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Figure 5.3 Analysis of cleavage products produced by polyprotein containing mutations of single 
PLPs. Wild type (A), PLPα (B), PLPβ (C) or PLPγ (D) single cysteine mutant clones were in vitro tran-
scribed and translated using wheat germ extract lysates in a coupled TnT reaction (Promega). Protein 
products were labeled by incorporations of [35S] cysteine, immunoprecipitated with murine IgG, anti-c-
myc or anti-FLAG antibody before separation by 13% SDS-PAGE. Molecular weight markers are shown 
on the right and the possible nsp1 proteins are shown on the left. tβ indicates protein produced by cleav-
age at the predicted G265/Y266 cleavage site; ttβ indicates protein produced by cleavage at unknown 
sites between the nsp1α/nsp1β junction and before predicted cleavage sites within nsp1β. A decreased 
exposure was used for FLAG IP lanes in A and C. 
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Figure 5.4 Analysis of cleavage products produced by polyprotein containing mutations of two 
PLPs. Wild type (A), PLPα/β (B), PLPβ/γ (C) or PLPα/γ (D) double cysteine mutant clones were in vitro 
transcribed and translated using wheat germ extract lysates in a coupled TnT reaction (Promega). Protein 
products were labeled by incorporations of [35S] cysteine, immunoprecipitated with murine IgG, anti-c-
myc or anti-FLAG antibody before separation by 13% SDS-PAGE. Molecular weight markers are shown 
on the right and the possible nsp1 proteins are shown on the left. tβ indicates protein produced by cleav-
age at the predicted G265/Y266 cleavage site; ttβ indicates protein produced by cleavage at unknown 
sites between the nsp1α/nsp1β junction and before predicted cleavage sites within nsp1β. A decreased 
exposure was used for FLAG IP lanes in A and B. 
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Figure 5.5 Analysis of cleavage products produced by polyprotein containing mutations of predict-
ed PLP cleavage sites. Wild type (A), nsp1α/nsp1β junction cleavage site (B-D), PLPβ catalytic region 
cleavage site (E), nsp1β/nsp1γ junction cleavage site (F) or nsp1γ/nsp2 junction cleavage site (G-H) mu-
tant clones were in vitro transcribed and translated using wheat germ extract lysates in a coupled TnT re-
action (Promega). Protein products were labeled by incorporations of [35S] cysteine, immunoprecipitated 
with murine IgG, anti-c-myc or anti-FLAG antibody before separation by 13% SDS-PAGE. Molecular 
weight markers are shown on the right and the possible nsp1 proteins are shown on the left. tβ indicates 
protein produced by cleavage at the predicted G265/Y266 cleavage site; ttβ indicates protein produced by 
cleavage at unknown sites between the nsp1α/nsp1β junction and before predicted cleavage sites within 
nsp1β. A decreased exposure was used for FLAG IP lanes in A and B. 
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Figure 5.6.  In vivo processing and subcellular localization of the nsp1 proteins. Western blot analysis 
of MA104 cells infected with SHFV LVR strain at an MOI of 1. Lysates were collected in radioimmuno-
precipitation assay (RIPA) buffer at the indicated times after infection and analyzed using antibodies to 
SHFV viral proteins and actin. Arrows indicate viral protein specific bands.  (D-F) MA104 cells were 
infected with SHFV LVR strain at an MOI of 10, fixed at indicated times after infection and analyzed by 
confocal microscopy. Anti-dsRNA antibody (red) was used to detect SHFV-infected cells, anti-SHFV 
antibodies (38) were used to detect viral protein localization and Hoeschst dye (blue) to detect nuclei. 
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Figure 5.7. Model for polyprotein cleavage by the SHFV nsp1 proteases. The three SHFV nsp1 prote-
ases are indicated by red, blue and green boxes and the recognized cleavage dyads are indicated by 
dashed lines. The protease present in the nsp1α region is predicted to be a cysteine protease (CP) and the 
proteases present in both nsp1β and nsp1γ regions are predicted to be PLPs. Red, blue and gree arrows 
indicate cleavage dyads that are cleaved in vitro by the proteases present in nsp1α, nsp1β and nsp1γ, re-
spectively. ZF indicates the predicted zinc finger domain present in the N-terminal region of nsp1α. 
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6 CONCLUSIONS 

6.1 Consequences of SHFV-induced Pro-inflammatory Cytokine Production 

Previous studies suggested that fatal viral hemorrhagic fever disease is induced by an uncon-

trolled systematic inflammatory response leading to suppression of the adaptive immune response due to 

lymphocyte apoptosis and coagulation defects exemplified by development of DIC (12, 72). Emerging 

evidence suggests that a non-fatal hemorrhagic fever virus infection is characterized by a controlled in-

flammatory response and activation of adaptive immunity. However, mechanisms contributing to the in-

duction of a regulated response have not been elucidated and may depend to some degree on co-evolution 

between host and virus (10, 12). The current study confirmed that disease-susceptible macaques and ma-

caque MΦs and mDCs produce high levels of several pro-inflammatory cytokines after SHFV infection 

while disease-resistant baboons develop low titer, persistent infections and their MΦs and mDCs do not 

produce pro-inflammatory cytokines. Baboon cells were shown to produce high levels of the anti-

inflammatory cytokine IL-10. However, IL-10 signaling through IL-10R to induce SOCS3 production 

was observed only after SHFV infection. Neither IL-10R1 nor SOCS3 levels increased in macaque cell 

cultures after SHFV infection. To our knowledge, this is the first study to show not only higher basal lev-

els of IL-10 protein production by disease-resistant baboons compared to disease-susceptible macaques 

but also virus-dependent induction of SOCS3 by IL-10 receptor activation. Additionally, this study 

demonstrated the regulation of several, but not all, SHFV-induced pro-inflammatory cytokines by IL-10 

signaling. 

Data presented in the current study demonstrated that TNF-α was produced in response to SHFV 

infection by macaque MΦs and mDCs but not by baboon cells. TNF-α was produced after incubation of 

cells with either live or UV-inactivated virus, indicating TNF-α production by macaque cells was not de-

pendent upon virus replication. Additionally, neither TNF-α levels nor cell viability after SHFV infection 

of macaque cells was altered by IL-10 treatment. A previous study reported that another arterivirus, 
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PRRSV, induces caspase-mediated apoptosis of porcine MΦs (18). More recent data indicated that the 

induction of apoptosis by both EAV and PRRSV is partially dependent on extrinsic signaling, such as 

TNF-related apoptosis inducing ligand (TRAIL) mediated signaling, that results in caspase 8 cleavage 

(69, 111). Cultured human monocytes and mDCs infected with live and inactivated Ebola virus produced 

TNF-α that induced TRAIL-mediated apoptosis (55). TNF-α production in Ebola virus infected primates 

was reported to induce lymphocyte apoptosis and increased vascular permeability. Interestingly, the ret-

rovirus, simian immunodeficiency virus (SIV), also induces TRAIL expression in MΦs and mDCs isolat-

ed from disease-susceptible primates, such as rhesus macaques, but not from ones isolated from disease-

resistant primates such as African green monkeys, sooty mangabeys and chimpanzees (61) suggesting that 

apoptosis of monocytes induced by SIV from disease-susceptible primates is also dependent on TRAIL 

signaling. The activation of TRAIL-mediated apoptosis should be investigated in SHFV infected macaque 

MΦs and mDCs to determine whether TNF-α production in macaque cells is responsible for the induction 

of apoptosis after SHFV infection. 

Non-fatal Ebola virus infections in humans have been associated with early, transient plasma lev-

els of pro-inflammatory cytokines while fatal infections were characterized by delayed and less controlled 

production of similar cytokines (4). In contrast, asymptomatic Ebola virus infections in humans are asso-

ciated with an early, transient production of pro-inflammatory cytokines that coincides with the produc-

tion of IL-10 as well as rapid activation of the adaptive immune response leading to development of virus 

neutralizing IgG and IgM (70, 71). Several studies have indicated that IL-10 enhances IgG and IgM pro-

duction from cultured B-cells by promoting B-cell survival and proliferation (84). It is possible that the 

high IL-10 levels observed in baboon MΦ and mDC cultures could increase B-cell proliferation and pro-

duction of anti-SHFV specific IgG and IgM in animals. Interestingly, pigs infected with PRRSV that pro-

duce IL-10 rapidly produce IgM antibodies specific for the major viral structural proteins of GP5, M and 

N by 7 to 21 days after infection and virus-specific IgG by 21 days after infection that can persist for up 

to one year after infection (73). This extended duration of neutralizing antibody production was signifi-

cantly longer than the estimated 6 weeks of viremia and 2-3 months of virus persistence (103, 114). EAV 
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and LDV, which can establish lifelong persistence in horses and mice, respectively, induce neutralizing 

antibodies typically targeting the GP5 N-terminal ectodomain (6). While the present study demonstrated 

that SHFV can persist in baboons for more than 10 years, production of neutralizing antibodies directed 

against the SHFV GP7, or any other viral proteins, has not yet been analyzed. Analysis of SHFV neutral-

izing antibodies in persistently infected baboons may provide further understanding of the differential 

immune response to SHFV infection in disease-resistant and disease-susceptible monkeys. Several hem-

orrhagic fever viruses are able to productively infect human DCs but induce only a limited set of pro-

inflammatory cytokines in these cells compared to MΦs (9). Interestingly, hemorrhagic fever virus infec-

tion of human DCs was shown to inhibit expression of several cell surface receptors required for activa-

tion of T and B-cells, including CD86, HLA-DR, CD11c and CD83 while surface expression of the 

CCR5 cytokine/chemokine receptor was maintained suggesting that DC maturation is suppressed and 

these cells are more sensitive to cytokine signaling (9). It remains to be determined whether expression of 

these surface receptors are altered by SHFV infection in mDCs isolated from macaques and/or baboons. It 

is possible that the ability of macaque mDCs to activate T and B-cells is suppressed after SHFV infection 

while infected baboon mDCs are still able to induce T and B-cell mediated immunity. The observation of 

CCR5 down-regulation and increased surface expression of co-stimulatory markers, such as CD83, CD86 

and/or HLA-DR on SHFV-infected baboon mDCs would suggest that mDC maturation is not inhibited by 

infection.  

Previous studies of LDV and PRRSV infections in cultured murine or porcine MΦs, respectively, 

indicated that less than 10% of  the cells are infected by 24 h suggesting that only a subpopulation of 

these cells are permissive to infection (37, 63, 93). This limited host cell trophism was suggested to be 

due either to differential expression of cell surface receptors required for viral attachment and entry or to 

specific host proteases required for a productive viral infection. Data from the present study showed that 

10% of MΦs from disease-resistant baboons but the majority of MΦs from disease-susceptible macaques 

were permissive to SHFV infection. These data indicate that SHFV infection of baboon MΦs is similar to 

what is observed for infections by other arteriviruses of MΦs obtained from their natural hosts while the 
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highly efficient infection of macaque MΦs is the exception. Arterivirus attachment to host cells is de-

pendent on interaction with heparin sulfate as well as sialoadhesin followed by CD163 binding which is 

needed for virus entry (14, 26). It has not yet been determined whether MΦ populations isolated from ba-

boons and macaques differ in the levels of the three critical cell surface proteins. Cellular proteases, such 

as aspartic protease cathepsin E and an unidentified trypsin-like serine protease, are required for PRRSV 

uncoating in MΦs (82). Whether macaque MΦs are more permissive to SHFV infection due to differ-

ences in host proteases present in macaque and baboon MΦs could also be analyzed. 

6.2 Modulation of Host Responses by Viral Proteins 

Multiple infectious clones for EAV and PRRSV strains have been constructed (34, 85) and used 

to investigate viral replication as well as the induction of host immune responses. The SHFVic contructed 

as part of this study is the first full-length cytopathic cDNA infectious clone of SHFV. The SHFV clone 

also represents the longest known full-length RNA genome that has been stably maintained within a sin-

gle plasmid because the infectious cDNA clones of coronaviruses are maintained as separate fragment 

clones due to instability of maintaining full-length clones in a single plasmid (137, 139). This clone repre-

sents a valuable tool for further studies of virus replication in the MA104 cell line as well as virus replica-

tion and induction of host responses in primary cell cultures from disease-resistant and susceptible pri-

mates.  

Attempts to construct an infectious clone based on the Genbank consensus sequence did not pro-

duce infectious progeny virus suggesting the Genbank consensus, which was derived from shot-gun clon-

ing and sequencing using radioactive chain termination sequencing contained errors that prevented the 

formation of infectious virus after transfection of full length in vitro transcribed RNA (102). Re-

sequencing of the entire genome directly from RNA isolated from a virus pool, as well as sequencing of 

multiple cDNA clones by 454 sequencing, identified multiple changes from the Genbank consensus, in-

cluding an insertion-deletion that changed a stretch of ten amino acids. All 18 nt changes were incorpo-

rated into the cDNA clone and transfection of RNA transcribed from this clone produced virus compara-
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ble to RNA isolated directly from the parental SHFV LVR pool. However, all 18 nts may not be required 

for production of infectious virus and additional work is needed to determine which of the substitutions is 

critical. 

Previous studies indicated that the nsp1 proteins of EAV and PRRSV inhibit cell anti-viral re-

sponses such as NF-κB and IFNβ as well as have functions in viral genome replication and sg mRNA 

transcription (62, 64, 109, 119, 120). Also, both nsp1α and nsp1β of PRRSV were reported to be able to 

transcriptionally suppress TNF-α expression (112). Data from the present study indicate that SHFV pro-

duces three nsp1 proteins in infected MA104 cells. The nsp1α and nsp1γ proteins were observed in both 

the cytoplasm and nucleus of infected cells, while nsp1β was only present in the cytoplasm. It has not yet 

been determined which, if any, of the SHFV nsp1 proteins may affect the differential IFNβ expression 

observed in the primary cell cultures from disease-resistant and disease-susceptible monkeys. The func-

tions of each nsp1 protein can now be investigated in the context of a virus infection using mutated infec-

tious clones to transfect primary cell cultures.  

Previous studies also showed that the nucleocapsid proteins of both PRRSV and EAV localize to 

the nucleolus of infected cells due to a bipartite pat7 NLS and an adjacent NoLS (91, 94, 121). Analysis 

of pigs infected with a mutant PRRSV that had the NLS of the nucleocapsid protein substituted indicated 

that nuclear localization of the nucleocapsid protein is required for efficient viral replication as well as for 

modulation of host responses such as suppression of antibody production (91). Interestingly, the nucle-

ocapsid protein of the coronavirus, severe acute respiratory syndrome (SARS-CoV) also localizes to the 

nucleus of infected cells by a similar bipartite NLS where it binds to the NF-κB element in the il6 gene 

promoter leading to induction of IL-6 (141). IL-6 production during SARS-CoV infection has been asso-

ciated with the cytokine storm and damaging inflammatory response observed in SARS patients. Data 

from the present study showed that IL-6 production increased in macaque-derived cells after SHFV infec-

tion but not in baboon-derived, infected cells suggesting differential NF-κB activation in cells isolated 

from the two types of primates. In data not shown, the SHFV nucleocapsid was found to localize to the 

nucleolus of MA104 cells by 12 h after infection. It remains to be determined whether nucleocapsid sub-
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cellular localization is similar in MΦs and mDCs isolated from baboons and macaques. Also, additional 

preliminary data (data not shown) suggest that NF-κB is activated in macaque cells but not in baboon 

cells. Mutant SHFVic-derived viruses could be used to analyze nucleocapsid activation of NF-κB in pri-

mary cell cultures. 

  



124 

 

REFERENCES 

1. Abildgaard, C., J. Harrison, C. Espana, W. Spangler, and D. Gribble. 1975. Simian 
hemorrhagic fever: Studies of coagulation and pathology. Am J Trop Med Hyg 24:537-44. 

2. Allen, A. M., A. E. Palmer, N. M. Tauraso, and A. Shelokov. 1968. Simian hemorrhagic fever. 
II. Studies in pathology. Am J Trop Med Hyg 17:413-21. 

3. Auernhammer, C. J., C. Bousquet, and S. Melmed. 1999. Autoregulation of pituitary 
corticotroph SOCS-3 expression: characterization of the murine SOCS-3 promoter. Proc Natl 
Acad Sci U S A 96:6964-9. 

4. Baize, S., E. M. Leroy, A. J. Georges, M. C. Georges-Courbot, M. Capron, I. Bedjabaga, J. 
Lansoud-Soukate, and E. Mavoungou. 2002. Inflammatory responses in Ebola virus-infected 
patients. Clin Exp Immunol 128:163-8. 

5. Balasuriya, U. B., P. J. Timoney, W. H. McCollum, and N. J. MacLachlan. 1995. 
Phylogenetic analysis of open reading frame 5 of field isolates of equine arteritis virus and 
identification of conserved and nonconserved regions in the GL envelope glycoprotein. Virology 
214:690-7. 

6. Balasuriya, U. B. R., and N. J. MacLachlan. 2004. The immune response to equine arteritis 
virus: potential lessons for other arteriviruses. Vet Immunol Immunopath 102:107-129. 

7. Beerens, N., B. Selisko, S. Ricagno, I. Imbert, L. van der Zanden, E. J. Snijder, and B. 
Canard. 2007. De novo initiation of RNA synthesis by arterivirus RNA-dependent RNA 
polymerase. J Virol 81:8384-8395. 

8. Bonilla, P. J., J. L. Pinon, S. Hughes, and S. R. Weiss. 1995. Characterization of the leader 
papain-like protease of MHV-A59. Adv Exp Med Biol 380:423-30. 

9. Bosio, C. M., M. J. Aman, C. Grogan, R. Hogan, G. Ruthel, D. Negley, M. Mohamadzadeh, 
S. Bavari, and A. Schmaljohn. 2003. Ebola and Marburg viruses replicate in monocyte-derived 
dendritic cells without inducing the production of cytokines and full maturation. J Infect Dis 
188:1630-8. 

10. Bray, M. 2005. Pathogenesis of viral hemorrhagic fever. Curr Opin Immunol 17:399-403. 
11. Bray, M., and T. W. Geisbert. 2005. Ebola virus: the role of macrophages and dendritic cells in 

the pathogenesis of Ebola hemorrhagic fever. Int J Biochem Cell Biol 37:1560-6. 
12. Bray, M., and S. Mahanty. 2003. Ebola hemorrhagic fever and septic shock. J Infect Dis 

188:1613-7. 
13. Brinton, M. A., and P. G. Plagemann. 1983. Clearance of lactate dehydrogenase by SJL/J mice 

infected with lactate dehydrogenase-elevating virus. J Reticuloendothel Soc 33:391-400. 
14. Calvert, J. G., D. E. Slade, S. L. Shields, R. Jolie, R. M. Mannan, R. G. Ankenbauer, and S. 

K. Welch. 2007. CD163 expression confers susceptibility to porcine reproductive and respiratory 
syndrome viruses. J Virol 81:7371-9. 

15. Chen, Z., S. Lawson, Z. Sun, X. Zhou, X. Guan, J. Christopher-Hennings, E. A. Nelson, and 
Y. Fang. 2010. Identification of two auto-cleavage products of nonstructural protein 1 (nsp1) in 
porcine reproductive and respiratory syndrome virus infected cells: nsp1 function as interferon 
antagonist. Virology 398:87-97. 

16. Choi, H. K., L. Tong, W. Minor, P. Dumas, U. Boege, M. G. Rossmann, and G. Wengler. 
1991. Structure of Sindbis virus core protein reveals a chymotrypsin-like serine proteinase and 
the organization of the virion. Nature 354:37-43. 

17. Corinti, S., C. Albanesi, A. la Sala, S. Pastore, and G. Girolomoni. 2001. Regulatory activity 
of autocrine IL-10 on dendritic cell functions. J Immunol 166:4312-8. 



125 

18. Costers, S., D. J. Lefebvre, P. L. Delputte, and H. J. Nauwynck. 2008. Porcine reproductive 
and respiratory syndrome virus modulates apoptosis during replication in alveolar macrophages. 
Arch Virol 153:1453-65. 

19. Dalgard, D. W., R. J. Hardy, S. L. Pearson, G. J. Pucak, R. V. Quander, P. M. Zack, C. J. 
Peters, and P. B. Jahrling. 1992. Combined simian hemorrhagic fever and Ebola virus infection 
in cynomolgus monkeys. Lab Anim Sci 42:152-7. 

20. Darnell, M. B., and P. G. Plagemann. 1972. Physical properties of lactic dehydrogenase-
elevating virus and its ribonucleic acid. J Virol 10:1082-5. 

21. Das, P. B., P. X. Dinh, I. H. Ansari, M. de Lima, F. A. Osorio, and A. K. Pattnaik. 2010. The 
minor envelope glycoproteins GP2a and GP4 of porcine reproductive and respiratory syndrome 
virus interact with the receptor CD163. J Virol 84:1731-40. 

22. de Lima, M., I. H. Ansari, P. B. Das, B. J. Ku, F. J. Martinez-Lobo, A. K. Pattnaik, and F. 
A. Osorio. 2009. GP3 is a structural component of the PRRSV type II (US) virion. Virology 
390:31-6. 

23. Dea, S., C. A. Gagnon, H. Mardassi, B. Pirzadeh, and D. Rogan. 2000. Current knowledge on 
the structural proteins of porcine reproductive and respiratory syndrome (PRRS) virus: 
comparison of the North American and European isolates. Arch Virol 145:659-88. 

24. Deauvieau, F., V. Sanchez, C. Balas, A. Kennel, D. E. M. A, J. Lang, and B. Guy. 2007. 
Innate immune responses in human dendritic cells upon infection by chimeric yellow-fever 
dengue vaccine serotypes 1-4. Am J Trop Med Hyg 76:144-54. 

25. Delputte, P. L., S. Costers, and H. J. Nauwynck. 2005. Analysis of porcine reproductive and 
respiratory syndrome virus attachment and internalization: distinctive roles for heparan sulphate 
and sialoadhesin. J Gen Virol 86:1441-5. 

26. Delputte, P. L., and H. J. Nauwynck. 2006. Porcine arterivirus entry in macrophages: heparan 
sulfate-mediated attachment, sialoadhesin-mediated internalization, and a cell-specific factor 
mediating virus disassembly and genome release. Adv Exp Med Biol 581:247-52. 

27. Delputte, P. L., and H. J. Nauwynck. 2004. Porcine arterivirus infection of alveolar 
macrophages is mediated by sialic acid on the virus. J Virol 78:8094-101. 

28. Delputte, P. L., W. Van Breedam, I. Delrue, C. Oetke, P. R. Crocker, and H. J. Nauwynck. 
2007. Porcine arterivirus attachment to the macrophage-specific receptor sialoadhesin is 
dependent on the sialic acid-binding activity of the N-terminal immunoglobulin domain of 
sialoadhesin. J Virol 81:9546-50. 

29. Delputte, P. L., N. Vanderheijden, H. J. Nauwynck, and M. B. Pensaert. 2002. Involvement 
of the Matrix Protein in Attachment of Porcine Reproductive and Respiratory Syndrome Virus to 
a Heparinlike Receptor on Porcine Alveolar Macrophages. J Virol 76:4312-4320. 

30. den Boon, J. A., K. S. Faaberg, J. J. Meulenberg, A. L. Wassenaar, P. G. Plagemann, A. E. 
Gorbalenya, and E. J. Snijder. 1995. Processing and evolution of the N-terminal region of the 
arterivirus replicase ORF1a protein: identification of two papainlike cysteine proteases. J Virol 
69:4500-5. 

31. den Boon, J. A., E. J. Snijder, E. D. Chirnside, A. A. de Vries, M. C. Horzinek, and W. J. 
Spaan. 1991. Equine arteritis virus is not a togavirus but belongs to the coronaviruslike 
superfamily. J Virol 65:2910-20. 

32. Denner, J., M. Eschricht, M. Lauck, M. Semaan, P. Schlaermann, H. Ryu, and L. Akyuz. 
2013. Modulation of cytokine release and gene expression by the immunosuppressive domain of 
gp41 of HIV-1. PLoS One 8:e55199. 

33. deVries, A. A., M. C. Horzinek, P. J. Rottier, and R. J. d. Groot. 1997. The Genome 
Organization of the Nidovirales: Similarities and Differences between Arteri-, Toro-, and 
Coronaviruses. Sem Virol 8:33-47. 

34. deVries, A. A. F., A. L. Glaser, M. J. B. Raamsman, C. A. M. deHaan, S. Sarnataro, G.-J. 
Godeke, and P. J. M. Rottier. 2000. Genetic Manipulation of Equine Arteritis Virus Using Full-



126 

Length cDNA Clones: Seperation of Overlapping Genes and Expression of a Foreign Epitope. 
Virology 270:84-97. 

35. Diaz, I., L. Darwich, G. Pappaterra, J. Pujols, and E. Mateu. 2005. Immune responses of pigs 
after experimental infection with a European strain of Porcine reproductive and respiratory 
syndrome virus. J Gen Virol 86:1943-51. 

36. Dokland, T. 2010. The structural biology of PRRSV. Virus Res 154:86-97. 
37. Duan, X., H. J. Nauwynck, and M. B. Pensaert. 1997. Effects of origin and state of 

differentiation and activation of monocytes/macrophages on their susceptibility to porcine 
reproductive and respiratory syndrome virus (PRRSV). Arch Virol 142:2483-97. 

38. Edwards, R. L., J. B. Levine, R. Green, M. Duffy, E. Mathews, W. Brande, and F. R. 
Rickles. 1987. Activation of blood coagulation in Crohn's disease. Increased plasma 
fibrinopeptide A levels and enhanced generation of monocyte tissue factor activity. 
Gastroenterology 92:329-37. 

39. Fang, Y., K. S. Faaberg, R. R. Rowland, J. Christopher-Hennings, A. K. Pattnaik, F. 
Osorio, and E. A. Nelson. 2006. Construction of a full-length cDNA infectious clone of a 
European-like Type 1 PRRSV isolated in the U.S. Adv Exp Med Biol 581:605-8. 

40. Fang, Y., R. R. R. Rowland, M. Roof, J. K. Lunney, J. Christopher-Hennings, and E. A. 
Nelson. 2006. A Full-Length cDNA Infectious Clone of North American Type 1 Porcine 
Reproductive and Respiratory Syndrome Virus: Expression of Green Fluorescent Protein in the 
Nsp2 Region. J Virol 80:11447-11455. 

41. Fang, Y., and E. J. Snijder. 2010. The PRRSV replicase: exploring the multifunctionality of an 
intriguing set of nonstructural proteins. Virus Res 154:61-76. 

42. Firth, A. E., J. C. Zevenhoven-Dobbe, N. M. Wills, Y. Y. Go, U. B. Balasuriya, J. F. Atkins, 
E. J. Snijder, and C. C. Posthuma. 2011. Discovery of a small arterivirus gene that overlaps the 
GP5 coding sequence and is important for virus production. J Gen Virol 92:1097-106. 

43. Geisbert, T. W., L. E. Hensley, P. B. Jahrling, T. Larsen, J. B. Geisbert, J. Paragas, H. A. 
Young, T. M. Fredeking, W. E. Rote, and G. P. Vlasuk. 2003. Treatment of Ebola virus 
infection with a recombinant inhibitor of factor VIIa/tissue factor: a study in rhesus monkeys. 
Lancet 362:1953-8. 

44. Geisbert, T. W., and P. B. Jahrling. 2004. Exotic emerging viral diseases: progress and 
challenges. Nat Med 10:S110-21. 

45. Godeny, E. K., L. Chen, S. N. Kumar, S. L. Methven, E. V. Koonin, and M. A. Brinton. 
1993. Complete genomic sequence and phylogenetic analysis of the lactate dehydrogenase-
elevating virus (LDV). Virology 194:585-96. 

46. Godeny, E. K., A. A. F. deVries, X. C. Wang, S. L. Smith, and R. J. deGroot. 1998. 
Indentification of the Leader-Body Junctions for the Viral Subgenomic mRNAs and Organization 
of the Simian Hemorrhagic Fever Virus Genome: Evidence for Gene Duplication during 
Arterivirus Evolution. J Virol 72:862-867. 

47. Godeny, E. K., L. Zeng, S. L. Smith, and M. A. Brinton. 1995. Molecular characterization of 
the 3' terminus of the simian hemorrhagic fever virus genome. J Virol 69:2679-83. 

48. Gorbalenya, A. E., L. Enjuanes, J. Ziebuhr, and E. J. Snijder. 2006. Nidovirales: evolving the 
largest RNA virus genome. Virus Res 117:17-37. 

49. Gorbalenya, A. E., E. V. Koonin, and M. M. Lai. 1991. Putative papain-related thiol proteases 
of positive-strand RNA viruses. Identification of rubi- and aphthovirus proteases and delineation 
of a novel conserved domain associated with proteases of rubi-, alpha- and coronaviruses. FEBS 
Lett 288:201-5. 

50. Gordon, J. I., R. J. Duronio, D. A. Rudnick, S. P. Adams, and G. W. Gokel. 1991. Protein N-
myristoylation. J Biol Chem 266:8647-50. 

51. Gravell, M., W. T. London, M. E. Leon, A. E. Palmer, and R. S. Hamilton. 1986. Differences 
among isolates of simian hemorrhagic fever (SHF) virus. Proc Soc Exp Biol Med 181:112-9. 



127 

52. Gravell, M., W. T. London, M. Rodriguez, A. E. Palmer, and R. S. Hamilton. 1980. Simian 
haemorrhagic fever (SHF): new virus isolate from a chronically infected patas monkey. J Gen 
Virol 51:99-106. 

53. Han, J., M. S. Rutherford, and K. S. Faaberg. 2009. The porcine reproductive and respiratory 
syndrome virus nsp2 cysteine protease domain possesses both trans- and cis-cleavage activities. J 
Virol 83:9449-63. 

54. Hedges, J. F., U. B. Balasuriya, P. J. Timoney, W. H. McCollum, and N. J. MacLachlan. 
1999. Genetic divergence with emergence of novel phenotypic variants of equine arteritis virus 
during persistent infection of stallions. J Virol 73:3672-81. 

55. Hensley, L. E., H. A. Young, P. B. Jahrling, and T. W. Geisbert. 2002. Proinflammatory 
response during Ebola virus infection of primate models: possible involvement of the tumor 
necrosis factor receptor superfamily. Immunol Lett 80:169-79. 

56. Herold, J., A. E. Gorbalenya, V. Thiel, B. Schelle, and S. G. Siddell. 1998. Proteolytic 
processing at the amino terminus of human coronavirus 229E gene 1-encoded polyproteins: 
identification of a papain-like proteinase and its substrate. J Virol 72:910-8. 

57. Hutchinson, K. L., F. Villinger, M. E. Miranda, T. G. Ksiazek, C. J. Peters, and P. E. Rollin. 
2001. Multiplex analysis of cytokines in the blood of cynomolgus macaques naturally infected 
with Ebola virus (Reston serotype). J Med Virol 65:561-6. 

58. Johnson, C. R., T. F. Griggs, J. Gnanandarajah, and M. P. Murtaugh. 2011. Novel structural 
protein in porcine reproductive and respiratory syndrome virus encoded by an alternative ORF5 
present in all arteriviruses. J Gen Virol 92:1107-16. 

59. Johnson, R. F., L. E. Dodd, S. Yellayi, W. Gu, J. A. Cann, C. Jett, J. G. Bernbaum, D. R. 
Ragland, M. St Claire, R. Byrum, J. Paragas, J. E. Blaney, and P. B. Jahrling. 2011. Simian 
hemorrhagic fever virus infection of rhesus macaques as a model of viral hemorrhagic fever: 
clinical characterization and risk factors for severe disease. Virology 421:129-40. 

60. Johnson, W., M. Roof, E. Vaughn, J. Christopher-Hennings, C. R. Johnson, and M. P. 
Murtaugh. 2004. Pathogenic and humoral immune responses to porcine reproductive and 
respiratory syndrome virus (PRRSV) are related to viral load in acute infection. Vet Immunol 
Immunopathol 102:233-47. 

61. Kim, N., A. Dabrowska, R. G. Jenner, and A. Aldovini. 2007. Human and simian 
immunodeficiency virus-mediated upregulation of the apoptotic factor TRAIL occurs in antigen-
presenting cells from AIDS-susceptible but not from AIDS-resistant species. J Virol 81:7584-97. 

62. Kim, O., Y. Sun, F. W. Lai, C. Song, and D. Yoo. 2010. Modulation of type I interferon 
induction by porcine reproductive and respiratory syndrome virus and degradation of CREB-
binding protein by non-structural protein 1 in MARC-145 and HeLa cells. Virology 402:315-26. 

63. Kowalchyk, K., and P. G. Plagemann. 1985. Cell surface receptors for lactate dehydrogenase-
elevating virus on subpopulation of macrophages. Virus Res 2:211-29. 

64. Kroese, M. V., J. C. Zevenhoven-Dobbe, J. N. Bos-de Ruijter, B. P. Peeters, J. J. 
Meulenberg, L. A. Cornelissen, and E. J. Snijder. 2008. The nsp1alpha and nsp1 papain-like 
autoproteinases are essential for porcine reproductive and respiratory syndrome virus RNA 
synthesis. J Gen Virol 89:494-9. 

65. Lauck, M., D. Hyeroba, A. Tumukunde, G. Weny, S. M. Lank, C. A. Chapman, D. H. 
O'Connor, T. C. Friedrich, and T. L. Goldberg. 2011. Novel, divergent simian hemorrhagic 
fever viruses in a wild Ugandan red colobus monkey discovered using direct pyrosequencing. 
PLoS One 6:e19056. 

66. Lauck, M., S. D. Sibley, D. Hyeroba, A. Tumukunde, G. Weny, C. A. Chapman, N. Ting, W. 
M. Switzer, J. H. Kuhn, T. C. Friedrich, D. H. O'Connor, and T. L. Goldberg. 2013. 
Exceptional simian hemorrhagic fever virus diversity in a wild African primate community. J 
Virol 87:688-91. 

67. Lee, C., and D. Yoo. 2006. The small envelope protein of porcine reproductive and respiratory 
syndrome virus possesses ion channel protein-like properties. Virology 355:30-43. 



128 

68. Lee, S.-M., and S. B. Kleiboeker. 2007. Porcine reproductive and respiratory syndrome virus 
induces apoptosis through a mitochondria-mediated pathway. Virology 356:419-434. 

69. Lee, S. M., S. K. Schommer, and S. B. Kleiboeker. 2004. Porcine reproductive and respiratory 
syndrome virus field isolates differ in in vitro interferon phenotypes. Vet Immunol Immunopathol 
102:217-31. 

70. Leroy, E. M., S. Baize, P. Debre, J. Lansoud-Soukate, and E. Mavoungou. 2001. Early 
immune responses accompanying human asymptomatic Ebola infections. Clin Exp Immunol 
124:453-60. 

71. Leroy, E. M., S. Baize, V. E. Volchkov, S. P. Fisher-Hoch, M. C. Georges-Courbot, J. 
Lansoud-Soukate, M. Capron, P. Debre, J. B. McCormick, and A. J. Georges. 2000. Human 
asymptomatic Ebola infection and strong inflammatory response. Lancet 355:2210-5. 

72. Levi, M., T. van der Poll, and H. ten Cate. 2006. Tissue factor in infection and severe 
inflammation. Semin Thromb Hemost 32:33-9. 

73. Loemba, H. D., S. Mounir, H. Mardassi, D. Archambault, and S. Dea. 1996. Kinetics of 
humoral immune response to the major structural proteins of the porcine reproductive and 
respiratory syndrome virus. Arch Virol 141:751-61. 

74. London, W. T. 1977. Epizootiology, transmission and approach to prevention of fatal simian 
haemorrhagic fever in rhesus monkeys. Nature 268:344-5. 

75. Lopez-Fuertes, L., E. Campos, N. Domenech, A. Ezquerra, J. M. Castro, J. Dominguez, and 
F. Alonso. 2000. Porcine reproductive and respiratory syndrome (PRRS) virus down-modulates 
TNF-alpha production in infected macrophages. Virus Res 69:41-6. 

76. Mahanty, S., and M. Bray. 2004. Pathogenesis of filoviral haemorrhagic fevers. Lancet Infect 
Dis 4:487-98. 

77. Mahanty, S., K. Hutchinson, S. Agarwal, M. McRae, P. E. Rollin, and B. Pulendran. 2003. 
Cutting edge: impairment of dendritic cells and adaptive immunity by Ebola and Lassa viruses. J 
Immunol 170:2797-801. 

78. Martinez, D., M. A. Brinton, T. G. Tachovsky, and A. H. Phelps. 1980. Identification of 
lactate dehydrogenase-elevating virus as the etiological agent of genetically restricted, age-
dependent polioencephalomyelitis of mice. Infect Immun 27:979-87. 

79. Martinez, O., L. W. Leung, and C. F. Basler. 2012. The role of antigen-presenting cells in 
filoviral hemorrhagic fever: gaps in current knowledge. Antiviral Res 93:416-28. 

80. Messaoudi, I., A. Barron, M. Wellish, F. Engelmann, A. Legasse, S. Planer, D. Gilden, J. 
Nikolich-Zugich, and R. Mahalingam. 2009. Simian varicella virus infection of rhesus 
macaques recapitulates essential features of varicella zoster virus infection in humans. PLoS 
Pathog 5:e1000657. 

81. Meulenberg, J. J. M., J. N. A. Bos-deRuijter, R. vandeGraaf, G. Wensvoort, and R. J. M. 
Moormann. 1998. Infectious Transcripts from Cloned Genome-Length cDNA of Porcine 
Reproductive and Respiratory Syndrome Virus. J Virol 72:380-387. 

82. Misinzo, G. M., P. L. Delputte, and H. J. Nauwynck. 2008. Involvement of proteases in 
porcine reproductive and respiratory syndrome virus uncoating upon internalization in primary 
macrophages. Vet Res 39:55. 

83. Moore, B. D., U. B. Balasuriya, J. L. Watson, C. M. Bosio, R. J. MacKay, and N. J. 
MacLachlan. 2003. Virulent and avirulent strains of equine arteritis virus induce different 
quantities of TNF-alpha and other proinflammatory cytokines in alveolar and blood-derived 
equine macrophages. Virology 314:662-70. 

84. Moore, K. W., R. de Waal Malefyt, R. L. Coffman, and A. O'Garra. 2001. Interleukin-10 and 
the interleukin-10 receptor. Annu Rev Immunol 19:683-765. 

85. Nielson, H. S., G. Liu, J. Nielsen, M. B. Oleksiewicz, A. Botner, T. Storgaard, and K. S. 
Faaberg. 2003. Generation of an Infectious Clone of VR-2332, a Highly Virulent North 
American-Type Isolate of Porcine Reproductive and Respiratory Syndrome Virus. J Virol 
77:3702-3711. 



129 

86. Nitschke, M., T. Korte, C. Tielesch, G. Ter-Avetisyan, G. Tunnemann, M. C. Cardoso, M. 
Veit, and A. Herrmann. 2008. Equine arteritis virus is delivered to an acidic compartment of 
host cells via clathrin-dependent endocytosis. Virology 377:248-54. 

87. Palmer, A. E., A. M. Allen, N. M. Tauraso, and A. Shelokov. 1968. Simian hemorrhagic fever. 
I. Clinical and epizootiologic aspects of an outbreak among quarantined monkeys. Am J Trop 
Med Hyg 17:404-12. 

88. Palmer, G. A., L. Kuo, Z. Chen, K. S. Faaberg, and P. G. Plagemann. 1995. Sequence of the 
genome of lactate dehydrogenase-elevating virus: heterogenicity between strains P and C. 
Virology 209:637-42. 

89. Pasternak, A. O., W. J. M. Spaan, and E. J. Snijder. 2006. Nidovirus transcription: how to 
make sense...? J Gen Virol 87:1403-1421. 

90. Pedchenko, T. V., and S. M. LeVine. 1999. IL-6 deficiency causes enhanced pathology in 
Twitcher (globoid cell leukodystrophy) mice. Exp Neurol 158:459-68. 

91. Pei, Y., D. C. Hodgins, C. Lee, J. G. Calvert, S. K. Welch, R. Jolie, M. Keith, and D. Yoo. 
2008. Functional mapping of the porcine reproductive and respiratory syndrome virus capsid 
protein nuclear localization signal and its pathogenic association. Virus Res 135:107-14. 

92. Powell, M. J., S. A. Thompson, Y. Tone, H. Waldmann, and M. Tone. 2000. 
Posttranscriptional regulation of IL-10 gene expression through sequences in the 3'-untranslated 
region. J Immunol 165:292-6. 

93. Ritzi, D. M., M. Holth, M. S. Smith, W. J. Swart, W. A. Cafruny, G. W. Plagemann, and J. 
A. Stueckemann. 1982. Replication of lactate dehydrogenase-elevating virus in macrophages. 1. 
Evidence for cytocidal replication. J Gen Virol 59:245-62. 

94. Rowland, R. R., P. Schneider, Y. Fang, S. Wootton, D. Yoo, and D. A. Benfield. 2003. 
Peptide domains involved in the localization of the porcine reproductive and respiratory 
syndrome virus nucleocapsid protein to the nucleolus. Virology 316:135-45. 

95. Rowson, K. E., and B. W. Mahy. 1985. Lactate dehydrogenase-elevating virus. J Gen Virol 66 ( 
Pt 11):2297-312. 

96. Ruf, W. 2004. Emerging roles of tissue factor in viral hemorrhagic fever. Trends Immunol 
25:461-4. 

97. Sagripanti, J. L. 1985. Polyadenylic acid sequences in the genomic RNA of the togavirus of 
simian hemorrhagic fever. Virology 145:350-5. 

98. Sagripanti, J. L., R. O. Zandomeni, and R. Weinmann. 1986. The cap structure of simian 
hemorrhagic fever virion RNA. Virology 151:146-50. 

99. Sarkar, S., K. S. Sinsimer, R. L. Foster, G. Brewer, and S. Pestka. 2008. AUF1 isoform-
specific regulation of anti-inflammatory IL10 expression in monocytes. J Interferon Cytokine Res 
28:679-91. 

100. Scherbik, S. V., J. M. Paranjape, B. M. Stockman, R. H. Silverman, and M. A. Brinton. 
2006. RNase L plays a role in the antiviral response to West Nile virus. J Virol 80:2987-99. 

101. Seybert, A., L. C. van Dinten, E. J. Snijder, and J. Ziebuhr. 2000. Biochemical 
characterization of the equine arteritis virus helicase suggests a close functional relationship 
between arterivirus and coronavirus helicases. J Virol 74:9586-93. 

102. Smith, S. L., X. C. Wang, and E. K. Godney. 1997. Sequence of the 3' end of the simian 
hemorrhagic fever virus genome. Gene 191:205-210. 

103. Snijder, E. J., and J. J. M. Meulenberg. 1998. The molecular biology of arterivirus. J Gen Virol 
79:961-979. 

104. Snijder, E. J., and W. J. M. Spaan. 2006. Arterivirus, p. 1337-1355. In D. M. Knipe and P. M. 
Howley (ed.), Fields Virology, 5th edition, 5th ed, vol. 1. Lippincott, Williams and Wilkins, 
Philadelphia, PA. 

105. Snijder, E. J., H. van Tol, K. W. Pedersen, M. J. Raamsman, and A. A. de Vries. 1999. 
Identification of a novel structural protein of arteriviruses. J Virol 73:6335-45. 



130 

106. Snijder, E. J., A. L. Wassenaar, and W. J. Spaan. 1992. The 5' end of the equine arteritis virus 
replicase gene encodes a papainlike cysteine protease. J Virol 66:7040-8. 

107. Snijder, E. J., A. L. Wassenaar, W. J. Spaan, and A. E. Gorbalenya. 1995. The arterivirus 
Nsp2 protease. An unusual cysteine protease with primary structure similarities to both papain-
like and chymotrypsin-like proteases. J Biol Chem 270:16671-6. 

108. Snijder, E. J., A. L. Wassenaar, L. C. van Dinten, W. J. Spaan, and A. E. Gorbalenya. 1996. 
The arterivirus nsp4 protease is the prototype of a novel group of chymotrypsin-like enzymes, the 
3C-like serine proteases. J Biol Chem 271:4864-71. 

109. Song, C., P. Krell, and D. Yoo. 2010. Nonstructural protein 1alpha subunit-based inhibition of 
NF-kappaB activation and suppression of interferon-beta production by porcine reproductive and 
respiratory syndrome virus. Virology 407:268-80. 

110. Song, S., J. Bi, D. Wang, L. Fang, L. Zhang, F. Li, H. Chen, and S. Xiao. 2012. Porcine 
reproductive and respiratory syndrome virus infection activates IL-10 production through NF-
kappaB and p38 MAPK pathways in porcine alveolar macrophages. Dev Comp Immunol. 

111. St-Louis, M. C., and D. Archambault. 2007. The equine arteritis virus induces apoptosis via 
caspase-8 and mitochondria-dependent caspase-9 activation. Virology 367:147-55. 

112. Subramaniam, S., B. Kwon, L. K. Beura, C. A. Kuszynski, A. K. Pattnaik, and F. A. Osorio. 
2010. Porcine reproductive and respiratory syndrome virus non-structural protein 1 suppresses 
tumor necrosis factor-alpha promoter activation by inhibiting NF-kappaB and Sp1. Virology 
406:270-9. 

113. Sun, M. X., L. Huang, R. Wang, Y. L. Yu, C. Li, P. P. Li, X. C. Hu, H. P. Hao, H. A. Ishag, 
and X. Mao. 2012. Porcine reproductive and respiratory syndrome virus induces autophagy to 
promote virus replication. Autophagy 8:1434-47. 

114. Suradhat, S., and R. Thanawongnuwech. 2003. Upregulation of interleukin-10 gene expression 
in the leukocytes of pigs infected with porcine reproductive and respiratory syndrome virus. J 
Gen Virol 84:2755-60. 

115. Tauraso, N. M., A. Shelokov, A. E. Palmer, and A. M. Allen. 1968. Simian hemorrhagic fever. 
3. Isolation and characterization of a viral agent. Am J Trop Med Hyg 17:422-31. 

116. Teng, H., J. D. Pinon, and S. R. Weiss. 1999. Expression of murine coronavirus recombinant 
papain-like proteinase: efficient cleavage is dependent on the lengths of both the substrate and the 
proteinase polypeptides. J Virol 73:2658-66. 

117. Thaa, B., A. Kabatek, J. C. Zevenhoven-Dobbe, E. J. Snijder, A. Herrmann, and M. Veit. 
2009. Myristoylation of the arterivirus E protein: the fatty acid modification is not essential for 
membrane association but contributes significantly to virus infectivity. J Gen Virol 90:2704-12. 

118. Tian, D., Z. Wei, J. C. Zevenhoven-Dobbe, R. Liu, G. Tong, E. J. Snijder, and S. Yuan. 
2012. Arterivirus minor envelope proteins are a major determinant of viral tropism in cell culture. 
J Virol 86:3701-12. 

119. Tijms, M. A., D. D. Nedialkova, J. C. Zevenhoven-Dobbe, A. E. Gorbalenya, and E. J. 
Snijder. 2007. Arterivirus subgenomic mRNA synthesis and virion biogenesis depend on the 
multifunctional nsp1 autoprotease. J Virol 81:10496-505. 

120. Tijms, M. A., and E. J. Snijder. 2003. Equine arteritis virus non-structural protein 1, an 
essential factor for viral subgenomic mRNA synthesis, interacts with the cellular transcription co-
factor p100. J Gen Virol 84:2317-22. 

121. Tijms, M. A., Y. van der Meer, and E. J. Snijder. 2002. Nuclear localization of non-structural 
protein 1 and nucleocapsid protein of equine arteritis virus. J Gen Virol 83:795-800. 

122. Tijms, M. A., L. C. van Dinten, A. E. Gorbalenya, and E. J. Snijder. 2001. A zinc finger-
containing papain-like protease couples subgenomic mRNA synthesis to genome translation in a 
positive-stranded RNA virus. PNAS 98:1889-1894. 

123. Tone, M., M. J. Powell, Y. Tone, S. A. Thompson, and H. Waldmann. 2000. IL-10 gene 
expression is controlled by the transcription factors Sp1 and Sp3. J Immunol 165:286-91. 



131 

124. Trousdale, M. D., D. W. Trent, and A. Shelokov. 1975. Simian hemorrhagic fever virus: a new 
togavirus. Proc Soc Exp Biol Med 150:707-11. 

125. Truong, H. M., Z. Lu, G. F. Kutish, J. Galeota, F. A. Osorio, and A. K. Pattnaik. 2004. A 
highly pathogenic porcine reproductive and respiratory syndrome virus generated from an 
infectious cDNA clone retains the in vivo virulence and transmissibility properties of the parental 
virus. Virology 325:308-319. 

126. Ulferts, R., and J. Ziebuhr. 2011. Nidovirus ribonucleases: Structures and functions in viral 
replication. RNA Biol 8:295-304. 

127. van Berlo, M. F., M. C. Horzinek, and B. A. van der Zeijst. 1982. Equine arteritis virus-
infected cells contain six polyadenylated virus-specific RNAs. Virology 118:345-52. 

128. Van Breedam, W., H. Van Gorp, J. Q. Zhang, P. R. Crocker, P. L. Delputte, and H. J. 
Nauwynck. 2010. The M/GP(5) glycoprotein complex of porcine reproductive and respiratory 
syndrome virus binds the sialoadhesin receptor in a sialic acid-dependent manner. PLoS Pathog 
6:e1000730. 

129. van Dinten, L. C., A. L. Wassenaar, A. E. Gorbalenya, W. J. Spaan, and E. J. Snijder. 1996. 
Processing of the equine arteritis virus replicase ORF1b protein: identification of cleavage 
products containing the putative viral polymerase and helicase domains. J Virol 70:6625-33. 

130. Van Gorp, H., W. Van Breedam, P. L. Delputte, and H. J. Nauwynck. 2008. Sialoadhesin and 
CD163 join forces during entry of the porcine reproductive and respiratory syndrome virus. J Gen 
Virol 89:2943-53. 

131. van Hemert, M. J., A. H. de Wilde, A. E. Gorbalenya, and E. J. Snijder. 2008. The in vitro 
RNA synthesizing activity of the isolated arterivirus replication/transcription complex is 
dependent on a host factor. J Biol Chem 283:16525-36. 

132. Wieringa, R., A. A. de Vries, M. J. Raamsman, and P. J. Rottier. 2002. Characterization of 
two new structural glycoproteins, GP(3) and GP(4), of equine arteritis virus. J Virol 76:10829-40. 

133. Wieringa, R., A. A. de Vries, J. van der Meulen, G. J. Godeke, J. J. Onderwater, H. van Tol, 
H. K. Koerten, A. M. Mommaas, E. J. Snijder, and P. J. Rottier. 2004. Structural protein 
requirements in equine arteritis virus assembly. J Virol 78:13019-27. 

134. Wieringa, R., A. A. F. deVries, S. M. Post, and P. J. M. Rottier. 2003. Intra- and 
Intermolecular Disulfide Bonds of the GP2b Glycoprotein of Equine Arteritis Virus: Relevance 
for Virus Assembly and Infectivity. J Virol 77:12996-13004. 

135. Wu, W.-H., Y. Fang, R. R. R. Rowland, S. R. Lawson, J. Christopher-Hennings, K.-J. Yoon, 
and E. A. Nelson. 2005. The 2b protein as a minor structural component of PRRSV. Virus Res 
114:177-181. 

136. Yoo, D., S. K. Welch, C. Lee, and J. G. Calvert. 2004. Infectious cDNA clones of porcine 
reproductive and respiratory syndrome virus and their potential as vaccine vectors. Vet Immunol 
Immunopathol 102:143-54. 

137. Yount, B., K. M. Curtis, and R. S. Baric. 2000. Strategy for Systematic Assembly of Large 
RNA and DNA Genomes: Transmissible Gastroenteritis Virus Model. J Virol 74:10600-10611. 

138. Yount, B., K. M. Curtis, E. A. Fritz, L. E. Hensley, P. B. Jahrling, E. Prentice, M. R. 
Denison, T. W. Geisbert, and R. S. Baric. 2003. Reverse genetics with a full-length infectious 
cDNA of severe acute respiratory syndrome coronavirus. PNAS 100:12995-13000. 

139. Yount, B., M. R. Denison, S. R. Weiss, and R. S. Baric. 2002. Systematic Assembly of a Full-
Length Infectious cDNA of Mouse Hepatitis Virus Strain A59. J Virol 76:11065-11078. 

140. Zeng, L., E. K. Godney, S. L. Methven, and M. A. Brinton. 1995. Analysis of Simian 
Hemorrhagic Fever Virus (SHFV) Subgenomic RNAs, Junction Sequences, and 5' Leader. 
Virology 207:543-548. 

141. Zhang, X., K. Wu, D. Wang, X. Yue, D. Song, Y. Zhu, and J. Wu. 2007. Nucleocapsid protein 
of SARS-CoV activates interleukin-6 expression through cellular transcription factor NF-ĸB. 
Virology 365:324-335. 



132 

142. Ziebuhr, J., E. J. Snijder, and A. E. Gorbalenya. 2000. Virus-encoded proteinases and 
proteolytic processing in the Nidovirales. J Gen Virol 81:853-79. 
 
 


