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Abstract
The study focused on developing an indigenous, one-step reverse transcription (RT)-PCR assay for 
detecting the porcine transmissible gastroenteritis virus (TGEV) genome. In summary, a gene construct 
and two sets of primers were designed by aligning N gene sequences from various TGEV strains, which 
were subsequently synthesized. The gene construct was sub-cloned into the pTZ57R/T vector, enabling 
the synthesis of in vitro transcribed (IVT) RNA, which served as a TGEV-positive control for RT-PCR 
protocol optimization. The assay optimization involved systematic testing of various parameters, 
including primer concentrations, magnesium (Mg++) levels, RNA template quantities, annealing 
temperatures, and other thermal variables. The analytical sensitivity was evaluated by examining 
serial 10-fold dilutions of IVT-RNA, both in actual form and when recovered from swine feces after 
spiking with the same dilutions of IVT-RNA. The developed assay demonstrated analytical sensitivities 
of 47.548 × 10² and 24.629 × 10³ RNA copies at 10-7 and 10-6 dilutions of IVT-RNA and spiked fecal RNA, 
respectively. Specificity was confirmed by testing against porcine epidemic diarrhea virus (PEDV), 
porcine reproductive and respiratory syndrome virus (PRRSV), classical swine fever virus (CSFV), swine 
influenza virus (SIV), and known TGEV-negative swine fecal or rectal swab samples (n = 320) collected 
from the field. The assay exhibited specific amplification for TGEV without cross-reactivity to PEDV, 
PRRSV, CSFV, SIV, or field samples. This one-step RT-PCR assay proved to be both sensitive and specific 
for TGEV genomic detection, offering a reliable diagnostic tool for future outbreaks and subsequent 
monitoring of TGE.
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INTRODUCTION

 Transmissible gastroenteritis (TGE) is 
a highly infectious and contagious viral disease 
affecting the gastrointestinal system of pigs, 
caused by the TGE virus (TGEV), which belongs 
to the genus Alphacoronavirus within the family 
Coronaviridae.1,2 The disease is marked by severe 
watery diarrhea, vomiting, dehydration, and 
significant case fatality, particularly in neonatal 
piglets under two weeks of age, where mortality 
rates can reach as high as 100%.3

 TGE was initially documented in the 
United States in 1946.3 Since then, it has spread 
to almost all the continents except Australia 
and Antarctica. In Asia, cases of TGE have been 
reported in countries such as China,4,5 Japan,6 and 
South Korea.7 Notably, epidemics in China have 
unveiled the emergence of novel TGEV strains that 
bear a close genetic resemblance to strains found 
in the United States, highlighting the ability of 
TGEV to undergo mutations.8,9 Some recombinant 
TGEV strains have been shown to experimentally 
infect multiple host species, adding complexity to 
both diagnosis and control measures.10

 The economic impact of TGE on the swine 
industry is substantial and is directly attributed to 
high mortality rates and production losses among 
pigs.11 Additional economic burdens arise from 
expenses related to vaccination and biosecurity 
measures. For instance, in Australia, a study 
estimated economic losses ranging from $260 to 
$330 per breeding sow in the year following TGEV 
infection.12 Considering its impact on food security 
and animal health, the global eradication of TGE 
should remain the ultimate goal.
 Although serological evidence of TGE 
has been documented in the Indian states of 
Assam13 and Uttar Pradesh,14 the presence of 
TGEV or clinical cases of the disease in Indian 
pig populations has not yet been reported. 
Nevertheless, the proximity of clinical TGE cases 
in China and some Southeast Asian countries 
increases the likelihood of its emergence in India. 
Due to the importance of swine production in 
many regions, preventing the introduction of TGE 
across borders is of utmost importance. Rapid 
and accurate diagnostic capabilities are essential 
for the timely implementation of effective control 

measures against the disease. To cater to this need, 
the current study was undertaken to develop a 
suitable RT-PCR assay for the genomic detection 
of TGEV in pigs, ensuring diagnostic preparedness 
against TGE.

MATERIALS AND METHODS

Designing of primers and synthetic gene construct
 The nucleoprotein (N) gene sequences of 
various transmissible gastroenteritis virus (TGEV) 
strains, available in the online database (NCBI), 
were aligned to design primers and a synthetic 
gene construct. A conserved region of the N gene, 
present across multiple TGEV strains, was identified 
and used to design suitable primers through the 
online Primer3 (v. 0.4.0) software tool.15,16 To 
ensure broader coverage, degenerate nucleotides 
were incorporated into the primer sequences. 
Two sets of primers were designed: Set 1 included 
5’-CTAGAGGCAGGCAACAATYC-3’ as a forward 
primer and 5’-CRAGGYCACTGTCACCAAAA-3’ as 
a reverse primer, yielding an expected amplicon 
of 267 bp. Set 2 comprised a forward primer 
5’-TCAGCCAATTTTGGTGACA-3’ and a reverse 
primer 5’-GATGGRCGAGCATAGGCATT-3’, expected 
to amplify a 233 bp amplicon. A 650 bp fragment 
of the TGEV N gene, positions 500 to 1149, 
was selected for the construct and synthesized 
commercially within the pUC57 vector (Eurofins 
Genomics India Pvt. Ltd., India).

Sub-cloning of the gene construct
 The TGEV N gene construct was excised 
from the pUC57 vector through restriction 
endonuclease (RE) digestion using EcoRI and HindIII 
enzymes. The released fragment was subsequently 
gel-purified and ligated into the pTZ57R/T vector 
(Thermo Scientific, USA). The ligated vector was 
transformed into competent Escherichia coli 
JM109 cells, which were then cultured overnight 
on Luria-Bertani (LB) agar plates in the presence of 
ampicillin at a concentration of 100 µg/mL at 37 °C. 
Recombinant colonies, identifiable by their white 
coloration, were screened for the presence of the 
target gene insert by PCR and cultured overnight 
in LB broth containing ampicillin (100 µg/mL) at 
37 °C under constant shaking. Plasmid DNA was 
extracted from the broth culture of the confirmed 
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recombinant colonies using a plasmid extraction 
kit (Promega Corporation, USA) and subsequently 
linearized through digestion by EcoRI enzyme.

In vitro transcription (IVT) of RNA
 The linearized DNA was precipitated using 
0.5 M EDTA and 3 M sodium acetate in absolute 
ethanol. Following proteinase K treatment, the 
precipitated DNA was purified using the Phenol-
chloroform method.17 Before proceeding with 
IVT-RNA synthesis, the purified DNA was screened 
for the presence of the TGEV N gene through PCR 
analysis.
 The IVT process was carried out using 
the linearized plasmid containing the TGEV 
N gene and T7 RNA polymerase, utilizing the 
T7 transcription kit (Invitrogen, USA) as per a 
previously established method.18 To eliminate 
residual DNA, the transcribed RNA was treated 
with 8 U of TURBO™ DNase (Invitrogen, USA) 
at 37 °C for 75 min. The DNase enzyme was 
subsequently inactivated through ammonium 
acetate treatment. The RNA, now free of residual 
DNA, was purified using the Phenol-chloroform 
method.17 The purified RNA precipitate was air-
dried, dissolved in 20 µL of nuclease-free water 
(NFW), and kept at -80 °C for further use.

Testing of IVT-RNA 
 The synthesized IVT-RNA was evaluated 
using one-step RT-PCR to confirm successful 
transcription and PCR to verify the absence of 
residual DNA. The RT-PCR product was analyzed 
by gel electrophoresis. The amplified product was 
extracted from the gel using the gel purification kit 
(Qiagen, Germany) and subsequently subjected to 
nucleotide sequencing using Sanger’s sequencing 
method for confirmation.

Quantification of IVT-RNA
 The concentration of IVT-RNA was 
estimated using Qubit 4 Fluorometer (Thermo 
Scientific, USA) and expressed as copy numbers. 
The IVT-RNA was serially diluted (10-fold) in NFW 
for use in fecal spiking and to evaluate analytical 
sensitivity of RT-PCR assay.

Optimization of RT-PCR protocol
 The RT-PCR protocol was initially 
optimized with varying parameters such as 

primer concentrations (0.2, 0.4, and 0.6 µM), 
Mg++ concentration, RNA template (1 to 5 µl of 
1:10000 diluted IVT-RNA), annealing temperatures 
(47 to 57 °C) and other thermal cycling conditions 
(Table 1). Each run included TGEV N gene-specific 
IVT-RNA as the positive control and a no-template 
control (NTC). The amplified products, along with 
a suitable DNA marker, were evaluated through 
gel electrophoresis screening. 

Fecal spiking with IVT-RNA
 The assay was further evaluated by 
amplifying RNA recovered from fecal samples 
spiked with IVT-RNA. For the spiking process, 20% 
(w/v) homogenates of swine feces, previously 
tested and confirmed negative for the TGEV 
genome, were prepared in sterile phosphate-
buffered saline (PBS) and subsequently clarified 
by low-speed centrifugation (1000 g). From the 
clarified homogenate, 140 µL was spiked with 
10 µL of each IVT-RNA dilution. RNA was then 
extracted from these spiked fecal samples using 
a viral RNA extraction kit (Qiagen, Germany) and 
eluted in 35 µL of the provided elution buffer. The 
extracted RNA was subsequently analyzed for the 
presence of the TGEV N gene using the optimized 
RT-PCR protocol.

Evaluation of analytical sensitivity and specificity
 The performance of the optimized assay 
was evaluated by determining both analytical 
sensitivity and specificity. Analytical sensitivity 
was estimated in serially diluted IVT-RNA and 
RNA extracted from spiked fecal homogenates 
by calculating the copy number at the endpoint 
dilution, where a distinct amplification band was 
visible. The RNA copies were calculated using the 
following standard formulas:
 Initially, the number of moles of single-
stranded (ss) RNA was estimated as per the 
following formula:
 Moles of ssRNA are equal to mass of 
ssRNA (g)/molecular weight of ssRNA (g/mol).
 The molecular weight of ssRNA = 
(Numbers of ssRNA nucleotides × average 
molecular weight of an ssRNA nucleotide) + 
18.02 g/mol. (The average molecular weight of 
an ssRNA nucleotide is around 340 g/mol for an 
unmodified nucleotide. However, when including 
the phosphate group as part of a ribonucleotide 
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monophosphate, the average molecular weight is 
approximately 321.47 g/mol, which is often used 
in ssRNA molecular weight calculations).
 The number of ssRNA molecules (copy 
number) was then derived by multiplying the 
moles of ssRNA by Avogadro’s number (6.02214 
× 1023 molecules/mol). 
 The analytical specificity of the optimized 
assay was evaluated using RNA templates 
specific to various swine viruses, including 
porcine epidemic diarrhea virus (PEDV), porcine 
reproductive and respiratory syndrome virus 
(PRRSV) genotypes 1 (EU) and 2 (NA), classical 
swine fever virus (CSFV) and swine influenza virus 
(SIV). To further verify specificity, the assay was 
tested on 320 swine fecal samples collected from 
the field, which were known to be negative (these 
negative samples were confirmed through three 
blind passages in PK-15 cells, followed by testing 
with TGE-specific RT-PCR).19

RESULTS 

 The PCR amplification using recombinant 
plasmid DNA as a template resulted in the expected 
amplicon (267 bp), confirming the presence of 
the TGEV N gene insert in the pTZ57R/T vector. 
Based on the PCR amplification results from the 
initial optimization process with two primer sets, 
primer set-1 was selected for further optimization 
of the RT-PCR assay (Figure 1A). Primer set-2 was 
excluded from further optimization due to non-
specific amplification.
 The successful amplification observed 
using the RT-PCR protocol confirmed the 
correct synthesis of the IVT-RNA, and the lack of 
amplification using the PCR protocol indicated the 

Table 1.  Thermal conditions used for RT-PCR 
optimization

Thermal  Temp. Cycling Cycle
parameters (°C) time (n)

cDNA synthesis 45 30 min 01
Initial denaturation 95 10/5/3 min 01
Cycling denaturation 95 30/20 sec 35/39
Annealing of primers  47-57 30 sec 35/39
Elongation 72 45/30 sec 35/39
Final elongation 72 7/5 min 01

Figure 1. (A). Lane 1-2: PCR amplification using primer set 1. Lane 3-4: PCR amplification using primer set 2. Lane 
L1, L2: DNA ladder; (B). Lane 1-2: RT-PCR using IVT-RNA template showing amplification specific to TGEV N gene. 
Lane 3-4: PCR showing no amplification using IVT-RNA template, indicating complete depletion of residual DNA. 
Lane 5-6: PCR amplification using linearized DNA as a template. Lane L: DNA ladder

Table 2. Number of RNA copies in different dilutions of 
the IVT-RNA and in RNA recovered after faecal spiking

Serial Synthesized RNA from 
dilutions IVT-RNA spiked faeces
 RNA copies per RNA copies per 
 reaction  reaction

Undiluted 47.548 × 109 24.629 × 109

10˗1 47.548 × 108 24.629 × 108

10˗2 47.548 × 107 24.629 × 107

10˗3 47.548 × 106 24.629 × 106

10˗4 47.548 × 105 24.629 × 105

10˗5 47.548 × 104 24.629 × 104

10˗6 47.548 × 103 24.629 × 103*

10˗7 47.548 × 102* 24.629 × 102

10˗8 47.548 x 101 24.629 × 101

* detection limit
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absence of residual DNA in the IVT-RNA (Figure 
1B). Sanger’s sequencing of the RT-PCR product 
further validated the specificity of TGEV N gene 
amplification.
 The concentration of the IVT-RNA was 
estimated to be 8.25 µg/mL, corresponding to 
39.478 femtomoles (39.478 × 10-15 moles), or 
23.774 × 109 RNA copies per µL. The RT-PCR 
reactions demonstrated visible amplification 
bands up to dilutions of 10-6 and 10-7 of the IVT-
RNA template after 35 and 39 cycles, respectively 
(Figure 2). After spiking, a clear amplification 
band was observed at spiking dilutions up to 10-6  
following 39 cycles (Figure 3).
 The final optimized one-step RT-PCR 
reaction mixture comprised 4 µL of reaction buffer 
(5×), 0.2 mM concentration of dNTPs, 0.75 mM 
concentration of magnesium sulfate, 2 U of reverse 
transcriptase enzyme, 2 U of DNA polymerase 
enzyme, 0.4 µM concentration of each primer, 2 
µL of RNA template, and finally NFW bringing the 
total volume to 20 µL. 

 The optimized cycling parameters were as 
follows: RNA reverse transcription at 45 °C for 30 
min followed by an initial denaturation cycle of 3 
min at 95 °C. This was followed by 39 amplification 
cycles, which included a denaturation step at 95 
°C for 20 sec, an annealing step at 52 °C for 30 sec, 
and an elongation step at 72 °C for 30 sec. A final 
elongation step was performed at 72 °C for 5 min. 
The protocol, including the cDNA synthesis step, 
was completed in 1 hour and 45 min.
 The RT-PCR assay exhibited a clear 
amplification at a 10-7 dilution of the IVT-RNA 
template (2 µL), with an analytical sensitivity of 
47.548 × 10² RNA copies (2 × 23.774 × 109 × 10-7). 
After spiking fecal samples with IVT-RNA, the assay 
demonstrated an analytical sensitivity of 24.629 × 
10³ RNA copies (2 × 23.774 × 109 × 10-6 × 0.518) 
at a spiking dilution of 10-6. In this context, the 
multiplication factor of 0.518 is derived from the 
value of approximately 10-0.286, corresponding to 
the dilution of 10 µL of IVT-RNA eluted in a total 
volume of 35 µL. The RNA copy numbers in various 

Figure 2. RT-PCR amplification using serial dilutions (10-fold) of the IVT-RNA specific to the TGEV N gene

Figure 3. RT-PCR amplification of RNA extracted from fecal samples spiked with serial 10-fold dilutions of IVT-RNA
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dilutions of IVT-RNA and RNA extracted following 
fecal spiking are presented in Table 2.
 The RT-PCR assay was found to be highly 
specific for detecting the TGEV genome, because 
there was no amplification with RNA from PEDV, 
PRRSV, CSFV, or SIV. Moreover, all 320 known 
negative field samples tested were consistently 
detected as negative, further validating the 
specificity of the assay.

DISCUSSION

 TGE is a transboundary disease capable of 
spreading across vast geographical areas, including 
continents. It is recognized as a reportable disease 
by the WOAH. Transmission of TGEV primarily 
occurs through a fecal-oral route, with infected 
pigs excreting large quantities of the virus in their 
feces. This makes feces a major source of TGEV 
transmission, either directly through carrier pigs 
or indirectly through some mechanical modes.2 
TGE outbreaks are common in immunologically 
naive herds.20 Due to the occurrence of TGE 
in neighboring countries like China and the 
frequent movement of humans and animals 
across international borders, especially in India’s 
northeastern states, there is a persistent risk of 
the disease spreading into India.
 Although no antigenic or genomic 
evidence of TGEV has been reported in India, 
earlier studies have documented the prevalence 
of TGEV antibodies in 20.11% and 39.4% of 
pig populations in Uttar Pradesh and Assam, 
respectively.13,14 This highlights the importance 
of active surveillance and regular monitoring 
of the Indian pig population using specific 
diagnostic tools, such as RT-PCR, to gain a clearer 
understanding of the current status of TGEV in 
the country. Effective control and prevention 
strategies for TGE rely on rapid and accurate 
diagnosis, stringent biosecurity measures, and the 
maintenance of herd immunity on farms.21

 While TGE can be presumptively 
diagnosed based on the history, clinical signs, 
and pathological findings at the necropsy, 
its clinical signature in endemic cases is not 
distinctive enough for a definitive diagnosis. 
Endemic TGE often appears in a mild, chronic 
form, with intermittent episodes of diarrhea in 
suckling or weaned piglets, making it challenging 

to diagnose.2,20 Moreover, the emergence and co-
infection with other enteric viral pathogens, such 
as rotavirus A and C, other porcine coronaviruses, 
including PEDV, swine acute diarrhea syndrome 
coronavirus, porcine delta coronavirus, and the 
porcine hemagglutinating encephalomyelitis 
virus (which causes vomiting and wasting 
disease), lead to similar clinical symptoms, 
complicating diagnosis.22-24 Therefore, TGE must 
be differentiated from these diseases for a specific 
and accurate diagnosis. Furthermore, it should also 
be distinguished from non-viral infections caused 
by several bacterial pathogens, such as Escherichia 
coli, Clostridium spp., Salmonella spp., etc., as 
well as many parasitic pathogens like certain 
nematodes, Cystoisospora sp., etc., all of which 
can be present with similar clinical signs.20,25

 Hence, laboratory testing using one 
or more specific diagnostic techniques, such as 
PCR is required to perform an accurate disease 
diagnosis.21 PCR-based techniques are highly 
useful for detecting the genome of the target 
pathogen in a variety of clinical or biological 
specimens such as feces, intestinal samples,  
etc.26,27 For RNA viruses like PEDV or TGEV, RT-
PCR technique can be applied to test the weaned 
and older pigs, which have low virus load, exhibit 
mild clinical signs, or possess less prominent 
lesions.28,29 Several one-step RT-PCR assays have 
previously been employed for the genomic testing 
of TGEV.19,29

 To assess the performance of a diagnostic 
test, specificity, and sensitivity are considered 
the most important parameters. Various factors, 
including the primer sequences, play a significant 
role in determining the specificity and sensitivity 
of the assays meant for genomic amplification 
purposes.19,30,31 The use of primers with degenerate 
nucleotides in the present RT-PCR assay ensures 
broader coverage of the target sequence, which 
may enhance both diagnostic specificity and 
sensitivity. Additionally, the ability of this RT-PCR 
assay to detect low copy numbers of the TGEV 
N gene makes it a useful tool for the accurate 
diagnosis of TGE.
 Though the viruses can be detected by 
several other techniques like fluorescent antibody 
tests, antigen-detecting ELISAs, streptavidin-biotin 
methods, etc., these techniques are cumbersome 
and require more time to perform.19 The present 
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RT-PCR assay is rapid to perform and can give 
results quickly using nucleic acid from clinical fecal 
samples or rectal swabs of the pigs. TGE diagnostic 
facilities using conventional PCR can be easily 
established in Veterinary healthcare institutions 
and peripheral diagnostic laboratories.

CONCLUSION

 This study presents a highly specific and 
sensitive one-step RT-PCR assay designed to detect 
the TGEV genome in fecal samples from pigs. The 
assay holds the potential for diagnosing TGE in 
case of future outbreaks and can also be employed 
for further monitoring of TGE in the Indian pig 
population, aiding the implementation of suitable 
and effective control strategies against the disease.
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