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Specific Detection of Bovine Coronavirus N Protein with TaqMan Probe qRT-PCR
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ABSTRACT 

Background: Bovine Coronavirus (BCoV) can cause acute diarrhea in newborn calves and adult cattle. BCoV infection 
may cause losses to production by reduced weight gain and milk yield of the infected animals. Several methods have been 
applied to detect and diagnose BCoV. However, each assay has its deficiency. Currently, real-time quantitative PCR (qRT-
PCR) has been utilized to identify and quantify many viral pathogens since it is a highly sensitive. However, the technical 
assay varies due to normalization control of the signal with an internal standard, typically a housekeeping gene. 
Materials, Methods & Results: The present study was aimed to establish a novel TaqMan probe real-time PCR (qRT-PCR) 
for detecting bovine coronaviruses (BCoV), and also to develop a diagnostic protocol which simplifies sample collection 
and processing. One pair of specific primers, one pair of universal primers and a TaqMan probe were designed from the 
known sequences of conserved nucleocapsid (N) protein of BCoV. Reaction systems of TaqMan qRT-PCR were optimized 
including concentrations of the primers and probe as well as annealing temperatures. Prior to optimizing the assay, the 
recombinant plasmids of pMD18-T-BCoV-N were successfully constructed to make standard curves. The sensitivity, speci-
ficity and reproducibility were evaluated on the TaqMan qRT-PCR, respectively. A total of 321 feces specimens collected 
from diarrheic calves were detected with this assay. The results showed the optimized reaction conditions for qRT-PCR 
were 14.5 μM/L primers, 19.5 μM/L probes and 45.0°C annealing temperatures. The established TaqMan qRT-PCR assay 
could specially detect BCoV without detecting any other viruses. Its minimum detection limit was 4.72 × 101 copies/μL. 
However, universal PCR could detect only 4.72 × 103 copies/μL. Its sensitivity was 100-fold stronger than universal PCR. 
In conclusion, this TaqMan qRT-PCR had excellent specificity, sensitivity and stability with a 100-fold sensitivity stron-
ger than universal PCR. Minimum detection limit was 4.72 × 101 copies/μL. This method was a cost-effective method to 
diagnose diarrhea and distinguish pathogens in dairy farms.
Discussion: In this study, the authors developed a quantitative real-time PCR (qRT-PCR) based on the TaqMan probe of 
BCoV. This TaqMan qRT-PCR assay selected and used one pair of specific primers (BCoV-qF/BCoV-qR) and a specific 
TaqMan probe (BCoV-probe) targeting the conserved nucleocapsid (N) gene. The specificity of primers and probes was 
validated with Primer-BLAST. The specificity of the qRT-PCR was confirmed by the negative control and other six viruses. 
The findings demonstrated that TaqMan qRT-PCR could only detect BCoV. This verified the qRT-PCR had an excellent 
specificity. It was testified that this TaqMan qRT-PCR assay can detect only BCoV with stronger sensitivity and reproduc-
ibility than universal PCR methods. The sensitivity test indicated the minimum detection limit of the TaqMan qRT-PCR 
was 4.72 × 101 copies/μL, or 47.2 copies/μL. Sensitivity of the TaqMan qRT-PCR assay was increased by 100-fold as 
compared to universal PCR with a good inter-assay and intra-assay reproducibility. Thereby, based on the high sensitiv-
ity of the assay of this qRT-PCR assay it may be a cost-effective method to diagnose BCoV infections and indentify the 
etiologic agents of diarrhea syndrome in the dairy farms. 
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INTRODUCTION

Neonatal calf diarrhea (NCD) is a major cause 
of morbidity, mortality and economic losses in cattle 
farms [16]. Bovine coronavirus (BCoV) is an important 
pathogen of NCD worldwide. Coronaviruses contains 
a positive sense single stranded RNA genome, coding 
for five major structural proteins: including the nu-
cleocapsid (N), spike (S) and non-structural proteins 
[18,19,23]. 

BCoV infection may cause losses to produc-
tion by reduced weight gain [9] and milk yield [3, 
22]. BCoV was detected in 18.95% (36/190) of the 
samples by reverse transcriptase polymerase chain 
reaction in China. BCoV also resulted in yak diar-
rhea of China [10]. BCoV was more likely to be 
detected in diarrheic calves than healthy calves [7]. 
It is very urgent to early diagnose and control dairy 
calves diarrhea [12]. However, there are few reports 
on Mecular characterization of bovine coronavirus, 
and little data exists apart from serological studies 
[7,8]. 

Several methods have been applied to detect 
and diagnose BCoV, such as viral culture, antigen-
capture ELISA, hemagglutination assay and PCR 
[4,21]. The universal PCR was reported for the detec-
tion of several animal and human viruses [5,17]. The 
real-time quantitative PCR (qPCR) has been utilized 
to identify, genetype and quantify many viral patho-
gens since it is a highly sensitive [14,25]. However, 
this technique differed in the sensitivity and specific-
ity among the different reports [24]. To circumvent 
these limitations, The aim of the present study was to 
develop a qRT-PCR based on the TaqMan probe, ad-
ditionally to establish an accurate and rapidly method 
for detecting BCoV.

MATERIALS AND METHODS

RNA extraction from feces samples and BCoV SWMU 
strains

A total of 321 feces samples collected from 
the calves (less than 6 months old) with obvious diar-
rhea from six different cattle farms in Gansu Province 
of China. Feces samples were fully resuspended in 
phosphate-buffered saline (1:5 w/v) and centrifuged 
at 8000 g for 10 min. Total viral RNA was extracted 
from the using the TIANamp Virus RNA Kit1 comply-
ing with the manufacturer’s protocol. 

The fragments were cloned into the pMD-
18T vector2. The recombinant plasmids were used as 
standards in real-time RT-PCR. The plasmids were 
quantified using the following formula: Y (copies/μL) 
= [concentration of plasmid DNA (g/μL)/plasmid DNA 
length (bp) × 660] × 6.02× 1023 [26]. The cDNA was 
synthesized using the PrimeScript™ RT Reagent kit3 
according to the manufacturer’s instructions, and then 
stored at -80°C for the subsequent tests.

Primers and probe design 

The full-length genome of the nucleocapsid (N) 
protein of BCoV was obtained from the GenBank da-
tabase (Gene Accession No: MK095166, KT318096.1, 
FJ938064, KT318094.1). We designed one pair of uni-
versal primers (BCoV-F/BCoV-R), one pair of specific 
primers (BCoV-qF/BCoV-qR) and a specific TaqMan 
probe (BCoV-probe) according to the gene sequence of 
BCoV N protein using Primer 7.0 software. Both 5’-end 
and 3’-end of the BCoV-probe were labeled with CY3 
and BHQ2, respectively. The specificity of the designed 
primers and probes was verified with Primer-BLAST on 
NCBI online. The primers and probes were synthesized 
by the TAKARA Bio Inc4 (Table 1).

Table 1. Primer and probe sequences for qRT-PCR.

Primer Primer sequences (5'→3') Tm
Frame 
length

CG Product length/bp

BCoV-F 
(509-531)

AGGCTATTCCGACTAGGTTTCCG 63.2 23bp 52.2%

699
BCoV-R 

(1185-1207)
GTCCRTTCTTCTGRCCRCGMTGA 66.2 23bp 56.5%

BCoV-qF TGCTCCTAATTCCAGATC 59.5 18bp 44.4%

194BCoV-qR CAGTCTGCTTAGTTACTTG 59.1 19bp 42.1%

BCoV-probe CY3-CGCATCCAGTAGAGCCTCTAGTG-BHQ2 69.1 23bp 56.5%
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Construction of standard plasmids and copies

The cDNAs were amplified by PCR using uni-
versal primers. Fifty μL PCR reaction system included 
0.5 μL Takara LA Taq (5 IU/μL), 10 × LA PCR Buffer 
(Mg2+ plus, 8μL dNTP Mixture (2.5 mM) 5 μL, BCoV-
F 1 μL, L BCoV-R 1 μL, template cDNAs 5 μL and 
diethyl pyrocarbonate (DEPC) water. Reaction condi-
tions were 94°C for 5 min, 94°C for 30 s, 60°C for 45 s, 
72°C for 1 min, 35 cycles and 72°C for 10 min. Then, 
4.5 μL reaction supernatants were electrophoresed on 
1% agarose gel to identify the amplified products. 

Electrophoresis-verified PCR products were 
harvested utilizing EasyPure® Quick Gel Extraction 
Kit5 and ligated into pMD18-T vector2 for 2 h at 16°C. 
BL-21 competent cells of E. coli were transformed with 
the ligated complex at 37°C overnight.

The selected monoclonal colony was inocu-
lated into Amp/LB liquid media (5.0 mL), and gently 
shaken for 10-14 h and 37°C. Then the recombinant 
pMD18-T-BCoV-N plasmids were extracted using the 
EasyPure® Plasmid MiniPrep Kit5 and sequenced. 
The concentrations of plasmids were determined us-
ing Ultramicro nucleic acid protein analyzer6 after the 
sequencing results were identical with the sequences 
documented in GenBank. DNA copies were calculated 
based on the formula: DNA copies = [6.02 × 1023 × 
plasmid concentrations (ng/μL) × 10-9] / (660 × bp of 
standard plasmids). 

Following amplification of the recombinant 
standard plasmids, the positive plasmids were se-
quenced4. The homogy of these sequences was com-
pared with those in Genbank online of NCBI. 

Optimization of PCR reaction conditions and creation of 
standard curve

QRT-PCR was performed in a 20 μL reaction 
system [containing Premix Ex TaqTM 10 μL, forward 
primer 0.4 μL, reverse Primer 0.4 μL, TaqMan Probe 
0.8 μL, ROX Reference Dye II (50 ×) 0.2 μL, DEPC 
water 6.2 μL, plasmid template (25 ng/μL) 2 μL]. 

The optimum schemes of qRT-PCR were 
selected from the different reaction conditions in-
cluding the 10 varying primer concentrations (12.5, 
13.0, 13.5, 14.0, 14.5, 15.0, 15.5, 16.0, 16.5 and 17.0 
μM/L), probe concentrations (15.0, 15.5, 16.0, 16.5, 
17.0, 17.5, 18.0, 18.5, 19.0, 19.5 and 20 μM/L) and 
annealing temperatures (42.5, 42.7, 43.1, 43.7, 44.4, 
45.0, 45.3 and 45.5°C).

Subsequently, different concentrations of 
recombinant plasmids (from 4.72 × 107 to 4.72 × 103 

copies/μL) were amplified with the optimized TaqMan 
qRT-PCR so as to acquire the amplification melting 
curve, standard curve and regression equation. 

Specificity tests

In order to evaluate the specificity of the estab-
lished TaqMan probe qRT-PCR, this assay was used 
to synchronously detect BCoV and other six viruses 
as BVDV, such as Japanese encephalitis virus (JEV), 
Classical Swine Fever Virus (CSFV), Rabies virus 
(RABV), Bovine Rotavirus (BRV), Bovine Parvovirus 
(BPV), bovine foot and mouth disease virus (FMDV). 
Total RNAs were extracted with the methods described 
above. All these viruses were provided or gifted by 
Lanzhou Veterinary Research Institute of the Chinese 
Academy of Agricultural Sciences7 or the State Ley 
Laboratory of Biological Engineering and Technology 
of the Northwest Minzu University. They were cultured 
in the appropriate cells, respectively. Total RNAs or 
DNAs were extracted using RNA or DNA kits, respec-
tively referring to the manufacturer’s protocol. 

Sensitivity verifications

The sensitivity of the TaqMan probe qRT-PCR 
assay was assessed utilizing 10-fold dilutions (from 
4.72 × 1011 to 4.72 × 100 copies/μL) of the constructed 
recombinant plasmids, respectively under the opti-
mized reaction systems. The correlated CT values 
were used to set the standard curves for absolute quan-
tifications [6]. The detection results were compared 
with those of universal PCR so as to determine the 
minimum detection limit. The distilled water served as 
negative controls and blank. The tests were deployed 
in triplicate. 

Repeatability tests

In order to verify the repeatability (or stability) 
of TaqMan qRT-PCR assay, the intra-assay and inter-
assay repeatability were evaluated testing at least three 
times the same plasmids in one experiment. Intra-assay 
and inter-assay coefficients of variation (CVs) were 
calculated by dividing the standard deviation of each 
tested plasmid by its mean and multiplying that result 
by 100, respectively. 

Verification of clinical specimens

Special emphasis was placed on the suitability 
of the tests for rapid and reliable detection of viral 
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infections in the field. Liquid or semiliquid feces speci-
mens from 321 diarrheic calves from six different cattle 
herds in Gansu Province of China were detected with 
both TaqMan qRT-PCR and common PCR to verify the 
repeatability of this qRT-PCR method. They showed 
successively diarrhea symptoms for over 3 days. The 
feces specimens were collected during days 3-5 of the 
diarrhea.

The suspensions were prepared by diluting 
the feces samples according to operation instruction 
described above. Then, total RNA was extracted from 
suspensions of feces using the TIANamp Virus RNA 
Kit1.

RESULTS

After recombinant standard plasmids of 
pMD18-T-BCoV-N were amplified, the bands of 
agarose gel electrophoresis showed the PCR product 
was 699 bp, which was consistent with the predicted 
sizes (Figure 1). The recombinant plasmids were 99% 
coincidence with the sequences recorded in Genbank. 

Figure 1. Amplification of pMD18-T-BCoV-N plasmids. PCR product was 
699 bp, which was consistent with the predicted sizes. M: 1000 bp Marker; 
1: pMD18-T-BCoV-N plasmids.

In order to find an optimum primer concentra-
tion for TaqMan qRT-PCR, the different concentrations 
of specific primer (BCoV-qF/BCoV-qR) were used in 
the experiment evaluation from 5.0 to 20.0 μM/L at the 
gradient difference of 2.50 μM/L (5.0, 7.5, 10.0, 12.5, 
15.0, 17.5 and 20.0 μM/L). The better bands were found 
within the primer concentrations from 12.5 μM/L to 

17.5 μM/L. Afterwards, the further refinement optimi-
zation was performed with 11 primer concentrations at 
the gradient difference of 0.50 μM/L (12.5, 13.0, 13.5, 
14.0, 14.5. 15.0, 15.5, 16.0, 16.5, 17.0 and 17.5 μM/L) 
[Figure 2A]. The optimum primer concentration for the 
qRT-PCR was 14.5 μM/L. 

The probe concentrations were optimized by 
two step processes. The first step of probe optimiza-
tion was performed in the gradient of 2.50 μM/L. As 
per the preliminary results of the first step. The further 
refinement selection was done in the gradient of 0.5 
μM/L (Figure 2B). The best amplification efficacy was 
acquired when the probe concentration was 19.5 μM/L. 
The optimum reaction temperature was firstly selected 
from nine annealing temperatures (41.0°C-51.0°C) in 
the tests. Then, the annealing temperatures were further 
optimized within 42.5°C-45.5°C. The results showed 
the amplification efficacy was the greatest when the 
annealing temperature was at 45.0°C (Data omitted). 

On the bases of the screen results of three 
parameters (primer concentration, TaqMan probe 
concentration and annealing temperature), we obtained 
that optimum conditions were 14.5 μM/L primer, 19.5 
μM/L probe and 45.0°C annealing temperature. Plas-
mid concentrations (from 4.72 × 107 to 4.72 × 103 cop-
ies/μL) had an excellent linear relationship with cycle 
threshold (Ct) values. Dynamic curves and standard 
curves are shown in Figure 3. Regression equation of 
the standard curve was: Y= - 3.425 log x + 45.249, 
R2 = 0.9945. Amplification efficiency was 95.856%.

As shown in Figure 4, the qRT-PCR could 
clearly detect only BCoV. But, all other viruses dis-
played no signal bands, including JEV, RABV, CSFV, 
BRV, BPV and FMDV. The results indicated that the 
established Taqman qRT-PCR had a high specificity. 

After the standard plasmids were detected with 
this qRT-PCR assay, all plasmid concentrations from 
4.72 × 1011 to 4.72 × 101 copies/μL displayed positive 
amplification signals (Figure 5A). However, universal 
PCR assay only detected 1.55 × 104 copies/μL (Figure 
5B). The findings demonstrated that the minimum de-
tection limit of the Taqman qRT-PCR was 4.72 × 101 
copies/μL, or 47.2 copies/μL. That was 100-fold higher 
than universal PCR. Repeatability tests showed the 
intra-assay and inter-assay variation coefficient (VC) 
was 0.22% - 10.39% and 0.08% - 0.47% (Table 2). 
This demonstrated that qRT-PCR shows an excellent 
repeatability, or stability.
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The qRT-PCR validation was performed in 
321 feces specimens harvested from six dairy farms. 
The results showed that 18.38% (59/321) feces 
samples were the positive for TaqMan qRT-PCR 
detection as compared to 13.39% (43/321) for the 

universal PCR. These positive specimens of TaqMan 
qRT-PCR contained all positive specimens of the 
universal PCR. The outcomes demonstrated that the 
sensitivity and specificity of qRT-PCR were greater 
than universal PCR. 

Figure 2. Optimization of primers and probe concentrations. A- Lines 1-10 represent the primer con-
centrations from 12.5 μM to 17.0 μM respectively; Line 10 represents negative control. B- Lines 1-11 
represent 15.0, 15.5, 16.0, 16.5, 17.0, 17.5, 18.0, 18.5, 19.0, 19.5 and 20.0 μM respectively; Line 12 
represents negative control.

Figure 3. Dynamics curve (A) and Sstandard curve (B) of BCoV TaqMan qRT-PCR.

Figure 4. Specificity of TaqMan qRT-PCR. Line 1 represents BCoV; 
Line 2 represents control group (JEV, RABV, CSFV, BRV, BPV and 
FMDV) and Negative control.
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Figure 5. Sensitivity assessment of TaqMan qRT-PCR and universal PCR. Lines 1-11 represent 
the concentrations of recombinant plasmids pMD18-T-BCoV-N from 4.72 × 1010 to 4.72 × 100 

copies/μL; Line 12 represents negative control;  M: 1000 bp DNA Marker.

Table 2. Repeatability of the established TaqMan probe qRT-PCR.

Concentrations
(copies/μL)

Intra-assay Ct valves Inter-assay Ct valves

Mean SD CV (%) Mean SD CV (%)

4.72×108 12.19 0.04 0.37 12.13 0.05 0.39

4.72×106 19.96 0.08 0.39 19.83 0.09 0.47

4.72×104 27.90 0.04 0.22 27.93 0.02 0.08

DISCUSSION

BCoV was detected in 18.95% (36/190) of the 
samples by reverse transcriptase polymerase chain re-
action in China. These differ in the efficiency of RNA 
extractions, reverse transcription or PCR reactions, 
leading to the unstable sensitivity and specificity. 

Bovine coronavirus (BCoV) was first identified 
during an outbreak of diarrhea among neonatal calves 
in the 1970s [15,21]. Earlier report demonstrated the 
existence of persistent infection of BCoV in cattle [11]. 
BCoV plays a major role in bovine diarrhea symptom. 

Additionally, BCoV has been identified in healthy 
calves, which complicate the assessment of its role as 
a primary pathogen [7,20]. 

 In this study, we developed a quantitative 
real-time PCR (qRT-PCR) in this study based on the 
TaqMan probe of BCoV. This TaqMan qRT-PCR as-
say selected and used one pair of specific primers 
(BCoV-qF/BCoV-qR) and a specific TaqMan probe 
(BCoV-probe) targeting the conserved nucleocapsid 
(N) gene. The specificity of primers and probes was 
validated with Primer-BLAST. The specificity of the 
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qRT-PCR was confirmed by the negative control and 
other six viruses, including JEV, RABV, CSFV, BRV, 
BPV and FMDV. The findings demonstrated that Taq-
Man qRT-PCR could only detect BCoV. This verified 
the qRT-PCR had an excellent specificity. It is obvious 
that this TaqMan qRT-PCR assay can detect only BCoV 
with stronger sensitivity and reproducibility than other 
real-time PCR methods [13,16]. The sensitivity test 
indicated the minimum detection limit of the TaqMan 
qRT-PCR was 4.72 × 101 copies/μL, or 47.2 copies/
μL. Sensitivity of the TaqMan qRT-PCR assay was 
increased by 100-fold as compared to universal PCR 
with a good inter-assay and intra-assay reproducibility. 
These outcomes are in agreement with previous stud-
ies [1,7]. Additionally, the diagnostic sensitivity and 
specificity were determined using 312 clinical samples 
from six cattle herds. The qRT-PCR showed a higher 
sensitivity and specificity in comparison with the con-
ventional PCR and 89.80% concordance between the 
two tests was found. These outcomes were similar to 
earlier reports [2,4]. 

Further, on the basis of the high sensitivity of the 
assay, we speculate that the qRT-PCR can be utilized to 
test many kinds of biological specimens and thereby be a 
cost-effective method to diagnose BCoV infections and 
Persistent infection cows by providing a reliable clinical 
examination protocol to indentify the etiologic agents of 
diarrhea syndrome in the dairy farms [12]. 

CONCLUSIONS

In conclusion, a novel TaqMan detection 
method for bovine coronavirus (BCoV) N protein 
had been successfully established in this work. Its 
minimum detection limit was 4.72 × 101 copies/μL of 
BCoV. The sensitivity was 100-fold higher than the 
universal PCR with excellent specificity and stability. 
This TaqMan qRT-PCR could rapidly detect BCoV 
and effectively identify all infected calves and cattle. 

Thereby, it may be a cost-effective method to diagnose 
diarrhea and distinguish pathogens in dairy farms. This 
novel TaqMan qRT-PCR will be beneficial for enhanc-
ing diagnostic efficiency, effectively halting the spread 
of BCoV infections as well as declining the morbidity 
and mortality of calves. 
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