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[bookmark: _Toc442082059]List of Acronyms
AGID			Agar gel immunodiffusion 
BSL			Biosafety level 
CDC			Centers for Disease Control and Prevention 
cELISA		Competitive enzyme linked immunosorbent assay 
CF			Complement fixation 
EIA			Enzyme immunoassay 
ELISA			Enzyme linked immunosorbent assay 
EM			Electron microscopy
FA			Fluorescent antibody
FADDL-Plum Island	Foreign Animal Disease Diagnostic Laboratory-Plum Island 
HI			Hemagglutination inhibition 
IFA			Immunofluorescence assay
IHC			Immunohistochemistry
ISU VDL		Iowa State University Veterinary Diagnostic Laboratory
NVSL-Ames		National Veterinary Services Laboratories—Ames
Ohio ADDL		Ohio Animal Disease Diagnostic Laboratory 
OIE			World Organization for Animal Health 
PIADC			Plum Island Animal Disease Center (now known as FADDL-Plum Island)
PCR			Polymerase chain reaction 
qRT-PCR		Quantitative reverse transcriptase polymerase chain reaction
RT-LAMP		Reverse transcription loop-mediated isothermal amplification
RT-PCR		Reverse transcriptase polymerase chain reaction	
UMN VDL		University of Minnesota Veterinary Diagnostic Laboratory 
USDA ARS		United States Department of Agriculture-Agricultural Research Service
VI			Virus isolation
VLP			Virus-like particle 
VN/NT			Virus neutralization/virus neutralizing test 
WHO			World Health Organization 
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[bookmark: _Toc442082060]Note: Information about availability of assays is not guaranteed. For more information, contact the cited laboratory or reference.

1. Encephalomyocarditis virus 
[bookmark: _Toc442082061]1.1 Antigen Testing
VI—Virus can be grown in BHK-21 cells, Vero cells, HeLa cells, and chicken embryos. 
Available at some diagnostic laboratories (e.g., ISU VDL) and at NVSL-Ames. 7–14 day turnaround at ISU; 15 day turnaround at NVSL-Ames.

RT-PCR—Primers and methods have been described in the literature; high sensitivity and moderate specificity.1,2 Contamination during testing can result in false-positives.

qRT-PCR— Primers and methods have been described in the literature; higher sensitivity and specificity compared to conventional RT-PCR.3 Qualitative real-time RT-PCR offered by Zoologix; sensitivities and specificities unknown.4

FA—Test has been described in the literature. Available at some veterinary diagnostic labs within the United States (e.g., ISU VDL, Ohio ADDL).

IHC—Test is sometimes used in research. Can be beneficial during diagnosis, but not commonly/commercially offered.  

OTHER—RT-LAMP assay recently described by Yuan et al. 2014.5 

[bookmark: _Toc442082062]1.2 Antibody Testing
ELISA—No commercial test available. Commonly described in the literature; a recent publication designed and implemented a double-antigen sandwich ELISA for detection of antibodies in both human and swine sera, but was not validated for sensitivity and specificity.6

VN— Available at some commercial testing laboratories (e.g., UMN VDL, Texas A&M VDL, Ohio ADDL, ISU VDL) and at NVSL-Ames. Currently the reference standard for diagnosis, recommended specimen of choice is fetal fluids or serum; detection of antibodies in adult animals is not diagnostic, as they can be seropositive due to subclinical/previous infections.7 If antibody titers are greater than 1:16 they may be significant, indicating active or recent infection.8

IFA, AGID, and latex agglutination have been used to identify antibodies, but are not commonly chosen for detection.8

[bookmark: _Toc442082063]2. Filoviruses: African and Reston species 
[bookmark: _Toc442082064]2.1 Antigen Testing 
VI—Available at the CDC; acceptable confirmatory test for clinical cases. Species-independent test. Requires BSL-4 laboratory.9 Maintaining optimal conditions while shipping is difficult and may lead to reduced sensitivity and specificity of the test. 

RT-PCR— Available at the CDC; acceptable confirmatory test for clinical cases. Species-independent test. More sensitive than Ag-capture ELISA; allows for differentiation between ebolaviruses.9

qRT-PCR— Available at the CDC; acceptable confirmatory test for clinical cases. Species-independent test. More sensitive than Ag-capture ELISA, faster than RT-PCR; allows for differentiation between ebolaviruses.9
FA— No reliable testing methods available commercially for Ebola virus in swine.

IHC— Available at the CDC; acceptable confirmatory test for clinical cases. Species-independent test.9

OTHER—Ag-capture ELISA using monoclonal antibodies described in Saijo et al. 200610 was successfully modified for Reston virus in swine.11

[bookmark: _Toc442082065]2.2 Antibody Testing
No commercial antibody test available for Reston virus in pigs. Lateral flow immunodiagnostic (LFI) assays have recently been developed for use in human and non-human primates as a sensitive, point-of-contact diagnostic test that may be possible to use or adapt to use in swine.12

ELISA— No commercial test available. Methods for antibody-capture ELISA on swine sera described in Sayama et al. 2012.11

VN— No commercial test available. Methods for VN (called NT/neutralizing test in the text) on swine sera described in Sayama et al. 2012.11

IFA/CF/HI—No commercial test or reliable testing method is available for swine. Methods for IFA on swine sera described in Sayama et al. 2012, but efficacy was not described.11

[bookmark: _Toc442082066]3. Getah virus 
[bookmark: _Toc442082067]3.1 Antigen Testing
VI—Gold standard method; slow, requires approximately one week for results.13 Can be grown in numerous cell lines. A good description of the method is available in Bannai et al. 2014.14

RT-PCR— Numerous primer sequences have been published in the literature; Wekeza et al. 2001 describes primers capable of replicating viral RNA from multiple species including horse, pig and mosquito.15 Nemoto et al. 2014 reports using a one-step RT-PCR primer kit from Qiagen to identify Getah virus in racehorses in Japan.16 The Jiangsu Entry-Exit Inspection and Quarantine Bureau of the People’s Republic of China appears to have submitted for and received a patent for a swine Getah virus RT-PCR detection kit in 2013 (patent CN 102337356B); commercial availability and validity of the process unknown.17 

qRT-PCR/FA/IHC —Utilization of real-time RT-PCR for Getah virus detection in swine has not been published. FA and IHC not commercially available or commonly used in research for Getah virus detection in swine.

[bookmark: _Toc442082068]3.2 Antibody Testing
ELISA—No commercial test is available for swine serum, but Ab-capture ELISA (IgG and IgM) is commonly used in equines and has been used in swine. A swine-adopted ELISA method described in Hohdatsu et al. 1990 was more sensitive for Getah virus than HI, with the similarly high specificity.18 
[bookmark: _GoBack]
VN/CF/HI—Virus/serum neutralization has been reported to be more specific than CF and HI in differentiating Getah virus from other alphaviruses, but only CF is able to differentiate between Getah and the closely-related Saginawa virus (not a known pathogen in pigs).15,19

IFA—No reliable test available for detection of Getah virus antibodies in swine.

[bookmark: _Toc442082069]4. Hepatitis E virus
[bookmark: _Toc442082070]4.1 Antigen Testing
VI—Not available; virus is difficult to grow in cell cultures.

RT-PCR/qRT-PCR—Available at some veterinary diagnostic laboratories (UMN VDL); CDC offers hepatitis E virus RNA testing by real-time qRT-PCR on human sera, as well as genotyping.

FA/IHC—Not available for swine hepatitis E virus. IHC has been described in research, but is not applicable on a mass-testing regimen as it requires greater and more expensive technical capacity and expertise.20

[bookmark: _Toc442082071]4.2 Antibody Testing
ELISA/EIA—Standard methods of testing for swine hepatitis E globally. Commercially offered by several labs within the United States (i.e., swine hepatitis E virus ELISA at ISU VDL; human IgM and IgG hepatitis E EIA at CDC). Strong evidence shows that derived hepatitis E antigen of human or swine origin work equally well when detecting antibodies in either human or swine sera; commercial test kits prepared for human diagnostics are capable of detecting antibodies to hepatitis E virus in swine antibodies.21,22 

Of commercial kits available, the EIA anti-HEV IgM test (no. E-152) from Diagnostics Systems in Italy23 had the highest sensitivity (98%; 95%CI: 88—99.9%) and specificity (95.2%; 95%CI: 91.3—97.4%) when compared to in-house and commercial test kits.24

VN/IFA/CF/HI—Not available and/or applicable to hepatitis E virus diagnosis. An abstract has recently been published on a potential virus neutralization method25, but efficacy data is not yet available.

[bookmark: _Toc442082072]5. Influenza C virus 
[bookmark: _Toc442082073]5.1 Antigen Testing 
VI—Gold standard and currently the primary method of definitive diagnosis. Influenza C viruses can be grown using the same methods and cell lines as influenza A and B viruses. Influenza isolation is available at many/most veterinary diagnostic labs. Identification of the virus is typically by HI.

RT-PCR—Primers are described for influenza C virus detection in swine.26

qRT-PCR—Primers have been described for detection of influenza C virus in humans27; efficacy for swine samples is unknown.

FA/IHC—Not typically used for influenza C diagnostics, except in research; virus isolation and RT-PCR are preferred over FA and IHC.  

[bookmark: _Toc442082074]5.2 Antibody Testing
HI—Standard method of influenza identification; method for detecting human influenza C virus in swine and has been documented several times in the literature, shown to be sensitive and specific to influenza C.28,29

ELISA/CF/VN/Western blot—These tests have been used and described in literature for detection of human influenza C antibodies in swine, horses, and dogs 30,31; typically used to reinforce or elaborate on results from HI test. Methods utilized are similar to those used for detection of influenza C antibodies in humans; minimal efficacy information for swine is available. Several studies showed discordant results between HI and ELISA, with ELISA showing greater sensitivity.29,30 This may be due to the manufactured antibodies of the ELISA detecting both IgM and IgG within swine sera, whereas HI appears to only detect anti-influenza-C IgG antibodies.29

IFA—IFA has been described for testing human sera for influenza C antibodies, but no reliable information for testing swine sera was located. 

[bookmark: _Toc442082075]6. Influenza D virus
[bookmark: _Toc442082076]6.1 Antigen Testing
VI—Isolation available at some veterinary diagnostic labs and commercial laboratories. Previous successful documented isolations were conducted at Newport Laboratories.32,33

RT-PCR—Primers have been described for conservative RT-PCR detection of influenza D virus; sensitivity and specificity were not evaluated.34

qRT-PCR—Real-time RT-PCR primers specific and sensitive to influenza D virus have been described.32,35,36

FA/IHC—No reliable method has been described for influenza D antigen testing with FA or IHC.

[bookmark: _Toc442082077]6.2 Antibody Testing
ELISA/VN/IFA/CF—No reliable method has been described for influenza D virus antibody testing with ELISA, VN, IFA, or CF. However, all methods have been used successfully in influenza A, B, and C viruses, and should be readily adaptable for influenza D virus.

HI—Method has been described for swine and bovine sera32,33,35; shown to be highly sensitive and moderately to highly specific. Cross-reaction with influenza C virus antibodies only occurred when sera had very high levels; false positives may be seen if active or previously active influenza C infection is present.35

OTHER— An AGID has been described; specificity to influenza D virus antibodies was high.32  Historically, AGID sensitivity to influenza viruses has been documented as lower than other serological assays37 such as ELISA and HI, which may preclude AGID as a viable field test in the face of an outbreak.



[bookmark: _Toc442082078]7. Japanese encephalitis virus
[bookmark: _Toc442082079]7.1 Antigen Testing
VI— Gold standard for diagnosis, but time-consuming and may not be suitable in the event of a foreign animal disease emergency. Virus can be replicated in multiple cell lines including chicken embryo, African green monkey kidney (Vero) cells, baby hamster kidney (BHK) cells, and the C6/36 mosquito cell line. Indirect fluorescent antibody testing via monoclonal antibodies and/or hemagglutination inhibition testing with antiserum can be used to identify the virus/differentiate from similar viruses.38 A validated virus isolation method has been published by the OIE.38 CDC Arbovirus Diagnostic Laboratory offers virus isolation.39

RT-PCR—Available, but has lesser sensitivity than real time RT-PCR.40

qRT-PCR—Multiple commercial qRT-PCR primer kits are available: Japanese Encephalitis Virus Real Time RT-PCR Kit (Liferiver Biotech, United States)41; Japanese Encephalitis Virus Non structural protein 5 (ns5) Standard Kit (Genesig, United Kingdom).42

FA—Not recommended by the OIE or WHO.38

IHC—Method is described in Yamada et al. 2004.43 Time-consuming and not suitable for large-scale testing or surveillance.

Other—Mei 2012 describes an antigen-capture ELISA method using polyclonal antibodies, resulting in greater sensitivity than previous ELISA methods, using human, swine or mosquito samples. This method has moderate to high sensitivity and specificity; limitations to use include the short duration of viremia in affected animals (reduced sensitivity) and cross-reaction with antigenically similar West Nile virus. However, in circumstances of herd-wide or greater outbreak, this test would be an acceptable alternative to other viral detection testing methods that require more expensive equipment, less stable reagents, or more knowledgeable staff.44

The RT-LAMP-LFD method is fast, sensitive, specific, and requires less expensive equipment that traditional RT-PCR methods. Method and primers have been described.45 A different study comparing traditional RT-PCR and qRT-PCR to the RT-LAMP method showed RT-LAMP to have similar sensitivity and specificity to qRT-PCR and higher sensitivity than traditional RT-PCR.40

[bookmark: _Toc442082080]7.2 Antibody Testing
ELISA—IgM ELISA kits are commercially available for human specimens; efficacy with swine samples is unknown. However, Conlan 2012 successfully modified the human-specific AFRIMS MAC ELISA to react successfully with pig sera.46 

VN—The most specific serological technique for identifying antibodies to Japanese encephalitis virus is the plaque reduction virus neutralization test, as described in the OIE Manual of Diagnostic Tests and Vaccines for Terrestrial Animals 2015. This test is both specific and sensitive, making it ideal for immunological survey.38

CF—Requires paired sera, with a four-fold increase or decrease in titer to be diagnostic. Method is described in the OIE Manual of Diagnostic Tests and Vaccines for Terrestrial Animals 2015.38

HI—Requires paired sera, with a four-fold increase or decrease in titer to be diagnostic. Method is described in the OIE Manual of Diagnostic Tests and Vaccines for Terrestrial Animals 2015.38 
Commercially available in Korea; designed by the Animal and Plant Quarantine Agency, Anyang, Gyeongii, Rep. of Korea, produced by a contracted company, and distributed to regional diagnostic laboratories. Sensitivity and specificity were not declared.47

Other—Immunochromatographic testing has been developed in Korea as a quick, portable (test kit fits in the palm of a hand) alternative to HI and IFA, and has been successfully deployed in regional surveillance programs in Korea. Although sensitivity and specificity has not been determined compared to the gold standard—plaque reduction neutralization test—the benefits of the test include portability, lack of expensive equipment needed, and a turnaround time of 20 minutes.48

[bookmark: _Toc442082081]8. Menangle virus 
[bookmark: _Toc442082082]8.1 Antigen Testing
VI—Virus can be grown in multiple cell lines49-52; however, several passages are needed (time-consuming process), and virus has only been successfully isolated from a few swine tissue samples (false-negatives common). Newer methods have been described for virus isolation from bat urine, but applicability to large-scale diagnostic investigations is unknown and unlikely.50,53 The test has not yet been validated.

qRT-PCR—Primers and methods have been described in literature.49,50

IHC—Standard procedures using rabbit sera containing anti-Menangle virus antibodies has been described50; sensitivity and specificity are unknown.  

[bookmark: _Toc442082083]8.2 Antibody Testing
Virus neutralization is currently the only available method of detecting Menangle antibodies in porcine sera. The method has been described in literature49,50,52, and is available at only a few veterinary diagnostic laboratories in Australia (Elizabeth Macarthur Agriculture Institute, Woodbridge Rd, Menangle, NSW, Australia). This test has not been validated.

[bookmark: _Toc442082084]9. Nipah virus 
[bookmark: _Toc442082085]9.1 Antigen Testing
VI—Recommended by the OIE for confirmation of clinical cases; method and cell lines are described in the OIE Manual of Diagnostic Tests and Vaccines for Terrestrial animal 2015.38  
BSL 4 pathogen; additional caution must be taken when isolating this agent.

RT-PCR—Recommended by the OIE for confirmation of clinical cases; primers and methods described in the OIE Manual of Diagnostic Tests and Vaccines for Terrestrial Animals 2015.38 

qRT-PCR—Recommended by the OIE for confirmation of clinical cases; primers and methods described in the OIE Manual of Diagnostic Tests and Vaccines for Terrestrial Animals 2015.38
Highly sensitive and specific; faster than traditional RT-PCR 38.  

FA—Listed by OIE as a “suitable” testing method for confirmation of clinical cases; method described in the OIE Manual of Diagnostic Tests and Vaccines for Terrestrial Animals 2015.38  
Sensitive, but has some cross-reaction with Hendra and Nipah viruses.

IHC—Listed by OIE as a “suitable” testing method for confirmation of clinical cases; method described in the OIE Manual of Diagnostic Tests and Vaccines for Terrestrial Animals 2015.38
May have cross-reaction with Hendra virus.

[bookmark: _Toc442082086]9.2 Antibody Testing
ELISA—OIE-recommended method of surveillance; currently being used as a screening tool. A standardized method is provided in the OIE Manual of Diagnostic Tests and Vaccines for Terrestrial Animals 2015. Indirect ELISA specificity is just over 98%; OIE recommends testing all ELISA-positive sera with virus neutralization for confirmation.38 

VN—Considered the reference standard by the OIE; a method is outlined in the OIE Manual of Diagnostic Tests and Vaccines for Terrestrial Animals 2015.38 Cross-reaction/neutralization occurs between Hendra and Nipah viruses, with greater neutralization between homologous virus and antibody than between cross-reactive virus and antibody.

IFA/CF/HI—Not applicable for testing of Nipah virus per the OIE. 

OTHER—A microsphere immuno-assay has been described and validated for detecting Hendra virus in equine sera; a lower level of reactivity to Nipah virus in pig sera may indicate that this test is suitable for adaptation to Nipah virus detection in swine. Reagents used are recombinant, reducing the level of biosafety required when handling specimens compared to traditional ELISA.54

[bookmark: _Toc442082087]10. Porcine adenovirus
[bookmark: _Toc442082088]10.1 Antigen Testing 
VI— Virus can be readily grown in cell culture (porcine kidney, thyroid, and testicular cells commonly used).55-57

PCR—No validated method available.

qPCR—Not commonly used for adenovirus detection. Primers have been described in the literature; no validation available for swine specimens.58-60

FA/IHC—No reliable testing method for swine adenovirus is available or has been validated.

[bookmark: _Toc442082089]10.2 Antibody Testing
No serological method has been validated for the detection of porcine adenovirus antibodies.

ELISA—Methods have been described in other species61,62, but no methods are available for swine sera.

VN—The most commonly used method of serological testing; methods have been described55,56,63, but efficacy data is not available. Antibodies do not appear to be cross-reactive between serotypes57,63, indicating that sensitivity may be low.

CF—Methods have been described55,57, but no sensitivity/specificity data is available.



[bookmark: _Toc442082090]11. Porcine astrovirus
[bookmark: _Toc442082091]11.1 Antigen Testing
No commercial antigen testing is available.

VI—Method has been described using cell lines ESK and PK-15.64,65

RT-PCR—Primers and methods have been described in literature.66-70 Specificity and sensitivity are reported as high, although actual data showing efficacy is not available. Although not publicly offered at veterinary diagnostic laboratories, the UMN VDL has previously performed RT-PCR for porcine astrovirus.71

qRT-PCR—No reliable testing method is available.

FA—The method for immunofluorescence detection has been described65; no validation data is available.

IHC—No reliable testing method is available.

OTHER—Electron microscopy has been used to detect astroviruses; under EM, these viruses exhibit a distinctive five- to six-pointed-star appearance65,72 EM is time-consuming and labor-intensive, making it impractical for large-scale diagnostics.

[bookmark: _Toc442082092]11.2 Antibody Testing
No reliable antibody testing methods exist. Very few descriptions of serological analysis of porcine astrovirus exist in the literature, with none of the described methods offering any validation data. The neutralization test was utilized and described during early accounts of astrovirus diagnosis in pigs, but the method was not validated. A method utilizing a Luciferase Immunoprecipitation System assay has been described to characterize human antibody response to human-astrovirus73, and may be modifiable to porcine samples and porcine astrovirus; however, antigen prevalence studies indicate 80% or more of healthy finishing pigs have porcine astrovirus in their stool samples67,71,74 and seroprevalence may be high enough in the general population to make serological diagnosis impractical.

[bookmark: _Toc442082093]12. Porcine cytomegalovirus 
[bookmark: _Toc442082094]12.1 Antigen Testing
VI—Not available commercially; has been used in research for virus detection. Methods described in literature require long turnaround time, usually greater than one week. Porcine cytomegalovirus grows in porcine lung macrophage and porcine fallopian tube cell lines.75,76

RT-PCR—Primers described in the literature; highly sensitive and specific with fast-turnaround time.77

qRT-PCR—Zoologix offers commercial qRT-PCR testing; reported as highly sensitive and specific, but supportive data is not reported on their website.78 

FA—Not commonly used in research; not commercially available.

IHC—Methods have been described in the literature; low sensitivity (70%) and extensive preparation time and materials needed preclude this as a viable option for large-scale diagnostics.79

OTHER—Electron microscopy has been utilized to identify the virus75; however, this method is time-consuming and not applicable on a large-scale.

[bookmark: _Toc442082095]12.2 Antibody Testing
Due to high seroprevalence worldwide80-82, antibody testing may not be applicable in the event of suspected disease, except if herd was known-negative previously or paired sera show significant change in antibody levels over time indicating active infection.  

ELISA—Method has been described.80,81,83 Most sensitive of the antibody-detecting testing methods.

VN—Not as sensitive as ELISA or IFA.80

IFA—Method has been described; not as sensitive as ELISA.80,81 

CF/HI—Not applicable.

[bookmark: _Toc442082096]13. Porcine kobuvirus
[bookmark: _Toc442082097]13.1 Antigen Testing
VI—Has been reported for human Aichi virus but required at least 3 weeks for diagnosis.84 

RT-PCR—Most commonly utilized method of antigen detection; highly sensitive and specific; primers have been published numerous times.

qRT-PCR—Not commonly used; a method has been described85 but no validation has been conducted on the method. Has been used for human kobuvirus detection with increased sensitivity over traditional RT-PCR methods.86

FA/IHC—Not developed and/or not used for porcine kobuvirus detection.

[bookmark: _Toc442082098]13.2 Antibody Testing
No reports of antibody testing for porcine kobuvirus exist.  

[bookmark: _Toc442082099]14. Porcine rubulavirus (“blue eye”)
[bookmark: _Toc442082100]14.1 Antigen Testing
VI—Historically used for virus identification. Methods have been described in various publications; cytopathic effects can be seen within 72 hours.87,88 Modern qRT-PCR techniques appear to have higher sensitivity. Not available at commercial laboratories within the United States; available through NVSL-Ames.

RT-PCR—A nested RT-PCR has been described for research purposes, but no efficacy data is available.89

qRT-PCR—A recently described method has been shown to have higher sensitivity and specificity than virus isolation,90 and may be suitable for large-scale detection in the face of an outbreak.  

FA/IHC—Techniques for avidin/biotin peroxidase immunohistochemistry and direct immunofluorescence assay have been described with reportedly high correlation to clinical and histological signs noted; however, no efficacy data was established.91,92 Furthermore, these tests are post-mortem only, and were tested on piglets—diagnostic application to adult animals is unknown.

[bookmark: _Toc442082101]14.2 Antibody Testing	
ELISA—Indirect-ELISA has low sensitivity and specificity and is not useful in identifying the disease if prevalence is low; may be useful for screening in the face of an outbreak if it can be modified into a field-test kit. There is one description of a blocking-ELISA with sensitivity of 99% and specificity of 97%, making it a viable option for quick, inexpensive testing of large numbers of field samples; however, no further work or comparisons were identified, and testing was only performed on one strain of rubulavirus (LPMV), so actual field application and efficacy with various strains is unknown.93

VN—Has been described numerous times in the literature; more time-consuming and labor-intensive than HI, but has higher sensitivity (95.65%) and specificity (100%) than HI (70.83%, 100%) or ELISA (73.91%, 82.35%).94  

IFA/CF—Not commonly used or available for porcine rubulavirus antibody testing.
 
HI—Lower sensitivity than VN, but more easily used in mass-quantity field testing and epidemiological surveys; requires antigen for testing—in a rubulavirus-free zone, an inactivated antigen with full hemagglutinating and antigenic characteristics such as described in Giron et al. 200695 can be used. Not available at commercial laboratories within the United States; available through NVSL-Ames.

[bookmark: _Toc442082102]15. Porcine sapelovirus
[bookmark: _Toc442082103]15.1 Antigen Testing
VI—Virus is readily grown in porcine kidney-15 (PK-15) cells, and has a unique cytopathic effect relative to other related picornaviruses. Methods have been described often in literature 96-98, but are time-consuming and expensive; molecular detection methods appear to be more useful when testing large numbers of specimens or when time is of essence.

RT-PCR—Methods have been described in literature99,100; sensitivity is very high (down to 0.36 TCID/100μL), but specificity was only measured against primary swine pathogens that are not closely related to porcine sapelovirus, and so are less likely to cross-react than porcine teschoviruses or other porcine enteroviruses. More testing to determine accurate specificity is recommended before utilizing this test in field conditions. Primers used in the nested-RT-PCR method described in Zell et al. 2000 appear to be specific when tested on related virus species, and may be a viable alternative, but no sensitivity and specificity comparison data was provided.96

qRT-PCR—A method has been documented for the real-time RT-PCR detection of porcine sapeloviruses, with primers described. The primers for porcine sapelovirus were sensitive and specific, not reacting with porcine teschoviruses or porcine enteroviruses.

FA/IHC—Not commonly used for detection of porcine sapelovirus.

OTHER—An RT-LAMP procedure was recently published, with primers; sensitivity was high (able to detect down to 10 copies/μL RNA) and highly specific (100%) with no cross-reaction with other viruses within the same family (Picornaviridae). This testing method is more rapid and less expensive than traditional and quantitative RT-PCR techniques.101

[bookmark: _Toc442082104]15.2 Antibody Testing
No reliable tests to detect porcine sapelovirus antibodies exist or are described in literature. Some literature alludes to antibody testing in the past, when porcine sapelovirus was considered a serotype of porcine enterovirus, but no research specific to sapelovirus seroprevalence and serodetection were identified during literature searches.

[bookmark: _Toc442082105]16. Porcine sapovirus
[bookmark: _Toc442082106]16.1 Antigen Testing
VI—Not available; does not readily grow in cell culture.

RT-PCR—Moderately sensitive and specific for porcine sapovirus; primers have been described in the literature for a capsid region102,103 from porcine sapovirus—Cowden strain. Cross-reactivity to non-Cowden sapoviruses is unknown (such as an unknown, genetically different porcine sapovirus), but unlikely due to the genetic variation within caliciviruses.  

qRT-PCR—Approximately 10-fold more sensitive than traditional RT-PCR; specificity is moderate, and field trials showed some detection of porcine norovirus GGII.11B in addition to porcine sapovirus.104 This test may be applicable in field conditions due to sensitivity and fast processing time.

FA/IHC—No verified or applicable testing method available; immunocytochemistry was briefly described in literature for verification of growth of a vector plasmid containing antigen proteins in culture,105 but is not applicable for diagnostic field testing.

[bookmark: _Toc442082107]16.2 Antibody Testing
Due to the difficulty in cultivating caliciviruses (including porcine sapoviruses), serological assays utilizing whole, live virus are not available.  

ELISA—Two antibody-detecting ELISAs have been developed for porcine sapovirus: a fixed-cell ELISA and a VLP (virus-like particle) ELISA. Both showed high sensitivity, detecting all known positive samples during the trial; however, efficacy for the ELISAs was tested using recombinant proteins, and although the ELISAs were tested on sow sera, cross-reactivity with other strains of porcine sapovirus is unknown.103,105




[bookmark: _Toc442082108]17. Porcine teschovirus
[bookmark: _Toc442082109]17.1 Antigen Testing
VI—A preferred test by OIE standards. Method is described in the OIE Manual of Diagnostic Tests and Vaccines for Terrestrial Animals 2015.38 Available through NVSL-Ames and FADDL-Plum Island. Labor-intensive and time-consuming method; estimated turnaround time is 25 days and 14 days for Ames and Plum Island, respectively.

RT-PCR/qRT-PCR—Not yet accepted by OIE for diagnosis. Methods and primers have been described in literature for both traditional RT-PCR96,99 and quantitative RT-PCR.106 RT-PCR available at some veterinary diagnostic laboratories as well as at NVSL-Ames and FADDL-Plum Island, 3 day turnaround for each.

IFA—A preferred test by OIE standards. Method is described in the OIE Manual of Diagnostic Tests and Vaccines for Terrestrial Animals 2015.38 Available through NVSL-Ames, 5–7 day turnaround.

IHC—Technique is described in the OIE Manual of Diagnostic Tests and Vaccines for Terrestrial Animals 2015; high levels of false-negatives make this technique unsuitable for large-scale diagnostic testing.38

[bookmark: _Toc442082110]17.2 Antibody Testing
Due to high seroprevalence worldwide, the OIE does not recommend serology as a method of diagnosis, unless with paired sera showing a four-fold or greater increase/decrease in conjunction with clinical symptoms.38 Antigen testing is preferred for definitive diagnosis.

ELISA/VN—If screening of serology is necessary, ELISA and/or VN in microtiter plates is the preferred method of the OIE; methods are described in the OIE Manual of Diagnostic Tests and Vaccines for Terrestrial Animals 2015.38 VN is available through FADDL-Plum Island.

[bookmark: _Toc442082111]18. Porcine torovirus 
[bookmark: _Toc442082112]18.1 Antigen Testing
VI—No available; porcine torovirus does not grow in cell culture.

RT-PCR—Primers for both a porcine torovirus-specific fragment of the N gene and for full coding sequences have been described107-109 but sensitivity/specificity data was not given.

qRT-PCR—Primers and a method for SYBR-Green detection and melting temperature (Tm) analysis is described in the literature; sensitivity and specificity are both declared as high, although the author does note that the reaction will also detect and amplify bovine torovirus, due to the similarity of the N gene.110 This is likely to occur with other real-time and quantitative RT-PCR tests utilizing primers for the N gene region.

FA—A method has been described in literature; however, no sensitivity/specificity data is available.111

IHC—Not commonly used in research; no efficacy data has been published. Unlikely to be of use in large-scale diagnostic testing due to the increased labor and time needed over real-time RT-PCR.


OTHER—In 2014, Newport Laboratories sequenced the first United States isolate of porcine torovirus112; they may provide other diagnostics, such as RT-PCR, in a time of need.

[bookmark: _Toc442082113]18.2 Antibody Testing
High seroprevalence/endemicity of porcine torovirus has been documented in several countries109,113,114; because of this, serological testing may not be useful for diagnosis of cases or outbreaks. No testing appears to be available at commercial laboratories within the United States.

ELISA—Methods for ELISA detection of antibodies has been published.107,111 ELISA is sensitive and specific, and is less-costly than other methods for testing of large numbers of samples

VN—Plaque neutralization methods have been published, utilizing bovine torovirus107, and a heterologous neutralization assay utilizing equine torovirus has also been described.109 Equine and bovine torovirus cross-react with porcine torovirus antibodies; as such, specificity to porcine torovirus in particular is not possible with these tests. Sensitivity of either method is unknown.

IFA/CF—Not commonly used for torovirus detection; no efficacy data available.

HI—A method utilizing DFP-inactivated HE52.7 and HE52.11 cell lysates has been described; this method avoids artifacts due to the esterase activity hemagglutinin-esterase molecule. HI testing utilizing these antigens appeared to be specific to the particular strain that the modified antigen was derived from111; sensitivity across strains may be too low to be useful as a large-scale diagnostic method.   

OTHER— Western blot assay has been documented as a method to confirm ELISA positives.107

[bookmark: _Toc442082114]19. Pseudorabies virus
[bookmark: _Toc442082115]19.1 Antigen Testing
VI—Gold standard method of antigen detection; method published in OIE Manual of Diagnostic Tests and Vaccines for Terrestrial Animals.38

qRT-PCR—A commercially-available, qualitative real-time PCR kit (ADIAVET PRV REALTIME) has been validated by an OIE reference laboratory for use in surveillance and/or routine diagnosis by local veterinary laboratories; the kit is non-species-specific.115 The USDA ARS has also validated a real-time dual PCR method utilizing two genes that allows for differentiation between wildtype and commercial marker vaccine; sensitivity was high (>94%) but specificity was low (79% at best).116

FA/IHC—Not recommended for pseudorabies virus detection. Methods have been published in the literature, but not validated for detection in large-scale testing situations.117,118

[bookmark: _Toc442082116]19.2 Antibody Testing
ELISA—OIE prescribed test for international trade. Commercial ELISAs are available both within the United States as well as worldwide. Licensed kits include: PRV antibody test kit (Calbiotech Veterinary Diagnostics); PRV gB antibody test kit (IDEXX Laboratories Inc.); and PRV gpI antibody test kit (IDEXX Laboratories Inc.).119 Sensitivity of ELISA is generally higher than 1-hour virus neutralization.38

VN—OIE prescribed test for international trade; method published in OIE Manual of Diagnostic Tests and Vaccines for Terrestrial Animals.38 Cannot be used to differentiate between wildtype and commercial vaccine virus.

IFA/CF/HI—Not recommended by the OIE for detection of antibody. Methods have been described in literature, but not validated for detection of pseudorabies antibody in outbreak situations.118

Other—Latex agglutination has been utilized in research and field settings for detection of pseudorabies antibodies120 with similar level of sensitivity to other serological tests including ELISA.121,122

[bookmark: _Toc442082117]20. Sendai virus
[bookmark: _Toc442082118]20.1 Antigen Testing
No antigen testing methods for swine specimens have been validated for Sendai virus detection; however, virus isolation and molecular diagnostics are commonly used in laboratory rodent specimens and would likely be applicable to swine specimens.

VI—In rodents, Sendai virus is readily isolated from multiple cell cultures. A method for isolating a paramyxovirus (an unidentified and two variants of bovine parainfluenzavirus 3) from swine specimens has been described using fetal porcine kidney (FPK) cells123,124, and may be applicable for culturing Sendai virus from swine specimens.

qRT-PCR—Commercial primer kits for Sendai virus real-time RT-PCR are available (Thermo-Fischer).125

[bookmark: _Toc442082119]20.2 Antibody Testing
Diagnostic tests for Sendai virus antibodies in swine are not available. Historically, HI, VN and CF have been used; however, specific methods utilized are not available and there appears to be poor agreement between testing methods.126 In mice, ELISA and IFA are preferred over HI and CF, due to the lower sensitivity and specificity of the latter set of tests.127

ELISA—Commercial ELISA test kits are available for laboratory rodents (e.g., mouse, hamster, etc.); no data on efficacy of these kits in pigs is available.  

[bookmark: _Toc442082120]21. Seneca Valley virus
[bookmark: _Toc442082121]21.1 Antigen Testing
VI—Methods have been described.128 Sensitivity and specificity are unknown.

RT-PCR—Available at some veterinary diagnostic laboratories (e.g., ISU VDL; UMN VDL, unvalidated; Kansas State University; South Dakota State University; etc.). Although not listed in the FADDL-Plum Island diagnostic catalog, veterinarians have sent samples for RT-PCR testing for Seneca Valley virus to Plum Island. Primers have been published.129,130

qRT-PCR—Not currently available.

IHC—Method has been described128, but is not yet validated.    

[bookmark: _Toc442082122]21.2 Antibody Testing
No test detecting Seneca Valley virus antibody is commercially available. 

ELISA—A method has been published in the literature.128 The ISU VDL and UMN VDL are reportedly in the process of creating and validating ELISA methods.

VN—Method has been described128,129; no validation tests were conducted—however, a comparison with the cELISA developed showed similar levels of detection.128

IFA/CF/HI—No reliable testing methods are available.  

[bookmark: _Toc442082123]22. Swine papillomavirus
[bookmark: _Toc442082124]22.1 Antigen Testing
VI—Method has been described; cell lines of porcine origin appear to be most effective for culture of swine papillomavirus.131 However, virus isolation is not commonly used due to the unreliability of the method for this virus, and would not likely be a suitable choice for large-scale diagnostic testing.

RT-PCR—Currently the most common method used for papillomavirus detection in literature; primers have been described.132 Sensitivity is reported as high; specificity within the Papillomaviridae is designed as low, so that the test will detect novel papillomaviruses.

qRT-PCR/FA—No reliable testing method available.

IHC—A method has been described133; sensitivity appears to be quite low, however, and modifications to the method would be recommended before using as a diagnostic tool.


[bookmark: _Toc442082125]22.2 Antibody Testing
Detection methods for swine papillomavirus antibody have not been published; no reliable method exists. One description of a serum neutralization test was published131, but validation has not been conducted, and no repeated applications of the method appear to have been conducted since the publication in 1972.

[bookmark: _Toc442082126]23. Swine pox virus 
[bookmark: _Toc442082127]23.1 Antigen Testing
VI—Virus isolation methods have been described134-136, but are not commonly used for diagnosis due to the increased speed and sensitivity of PCR assays.

PCR—A rapid duplex PCR assay has recently been developed for simultaneous and independent detection of swinepox virus and vaccinia virus; no cross-reaction with 9 other related pox-viruses was evident (high specificity) and the PCR assay was able to detect down to 0.1ng/reaction of viral DNA (high sensitivity).137 Primers were also published in another recent research paper138, but no sensitivity/specificity data was published.

qPCR—There is no record of quantitative PCR being used for swinepox diagnosis.

FA/IHC—Methods have been described, but are not commonly used for swinepox diagnosis, and no sensitivity/specificity data exists.135 Monoclonal antibodies specific for swinepox virus have been described, and would be useful for antigen detection.139

OTHER—Electron microscopy on formalin-fixed skin, skin homogenate, or vesicular fluid has been used for diagnosis through the demonstration of poxvirus-like particles in conjunction with clinical signs136,140; however, other pox-viruses (such as vaccinia virus) can cause similar symptoms in swine, and may result in misdiagnosis using EM alone due to morphological similarity.135

[bookmark: _Toc442082128]23.2 Antibody Testing
No reliable or commercially available testing method for swinepox antibodies has been described.  Some literature has described attempts at characterizing the immune response to swinepox, but methods such as virus neutralization, ELISA, or immunofluorescent assay have either failed to detect swinepox antibodies or were not expanded upon in research.141,142 One description of an indirect-ELISA used for swinepox antibody detection in sows was located, but details were unavailable.143

[bookmark: _Toc442082129]24. Vesicular exanthema of swine virus
[bookmark: _Toc442082130]24.1 Antigen Testing
For diseases causing vesicular lesions, the OIE considers the following tests to be acceptable: antigen-binding ELISA, RT-PCR or qRT-PCR, or virus isolation.38

VI—Reference method for all vesicular diseases. Standardized methods for virus isolation of vesicular diseases has been described by the OIE 38.

RT-PCR—A multiplex RT-PCR and microarray assay has been developed and primers published for simultaneous detection and differentiation between foot-and-mouth disease (FMDV), vesicular stomatitis virus (VSV), swine vesicular disease virus (SVDV), and vesicular exanthema of swine virus (VESV). Specificity was listed as 100%; sensitivity is slightly lower than real-time RT-PCR. Due to small sample size, further validation was recommended before adoption as a diagnostic test144; upon further validation, sensitivity of 93.9% and specificity of 98.1% were determined.145 Traditional RT-PCR is significantly less sensitive than virus isolation in IB-RS-2 cells.146

rRT-PCR—Primers for real-time RT-PCR detection of marine caliciviruses have been published; sensitivity was high with a detection limit similar to VI, and specificity was high—no cross-reaction was noted with any other vesicular disease-causing virus.147

FA/IHC—Not OIE-preferred tests for diagnosis of vesicular diseases. Methods have been described in literature; sensitivity/specificity unknown.148,149

OTHER—An Ag-capture ELISA to detect vesicular exanthema of swine virus, San Miguel sea lion virus, and other caliciviruses has been described.150 San Miguel sea lion viruses and other marine calic Miguel sea lion viruses and other marine caliciviruses is described.

[bookmark: _Toc442082131]24.2 Antibody Testing
Anti-sera has historically been acquired from Plum Island-FADDL (called PIADC at that time).151

ELISA—No commercial test kit is available, but testing procedures have been described in the literature.150 Sensitivity and specificity data are unclear; all comparisons were made with guinea-pig antisera from a single inoculation, and authors noted differences on cross-reactions between serotypes upon repeat of the procedure.

VN—Has been described in literature.151 Serotype specific; may not be useful for testing for unknown virus. Time-consuming method; can require several days.

IFA-- A method for IFA antibody detection has been documented152; sensitivity was low (82%) but higher than VN (12%) when compared using the same sera. Specificity was high—no cross-reaction was noted to other major swine pathogens showing similar clinical symptoms. The specificity of this assay was not tested using non-porcine caliciviruses.  

CF—Applicable in large-scale diagnostic situations due to rapid speed and high specificity151; has been used extensively for diagnosis of vesicular diseases. Serotype specific; may not be useful for testing for unknown virus.

HI—No reliable, validated testing methods available.  

OTHER— AGID has been attempted previously; however, due to cross-reaction between all tested serotypes of vesicular exanthema of swine virus, the assay was not applicable for serotype differentiation.151 It may be useful for as a screening method, but would likely be less useful than ELISA and other testing methods due to time and labor intensity.

[bookmark: _Toc442082132]25. Vesicular stomatitis virus
[bookmark: _Toc442082133]25.1 Antigen Testing
OIE recommends only using agent identification tests on animals with clinical symptoms; negative results do not rule out disease, but could indicate that the animal is no longer actively shedding 38.

VI— Available at NVSL (Ames and Plum Island). Six day turnaround, Plum Island; seven day turnaround, Ames. Recommended method of clinical case confirmation by OIE; method described in OIE Manual of Diagnostic Tests and Vaccines for Terrestrial Animals 2015.

RT-PCR/qRT-PCR — Acceptable method of clinical case confirmation by OIE.38 A multiplex qRT-PCR and microarray for VSV, FMDV, VESV, and SVDV has been described; although time to results is slightly longer than real time RT-PCR, sensitivities and specificities were similar, and the test was able to accurately differentiate between 49 strains of the vesicular viruses.144 Available at NVSL (Ames and Plum Island). One day turnaround. 

FA—Not recommended by the OIE for testing for vesicular stomatitis.38

IHC— Described in literature, not typically used in vesicular stomatitis virus diagnosis except in research. Not recommended by the OIE for testing for vesicular stomatitis.38

OTHER—Ag-capture ELISA available at NVSL (Plum Island). One day turnaround. Recommended method of clinical case confirmation by OIE; method described in OIE Manual of Diagnostic Tests and Vaccines for Terrestrial Animals 2015.38

[bookmark: _Toc442082134]25.2 Antibody Testing
OIE states that serological testing does not differentiate between current vs. previous exposure; use combination testing or paired sera showing four-fold titer increase or decrease to determine current status.38

ELISA—Ab-capture ELISA offered by NVSL (Plum Island). One day turnaround.  
c-ELISA available at NVSL (Ames). Two day turnaround. Not recommended by OIE for confirmation of clinical cases.38

VN—Elaborate and time-consuming.38 Available at some veterinary diagnostic laboratories (UMN VDL, ISU VDL, Washington ADDL-cattle only) and at NVSL (Ames and Plum Island). Three day turnaround, Ames and Plum Island. Low serum concentrations may lead to nonspecific neutralization and hence false positive results.153

IFA— Described in literature, not typically used in vesicular stomatitis diagnosis except in research. Not recommended by the OIE for testing for vesicular stomatitis.38

CF— A prescribed test for international trade; can be used to quantify early antibody levels.38 Available at NVSL (Ames and Plum Island). One day turnaround, Plum Island; two day turnaround, Ames.

HI—Not applicable for vesicular stomatitis.
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