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Abstract

Background—SFTSV, an emerging tick-borne pathogen that can cause fatal severe fever with 

thrombocytopenia syndrome (SFTS), was first identified in China in 2009. Limited evidence 

suggests that SFTSV can be transmitted between humans via blood contact raising concerns over 

transfusion safety. A study of donor samples from three Chinese blood centers was conducted to 

investigate the seroprevalence and rate of SFTSV viremia among Chinese blood donors.

Materials and Methods—From April 16 to Oct 31, 2012, 17,208 plasma samples were 

collected from donors at Xinyang (located in an SFTSV endemic area), Mianyang and Luoyang 

blood centers. Assessment of anti-SFTSV total antibody was performed on all samples using 

Enzyme Linked Immunoassay (ELISA). Repeat-reactive samples were tested for SFTSV RNA 

using reverse transcription (RT) Real-time-PCR assay with Taqman probes. In addition, 9960 of 
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the Xinyang samples were tested in pools of 4 by the same PCR method and each of samples in a 

reactive pool was tested individually.

Results—Donor seroreactivity rates were: Xinyang, 0.54% (80/14,752); Mianyang, 0.27% 

(3/1,130); and Luoyang, 0.28% (3/1,326). All seroreactive samples were negative on RT-PCR 

single-sample testing. Two RT-PCR reactive donor samples were identified, both with estimated 

viral load <20pfu/ml. The RNA prevalence rate for SFTSV among donors in Xinyang was 0.02%.

Conclusion—This was the first multi-region study of SFTSV sero- and viral-prevalence among 

Chinese blood donors. Viral prevalence was low and no seroreactive sample was viremic, 

suggesting limited impact of SFTSV on blood safety in China.

SFTSV, a new bunyavirus that causes Severe Fever with Thrombocytopenia Syndrome 

(SFTS), was first identified in patients from Xinyang City, Henan Province in 2009, with 

high initial fatality rates of 12% to 30%1. The epidemic has been expanding from the central 

to northeast and southeast regions of China2. More recently, similar clinical cases with 

confirmed SFTSV infection were found in Japan3 and South Korea4, and the Heartland 

virus, a virus from a phlyogenetic sister group of SFTSV, was detected in the two patients in 

the United States5, indicating a possible growing epidemic in East Asia and the U.S. The 

epidemic season in China extends from spring to autumn with most cases occurring from 

May to July6. Most clinical cases occur in older patients and no specific treatment for SFTS 

is currently available and1 and 2. Farmers working in hilly areas are believed to be a high-risk 

population possibly due to occupation related increased risk of exposure to virus carrying 

ticks2.

The incubation period (time from exposure to clinical disease onset) of SFTSV has been 

estimated to be one to two weeks, with an average of 9 days, but can be as long as 30 

days7,8. Person-to-person transmission caused by blood contact was reported in several 

studies9–11. A guide for prevention of nosocomial SFTSV infection was promulgated by the 

Chinese Ministry of Health12. Though transfusion-transmitted infection has not been 

reported, it is possible that infected donations from asymptomatic donors during the 

incubation period could transmit this virus to transfusion recipients.

There is virtually no information on the rates of SFTSV seroreactivity or viremia among 

blood donors; such data are critical to help evaluate SFTSV’s potential impact on blood 

safety in China. In 2012 a cross-sectional study was launched by the National Heart, Lung, 

and Blood Institute (NHLBI) Recipient Epidemiology and Donor Evaluation Study-III 

(REDS-III) to investigate the seroprevalence and viremia rate of SFTSV in blood donors 

from three Chinese regions.

Materials and methods

Study sites

Three blood centers in Xinyang, Mianyang and Luoyang (China) participated in this study. 

Xinyang Blood Center is in a hilly region in Henan province that has experienced major 

SFTSV epidemics. Henan was the first Chinese province where cases of SFTSV disease 

have been reported. Among the 2047 SFTSV cases reported in China in 2011–2012, 48.2% 
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were from Henan Province6 and more than 95% of SFTSV cases in Henan Province 

reported in 2010 – 2012 came from Xinyang and its surrounding areas13. Luoyang Blood 

Center is located in a metropolitan region of Henan Province, 220 miles to the north of 

Xinyang. Mianyang Blood Center, located in Sichuan province, is 750 miles to the 

southwest of Xinyang, sharing the same hilly terrain (Fig.1). Very few cases of SFTS have 

been reported in either Mianyang or Luoyang and their surrounding regions.

Study populations

Whole blood and apheresis donors who passed the routine pre-donation screening process 

from April 16 to October 31, 2012 were recruited during the routine donation process. All 

donors from Xinyang and the first 200 donors in each month from Luoyang and Mianyang 

were enrolled after obtaining consent to participate in the study. Donors’ demographic 

characteristics, health history and donation information were recorded in the routine 

donation database maintained by participating blood centers and transferred to the REDS-III 

study coordinating center, Research Triangle Institute (RTI) via the Chinese data 

coordinating center FEi Systems (FEi) through a secure file transfer protocol (FTP) site. 

Plasma samples were processed from anticoagulated whole blood vacutainer tubes within 24 

hours and frozen and stored at −20°C at each blood center before being shipped in batches to 

the Chinese Institute of Blood Transfusion (IBT) via cold chain transportation.

Fifty plasma samples obtained retrospectively from patients with a clinical diagnosis of 

SFTS at Xinyang 154 Military Hospital were evaluated for possible use as positive controls. 

Consent to have their blood samples tested for research purposes was obtained from the 

patients at the time of collection. Samples were shipped frozen to IBT and stored at −80°C 

prior to testing. Five ELISA reactive and two RNA positive clinical samples identified by 

this testing were subsequently used as external controls in the ELISA and PCR testing of 

blood donor samples.

The study protocol was approved by the Institutional Review Board at all participating 

institutions including Johns Hopkins University (JHU) on behalf of JHU and FEi; the 

Institute of Blood Transfusion (IBT) under the Chinese Academy of Medical Sciences 

(CAMS) on behalf of the three blood centers; and RTI.

Detection of anti-SFTSV total antibody with a commercial ELISA

All samples were tested for anti-SFTSV total antibodies (including IgG and IgM) using an 

ELISA assay (Xin-Lian-Xin, Inc. Wuxi) in a 96 well format following the manufacturer’s 

protocol. Selected ELISA reactive clinical samples were used as external controls on the 

first and last plate during each testing day as an additional quality control measure (see 

above). The assay is a double-antigen sandwich ELISA that detects SFTSV-specific 

antibodies that bind to SFTSV recombinant nucleocapsid protein14. Initially reactive 

samples were retested in duplicate and classified as anti-SFTSV reactive if one or both of 

the two duplicate repeat assays were reactive (this approach was adopted as there is as yet 

no commercial confirmatory serologic assay for SFTSV).
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Detection of SFTSV RNA with reverse transcriptase (RT)-real-time-PCR assay

Individual sample RT-real-time-PCR testing was conducted on all ELISA positive samples 

from the three blood centers and on clinical samples from the Xinyang 154 Military 

Hospital. In addition, about 2/3 of all donations from Xinyang blood center (n=9960, 

including seronegative and seroreactive samples) collected from May to October were 

systematically chosen from each month’s collections by selecting every second and third 

boxes (250 samples per box) out of a total of 60 boxes of stored samples. These plasma 

samples were tested by real-time reverse-transcriptase -PCR in duplicate in 4-sample mini-

pools with 250µL of each sample pooled in a total volume of one mL. A mini-pool was 

considered positive if either or both of two duplicate assays produced a positive signal at a 

cycle number (Ct) <45.The four individual samples in each reactive mini-pool were then 

tested individually in duplicate. Criteria for a positive result at the level of individual testing 

were more conservative and required that both replicates have Cts<40. The viral load of 

reactive samples was further determined using quantitative controls that were diluted to 

create a standard curve. The quantitative controls, which were quantitated in plaque forming 

units (pfus) were provided by the Centers for Disease Control (Fort Collins, Co, USA). The 

lower limit for quantitative testing was 20 pfu/mL.

Description of the RT-real-time-PCR assay

The RT and PCR buffers and SFTSV primers were provided by Blood System Research 

Institute (BSRI, San Francisco, CA, U.S.A.) and optimized for high sensitivity detection of 

SFTSV virion RNA. SFTSV RNA was extracted using Viral RNA extraction kit (QIAamp, 

Qiagen, Valencia, CA), per the manufacturer’s instructions. The RNA was eluted in 100µL 

of water, followed by reverse transcription with RT buffer of 12µL of 10×Solution A + B15, 

1.2µL dNTPs (100 mM - no dUTP; Bioline, Germany), 3µLRNase inhibitor (40U/µL; Roche 

Diagnostics GmbH, Germany), 3µL reverse transcriptase (50 U/µL, Roche Diagnostics 

GmbH, Germany) and 0.45µL of downstream primer on S segment (100µM, S-R-3)16, at 

condition of 42°C for 30 min, 100°C for 10 min and cooling to 4°C to synthesis cDNA. 

Then, 25µL cDNA was added to 51.4µL of PCR mixture consisting of 50 uL Buffer 55 

(patented buffer provided by BSRI), 0.5µL dNTPs (100 mM - with dUTP; Bioline, 

Germany), 0.5µL primers (100µM, S-F-3 and S-R-3), 0.1µL TaqMan probe (100 µM; S-

Probe-3) and 0.3µL FastStart Taq (Roche Diagnostics GmbH, Germany). Real-time PCR 

was performed with conditions of 1 cycle of 95°C for 1 minute followed by 45 cycles of 

95°C for 30 seconds and 60°C for 1 minute. Duplicate testing of each sample was performed 

for individual and mini-pool testing.

Determining the analytic sensitivity of the PCR assay

A test panel for assessing sensitivity was prepared from cultured SFTSV (108.6pfu/mL) 

received from the Centers for Disease Control (Fort Collins, Co, USA). The virus was 

diluted serially using plasma. Aliquots of serial dilutions were prepared at concentrations of 

10 pfu/mL, 1 pfu/mL, 0.1 pfu/mL and 0.01 pfu/mL and were frozen. These were tested in 

multiple replicates and interpreted as positive at a (Ct) <45. Based on a logistic regression of 

the probability of a positive result as a function of log10 concentration for the three non-zero 

concentrations, 95% of results were expected to be positive at 5.4 pfu/mL, [95% confidence 
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interval (CI): 3.2-8.9 pfu/mL] and 50% were expected to be positive at 0.8 pfu/mL, [95% 

CI: 0.68–1.04 pfu/mL].

Preparation of PCR controls

To establish the validity of test runs, two clinical samples with low and moderate positive 

signals by the RT-real-time PCR assay were selected as positive controls, aliquoted, and 

stored at −80°C. On each plate, two aliquots of each positive control and one negative 

control were run alongside the donor samples. For runs to be considered valid; the moderate 

positive control was required to give a positive signal in duplicate. The mean Cts±standard 

deviation (SD) for the two external controls were 34.9±1.52 (moderate positive control) and 

38.9±1.85 (low positive control) over the course of multiple testing runs.

Statistical analysis

Variation in the seroreactivity rates for SFTSV, based on ELISA results, was assessed using 

a chi square statistics for categorical predictors, such as study site, month, gender or 

education, and logistic regression for continuous values such as age. Descriptive statistics 

included means and standard deviations for Cts and exact confidence limits for proportions.

Results

Anti-SFTSV antibody prevalence and seropositive donor profiles

From May to October, 2012, we collected 14,764 donor samples from Xinyang, 1,170 from 

Mianyang, and 1,350 from Luoyang. Of these 14,752 (Xinyang), 1,130 (Mianyang), and 

1,326 (Luoyang) samples were tested for anti-SFTSV antibodies. The exclusion of a small 

number of samples was due to one of the following: missing data, incomplete donor 

information, or duplicate samples from the same donor. A total of 139 samples, including 

121 samples from Xinyang, 11 from Mianyang, and 7 from Luoyang, were initially reactive 

on ELISA screening, 86 of which were repeat-reactive and defined as seropositive. The 

SFTSV seropositive rates among blood donors in these three regions were: Xinyang, 0.54% 

(80/14,752, 95% CI: 0.42–0.66%); Mianyang, 0.27% (3/1,130, 95%CI: 0.05–0.77%) and 

Luoyang, 0.28% (3/1326, 95% CI: 0.05–0.78%). These rates were not statistically different 

(p=0.15). In the epidemic region of Xinyang, there was no month-to-month variation in the 

seropositive rate. (p=0.22).

Among the 80 seropositive donors from Xinyang, 62.5 %(50/80) were males, most were 

married (75%, 60/80), the majority had less than high school education (72.5%, 58/80) and 

93.75% were younger than 50 years old. The demographic characteristics of the seropositive 

donors were similar to that of the general donor population in Xinyang. (Table 1). Due to the 

small number of seropositive donors in Luoyang (n=3) and Mianyang (n=3), we did not 

perform statistical analysis on the demographics of seropositive donors.

Real-time PCR for SFTSV on seropositive donor samples and seronegative samples from 
Xinyang

All ELISA positive samples were negative for RNA in individual donation testing. A total of 

9,960 Xinyang donor samples (including 56 seropositive and 9904 seronegative samples) 
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were tested in 2,490 pools of four for SFTSV RNA. There were 63 reactive pools of which 

51 were reactive in only one of the two duplicate assays and 12 in both duplicates. The Ct 

for these 63 reactive pools was 40.8±1.9. In contrast, the Cts for the two external positive 

controls were 34.9±1.52 (reactive on 252 of 252 replicates) and 38.9±1.85 (reactive on 246 

of 260 replicates).

When individual samples from the reactive pools were tested in duplicate, only two donor 

samples were classified as positive (mean Cts of 39.7 and 39.3, respectively) based on our 

conservative criteria (see methods). The viral load for these two samples was estimated to be 

lower than 20 pfu/ml. Thus, the overall RNA prevalence rate for SFTSV among donors in 

Xinyang was 2/9960 or 0.02% (95% CI: >0, 0.07%).

Discussion

In this study, we evaluated nearly 15,000 donations representing more than one third of the 

number of blood donations collected in 2012 in the SFTSV epidemic region of Xinyang and 

observed a seropositive rate of 0.54%. In contrast, in Mianyang and Luoyang, two regions 

with very few reported SFTSV clinical cases, the seroprevalence rates among selected 

donation samples were 0.27% and 0.28%, respectively. Although the seroprevalence in these 

two non-epidemic regions was only half of that in the epidemic region of Xinyang, the rates 

were not statistically different, probably due to the small sample sizes in these two non-

epidemic regions.

Higher seroprevalence rates have been reported in other epidemic areas in China when a 

different ELISA assay (an IgG assay) was used17. Differences in the ELISA assays used and 

regional SFTSV epidemiological features may have contributed to the differences in rates 

and illustrate the difficulty in interpreting serologic screening data in the absence of a 

universally used ELISA kit or a validated confirmatory serologic assay. In this study, we 

took a relatively conservative approach by defining SFTSV ELISA positive status as being 

reactive in a screening round of testing as well as reactive on one or duplicate repeat tests. If 

we had used the same definition used by other Chinese investigators, that is, defining 

seropositive as ELISA reactive on a single round of testing, our seroprevalence would have 

been 0.8% in Xinyang, 0.5% in Luoyang, and 1% in Mianyang, comparable to reports based 

on serosurveys of the healthy general population in other epidemic areas such as Jiangsu 

Province (0.44%, 11/2510)18and Yiyuan County, Shandong Province (0.8%, n=237)19.

A previous report on 357 laboratory-confirmed SFTS patients in Xinyang 154 Military 

Hospital from April 2011 to July 2013 indicated more infections in females than males 

(p=0.011) and a median age of 61 years old among the infected13. A serosurvey in healthy 

individuals from Jiangsu province did not show a significant difference in age distribution18 

but found that farmers were a high-risk population. Most of the donations collected at the 

Xinyang Blood Center in this study were given by city-dwelling residents with only 4.7% 

(699/14,752) of donors reporting being a farmer. However, a large proportion of donors 

(45.8%, 6,753/14752) in Xinyang selected “Other” as their occupation in the donation 

registration form. Most of them were likely young migrant workers from other areas. Since 

the age limit of donors prior to 2012 was 18–55 years old, well below the reported median 
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age of SFTSV infected patients, it is not surprising that our data did not detect an association 

with age.

Out of the 63 reactive pools in our study, most (51/63) were reactive on only one of the two 

wells in duplicate testing of pools and most reactive results had Cts near the end point of 

amplification(greater than 40 cycles). Only two seronegative donor samples tested reactive 

for SFTSV RNA following pool resolution. One possible explanation for pool results not 

confirming by individual testing is that the Cts in pool testing were at the end point (e.g, 

high cycle numbers) and were probably due to non-specific amplifications. Another 

explanation is that some samples had extremely low viral load that would not be consistently 

detected upon individual donation retesting given our more conservative cycle threshold for 

determining a positive result. Based on our analytic sensitivity data from dilution panels, the 

viral loads for the two viremic donor samples were estimated to be lower than 20 pfu/ml, 

which was near the upper CI (95% CI: 3.2–8.9pfu/ml) for the 95% LOD of the RT PCR 

assay. We were unable to sequence either of these two samples and it therefore remains 

possible that the positive PCR results could be due to false positivity.

The two suspected SFTSV RNA positive donors were antibody negative. If these are true 

positives, this suggests the possibility of transient viremia preceding seroconversion (i.e., 

window period infection). Given the low viral loads of the suspected viremic donations, it is 

unclear whether such donations would result in transfusion-transmitted infection. 

Unfortunately, we were unable to perform any recipient tracing or donor call back studies to 

further evaluate this possibility.

There is little information on the duration of SFTSV viremia in humans. Cell culture 

experiments indicate that the exponential growth of SFTSV in primary monocyte-

macrophages and Vero cells occurs within 10 hours20. A study in domesticated animals 

showed that infected dogs had detectable SFTSV RNA on days 8 and 10, but viremia was 

undetectable on day 1221. Laboratory studies on SFTS among humans reported that SFTSV 

RNA was detectable at the onset of the illness and for a subsequent 4–7 days; SFTSV 

antibodies were undetectable when the RT-PCR results were positive22,23. Another study 

among 986 healthy volunteers in Zhejiang Province also found no viremic persons despite 

an SFTSV IgG prevalence rate at 7.2%24. Since our study population consisted of healthy 

donors, viremic individuals with symptoms such as fever should have been excluded at the 

pre-donation exams. Our ELISA reactive donors were all between the ages of 18 to 55 years 

old and are presumed to consist of a group of donors who successfully cleared SFTS 

infection and a group with false positive antibody results. Therefore it is unlikely that any of 

these donations would result in transfusion transmitted infections.

In conclusion, this was the first investigation of the seroprevalence and rates of viremia of 

SFTSV among blood donors in China. The low viremia rate in donors from the epidemic 

Xinyang region suggests limited if any adverse impact of SFTSV on current blood safety. 

However, the seroprevalence of SFTSV was not insignificant and requires further study. To 

enable further research it is important that reliable, standardized screening and confirmatory 

assays automated testing procedures and rigorous testing algorithms are developed. Since 

the epidemic of SFTSV is still expanding in China and possibly elsewhere in Asia, 
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continued investigations into the routes of SFTSV transmission and rates of SFTSV 

seropositivity and viremia among donors in epidemic regions are needed. In addition, 

recipient tracing and look-back studies of recipients of blood from antibody or RNA reactive 

donors will be important to further evaluate whether this new emerging agent represents a 

potential threat to blood safety in China as well as globally.
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Fig. 1. 
The location of three participating blood centers.
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Table.1

Demographic characteristics of 80 ELISA positive donors from Xinyang

Positive
(ratio, positive/total)

Negative Total
(samples size:14752)

Gender(P=0.78; chi square test)

Males 50 (0.53%) 9,394 9,444

Females 30 (0.57%) 5,278 5,308

Marital status(P=0.72; chi square test)

Single 12 (0.44%) 2,708 2,720

Married 60 (0.56%) 10,618 10,678

Missing 8 (0.59%) 1,346 1,354

Education(P=0.38; chi square test)

Master’s 2 (1.47%) 134 136

Bachelor’s 3 (0.23%) 1,319 1,322

Associate 11 (0.44%) 2,507 2,518

Technician certificate 5 (0.49%) 1,019 1,024

High school graduate 23 (0.55%) 4,177 4,200

Middle school graduate 35 (0.65%) 5,334 5,369

missing 1 (0.55%) 182 183

Occupation(P=0.77; chi square test)

Student 4 (0.39%) 1,025 1,029

Military 87 87

Government employee 3 (0.34%) 876 879

Health care personnel 1 (0.64%) 155 156

Commercial services staff 15 (0.50% 3,000 3,015

Factory worker 3 (0.31%) 970 973

Farming, fishing, forestry 4 (0.57%) 695 699

Working at home 5 (0.51%) 981 986

Other 45 (0.67%) 6,708 6,753

missing 175 175

Age (years old, P=0.84; chi square test)

18–24 14 (0.50%) 2,814 2,828

25–30 11 (0.62%) 1,766 1,777

31–40 24 (0.56%) 4,230 4,254

41–50 26 (0.50%) 5,180 5,206

51–55 5 (0.84%) 589 594

56–60 93 93
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