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Bovine viral diarrhea virus (BVDV) causes ongoing economic losses to the livestock industry. Monitoring antibodies via enzyme-linked immunosorbent assay (ELISA) is a key tool for ensuring the eradication of BVDV from cattle herds. We developed an indirect ELISA (rE2-iELISA) using CHO-S-expressed recombinant E2 protein, the major immunogenic glycoprotein mediating viral attachment and immune evasion. Optimized assay conditions included: 0.4 μg/well antigen coating, 5% BSA blocking, 1:100 serum dilution, and 1:5000 secondary antibody dilution. The assay demonstrated exclusive specificity for BVDV-1 and BVDV-2 with detection sensitivity to 1:1,500 serum dilution. Validation revealed exceptional diagnostic performance: ROC analysis showed 0.998 AUC (cutoff=0.125), 94.8% concordance with IDEXX ELISA, and the intra- and inter-batch coefficient of variation are both less than 5%. The experimental results indicate that the indirect ELISA detection method based on BVDV rE2 exhibits good sensitivity, specificity, and stability. And a stable serological tool for BVDV surveillance and vaccine efficacy evaluation in cattle populations.
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Background

Bovine viral diarrhea virus (BVDV) is a single RNA virus of the genus Pestivirus in the family Flavivirus. Under transmission electron microscopy, BVDV particles are circular or elliptical in structure, with a diameter of approximately 50 nm (Ambinder et al., 1986). There are two biotypes of BVDV: cellular (CP) and non-cellular (NCP).BVDV can infect cattle during early embryonic development, resulting in persistently infected (PI) animals (Baker, 1995).

BVDV is categorized into three different genotypes: BVDV-1, BVDV-2, and the recently discovered BVDV-3, which is mainly found in regions such as Brazil and Southeast Asia (Elisa Riitho et al., 2020). The viral genome contains an open reading frame (ORF) that encodes four structural proteins, namely C, E1, E2, and E3, and eight nonstructural proteins, including Npro, p7, NS2, NS3, NS4A, NS4B, NS5A, and NS5B. This ORF is located between the 5’-UTR and 3’-UTR regions (Yu et al., 2000; Becher et al., 2000; Makoschey et al., 2004). As an important component of the viral envelope, E2 is an antigenic protein of BVDV, which mainly produces neutralizing antibodies against the virus and is a molecular target for BVDV genotyping and diagnosis (Henningson et al., 2013), and is also a receptor-binding protein of BVDV, whose βG hairpin structural domain plays a key role in the binding process of the virus and the receptor. The BVDV E2 protein is critical for the BVDV antigenic properties and plays a key role in immune neutralization.

Mammalian expression systems play a crucial role in the discovery of new genes, the study of protein structure and function, and the production of drugs and vaccines (Kamachi and Omasa, 2018).CHO cellular expression system is one of the most representative mammalian cellular expression systems currently available. CHO fine does not secrete, or rarely secretes, endogenous proteins, which contributes to the purification of recombinant proteins. CHO cells have been extensively studied over the past 20 years and have been a safe host for the expression of exogenous proteins. Therefore, they are more likely to receive regulatory approval from agencies such as the U.S. Food and Drug Administration (FDA) for the production of therapeutic proteins (Zhu et al., 2012).

Bovine viral diarrhea virus (BVDV) is widely prevalent in China, with high infection rates and a lack of effective treatments (Ran et al., 2019). In many countries, BVDV control strategies are built around identifying PI animals, and early detection, especially after birth, is essential for successful BVDV management. According to data from the Chinese National Veterinary Drug Database, as of May 2025, three inactivated vaccines have been approved for registration, including a monovalent vaccine made from the BVDV NM01 strain (type 1), a bivalent vaccine made from the BVDV NMG strain and the IBRV LY strain, and a bivalent vaccine made from the BVDV NM01 strain and the IBRV LN01/08 strain. Vaccination is one of the primary strategies for prevention, helping to control and eradicate many viral diseases, including BVDV. He, Y (He et al., 2023) conducted longitudinal surveillance of BVDV-neutralizing antibody titers in vaccinated cattle populations across selected Chinese provinces and municipalities from 2018 to 2021. The results demonstrated a consistent year-on-year increase in BVDV-neutralizing antibody levels, indicating that vaccination significantly enhanced the overall immune status of the cattle herds. Liu, Y (Liu, 2023) found in his research that the low detection rate of BVDV in Hebei, China, may be related to the high level of attention paid to BVDV in the cattle industry in recent years and the control measures taken by large-scale cattle farms, such as the timely removal of PI cows and vaccination. A range of diagnostic methods is currently available, such as virus isolation, immunohistochemistry, antigen-capture ELISA, and RT-PCR, each of which has its unique strengths and limitations and is suitable for different diagnostic settings. ELISA is favored because of its simplicity of procedure, high sensitivity, and specificity, making it a popular choice for the detection of BVDV in cattle. In this study, we used the CHO-S eukaryotic expression system to produce recombinant E2 (rE2) protein for BVDV. We developed an indirect ELISA method using the rE2 protein as an encapsulated antigen to improve the accuracy of BVDV antibody detection. We provide technical support for clinical diagnosis and evaluation of immunization effects and other related studies.





Materials and methods




Virus strain, plasmids, and antibodies

BVDV JL-1 strain (GenBank accession number: KF501393.1) is stored in our laboratory. The pcDNA3.1 vector was purchased from Takara Biomedical Technology Co., Ltd. (Beijing, China), His-Tag rabbit polyclonal antibody (Epizyme, Shanghai, China), goat anti-rabbit IgG (H+L), and HRP-labeled goat anti-bovine IgG (Sangon Biotech, Shanghai, China). His-Tag rabbit polyclonal antibody (Epizyme, Shanghai, China), goat anti-rabbit IgG (H+L), and HRP-labeled goat anti-bovine IgG (Sangon Biotech, Shanghai, China). Mouse anti-BVDV E2 specific monoclonal antibody (VMRD, Pullman, Washington, USA). BVDV Ab Test (IDEXX Laboratories, Inc., Westbrook, ME, USA). The iELISA detection method was established using positive and negative standard sera prepared by this laboratory. Classical swine fever virus (CSFV), bovine viral diarrhea virus (BVDV-1 and BVDV-2), bovine paramyxovirus type 3 (BPIV-3), and infectious bovine rhinotracheitis virus (IBRV) were all prepared and stored by this laboratory.





Construction of the recombinant pcDNA3.1−E2 plasmid vector

The full-length gene sequence of the E2 protein was amplified from the genomic RNA of the BVDV JL-1 strain (GenBank accession no KF501393.1) using high-fidelity reverse transcription-polymerase chain reaction (RT-PCR). The linearized pcDNA3.1(+) vector and the amplified gene fragment were ligated using a seamless cloning strategy, and the resulting construct was transformed into chemoreceptor DH5α cells. To enhance the translational efficiency and secretory expression of the target protein, the Kozak sequence (GCCACC) and the human CD5 signal peptide sequence were inserted before the start codon. In addition, a precisely designed 6× His tag (CATCATCATCATCATCAT) was introduced at the C-terminus to facilitate immunological detection and nickel column affinity purification of recombinant proteins. The constructed plasmids were extracted, verified by 1% agarose gel electrophoresis, and sequenced (Jilin Kumei Co., Ltd., Changchun, China). The target genes and sequences obtained were analyzed through multiple sequence comparisons using SnapGene software (version 6.0.2). The plasmid with 100% sequence identity was named pcDNA3.1-E2 and stored in glycerol at -80°C protected from light for later use.





Expression and purification of recombinant proteins

Transient transfection for expression of rE2 was performed using the ExpiCHO™ Expression System (Thermo Fisher Scientific, USA). The cell supernatant was collected after transfection, and the cellular supernatant was analyzed using a pre-equilibrated Ni-Sepharose HisTrap™ excel column (5 mL) through an ÄKTA explorer 100 chromatography system (GE Healthcare, USA) in a 20 mM PBS (pH 7.4) buffer system. rE2 was purified from the purified protein samples by mixing with 2× reduced SDS sample buffer and heating for 10 min at 95°C in a metal bath to denature the protein fully. Proteins were separated by 10% Tris-Glycine SDS-PAGE, followed by staining with 0.25% Coomassie Brilliant Blue R-250 for 1 h. For protein blotting analysis, proteins resolved electrophoretically in SDS-PAGE gels were electro-transferred onto PVDF membranes (Merck Millipore, USA) at a constant voltage of 15 V and stained at room temperature with 5% skim milk-TBST blocking buffer (EpiZyme, China) for 60 min. The PVDF membranes were incubated with a 1:5,000 dilution of His-tag rabbit polyclonal antibody (EpiZyme, China) at 4°C overnight. The membranes were then incubated with HRP-coupled goat anti-rabbit IgG (EpiZyme, China) at a dilution of 1:8,000 for 1 h at room temperature, and the bands were visualized by chemiluminescence using ultrasensitive ECL reagent (Beyotime, China). For glycosylation analysis, 10 µg of rE2 protein was used, and the protein was denatured with 1× glycoprotein denaturation buffer (containing 0.5% SDS and 40 mM DTT) at 100°C for 10 min. After the addition of NP-40 at a final concentration of 1% and 1× GlycoBuffer 2, 500 U PNGase F (New England BioLabs, USA) was added, and the reaction mixture was incubated for 1 h at 37°C. The previously described Western Blot process validated the reaction products.





Development and optimization of the rE2−based iELISA

To establish the iELISA method, a checkerboard titration experiment was first conducted to determine the optimal working conditions for the coated antigen and serum samples, specifically including: purifying rE2 protein was serially diluted to 8, 7, 6, 5, and 4 µg/mL as the coating concentration; BVDV-positive control serum was diluted in a 1:40 to 1:140 ratio; HRP-labeled goat anti-bovine IgG (Sangon Biotech, China) was diluted in a gradient from 1:5000 to 1:9000; simultaneously, the effects of seven blocking agents (5% HS, 3% HS, 5% BSA, 3% BSA, 5% skim milk powder, 5% gelatin, and 3% gelatin) and secondary antibody incubation time (40, 60, 90, and 120 minutes) on assay performance were systematically evaluated. The standard operating procedure is as follows: Coat overnight at 4°C with 100 µL of rE2 antigen (dissolved in 0.05 M carbonate buffer, pH 9.6), wash five times with PBST (containing 0.05% Tween-20), blocked with 200 µL of optimized blocking solution at 37°C for 2 hours; added 100 µL of diluted serum and incubated at 37°C for 3 hours, washed, then added 100 µL of optimized concentration secondary antibody and reacted at 37°C for 1 hour; after TMB color development for 15 minutes, the reaction was terminated with 50 µL of 2 M TMAH, and immediately measure the absorbance at 450 nm (reference wavelength 630 nm) using an enzyme-linked immunosorbent assay (ELISA) reader. All experimental conditions were validated through three independent replicate experiments, and the optimal reaction system was determined using the positive/negative control OD450 ratio (P/N ≥ 2.1) as the criterion.





rE2 protein-based iELISA and ROC analysis

A rE2-based ELISA was utilized for identifying specific antibodies against BVDV in 160 serum samples, comprising 80 positive and 80 negative bovine serum samples, all of which were confirmed by VNT. For ELISA testing, the samples were diluted using TBST. The cutoff value for the iELISA was determined through receiver operating characteristic (ROC) analysis, and the results were evaluated using GraphPad software. The relative sensitivity and specificity were computed, with the cutoff value established based on the maximum Youden index obtained from the ROC analysis.





Evaluation of specificity, sensitivity, and technical reproducibility

The developed ELISA method is used to detect positive sera for IBRV, BRSV, BPIV-3, and CSFV, as well as positive and negative sera for BVDV. To assess sensitivity, BVDV-positive sera were diluted from 1:100 to 1:5,000 to determine the highest dilution at which the serum could still be detected. Each sample was tested in duplicate, and the average value was calculated. Specificity and sensitivity were assessed using the same formula as for cutoff value analysis: (sample OD value − negative control OD value)/(positive control OD value − negative control OD value). Intra-assay reproducibility was evaluated by testing the same sample in five different wells on the same microplate. Inter-assay reproducibility was assessed by testing the same set of serum samples across five independently produced ELISA plate batches. The coefficient of variation (CV%) for precision analysis was calculated.





Testing of clinical samples

Between 2022 and 2024, this laboratory randomly collected 500 serum samples were tested them for BVDV antibodies using three methods: rE2-iELISA, serum neutralization (SN) (Table 1), and a commercial IDEXX-ELISA kit. Discordant results were confirmed by Western blot (WB) using BVDV whole lysate as the antigen. Statistical agreement between the methods was assessed using Cohen’s kappa coefficient (κ) and percent concordance.


Table 1 | Serum samples employed in this study.
	Sample source (province)
	Location
	Breed of cattle
	Production Stage Classification
	Immunization status (BVDV)
	VNT Positive



	Jilin
	Farm 1
	Yanbian Cattle
	Calves
Young Cattle
	Unvaccinated
	62/70 (88.6%)


	Heilongjiang
	Farm 2
	Chinese Simmental
	Adult Cattle
	Partial vaccination
	74/82 (90.2%)


	Farm 3
	Holstein
	Growing Cattle
	Partial vaccination
	76/82 (92.7%)


	Liaoning
	Farm 4
	Chinese Simmental
	Calves
Adult Cattle
	Unvaccinated
	46/66 (69.7%)


	Farm 5
	Holstein
	Adult Cattle
	Partial vaccination
	83/97 (85.6%)


	Farm 6
	Holstein
	Calves
Growing Cattle
	Partial vaccination
	89/103 (86.4%)












Results




Expression and purification of recombinant BVDV E2 protein

The recombinant BVDV E2 protein (fused with a His tag) expressed in ExpiCHO cells was analyzed by SDS-PAGE (Figure 1A) and confirmed by Western blot analysis using anti-BVDV E2 protein monoclonal antibody (Figure 1B) and anti-His monoclonal antibody (Figure 1C). The results showed that the target protein with a molecular weight of approximately 43 kDa was present in the cell supernatant but not in the negative control (Figures 1B, C). The target protein was purified from the cell supernatant using Ni-His affinity chromatography, yielding highly purified BVDV rE2 protein (Figure 1A). Analysis of the results predicted by biological software indicated that the BVDV E2 protein contains four N-linked glycosylation modification sites. Prediction by NetNGlyc 1.0 revealed potential glycosylation sites at positions 142, 211, 255, and 323. (Figure 1D). After deglycosylation treatment, the molecular weight of the protein changed from 43 kDa to approximately 38 kDa, indicating the presence of glycosylation sites (Figure 1E).
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Figure 1 | Expression and identification of BVDV rE2 protein. (A) SDS-PAGE analysis of recombinant BVDV rE2 protein expressed in ExpiCHO cells and stained with Coomassie Brilliant Blue. M, molecular marker; lane 1, cell supernatant containing the control plasmid pcDNA3.1; lane 2, purified BVDV rE2 protein. (B, C) Western blot analysis of recombinant BVDV rE2 protein using a specific monoclonal antibody against the viral E2 protein (B) and an anti-His monoclonal antibody (C). M, molecular marker; lane 1, cell supernatant containing the control plasmid pcDNA3.1; lane 2, cell supernatant containing the plasmid pcDNA3.1-E2. (D) Prediction of N-linked glycosylation modification sites on the E2 protein. (E) SDS-PAGE analysis of deglycosylated BVDV rE2 protein. M, molecular marker; lane 1, cell supernatant containing the pcDNA3.1-E2 plasmid; lane 2, pcDNA3.1-E2 protein after deglycosylation mediated by PNGase F.





rE2 protein−based ELISA and ROC analysis

The parameters of the rE2 protein-based ELISA were optimized as follows: the coating antigen concentration was set at 4 µg/mL, the serum sample dilution at 1:100(Figure 2A), and the secondary antibody dilution at 1:5000 (Figure 2B). The blocking buffer used was 5% BSA, with an incubation time of 2 hours (Figure 2C). This buffer effectively reduces background reactions and false positives. The optimal incubation times for secondary antibodies were determined to be 1 hour (Figure 2D).
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Figure 2 | Optimization of rE2-iELISA working conditions. (A) Concentration of coating antigen and dilution of serum samples. (B) Dilution of secondary antibody. (C) Blocking buffers tested: 5% horse serum (5% HS), 3% horse serum (3% HS), 5% skimmed milk powder, 3% BSA, 5% BSA, 5% gelatin, and 3% gelatin. (D) Incubation time for secondary antibody.

The assay involved testing 160 BVDV serum samples, including 80 negative and 80 positive cases. Using the rE2-iELISA method, a cutoff value of 0.125 was determined (Figures 3A, B). Samples with values ≥ 0.125 were classified as positive, while those with values < 0.125 were classified as negative. ROC curve analysis revealed an Area Under the Curve (AUC) of 0.998 (p < 0.001).

[image: Chart A shows an ROC curve with sensitivity plotted against one minus specificity, indicating diagnostic accuracy. Chart B is a scatter plot showing OD 450 values for negative and positive samples, with a cutoff line at 0.125.]
Figure 3 | Determination of diagnostic sensitivity and specificity: (A) ROC curve showing the accuracy value interpreted as the area under the curve (AUC = 0.998, p < 0.001). (B) Cutoff value and optimal diagnostic sensitivity and specificity.





Evaluation of specificity, sensitivity, and reproducibility of rE2-iELISA

To assess the specificity of the established rE2-ELISA method, we tested serum samples for antibodies against BVDV-1, BVDV-2, IBRV, BRSV, BPIV-3, and CSFV. The results showed that only serum samples positive for BVDV-1 and BVDV-2 were detected, while all other serum samples were negative. This indicates that the rE2 ELISA method has high specificity (Figure 4A). Additionally, we performed a series of dilutions on BVDV-positive serum samples to assess the sensitivity of the rE2-ELISA method. The results showed that positive results could still be detected even when serum samples were diluted to 1:1500 (Figure 4B). Furthermore, repeatability testing of the indirect ELISA method showed an intra-batch coefficient of variation ranging from 1.38% to 3.39% and an inter-batch coefficient of variation ranging from 1.36% to 4.85%, both below 5%. This confirms that the established rE2-IELISA method is reliable and stable. (Table 2).
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Figure 4 | Specificity and sensitivity tests: (A) rE2-iELISA detected no cross-reactions with sera containing antibodies against four other pathogens. (B) Sensitivity test of the rE2-iELISA.


Table 2 | Repeatability test.
	Sample
	Intra-batch
	Inter-batch


	SD± x¯
	CV%
	SD± x¯
	CV%



	1
	0.996 ± 0.032
	3.21%
	0.986 ± 0.041
	4.16%


	2
	1.321 ± 0.033
	2.50%
	1.325 ± 0.062
	4.67%


	3
	0.766 ± 0.026
	3.39%
	0.825 ± 0.040
	4.85%


	4
	1.021 ± 0.033
	3.23%
	0.996 ± 0.032
	3.21%


	5
	1.431 ± 0.025
	1.75%
	1.426 ± 0.035
	2.45%


	6
	1.16 ± 0.016
	1.38%
	1.13 ± 0.025
	2.21%


	7
	1.29 ± 0.038
	2.95%
	1.27 ± 0.039
	3.07%


	8
	1.07 ± 0.019
	1.78%
	1.32 ± 0.023
	1.74%


	9
	1.19 ± 0.028
	2.35%
	0.98 ± 0.016
	1.63%


	10
	1.26 ± 0.034
	2.70%
	1.77 ± 0.024
	1.36%











Validation of the rE2−iELISA

A comparative analysis of rE2-iELISA, serum neutralization test (SN), and commercial IDEXX-ELISA revealed significant differences in diagnostic performance among the three methods for detecting antibodies to bovine viral diarrhea virus (BVDV) (Table 3). Among 500 serum samples, the in-house rE2-iELISA demonstrated high consistency with both reference methods but exhibited minor differences in sensitivity. Compared to the SN test (430 positive and 70 negative samples), the rE2-iELISA detected 440 positive and 60 negative cases, demonstrating higher sensitivity and significant consistency (Kappa value = 0.81). WB analysis of inconsistent samples with 10 samples misclassified as false negatives by the SN test confirmed as true positives by WB. However, compared to the IDEXX-ELISA (446 positive and 54 negative samples), the rE2-iELISA showed slightly lower detection performance, with the commercial kit detecting an additional 6 positive cases confirmed by WB. The agreement between the rE2-iELISA and IDEXX-ELISA was excellent (Kappa value = 0.83), although the commercial test kit maintained a slight advantage in diagnostic accuracy. These findings indicate that the rE2-iELISA outperforms SN in terms of sensitivity and performs similarly to the IDEXX-ELISA, demonstrating its reliability while highlighting potential areas for future improvement.


Table 3 | Comparative evaluation of BVDV antibody detection methods.
	BVDV rE2−iELISA
	Serum neutralization
	IDEXX-ELISA


	Positive
	Negative
	Total
	Positive
	Negative
	Total



	Positive
	420
	20
	440
	430
	10
	440


	Negative
	10
	50
	60
	16
	44
	60


	Total
	430
	70
	500
	446
	54
	500


	Agreement
	94%
	94.8%
	 
	 


	Kappa
	0.81
	0.83
	 
	 












Discussion

BVDV is an important pathogen in the livestock industry, causing reproductive failure, immunosuppression, and mucosal diseases, resulting in significant economic losses (Ma et al., 2011). The virus can establish a persistent infection in calves, leading to continuous viral shedding and widespread transmission within herds (KhodakaramTafti and Farjanikish, 2017). Accurate and early detection of BVDV is crucial for disease management, as it helps prevent outbreaks and reduce the risk of viral transmission (Lee and Gillespie, 1957). Therefore, establishing reliable diagnostic methods is essential for monitoring BVDV infection and application. Currently, there are no specific drugs available for preventing or treating BVDV. Domestic and international methods primarily rely on comprehensive measures, including vaccination, pathogen and antibody detection, eliminating persistent infections in cattle, and population purification (Deng et al., 2015).

The indirect ELISA method for serum antibody detection has low requirements for personnel and equipment. It provides rapid and direct diagnostic results. This makes it highly valuable for detecting clinical samples and monitoring vaccine-induced immune antibodies, making it suitable for widespread use. As a common serological technique in biomedical research and clinical settings, ELISA can identify antigens or antibodies in the target organism through specific antigen-antibody interactions (Mahmoodi et al., 2014).

This technique can determine whether a host is infected with a pathogen or assess its immune response. The indirect ELISA method developed in this study has several advantages over traditional diagnostic methods. Its high sensitivity and specificity allow the detection of low concentrations of BVDV antibodies in serum samples. By using recombinant E2 (rE2) protein as the coating antigen, the detection specificity is enhanced by targeting key immunogenic viral proteins. The indirect ELISA method is cost-effective, easy to operate, and suitable for high-throughput screening, making it an ideal choice for large-scale monitoring projects.

Currently, most reported ELISA methods use recombinant proteins expressed in prokaryotic systems as coating antigens. The absence of post-translational modifications in prokaryotic expression systems often results in insufficient protein antigenicity. This not only complicates protein purification but may also reduce the sensitivity and specificity of ELISA detection (Elisa Walraph et al., 2018). To overcome these challenges, this study employed a eukaryotic expression system to prepare the recombinant E2 (rE2) protein of BVDV. Like mammalian cells, eukaryotic systems can perform complex post-translational modifications, such as glycosylation and phosphorylation, which are crucial for maintaining the structural and functional integrity of viral proteins like E2 (Pecora et al., 2014). In mammalian cell lines, Chinese hamster ovary (CHO) cells and human embryonic kidney 293 (HEK293) cells are most commonly used for recombinant protein production. CHO cells are favored for their high productivity, genetic stability, and ability to grow in large-scale serum-free suspension cultures (Jain et al., 2017). In this study, CHO cells were selected to express rE2, ensuring that the protein retains its native conformation and antigenic properties. As the primary immune system of BVDV, the E2 protein is critical for viral attachment and immune evasion. By producing rE2 in CHO cells, we ensured that the protein was suitable for diagnostic purposes.

The development of this indirect ELISA method lays a solid foundation for the development of commercial diagnostic kits for veterinary clinics and laboratories. Additionally, the successful expression of rE2 provides a basis for further research into the immunogenicity and protective potential of the E2 protein, which may be key to developing new BVDV vaccines. Continued optimization and validation of this method are essential to ensure its applicability across different geographical regions and BVDV genotypes.





Conclusion

In this study, the BVDV E2 protein was expressed in CHO-S cells and purified using GE affinity chromatography on a nickel column. An indirect ELISA was developed using the rE2 protein as the diagnostic antigen to detect BVDV antibodies. Compared to the virus neutralization test (VNT), the rE2-iELISA demonstrated higher sensitivity, specificity, and consistency. Additionally, the developed method was proven to be more sensitive and cost-effective than the VNT. The rE2-iELISA holds promise as a rapid, efficient, and cost-effective tool for large-scale BVDV infection screening and control programs.





Data availability statement

The datasets presented in this study can be found in online repositories. The names of the repository/repositories and accession number(s) can be found in the article/supplementary material.





Ethics statement

The animal studies were approved by the Ethics Committee of the Institute of Special Animal and Plant Sciences, Chinese Academy of Agricultural Sciences. The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent was obtained from the owners for the participation of their animals in this study.





Author contributions

JW: Investigation, Software, Data curation, Writing – original draft. AZ: Data curation, Writing – original draft. ZH: Writing – original draft, Investigation. BT: Writing – review & editing. SZ: Writing – review & editing.





Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This study was supported by a grant from Science and Technology of Jilin Province (20220202058NC).





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.





References

	 Ambinder R. F., Charache P., Staal S., Wright P., Forman M., Hayward S. D., et al. (1986). The vector homology problem in diagnostic nucleic acid hybridization of clinical specimens. J. Clin. Microbiol. 24, 16–20. doi: 10.1128/jcm.24.1.16-20.1986, PMID: 3013928


	 Baker J. C. (1995). The clinical manifestations of bovine viral diarrhea infection. Veterinary Clinics North America: Food Anim. Practice. 11, 425–445. doi: 10.1016/S0749-0720(15)30460-6, PMID: 8581856


	 Becher P., Orlich M., Thiel H. J. (2000). Mutations in the 5’ non-translated region of bovine viral diarrhea virus result in altered growth characteristics. J. Virol. 74, 7884–7894. doi: 10.1128/JVI.74.17.7884-7894.2000, PMID: 10933696


	 Deng M., Ji S., Fei W., Raza S., He C., Chen Y., et al. (2015). Prevalence study and genetic typing of bovine viral diarrhea virus (BVDV) in four bovine species in China. PloS One 10, e121718. doi: 10.1371/journal.pone.0121718, PMID: 25849315


	 Elisa Riitho V., Strong R., Larska M., Graham S. P., Steinbach F. (2020). Bovine pestivirus heterogeneity and its potential impact on vaccination and diagnosis. Viruses 12, 1134. doi: 10.3390/v12101134, PMID: 33036281


	 Elisa Walraph J., Zoche-Golob V., Weber J., Freick M. (2018). Decline of antibody response in indirect ELISA tests during the periparturient period caused diagnostic gaps in Coxiella burnetii and BVDV serology in pupiparous cows within a Holstein dairy herd. Res. veterinary science. 118, 91–96. doi: 10.3390/v12101134, PMID: 29421490


	 Yanliang H., Zhenguang L., Wei S., Yanxia H., Hua W., Guoqiang Z., et al. (2023). Epidemiological investigation of bovine viral diarrhea virus in some provinces of China from 2018 to 2021. Chin. J. Veterinary Med. 59(10), 9–15.


	 Henningson J. N., Steffen D. J., Topliff C. L., Kurth K. L., Dubielzig R. R., Brodersen B. W., et al. (2013). Systemic distribution of viral antigen in alpacas persistently infected with bovine pestivirus. Vet. Pathol. 50, 308–317. doi: 10.1177/0300985812447827, PMID: 22688584


	 Jain N. K., Barkowski-Clark S., Altman R., Johnson K., Sun F., Zmuda J., et al. (2017). A high-density CHO-S transient transfection system: Comparison of ExpiCHO and Expi293. Protein Expression purification. 134, 38–46. doi: 10.1016/j.pep.2017.03.018, PMID: 28342833


	 Kamachi Y., Omasa T. (2018). Development of hyperosmotic resistant CHO host cells for enhanced antibody production. J. bioscience bioengineering. 125, 470–478. doi: 10.1016/j.jbiosc.2017.11.002, PMID: 29233458


	 Khodakaram-Tafti A., Farjanikish G. (2017). Persistent bovine viral diarrhea virus (BVDV) infection in cattle herds. Iranian J. veterinary Res. 18, 154., PMID: 29163643


	 Lee K., Gillespie J. (1957). Propagation of virus diarrhea of cattle in tissue culture. Vaccine. (1957), 952–953. doi: 10.1016/j.rvsc.2010.04.024, PMID: 13470255


	 Liu Y. (2023). Establishment and preliminary application of real-time fluorescent PCR high-throughput detection system and RPA rapid detection method for bovine diarrhea pathogens. China National Knowledge Infrastructure. Master’s thesis, Hebei Agricultural University. doi: 10.27109/d.cnki.ghbnu.2023.000307


	 Ma L.-n., Zhang J., Chen H.-t., Zhou J.-h., Ding Y.-z., Liu Y.-s. (2011). An overview of ELISA techniques for FMD. Virol. J. 8, 1–9. doi: 10.1186/1743-422X-8-419, PMID: 21888667


	 Mahmoodi P., Shapouri M. R., Ghorbanpour M., Ekhtelat M., Hajikolaei M. R., Lotfi M., et al. (2014). Epitope mapping of bovine viral diarrhea virus nonstructural protein 3. Vet. Immunol. Immunopathology 161, 232–239. doi: 10.1016/j.vetimm.2014.08.012, PMID: 25205011


	 Makoschey B., Becher P., Janssen M. G. J., Orlich M., Thiel H. J., Lütticken D., et al. (2004). Bovine viral diarrhea virus with deletions in the 5’-nontranslated region: reduction of replication in calves and induction of protective immunity. Vaccine 22, 3285–3294. doi: 10.1016/j.vaccine.2004.03.003, PMID: 15308351


	 Pecora A., Malacari D. A., Ridpath J. F., Aguirreburualde M. P., Combessies G., Odeón A. C., et al. (2014). First finding of genetic and antigenic diversity in 1 b-BVDV isolates from Argentina. Res. Vet. Sci. 96, 204–212. doi: 10.1016/j.rvsc.2013.11.004, PMID: 24295740


	 Ran X., Chen X., Ma L., Wen X., Zhai J., Wang M., et al. (2019). A systematic review and meta-analysis of the epidemiology of bovine viral diarrhea virus (BVDV) infection in dairy cattle in China. Acta Tropica. 190, 296–303. doi: 10.1016/j.actatropica.2018.08.031, PMID: 30165071


	 Yu H., Isken O., Grassmann C. W., Behrens S. E. (2000). A stem-loop motif formed by the immediate 5’terminus of the bovine viral diarrhea virus genome modulates translation as well as replication of the viral RNA. J. Virol. 74, 5825–5835. doi: 10.1128/JVI.74.13.5825-5835.2000, PMID: 10846062


	 Zhu J., Wooh J. W., Hou J. J. C., Hughes B. S., Gray P. P., Munro T. P., et al. (2012). Recombinant human albumin supports single-cell cloning of CHO cells in chemically defined media. Biotechnol. Prog. 28, 887–891. doi: 10.1002/btpr.1549, PMID: 22505017







Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2025 Wang, Zhang, Hou, Tan and Zhang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fcimb-15-1631027-g002.jpg
o
-

15

40

= 1
= 1: &0

[=] (]

9SNIEA N/d

100
120
140

=2 1
=1
== |

asn[eA N/d

Dilutions of secondary antibody

= & -<]
-

BENEA Nid

-—
-

Coating concentration of E2

L) (=] L+ [=]
—

asnjeA Nid

60 a0 120

40
conjugate exposure time{ min)

Blocking Buffer





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
Intra-batch Inter-batch

SD+ x~ CV% SD+ x~
1 0.996 + 0.032 3.21% 0.986 = 0.041 4.16%
2 1321 +0.033 2.50% 1.325 + 0.062 4.67%
3 0.766 + 0.026 3.39% 0.825 + 0.040 4.85%
4 1.021 +0.033 3.23% 0.996 + 0.032 321%
5 1431 +0.025 1.75% 1.426 + 0.035 2.45%
6 1.16 + 0.016 1.38% 11340025 2.21%
7 1.29 + 0.038 v 2.95% 1.27 + 0.039 3.07%
8 1.07 + 0.019 1.78% 132+ 0.023 1.74%
9 1.19 + 0.028 2.35% 0.98 = 0.016 1.63%
10 1.26 + 0.034 2.70% 1.77 + 0.024 1.36%






OEBPS/Images/table3.jpg
Serum neutralization IDEXX-ELISA

BVDV rE2—iELISA

Positive Negative Positive Negative
Positive 420 20 440 430 10 440
Negative 10 50 60 16 ‘ 44 60
Total 430 70 500 446 ‘ 54 500

Agreement 94% 94.8%

Kappa 0.81 083






OEBPS/Images/fcimb-15-1631027-g001.jpg
M 1 2

M 1 2

T N 70kDa 70kDa
70kDa

| 50kDa 50kDa
S50kDa | .

| B 40kDa 40kDa
40kDa F—* K

E 35kDa k
35kDa t o
b E
NethGlye 1.0: predicted W-glucosulation sites in Sequence 70kDa

50kDa
40kDa

N-glycosulation potential

35kDa

o % 100 1%0 0 - - -
Sequence position






OEBPS/Images/fcimb-15-1631027-g004.jpg
2.0

1.5

1.0

'.,h "'ﬁ .
A q"" @

& &

Serum targeting different pathogens in cattle

2.5

2.0

1.5

1.0

' D B B
oy hﬁ‘l ;1'{%{ .‘-55"_\ dph q'vii: .h@f-{a hiﬁ &Qfm&fm é::. E{f Eg&: ‘;ﬁ’

sensitivity test result





OEBPS/Images/fcimb-15-1631027-g003.jpg
100

a0

&0

sensitivity®:

20

20

40 B0
100% - specificity®:

80

100

QD450

Posltive { n=30)

Hegative ( n=&0)

Determination of diagnostic sensitivity and specificity

cut off
0128





OEBPS/Images/fcimb.2025.1631027_cover.jpg
& frontiers | Frontiers in Cellular and Infection Microbiology

Expression of BVDV E2 protein in CHO-S
cells and development of an indirect ELISA
for serological detection





OEBPS/Images/table1.jpg
Sample source

(province)

Location

Breed of cattle

Production Stage
Classification

Immunization
status (BVDV)

VNT Positive

Jilin

Heilongjiang

Liaoning

Farm 1

Farm 2

Farm 3

Farm 4

Farm 5

Farm 6

Yanbian Cattle

Chinese Simmental

Holstein

Chinese Simmental

Holstein

Holstein

Calves
Young Cattle

Adult Cattle
Growing Cattle

Calves
Adult Cattle

Adult Cattle

Calves
Growing Cattle

Unvaccinated

Partial vaccination

Partial vaccination

Unvaccinated

Partial vaccination

Partial vaccination

62/70 (88.6%)

74/82 (90.2%)

76/82 (92.7%)

46/66 (69.7%)

83/97 (85.6%)

89/103 (86.4%)





