
02/08/2010

1

Detection and differentiation of 

coronaviruses

Jianfei Chen

Division of Swine Infectious Diseases,

National Key Laboratory of Veterinary Biotechnology,

Harbin Veterinary Research Institute (HVRI),

Chinese Academy of Agricultural Sciences (CAAS)

P.R. China

Madrid,14th,July 2010

Coronaviruses are enveloped, 

single-stranded, positive-sense 

RNA viruses, 

Having the largest genomes (27ï

32 kb) known for an RNA virus,

The genomes are infectious.

Coronaviruses

Background

Natural hosts
Background

Human ȁChicken ȁPigȁCow :

Respiratory infection/ Enteritis

Turkey ȁ Dog :

Enteritis

Rat:

Respiratory infection

Mouse:

Respiratory infection/Enteritis /Hepatitis/

Encephalitis

Cat:

Respiratory infection/Enteritis /

peritonitis

Diseases of coronaviruses

Background

Coronavirus  proteins

Structural proteins

S (spike) protein (150kD)

M (membrane) protein (29-31kD)

E (envelope) protein (9-12kD)

N (nucleocapsid) protein (60kD)

HÊhemagglutinin esterasẽ

protein (65kD)

Background
Structure of genome

Containing a basic set of genes: the replicase (Rep 1a and 1b), the 

spike (S), envelope (E), membrane(M), and nucleoprotein (N) 

arranged in the order 5ô-Rep1a-1b-S-E-M -N-3ô.

Background
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Nidovirales Coronaviridae

Arteriviridae

Roniviridae

Coronavirinae

Torovirinae

Scotophilus Bat coronavirus 512

Rhinolophus Bat coronavirus HKU2

Porcine epidemic diarrhea virus (PEDV)

Miniopterus Bat coronavirus HKU8

Miniopterus Bat coronavirus 1

Human coronavirus NL63

Human coronavirus 229E

Alphacoronavirus 1

Alphacoronavirus

Gammacoronavirus

Beluga whale coronavirus SW1

Avian coronavirus

Betacoronavirus

Tylonycteris Bat coronavirus HKU4

Severe acute respiratory syndrome-

related coronavirus

Rousettus Bat coronavirus HKU9

Pipistrellus Bat coronavirus HKU5

Murine coronavirus

Human coronavirus HKU1

Betacoronavirus 1

(ICTV 2009 MASTER SPECIES  LIST VERSION 4)

Virus classification

Where is transmissible 

gastroenteritis virus (TGEV)?

Background

1. Epidemiology  of  TGE and  PED

TGE and PED

TGE,PED are two acute, highly contagious, enteric viral diseases 

of swine characterized by vomiting, watery diarrhea, and a high 

mortality.

vomiting watery diarrhea

Epidemiology

1. First reported in 1946 in the U.S.

2. First observed in 1956 in Guangdong province, China 

3. First detected and isolated in 1973 in China.

4. Now has been reported in more than 25 provinces in 

China.

Epidemiology

TGE

1. First reported in 1971 in England 

2. The causative agent confirmed as PEDV in 1978

3. First observed in 1973 in Shanghai in China

4. Confirmed as PEDV by fluorescent antibody test and     

serum  neutralization test 

5. Now has been reported in more than 24provinces in 

China

Epidemiology

PED

Epidemiology
Phylogenetic analysis for TGEV
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Based on S gene

Wang et al.Virus Genes (2010) 40:403ï409
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Wang et al.Virus Genes (2010) 41:47ï58

Phylogenetic relationships based on the N genes of the

Chinese field TGEVs in comparison with reference TGEVs and PRCV-ISU-1

Epidemiology

Chen et al.,Virus Genes (2008) 36:355ï364

Phylogenetic analysis for PEDV
Epidemiology

Based on M genes

Chen et al.,Arch Virol (2010) 

DOI 10.1007/s00705-010-0720-2

Epidemiology

Based on ORF3 

genes

2. Detection for TGEV and  PEDV

DetectionMethods
Isolation of virus;

Direct electron microscopy (EM);

Immunoelectron microscopy (IEM);

Immunohistochemical technique;

In situ hybridization; 

Chromatographic immunoassy (Ag of Ab);

Focus formation assay (peroxidase-antiperoxidase staining);

Direct immunofluorescence (IF);

Indirect immunofluorescence (IIF);

ELISA (Ag or Ab);

Blocking ELISA (Ab);

RT-PCR; Nested RT-PCR;

Real time RT-PCR

95bp

Amplification of 

TGEV N gene 

1.TaqMan Fluorescence Quantitative (FQ)

RT-PCR for Detecting TGEV

Detection for TGEV

Bai et al., Acta Veterinaria et Zootechnica Sinica2007 ,38 (5) :476͘ 481
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The curves of FQ RT-PCR

the standard curve for TGEV

Dynamic curve for TGEV

1

2

3

4

5

1. 2.62× 109copies/µl̕ 2. 2.62× 108copies/µl̕

3. 2.62× 107copies/µl̕ 4. 2.62× 106copies/µl̕

5. 2.62× 105copies/µ 

Detection for TGEV

Bai et al., Acta Veterinaria et Zootechnica Sinica2007 ,38 (5) :476͘ 481

Sensitivity of FQ RT-PCR 

95bp

Detection for TGEV

Bai et al., Acta Veterinaria et Zootechnica Sinica2007 ,38 (5) :476͘ 481

Specificity of FQ RT-PCR

The dynamic curves for CSFV(1),PRV(2),IBV(3) and PEDV(4)̕
Negative control(5); Positive control(6).

Detection for TGEV

Bai et al., Acta Veterinaria et Zootechnica Sinica2007 ,38 (5) :476͘ 481

Reproducibility of FQ RT-PCR

All the CVs were less than 3%

Bai et al., Acta Veterinaria et Zootechnica Sinica2007 ,38 (5) :476͘ 481

Detection for TGEV

Detection of TGEV in field samples by 

FQ RT-PCR

Bai et al., Acta Veterinaria et Zootechnica Sinica2007 ,38 (5) :476͘ 481

Detection for TGEV

2. SYBR Green-I real-time RT-PCR

for detecting TGEV

109bp

200bp

100bp

Detection for TGEV
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The curves of SYBR Green-I real-time RT-PCR 

for TGEV

Detection for TGEV

cyclenumber

F
lu

o
re
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n

tV
a
lu

e

1 2 3 4 5 6 7

Amplification curve for TGEV

1. 6.8× 108 copies/µL, 2. 6.8× 107copies/µL, 

3. 6.8× 106 copies/µL, 4. 6.8× 105copies/µL, 

5. 6.8× 104 copies/µL, 6. 6.8× 103 copies/µL, 

7. 6.8× 102 copies/µL  8. negative control

Standard curve for TGEV

correlation coefficient (R2): 0.99678

Efficiency:1.11

8

Specificity of SYBR Green-I real-time 

RT- PCRfor TGEV

1

2-6

cycle number

F
lu

o
re

s
e

n
t 

V
a

lu
e

1.TGEV;2.PEDV;3.PoRV;4.CSFV;5.PRRSV; 6.Negative control

Detection for TGEV

Sensitivity of SYBR Green-I real-time

RT-PCR for TGEV

6.8× 101

SYBR Green-I real-time PCR
Routine RT-PCR

Detection for TGEV

Reproducibility of SYBR Green-I real-time

RT- PCR for TGEV

All the CVs were less than 5%

3.070.34722.9524.3823.910.560.20324.4024.1324.286.8× 102

1,760.35221.0421.0620.540.880.30521.7821.4021.596.8× 103

0.620.32518.4818.3118.472.110.64818.5819.3718.876.8× 104

321321 CV%SD

The CT values of 3 tests

CV%SD

The CT values of 3 tests

inter-assayintra-assay

Standard

(copies/µ

L)

The analysis of reproducibility for TGEV

Detection for TGEV

Detection of TGEV in field samples by 

SYBR Green-I real-time RT-PCR

Detection for TGEV

SYBR Green-I real-time RT-PCR for 

detecting PEDV

101bp

Detection for PEDV


