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Abstract: The object of this study is to establish an indirect ELISA method for detecting IgA antibody against porcine
epidemic diarrhea virus (PEDV) and provide a technological means to PEDV infection detection and immune effect
evaluation. Antigen coating concentration, blocking and dilution buffer, optimal dilutions of test serum and enzyme-
labeled antibody were determined and the indirect ELISA method for detecting PEDV-IgA antibody was developed.
Furthermore, the specificity, intra- and inter-batch repeatability tests of the ELISA were examined, the coincidence rate
were measured between the ELISA and the existing ELISA kit, and the correlation between the specific IgA and the
neutralizing antibodies in serum was analyzed. The results showed that the optimal antigen coating concentration of the
ELISA was 1pg/mL, the blocking and dilution buffers were PBS containing 5% calf serum and 0.05% Tween-20, and the
working concentrations of tested serum and enzyme-labeled antibody were 1:40 and 1:1500, respectively. The method
could be used to detect the PEDV specific antibodies without cross reactions with those antibodies against porcine
reproductive and respiratory syndrome virus, classical swine fever virus, pseudorabies virus, and porcine circovirus type
2 using the ELISA.The coefficients of variation (CV) of intra- and inter-batch repetitive tests of the ELISA were less
than 10%. The coincidence rate was 94.8% when the same serum samples were detected using the ELISA and existing
ELISA kit for detecting PEDV antibody. The level of specific IgA antibody was positively correlated with that of the
neutralizing antibody in serum (r=0.69, p<0.001).
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Introduction

Porcine epidemic diarrhea virus (PEDV) can infect pigs of all ages. Epidemic diarrhea (PED)™”. Sick pigs have
clinical symptoms such as vomiting, diarrhea, loss of appetite and dehydration. 2010 and Year PEDV and mutant
strains are widely prevalent in China, resulting in a large number of newborn piglets’ morbidity and mortality as
high as 100%"*. At present, PED is the main cause of diarrhea and death in piglets, which seriously threatens the
economic benefits of pig farms. PEDV belongs to Coronaviridae (Coronavirus), member of Coronavirus (Coronavirus),
genome and RNA. The total length is about 28 kb, including at least 7 open reading frames (ORFs), encoding 4
structural proteins (fibronectin S, capsular protein E, membrane protein M and nucleocapsid protein N) and 3 non-
structural proteins (replicases la, 1b and ORF3)™®. The S and S proteins are glycoproteins located on the surface of
virus particles. They are composed of 1383 aa and can be divided into S1 (1 ~ 789AA) and S2 (790 ~ 1383AA) two
domains™. S protein plays a key role in mediating virus infection, invading cells and inducing the body to produce

[9-12

neutralizing antibodies, as well as strain variation, antigen and virulence changes,”'”. Therefore, S protein is the main

target protein for vaccine and anti-body diagnostic technology research,!*'¥. PEDV mainly invades small intestine,
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local mucosal immunity and specificity of intestinal tract IgA antibody plays an important role in anti-infection!">"”, Tt

is known that serum specific antibody level and PEDV IgA antibody level are positively correlated with local mucosal
immune level. Immunization of pregnant sows and passive immunization of newborn piglets through breast milk
are effective measures to protect piglets from disease. Therefore, the level of specific antibody in maternal antibody,

131618201 Although there are reports of detection of

especially colostrum, is directly related to passive immune effect!
antibodies in milk, PEDV IgA, indirect ELISA, and research reports on methods”' ,the detection of colostrum fails to
know the antibody level of immunized sows in advance and the immune status of sows in time, and supplements or
other preventive measures are taken for sows with low immune level. In this study, recombinant PEDV S1 protein is
used as the detection antigen. By determining the coating concentration of antigen, blocking solution, antibody diluent
and working concentration of serum and enzyme-labeled antibody to be detected, the detection methods of PEDV IgA
antibody indirect ELISA are established to provide technical support for the detection and effect evaluation of PEDV

infection and host anti-infection immune level.
1. Materials and methods

1.1 Main materials

E.coli BL21 competent cells and pET-28a-PEDV-S1 recombinant expression plasmids were prepared and stored
in this laboratory. HRP- sheep anti-pig IgA, purchased from Abcam Company; IPTG, TMB substrate chromogenic
solution and BCA protein concentration determination kit, purchased from Beijing Solebo Biotechnology Co., Ltd.; Ni-
Agarose His tag protein purification kit, purchased from Beijing kang for trial Agent Biotechnology Limited; PEDV
and positive and negative antisera Antiserums to viruses such as (PRRSV), classical swine fever virus (CSFV), and
pseudorabies virus (PRV) are American Edwardson. Products of the Material Science and Technology Company;
Antiserum of porcine circovirus 2 type (PCV2) is a product of Shenzhen lvshiyuan biotechnology co., Itd.; PEDV IgA,
Antibody, ELISA and Test Kit are BIONOTE and Company Products.

1.2 Preparation of protein

According to the method of reference and 22, the pET-28a-PEDV-S1 recombinant plasmid is transformed into ¢
coli, bl21 and fine competence cell, pick out positive individual colonies and inoculate them into Kan ,+,/LB culture
medium, 37°C 200 r min ,-1 shake culture to logarithmic growth phase (OD600nm=0.6~0.8), IPTG was added at the
final concentration of 05>5 mmol L-1, 230 r min-1 at 28°C for 5 hours. collect The thallus was purified according to
the instructions of Ni-Agarose His tag protein purification kit, and the protein concentration was determined by BCA

protein concentration determination kit. after subpackaging, the protein was stored at -80°C for later use.

1.3 Determination of antigen coating concentration and sealing solution

Using square titration, different concentrations of antigen and different blocking solutions are formed into a square
matrix, and the best antigen coating concentration and blocking solution are screened. The main operation steps are as
follows: respectively adding S1, protein and 100 pL of the concentrations of 1, 2, 3, 4, 5u g ml-1 to the corresponding
wells of the enzyme standard plate, and repeating the 1 and wells for each concentration; Placing enzyme-labeled plates
at 4°C and coating overnight; Abandoning the blocking solution, adding the positive and negative serum diluted 1:40
times, 100 pL, 37°C reaction and 45 min with the above different blocking solutions; The enzyme-labeled plate was
washed according to the above method, and 100 pL 1:1500 times diluted HRP- sheep anti-pig IgA ,37°C reaction 45
min were added to each well. Wash the enzyme-labeled plate, add 100 pL. TMB to each well, develop color at room
temperature in the dark and 15 min; Add 100 p L 2 m h, 2, SO and 4 to each well to terminate the reaction. The OD, 450
nm and light absorption values” of each well were measured with an microplate reader. When the ratio of positive serum
OD 450 nm value to negative serum OD 450 nm rtOP/N) is maximum, the antigen coating concentration and blocking

solution are the best antigen coating concentration and blocking solution.

1.4 Determination of working concentration of serum to be detected and enzyme-labeled
antibody

Take the enzyme-labeled plate coated with antigen, and follow the operation steps described in square titration and
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1.3 respectively, and compare with 1:40, 1:80, and the serum to be tested diluted 1:160, 1:320 and 1:640 times reacts
with enzyme-labeled antibody diluted 1:1000, 1:1500 and 1:2000 times. Select the best working concentration of serum
to be tested and enzyme-labeled antibody.

2. Results

2.1 PEDYV antibody indirect ELSIA method

The best antigen coating concentration for the established ELISA method is 1 p g ml-1, the blocking solution and
antibody diluent are PBST containing 5% calf serum, the serum to be tested and enzyme-labeled antibody are 1:40
and 1:1500 times dilution. The main operating procedures of ELISA are as follows: coating the enzyme-labeled plate
with 1 p g ml, 1,S1, protein ,100 puL and coating overnight at 4°C; After washing, add 100 pL and blocking solution,
37°C blocking, 1 h to each well; Abandon the blocking solution, and add 100 pL1:40 diluted serum to be tested, 37°C
reaction, 45 min to each well; After washing, add 100 pL 1:1500 times diluted HRP- sheep anti-pig IgA ,37°C reaction
45 min into each well; After washing, add 100 uLL TMB color development at room temperature and away from light
15 min to each well. Add 100 u L 2 m h, 2, SO and 4 to each well to terminate the reaction. The OD, 450 nm and light
absorption values of each well were measured with an microplate reader.

2.2 Specificity

The OD450nm value was small when the antisera PRRSV, CSFV, PRV and PCV2 were detected by the established
ELISA method. At 0.304, it was negative, indicating that the established ELISA method had no cross reaction with other
antiserums (Figure 1).
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Figure 1. The specific detection of ELISA.
2.3 Repeatability

The enzyme-labeled plates are coated with the same batch or 3 and batch proteins, and the same serum is detected
respectively. Its CV is between 2.90%~6.91% and 1.92%~7.44%, which are less than 8%, indicating that the established
method has good repeatability.

2.4 Compliance rate

96 clinical serum samples were detected by the established method and foreign kits respectively. A total of 46
positive serum samples were detected by the established method and 45 positive serum samples were detected by
the kits. The positive coincidence rate of the two was 95.6%, the negative coincidence rate was 94.1%, and the total

coincidence rate was 94.8%.

2.5 Specific IgA correlation between levels and serum neutralizing antibody

By analyzing the correlation between the level of PEDV specific IgA antibody and neutralizing antibody in 94
serum samples, it can be seen that the level of specific IgA antibody in serum is positively correlated with neutralizing
antibody (r=0.69, p<0.001) (Figure 2).
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Figure 2. Correlation between the specific IgA levels and the neutralizing antibodies.

3. Discussion

In the winter of 2010 and 2010, pig epidemic diarrhea caused by PEDV and mutant strains broke out in pig farms
all over China, causing a large number of newborn piglets to die and causing huge economic losses to China’s pig
production™* Immunoprophylaxis is the key means to effectively prevent and control PED ,but there is currently a lack
of ideal immune monitoring means. It is known that newborn piglets are most susceptible to PEDV and PEDV. Viruses
mainly infect intestinal tract through digestive tract. Local immunity and specificity of intestinal mucosa IgA and

U181 The immune characteristics of this infection determine

antibodies play a major role in host anti-infection process
that the passive immunization of maternal antibody via breast milk is to prevent the early occurrence of newborn piglets
PED. Effective measures to reduce morbidity and mortality. Therefore, the immune response level of sows, especially
the specific antibody level in colostrum, is closely related to the level of primary and secondary antibodies.

Passive immune protection obtained by piglets is closely related, and it is of great practical significance to carry out
specific antibody immune monitoring on sows.

Although PEDV S protein and N protein can all be used as coating antigens for the establishment of ELISA
antibody detection methods, the S protein ratio N protein has higher sensitivity and specificity, the anti S protein
antibody lasts longer in the infected body, and the S protein is located on the surface of PEDV particles. There are virus,
receptor binding domain and antigen epitopes including neutralization epitopes, so the antibody detection technology
based on S, protein, ELISA has more advantages. It can not only detect the infection of PEDV, but also monitor the
immune response level of immunized pigs and evaluate the protective effect of passive immunization for newborn
piglets. Experiments have proved that S1 and domain have abundant antigen epitopes, can induce the body to produce
neutralizing antibodies, and has repeatability, and is expected to be further developed into a kit.

The serum of pregnant sows is positively correlated with the level of specific antibody in colostrum or milk.
Specific IgG antibody absorbed from colostrum of medium-sized piglets is proportional to its serum specific IgG level,
which can protect piglets from virus systemic infection, and specific IgA antibody in milk can provide passive protection
for piglets” intestinal tract locally'**!. Ding Zhenjiang et al.,”" have established indirect ELISA and ELISA methods
for detecting specific antibodies and IgA in milk. However, if we know in advance whether newborn piglets can obtain
passive immune protection, we must know the level of serum specific antibodies of pregnant sows before delivery, while
specific IgA plays a key role in protecting piglets from intestinal infection. In view of this, this study has established a
serum specific IgA antibody ELISA detection method, and found that the specific IgA antibody level detected by this
method is significantly positively correlated with serum neutralization activity. Therefore, the established ELISA method
can not only be used for PEDV and infection detection and epidemiological investigation, but also meet the practical
needs of monitoring the immune status of pregnant sows and predicting piglets to obtain maternal passive immune

protection, providing important technical support for the effective prevention and treatment of PEDV.

4. Conclusion

In this paper, by optimizing the concentration of antigen coating, blocking solution, diluent and the optimal
working concentration of serum to be tested and enzyme-labeled antibody, An indirect ELISA method for detecting
PEDV IgA antibody with strong specificity and good repeatability was established. The serum specific IgA antibody

level was positively correlated with neutralizing antibody (r=0.69, p<0.001). This method can not only be used for
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PEDV and infection detection and epidemiological investigation, but also can monitor the immune status of pregnant

sows and predict the effect of piglets on maternal passive immune protection.

References

1. Lee C.Porcine epidemic diarrhea virus: An emerging and re-emerging epizootic swinevirus.Virol J, 2015 12:193.

2. Li W, LiH, Liu Y, et al. New variants of porcine epidemic diarrhea virus, China, 2011. Emer Infec Dis, 2012, 18(8),
1350-1353.

3. Sun D, Wang X, Wei S, et al. Epidemiology and vaccine of porcine epidemic diarrhea virus in China: amini-review.
J Vet Med Sci, 2016,78(3):355-363.

4. Pan, Tian X, Li W, et al. Isolation and characterization of a variant porcine epidemic diarrhea virus in China. Virol
J,2012,9:195.

5. Kocherhans R, Bridgen A, Ackermann M, et al. Completion of the porcine epidemic diarrhea coronavirus (PEDV)

genome sequence. Virus Genes, 2001, 23:137-144.

6. Saif L], Pensaert MB, Sestack K, et al. Coronaviruses. In: Zimmerman JJ, Karriker LA, Ramirez A, et al., editors.
Diseases of Swine. Ames: Wiley-Blackwell; 2012. p. 501-524.

7. Jackwood MW, Hilt DA, Callison SA, et al. Spike glycoprotein cleavage recognition site analysis of infectious
bronchitis virus. Avian Dis, 2001, 45:366-372.

8. Wu XD, Shang B, Yang RF, et al. The spike protein of severe acute respiratory syndrome (SARS) is cleaved in
virusinfected Vero-E6 cells. Cell Res, 2004, 14(5):400-406.

9. Li C, Li W, Lucio de Esesarte E, et al. Cell Attachment Domains of the Porcine Epidemic Diarrhea Virus Spike
Protein Are Key Targets of Neutralizing Antibodies. J Virol, 2017,91(12). pii: e00273-17.

10. Sun D, Feng L, Shi H, et al. Identification of two novel B cell epitopes on porcine epidemic diarrhea virus spike
protein. Vet Microbiol, 2008, 131(1-2):73-81.

11. Yamamoto R, Soma J, Nakanishi M, et al.Isolation and experimental inoculation of an S INDEL strain of porcine
epidemicdiarrhea virus in Japan. Res Vet Sci, 2015, 103:103-106.

12. Suzuki T, Shibahara T, Yamaguchi R, et al. Pig epidemic diarrhoea virus S gene variant with a large deletion non-
lethal to colostrum-deprived newborn piglets. J Gen Virol, 2016, 97(8):1823-1828.

13. Hain KS, Joshi LR, Okda F, et al.Immunogenicity of a recombinant parapoxvirus expressing the spike protein of
Porcine epidemic diarrhea virus. J Gen Virol, 2016, 97(10):2719-2731.

14. Gimenez-Lirola LG, Zhang J, Carrillo-Avila JA, et al.Reactivity of Porcine Epidemic Diarrhea Virus Structural
Proteins to Antibodiesagainst Porcine Enteric Coronaviruses: Diagnostic Implications[J]. J Clin Microbiol, 2017,
55(5):1426-1436.

15. Arriba ML, Carvajal A, Pozo J, et al.Mucosal and systemic isotype-specific antibody responses and protection
in conventional pigs exposed to virulent or attenuated porcine epidemic diarrheavirus. Vet Immunol
Immunopathol,2002, 85(1-2):85-97.

16. Langel SN, Paim FC, Lager KM, et al.Lactogenic immunity and vaccines for porcine epidemic diarrhea virus
(PEDV):Historical and current concepts. Virus Res, 2016, 226:93-107.

17.Song Q, Stone S, Drebes D, et al. Characterization of anti-porcine epidemic diarrhea virus neutralizing activity
inmammary secretions. Virus Res, 2016, 226:85-92.

18. Gerber PF, Opriessnig T.Detection of immunoglobulin (Ig) A antibodies against porcine epidemic diarrheavirus
(PEDYV) in fecal and serum samples.MethodsX. 2015, 2:368-373.

19. BaekPS, Choi HW, Lee S, et al.Efficacy of an inactivated genotype 2b porcine epidemic diarrhea virus vaccine
inneonatal piglets. Vet Immunol Immunopathol, 2016, 174:45-49.

20. Goede D, Murtaugh MP, Nerem J, et al..Previous infection of sows with a “mild” strain of porcine epidemic
diarrheavirus confers protection against infection with a “severe” strain. Vet Microbiol, 2015, 176(1-2):161-164.

21.Ding Zhenjiang, Ku Xugang, Yan Guiwei, et al. Establishment of indirect ELISA for detection of IgA antibody in
swine epidemic diarrhea. Animal Husbandry and Veterinary Medicine, 2014. 46(11):1-5.

22.Yao Zuojun, Hao Daren, Bai Yun, etc. Detection of porcine epidemic diarrhea virus S1 Indirect ELISA Method.

Probe - Animal Science Volume 3Issue1|2021| 5



Journal of Animal Husbandry and Veterinary Medicine, 2017, 48, 6, 1085-1091.

23. Hua Yao, Grace Wai Wong, Li Yu, etc. “ Prokaryotic Expression and Indirect Expression of Major Antigen Epitope
Region of S and ELISA of Porcine Epidemic Diarrhea Virus, Establishment of Detection Method, Microbiological
bulletin, 2016,43 (2): 434-443.

24. Gerber PF, Gong Q, Huang YW, et al. Detection of antibodies against porcine epidemic diarrhea virus in serum
andcolostrum by indirect ELISA. Vet J, 2014, 202(1):33-36.

25.KnuchelM, Ackermann M, Miiller HK, et al. An ELISA for detection of antibodies against porcine epidemic
diarrhoea virus (PEDV) based on the specific solubility of the viral surface glycoprotein. Vet Microbiol, 1992,
32(2):117-134.

26. Wang X, Wang Z, Xu H, et al. Orally Administrated Whole Yeast Vaccine Against Porcine Epidemic Diarrhea Virus
Induced High Levels of IgA Response in Mice and Piglets. Viral Immunol, 2016, 29(9):526-531.

27.Zhang Y, Zhang X, Liao X, et al. Construction of a bivalent DNA vaccine co-expressing S genes of transmissible
gastroenteritis virus and porcine epidemic diarrhea virus delivered by attenuated Salmonella typhimurium Virus
Genes, 2016, 52(3):354-364.

28.Cao L, Ge X, Gao Y, et al. Putative phage-display epitopes of the porcine epidemic diarrhea virus S1 protein and
their anti-viral activity. Virus Genes, 2015, 51(2):217-224.

29. PoonsukK, Giménez-Lirola LG, Zhang J, et al.Does Circulating Antibody Play a Role in the Protection of Piglets
againstPorcine Epidemic Diarrhea Virus? PLoS One, 2016, 11(4):e0153041.

6 |Lidan Sun etal. Probe - Animal Science





