 19.9 10 No Recovered 9,083.05 5,797.56 7,318.59

SZ03 Male 77 2023-05 17.4 10 Yes Recovered 3,220.71 1,557.64 2,532.45

SZ04 Female 53 2023-05 30.5 8 No Recovered 4,753.53 2,587.13 316.28

SZ05 Female 61 2023-07 11.1 9 Yes Fatal 9,229.63 5,683.80 3,938.34

SZ06 Male 65 2023-10 23.2 8 Yes Recovered 9,472.03 3,941.09 7,190.37

SZ07 Female 69 2024-06 27.4 10 Yes Recovered 20,213.07 7,088.26 13,590.40

SZ08 Female 71 2024-06 24.3 7 No Recovered 14,012.36 7,916.85 10,468.98

SZ09 Female 71 2024-07 15.2 9 Yes Fatal 43,578.14 22,052.26 32,332.07

SZ10 Female 67 2024-08 14.1 9 Yes Fatal 36,423.06 21,486.75 35,945.66
fr
aThe Ct value refers to the number of cycles required for the fluorescent signal to reach a set threshold in a fluorescent PCR experiment.
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K1648R) (Figure 2). All F genotype strains possessed substitution

V479I in RdRP protein. The amino acid sequences of SZ02-ZXB

and SZ05-YLH were identical and possessed substitution E161G.

SZ04-XSF possessed an equal number of substitutions as SZ02-ZXB

and SZ05-YLH, yet it exhibited differences at two distinct loci,

namely, E161G was absent in SZ04-XSF but carried C1178S instead.

The amino acid identity of the membrane protein encoded by the

CDS region of 19–3,240 bp in the M segment ranged from 98.23%

to 99.81%. R924W in the membrane protein was not observed in

the 10 Suzhou strains; however, R962S substitution was identified in

the 10 strains (Figure 2). All of the F genotypes of the Suzhou strains

(SZ01-YYL, SZ03-TXF, SZ07-DFM, SZ08-XYL, SZ09-QAY, and

SZ10-ZTQ) carried characteristic substitution sites L13F, V479I,

and G562S. The S segment is a double-sense RNA segment.

The amino acid identities of the nucleocapsid protein encoded by
FIGURE 1

Phylogenetic trees of L, M, and S segments. The stars (★) represent Suzhou strains.
TABLE 2 Log-transformed cytokine concentrations among
different groups.

Cytokines
Recovered cases
(mean ± SD)

Fatal cases
(mean ± SD)

t p

CCL2 2.89 ± 0.52 4.32 ± 0.11 4.61 <0.01

GM-CSF 0.76 ± 0.24 1.73 ± 0.27 5.10 <0.01

IFN-g 1.65 ± 0.75 3.12 ± 0.25 3.20 0.02

IL-1b -0.31 ± 0.46 0.90 ± 0.08 4.39 <0.01

IL-6 1.78 ± 0.70 3.63 ± 0.27 4.27 <0.01

IL-8 1.94 ± 0.52 3.66 ± 0.25 5.29 <0.01

TNF-a 1.82 ± 0.45 2.77 ± 0.26 3.31 0.01

IL-10 1.92 ± 0.55 2.22 ± 0.16 0.90 0.397
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the CDS region of 43–780 bp ranges from 99.19% to 100%, and the

amino acid identity of the nonstructural protein encoded

by the complementary strand 835–1,716 bp was in the range

of 97.62%–100%. Compared with the HB29 reference strain

(Figure 2), a total of 12 substitutions were identified in the

nonstructural proteins of the 10 Suzhou strains, of which five

were common substitution sites (L197M, P207S, V223I, H245Q,

and H249Y). SZ06-FLF carries two additional substitutions (M16V

and N276S). The amino acid sequences of SZ04-XSF and SZ05-

YLH were consistent, and no other substitutions were carried except

for common substitutions. Compared with SZ04-XSF and SZ05-

YLH, SZ02-ZXB carries an additional L147P mutation. The

nonstructural protein of F genotype strains had identical amino

acid sequences and carried additional substitutions of Q144R,

K145R, E171D, and L289P.
Evolutionary rates of Dabie bandavirus

In this study, the evolutionary rates for the L, M, and S segments

were determined to be 2.67 × 10-5 (substitutions/site/year), 1.35 ×

10-4 (substitutions/site/year), and 2.60 × 10-4 (substitutions/site/

year), respectively. At the amino acid level, the selective pressure
Frontiers in Virology 06
can be described using the ratio of the rates of non-synonymous to

synonymous substitutions (dN/dS). The ratio of dN/dS in the

membrane protein was 0.12. The dN/dS ratio values for RNA

polymerase, NP, and NS were 0.059, 0.030, and 0.10, respectively.

The ratio value for the membrane protein was the highest, followed

by the values of RdRP protein, NP, and NSs.
Recombination analysis

No potential recombination events were detected in segments

M and S of the 10 viruses in this study. However, a potential

recombination event was present in the L segment of the SZ03-TXF

strain (Figure 3). The finding was confirmed by RDP, GENECONV,

Bootscan, and 3Seq methods as implemented in RDP4 software and

supported by significant p-values of 6.66 × 10-13, 2.87 × 10-9, 2.16 ×

10-12, and 3.13 × 10-12, respectively. The location of possible

breakpoints were at nucleotides 795 and 1,432 in the CDS region.

We extracted three fragments of 1–795 bp (L1), 796–1,431 (L2), and

1,432–6,255 bp (L3) from the CDS region of the L segment of A and

F genotypes. ML phylogenetic trees were constructed for L full-

length, L1, L2, and L3 fragments, respectively. In the ML trees of L,

L1, and L3, SZ03 clustered with F genotype viral strains. However,
FIGURE 2

Identified amino acid substitutions in RdRP, GP, NP, and NS proteins of Suzhou Dabie bandavirus strains compared with HB29
(NC_018136-NC_018138).
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in the ML tree of L2, SZ03-TXF clustered with A genotype viral

strains (Figure 4). The ML trees supported the results of the

recombination analysis. It may be a recombinant virus with the L

segment of the virus having a genotype F virus as the backbone and

a genotype A fragment as the internal insertion.
Discussion

Dabie bandavirus belongs to the category of arboviruses, and the

spatial distribution of SFTS patients exhibits a certain degree of

clustering, which is concentrated in mountainous and hilly areas with

rich vegetation and suitable for ticks and other vector organisms to

reproduce (14, 36, 37). Human infections with Dabie bandavirus are

usually identified from March to October, with the peak period

occurring from May to August. In this study, the cases were all

farmers, ranging in ages from a minimum of 53 years to a maximum

of 77 years, with a mean age of 66.8 years old. The main

epidemiological characteristics are consistent with existing literature

reports (38, 39). Nine patients except SZ05 had visited places where

SFTS cases had been previously reported prior to the onset of their

illness. The possibility that they had been infected with Dabie

bandavirus in other places before the onset of symptoms cannot be

ruled out. In Changshu, Suzhou City, there were no documented

instances of human infection with Dabie bandavirus prior to 2023,

indicating that the geographical space of viral circulation may be

expanding. We should take notice of this phenomenon.

The increased incidence of tick-borne diseases from March to

October can be attributed to several factors, such as heightened tick

activity, frequent outdoor activities, and, consequently, a greater

likelihood of exposure to virus-carrying ticks (2, 8, 16, 25).

Furthermore, the warmer temperatures lead to reduced clothing

coverage and more exposed skin, increasing susceptibility to tick bites.

All of the 10 cases in Suzhou had a history of tick bites within 14 days of

symptom onset. Therefore, in order to significantly mitigate the disease

burden of Dabie bandavirus infection, it is imperative to implement
Frontiers in Virology 07
effective comprehensive prevention and control measures that

encompass continuous monitoring of ticks’ density, activity intensity,

and virus-carrying rates. Some studies noted that there was no statistical

difference in the proportion of patients with hypertension between the

fatal and recovered groups (13, 40). In this study, the difference between

the two groups did not show statistical significance by Fisher’s exact test

(p = 0.20). The result was consistent with the previously report (13).

However, another study indicated that hypertension served as a risk

factor to accelerate the death of SFTS patients (41). Multi-center studies

with a larger sample size are required to explore whether hypertension is

associated with death in SFTS patients.

Samples of the fatal cases had lower Ct values for viral detection,

indicating that these samples contained a higher viral load. SZ03,

which had the lowest Ct value in the recovered group, was 2.2 greater

than that of SZ09, which had the highest Ct value in the fatal group,

corresponding to a 4.6-fold lower in viral load. The mean Ct values of

the fatal group and the recovered group were 13.5 and 24.0,

respectively. Ct levels were significantly different between the fatal

and recovered groups (p = 0.0049). Thus, the viral load of the fatal

cases in this study was higher than those of the recovered cases.

Higher viral loads of Dabie bandavirus result in cytokine storm,

which leads to the emergence of hemophagocytic syndrome and

disseminated intravascular coagulation (42, 43). Hemophagocytic

syndrome, hemostatic dysfunction, and disseminated intravascular

coagulation lead to severe hemorrhagic tendencies and multiple

organ failure (38). In this study, the concentrations of CCL2, GM-

CSF, IFN-g, IL-1b, IL-6, and IL-8 were significantly elevated in fatal

patients compared with those of the recovered cases. The results were

consistent with previous literature reports (42–44). The death of

patients with Dabie bandavirus infection may be associated with

hyperinduction of proinflammatory cytokine production. In contrast

to previous documented literature (42–44), we did not observe

statistically significant differences in IL-10 concentrations between

the two groups, which may be attributed to the small sample size.

The genomes of Dabie bandavirus exhibit genetic diversity and

recombination phenomena, with the predominant prevalence of
FIGURE 3

Recombination analysis of the segment L of SZ03 virus.
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type B in South Korea and Japan (11, 45, 46). Multiple genotypes

including A, B, C, D, E, and F have been found to be co-circulated in

China (19, 47). The genotypes A, B, and F of the 10 Dabie

bandavirus strains have been detected in previous cases in China.

The viruses in the fatal cases belonged to genotypes A and F. There

may be differences in the severity of clinical symptoms caused by
Frontiers in Virology 08
different viral genotypes. However, considering the small sample

size of this study, these findings should not be overinterpreted.

Compared with HB29, the nucleotide identities of the L, M, and

S three segments of the 10 Dabie bandavirus strains identified in

Suzhou were in the range of 95.56%–96.34%, 93.61%–95.65%, and

94.50%–95.46%, respectively. There were significant nucleotide
FIGURE 4

Phylogenetic trees of L, L1, L2, and L3 fragments of A and F genotypes. The stars (★) represent Suzhou strains.
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differences between the Suzhou strains and the early HB29 virus,

indicating that the viruses are constantly evolving. Although there

were differences in the calculation methods used in literature to

estimate the average evolutionary rate, the conclusions were similar.

The average evolutionary rate of segment S was higher than that of

segment M and segment L. The ratio of dN/dS in the membrane

protein was the highest (6, 10, 48). The R624W substitution in

segment M induced more efficient cell fusion, whereas the R962S

substitution induced membrane fusion (7). Fortunately, R624W in

the membrane protein was not observed in the 10 Suzhou strains.

However, R962S substitution was identified in the 10 strains.

Segment L of Dabie bandavirus exhibits critical functions in

transcription and genome RNA replication. Single amino acid

substitution of N1891K in segment L can enhance polymerase

activity. In this study, the N1891K substitution was not detected

in the 10 sequences from Suzhou, but additional 32 amino acid

substitutions were identified (Figure 2). The biological significance

of these substitutions remains unclear and requires further study.

The Dabie bandavirus identified from the fatal case SZ05-YLH

shared the identical amino acid sequences of RdRP protein with

SZ02-ZXB and possessed the same amino acid sequences of

nucleocapsid protein and nonstructural protein with SZ04-XSF.

The sequences of Suzhou strains exhibited the highest nucleotide

identities with other sequences uploaded from neighboring areas

within Jiangsu Province in the NCBI database, suggesting that the

prevalence of Dabie bandavirus has spatial clustering.

Yao Wang et al. (45) identified 54, 36, and 11 potential

recombination events in the L, M, and S segments of Dabie

bandavirus, respectively. Additionally, Yu-ting Ren et al. (13) also

reported eight recombination events in Dabie bandavirus, with four

occurring in the M segment, three in the S segment, and one in the L

segment, respectively. The recombination event (SZ03) identified in

this study involved the L segment. Recombination events have been

observed in L, M, and S segments of the Dabie bandavirus.

However, it remains unclear whether the recombination events

will affect viral biological properties such as antigenicity,

transmissibility, and virulence. The biological significance of

recombination events deserves further in-depth investigation.

The present investigation sought to characterize the cytokines and

viral genomes in the serum of patients infected with Dabie bandavirus

in Suzhou City. However, it is essential to acknowledge the inherent

limitations associated with the research framework and methodologies

utilized. Initially, the sample size of patients examined in this study was

relatively small, potentially restricting the representativeness of the

findings. Secondly, the potential effects of multiple substitutions within

the same protein and the effects of substitutions across different

proteins in Dabie bandavirus were unclear. The interactions could

either enhance or mitigate the effects of individual substitutions, and

their omission limits the depth of our understanding of the biological

significance of amino acid substitutions. Consequently, further research

are required, incorporating a larger sample size and experiments that

are more biologically pertinent, to fully understand the complexity and

influence of these substitutions in Dabie bandavirus.

In summary, human infection with Dabie bandavirus usually leads

to severe clinical symptoms and even death. We should pay close

attention to the biological significance of nucleotide substitutions,
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increase the investment in scientific research related to Dabie

bandavirus, and develop effective vaccines and drugs as soon as possible.
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