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Severe fever with thrombocytopenia syndrome (SFTS), a newly emerging tick-borne viral disease, has been detected in Asia since 2009, and person-to-person transmission is possible. SFTS is characterized by atypical signs, including mild to severe febrile illness similar to that associated with hemorrhagic fever, with 16.2 to 30% mortality. We found that the titers of neutralizing antibodies, play an important role in protective immunity, to SFTS virus (SFTSV) in survivors and healthy residents who lived in endemic areas and who were positive for SFTSV IgG, were higher than those in non-survivor patients. Moreover, the titers were maintained in surviving patients and healthy residents but not in non-surviving patients in South Korea.
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Introduction

Severe fever with thrombocytopenia syndrome (SFTS), a new tick-borne viral disease with a high mortality rate, was first reported in China in 2009, South Korea in 2010 Japan in 2013, Vietnam in 2017, Myanmar in 2018, and Taiwan in 2019 (Yu et al., 2011; Takahashi et al., 2014; Kim et al., 2018; Tran et al., 2019; Peng et al., 2020; Win et al., 2020). Most SFTS virus (SFTSV) infections occur via bites from the tick Haemaphysalis longicornis; however, SFTSV transmission can also occur through close contact with an infected patient (Yoo et al., 2017). SFTS is characterized by acute high fever, thrombocytopenia, leukopenia, elevated serum hepatic enzyme levels, gastrointestinal symptoms, and multiorgan failure and has a 16.2 to 30% mortality rate (Yu et al., 2011; Takahashi et al., 2014; Peng et al., 2020). Atypical signs and symptoms as well as asymptomatic SFTS infections have also been identified in patients, and SFTS patients in China have been shown to produce and maintain long-lasting neutralizing antibodies to SFTSV (Huang et al., 2016; Yoo et al., 2017; Kim et al., 2018).

In this study, we briefly investigated the levels of neutralizing antibodies to SFTSV in serum among surviving patients, non-surviving patients, and healthy residents living in endemic areas and who were positive for SFTSV IgG antibody in South Korea from 2013 to 2019 (Yoo et al., 2019). We found that the titers of neutralizing antibodies to SFTSV maintained in surviving patients and healthy residents were higher than those detected in non-surviving patients.



Materials and Methods

To investigate the levels of neutralizing antibodies to SFTSV, we collected 19 serum samples from 11 patients (non-surviving patients; n=6, mean age: 73.3 and surviving patients; n=5, mean age: 68.8), which were laboratory confirmed at Jeju National University from May 2013 to October 2019, Jeju, South Korea, and 7 serum samples from 5 healthy residents (mean age: 69.8) living in endemic areas who were positive for SFTSV IgG from November 2015 to April 2017 (Yoo et al., 2019) (Table 1). This study was approved by the Institutional Review Board (IRB) of Jeju National University Hospital.


Table 1 | Baseline characteristics of the SFTS patients and healthy residents.



For the molecular diagnosis of SFTSV, RNA was extracted from the stored patient serum using a QIAamp Viral RNA Mini Kit (QIAGEN, Hilden, Germany). Real-time RT-PCR was performed to amplify the partial small (S) segment of the viral RNA from the stored serum and confirm SFTSV infection (Zhang et al., 2012; Yun et al., 2015). Real-time RT-PCR showed that all the patients (n=11) were positive for SFTSV, and 6 healthy residents were negative for SFTSV. Antibody detection was performed, and IgG was detected in the serum of all patients and 6 healthy residents (Yoo et al., 2019).

To determine the titers of neutralizing antibody to SFTSV in human sera, the 50% focus reduction neutralization test (FRNT50) assay was performed. Serum samples were heat inactivated at 56°C for 30 min and diluted in 2-fold increments from 1:10 to 1:320. Each dilution was mixed with an equal volume of solution containing SFTSV (1600 ffu/mL). The mixture was inoculated into Vero E6 cells prepared in 24-well plates and then incubated for 1 hour at 37°C. Culture medium was used as a control. After incubation, the cells were overlaid with 1 mL of Dulbecco’s modified Eagle’s medium (DMEM) containing 1.5% carboxymethyl cellulose, and the cells were incubated for an additional 2 days. After 2 days of incubation, cells were fixed with 4% paraformaldehyde and incubated with 500 µl/well of anti-SFTSV NP monoclonal antibodies diluted with 0.5% Triton X-100 in PBS for 90 min at room temperature (RT), followed by incubation with HRP-conjugated secondary antibodies. The visualization of foci of SFTSV-infected cells was performed using a DAB substrate kit. The plaque reduction percentage was calculated by the following formula: [(number of foci of SFTSV diluted without serum)-(number of foci of SFTSV diluted with serum)] x 100/number of foci of SFTSV diluted without serum. From this plaque reduction percentage, the FRTN50 titers were calculated by the [log(inhibitor) vs. normalized response] equation using GraphPad Prism 8.0.

For statistical analysis, data were expressed as medians and 95% confidence intervals. Neutralizing antibodies among three groups (non-surviving patients, surviving patients and healthy residents) according to the dilution factor was examined using Kruskal-Wallis test. All data were analyzed using SAS software, version 9.4 (SAS Institute, Cary, NC, USA). A p value < 0.05 was considered statistically significant for two-sided tests.



Results

The FRNT50 results showed that 4 surviving patients developed neutralizing antibodies against SFTSV, with titers ranging from 1:20 to 1:80, and 5 healthy residents were positive for SFTSV IgG. The healthy residents had no typical symptoms or other infectious diseases, had no history of tick bites or contact with SFTS patients during the period of sample collection, and developed neutralizing antibodies against SFTSV at titers ranging from 1:20 to 1:80. However, 6 non-surviving patients did not have well-developed neutralizing antibodies. Neutralizing antibodies to SFTSV differed significantly among surviving patients, non-surviving patients, and healthy residents regardless of dilution factor (p <0.05 for all dilution factor) (Figure 1).




Figure 1 | Neutralizing antibody titrations. Neutralizing antibodies to SFTSV were evaluated (FRNT50) in serum samples collected from 6 non-surviving patients, 13 serum samples from 5 surviving patients, and 7 serum samples from 5 healthy residents. Individual samples were serially diluted from 1∶20 to 1∶80. Statistically significant differences were found among surviving patients, non-surviving patients, and healthy residents (p <0.05 for all dilution factor).



Interestingly, neutralizing antibodies one surviving patient (Jeju-P57) appeared at two months after discharge and persisted for one year, and neutralizing antibodies in one healthy resident (Jeju-H21) persisted for the entire study period of 3 years (from 2015 to 2017) (Table 1).

These results show that long-lasting neutralizing antibodies to SFTSV is maintaining in surviving patients (Huang et al., 2016).



Conclusion

Neutralizing antibodies can directly block viral attachment to target cells by interfering with virus-receptor interactions and induce antibody-dependent cellular cytotoxicity (ADCC), complement-dependent cytotoxicity and antibody-dependent cellular phagocytosis (ADCP) (Walker et al., 2018). A previous study showed that SFTS patients produce neutralizing antibodies to SFTSV and can last for four years with a decrease in titers and suggested that neutralizing monoclonal antibody activity blocks the interactions between glycoprotein Gn and cellular receptors (Huang et al., 2016).

In conclusion, we found that surviving patients and healthy residents living in an endemic area had high titers of long-lasting neutralizing antibodies to SFTSV compared with non-surviving patients. A previous study suggested that neutralizing monoclonal antibody activity blocks the interactions between glycoprotein Gn and cellular receptors (Huang et al., 2016). Therefore, we suggest that neutralizing antibodies may play an important role in protective immunity in surviving patients and healthy residents against SFTSV infection.

However, the limitation of this study is that we followed surviving patients for up to one year, whereas we followed healthy residents for up to 3 years and not yet study about the role of long-lasting neutralizing antibodies. Therefore, we do not know how long the neutralizing antibodies in patients last and the characteristics of the neutralizing antibodies to SFTSV.

Therefore, further clinical research on lasting neutralizing antibodies and the characteristics of these antibodies are needed, and this subject deserves further discussion, which will aid in the understanding of the pathogenesis of SFTSV infection.
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