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Abstract The etiological agent of severe fever with

thrombocytopenia syndrome (SFTS) is a bunyavirus that

was first identified in China in 2009. We have developed

and validated a one-step, single-tube, reverse-transcription

loop-mediated isothermal amplification (RT-LAMP) assay

for detection of SFTS bunyavirus (SFTSV). This assay

demonstrated high specificity and sensitivity, with a

detection limit of 101 TCID50 ml-1. When combined with

the fluorescent detection reagent (FDR) method, results

could be determined by observing a color change within

30 min. As an accurate, rapid, simple and low-cost diag-

nostic method, this RT-LAMP assay will be helpful for

detecting and preventing further SFTSV infection in China.
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A hemorrhagic fever-like illness was observed in March

2009 in central China. The fatality rate of this disease was

very high (about 12-30 %) [1–4]. The main clinical man-

ifestations of this disease included high fever, gastroin-

testinal symptoms, thrombocytopenia, and low counts for

white blood cells. A new kind of bunyavirus, designated

severe fever with thrombocytopenia syndrome bunyavirus

(SFTSV), was identified to be the pathogen of this illness

[1]. This novel tick-borne virus belongs to the genus

Phlebovirus in the family Bunyaviridae.

Based on data from an epidemiological investigation,

of all SFTSV infection cases, over 97 % were farmers

working and living in remote villages. The medical

resources in these regions are limited. To save lives, it is

important to develop a rapid, accurate, and low-cost

method for SFTSV detection. The current SFTSV detection

methods involve the detection of IgM and IgG by enzyme-

linked immunosorbent assays (ELISAs), an SFTSV neu-

tralization test, virus isolation, and quantitative reverse

transcription-polymerase chain reaction (qRT-PCR) with

high specificity and sensitivity [4]. However, these meth-

ods might not fully meet the requirements of SFTSV

diagnosis because they are labor-intensive and time-con-

suming, and there is a need for expensive regents, well-

trained technicians, and precision equipment. Recently, a

novel nucleic acid amplification method designated loop-

mediated isothermal amplification (LAMP) has been

developed [5]. It is based on a strand-displacement reac-

tion, which occurs under isothermal conditions. Because it

uses six oligonucleotide primers to recognize eight regions

on the target DNA, amplification by the LAMP method is

highly specific [5–7]. This method can amplify a few

copies of target DNA to a significant amount in 60 min

with no expensive reagents required. Combined with

reverse transcription, the reverse transcription-LAMP
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(RT-LAMP) method is able to detect target RNA in one

step [8]. As a cheap, rapid and simple diagnostic method,

the LAMP assay is suitable for application in developing

countries. To date, LAMP methods for the detection of

many pathogens, such as viruses, bacteria and parasites,

have been developed. These include the 2009 pandemic

influenza A H1N1 virus [9], enterovirus 71 [10], West Nile

virus [11], and Ebola virus [12]. All of these methods

showed sufficient to high specificity, efficiency and sensi-

tivity in comparison with PCR assays and many other

conventional detection methods.

In this study, a simple RT-LAMP assay targeting

SFTSV was developed and evaluated. The diagnostic

results of this RT-LAMP assay could be determined

directly by the naked eye based on color difference. The

clinical diagnostic ability of this method was assessed. Our

study results showed that the SFTSV-specific RT-LAMP

assay is sensitive and accurate and has the potential to be a

useful complement in SFTSV diagnostics.

Six SFTSV strains (strains JN001, JN002, JN003,

JN004, JN005 and JN006; 104 50 % tissue culture infective

dose [TCID50] per ml) isolated from confirmed SFTSV

infection cases were used in this study. These strains were

isolated by our laboratory during SFTSV outbreaks that

occurred in central China. Their identities were confirmed

by qRT-PCR [13] and virus isolation methods. Vero cells

were grown at 37 �C/5 % CO2 in minimal essential med-

ium (MEM; Gibco, NY, USA) supplemented with 10 %

fetal calf serum. The SFTSV-infected Vero cell cultures

were titered, and their TCID50 values were determined

according to previously described methods [1, 13]. To

evaluate the specificity of this assay, other bunyaviruses

and pathogens that cause similar symptoms were used in

our experiments (Table 1). Viral RNA specimens were

extracted from virus suspensions (200 ll) using a Roche

High Pure Viral RNA Kit (Roche, Mannheim, Germany) in

accordance with the manufacturer’s instructions. The RNA

was dissolved in 50 ll DEPC-treated water and stored at

-80 �C. All SFTSV culture and RNA extraction proce-

dures were done in Biosafety Level 2 facilities.

To design the SFTSV-specific primers, all available

SFTSV L/M/S segment sequences in GenBank were

retrieved and analyzed using the ClustalX alignment pro-

grams [14] to identify conserved regions (accession numbers

of these SFTSV segments are given in Online Resource 1).

Three sets of six SFTSV-specific primers were designed

using LAMP primer design software (PrimerExplorer V4;

http://primerexplorer.jp/elamp4.0.0/index.html) as descri-

bed previously by Notomi et al. [5]. The practicality and

specificity of all primer sets were evaluated by BLAST

(http://blast.ncbi.nlm.nih.gov/Blast.cgi) and tested with

different SFTSV isolates. After these preliminary screens,

the best-performing primer set was selected. This primer set

consisted of two outer (F3_S, 50-CAG ATA CCC CCG CAG

TTG-30 and B3_S, 50-AGA GGT TGA TGG CAC TCC

A-30), two inner (FIP_S, 50-TAT CTC CCA GTG GGG CCA

GCT CCA AAG GCC ATG CAC ATC-30 and BIP_S,

50-GTG GGA AGG CTC TGC GCT ACT GAG AGG GCA

GAA ACC AGG-30) and two loop (LF_S, 50-AAG GTT

GAG AAT TAT CCC CCT G-30 and LB_S, 50-CCT CAC

AGG AGT GAT TGA GAG-30) primers that recognize eight

distinct regions on the S segment of SFTSV strain LN3.

(S segment: HQ141612.1). The details of this primer set are

shown in Online Resource 2.

RT-LAMP was conducted using a Loopamp RNA

Amplification Kit (Eiken Chemical Co., Ltd. Tokyo,

Japan). The reaction was carried out in a reaction mixture

(25 ll) containing 40 pmol of each of the inner primers

(FIP and BIP), 5 pmol each of the outer primers (F3 and

B3), 20 pmol each of the loop primers (LF and LB),

12.5 ll of 29 reaction mix, 1.0 ll of enzyme mix, and 5 ll

of template RNA. Total RNA extracted from uninfected

Table 1 Pathogens used in

specificity evaluation
Pathogen Strain Concentration

SFTSV Strains JN001 to JN006 104 TCID50 ml-1

HFRS Hantaan virus Strain Z10 106.0 CCID50 ml-1

HFRS Hantaan virus Strain Z37 106.0 CCID50 ml-1

Yellow fever virus Strain 17D [3.66 log LD50

Japanese encephalitis virus Strain SA14-14-2 [5.7 log PFU ml-1

Human enterovirus 71 HEV71/Jinan035/SD/CHN/2011(C4) 106.5 TCID50 ml-1

Coxsackievirus A16 COXA16/Jinan034/SD/CHN/2011(B1) 106.1 TCID50 ml-1

Influenza virus A/Shandongtianqiao/SWL192/2011(H1N1) 106.0 TCID50ml-1

Influenza virus B/Shandongzhangqiu/1171/2011(Victoria) 105.2 TCID50 ml-1

Rotavirus Strain LLR 105.5 CCID50 ml-1

Leptospira interrogans Strain CMCC(B) 56110 109.3 ml-1

Human granulocytic anaplasmosis RNA extracted from HGA-positive

white blood cell specimens

(SD10039, human white blood cell, China, 2010)
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Vero cell culture was used as a negative control. The

positive control RNA (PC RNA) provided in the Loopamp

RNA Amplification Kit was used as a positive control. The

reaction mixture was incubated at 63 �C for 30 min. After

the reaction, the products were analyzed by 1 % agarose

gel electrophoresis. The reaction results were also con-

firmed by the SYBR-RT-LAMP or FDR-RT-LAMP

methods.

Using the SYBR-RT-LAMP method, the LAMP reac-

tion can be monitored by real-time follow-up, similar to

qRT-PCR assays. The SYBR-RT-LAMP reaction was

carried out in a Stratagene MX3005P (Agilent, Germany)

by adding 1 ll of a 10-4 dilution of SYBR Green I solution

(TIANGEN, Beijing, China) with fluorescence read on the

FAM channel. The parameters were as follows: The sample

was maintained at 63 �C for 40 min, fluorescence was read

every minute, and characteristic hat-shaped amplification

curves were acquired and analyzed [15]. An assay result

was considered positive when the fluorescence increased

above the baseline value within the 40-min incubation

time.

For the FDR-RT-LAMP method, the LAMP assay

results could be determined directly by visual observation

based on color change. Fluorescent detection reagent (1 ll;

FDR; Eiken Chemical Co., Ltd., Tokyo, Japan) was added

to the LAMP amplification mixture. The reaction mixtures

were incubated at 63 �C for 30 min. For a positive reac-

tion, the color of the reaction mixture changed from dark

yellow to bright green within 30 min; a negative reaction

was indicated when the color remained dark yellow. This

color change can be observed by the naked eye under

natural light or with the aid of UV light.

To assess the sensitivity of the LAMP assay, serial

tenfold dilutions of RNA (104 to 10-1 TCID50 ml-1)

from SFTSV strain JN001 were subjected to LAMP and

qRT-PCR assays and compared. Total RNA extracted

from uninfected Vero cell culture was used as a negative

control. The reaction products were analyzed by 1 %

agarose gel electrophoresis (Gel-RT-LAMP). Addition-

ally, to compare the sensitivity of the three different

LAMP analysis methods, the same templates were also

detected by SYBR-RT-LAMP and FDR-RT-LAMP. The

qRT-PCR assay for SFTSV was conducted according to

Sun et al. [13]. All tests were repeated two times. The

results showed that the SYBR-RT-LAMP assay demon-

strated a detection limit of approximately 101 TCID50

ml-1 (Fig. 1a), equal to that for the qRT-PCR (Fig. 1b).

When determining the LAMP results by the FDR visual

detection method, a detection limit of around 102

TCID50 ml-1 of virus RNA was determined (Fig. 1c).

The Gel-RT-LAMP assay had the same detection limit

as the FDR method (Fig. 1d). According to these results,

the sensitivity of the SYBR-RT-LAMP method was

similar to that of the qRT-PCR assay. The sensitivity of

the FDR-LAMP assay was equal to that of the Gel-

LAMP, and ten times lower than for the real-time SYBR

reaction and qRT-PCR methods (Fig. 1e).

The specificity of the LAMP assay was evaluated by

cross-reactivity tests with other bunyaviruses and related

viruses, which possibly cause similar symptoms. The RT-

LAMP assay was also tested against RNA extracted from

other pathogens as outlined above. The RT-LAMP results

were determined by the FDR visual detection method and

agarose gel electrophoresis. No positive results were

observed using these methods except for six SFTSV strains

(Online Resource 3).

To evaluate the clinical diagnostic capability of the

FDR-RT-LAMP assay, detection was carried out with

clinical sera (n = 53) and healthy human sera (n = 30) in

a blinded manner. Of the 53 clinical cases, 20 were

SFTSV-positive patients, 17 were non-SFTSV patients

who exhibited similar symptoms, and 16 were patients that

had been in close contact with SFTS patients. The patients

from whom clinical samples were obtained remained

anonymous. Local ethical approval was obtained, and

international guidelines were followed for the use of clin-

ical materials and access to diagnostic results. Total RNA

from each serum sample was extracted manually using a

Roche High Pure Viral RNA Kit. The RNA solution (5 ll)

was added to the LAMP reaction tubes as the template. The

color of the reaction mixture changed from yellow to bright

green within 30 min, and this was considered a positive

result. Every detection result was validated using the

SYBR-RT-LAMP method. All serum samples were pre-

viously confirmed by virus isolation and qRT-PCR

according to the ‘Guidelines for the diagnostic and treat-

ment of SFTSV 2010’, issued by the Chinese Center for

Disease Control and Prevention.

The clinical evaluation results are presented in Table 2.

Eighteen positive serum samples were confirmed by the

FDR-RT-LAMP assay, while 20 serum samples were

positive by the qRT-PCR and SYBR-RT-LAMP assays.

Two positive serum samples were not detected by the FDR

method. According to these results, the sensitivity of the

FDR-RT-LAMP assay in this experiment was 90 %, the

specificity was 100 %, and the diagnostic accuracy rate

was 97.59 %. Among all 63 non-SFTSV samples, zero

false positive amplification results were observed, indi-

cating the high specificity of the RT-LAMP method. The

negative predictive value (NPV) of this FDR-RT-LAMP

assay was 96.92 %. The positive predictive value (PPV) of

this assay was 100 %. In the experiment, two SFTSV-

positive serum samples were not detected by the FDR

method (PJN2011001 and PJN2011023). Based on the

specimen records, most of the positive sera were collected

on days 1 to 11 after the onset of symptoms, but the sera

RT-LAMP assay for SFTS bunyavirus 1781
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PJN2011001 and PJN2011023 were collected on days 13

and 15 after onset. The SFTSV titer in these serum samples

was calculated from the Ct value of the qRT-PCR assay.

The SFTSV titer was 23.99 and 8.31 TCID50 ml-1 for

PJN2011001 and PJN2011023, respectively. These titers

were lower than the detection limit of the FDR-RT-LAMP

method but still within the detection range of the qRT-PCR

and SYBR-RT-LAMP assays. This may be the reason why

these two samples could not be detected by the FDR assay,

yet positive results were observed by the SYBR method

and qRT-PCR assay. These results indicate that the optimal

sample collection time for application in the FDR-RT-

LAMP assay is best restricted to within 10 days after the

onset of symptoms. This result is in accord with previous

studies regarding SFTSV-specific qRT-PCR assays [13].

In this study, we have developed a novel RT-LAMP

assay as a diagnostic method for detecting SFTSV. There

Fig. 1 Detection sensitivity of the (a) SYBR-RT-LAMP assay,

(b) qRT-PCR assay, (c) FDR-RT-LAMP assay, and (d) Gel-RT-

LAMP assay. These were tested using serial tenfold dilutions of

SFTSV RNA extracted from supernatants of infected cells. The titers

of these six specimens ranged from 104 to 10-1 TCID50 ml-1.

Specimen 7 represents the negative control. The reaction tubes of the

FDR-RT-LAMP assay and Gel-RT-LAMP assay were incubated at

63 �C for 30 min. (d) M, DNA marker DL-1000. (e) Summary table

of all sensitivity testing results

Table 2 Evaluation of clinical detection by FDR-RT-LAMP and

SYBR-RT-LAMP assays

Serum

group

Results FDR-

RT-

LAMP

SYBR-

RT-

LAMP

qRT-

PCR

Virus

isolation

SFTS

patients

Posa 18 20 20 7

Negb 19 17 17 30

Total 37 37 37 37

Close

contacts

Pos 0 0 0 0

Neg 16 16 16 16

Total 16 16 16 16

Healthy

donors

Pos 0 0 0 0

Neg 30 30 30 30

Total 30 30 30 30

a Pos, positive detection of SFTSV
b Neg, SFTSV was not detected
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has been a recent and significant increase in epidemics of

SFTSV in China. SFTSV infections have been reported in

seven provinces in central, northeast and eastern China.

Rapid detection of SFTSV is extremely important for

timely diagnosis, disease prevention and disease surveil-

lance. Additionally, as it is a tick-borne virus, most SFTSV

infections occur in remote villages and farms. The medical

resources in these regions are limited, and complicated or

expensive diagnostic methods cannot be effectively carried

out. To save lives, a detection method such as RT-LAMP

that is simple, cheap, rapid and sensitive would be ideal for

practical applications in rural areas and in the field.

In developing a rapid detection method, specificity and

sensitivity are also critical. In this research, the SYBR-RT-

LAMP method demonstrated the highest sensitivity, as it

could detect 10 TCID50 ml-1 of SFTSV. This was of equal

sensitivity to the qRT-PCR assay and 10 times higher than

that observed for the FDR-RT-LAMP and gel assays.

However, expensive and bulky instruments are needed to

carry out the SYBR-RT-LAMP assay. In contrast, the

FDR-RT-LAMP assay could be carried out on a simple

heating block, and the reaction results could be determined

directly by the naked eye. The FDR-RT-LAMP method is

therefore more suitable for application under conditions

where resources are limited. Furthermore, the FDR dye was

added during the preparation of reaction mixture, and the

reaction results could be determined directly based on color

change without opening the lids of the reaction tubes. This

aspect of the assay could prevent contamination, which is

extremely important for sequence-dependent detection

methods. Therefore, when conducting the FDR-RT-LAMP

assay, the LAMP detection process is significantly sim-

plified and can be easily facilitated under field conditions.

When assessing the specificity of this assay, high speci-

ficity was demonstrated by the FDR-RT-LAMP assay. The

primers were able to amplify all SFTSV strains but not the 11

other related pathogens. This result is consistent with other

reports regarding the specificities of LAMP assays [9–11].

In conclusion, the RT-LAMP assay for detection of

SFTSV is cheap, rapid, and accurate. In particular, the

FDR-RT-LAMP assay demonstrated high specificity and

sensitivity without the requirement for very specific and

expensive equipment and complicated techniques. The

results of the FDR assay could be determined directly

based on color change without opening the lids of reaction

tubes. The FDR-RT-LAMP assay employs regular primers

without the requirement for labeled probes, so the cost for

each LAMP reaction is seven times lower than for a

standard qPCR assay [16]. The many advantages of this

FDR-RT-LAMP assay make it suitable and useful for field

detection of SFTSV during the early stages of infection,

assisting in the control of and prevention of SFTSV

infection.
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