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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfilment of
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EFFECTS OF DIFFERENT PORCINE REPRODUCTIVE AND
RESPIRATORY SYNDROME VACCINE REGIMES ON PIG IMMUNITY
STATUS IN SELECTED PIG FARMS IN MALAYSIA

By

CHEAH ZI HERK

May 2019

Chairman : Associate Professor Ooi Peck Toung, DVM, PhD
Faculty : Veterinary Medicine

Vaccination is a key component of PRRS disease control strategies. Various types of
vaccines, including killed virus (KV) and modified-live virus (MLV) vaccines had been
develop for the control of the disease. In Malaysia field condition, the producers adopted
different vaccination regime which either breeder vaccination only or whole herd (both
breeder and porker herd) vaccination regime. Therefore, the ideal vaccines option (strain
or type) and vaccination approach had remained highly debatable in the market. Thus,
the objective of this study is to determine the pig immunity status against PRRS in farm
by comparing different farms which practicing different vaccination regime or different
types of PRRS vaccines in Malaysia farm condition by using PCR and ELISA technique
to check on the vertical and horizontal disease transmission and disease pressure in the
farm. There are 4 vaccinations regime being include in this study where Farm A only
vaccinated Type 2 MLV in breeder herd, Farm B vaccinated both Breeder and porkers
with Type 2 MLV, Farm C only vaccinated Type 1 killed vaccine (KV) in Breeder herd
and Farm D vaccinated both Breeder and porker with type 1 MLV. All samples collected
from all farms were test with both PCR and ELISA. Results showed that whole herd
vaccinating MLV approach is a better option for PRRSv control in the farm compare to
breeder approach (Chapter 3). In the farm that practiced whole herd vaccination
approach, Type 2 MLV showed its benefit in establishing the dominant strain in the farm
and able to better control of PRRSV circulation in the farm as compare to Type 1 MLV
(Chapter 4). When comparing between Type 2 MLV and Type 1 KV in breeder herd
vaccination approach (Chapter 5), the study showed that Type 2 MLV demonstrated its
benefit in controlling PRRSv shedding in the herd over Type 1 KV. The conclusion
obtain from this research to combat PRRS by strategically practice whole herd
vaccination regime (Chapter 3), using the Type 2 (US strain) vaccine strain (Chapter 4)
and MLV type vaccine (Chapter 5).

Key words: PRRS immunity, Whole-herd vaccination, modified live vaccine (MLV),
killed vaccine (KV)
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KESAN REJIM VAKSINASI REPRODUKTIF DAN PERNAFASAN
SINDROME (PRRS) YANG BERBEZA TERHADAP STATUS IMMUNITY
BABI DI LADANG BABI TERPILIH DI MALAYSIA

Oleh

CHEAH ZI HERK

Mei 2019

Pengerusi : Profesor Madya Ooi Peck Toung, DVM, PhD
Fakulti  : Perubatan Veterinar

Vaksinasi adalah komponen utama untuk strategi kawalan penyakit PRRS. Pelbagai
jenis vaksin, termasuk vaksin virus yang tidak aktif (KV) dan vaksin virus hidup yang
diubah suai (MLV) telah dibangunkan untuk mengawal penyakit PRRS. Dalam keadaan
lapangan Malaysia, pengeluar menerima vaksin rejim yang berlainan, sama ada
vaksinasi pada pembiakan baka atau vaksinasi keseluruhan (vaksin pembiakan baka dan
babi daging) terhadap PRRSv. Selain itu, pelbagai jenis vaksin PRRS dan rejim
vaksinasi di pasaran menjadikan ideal vaksin dan rejim vaksin selalu dipersoalkan dan
belum terbukti. Oleh itu, objektif kajian ini adalah untuk menentukan status imuniti babi
terhadap PRRS di ladang dengan menggunakan teknik PCR dan ELISA dan
membandingkan ladang-ladang yang mengamalkan rejim vaksinasi yang berbeza atau
jenis-jenis vaksin PRRS dalam keadaan ladang Malaysia. Teknik PCR dan ELISA boleh
menentukan tekanan penyakit PRRS di ladang daripada penilaian cara-cara penyebaran
penyakit adalah tegak penyerbaran atau datar penyebaran. 4 rejim vaksinasi telah
termasuk dalam kajian ini di mana Ladang A hanya memberi vaksinasi PRRS jenis 2
vaksin hidup yang diubah suai (MLV) dalam pembiakan baka, Ladang B memberi
vaksini kepada pembiakan baka dan babi daging dengan PRRS jenis 2 vaksin MLV,
Ladang C hanya pembiakan baka divaksinasi oleh PRRS jenis 1 vaksin tidak aktif (KV)
dan Ladang D vaksinasi pembiakan baka dan babi daging dengan PRRS jenis 1 vaksin
MLV. Semua sampel yang dikumpulkan dari semua ladang dan diujikan dengan cara
PCR dan ELISA. Hasilnya menunjukkan bahawa seluruh vaksinasi (pembiakan baka
dan babi daging) adalah pilihan yang lebih bermutu untuk memberi kawalan PRRSv
dalam ladang berbanding dengan vaksinasi pembiakan baka sahaja (Bab 3). Jika dalam
ladang yang memberi vaksinasi keseluruhan, vaksin PRRS jenis 2 tunjuk kelebihan
dalam membina dominasi PRRSv dalam ladang dan dapat mengawal peredaran PRRSv
berbanding dengan PRRSv jenis 1 (Bab 4). Vaksin jenis 2 MLV menunjuk kelebihan
dalam kawalan PRRSv peredaran dalam ladang jika berbanding dengan vaksin jenis 1
tidak aktif (KV) (Bab 5). Kesimpulanya, pengamalan rejim vaksinasi keseluruhan (Bab
3) dengan menggunakan vaksin PRRS jenis 2 (Bab 4) dan jenis vaksin MLV (Bab 5).



Kata Kunci: PRRS immuniti, seluruh vaksinasi, vaksin virus hidup yang diubah suai
(MLV), vaksin virus yang tidak aftif (KV)
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CHAPTER 1

INTRODUCTION

1.1 Overview

Porcine reproductive and respiratory and syndrome (PRRS), is a disease caused by
PRRS virus (PRRSv), which is one of the clinically relevant and economically
significant diseases in Malaysia (Neumann et al., 2005). As the name suggests, the
clinical signs of the disease include respiratory failure, seen in growing pigs and piglet,
and also late-term reproductive failure, seen in sows and gilts. PRRSv can be classified
into two different strains, Type | strain (European strain, Lelystad virus, LV) and also
Type |1 strain (North American strain, VR-2332). The classification can be based on the
entire genome or the 3’-terminal structural genes (T. Kim et al., 2015; Zhou et al., 2018).
The highly pathogenic PRRSv (HP-PRRSV) strains was first detected in China in the
year 2006, where infected pigs were developing clinical signs such as anorexia,
respiratory distress with very high mortality and morbidity rates, high fever (above
41°C), red discoloration of skin and other clinical signs (Tian et al., 2007). Subsequently,
HP-PRRSV strains have since been reported all around the Eastern Asian countries, such
as Philippines, Laos, Bhutan, Myanmar, Thailand, Cambodia, South Korea, and Russia
(Ni et al., 2012).

In Malaysia, a seroprevalence study showed that 82.4% of the pigs, tested in 94% farms
were seropositive for PRRS (Jasbir et al., 2008). More recently in 2012, a study showed
that all the farms in Malaysia that were tested, 100% of it were seropositive, with 89.2%
of the pigs seropositive (Kiu & Ooi, 2012).

Being within the order Nidovirales, family Arteriviridae, genus Arterivirus, PRRS is a
small (approximately 50-65nm in diameter), enveloped, positive-sensed and single-
stranded RNA virus. There are two antigenically and genetically different strains of
PRRSv which are Type | virus in Europe and Type Il in North American. Nowadays,
both types share worldwide distribution with Type Il predominant in North America and
Asia (Zimmerman et al., 2012). The viral genome is around 15 kbp long and encodes
nine open reading frames, namely ORF1a, 1b, 2a, 2b, 3, 4, 5, 6, and 7 (Stadejek et al.,
2002). Within the different ORFs, the more conserved ORF7 is recommended as a
potential target site for detection of PRRSv of different strains using RT-PCR (Guarino
etal., 1999).

The most frequently used tests to diagnose PRRS include ELISA, RT-PCR and
serological assays. However, serological data alone may not be sufficient to identify and
define the immune status towards PRRS in a breeding herd (S. Dee & Philips, 1997). In
conjunction with this, molecular techniques, observations of clinical signs, and analysis
of production data are also used simultaneously to determine the PRRSv immunity status
of a breeding herd. Through continuous monitoring, these data can also be used to



identify and isolate the duration in the life of the piglet, where the infection started /
occur for future pig flow management (S. Dee & Philips, 1997).

Although elimination of PRRSv or maintaining a PRRSv-free herd can be attempted
(Charerntantanakul, 2012), the virus is shed readily by infected swine and is highly
transmissible via aerosols and fomites, explaining the persistency of the disease in the
farm environment. It has also been reported that the virus is still infectious, even after
9.1km of airborne transmission (Otake et al., 2010; Pileri & Mateu, 2016).

Due to the huge impact of PRRS in the industry, vaccination is one of the most important
disease control strategies. Various types of vaccines, including killed virus (KV) and
modified-live virus (MLV) vaccines had been developed for the control of the disease
in both grower and breeding sow (Martinez-Lobo et al., 2013).

Killed/Inactivated PRRS vaccines are known as safe but confer limited protection
against either homologous or heterologous virus. PRRS killed vaccine seems to be able
to reduce the disease severity when administered to the PRRSv-infected pigs
(Charerntantanakul, 2012). Another finding also showed that killed vaccine failed to
prevent reproductive losses and congenital infection in fetuses (Scortti et al., 2007).
Besides, KV was also proven to have provided weak memory responses with sequential
challenge without any obvious active immune responses in the vaccinated pigs (Kim et
al., 2011).

PRRS MLV vaccine is well known for its protective efficacy against PRRSv that are
genetically homologous to the vaccine virus (Nan et al., 2017). Some of its advantages
it has over killed vaccine includes: (I) the ability to generate stronger and more complete
immune response, (I1) the ability for PRRSv neutralization, (111) the ability to limit post-
challenge viremia, transplacental infection and viral shedding, and (V) protection
against clinical disease (Schelkopf et al., 2014). Piglets born to vaccinated gilts also had
higher body weight and survival rate at weaning than those born to non-vaccinated
control gilt (Piontkowski et al., 2016; Rowland, 2010).

However, there is concern for the immunogenicity and safety of MLV vaccine
(Charerntantanakul, 2012). Vaccination with PRRS-MLV is generally contraindicated
in pregnant swine as a safety precaution and the main target populations are the growing
and finishing pigs. The MLV vaccine virus replicates in the host, which allows shedding
of attenuated PRRSv and creates the potential for exposure of immunologically naive
swine to the vaccine virus. Experimental and field studies reported that MLV strains can
cause viremia, revert to virulence and spread transplacentally affecting the piglets born
(Papatsiros, 2012). Piglets born to these MLV-infected sows can become carriers of
PRRSv, shedding the MLV vaccine virus to other naive pigs (Rowland, 2010).

In Malaysia field condition, PRRS vaccine in breeding herd is generally accepted by the
producers while piglet’s vaccination rate against PRRSv still remain low. Whole herd

2



vaccination regime (vaccinate both breeding herd and piglets) against PRRSv is not
common in Malaysia pig industry. Furthermore, the presence of various type of vaccines
and vaccination regimes in the market make the ideal type of vaccines and vaccination
regime approach remain questionable and debatable and yet to be proven.

1.2 Objectives

The objective of this study is to

1. Determine which type of vaccination regimes and types of vaccine is able to
provide a better immunity against PRRS in selected pig farms in Malaysia by
using PCR and ELISA technique.

2. To classify the herd PRRSv status by using American Association of Swine
Veterinarian (ASSV) classification scheme in selected pig farms in Malaysia.



REFERENCES

Albina, E., Madec, F., Cariolet, R., & Torrison, J. (1994). Immune response and
persistence of the porcine reproductive and respiratory syndrome virus in infected
pigs and farm units. The Veterinary Record, 134(22), 567-573.

Allende, R., Laegreid, W. W., Kutish, G. F., Galeota, J. A., Wills, R. W., & Osorio, F.
A. (2000). Porcine Reproductive and Respiratory Syndrome Virus: Description of
Persistence in Individual Pigs upon Experimental Infection. Journal of Virology,
74(22), 10834-10837.

Angulo, J. (2015). Monitoring tools in PRRSv sow herd stabilization programs -
PRRS.com. Retrieved from

Baron, T., Albina, E., Leforban, Y., Madec, F., Guilmoto, H., Plana, D. J., & Vannier,
P. (1992). Report on the first outbreaks of the porcine reproductive and respiratory
syndrome (PRRS) in France. Diagnosis and viral isolation. Ann.Rech.Vet., 23(2),
161-166.

Batista, L. (2005). Porcine reproductive and respiratory syndrome diagnostics in the
breeding herd: Back to the basics. J Swine Health Prod, 13(2), 96-98.

Batista, L., Dee, S. A., Rossow, K. D., Dee, J., & Pijoan, C. (2002). Assessing the
duration of persistence and shedding of porcine reproductive and respiratory
syndrome virus in a large population of breeding-age gilts. Canadian Journal of
Veterinary Research, 66(3), 196-200.

Bloemraad, M., de Kluijver, E. P., Petersen, A., Burkhardt, G. E., & Wensvoort, G.
(1994). Porcine reproductive and respiratory syndrome: temperature and pH
stability of Lelystad virus and its survival in tissue specimens from viraemic pigs.
Veterinary Microbiology, 42(4), 361-371.

Cano, J. P., Deg, S. A., Murtaugh, M. P., & Pijoan, C. (2007). Impact of a modified-live
porcine reproductive and respiratory syndrome virus vaccine intervention on a
population of pigs infected with a heterologous isolate. Vaccine, 25(22), 4382—
4391,

Cano, J. P., Deg, S. A., Murtaugh, M. P., Trincado, C. A., & Pijoan, C. B. (2007). Effect
of vaccination with a modified-live porcine reproductive and respiratory syndrome
virus vaccine on dynamics of homologous viral infection in pigs. American
Journal of Veterinary Research, 68(5), 565-571.

Charerntantanakul, W. (2012). Porcine reproductive and respiratory syndrome virus
vaccines: Immunogenicity, efficacy and safety aspects. World Journal of Virology,
1(1), 23.

Choi, K., Park, C., Jeong, J., & Chae, C. (2016). Comparison of protection provided by
Type | and Type Il porcine reproductive and respiratory syndrome field viruses
against homologous and heterologous challenge. Veterinary Microbiology, 191,

47



72-81.

Christopher-Hennings, J., Faaberg, K. S., Murtaugh, M. P., Nelson, E. A., Roof, M. . B,
Vaughn, E. M., ... Zimmerman, J. J. (2002). Porcine reproductive and respiratory
syndrome (PRRS) diagnostics: Interpretation and limitations. Journal of Swine
Health and Production, 10(5), 213-218.

Corzo, C. A., Mondaca, E., Wayne, S., Dee, S., Davies, P., & Morrison, R. B. (2010).
Control and elimination of porcine reproductive and respiratory syndrome virus.
Virus Research, 154(1-2), 185-192.

Dea, S., Gagnon, C. A., Mardassi, H., Pirzadeh, B., & Rogan, D. (2000). Current
knowledge on the structural proteins of Porcine Reproductive and Respiratory
Syndrome (PRRS) virus: comparison of the North American and European
isolates. Archives of Virology, 145(4), 659-688.

Dee, S. A, Joo, H. S., Henry, S., Tokach, L., Park, B. K., Molitor, T., & Pijoan, C.
(1996). Detecting subpopulations after PRRS virus infection in large breeding
herds using multiple serologic tests. Swine Health and Production, 4(4), 181-184.

Dee, S., & Philips, R. E. (1997). Use of polymerase chain reaction (PCR) to detect
vertical transmission of porcine reproductive and respiratory syndrome virus
(PRRSV) in piglets from gilt litters. Swine Health Prod, 7(5), 237-239.

Duan, X., Nauwynck, H. J., Favoreel, H. W., & Pensaert, M. B. (1998). Identification of
a putative receptor for porcine reproductive and respiratory syndrome virus on
porcine alveolar macrophages. J Virol, 72(5), 4520-4523.

Duinhof, T. F., Schaik, G. Van, Esch, E. J. B. Van, & Wellenberg, G. J. (2011). Detection
of PRRSV circulation in herds without clinical signs of PRRS : Comparison of five
age groups to assess the preferred age group and sample size. Veterinary
Microbiology, 150(1-2), 180-184.

Guarino, H., Goyal, S. M., Murtaugh, M. P., Morrison, R. B., & Kapur, V. (1999).
Detection of porcine reproductive and respiratory syndrome virus by reverse
transcription-polymerase chain reaction using different regions of the viral
genome. Journal of Veterinary Diagnostic Investigation, 11(1), 27-33.

Halbur, P. G., Paul, P. S., Frey, M. L., Landgraf, J., Eernisse, K., Meng, X. J., ... Rathje,
J. a. (1996). Comparison of the Pathogenicity of 2 Us Porcine Reproductive and
Respiratory Syndrome Virus Isolates With That of the Lelystad Virus. Veterinary
Pathology, 32(6), 648-660.

Holtkamp, D. J., Kliebenstein, J. B., Neumann, E. J., Zimmerman, J. J., Rotto, H. F.,
Yoder, T. K., ... Haley, C. A. (2013). Assessment of the economic impact of
porcine reproductive and respiratory syndrome virus on United States pork
producers. Journal of Swine Health and Production —, 12(2), 72-84.

48



Holtkamp, D. J., Morrison, B., Classen, D. M., Becton, L., Henry, S., Rodibaugh, M.
T., ... Zimmerman, J. (2011). Terminology for Classifying Swine Herds by PRRS
Status. Journal Of Swine Health And Production, 19(February), 44-56.

Jaganathan, S., Ooi, P. T., Phang, L. Y., Zeenathul, N. A., Tuam, S. M., Ong, L. P, ...
Lim, B. K. (2013). An update on the status of Porcine Reporductive and
Respiratory Syndrome Virus (PRRSvV) isolated in Malaysia. In The 6th Asian Pig
Veterinary Society Congress. Ho Chi Minh City, Vietnam.

Jasbir, S., Kamaruddin, M. 1., & Latiffa, H. (2008). Update on Porcine reproductive and
respiratory syndrome (PRRS) seroprevalence in Malaysia. EMPRES
Transboundary Animal Diseases Bulletin, FAO. In 13th International Symposium
for the World Association of Veterinary Laboratory Diagnosticians (WAVLD) (pp.
38-39).

Kim, H., Kim, H. K., Jung, J. H., Choi, Y. J., Kim, J., Um, C. G., ... Song, D. S. (2011).
The assessment of efficacy of porcine reproductive respiratory syndrome virus
inactivated vaccine based on the viral quantity and inactivation methods. Virology
Journal, 8, 1-12.

Kim, T., Park, C., Choi, K., Jeong, J., Kang, I., Park, S. J., & Chae, C. (2015).
Comparison of two commercial Type | porcine reproductive and respiratory
syndrome virus (PRRSv) modified live vaccines against heterologous Type | and
Type Il PRRSv challenge in growing pigs. Clinical and Vaccine Immunology,
22(6), 631-640.

King, S. J., Ooi, P. T., Phang, L. Y., Allaudin, Z. N. B., Loh, W. H., Tee, C. Y., ... Lim,
B. K. (2017). Phylogenetic characterization of genes encoding for viral envelope
glycoprotein (ORF5) and nucleocapsid protein (ORF7) of porcine reproductive
&amp; respiratory syndrome virus found in Malaysia in 2013 and 2014. BMC
Veterinary Research, 13(1), 3.

Kiu, V. T. L., & Ooi, P. T. (2012). Characterization of Porcine Reproductive and
Respiratory Syndrome Virus Strains in Selected Farms in Malaysia. 7th
Proceedings of the Seminar in Veterinary Sciences, (March), 2012.

Klinge, K. L., Vaughn, E. M., Roof, M. B., Bautista, E. M., & Murtaugh, M. P. (2009).
Age-dependent resistance to Porcine reproductive and respiratory syndrome virus
replication in swine. Virology Journal, 6, 1-11.

Kolb, J., & Munoz, A. O. (2011). Displacement of PRRS wild-type virus from a large
nursery production system. In Allen D. Leman Swine Conference.

Kono, Y., Kanno, T., Shimizu, M., Yamada, S., Ohashi, S., Nakamine, M., & Shirai, J.
(1996). Nested PCR for detection and typing of porcine reproductive and
respiratory syndrome (PRRS) virus in pigs. Journal of Veterinary Medicine
Science, 58(10), 941-946.

49



Labaraque, G., Gucht, S. VAN, Nauwynck, H., Reeth, K. VAN, & Pensaert, M. (2003).
Apoptosis in the lungs of pigs infected with porcine reproductive and respiratory
syndrome virus and associations with the production of apoptogenic cytokines.
Veterinary Research, 34, 249-260.

Lowe, J. F., Husmann, R., Firkins, L. D., Zuckermann, F. A., & Goldberg, T. L. (2005).
Correlation of cell-mediated immunity against porcine reproductive and
respiratory syndrome virus with protection against reproductive failure in sows
during outbreaks of porcine reproductive and respiratory syndrome in commercial
herds. Journal of the American Veterinary Medical Association, 226(10), 1707—
1711,

Martelli, P., Gozio, S., Ferrari, L., Rosina, S., De Angelis, E., Quintavalla, C., ...
Borghetti, P. (2009). Efficacy of a modified live porcine reproductive and
respiratory syndrome virus (PRRSv) vaccine in pigs naturally exposed to a
heterologous European (Italian cluster) field strain: Clinical protection and cell-
mediated immunity. Vaccine, 27(28), 3788-3799.

Martinez-Lobo, F. J., De Lome, L. C., Diez-Fuertes, F., Segalés, J., Garcia-Artiga, C.,
Simarro, 1., ... Prieto, C. (2013). Safety of porcine reproductive and respiratory
syndrome modified live virus (MLV) vaccine strains in a young pig infection
model. Veterinary Research, 44(1), 1-14.

Martinez-Lobo, F. J., Diez-Fuertes, F., Segalés, J., Garcia-Artiga, C., Simarro, |., Castro,
J. M., & Prieto, C. (2011). Comparative pathogenicity of Type | and Type Il
isolates of porcine reproductive and respiratory syndrome virus (PRRSV) in a
young pig infection model. Veterinary Microbiology, 154(1-2), 58-68.

Mengeling, W. L. (2005). The porcine reproductive and respiratory syndrome quandary .
Part II: Vaccines and vaccination strategy. Journal Of Swine Health And
Production, 13(June), 152-156.

Molina, R. M., Cha, S. H., Chittick, W., Lawson, S., Murtaugh, M. P., Nelson, E. A, ...
Zimmerman, J. J. (2008). Immune response against porcine reproductive and
respiratory syndrome virus during acute and chronic infection. Veterinary
Immunology and Immunopathology, 126(3-4), 283-292.

Morrow, W. M., Roberts, J., van Heugten, E., Nemecheck, G., & Battrell, M. (n.d.).
PRRS Fact Sheet  for Animal Science. Retrieved from
https://pdfs.semanticscholar.org/eb13/059¢eleae3f4067414d9d015a5a57d972ah9
1.pdf

Murtaugh, M. P., Stadejek, T., Abrahante, J. E., Lam, T. T. Y., & Leung, F. C. C. (2010).
The ever-expanding diversity of porcine reproductive and respiratory syndrome
virus. Virus Research, 154(1-2), 18-30.

Nan, Y., Wu, C., Gu, G., Sun, W., Zhang, Y. J., & Zhou, E. M. (2017). Improved vaccine

against PRRSv: Current Progress and future perspective. Frontiers in
Microbiology, 8(AUG), 1-17.

50



Neumann, E. J., Kliebenstein, J. B., Johnson, C. D., Mabry, J. W., Bush, E. J., Seitzinger,
A.H., ... Zimmerman, J. J. (2005). Food Animal Economics. Javma, 227(3), 385—
392.

Nguyen, T. (2013). PRRS control in the region. In 28th Conference of the OIE Regional
Commission for Asia, the Far East and Oceania (pp. 1-8). Cebu, Philippines.
Retrieved from

Ni, J., Yang, S., Bounlom, D., Yu, X., Zhou, Z., Song, J., ... Tian, K. (2012). Emergence
and pathogenicity of highly pathogenic porcine reproductive and respiratory
syndrome virus in Vientiane, Lao People’s Democratic Republic. Journal of
Veterinary Diagnostic Investigation, 24(2), 349-354.
https://doi.org/10.1177/1040638711434111

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.
Veterinary Microbiology, 102(1-2), 11-18.

OIE. (2008). PORCINE REPRODUCTIVE RESPIRATORY SYNDROME PRRS: the
disease, its diagnosis, prevention and control. Paris. Retrieved from
http://www.oie.int/fileadmin/Home/eng/Our_scientific_expertise/docs/pdf/PRRS
_guide_web_bulletin.pdf

Opriessnig, T., Pallarés, F. J., Nilubol, D., Vincent, A. L., Eileen, L., Acvm, D., ...
Halbur, P. G. (2005). Genomic homology of ORF 5 gene sequence between of
vaccine efficacy, 13(October), 246-253.

Oropeza-Munoz, A., & Kolb, J. (2012). A methodical approach to PRRS management,
A success story of production improvements. In Allen D. Leman Swine Conference
(p. 193).

Otake, S., Dee, S., Corzo, C., Oliveira, S., & Deen, J. (2010). Long-distance airborne
transport of infectious PRRSv and Mycoplasma hyopneumoniae from a swine
population infected with multiple viral variants. Veterinary Microbiology, 145(3-
4), 198-208.

Papatsiros, V. G. (2012). Porcine respiratory and reproductive syndrome virus
vaccinology: A review for commercial vaccines. American Journal of Animal and
Veterinary Sciences, 7(4), 149-158.

Pileri, E., & Mateu, E. (2016). Review on the transmission porcine reproductive and
respiratory syndrome virus between pigs and farms and impact on vaccination.
Veterinary Research, 47(1), 1-13.

Piontkowski, M. D., Kroll, J., Orveillon, F.-X., Kraft, C., & Coll, T. (2016). Safety and
efficacy of a novel European vaccine for porcine reproductive and respiratory
virus in bred gilts. Canadian Journal of Veterinary Research = Revue Canadienne
de Recherche Veterinaire, 80(4), 269-280.

51



Plagemann, P. G. W., & Moennig, V. (1992). Lactate Dehydrogenase-Elevating Virus,
Equine Arteritis Virus, and Simian Hemorrhagic Fever Virus: A New Group of
Positive-Strand RNA Viruses. Advances in Virus Research, 41, 99-192.

Rajic, A., Dewey, C. E., Deckert, A. E., Friendship, R. M., Martin, S. W., & Yoo, D.
(2001). Production of PRRSv-negative pigs commingled from multiple,
vaccinated, serologically stable, PRRSv-positive breeding herds. Journal of Swine
Health and Production, 9(4), 179-184.

Reeth, K. Van. (1997). Pathogenesis and clinical aspects of a respiratory porcine
reproductive and respiratory syndrome virus infection. Veterinary Microbiology,
55(1-4), 223-230.

Rossow K.D. (1998). Porcine Reproductive and Respiratory Syndrome. Veterinary
Pathology, 35(May), 1-20.

Rovira, A., Clement, T., Christopher-hennings, J., Thompson, B., Engle, M., Reicks, D.,
& Mun, C. (2007). Evaluation of the sensitivity of reverse-transcription
polymerase chain reaction to detect porcine reproductive and respiratory syndrome
virus on individual and pooled samples from boars, 509, 502-509.

Rowland, R. R. R. (2010). The interaction between PRRSv and the late gestation pig
fetus. Virus Research, 154(1-2), 114-122.

Schelkopf, A., Nerem, J., Cowles, B., Amodie, D., Swalla, R., & Dee, S. (2014).
Reproductive, productivity, and mortality outcomes in late-gestation gilts and their
litters following simulation of inadvertent exposure to a modified-live vaccine
strain of porcine reproductive and respiratory syndrome (PRRS) virus. Vaccine,
32(36), 4639-4643.

Scortti, M., Prieto, C., Alvarez, E., Simarro, |., & Castro, J. M. (2007). Failure of an
inactivated vaccine against porcine reproductive and respiratory syndrome to
protect gilts against a heterologous challenge with PRRSv. The Veterinary Record,
161(24), 809-813.

Shibata, I., Mori, M., & Yazawa, S. (2000). Experimental Reinfection with Homologous
Porcine Reproductive and Respiratory Syndrome Virus in SPF Pigs. Journal of
Veterinary Medical Science, 62(1), 105-108.

Stadejek, T., Porowski, M., & Pejsak, Z. (2005). Viraemia and seroconversion in piglets
following vaccination with PRRSv-EU type vaccine - a field observation. Bulletin
of the Veterinary Institute in Pulawy, 49(3), 273-277.

Stadejek, T., Stankevicius, A., Storgaard, T., Oleksiewicz, M. B., Belék, S., Drew, T.
W., & Pejsak, Z. (2002). Identification of radically different variants of porcine
reproductive and respiratory syndrome virus in Eastern Europe: Towards a
common ancestor for European and American viruses. Journal of General
Virology, 83(8), 1861-1873.

52



Sudrez, P. (2000). Ultrastructural pathogenesis of the PRRS virus. Veterinary Research,
31(1), 47-55.

Thanawongnuwech, R., Halbur, P. G., & Thacker, E. L. (2000). The role of pulmonary
intravascular macrophages in porcine reproductive and respiratory syndrome virus
infection. Animal Health Research Reviews / Conference of Research Workers in
Animal Diseases, 1(2), 95-102.

Tian, K., Yu, X., Zhao, T., Feng, Y., Cao, Z., Wang, C,, ... Gao, G. F. (2007). Emergence
of Fatal PRRSv Variants: Unparalleled Outbreaks of Atypical PRRS in China and
Molecular Dissection of the Unique Hallmark. PLoS ONE, 2(6).

Truyen, U., Wilhelm, S., Genzow, M., & Schagemann, G. (2006). Porcine reproductive
and respiratory syndrome virus (PRRSV): A ring test performed in Germany to
assess RT-PCR detection methods. Journal of Veterinary Medicine Series B:
Infectious Diseases and Veterinary Public Health, 53(2), 68—74.

Wensvoort, G., Terpstra, C., Pol, J. M., ter Laak, E. A., Bloemraad, M., de Kluyver, E.
P., ... Wagenaar, F. (1991). Mystery swine disease in The Netherlands: the
isolation of Lelystad virus. The Veterinary Quarterly, 13(3), 121-130.

Wills, R. W., Doster, A. R., Galeota, J. A., Sur, J. H., & Osorio, F. A. (2003). Duration
of infection and proportion of pigs persistently infected with porcine reproductive
and respiratory syndrome virus. Journal of Clinical Microbiology, 41(1), 58-62.

Zhang, Q., & Yoo, D. (2015). PRRS virus receptors and their role for pathogenesis.
Veterinary Microbiology, 177(3-4), 229-241.

Zhou, L., Kang, R., Yu, J., Xie, B., Chen, C, Li, X., ... Wang, H. (2018). Genetic
characterization and pathogenicity of a novel recombined porcine reproductive
and respiratory syndrome virus 2 among Nadc30-like, Jxal-like, and Mlv-like
strains. Viruses, 10(10).

Zimmerman, J. J., Benfield, D. A., Deg, S. A., Murtaugh, M. P., Stadejek, T., Stevenson,
G. W., & Torremorell, M. (2012). Porcine Reproductive and Respiratory
Syndrome Virus (Porcine Arterivirus). In K. J. Zimmernann, J.J., Karriker, L.A.,
Ramirez A. and Schwartz (Ed.), Disease of Swine (10th ed., pp. 681-690).
Chichester, West Sussex: Wiley-Blackwell Publishing.

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, frequency of gamma-IFN-producing cells and
virological parameters of protection upon challenge. Veterinary Microbiology,
123(1-3), 69-85.

53



	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page



