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Abstract
Since porcine reproductive and respiratory syndrome virus (PRRSV) emerged in the late 1980s, it had spread to become the one of the most 
economically important viral pathogens affecting swine production worldwide. Although PRRSV vaccines have been commercially avail-
able and widely used for over 20 years, the vaccination has been shown limited role in control and eradication of the virus. In this review, 
we summarized recent advances in PRRSV vaccines, including modified live-attenuated PRRSV vaccines (PRRSV-MLV), PRRS killed-virus 
(KV) vaccines and experimental PRRS vaccines. Challenges associated with existing vaccines and future directions for the development of 
better PRRSV vaccines are discussed. 
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Prcine reproductive and respiratory syndrome (PRRS) was first reported 
in the North America in 1987 and appeared in Europe in 1990 (Terpstra 
et al., 1991; Wensvoort et al., 1991; Collins et al., 1992; Rossow,1998). 
Subsequently, PRRS expanded and had been found worldwide. The 
disease causes reproductive failure, respiratory disease, and growth 
retardation in the pigs, which lead to huge economic losses for the 
swine industry globally (Neumann et al., 2005 ). 
         The causative agent, PRRS virus (PRRSV) is an enveloped 
positive-strand RNA virus classified in the order Nidovirales, family 
Arteriviridae, and genus Arterivirus (Snijder and Meulenberg, 1998). 
PRRSV have evolved at a high evolutionary rate (order of 10-2 /site/year) 
compared with those (orders of 10-3 to 10-5/site/year) of standard RNA 
viruses, which promotes extensive antigenic and genetic variation 
(Hanada et al., 2005). There are two well-known PRRSV genotypes: 
Type 1 (European) which contains at least 3 subtypes and Type 2 
(North American) which contains at least 9 distinct genetic lineages 

(Wensvoort et al., 1991; Mardassi et al., 1994). Both genotypes of 
PRRSV share an approximately 60% nucleotide sequence homology 
to each other (van Woensel et al., 1998; Forsberg, 2005). Within 
each genotype, the virus isolates can exhibit up to 20% variability of 
nucleotide sequences (Forsberg, 2005). It is a big challenge for the 
experts in PRRS research or vaccine industry scientists to develop a 
broadly protective vaccine against genetically diverse PRRSVs in the 
field. 
          The ideal PRRS vaccine should possess following characters, i.e. rapid 
induction of immunity, protection against most currently prevalent 
PRRSV strains, no adverse outcomes to swine health and ability to 
differentiate vaccinated from infected animals (Rock, 2007). However, 
no vaccine is commercially available that meet all of the above criteria 
till now. PRRSV modified-live vaccines (PRRSV-MLV) always has safety 
concerns and lack of cross-protection. PRRS killed virus (KV) vaccine, 
on the other hand, is safe but confers limited protection against 
either homologous or heterologous virus. Apparently, development 
of better PRRSV vaccines and more efficient vaccination strategies 
are urgently needed. Fortunately, novel techniques for developing 
next generation vaccines, adjuvants and vaccine delivery systems are 
emerging. In this review, progress and challenges for current PRRSV 
vaccines are reviewed. New insights to guide future efforts to develop 
better PRRS vaccines are provided. 

PRRSV vaccines and their challenges
Modified live attenuated PRRSV vaccine
          Since the first commercially available modified live-attenuated 
PRRSV vaccine (PRRSV-MLV) was released in the United States in 1994, 
several PRRSV-MLVs have been licensed in PRRS endemic countries 
(Nan et al, 2017). Currently, PRRSV-MLVs are still the main options 
available on PRRSV endemic swine farms to control PRRSV (Nan 
et al, 2017). However, the efficacy and safety are big concerns and 
challenges of current PRRSV-MLVs. For efficacy concerns: 1) PRRSV-
MLVs elicit relatively weak humoral and cell-mediated immune (CMI) 
response (Diaz et al., 2006; Zuckermann et al., 2007). The PRRSV-
specific neutralizing antibodies (NA) which is responsible for clearance 
of PRRSV from the pigs only appear 4 wks after vaccination and have 
relatively low titer (usually between 8-32) (Darwich L, et al., 2010). T 
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cell response to PRRSV-MLVs appears 2-4 wks and peaks at 32 wks 
after vaccination, which is extremely delayed compared with T cell 
response to other RNA viruses, such as pseudorabies virus (PRV) MLV 
vaccine ( appears within 1 wk of vaccination and peaks approximately 
at 4 wk after vaccination) (Meier WA et al., 2003); 2) PRRSV-MLVs 
could confer effective protection against genetically homologous wild 
type PRRSVs, while conferring only partial protection or no protection 
against heterologous PRRSVs (Charerntantanakul, 2012; Roca et al., 
2012). 
           For safety concern: 1) the first issue is reversion to virulence 
through genetic mutations of the vaccine virus and/or recombination 
with field virulent PRRSV (Murtaugh MP, et al. Virus Res 2010; 154: 18-
30). Both China and United States have reported that field isolates 
from PRRSV outbreaks exhibited nearly identical nucleotide sequences 
to the vaccine strain (Botner et al., 1997; Wang et al., 2010). Vaccine-
like and vaccine-derived PRRSV isolates have been reported to cause 
diseases in pigs as well (Opriessnig et al., 2002; Key et al., 2003); 2) 
It has been reported that PRRSV-MLV vaccinated pigs can develop 
viremia for up to 4 wks after immunization, which could lead to spread 
of vaccine virus to naive animals (Charerntantanakul, 2012; Wang et al., 
2013); 3) PRRSV-MLVs could induce antibody-dependent enhancement 
(ADE) of infection (Jiang et al., 2003; Zhou et al., 2004).  
          Apparently, currently commercial PRRSV-MLVs are not satisfied. 
However, due to its immunogenic potentials, lots of efforts have 
been put to develop safer and more efficient PRRSV-MLVs by using 
modern biotechnologies. Further attenuation with full evaluation is 
one of these strategies. JXA1-R, a genetically stable, live attenuated 
vaccine strain against HP-PRRSV, was widely used throughout China. 
In our study, we found that pigs vaccinated with JXA1-R (attenuated 
Chinese highly pathogenic PRRSV vaccine) developed broadly 
neutralizing antibodies with high titers to JXA1-R, HV-PRRSV and 
heterologous NA PRRSV strain NADC-20. In addition, we also found 
that IFN-α and IFN-β occurred at higher levels in the lungs of pigs 
vaccinated with JXA1-R (Galliher-Beckley et al., 2015). Chimeric PRRSV 
is one of the approaches to broaden cross-protection. Several PRRSV 
infectious cDNA clones have been constructed by using reverse 
genetic techniques, what made it possible for the PRRSV-MLVs to 
swapping gene segments from heterologous PRRSV strains. Recent 
studies demonstrated that chimeric PRRSVs constructed by shuffling 
two or more structural genes exhibiting improved cross-protective 
efficacy against multiple heterologous strains (Zhou et al., 2013, Tian 
et al., 2017). The computationally designed and synthesized infectious 
clone which contains common antigen-coding sequence among 
heterologous PRRSV strains could be useful and holds great promise 
for development of universial vaccines against PRRSV in the future (Vu 
et al., 2015; Nan Y, et al., 2017 ). 
PRRS killed-virus vaccine
        Efficacious PRRS killed-virus (KV) vaccine is warranted for the 
control and eradication of PRRS. Since the early 1990s, researchers 
have been attempting to develop PRRS KV vaccines. Currently, 
PRRS KV vaccine is licensed for use worldwide, but not in the Unites 
States (Charerntantanakul, 2012). The PRRS KV vaccine is considered 
safe and could help PRRSV-positive pigs to increase PRRSV specific 
antibody and CMI responses (Bassaganya-Riera, et al., 2004; Kim et 
al., 2011). However, naïve pigs do not elicit detectable PRRSV-specific 
antibodies (neither non-NA nor NA) (Kim et al., 2011) and lack of CMI 
responses when vaccinated with PRRSV KV vaccine (Bassaganya-Riera 
et al., 2004; Piras et al., 2005). Repeated administration of PRRSV 
KV vaccine could boost anti-PRRSV immunity and CMI responses of 
pigs. However, the boosted humoral and cellular responses are not 
satisfied for protective efficacy (Papatsiros, et al. 2006; Zuckermann, 

et al., 2007; Nilubol D, et al., 2004). 
            Undoubtedly, it is critical to improving humoral and cellular 
responses of PRRSV KV vaccine. Up to now, several promising attempts 
have been reported for developing efficacious PRRS KV vaccines. 
Such as incorporation of suitable adjuvants in PRRSV KV vaccine 
to accelerate and magnify immune responses to PRRS KV vaccines 
(Karniychuk, et al., 2012; Vanhee, et al., 2009;  Charerntantanakul., 
2009) and using nanoparticle-based PRRS KV vaccine delivery system 
to induce superior cross-protective immunity against PRRSV (Dwivedi , 
et al., 2012; Dwivedi , et al., 2013; Binjawadagi, et al., 2014a; Binjawadagi, 
et al., 2014b). Depending on these findings, special formulations or 
antigen delivery systems combined with novel adjuvants may enhance 
the immune response to PRRS KV vaccines, which ignites hope to 
control or eradicate PRRS by using PRRS KV vaccines in the near future. 
Experimental PRRS vaccines
         In addition to PRRS MLVs and KVs, numerous efforts have been 
made to develop other types of PRRS vaccine. These experimental 
PRRS vaccines include DNA vaccine, subunit vaccine, plant-derived 
vaccine, and vector vaccine. Most of these experimental PRRS 
vaccines either showed limited protection in pigs or have not been 
fully evaluated in pigs. For example, pigs immunized with a GP5 
Mosaic T-cell DNA vaccine could develop PRRSV specific antibodies 
and IFN-γ mRNA expression, but still cannot confer full protection 
(Cui et al., 2016). Subunit vaccines (baculovirus-expressed or plant-
expressed PRRSV structural proteins) could induce anti-PRRSV specific 
antibodies in pigs, but the limited duration and level of immunity, 
and the inability to induce heterologous protection may limit the 
effectiveness of subunit vaccines (Plana Duran et al., 1997; Chia et al., 
2011; Renukaradhya et al., 2015). Vector vaccines (adenoviral vector 
and poxvirus vector based) could offer the advantage of eliciting both 
cell-mediated and humoral immune responses. Mice immunized with 
adenovirus-based PRRSV vaccine exhibited high viral NA titers and 
strong lymphocyte proliferation responses, but have not been tested 
in pigs (Gagnon et al., 2003; Jiang et al., 2008). Pigs immunized with 
poxvirus vector-based PRRSV vaccines had significantly lower body 
temperatures, lower levels of viremia and viral RNA load compared 
to the control pigs when challenged with virulent PRRSV, but did not 
receive complete protection (Shen et al., 2007; Zheng et al., 2007). 
DIVA (differentiation of infected and vaccinated animals) PRRS vaccine
         The availability of a DIVA vaccine is very important for the 
surveillance, control and eradication of PRRS. Subunit vaccine has its 
inherent ability to be used as a DIVA vaccine. However, no definitive 
protective antigen has been identified for the PRRSV and the efficacy of 
subunit vaccines is not satisfactory. Another strategy to investigate a 
DIVA PRRS vaccine is to use deletions in the Nsp2 gene, which resulted 
in the easy differentiation of vaccine and wild-type-exposed animals 
by serology using an ELISA or molecularly using RT-PCR. However, no 
data was presented for their efficacy, because there was no challenge 
in these studies (de Lima, et al. 2008; Fang, et al., 2008;  Kim, et al., 
2009). Recently, the A2MC2-P90, an attenuated strain of the first 
reported strain (A2MC2) with strong ability to induce IFN synthesis 
(Nan et al., 2012; Wang et al., 2013), was developed and evaluated 
in pig challenge study. The presented data suggest that A2MC2-P90 
might be used as a promising DIVA PRRS vaccine candidate due to its 
unique features, such as ability to induce IFNs, induce higher levels of 
NAs in pigs, avirulence in pigs and holds nsp2 deletion (181 amino acid 
residues) (Nan et al., 2012;Wang et al., 2013 ,Ma et al., 2016, Ma et al., 
2017, Fontanella et al., 2017).

Conclusion and perspectives 
        Three decades have passed since the emergence of PRRS. Though 



International Journal of Vaccines and Immune System Volume 3 Issue 1, January 2018

Citation: Lihua Wang et al. (2018). PRRSV Vaccine: Challenges and Prospective Int J Vac & Im Sys, 3:1, 01-05.

03

massive efforts have been put in vaccine research, no PRRS vaccine 
is available to meet the standards (set in the meeting “Colloquium 
on Prospects for Development of an Effective PRRS Virus Vaccine” 
in 2007) for an ideal vaccine. Concerns about safety and less efficacy 
against heterologous reinfection of PRRSV-MLVs have persisted. 
Current PRRSV-MLVs are only labelled for use in PRRS-positive swine 
herds, and are not recommended for naïve herds. Experimental PRRS 
vaccines (DNA vaccine, subunit vaccine, and vector vaccine) are still far 
from ready for practical application. By the growing push to consider 
regional elimination or eradication of PRRSV, the development for 
more robust efficacy and broader heterologous cross-protection PRRS 
KV vaccines is urgently needed. Further understanding how PRRSV 
causes disease (environment, virus and host immunity) combining new 
technologies (novel adjuvants or immunomodulators, inactivation 
methods, nanoparticles and other alternative delivery systems) could 
help to achieve this goal. 

Acknowledgements
We would like to thank the support of an award from the National 
Bio and Agro-Defense Facility Transition Fund and a USDA ARS Specific 
Cooperative Agreement 59-5430-001-23S, NP-103. 

Declaration of interest 
The authors declare that they have no competing interests. 

References 
1. Bassaganya-Riera J., Thacker B. J., Yu S., Strait E., Wannemuehler 
M. J., Thacker E. L. (2004). Impact of immunizations with porcine 
reproductive and respiratory syndrome virus on lymphoproliferative 
recall responses of CD8+ T cells. Viral Immunol. 17:25–37. 
2. Binjawadagi B., Dwivedi V., Manickam C., Ouyang K., Wu Y., Lee L.J., 
Torrelles J.B., Renukaradhya G.J. (2014a). Adjuvanted poly(lactic-co-
glycolic) acid nanoparticle-entrapped inactivated porcine reproductive 
and respiratory syndrome virus vaccine elicits cross-protective immune 
response in pigs. Int J Nanomedicine. 9:679-94. 
3. Binjawadagi B., Dwivedi V., Manickam C., Ouyang K., Torrelles 
J.B., Renukaradhya G.J. (2014b). An innovative approach to induce 
cross-protective immunity against porcine reproductive and 
respiratory syndrome virus in the lungs of pigs through adjuvanted 
nanotechnology-based vaccination. Int J Nanomedicine. 9:1519-35.
4. Botner A., Strandbygaard B., Sorensen K. J., Have P., Madsen K. G., 
Madsen E. S., et al. (1997). Appearance of acute PRRS-like symptoms 
in sow herds after vaccination with a modified live PRRS vaccine. Vet 
Rec. 141:497–499. 
5. Charerntantanakul W. (2012). Porcine reproductive and respiratory 
syndrome virus vaccines: Immunogenicity, efficacy and safety aspects. 
World J Virol. 1:23–30. 
6. Charerntantanakul W. (2009). Adjuvants for porcine reproductive 
and respiratory syndrome virus vaccines. Vet Immunol Immunopathol. 
129(1-2):1-13.
7. Chia M. Y., Hsiao S. H., Chan H. T., Do Y. Y., Huang P. L., Chang H. 
W., et al. (2011). Evaluation of the immunogenicity of a transgenic 
tobacco plant expressing the recombinant fusion protein of GP5 of 
porcine reproductive and respiratory syndrome virus and B subunit 
of Escherichia coli heat-labile enterotoxin in pigs. Vet. Immunol 
Immunopathol. 140:215–225. 
8. Collins, J.E., Benfield, D.A., Christianson, W.T., Harris, L., Hennings, 
J.C., Shaw, D.P., Goyal, S.M., McCullough, S., Morrison, R.B., Joo, H.S. 
et al. (1992). Isolation of swine infertility and respiratory syndrome 
virus (isolate ATCC VR-2332) in North America and experimental 
reproduction of the disease in gnotobiotic pigs. J Vet Diagn Invest. 

4:117–126.
9. Cui J., O’Connell C. M., Smith J. D., Pan Y., Smyth J. A., Verardi P. 
H., et al. (2016). A GP5 Mosaic T-cell vaccine for porcine reproductive 
and respiratory syndrome virus is immunogenic and confers partial 
protection to pigs. Vaccine Rep. 6:77–85. 
10. Darwich L., Díaz I., Mateu E. (2010). Certainties, doubts and 
hypotheses in porcine reproductive and respiratory syndrome virus 
immunobiology. Virus Res. 154(1-2):123-32.
11. de Lima M., Kwon B., Ansari I.H., Pattnaik A.K., Flores E.F., Osorio 
F.A. (2008). Development of a porcine reproductive and respiratory 
syndrome virus differentiable (DIVA) strain through deletion of specific 
immunodominant epitopes. Vaccine. 26(29-30):3594-600. 
12. Diaz I., Darwich L., Pappaterra G., Pujols J., Mateu E. (2006). 
Different European-type vaccines against porcine reproductive and 
respiratory syndrome virus have different immunological properties 
and confer different protection to pigs. Virology. 351:249–259. 
13. Dwivedi V., Manickam C., Binjawadagi B., Joyappa D., Renukaradhya 
G.J. (2012). Biodegradable nanoparticle-entrapped vaccine induces 
cross-protective immune response against a virulent heterologous 
respiratory viral infection in pigs. PLoS One. 7(12):e51794.
14. Dwivedi V., Manickam C., Binjawadagi B., Renukaradhya G.J. 
(2013). PLGA nanoparticle entrapped killed porcine reproductive and 
respiratory syndrome virus vaccine helps in viral clearance in pigs. Vet 
Microbiol. 166(1-2):47-58.
15. Fang Y., Christopher-Hennings J., Brown E., Liu H., Chen Z., Lawson 
S.R., Breen R., Clement T., Gao X., Bao J., Knudsen D., Daly R., Nelson 
E. (2008). Development of genetic markers in the non-structural 
protein 2 region of a US type 1 porcine reproductive and respiratory 
syndrome virus: implications for future recombinant marker vaccine 
development. J Gen Virol. 89(12):3086-96. 
16. Fontanella E., Ma Z., Zhang Y., De Castro A. M., Shen H., Halbur 
P. G., et al. (2017). An interferon inducing porcine reproductive and 
respiratory syndrome virus vaccine candidate elicits protection against 
challenge with the heterologous virulent type 2 strain VR-2385 in pigs. 
Vaccine. 35:125–131. 
17. Forsberg, R. (2005). Divergence time of porcine reproductive and 
respiratory syndrome virus subtypes. Mol. Biol. Evol. 22:2131–2134.
18. Gagnon C. A., Lachapelle G., Langelier Y., Massie B., Dea S. (2003). 
Adenoviral-expressed GP5 of porcine respiratory and reproductive 
syndrome virus differs in its cellular maturation from the authentic 
viral protein but maintains known biological functions. Arch Virol. 
148:951–972. 
19. Galliher-Beckley A., Li X., Madera R., Waters A., Nietfeld J.,  
Henningson J., He D., Feng W., Chen R.,  Shi J. (2015). Pigs immunized 
with Chinese highly pathogenic PRRS virus modified live vaccine are 
protected from challenge with North American PRRSV strain NADC-20. 
Vaccine. 33:3518-3525.
20. Hanada, K., Suzuki, Y., Nakane, T., Hirose, O., and Gojobori, 
T. (2005). The origin and evolution of porcine reproductive and 
respiratory syndrome viruses. Mol Biol Evol. 22:1024–1031.
21. Jiang W., Jiang P., Wang X., Li Y., Du Y. (2008). Enhanced immune 
responses of mice inoculated recombinant adenoviruses expressing 
GP5 by fusion with GP3 and/or GP4 of PRRS virus. Virus Res.136:50–57.
22. Jiang Z., Zhou E. M., Ameri-Mahabadi M., Zimmerman J. J., Platt 
K. B. (2003). Identification and characterization of auto-anti-idiotypic 
antibodies specific for antibodies against porcine reproductive 
and respiratory syndrome virus envelope glycoprotein (GP5). Vet. 

http://online.liebertpub.com/doi/abs/10.1089/088282404322875430
http://online.liebertpub.com/doi/abs/10.1089/088282404322875430
http://online.liebertpub.com/doi/abs/10.1089/088282404322875430
https://www.dovepress.com/adjuvanted-polylactic-co-glycolic-acid-nanoparticle-entrapped-inactiva-peer-reviewed-article-IJN
https://www.dovepress.com/adjuvanted-polylactic-co-glycolic-acid-nanoparticle-entrapped-inactiva-peer-reviewed-article-IJN
https://www.dovepress.com/adjuvanted-polylactic-co-glycolic-acid-nanoparticle-entrapped-inactiva-peer-reviewed-article-IJN
https://www.dovepress.com/adjuvanted-polylactic-co-glycolic-acid-nanoparticle-entrapped-inactiva-peer-reviewed-article-IJN
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3969340/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3969340/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3969340/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3969340/
http://veterinaryrecord.bmj.com/content/141/19/497
http://veterinaryrecord.bmj.com/content/141/19/497
https://www.wjgnet.com/2220-3249/full/v1/i1/23.htm
https://www.wjgnet.com/2220-3249/full/v1/i1/23.htm
https://www.sciencedirect.com/science/article/pii/S0165242708007848?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0165242708007848?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0165242711000043?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0165242711000043?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0165242711000043?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0165242711000043?via%3Dihub
http://journals.sagepub.com/doi/10.1177/104063879200400201
http://journals.sagepub.com/doi/10.1177/104063879200400201
http://journals.sagepub.com/doi/10.1177/104063879200400201
https://www.sciencedirect.com/science/article/pii/S1879437816300250
https://www.sciencedirect.com/science/article/pii/S1879437816300250
https://www.sciencedirect.com/science/article/pii/S1879437816300250
https://www.sciencedirect.com/science/article/pii/S0168170210002443?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0168170210002443?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0168170210002443?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0264410X08005549?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0264410X08005549?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0264410X08005549?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0042682206002364?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0042682206002364?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0042682206002364?via%3Dihub
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0051794
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0051794
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0051794
http://jgv.microbiologyresearch.org/content/journal/jgv/10.1099/vir.0.2008/003426-0
http://jgv.microbiologyresearch.org/content/journal/jgv/10.1099/vir.0.2008/003426-0
http://jgv.microbiologyresearch.org/content/journal/jgv/10.1099/vir.0.2008/003426-0
http://jgv.microbiologyresearch.org/content/journal/jgv/10.1099/vir.0.2008/003426-0
https://www.sciencedirect.com/science/article/pii/S0264410X16310672?via%25
https://www.sciencedirect.com/science/article/pii/S0264410X16310672?via%25
https://www.sciencedirect.com/science/article/pii/S0264410X16310672?via%25
https://academic.oup.com/mbe/article/22/11/2131/1256710
https://academic.oup.com/mbe/article/22/11/2131/1256710
https://link.springer.com/article/10.1007%2Fs00705-002-0943-y
https://link.springer.com/article/10.1007%2Fs00705-002-0943-y
https://link.springer.com/article/10.1007%2Fs00705-002-0943-y
https://www.sciencedirect.com/science/article/pii/S0264410X15007215?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0264410X15007215?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0264410X15007215?via%3Dihub
https://watermark.silverchair.com/msi089.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAaUwggGhBgkqhkiG9w0BBwagggGSMIIBjgIBADCCAYcGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMPdQx2rFEiex2vokAAgEQgIIBWL1QmjHg7j98jYRjTjVKzusUMavPxaeB7MPimTGuO9K-45TUaXm-1uxOpi-MeNy8CL7LfQMEF09kmy0WMCzqG2MuxCRMdLBbzl_jBI3PG5XXRA6lMrpm8nFSMnBvrL9SGYW8kxV2W7VI68nkTyw18FTcxJOEScD9QysdwraKhux7tEdm67iExtRc5fHHRBNAUGGYuOVHxbbzH6Y-VnEFbkJQsJuShNE2g9M-RUTy87VWa5WRUN-GFMdIgS52R0mECUgZqQ5XPnact6KwVF-ctdJBCktThgQ8F4emF64ih1hm_beL_WXeK53-kMbeVIWHAYcIXXESFT6IvnZcYf8_VyBKKJFbEImMfF5bQ1Bvnc1MGFeFbHkBRLdbU_xCWWQNA-k26NK3ogduJpmfduZZR_ckk2orJdNd8MyOrJPB9k1DqEtHR7l-C9XPgL6llfsSq4WTQfkoTDlD
https://watermark.silverchair.com/msi089.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAaUwggGhBgkqhkiG9w0BBwagggGSMIIBjgIBADCCAYcGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMPdQx2rFEiex2vokAAgEQgIIBWL1QmjHg7j98jYRjTjVKzusUMavPxaeB7MPimTGuO9K-45TUaXm-1uxOpi-MeNy8CL7LfQMEF09kmy0WMCzqG2MuxCRMdLBbzl_jBI3PG5XXRA6lMrpm8nFSMnBvrL9SGYW8kxV2W7VI68nkTyw18FTcxJOEScD9QysdwraKhux7tEdm67iExtRc5fHHRBNAUGGYuOVHxbbzH6Y-VnEFbkJQsJuShNE2g9M-RUTy87VWa5WRUN-GFMdIgS52R0mECUgZqQ5XPnact6KwVF-ctdJBCktThgQ8F4emF64ih1hm_beL_WXeK53-kMbeVIWHAYcIXXESFT6IvnZcYf8_VyBKKJFbEImMfF5bQ1Bvnc1MGFeFbHkBRLdbU_xCWWQNA-k26NK3ogduJpmfduZZR_ckk2orJdNd8MyOrJPB9k1DqEtHR7l-C9XPgL6llfsSq4WTQfkoTDlD
https://www.sciencedirect.com/science/article/pii/S0168170208001640?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0168170208001640?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0168170208001640?via%3Dihub
https://www.ncbi.nlm.nih.gov/pubmed/12730013
https://www.ncbi.nlm.nih.gov/pubmed/12730013
https://www.ncbi.nlm.nih.gov/pubmed/12730013


International Journal of Vaccines and Immune System Volume 3 Issue 1, January 2018

Citation: Lihua Wang et al. (2018). PRRSV Vaccine: Challenges and Prospective Int J Vac & Im Sys, 3:1, 01-05.

04

Immunol. Immunopathol. 92:125–135.
23. Karniychuk U.U., Saha D., Vanhee M., Geldhof M., Cornillie P., Caij 
A.B., De Regge N., Nauwynck H.J. (2012). Impact of a novel inactivated 
PRRS virus vaccine on virus replication and virus-induced pathology in 
fetal implantation sites and fetuses upon challenge. Theriogenology. 
78(7):1527-37. 
24. Key K.F. ,  Guenette D.K. ,  Yoon K.J. ,  Halbur P.G. ,  Toth T.E. , Meng 
X.J.  (2003).   Development of a heteroduplex mobility assay to identify 
field isolates of porcine reproductive and respiratory syndrome virus 
with nucleotide sequences closely related to those of modified live-
attenuated vaccines. J Clin Microbiol. 41: 2433-2439. 
25. Kim H., Kim H. K., Jung J. H., Choi Y. J., Kim J., Um C. G., et al. 
(2011). The assessment of efficacy of porcine reproductive respiratory 
syndrome virus inactivated vaccine based on the viral quantity and 
inactivation methods. Virol J. 8:323.
26. Kim D.Y., Kaiser T.J., Horlen K., Keith M.L., Taylor L.P., Jolie R., 
Calvert J.G., Rowland R.R. (2009). Insertion and deletion in a non-
essential region of the nonstructural protein 2 (nsp2) of porcine 
reproductive and respiratory syndrome (PRRS) virus: effects on 
virulence and immunogenicity. Virus Genes. 38(1):118-28.
27. Lunney J.K., Benfield D.A., Rowland R.R. (2010). Porcine 
reproductive and respiratory syndrome virus: an update on an 
emerging and re-emerging viral disease of swine. Virus Res. 154: 1-6.
28. Ma Z., Yu Y., Xiao Y., Opriessnig T., Wang R., Yang L., et al. (2016). 
Sustaining interferon induction by a high-passage atypical porcine 
reproductive and respiratory syndrome virus strain. Sci Rep. 6:36312. 
29. Ma Z., Yu Y., Xiao Y., Opriessnig T., Wang R., Yang L., et al. (2017). 
The middle half genome of interferon-inducing porcine reproductive 
and respiratory syndrome virus strain A2MC2 is essential for interferon 
induction. J Gen Virol. 98(7):1720-1729.
30. Mardassi, H., Mounir, S., and Dea, S. (1994). Identification of major 
differences in the nucleocapsid protein genes of a Quebec strain and 
European strains of porcine reproductive and respiratory syndrome 
virus. J Gen Virol. 75 P3):681–685. 
31. Meier W.A., Galeota J., Osorio F.A., Husmann R.J., Schnitzlein W.M., 
Zuckermann F.A. (2003). Gradual development of the interferon-
gamma response of swine to porcine reproductive and respiratory 
syndrome virus infection or vaccination. Virology. 309(1):18-31. 
32. Murtaugh M.P., Stadejek T., Abrahante J.E., Lam T.T., Leung F.C. 
(2010). The ever-expanding diversity of porcine reproductive and 
respiratory syndrome virus. Virus Res. 154(1-2):18-30.
33. Nan Y., Wu C., Gu G., Sun W., Zhang Y.J.,  Zhou E.M. (2017). Improved 
Vaccine against PRRSV: Current Progress and Future Perspective. 
Front Microbiol. 8:1635.
34. Nan Y., Wang R., Shen M., Faaberg K. S., Samal S. K., Zhang Y. J. 
(2012). Induction of type I interferons by a novel porcine reproductive 
and respiratory syndrome virus isolate. Virology.  432:261–270. 
35. Neumann E.J., Kliebenstein J.B., Johnson C.D., Mabry J.W., Bush 
E.J., Seitzinger A.H., Green A.L., Zimmerman J.J. (2005). Assessment 
of the economic impact of porcine reproductive and respiratory 
syndrome on swine production in the United States. J Am Vet Med 
Assoc. 227:385–392.
36. Nilubol D., Platt K. B., Halbur P. G., Torremorell M., Harris D. L. 
(2004). The effect of a killed porcine reproductive and respiratory 
syndrome virus (PRRSV) vaccine treatment on virus shedding in 
previously PRRSV infected pigs. Vet Microbiol. 102:11–18. 
37. Opriessnig T., Halbur P. G., Yoon K. J., Pogranichniy R. M., Harmon 

K. M., Evans R., et al. (2002). Comparison of molecular and biological 
characteristics of a modified live porcine reproductive and respiratory 
syndrome virus (PRRSV) vaccine (ingelvac PRRS MLV), the parent 
strain of the vaccine (ATCC VR2332), ATCC VR2385 and two recent field 
isolates of PRRSV. J Virol. 76:11837–11844. 
38. Papatsiros V.G., Alexopoulos C., Kritas S.K., Koptopoulos G., 
Nauwynck H.J., Pensaert M.B., Kyriakis S.C. (2006). Long-term 
administration of a commercial porcine reproductive and respiratory 
syndrome virus (PRRSV)-inactivated vaccine in PRRSV-endemically 
infected sows. J Vet Med B Infect Dis Vet Public Health. 53(6):266-72.
39. Piras F., Bollard S., Laval F., Joisel F., Reynaud G., Charreyre C., et al. 
(2005). Porcine reproductive and respiratory syndrome (PRRS) virus-
specific interferon-gamma+ T-cell responses after PRRS virus infection 
or vaccination with an inactivated PRRS vaccine. Viral Immunol. 
18:381–389. 
40. Plana Duran J., Climent I., Sarraseca J., Urniza A., Cortes E., Vela C., 
et al. (1997). Baculovirus expression of proteins of porcine reproductive 
and respiratory syndrome virus strain Olot/91. Involvement of ORF3 
and ORF5 proteins in protection. Virus Genes. 14:19–29. 
41. Renukaradhya G. J., Meng X. J., Calvert J. G., Roof M., Lager K. M. 
(2015). Inactivated and subunit vaccines against porcine reproductive 
and respiratory syndrome: current status and future direction. Vaccine. 
33:3065–3072.
42. Roca M., Gimeno M., Bruguera S., Segales J., Diaz I., Galindo-Cardiel 
I. J., et al. (2012). Effects of challenge with a virulent genotype II strain 
of porcine reproductive and respiratory syndrome virus on piglets 
vaccinated with an attenuated genotype I strain vaccine. Vet J. 193:92–
96. 
43. Rock D.L. (2007). Report: Colloquium on Prospects for Development 
of an Effective PRRS Virus Vaccine. Perry, IA: American Association of 
Swine Veterinarians.
44. Rossow K.D. (1998). Porcine reproductive and respiratory 
syndrome. Vet Pathol. 35:1–20.
45. Shen G., Jin N., Ma M., Jin K., Zheng M., Zhuang T., Lu H., Zhu G., 
Jin H., Jin M., Huo X., Qin X., Yin R., Li C., Li H., Li Y., Han Z., Chen Y., Jin 
M. (2007). Immune responses of pigs inoculated with a recombinant 
fowlpox virus coexpressing GP5/GP3 of porcine reproductive and 
respiratory syndrome virus and swine IL-18. Vaccine. 25:4193–4202. 
46. Shi M., Lam T.T., Hon C.C., Hui R.K., Faaberg K.S., Wennblom T., 
Murtaugh M.P., Stadejek T., Leung F.C. (2010). Molecular epidemiology 
of PRRSV: a phylogenetic perspective. Virus Res. 154: 7-17.
47. Snijder, E. J., and Meulenberg, J. J. (1998). The molecular biology of 
arteriviruses. J Gen Virol. 79(5):961–979.
48. Terpstra C., Wensvoort G., Pol J.M. (1991). Experimental 
reproduction of porcine epidemic abortion and respiratory syndrome 
(mystery swine disease) by infection with Lelystad virus: Koch’s 
postulates fulfilled. Vet Q. 13:31–136.
49. Tian D., Cao D., Lynn Heffron C., Yugo D. M., Rogers A. J., Overend 
C., Matzinger S.R., Subramaniam S., Opriessnig T., LeRoith T., Meng 
X.J. (2017). Enhancing heterologous protection in pigs vaccinated 
with chimeric porcine reproductive and respiratory syndrome virus 
containing the full-length sequences of shuffled structural genes of 
multiple heterologous strains. Vaccine. 35:2427–2434. 
50. van Woensel P. A., Liefkens K., Demaret S. (1998). Effect on 
viraemia of an American and a European serotype PRRSV vaccine 
after challenge with European wild-type strains of the virus. Vet Rec. 
142:510–512. 

http://www.theriojournal.com/article/S0093-691X(12)00364-0/fulltext
http://www.theriojournal.com/article/S0093-691X(12)00364-0/fulltext
http://www.theriojournal.com/article/S0093-691X(12)00364-0/fulltext
http://jcm.asm.org/content/41/6/2433.full
http://jcm.asm.org/content/41/6/2433.full
http://jcm.asm.org/content/41/6/2433.full
http://jcm.asm.org/content/41/6/2433.full
https://virologyj.biomedcentral.com/articles/10.1186/1743-422X-8-323
https://virologyj.biomedcentral.com/articles/10.1186/1743-422X-8-323
https://virologyj.biomedcentral.com/articles/10.1186/1743-422X-8-323
https://link.springer.com/article/10.1007%2Fs11262-008-0303-4
https://link.springer.com/article/10.1007%2Fs11262-008-0303-4
https://link.springer.com/article/10.1007%2Fs11262-008-0303-4
https://link.springer.com/article/10.1007%2Fs11262-008-0303-4
https://www.sciencedirect.com/science/article/pii/S0168170210003680?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0168170210003680?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0168170210003680?via%3Dihub
http://jgv.microbiologyresearch.org/content/journal/jgv/10.1099/jgv.0.000819
http://jgv.microbiologyresearch.org/content/journal/jgv/10.1099/jgv.0.000819
http://jgv.microbiologyresearch.org/content/journal/jgv/10.1099/jgv.0.000819
http://jgv.microbiologyresearch.org/content/journal/jgv/10.1099/0022-1317-75-3-681
http://jgv.microbiologyresearch.org/content/journal/jgv/10.1099/0022-1317-75-3-681
http://jgv.microbiologyresearch.org/content/journal/jgv/10.1099/0022-1317-75-3-681
http://jgv.microbiologyresearch.org/content/journal/jgv/10.1099/0022-1317-75-3-681
https://www.ncbi.nlm.nih.gov/pubmed/12726723
https://www.ncbi.nlm.nih.gov/pubmed/12726723
https://www.ncbi.nlm.nih.gov/pubmed/12726723
https://www.frontiersin.org/articles/10.3389/fmicb.2017.01635/full
https://www.frontiersin.org/articles/10.3389/fmicb.2017.01635/full
https://www.sciencedirect.com/science/article/pii/S0042682212002668?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0042682212002668?via%3Dihub
https://www.ncbi.nlm.nih.gov/pubmed/16121604
https://www.ncbi.nlm.nih.gov/pubmed/16121604
https://www.ncbi.nlm.nih.gov/pubmed/16121604
https://www.sciencedirect.com/science/article/pii/S037811350400197X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S037811350400197X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S037811350400197X?via%3Dihub
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC136866/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC136866/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC136866/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC136866/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC136866/
https://biblio.ugent.be/publication/347513
https://biblio.ugent.be/publication/347513
https://biblio.ugent.be/publication/347513
https://biblio.ugent.be/publication/347513
http://online.liebertpub.com/doi/abs/10.1089/vim.2005.18.381
http://online.liebertpub.com/doi/abs/10.1089/vim.2005.18.381
http://online.liebertpub.com/doi/abs/10.1089/vim.2005.18.381
https://www.ncbi.nlm.nih.gov/pubmed/9208452
https://www.ncbi.nlm.nih.gov/pubmed/9208452
https://www.ncbi.nlm.nih.gov/pubmed/9208452
https://www.sciencedirect.com/science/article/pii/S0264410X1500612X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0264410X1500612X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1090023311004680?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1090023311004680?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1090023311004680?via%3Dihub
http://www.thepigsite.com/diseaseinfo/97/porcine-reproductive-respiratory-syndrome-prrs/
http://www.thepigsite.com/diseaseinfo/97/porcine-reproductive-respiratory-syndrome-prrs/
https://www.sciencedirect.com/science/article/pii/S0264410X07002988?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0264410X07002988?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0264410X07002988?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0168170210002911?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0168170210002911?via%3Dihub
http://jgv.microbiologyresearch.org/content/journal/jgv/10.1099/0022-1317-79-5-961
http://jgv.microbiologyresearch.org/content/journal/jgv/10.1099/0022-1317-79-5-961
http://www.tandfonline.com/doi/abs/10.1080/01652176.1991.9694297
http://www.tandfonline.com/doi/abs/10.1080/01652176.1991.9694297
http://www.tandfonline.com/doi/abs/10.1080/01652176.1991.9694297
http://www.tandfonline.com/doi/abs/10.1080/01652176.1991.9694297
https://www.sciencedirect.com/science/article/pii/S0264410X17303626?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0264410X17303626?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0264410X17303626?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0264410X17303626?via%3Dihub
https://www.researchgate.net/publication/13665361_Effect_on_viraemia_of_an_American_and_a_European_serotype_PRRSV_vaccine_after_challenge_with_European_wild-type_strains_of_the_virus
https://www.researchgate.net/publication/13665361_Effect_on_viraemia_of_an_American_and_a_European_serotype_PRRSV_vaccine_after_challenge_with_European_wild-type_strains_of_the_virus
https://www.researchgate.net/publication/13665361_Effect_on_viraemia_of_an_American_and_a_European_serotype_PRRSV_vaccine_after_challenge_with_European_wild-type_strains_of_the_virus


International Journal of Vaccines and Immune System Volume 3 Issue 1, January 2018

Citation: Lihua Wang et al. (2018). PRRSV Vaccine: Challenges and Prospective Int J Vac & Im Sys, 3:1, 01-05.

51. Vanhee M., Delputte P.L., Delrue I., Geldhof M.F., Nauwynck H.J. 
(2009). Development of an experimental inactivated PRRSV vaccine 
that induces virus-neutralizing antibodies. Vet Res. 40(6):63.
52. Vu H. L., Ma F., Laegreid W. W., Pattnaik A. K., Steffen D., Doster 
A. R., et al. (2015). A synthetic porcine reproductive and respiratory 
syndrome virus strain confers unprecedented levels of heterologous 
protection. J Virol. 89:12070–12083. 
53. Wang C., Wu B., Amer S., Luo J., Zhang H., Guo Y., et al. (2010). 
Phylogenetic analysis and molecular characteristics of seven variant 
Chinese field isolates of PRRSV. BMC Microbiol. 10:146
54. Wang R., Xiao Y., Opriessnig T., Ding Y., Yu Y., Nan Y., et al. (2013). 
Enhancing neutralizing antibody production by an interferon-inducing 
porcine reproductive and respiratory syndrome virus strain. Vaccine. 
31:5537–5543. 
55. Wensvoort G., Terpstra C., Pol J.M., ter Laak E.A., Bloemraad M., de 
Kluyver E.P., Kragten C., van Buiten L., den Besten A., Wagenaar F., et 
al. (1991). Mystery swine disease in The Netherlands: the isolation of 
Lelystad virus. Vet Q 13:121–130.
56. Zheng Q., Chen D., Li P., Bi Z., Cao R., Zhou B., et al. (2007). Co-ex-

pressing GP5 and M proteins under different promoters in recombinant 
modified vaccinia virus ankara (rMVA)-based vaccine vector enhanced 
the humoral and cellular immune responses of porcine reproductive 
and respiratory syndrome virus (PRRSV). Virus Genes. 35:585–595. 
57. Zhou E.M., Clavijo A., Jiang Z., Ameri-Mahabadi M., Zimmerman J.J. 
(2004). Induction of auto-anti-idiotypic antibodies specific for antibod-
ies to matrix and envelope glycoprotein from pigs experimentally in-
fected with porcine reproductive and respiratory syndrome virus. Vet 
Immunol Immunopathol. 101:49–59.
58. Zhou L., Ni Y.Y., Pineyro P., Cossaboom C.M., Subramaniam S., San-
ford B.J., Dryman B.A., Huang Y.W., Meng X.J. (2013). Broadening the 
heterologous cross-neutralizing antibody inducing ability of porcine 
reproductive and respiratory syndrome virus by breeding the GP4 or 
M genes. PLoS ONE. 8:e66645
59. Zuckermann F.A., Garcia E.A., Luque I.D., Christopher-Hennings 
J., Doster A., Brito M., Osorio F. (2007). Assessment of the efficacy 
of commercial porcine reproductive and respiratory syndrome virus 
(PRRSV) vaccines based on measurement of serologic response, fre-
quency of gamma-IFN-producing cells and virological parameters of 
protection upon challenge. Vet Microbiol. 123:69–85. 

http://jvi.asm.org/content/89/23/12070
http://jvi.asm.org/content/89/23/12070
http://jvi.asm.org/content/89/23/12070
http://jvi.asm.org/content/89/23/12070
http://jvi.asm.org/content/89/23/12070
https://bmcmicrobiol.biomedcentral.com/articles/10.1186/1471-2180-10-146
https://bmcmicrobiol.biomedcentral.com/articles/10.1186/1471-2180-10-146
https://www.sciencedirect.com/science/article/pii/S0264410X13012541?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0264410X13012541?via%3Dihub
https://link.springer.com/article/10.1007%2Fs11262-007-0161-5
https://link.springer.com/article/10.1007%2Fs11262-007-0161-5
https://link.springer.com/article/10.1007%2Fs11262-007-0161-5
https://link.springer.com/article/10.1007%2Fs11262-007-0161-5
https://link.springer.com/article/10.1007%2Fs11262-007-0161-5
https://www.sciencedirect.com/science/article/pii/S0165242704001230?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0165242704001230?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0165242704001230?via%3Dihub
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0066645
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0066645
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0066645
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0066645
https://www.sciencedirect.com/science/article/pii/S037811350700079X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S037811350700079X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S037811350700079X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S037811350700079X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S037811350700079X?via%3Dihub

