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Abstract: Getah virus (GETV) infection causes sporadic outbreaks of mild febrile illness in horses and reproductive
failure in pigs. In this study, we established a reverse transcription polymerase chain reaction (RT-PCR) method to
detect GETV from suspected virus-infected samples. The reaction conditions were optimized and validated by using
RNA extracted from GETV propagated in cell culture. A GETV-specific GED4 primer set was designed and used
to amplify a 177 bp DNA fragment from a highly conserved region of the E1 glycoprotein gene in the GETV genome.
RT-PCR performed with this primer set revealed high sensitivity and specificity. In the sensitivity test, the GED4 primer
set detected GETV RNA at the level of 102.0 TCID50/mL. In the specificity test, the GED4 primer set amplified only
a single band of PCR product on the GETV RNA template, without non-specific amplification, and exhibited no cross-
reactivity with other viral RNAs. These results suggest that this newly established RT-PCR method is useful for accurate
identification of GETV infection in animals. 
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Introduction

Getah virus (GETV) belongs to the genus Alphavirus in

the Togaviridae family and infects many animal species

including primates, such as humans and monkeys [6, 11].

Like other alphaviruses, GETV is maintained in zoonotic trans-

mission cycles by mosquitoes (primarily Culex and Aedes

species) and outbreaks in vertebrate hosts tend to coincide

with regional weather conditions that affect mosquito popula-

tions [20]. GETV uses a wide variety of vertebrate hosts for

its maintenance in nature. Among the vertebrate hosts, rodents

or birds serve as a reservoir host and pigs or horses act as an

amplifying host in GETV transmission cycles [4, 7]. 

Naturally occurring disease caused by GETV infection has

only been reported in horses and pigs. GETV outbreak in

pigs appears to be age-dependent. Disease is typically sub-

clinical in adults and potentially fatal in neonates [9]. In a

few cases, reproductive failure has been reported after exper-

imental or natural infection in sows [18]. In horses, GETV

infection causes sporadic outbreaks of a mild febrile illness

characterized by pyrexia, hindlimb edema, anorexia, and urti-

carial skin rash; however, the disease is not life-threatening

[1, 2, 8, 17]. In addition, GETV confuses the diagnosis of

other infectious and noninfectious equine diseases with simi-

lar clinical symptoms such as Achilles tendinitis or desmitis

[12]. Therefore, rapid and accurate diagnosis is needed to

limit the further spread of the disease. 

Previous sero-epidemiologic studies suggested that GETV

has a wide distribution in many Asian countries surrounded

by the Pacific Ocean [19]. In Korea, three GETV strains

(QIAG9301, QIAG9302 and QIAG9303) were first identified

in 1993. Their morphology and genetic features were recently

characterized [10]. This study demonstrated that three Korean

GETV strains have a phylogenetic relationship with Chinese

and Mongolian GETV strains. Based on these findings, it was

suggested that the Korean GETV strains have been evolving

slowly and circulating extensively in Northeast Asia.

The traditional diagnosis of GETV infection is based on

virus isolation from intracerebral inoculation of suckling

mice or cell culture. In addition, serological tests, including

of hemagglutination inhibition and serum neutralization, are

regarded as a gold standard for diagnosis of GETV detec-

tion. However, these methods are either time-consuming or

labor-intensive, and require a trained operator. In veterinary

medicine, PCR assays have proven to be invaluable tools for

viral disease diagnosis, as they are specific, sensitive, and

rapid, with low-to-moderate expense. A few reverse tran-

scription polymerase chain reactions (RT-PCRs) have been

developed for detection of GETV RNA by using different

pairs of primers for differentiating among virus species. A
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triplex RT-PCR enzyme hybridization assay has been devel-

oped for simultaneous detection of GETV, Japanese enceph-

alitis virus (JEV), and Tahyna virus [3]. In this RT-PCR

assay, only clinical samples suspected of JEV infection were

tested experimentally. A multiplex RT-PCR for detection of

six major swine RNA viruses, including GETV, which was

designed to amplify a 160 bp nonstructural protein gene of

GETV, was also developed [13]. This RT-PCR assay was

able to detect GETV propagated in cell culture. 

The aim of this study was to establish a highly sensitive

RT-PCR test for detection of GETV in clinical samples. For

specific detection of GETV, four primer sets were designed

based on the highly conserved nucleotide sequences in the

E1 glycoprotein gene of the GETV genome, and their sensi-

tivity and specificity were verified for determination of opti-

mum RT-PCR reaction. 

Materials and Methods

Viruses and nucleic acid extraction

All viruses were obtained from the Animal and Plant Quar-

antine Agency (QIA), Ministry of Agriculture, Food and

Rural Affairs (MAFRA), Republic of Korea. Aino virus,

Akabane virus, Aujeszky’s disease virus (ADV), bovine ephem-

eral fever virus, bovine viral diarrhea virus, Chuzan virus,

infectious bovine rhinotracheitis virus, JEV, and porcine

rotavirus were used in this study. The Korean GETV strain

(OIAG9301) was propagated on Vero cells (African green

monkey kidney cell line, ATCC, CCL81) as described previ-

ously [10], and the virus titer was determined according to

the Reed and Muench method [15]. Viral RNA was extracted

from 200 µL aliquots of each virus solution using a RNA

extraction kit (Bioneer, Korea) according to the manufac-

turer’s instructions. The extracted RNA was dissolved in

50 µL of DNAse- and RNAse-free distilled water, and imme-

diately placed on ice. Viral DNA was extracted from 200 µL

aliquots of ADV sample using a genomic DNA extraction kit

(Bioneer).

Primer design 

Based on the alignment of the nucleotide sequences of the

E1 glycoprotein gene of Korean GETV, including QIAG9301,

QIAG9302 and QIAG9303 strains (GenBank accession No.

KR081238, KR081239 and KR081240), highly conserved

nucleotide sequences were selected to design primers for

GETV-specific detection. Four primer sets for RT-PCR were

designed based on the E1 gene from the QIAG9301 strain

and synthesized by Bioneer. Their sequence and genomic

locations are presented in Table 1 and Figure 1.

RT-PCR

RT-PCR was carried out using a Qiagen one-step RT-PCR

kit with a 50 µL reaction mixture under the following condi-

tions: 5 µL of denatured RNA, 10 µL of 5× RT-PCR buffer

(containing a final concentration of 2.5 mM MgCl2), 0.2 µM

of each primer, 0.4 mM of each deoxynucleoside triphos-

phate, and 2 µL of enzyme mixture (including reverse tran-

scriptase and hot-start Taq DNA polymerase). The reaction

mixture was incubated at 42oC for 30 min for cDNA synthe-

sis, followed by 35 cycles of denaturation at 95oC for 45 sec,

annealing at 55oC for 45 sec, and extension at 72oC for 45

sec, with final extension at 72oC for 10 min. During optimi-

zation of the RT-PCR reaction, the best annealing tempera-

tures and concentrations for each of the specific primer sets

were determined to achieve correct amplification without non-

specific PCR-products. To evaluate the diagnostic specificity

of RT-PCR for GETV detection, the nine viruses mentioned

above were used as a negative control. To determine the ana-

lytical sensitivity of RT-PCR, 107.5 tissue culture infective

dose50 (TCID50)/mL of viral suspension of QIAG9301 was

serially diluted 10-fold in α-minimum essential medium

(Gibco-BRL, USA) before RT-PCR reactions. In the case of

ADV, the viral DNA was used as a template for RT-PCR

reaction under the same conditions. The PCR products were

visualized by electrophoresis on 1.8% agarose gel in Tris-

acetate-EDTA buffer.

Table 1. Oligonucleotide primers used for the specific amplification of Getah virus (GETV) by the reverse transcription polymerase
chain reaction (RT-PCR)

Primer Sequence (5’ to 3’) Position in E1 gene* Primer set

(primer combination)

Size of amplified DNA 

fragment (bp)†

GE1F GTC AAC GGG GAG CAC ACA GT 2887–2906 GED1 (GE1F-GE1R) 500

GE1R CCG CCG AAG TCC GAT GAG TG 3367–3386 GED2 (GE2F-GE1R) 380

GE2F GAC TTC CCA CCC TAC GGG TC 3007–3026 GED3 (GE3F-GE2R) 337

GE2R GTC CGC CGG CTA CCC GCT GC 3675–3694 GED4 (GE4F-GE2R) 177

GE3F GCC AAG TGG CGG TCT GCA CG 3347–3366

GE4F ACA GCA TCA GCA TCC CCG GC 3517–3536

*The genome positions of primers are given based on published information on the structural polyprotein gene of the GETV QIAG9301
strain (GenBank accession No. KR081238). In the complete structural polyprotein gene of the QIAG9301 strain, the E1 glycoprotein gene
is located between nucleotide positions 2830 and 3762. †The expected size of the amplified DNA fragments was obtained by RT-PCR with
each of the primer sets. Primer binding regions are depicted in Figure 1. 
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Results

Primer design

Nucleotide sequence alignment was carried out based on

the E1 glycoprotein coding regions of Korean GETV strains

(QIAG9301, QIAG9302 and QIAG9303), indicating that

they shared 98.4 to 99.4% nucleotide sequence identities.

The sequence alignment data suggested that a total of five

regions with identical sequences were selected as a suitable

target to design primers for GETV-specific detection (Table

1; Fig. 1). Therefore, six primers were designed based on

highly conserved target regions. The BLAST-based search

(National Center for Biotechnology Information, USA) against

random nucleotide sequences also revealed that six primer

sequences were sufficiently distinct from the other alphavi-

rus strains (data not shown). 

Among the six oligonucleotide primers, the primer combi-

nations GE1F-GE1R, GE2F-GE1R, GE3F-GE2R and GE4F-

GE2R were used for further optimization of RT-PCR and

they were designated as GED1, GED2, GED3 and GED4

primer sets, respectively. In RT-PCR on total RNA extracted

from viral suspension of GETV, the expected sizes of DNA

fragments were specifically amplified by four primer sets.

The amplified DNA fragments for each of the primer sets,

GED1, GED2, GED3 and GED4, were 500 bp, 380 bp, 337

bp and 177 bp, respectively (Fig. 2). 

Optimization of RT-PCR reaction 

Annealing temperature and primer concentration were opti-

mized to establish a well-performing RT-PCR application.

The optimum annealing temperature of the primers was

determined by testing identical reactions containing a fixed

primer concentration, across a range of annealing tempera-

tures (51–60oC). As shown in Figure 2, all primer sets ampli-

fied the E1 gene of GETV successfully in the tested

annealing temperature range. However, in the case of GED1

and GED3 primer sets, RT-PCRs resulted in an increase in

Fig. 1. Schematic diagram of the organization of GETV genome and the location of the primers used in this study. For GETV-specific

detection, four primer sets targeting the E1 glycoprotein gene were designed and synthesized. Arrows indicate the direction of primers.

The sizes of the expected products from RT-PCR are also shown in boxes.

Fig. 2. Optimization of the annealing temperature for RT-PCR.

Gradient RT-PCRs were performed at annealing temperatures of

51oC to 60oC. DNA fragments amplified by each primer set, (A)

GED1, (B) GED2, (C) GED3 and (D) GED4, correspond to

fragment sizes of 500 bp, 380 bp, 337 bp and 177 bp, respec-

tively. Lane M, 100 bp DNA ladder.
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non-specific amplifications and decreased yield of the major

PCR band at annealing temperature in the range of 51 to

54oC. In addition, RT-PCRs with the GED3 primer set also

showed non-specific amplifications in the range of 56oC to

60oC of annealing temperature. These results thus indicated

that the optimum annealing temperature for all primer sets

was approximately 55oC. 

To optimize primer concentration, RT-PCRs were per-

formed with primers of 0.1 to 1 µM at the fixed annealing

temperature of 55oC (Fig. 3). RT-PCRs showed that the

amplification yields for each primer set were increased in a

dose-dependent manner. At a high primer concentration (0.6–

1 µM), RT-PCRs showed several inappropriate-sized PCR

bands on the ethidium bromide-stained gel. Therefore, the

primer concentration of 0.2 µM was selected as optimal for

RT-PCR. The remaining reagents, including PCR buffer,

dNTP, Mg2+, reverse transcriptase and hot-start Taq DNA

polymerase were not optimized because a commercial RT-

PCR master mix was used in all RT-PCRs. 

Sensitivity and specificity of the RT-PCR 

The analytical sensitivities of each primer set for RT-PCR

were determined on total RNA extracted from 10-fold serial

dilutions (from 101.0 to 105.0 TCID50/mL) of viral suspension,

which had a viral titer of 107.5 TCID50/mL. With all primer

sets, the expected sizes of DNA fragments were detected at

all dilutions. The detection limit of RT-PCR for the GED1

and GED4 sets was identical at a dilution of 102.0 TCID50/mL

(Fig. 4A and D). The detection limit of RT-PCR for the

GED2 and GED3 primer sets was 103.0 TCID50/mL and 102.0

TCID50/mL, respectively (Fig. 4B and C). The GED3 primer

set showed greater sensitivity than the GED2 and GED4

primer sets. The GED1 primer set was reasoned to be unsuit-

able for detection of GETV due to poor sensitivity. 

The specificity of RT-PCR was also examined by attempt-

ing RT-PCRs with GED2, GED3 and GED4 primer sets on

RNAs extracted from GETV and other nine viruses. The

viral titer of these nine viruses was 105.0 TCID50/mL. They

were used as a negative control in this assay. The GED1

primer set was excluded from this test because a non-spe-

Fig. 3. Determination of the optimal concentrations of four primer sets. RT-PCRs were performed with primer sets from 0.1 to 1 µM

at a fixed annealing temperature of 55oC. The yield of PCR products for each primer set, (A) GED1, (B) GED2, (C) GED3 and (D)

GED4 was increased in a dose-dependent manner. Lane M, 100 bp DNA ladder.

Fig. 4. Sensitivity of the primer sets for GETV-specific detection. RNAs extracted from a 10-fold serial dilution (from 105.0 to 101.0

TCID50/mL) of QIAG9301 strain were used as a template for RT-PCR. The panels indicate RT-PCR with the (A) GED1 primer set,

(B) GED2 primer set, (C) GED3 primer set, and (D) GED4 primer set. Lane M, 100 bp DNA ladder.
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cific DNA fragment was seen under major amplification in

the ethidium bromide-stained gel (Fig. 4A). As shown in Fig-

ure 5C, RT-PCR using the GED4 primer set showed better

specificity in comparison to the other primer sets tested (GED2

and GED3), because the amplified GETV-specific fragment

was only seen in the ethidium bromide-stained gel as a major

amplification. In contrast to GED4, both GED2 and GED3

primer sets showed low specificity in RT-PCR reactions. The

RT-PCR reaction with the GED2 primer set exhibited non-

specific amplification with the RNA template of porcine

rotavirus (Fig. 5A; Lane 6). In the case of the GED3 primer

set, many non-specific DNA fragments of varying sizes

appeared as a ladder or smear of bands on the ethidium bro-

mide-stained gel (Fig. 5B). Based on the sensitivity and spec-

ificity tests, the GED4 primer set was chosen as the best

primer for GETV detection. 

Discussion

In the alphavirus genome, the structural proteins are trans-

lated from an intracellular sub-genomic mRNA as a single

polyprotein in the order C-E3-E2-6K-E1 [14]. The envelope

E1 and E2 glycoproteins form heterodimers and assemble

into spikes on the virus surface, which mediate virus replica-

tion in the cytoplasm of the host cell [5]. The E1 glycopro-

tein gene contains a highly conserved sequence motif, which

likely reflects the level of cross-reactivity within subgroups

of alphaviruses [16].

The newly established RT-PCR assay was designed to

reverse transcribe GETV RNA into cDNA and amplify the

E1 glycoprotein gene by PCR under a single set of condi-

tions. In general, oligonucleotide primers have been known

as one of the most important factors influencing the effi-

ciency and specificity of an RT-PCR reaction [21]. As a

result of nucleotide sequence alignment by via BLAST search,

six oligonucleotide primers were designed based on five

highly conserved regions within the E1 glycoprotein gene of

Korean GETV. The primer sequences were not only identi-

cal in three Korean GETV strains, but also divergent from

other alphavirus strains (data not shown). 

The annealing temperature and primer concentration for

PCR reactions are known to influence the specificity of

primer hybridization to the template. To establish the ideal

conditions for individual RT-PCR with primer sets, the opti-

mum annealing temperature was first determined, and then

the effects of varying primer concentrations at that tempera-

ture were investigated. As shown in Figure 2, all primer sets

showed high affinity for template binding at temperatures in

the range of 55oC to 60oC in gradient RT-PCR assay. How-

ever, GED1 and GED3 primer sets exhibited non-specific

amplifications in RT-PCR with an annealing temperature

below 54oC, indicating possible inadequate primer hybridiza-

tion to the RNA template. Although non-specific amplifica-

tions were minimized at temperatures above 55oC, RT-PCRs

with the GED3 primer set showed undesirable PCR products at

annealing temperatures from 56oC to 60oC. Therefore, we

determined that 55oC was optimal for primer hybridization in

RT-PCR. 

To determine the optimum concentration of each primer

set, RT-PCRs were performed by adding primers of 0.1 to 1

µM to identical reactions (annealing temperature = 55oC). In

RT-PCRs with high primer concentrations (0.6–1 µM), the

accumulation of non-specific products and primer dimers

was observed in the ethidium bromide-stained gel, despite it

producing the highest amplifications. Therefore, a primer

concentration of 0.2 µM proved to be optimal for RT-PCR. 

The actual performance of the designed primers was com-

pared to select the best primer set for identifying GETV

RNA. Based on tests of sensitivity and specificity, the GED4

primer set was found to be suitable for application to the RT-

PCR established in this study. In the sensitivity test, the

GED1, GED2, GED3 and GED4 primer sets detected GETV

RNA at the level of 102.0 TCID50/mL, 103.0 TCID50/mL, 102.0

TCID50/mL, and 102.0 TCID50/mL, respectively. Although the

GED4 primer set exhibited 10-fold lower sensitivity than the

GED3 primer set, the specificity of RT-PCR with the GED4

primer set appeared to be greater than that of other primer

sets (GED2 and GED3). In the specificity test, the GED4

Fig. 5. Determination of the specificity of the primer sets avail-

able for use with RT-PCR assay to detect GETV. Primer sets

designated as GED1 were ruled out of this assay due to non-

specific amplification. Either RNA or DNA extracted from nine

viruses was used as a negative control. Lane M, 100 bp DNA

ladder; lane 1, Akabane virus; lane 2, Aino virus; lane 3, Chu-

zan virus; lane 4, Aujeszky’s disease virus; lane 5, bovine viral

diarrhea virus; lane 6, porcine rotavirus; lane 7, bovine ephem-

eral fever virus; lane 8, infectious bovine rhinotracheitis virus;

lane 9, JEV; and lane 10, GETV. 
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primer amplified only a single PCR band (177 bp) on the

GETV RNA template, with no non-specific amplification or

cross-reactivity between RNAs extracted from other viruses. 

In conclusion, this study describes the establishment, opti-

mization and performance evaluation of highly sensitive RT-

PCR assays for GETV detection in clinical samples. For spe-

cific detection, four primer sets were designed based on the

E1 glycoprotein gene of the GETV genome, and a highly

sensitive primer set was selected by performing RT-PCR with

RNAs extracted from 10-fold serially diluted viral suspen-

sion. After selecting the best primer set, RT-PCRs were per-

formed with nine viral RNAs and showed that this method is

highly specific to GETV without cross-reactivity. These results

suggest that the RT-PCR established in this study is a useful

method for screening GETV in specimens from livestock

with suspected GETV infection. For industrialization of the

newly established RT-PCR, further studies are needed to

evaluate the performance of the RT-PCR by identifying the

GETV in clinical samples showing GETV infections. 
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